SELECTION BY LABORATORY ASSAY OF
FUNGICIDES FOR FIELD CONTROL OF
BOTRYTIS GLADIOLORUM TIMMERMANS

by

ARTHUR HOLLOMAN, JUNIOR

A THESIS
submitted %o
OREGON STATE COLLEGE

in partial fulfilliment of
the requirements for the
degree of
MASTER OF SCIENCE

June 1951



APPROVED:;

- -
P{;nt Pathology

ate Profeséor of

In Charge of Major

Chairmen of School Graduate Committee

Dean of Graduate School

Date thesis i1s presented  March 8, 1951

Typed by Elizabeth Holloman




ENT

The writer wishes to express his sincere
gratitude to Dr. Roy A. Young for his enthusiastie
inspiration in directing this study, %o Dr. 8. M.
Dietz for his able criticism of the work, and to
all staff members of the Botany Department for as-
sistance in laboratory and field work.

The work was completed with the ald of a
Fellowship given by the Oregon Nurseryman's Associ-
ation. For this honor and opportunity the writer
is deeply indebted.



‘TABLE OF CONTENTS

INTRODUCTION

LITERATURE REVIEW
Botrytis Leaf-spot anﬁ Sorm Bk ¢ & s e % s @ %
‘Laboratory Assay of Pungicides . . . . . . . . . 11

Isolation and Culture of the Pathogen . . . . . . 17
Laboratory Assay by Spore Germination Trials . . 18
Laboratory Assay by Effect on Mycelial Growth . . 19
FEold Toubing . . « &+ s s o a v s s 8 3 4w W 5w 20
Sampling and ﬁaﬁgﬁﬁiﬁg Disease Izﬁex R P RS,

ASSAY OF FUNGICIDES BY INHIBITION OF SPORE
Gmﬁﬁ?zgﬁ - - - * . R L - - » - - - . £ d * - - - 23

ASBAY OF FUNGICIDES BY INHIBITION OF MYCELIAL
@Qm - - * . . . - . - - » - » - - - - L - - e %

PERFORMANCE OF FUNGICIDES IN FIELD CONTROL . . . . . . . 33
M R e v Y P e e e

* - - » - . - » - * L3 - - - . - . ® . £ . ’&!;

; . - . - - - A d » . . - . ® * - * . - L i d - a?




TABLES

Effectiveness of different chemicals in inhib~-

iting germination of spores of Botrytis

gl&éia}s@m ® & = 5 % e e & ¢ & ¥ » T 2 2+ s =

Effectiveness of selected chemicals in inhib~
iting germination of spores of Botrytis

Elmalem‘ts.'..at¢.tct t‘o

LD50 and LD95 values and slope of dosage
response curve of selected chemicals . . .

Effect of chemical concentration and duration
of exposure on the response of mycelial

éi gkﬂ - > L3 * - . - * . . - . . - - * L3 - -

Effeativeness @f aifrarant fungieiﬂea in con-
trolling Bo ggaatala as measured
by the ra ative amount o ssaaaﬁ leaf
SR TN . i e R e o AR FEOETER, S

Control of Botrytis leaf-spot by different

fungicides as indleated by a computed
disease index 1949 . . M O Tl T

Effectiveness of different fungicides in con-

trolling Botrytis g&aﬁie%eras as measured

by the relative amount of diseased leaf

ma 1956 - - . - - » - - - - L 3 K2 - - * - .
Control of Botrytis leaf-spot by different

fungicides as indicated by a computed
digeage Index 1980 . . . « « « & o « + =« =

Page
2h

26

.

31



FIGURES

Page

1. Percentage classes used to determine a disease
index of Botrytlis leaf-spot of gladiolus . . . . 22

2. Toxielty curves for action of different
chemicals on spores of Botrytis gladiolorum . 28

3. Gladiolus leaves graded into five percentage
classes showing the effect of no treatment
(above) as compared to Permate spray (below) . . 39



SELECTION BY LABORATORY ASSAY OF FUNGICIDES
FOR FIELD CONTROL OF BOTRYTIS GLADIOLORUM TIMMERMANE

Bioassay techniques have developed rapidly in the
past decade. Evaluation of the innate fungicidal action of
chemicals is possible by methods recently established (20,
21). There is need, however, for a simple and rapid method
of laboratory assay that will serve as a relisble criterion
of field performance of fungicides.

Need for such a method of bioassay is becoming more
acute in Oregon for three reasons: (1) The rapid advent of
numerous organic funglcides has made available many new ma-
terials, (2) the specificity or selective action of these
materials against certain disease orgenisms mskes it desir-
able to evaluate as many as poesible against each dlsease,
and (3) the extreme diversity of Oregon's agriculture re- .
sultes in an unususlly large number of plant disease problems
and magnifies the Job of field testing.

Climatic conditions in Oregon are such that leaf-spot
diseases of plants may become devastating. The leaf-spot of
gladiolus (Gladiolus primulus Baker), caused by Botrytis
gladiolorum Timmermans, is an example of such a disease.
During periods favorable for development of the disease
gladiolus leaves may be almost totally destroyed, flowers
may be blighted, and corme infected leading to their break-
down in the soil or later in storage.



Botrytis leaf-spot of gladiolus is a disease well
adapted to a study of bioassay a§ a means of selecting fun-
gicides for field performance. The disease is one of eco-
nomie importance for which an effective control program is
needed. The degree of infection may be measured quantita-
tively, making possible eamparism"betm&n laboratory assay
and field performance. The data presented in this thesis
are the resulis of trials carried on over a two-year period.



LITERATURE REVIEW

A Botrytis disease of gladiolus was first described
by Sorauer (33) in 1898. Since that time at least three
distinct species of Botrytis have been associated with dis-
eases of gladiolus. These are Botrytils gladioli Kleb. (27),
B. cinerea Pers. (12, 25), and B. gladiolorum Timmermans
(34).

In most of the reports of Botrytis-induced gladiolus
diseases no attempt wae made to identify the causal fﬁngm
specifically. Many authors assumed the pathogen to be B.
ginerea (12, 25) and did not make comparative studies of B.
_ ginerea and the pathogen commonly associated with gladiolus
diseases in the ﬁsm.

Klebahn {27) in 1930 described B. gladioli Kleb., a
pathogen which he believed morphologically different from B.
glnerea. Since Klebahn d1d not publish a deseription of the
disease he was working with, 414 not perform inoeulation
trials, and did not maintain a culture of the fungus that he
described, this name is not considered valid.

