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SELECTION BY LABORATORY ASSAY OF FUNGICIDES 
FOR FIELD CONtrROL 0F BOTRYTIS GLADIOLORUM TI?1MERMANS 

INTRODUCTION 

Bioassay techniques have developed rapidly in the 

past decade. Evaluation of the innate fungloidal 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 reliable criterion 

of field performance of fungicides. 

Need for such a method of btoassay is becoming more 

acute in Oregon for three reasons: (I) The rapid advent of 

numerous organic fungici s has made available many new ma- 

tenais, (2) the specificity or selective action of these 

materials against certain disease organisms makes it desir- 

able to evaluate as many as ossibie against each disease, 

and (3) the extreme diversity of Oregon's agriculture re- 

suits in an unusually i arge number of plant disease problems 

and magnifies the job of field testing. 

Climrtic oonditins in Oregon ere su& tht leaf-spot 

diseases of pianta may beorme devastating. The leaf-spot of 

gladiolus (Gladiolus prtmulus Baker), caused by Botrytis 

gladioloruin Timrnermans, te an example of such a disease. 

During periods favorable tar development of the disease 

gladiolus loaves may be almost totally destroyed, flowers 

may be blighted, and corms infected ieadtng to their break- 

down in the soil or later in storage. 



Botrytis leaf-spot of g1dir1us is a disease well 

adatted to a study of bioassay as a means of seloting fun- 

gicides tor field perförmance. The disease is one of eco- 

nomie importance for which an effective control program ta 
needed. The degree of infection may be measured quanttt 
tively, making possible comparison between laboratory asesy 

and field performance. The data presented in this thesis 
are the resulta of trials carried on over a two-year period. 



LIT1RATWE REVIEW 

A Botrytla disease of gladiolus was tiret described 

by Sorauer (33) in Since that tine at least three 

dîtinct species of Botrytis have been associated with dis- 

eases of gladiolus. These are Botrytis gladioli Ifleb. (27), 

! cinerea Pers. (12, 25), and B. RIadiolorum ?irnermans 

(314-). 

In most of the reports or Botrytis-induced gladiolus 

diseases no attempt was made to identify the causal fungus 

BDeeifically. Many authors assumed the pathogen to be B. 

oinerea (12, 25) and. did not make comt,arative studies of ! 
and the pathogen commonly associated with gladiolus 

diseases in the field. 

Klebahn (27) in 1930 described B. g1adiolX1eb., a 

pathogen which he believed morphologically different from . 

otnerea. Since Klebahn did not publish a description of the 

disease he was working with, did not perform inoculation 

trials, and. did not maintain a culture of the fungus that he 

described, this name is not cns1dered valid. 

In 191!.2 T1.mmermans (3).) reported the Botrytispatho- 

gen to be a new species d . istiact from B. cinerea. He de- 

serthod the causal organism and named it Botrytis gladio- 

brun Timrnermans n. sp. The fungus described by Timmermans 

differed from B. cinerea culturally and morphologically. 

Botrytte giadiolorum sjoxi1ated sparsely in culture, 



producing ubg1obose conidia averaging 15 X iO , while ! 
ainerea eporulated abundantly on most culture aedia produc- 

t, ovoi4 eontdta 10.1 x .0J{Á. 4 

Peina (29) made a thorough comparison of B. cinerea 

and ! gladiolorum. His findings substantiated the earlier 
report of Timmermans. In addition Peins investigated the 

host range of B. gladiolorum. He observed that pathogen- 

toally ! gladiolorum stood in strong contrast to other teo 

lates of Botrytie. It was the only species which actively 

invaded gladiolus tissues. Botrytis Rladîolorum did not at- 

tack such hosts as turnip, swede 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), McClellan et al. (23), Moore (27), aM isolates 
used in this study were morphologically, cull ally, and 

pathogenically similar to B. gladiolorum. 

The Botrytis disease of gladiolus was first reported 

in North America by Drayton () who observed the disease on 

corma shipped into Canada from Oregon. The disease now oc- 

curs in many of the gladiolus-growing areas and is most 

serious in areas of California, Oregon, and Vshington where 

climatic conditions favor the pathogen. Outbreaks of Botry- 

tie leaf-spot and corm rot disease have been reported from 

Michigan (2g), florica (5, 17), and from New york (7, 3g). 

Development of the disease in these states is sporadic and 

depends on the occurrence of favorable climatic condttofla. 



in sorne areas In the United States owers have lost over 50 

per cent of susceptible varieties in yers favorable for the 

occurrence of the disease. 
Botrytis glad.Iolorwn causes characteristic symptoms 

on &ves and corrns. Descriptions of the disease, including 

foliar and corrn symptoms, have been made by Hawker (12), 
Moore (27), ?immermans (3), Wade (36), and. more completely 

by Peins (29). The Dathogen is capable of attacking the 

plant at any stage of Its life cycle and may cause a leaf- 
spot disease, a neck rot or collar rot, and a corm rot. 

The leaf-spot phase may become so destructive as to 
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 spots enlarge they de- 

velop into lesions with pele brawn centers and a ell- 
defined, dark margin. Small spots 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 lesion. 
In the field conidia are abunthmtly produced on in- 

fected leaves, particularly 
favorable at digging time. 

ondary Infection of either 
easily dispersed and may be 

other parts of the field. or 

feet corns. 

if the olimatlo 

These conidia n 

Leaves or corne. 

carried by wind 
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ground and In- 



Moore (27) first recognized three forms of symptoms 

on the c0rms and described. them in 1939. These are an ar- 

rested lesion, core rot, and a spongy rot. 

Arrested lesions are sunken, rounded, and straw- 

colored in the center with a darker margin. They result 

when COfld&tjø become favorab1e for development of Botry- 

tie rot and the necrotto gpot ceases to spread and becomes 

dry. 

The second type of rot te a eor$ rot which may :1n- 

volve the whole of the centra]. tissue of the corm. Corms 

are often seen in which the central portion has completely 

dropped out. The outer flesh is often unaffected. Some- 

times the basal flesh may still be intact, but very soft to 

the touch. This can often he used. as a means of detection 

of coro rot. 

The third type of corm rot is a spongy ceoay involv- 

Ing the entire corm. This type of rot usually starts with 

small olive-green water-soaked lesions which soon develop 

into a soft brown rot. Such rot has often been found as- 

sedated. with the core rot. It has been sugested (27) that 

the spongy brown decay originates in the central core and 

spreads to the surrounding flesh4 

Under humid conditions masses of the funus mycelia 

develop on the affected parts. This is especially true 

uier moist storage and transit conditions where temperature 

le likely to be most favorable. The three forms of symptoms 
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that develop on the corma are definite phaaes of the eame 

disease, and according to Peins (29) the forms of corm rota 
are probably varietal responses to environmental conditions, 
particularly temperature and humidity. 

Timmermane (34-) reported that Botrytis rot was much 

moro prevalent on corma 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. Corma dug in Sep- 

tember, October and November showed 0.5, 27.1, and. 21.7 per 
cent of rot respectively. 

Gorme may be naturally infected after lifting. In- 
fection may occur either through the out end. of the flower- 

Ing stalk or through the stem scars left at the top and. 

bottom of the corm at cleaning. Irrespective of how infec- 
tion takes place most of the fungus spores come from infec- 
ted. foliage and cause heavy corm rot in storage (23). 

In 19ìI9 McClellan, Baker, and Gould