In 1942 Timmermsns (34) reported the Botrytis patho-
gen to be a new species dlstinet from B. clnerea. He de-
Botrytis gladio-
lorum Timmermans n. sp. The fungus described by Timmermans

seribed the causal organism and named 1t

differed from B. ginerea culturally and morphologically. |
Botrytis gladiolorum sporulated sparsely in culture, |
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producing subglobose conidia averaging 15 x 10 « , while B.
einerea sporulated sbundantly on most culture medlia produc-

ing ovoid eonidla 10.1 x 8.0 Ac .

Peiris (29) made a thorough comparison of B. einerea
and B. gladiolorum. His findings substantiated the earlier
report of Timmermans. In addition Peiris investigated the
host range of B. gladiolorum. He observed that pathogen-
1&#11} B. gladiolorum stood in strong contrast to other iso-
lates of Botrytis. It was the only species which actively
invaded gladiolus tissues. Botrytis gladiolorum did not at-
tack such hosts as turnip, »-‘swsﬁie and lettuce while isolates
of B. cinerea caused active infection on these hosts. Iso-
lates of Botrytis described by Dodge and Laskaris (7),
Hawker (12), MoClellan et al. (23), Moore (27), and isolates
used in this study were morphologically, culturally, and
pathogenically similar to B. gladiolorum.

The Botrytis disease of gladiolus was first reported
in North Ameriea by Drayton {8) who observed the disease on
corms shipped into Canada from Orsgon. The disease now oc-
curs in many of the gladiolus-growing areas and is most
serious in areas of California, Oregon, and Washington where
elimatic conditions favor the pathogen. Outbreasks of Botry-
tis leaf-spot and corm rot disease have been reported from
Michigan (28), Florida (5, 17), and from New York (7, 38).
Development of the disease in these states is sporadic and

depends on the occurrence of favorable climatic eéa&itiaaa.
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In some areas in the United States growers have lost over 50
per cent of sasaaptib1e tar1eties in years favorable for the
occurrence of the disease.

Botrytis gladiolorum causes characteristic symptoms
on leaves and corms. ﬁes#rip%iaas of the disease, ineluding
foliar and corm symptoms, have be&a made by Hawker (12),
Moore (27), Timmermans (34), Wade (36), and more completely
by Peiris (29). The pathogen is capable of attacking the
plant at aay‘stagt of its 1113 cycle and may cause a leaf-
spot disease, a neck rot ar'ccilar rot, and a corm rot.

The leaf-spot phase may become so destructive as %o
kill the foliage completely. Usually Botrytis leaf-spot ap-
pears first as a large number of small, rounded, reddish-
brown spots on the leaves. As the spotes enlarge they de-
velop into lesions with pale brown centers and a well-
defined, derk margin. Small epots may coalesce to form
large irregular lesions. Leaf lesions of this type may
cover the entire width of the leaf blade and cause the death
of that portion of the leaf above the leslon.

In the field conidia are asbundantly produced on in-
fected leaves, particularly if the climatie conditions are
favorable at digging time. These conidia may serve for sec-
ondary infection of either leaves or corms. The conidla are
easlly dispersed and may be carried by wind to plants in
other parts of the field or may fall to the ground and in-

feot corms.



ibeys‘{EY} first recognized three forme of symptoms
on the éa#ms and described them in 1939. These are an ar-
rested lesion, core rot, and a spongy rot.

Arrested lesions are sunken, rounded, and straw-
asléred in the center with a darker margin. They result
when conditions become unfavorable for development of Botry-
tis rot and the necrotic spot ceases to spread and becomes
ary. |

The second type of rot is a core rot which may in-
volve the whole of the central tissue of the sorm. Corms
are often seen in which fthe central portion has completely
dropped out. The outer flesh 1s often unaffected. Some-
times the basal flesh may still be intact, but very soft %o
the touch. This can often be used as a means of detection
of core rot.

The third type of corm rot is a spongy decay involv-
ing the entire corm. This type of rot ﬁsuaily starts with
small olive~green water-soaked lesions which soon develop
into a soft brown rot. Such rot has often been found as~
gociated with the core rot. It has been suggested (27) that
the spongy brown decay originates in the central core and
spreads to the surrounding flesh. |

Under humid conditions masses of the fungus mycellia
develop on the affected parts. This is especially true
under moist storage and transit conditions where temperature
is likely to be most favorable. The three forms of symptoms



that develop on the corms are definite phases of the same
disease, and according to Peiris (29) the forms of corm rots
are probably varietal responses to environmental conditions,
particularly temperature and humidity.

Timmermans {34) reported that Botrytis rot was much
more prevalent on corms dug late in the season. Both Hawker
(12) and Wade (35) reported similar results on the time of
digging and the percentage of corm rot. Corms dug in Sep~
tember, October and November showed 0.5, 27.1, and 21.7 per
cent of rot respectively.

Corms may be naturally infected after lifting. In-
fection may occur either through the cut end of the flower-
ing stalk or through the stem scars lert at the tap aﬁﬁ‘
bottom of the corm at cleaning. Irrespective of how infec-
tion takes place most of the fungus spores come from infec~-
ted folliage and cause heavy corm rot in storage (23).

In 1949 MeClellan, Baker, and Gould (23) made a
thorough study of the effect of temperature and humidity on
the development of the disease. OCorrelation was noted be-
tween cool wet weather and the prevalence of the disease.

It was suggested that both the follage phase and the corm
rot phase could be predicted with the aid of weather records
in a given area.

Temperature has a marked effect on corm infeetion.
Widely varying optimum temperatures for corm infection have
been reported. MeClellan et al. (23) reported the optimum
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temperature for inoculation of freshly-harvested corms to be
35° F. Peiris (29) reported the highest proportion of suc-
cessful infection of corms at 59° F. In all cases very
little corm rot occurred at temperatures above 6%° F. even
though the optimum temperature for growth of the fungus in
culture is about 70° PF.

This was explained by the fast that gladiolus corms
readily form periderm at higher temperatures (3) and are
more resistant to infection. At temperatures ﬁbora 1.5 P,
suberization took place rapidly and infection was prevented.
Suberization was much delayed and infection occurred when
corms were stored ét,lev temperatures. Corms stored at
4o° F. for 79 days had very little wound periderm and at
59.5° P. wound periderm did not form until after 22 days
(3). A .

It has been suggested (29) that the optimum tempera-
ture for attack may vary slightly in different varieties ac—
 cording to their cork-forming capacities. It is probsble
that variital susceptibility to storage rot is at least
partly determined by the tendency of corms to form periderm.
Lack of infection of properly-cured corms at high tempera-
tures was assumed to be due to rapid suberization and wound
periderm formation. In view of this fézt storage rot is es-
sentially a low-temperature disease (29). The Botrytis corm
rot continues in storage at temperatures too low for other

types of corm rots to develop (27).
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Foliage infection took place at much higher tempera-
‘tures (23). The optimum for infection was between 55° and
652 F.

The optimum temperature for growth of B. gladiolorum
in culture was 20° $o 22.5° C., on prune agar at pH 5.6
(34). The maximum temperature for growth was about 30° C.
and the minimum below 3° C. No growth ocourred at pH 7 and
above. ' Mycelium of the fungus developed abundantly on in-
fected corms held under moist conditions. It was white,
woolly, often profuse, and fluffy in texture. The growth on
potato-dextrose agar or other common artificial medls was
similar to growth on the host. Sclerotis were abundantly
developed on corme and on relatively old artificisl cultures
(3%). Mieroconidla were formed aa,maét media and were glo-
bose, 2« in dlameter. Easroaaaidia.?ara freely produced on
flowers in the field and veraapar&ng%y produced on arti-
fiolsl media. Production of conidla tended to decrease with
subculturing. Abnormsl conidis were ;rtaa found in cultures
which recelved suboptimal 1113:&&&;10&. These were also
found mixed with conidia of the ordinary type (29).

Control of the Botrytis leaf-spot phase is very im-
portant since the leaf spots may serve as a fnsgrxair of
inoculum for secondary infection of leaves and corms. Such
¥ield and in-

infection may lead to losses through decreased
creased storage rot of corms.

Hany measures for control have been suggested for the
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Botrytis corm rot (7, 27, 29, 35). Among these were early

lifting, rapid drying at high temperatures, early cleaning,
and field and storehouse sanitation. These methods reduced
the amount of corm rot but were not completely satisfactory.

It has been reported that the Botrytis rot over-
winters on corms in storage and can also be contracted from
infested soil (27). Therefore, other control measures have
been suggested such as discarding diseased stock (27),
roguing (36), proper curing (2¢), and controlled storage
relal
growers obtained equipment and designed storage facilities
so that corms can be dried rapidly after digging (23).

In the field of chemical control, spray treatments
have been suggested by Gould {11) and Nelson (28), and more
extensive reports have been by Hawker (12) and Magie (16,
17). Fungicides, such as Puratized Agricultural Spray,
Dithane 2-78, and Fermate applied as sprays, and Penta-

temperatures (23). Only recently have some comme

chloronitrobenzene dust have §@¢n uged. In addition, pre-
sted by Magile
(17), Nelson (28), Simmons (32), and Wade (36) as a means
of eontrolling Botrytis. '

planting treatments of corms have been sugge

Use of resistant varieties does not offer s satis-
factory means of control since most of the desirable com—

mereial varieties are susceptible (16, 27).



Laboratory Assay of Pungicides
'Bloassay of fungicides had its beginning when Prévost

(13) diseovered the fungicidal property of copper in 1807.
Following Prévost's observation little use was made of bio-
assay for over 100 years. Clark (4) and Wallace (37) re-
newed interest in bioassay Jjust after the turn of the cen-
tury. Their results were discouraging, however, since they
were frequently not reproducible and did not correlate with
field results.

The field of bioassay was reopened by workers (9, 18,
26) in England in 1935 when the thinking was shifted to
standardization of testing. The significance of precision
of mechanical application wae demonstrated and 1t was shown
that spraying distance and spraying time were as important
as initisl concentration.

During recent years methods of laboratory assay have
been subjected to eritical analysis whiech has resulted in
marked improvement. Use of rigid controls and standardliza-
tion of the methods of bioassay has greatly lessened bio-
logical errors, while recent developments in precision ap-
paratus for applying sprays and dusts have materizlly re-
duced the mechanieal variation. Bloassay developed so
rapidly that in 1938 a committee to assist in standardizing
tﬁe-#ﬁ&haiéuﬁg of fungicidal assay was set up by the
American Phytopathologieal Soeiety (13, p.15).

Much progress has been made in bioassay of fungicides
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in the last deeade, largely because of demand for rapid as-
sessment of new chemicals and use of statistical procedure
{19). Precision apparatus for applying sprays and duste has
been developed in recent years. The settling tower, de-
veloped by McCallan and Wilecoxon (21) in 1940, and the hori-
zontal sprayer, developed by Horsfall et al. (1) in the
same year, are now used extensively in laboratories dealing
with biloassay of fungicides.

The settling tower functions on the prineciple of
£1illing the tower uniformly with the spray or dust and then
allowing it to settle on a glass slide. The horizontal
sprayer is a stationary apparatus in which the fungicide is
sprayed horizontally through an atomlzer nozzle onto a
facing glase slide held a set distance away.

The principle methods of laboratory assay used today
in this country are as follows:

Spore germination techniques
Slide-germination
Test-tube Dilution
Agar-plate Method

¥ycelium-inhibition Technique

The slide-germination method (2) is standardized as
one of the major methods of evaluating funglocides by the
American Phytopathological Society.

The general description of the slide~germination
technique is as follows. By precision technique, using
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apparastus such as a settling tower or horizontal sprayer,
fungicides are applied to chemically-clean glass slides. A
series of dosages varying in geometric progression are used
by regulating the deposition of the sprays. The slides are
allowed to dry and then are placed in moist chambers. Fun-
gus spores obtained under controlled conditions are sus~
pended in distilled water and pipetted onto the sprayed or
dusted slides. These are placed in moist chambers, sealed
with water, and held at temperatures suitable for germina-
tion. The spores are examined for germination in the low
power fleld of the mieroscope after a specified time, and a
count of spore inhibitlon recorded.

One hundred potentially vi#h&e spores should be
counted per deposit on esﬁaentratiaas of each compound. If
the germ tube exceeds half the mi%or diameter of the spore
it is arbitrarily defined 2as gara%nateé (2).

The percentage of spore inhibition may then be plot-
ted against the concentration of fungicide on logarithmic-
probability paper (6). The best straight line is drawn
through these points and the LD50 or LD95 obtained for com-
paring the relative merits of the different fangieiéaﬂ.

Peterson (30) suggested that the slide-germination
method was faulty in that the drops containing the spores
tend to flatten and spread, frequently flowing together or
off the slide. It was reported that this could be corrected
by gluing 12-millimeter glass circles to the slides with
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petrolatum. These serve as standard surfaces onto which
measured amounts of fungicides and spores are pipetted
elther separa%aly or in combination. »

It was suggested by McCallan, Wellman, and Wileoxon
(22) that water-soluble materiale may be assayed by a test-
tube dllution technique. This method is more simple and
rapld than the slide-germination technique since aé elabo~
rate apparatus such as the horizontal sprayer or settling
tower 1is required. ‘

In this method a series of fungicide dilutions is
prepared in test tubes. To a known quantity of chemiecal,
usually two eubic centimeters, 0.5 cubic centimeter of spore
suspension is added. The mixture is thoroughly stirred by
blowing into it with a plpette before placing drops on the
slides. Two individual dropes of the resulting suspension
are pipetted onto glass slgécs in moist chambers. These are
left for a set time after which germination counts are made
according to a standard method (1).

Gottlieb (10) reported a comparison of sensitivity of
an sgar-plate and test-tube dilution procedure for prelimi-
nary assay of fungicides. In the sgar-plate method chemi-
cals were combined with agar, plates poured, and spore ger-
mination triales made on the surface of the agar. This in-
vestigation r@vealéa that both tests gave reproducible
values for the toxielty of the chemicals. In experiments

spores were used from the same collection and at the same
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spore concentration in both tests. Eighty-five different
organic compounds were tested against two fungl, Macrospor-
ium sareinseforme and Sclerotinia fructicola. With the
former organism ﬁ?.s per cent éf the compounds had the same

toxie values by both methods. The agar-plate technique was
more sensitive than the test-tube dilution method for 35.4
per cent of the compounds.

The addition of a2 spore stimulant was necessary in
many cases to insure a high and relatively stable percentage
of germination in the checks. As a source of nutrients in
spore~germination tests, Wilcoxon and McCallan (39) have
called attention to the stimulatory properties of tomato,
orange, apple, or pear Julice, and on agueous extraect of lily
and gladiolus bulbs. Peterson (30) has suggested a nutri-
snﬁ solution made by extracting 0.1 gram of Difco potato~
dextrose agar powder with 100 milliliters of water. It was
found to produce a high percentage of germination.

The inhibition of mycelium as a means of laboratory
assay has been used rather widely with certain fungi. It
was shown by Falek in 1907 that the increase in diameter of
a fungus colony was linear with time (13). Therefore, by
comparing the growth of a fungus on treated agar with that
on untreated agar the funglicidal value of a2 toxicant could
be measured. This technique was developed and studied by
many workers including Humphrey and Fleming {15), Richards
{31), and Bateman (13).
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The method consists of mixing the toxicant with agar
just before 1t solidifies or by soaking mycelisl mats in the
toxicant and plaeing the mats gﬁ agar. Several chemlcals
and concentrations may be involved as well as different
lengths of time for exposing the fungus to the chemical.

One may obtain a linear dosage-response curve from
data on mycelial inhibition. The curve will provide the
same type of information as similar curves for inhibition

of spore germination (20).
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METHODS

Isolation and Culture of the Pathogen
The cultures used in all of the following trials were
isolated from naturally infected gladiolus leaves which were

obtained from the Portland, Oregon area. Isolations were
made by the following technique. Leaves with necrotic spots
were surface sterilized in a 15 per cent concentration of
commercial Clorox for one minute, then rinsed in sterile-
dlstilled water. The leaves were placed on a sterilized
glass slide and serisl cross-sections were cut with a ster-
ile razor blade. Pive sectlons were placed on potato-dex-
trose agar in each petri dish. These were incubated at 20°
to 25° €. 1Isolations were also made from infected corms by
surface sterilizing as above and planting tilssue on potato-
dextrose agar. The 1solates in all cases were identified
microseopleally and cultures were maintained on potato-
dextrose ager slants.

Since the organism does not sporulate readily on
ordinary medla, it was necessary to grow the isolates on the
special medium suggested by Pieris (29) in order to obtain
spores for fungicidal assay.

The medium was as follows:

Glucose 2.9 grans
Peptone .0 grams
Potagsium chloride 0.5 gram
Potassium phosphate KoHPOy 1.0 granm
Hagnesium sulphate 0.5 gram
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Sodium nitrate 2.0 granms
lMake up to & liter with distilled water.
Temperatures between 20°-25° C., good light, and de-
hydration of the medium were necessary to stimulate sporu-
lation. Under these conditions the culture spoéulated suf-
ficiently. 1If any of the factors above were lacking,
sporulation was poor.
The organism was also grown on autoclaved gladiolus
flowers where sporulation was sbundant when the cultures
were exposed to proper light conditions.

Laboratory Assay by Spore Germination Trials

Since screening large numbers of fungicides in field
trials is impracticable, it was desirable to develop a rapid
method of fungieldal assay with spores of B. gladiolorum.

The effect of a number of chemicals in the inhibition
of spore gséﬁiuatian was measured using an agar-plate tech-
nique. Spore germination trials were conducted on petri
plates of two per'eent agar and one per cent &exfrese to
which the required quentities of chemicals had been added to
give concentrations of 1000, 100, 10, and 1 parts per mil-
lion. PFifty milliliter lots of the medium were sterilized
in 125-milliliter Erlenmeyer flasks, cooled to 45e C. and a
guantity of chemieal heeesaary to obtain the desired concen-
trations was then added %o each flask. From each flask
three petri plates were poured. Spores were taken for each

test from ten-day-old cultures. Spore suspensions were made
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by brushing the spores from inoculated flowers with a2 camel
hair brush, placing them in sterile~-distilled water and fil-
tering them through sterilized cheesecloth. The desired
concentration of spores was obtained by the use of a
Neubauer haemocytometer. The suspension was adjusted %o
50,000 spores per milliliter of liquid. Each plate was in-
oculated at four equidistant locations with .05 milliliter
of the conidial suspension and the plates were incubated at
25% ¢. for 16 hours. A random count of 100 spores wag then
made on each plate and the per cent of spore inhibition re-
corded.

Laboratory Asssy by Effect on Mycelial Growth
Tests of chemical inhibition of mycelisl growth were

made ak follows. The organism was grown on plates of
potato-dextrose agar at 20° C. until hyphae had almost
touched the edge. From these plates disks of mycelium,
eight millimeters in diameter, were cut with a sterilized
cork borer. The disks were placed in 1000, 100, 10, and 1
parts per million concentrations of the chemical to be
tested. After two, 24, and 48 hours three disks were re-
moved from each concentration, waghed in two changes of
sterile~distilled water éo remove chemicals, and placed on
potato-dextrose agar slante to observe for growth.



Field Testing

Botrytis leaf-spot control experiments were conducted
through two seasons. In 19149 a ecooperative plot was éi%db-
lished with Max Perrin at a location about ten miles west of
Portland. In 1950 a test was conducted on the Lewlis-Brown
College Horticultural Farm four miles southeast of
Corvallis.

In both trials a five-by-five Latin square field plot
design was used. ZEach of the five replications included
four chemiecal sprays and an untreated check. Each replica-
tion consisted of 30 feet of row in 1949 and 20 feet of row
in 1950. Six bulbs were planted per foot of row. Chemical
sprays were applied once a week starting approximately
August 1 before Botrytis leaf-spot appeared. A three-gallon
Hudson sprayer operated at a pressure of about 50 pounds was
used for all spraying. Plantings were cared for by ordinary

culture practices.

Sampling and Computing Disease Index

In both field tests the sampling for disease resding
was made in the same way. Twenty-five plants were selected
at random from each raplieatiea'and cut a2t the ground level.
The samples were taken to the laboratory and approximately
100 leaves were counted at random from each replication.



Five grades of disease were set up as follows:
0 = HNo Botrytis lesions.
1= 0~ § per cent of leaf area necrotie.
2 = 5= 25 per cent of leaf area necrotie.
3 = 25~ 50 per cent of leaf area necrotie.
h = 50-100 per cent of leaf area necrotie.
Esch sample was graded into the above classes. 'ma-
ease leaf samples graded into each of the above five classes
are shown in Figure 1.
A disease index was then derived and placed on the
basis of 100 per cent by spplication of the formula

X(0) +# X(1) +X(2) +X(3) +X(h)
L3

Where X = NHumber of leaves in each class.

t = Total number of leaves counted.
i = Number of highest disease class.
The accuracy of such a formula in evaluating levels
of plant disease has been well estsblighed by NMeKinney (24).



Figure 1. Percentage élasses used to determine a disease
index of Botrytls leaf-spot of gladiolus.
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ASSAY OF FUNGICIDES BY INHIBITION OF SPORE GERMINATION

Since Botrytis gladiolorum sporulates rapidly and
‘heatily on infected plante, an abundant source of 1neeé1ﬁa
is available for infeetion of other plants. To prevent
spread and total destruction of gladiolus foliage and flow-
ers during periods favorable to the pathogen, it is neces-
sary to control the disease by application of protectant or
eradicant fungicildes.

A large number of such materials is avallable at
present. In faect, there are so many that field evaluatlion
of the potentially effective fungicides is impractical.
Therefore an accurate and rapid method of laboratory bio-
assay is needed by which the most praﬁikiag fungicides can
be selected in the laboratory for use in field control
trials.

In selecting chemicals for bloassay, all of the fun-
gloides that have been recommended for field conmtrol of B.
gladiolorum were chosen. These, plus other promising fungi-
cldes, were screened for thelr effectiveness in preventing
germination of sparesraf §, gladiolorum. A total of 16
chemicals were evaluated by spore germination trials. The
chemicals used and per cent of inhibition of spore germina-
tion at various concentratione are shown in Table 1.

Ferrie dimethyl dithiocarbamate 70% (Fermate), zine
ethylene bisdithiocarbamate 65% (Parzate), 2,3-dichloro--1,



TABLE 1. EFFECTIVENESS OF DIFFERENT CHEMICALS IN INHIBITING
GERMINATION OF SPORES OF BOTRYTIS GLADIOLORUM

ﬁPer Genﬁ inhihit&@n

Malachite green 100.0 100.0 98.4 79.0 98.0

Disodium ethylene bisdithiocarbamate ,

hexahydrate 25%. 50.0 30.0 19.0 1.0 gg
Zino ethylene bisdithiocarbamate 65% 100.0 100.0 97.7 42.0 0
Ferric dimethyl dithiocarbamate 70% 100.0 100.0 98.1 26.2 97.@
Zinc dimethyldithiocarbamate 76% 100.0 100.0 65.0 6.0 95.5
2,3-dichloro--1,4=naphthoquinone 100.0 100.0 79.6 14.3 96.0
Tatra@hlarmpara nzoguinone 85.0 71.0 15.0 3.0 98.0
2,4,5=-trichlorophenyl acetate 50% +

"50% pyrax ABB 100.0 86.0 22.0 h.0 96.5
Phenyl mercury triethanol ammonium ,

lactate 5% 100.0 100.0 50,0 L.0 94.0
Glyoxalidines mixed 56% + Lime 90.5 6%.1 12.& 6.1 97.0
Tetra copper caleium oxychloride 45% 98. 79.0 0 2.0 96.0
Tri-basic copper sulphate 26% 100.0 .0 1.0 .0 96.0
Copper carbonate 55% 100.0 9.0 g.o 1.0 95,3
Copper 8 quinolinolate 50% 93.0 97.0 96.0 45.0 92.»
Colloidal sulphur 30% .0 3.0 3.0 2.0 96.5

2.0 2.0 1.5 96.5

Bismuth subsalieylate 13.0

o
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l-nsphthoquinone (Phygon XL), phenyl mercury triethanol am-
monium lactate 5% {Puratized Agricultural Spray), zine di-
asﬂhyld&thiaéarhamaﬁe_?6% (Zerlate), and malachite green
completely inhibited spore germination at concentrations of
100 parts per million. Inorganic copper and sulphur were
relatively ineffective in inhibiting spore germination.
One thousand parts per million of tetra copper calecium oxy-
chloride and copper carbonate completely inhibited spore
germination, but at a concentration of 100 parts per million
inhibition was only four and nine per cent respecotively.
One thousand parts per million of colloidal sulphur inhib-
ited only four per cent of spar§ germination. :
fﬁe four most promising %hs&ieals and the mixed gly-
oxalidines were tested tarthﬁr‘ét concentrations of 50, 20,
10, and 1 parts per million. The glyoxalidine mixture was
included because 1t has been recommended for aeaﬁral of
similar diseases and because the addition of this compound
to the group gave a wider range of bloassay results for
comparison with field performance. MNalachite green was not
tested further since its undesirsble green color makes 1t
- impraetical for field use. :

Ferric dimethyl dithiocarbamate was most effective in
inhibiting spore germination followed by zine ethylene bis-
dithiocarbamate, 2,3-dichloro--1,4-naphthoquinone, phenyl
mercury triethanol ammonium lactate, and glyoxalidine
mixture. By plotting the results listed in Table 2 on



TABLE 2. EFFECTIVENESS OF SELECTED CHEMIGALS IN INHIBITING
GERMINATION OF SPORES OF BOTRYTIS GLADIOLORUM

Per Cent Inhibition
at_Concentrations of (F?M{l

o

Check

_CGermination

Ferric dimethyl dithiocarbamate 70% 100.0 98.0  9h.3 20.7
Zine ethylene bisdithiocarbamate 65% 100.0 94.5 85.3  '18.1
2,3-dichloro--1,4=naphthoquinone 100.0 92.7 70.7 11.1
Phenyl meroury triethanol ammonium

lactate 5% 100.0 90.2 59.0 8.0

Glyoxalidines mixed 56% 33.4 15.2 1.9 8.9

95.5

92
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logarithmic-probebility paper® 1t was possible to obtain a
linear dosage response curve. The percentage of spores
feiling to germinate wag plotted on the vertical axis (prob-
ability seale) and the chemical concentrations were plotted
on the horizontal axis {logarithmic seale). PFigure 2.

From the dosage response curve LD50O and LD95 values
were read directly by interpolation. The LD50 and LD95 are
defined as the concentration at which 50 and 95 per cent of
the spores fall to germinate. The LD50 and LD95 values and
slope of the dosage response curve are shown in Table 3.

TABLE 3. LD50O AND LD95 VALUES AND SLOPE OF
DOSAGE RESPONSE CURVE QI‘QQhEQ?Eﬁ CHEMICALS

ﬁham; ls gaea Slope
Ferric dimethyl ,
dithiocarbamate 70% 2.27 11.8 0.372
Zine ethylene
bisdithiocarbamate 65% 2.95 20.5 0.314
2 ) 3-dichloro--
,t=naphthoguinone b.35 31.h 0.295
Phenyl mercury
triethanol ammonium lactate 5% 5.22 ho.1 0.270

Glyoxalidines mixed 56% 14.5 0.197

Since the dosage response curves in Figure 2 do not
cross, the LDBO and LD95 values indicate the same relative

¥ Logarithmic-probability Paper, Grid #3128, designed by
Shipple and Fuller, Bistriﬁuta& by the 5edex Book Company,
Norwood, Massachusetts. ;



Figure 2. Toxicity curves for action of different chemicals
on spores of Botrytis gladiclorum.
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effectiveness of the chemicals tested. Ferric dimethyl di-
thiocarbamate inhibitaé.g&raiaatianr@f’ﬁﬂ per cent aué 95
per cent of the sétrytis spores at a lower concentration of
chemical than d4id any of the other materials. Zinc ethylene
bisdithiocarbamate, 2,3~dichloro--1,4-naphthoquinone, éaanyi
mercury triethancl ammonium lactate, and mixed glyoxalidines
followed in the order listed. !h# range of dosages of chem-
icals required to kill 50 and 95 per cent of the spores was
not great exeept for the mixed glyoxalidines. A much
heavier concentration of mixed glyoxalidines was required
for effective inhlbition of spore germination than was
needed for the first four materials listed.
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ASSAY OF FUNGICIDES BY INHIBITION OF MYCELIAL GROWTH

The evaluation of funglcides by inhibition of my-
celial growth has been of value, particularly to workers in-
terested in wood preservatives. Since it was shown that
rate of mycellal growth is directly proportionsl to time
{13, ».38), the method has been used more extensively in
the fleld of bioassay. The inhibition of mycellal growth
is also useful in determining whether a chemical 1is fungi-
cidal or fungistatic in action. :

It was desirable to know if the maeterials used Sa the
laboratory and field trials were fungicidal or fungistatic
against mycelium of B. gladiolorum. A material 1is defé.ned '
as fungieidal if it has the effect of killing the fungus.
It is fungistatic if i1t is only inhibitory in asction. A
chemical that was fungicidal in action would be much more
desirable for a feoliage protectant under fiela conditions.

In mycelial inhibition trials, chemicals that had
gshown promising results in the laboratory and field were
sereened for thelr fungicidal or fungistatic actlion on my~
celium of B. gladiolorum. The chemlecals used and amount of
growth at various concentrations are shown in Table k.

Mycelial growth was completely inhibited after ex-
posure for two, 24, and U8 hours to 1000 parts per million
of m&laﬁhite green, ferric dimethyl dithiocarbamate, zine
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TABLE . EFFECT OF CHEMICAL CONCENTRATION AND DURATION
OF EXPOSURE ON THE RESPONSE OF MYCELTAL DISKS

Chemiosls Used

Concen-

tration

Growth After

Exposure To
Chemical For

e

lalachite green

Ferriec dimethyl :
dithiocarbamate 70%

Zinc ethylens
bigdithiocarbamate 65%

2,3~dichloro~--1,
naphthoquinone

Phenyl mereury triethanol
ammonium lactate 5%

Glyoxalidines mixed 56% +
Lime

1000
100
10
1

1000
100
10
i
1000

100
10

et vt V¥

+++ 1

*EPt e+

21 4 ++ 11} Lk A e R (I B

+ 4+ 10

+ 441 *+ 1t At e L A

#4110
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ethylene bisdithiocarbamate, 2,3-dichloro--1,l-naphthoqui-
none, and phenyl mercury triethanol ammonium lactate. The
mixed glyoxalidines also inhibited growth completely at 1000
parts per million but only after mycelium was exposed for at
least 2l hours. Two factors were involved in inhibiting
growth of the fungus. These were concentration of chemiecal
and duration of exposure.

Since all mycelial disks used in th@sg trials were
thoroughly washed to remove any particles of chemical ad-
hering to them, it is believed that fallure of mycelium %o
grow after exposure to the chemicals tested 1s due to fungl-
cidal action of the chemicals rather than to fungistatic

sction.
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iCE OF FUNGICIDES IN FIELD CONTROL

Following laboratory evaluation of fungicides for
control of Botrytis leaf-spot the four materlals which were
most effective in inhibiting germination of spores of the
fungus were further evaluated in fisia eontrol triale in
1949. 1In 1950 trials glyoxalidine 341 was substituthd for
Puratized Agricultural Spray. It was desired not only to
evaluate the performence of these materisls against Botrytis
leaf-spot, but also to éanpare laboratory and field perfor-
mance of the fungicides to see if laboratory aseay might be
a relisble criterion of field performance.

In 1949 a trial was conducted cooperatively with Max
Perrin near Beaverton, Oregon. A Latin square plot design
with 30-foot replications was used in five rows of the glad-
folus variety Pandora. At the end of the growing season 25
plants were selected at random from each replication of each
treatment and approximately 100 leaves from these plants
used to compute a disease index following the method de-
scribed on page 20. The treatments used and the diseszse in-
dex of each replication of each treatment are shown in
Table 5.

The trade names of the chemical compounds :%r% used
in preference to the chemical names since they are better
adspted to use in tabulations. The chemicals and their
trade names are as follows: Ferrie dimethyl dithiocarbamate



TABLE 5. EFFECTIVENESS OF DIFFERENT FUNGICIDES IN CONTROLLING BOTRYTIS GLADTOLORUM
, ___AS WEASURED BY THE RELATIVE ANMOUNT OF DISEASED LEAF AREA 1089 _

: DISELASE READING
Replication Wo. of leaves in each dlsesase class

g: SERARS g S 3 S hstves . Basay gy

eatment 0 Vot ‘ : Leaves eading _ Index

1-1. Fermate 6g 28 8 1 0 100 47 11.75.
2. Parzate , 38 2 2 0 100 he  12.00
Z' Phygon XL 12 27 5 ; 0 91 68 18.68
. Puratiged 0 g 27 0 99 1k ;6. gg

5. Untreated Cheok 0 2 33 27 & | 100 220 35 .
2-1. Fermate ' b1 : 1 0 100 50 12.50
2. Parzate g?. 60 , Z 2 0 100 80 20.00
3. Phygon XL b 66 16 11 ? 102 151 %z.ae
. Puratized 0 gg Eg 6 100 138 \ %@
5. Untreated Check 0 3 9 1 100 151 37.75
1. Permate ‘ % 6 1 0 100 70 17.50
3«'3. Parzate J’.g gg 12 1 0 100 101 25 . g
g. Phygon XL 11 26 18 7 0 100 119 29.;,
+ Puratized g 8 18 / - 4 101 12 1.93%
5. Untreated Check 50 35 ) 9 100 i 3.50
4~1. Fermate 51 46 f1 0 101 ; 13.61
2. Parz:#a : g@ L2 17 % 0 100 ?é Ié‘ég
. Phygon XL 12 22 2F 10 3 100 l{ 34,

E_ Purat&zua 21 ol g 7 g 100 110 ﬂgrgﬂ
5. Untreated Cheok 0 Lg 26 19 101 189 h6.78
5.1, Fermat 52 4y 5 3 0 102 T AT
Bﬁé, §:§§:a2 gb 39 13 2 0 101 gn 16.08
4. Pupers ’%‘ B G0 @l W SR S 3900
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{Fsraa&e)’, zine ethylene bisdithiocarbamate (?&rzaﬁa)i,
2,3-dichloro--1,4-naphthoquinone (Phygon XL), phenyl mercury
triethanocl ammonium lactate (Puratized Agricultural Spray),
and glyoxalidine mixture (Carbide and Carbon's 341-C), A
digease index summary and the average disease index for each
treatment are shown in Table 6.

Similar trials were conducted at Corvallis in 1950
using the wvariety Picardy. Plot design and methods of
gampling were as in 19%9. The same chemical treatments were
used with the exception of Puratized Agriecultural Spray
which was replaced by the glyoxalidine mixture. Results of
the 1950 trials are shown in Tables 7 and 8.

In both the 1949 and 1950 trials weekly spplication
of Fermate at the rate of two pounds per 100 gallons of
water gave excellent eontrol of Botrytis leaf-spot of glad-
iolus. The relative leaf-spot control with Fermsaste as com-
pared to no treatment on gladiolus folliage is shown in
Figure 3. All of the materials tested reduced the incidence
of leaf-spot in the field. PFollowing Fermate the most ef-
fective materials were Parzate, Phygon XL, Puratized Agri-
cultural Spray,. and 341-C in order of effectiveness.

Statistical analysis of the 1949 data showed that
Fermate and Parzate were significantly better than Phygon
and Puratized and that application of the latter two

¥ The American Phytopathological Society has given these two
compounds the common names ferbam and zineb respectively.



TABLE 6. CONTROL OF BOTRYTIS LEAF-SPOT BY DIFFERENT FUNGICIDES
AS INDICATED BY A COMPUTED DISEASE INDEX 1949

Treatment and Quantity
Used in 100 Gallons
of Vater

DISEASE INDEX IN REPLICATION _

Average

1. Permate, 2 lbs.
2. Parzate, 2 qts.
3. Phygon XL, 1 1b.

y, Fugat%zed Agricultural Spray,
‘Q‘,,

5. Untreated Check

Disease

I B - IIr _Iv v Index

11,78 12,50 17.50  1%.61  1%.97 13.867"

12.00 20.00 25.25 19.75 16.08 18.616"

18.68 37.09 29.75 34.00 26.25 29.154"

36.36  34.50  31.93  27.50  39.00  33.858"
55.00 37.75 U43.80 46.68  140.09 ‘

ALl spray mixtures contained Rohm and Haas Triton B1956 3 Dpt./100 gals.

* Least significant difference at the one per cent level 9.52.

By 624



TABLE 7. EFPECTIVENESS OF DIFFERENT FUNGICIDES IN CONTROLLING BQTRYTIS GLADIOLORUM
‘ . AS MEASURED gx ng RELATIVE Aﬂoumwwcmmg§§m%gggwgmaﬁ AREA 1950 A
DISEASE READING

Replication

and -~ . v5:0 i0. of Die Disease
o Ireatment 0. i B 3 .8  Jeaves  TReading Index
1-1. Fermate 8 8l 8 0 0 100 100 ag.ae
2. Parzate 0 7g az g 0 108 149 .
g. Phygon XL 0 1 5 2 5 10 228 .24
, 1-¢ 0 20 gg 22 g 10 . 224 gg.gg
5. fintreated Check 0 17 38 33 | 100 2lo 0.
2-1, Fermate 12 79 9 0 0 100 9 2h.25
2. Parzate 1 53 1o ; | 0 101 1?£ g.12
3' Phygon XL e} 1 6l 23 2 100 216 54 . 00
., 3u1-0 0 1 51 o8 6 10k 229 25.35
5. Untreated Check 0 11 37 32 16 99 250 %.13
-1. Fermate 2¢ 12 1 0 10 92 22.7%3%
3 2. Parzate % gz bz 6 1 103 155 a.%g
g. Phygon XL 0 1 55 2] 2 98 2l fh.za
. 341-0 0 10 gg el 8 101 22 551
5. Untreated Check 0 12 , 35 13 100 2ho 0 . 25
1, Permate 28 59  §, S 0 0 100 &r 21.285
2, §§?aaﬁsxz é 39 %é Y g 133 %6% - ﬂg‘gg
R. 3&1§a 0 g 5; | %2 g 101 zgé 50 . &9
5. Untreated Check 0 0 27 5 38 100 311 17-75
5-1., Fermate 19 78 % 0 0 100 an 21.00
2. Parzate 1 0 g' ; 0 100 141 . .ag
g. Phygon XL 0 16 5 2 % 101 221 55 .1
. 34l-0 0 11 75 1 . 100 19 47 . TE
5 R | ERSER - TR - g 100 _225 ~




TABLE 8. CONTROL OF BOTRYTIS LEAP-SPOT BY DIFPERENT FUNGICIDES
AS INDICATED BY A CONPUTED DISEASE INDEX 1950

Treatment and Quantity
Used in 100 Gallons
_of Water

DISEASE INDEX IN REPLICATION

Average

1. Permate, 2 1lbs.

2. Pargate, 2 qts.

3. Phygon XL, i 1b.
k. 341-0, 1 qt.

5. Untreated Check

R U e R
25.00 2B.25 22,33 21.25  21.00 22.766"
sh.hg 38,12 38,75 Lo.75 38.28 37.472"
sh.2h  B5%.00  SB.33  59.3%  B5.19 55.420"
52.83  55.05 55.M4  60.89  47.75  5h.392"
60.00 63.13 60.25 70.75 56.25 62.076

All spray mixtures contalned Rohm and Haas Triton B1956 % p%./100 gals.
* Least significant difference at the one per cent level 4.32.



Figure 3. Gladlolus leaves graded into five percentage
classes showing the effect of no treatment
(above) as compared to Fermate spray (below).
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materials regulted in significant reduction in disease as
compared to theAaatraaxea checksg. All tests for signifi-
cance i@rﬁ made at the one per cent level. In 1950 Fermate
again was strikingly superior to the other materials in the
field. Analysis of the 1950 data showed Permate to be sig-
nificantly better than any of the other materials tested.
Parzate was significantly better than Phygon XL and 341-C
and the two latter materials caused a signifiecant reduction
in 1egi~§§at inclidence as compared to the untreated check.
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DISCUSSION

Ten years ago field evaluation of fungicidal chemi~
cals was possible sinece the funglicide field was almost en~
tirely confined to a few copper and aﬂlgﬁur fungielides for
spraying and dusting, and to organic mercury compounds and
formaldehyde for seed treatment.

Since 1940 a large number of new fungicidal chemi~
cals have been made avallsble for use in plant disease con-
trol. Many others are in developmental stages. The process
of field evaluation of the fungicidal properties of these
materials against the large number of plant diseases on
Oregon's widely diversified crop plants is so costly in both
time and materials as to be impractical. Yet, some form of
evaluation 1s needed. Although Bordeaux mixture and a few
of the older fungicides are generally effective, it is be-
coming more and more apparent that a certain speeific chemi-
cal grouping is most effective against a specific disease. '
In other iaréa, a fungicide may be.highly‘affeetzve against
one digease and rtlativelyr1nefreetive»againgt another. As
a result of the advent of the large number of new funglcides
on the market and their egpeeificity for certain diseases, a
rapid a§¢_aeeﬁra$e method of bloassay which will serve as a
reliable criterion of field performance is needed.

The data presented in thie thesis show a high degree

of correlation between laboratory assay by spore germination
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trials and fleld disease control of Botrytis gladiolorum.
The laboratory assay failed %o correlate with field trials
in only one ecase. 1In laboratory assay Phygon XL was more
effective in inhibiting spore germination than was 341-C,
but the two were not signirisantiy different in fleld con~
trol. _

Definite proof has been offered that a rapid selec~
tion of the most promising fungicides for control of B.
gladiolorum can be made by the agar-plate method of labora-

tory assay of fungicides. The method is simple, guantita-
tive, and relatively rapid. It ig preferred to the slide-~
germination and test-tube dilution methods for the following
reasons. : |
In the agar-plate method spores ar§ germinated in an
environment that parallels natural aan&it%aua, there is no
deficiency of oxygen and the water of the spore suspension
diffuses into the agar after several hours leaving only
spores on the surface. Therefore spore germination counts
can be made without diffieulty.

In the slide-germination method (20) spores may col-
lect at the outer edge of the droplet where the concentra-
tion of the chemical may be higher, causing considerable
variastion in germination counts. Spore esﬁnta are more dif-
ficult to mak& in the slide-germination method because
spores may bs at different levels of focus in the drop.

A comparison of the agar-plate and test-tube dilution
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methods has been made (10). The results of each test were
reproducible and the agar-plate method was more sensitive in
spore germination tests with &5 orgsnic chemiecals.

The method used for measuring fileld disease control
of B. gladiolorum is accurate. Proof of this is shown by
the results of field trials conducted through two seasons.
These results were comparable when analyzed statistically.
One fault of the method is & tendency to overemphasize the
severity of dlsease, particularly in the lower classes.
This 1s not a problem, however, to one who is familiar with
the particular disease.

This study shows that laboratory assay offers a use-
ful method of selection of fungicides for field trials. In
both leboratory and field trials Fermate was most effective
for the econtrol of B. gladiolorum leaf-spot, followed by
P&rz&ﬁé, Phygon XL, Puratized Agricul tural Spray, and 341-C.

Possibly one reason for the effectiveness of Fermate 1s the
fact it 1is reiati?glj insoluble in water, has good proper-
ties of adherence, and therefore is not readily leached away
by rains.

The method of laboratory assay used in these trials
proved toc be a relisble criterion of field performance of
the fungicides evaluated. No method of laboratory assay
would be expected to be infallible and with trials with more
fungicides exception would undoubtedly be encountered. How-
ever, the reproducible results obtained in two years' trials






A rapid method of leboratory assay based on inhibi-
tion of spore germinatiaa was employed to screen 16 fungi-
eidal ehemigals.fer use in fleld trials. The chemlcals were
sereened bj an agar-plate method.

| The most effective chemlcals were selected for fur—
ther 1ahératary'trials. Data on inhibition of spore germi-
nation by the chemicals were plotted on logarithmic-prob-
abllity paper and a linear dosage response curve obtalned.
From the dosage response curve LD50 and LD95 values were
obtainsble directly by interpolation.

Pive of the most promising fungicides were selected
for field evaluation on the basis of their ability to in-
hibit spore germination. Ferric dimethyl dithiocarbamate,
zinc ethylene bisdithiocarbamate, 2,3-dichloro--1,4-naphtho-
guinone, phenyl mercury triethanol ammonium lactate, and
glyoxalidine mixture were used as spray treatments in field
disease control.

Fleld trials were conducted through two seasons using
a Latin square éielé plot design. At the end of each season
disease readings were made by grading into five classes,
leaf samples selected at random from each replication. On
the basis of the number of leaves in esch class a disease
index was computed.

The laboratory assay by spore germination showed a



high degree of correlation with field trial results for the
control of B. gladiolorum Timmermans. The relative effec~
tiveness of the chemicals in preventing epore germination
was comparsble to their relative effectiveness in preventing
development of gladiolus leaf-spot in the field. Fermate
wags most effective in laboratory trials and significantly
guperior to the other materials for leaf-spot control in
field trials.
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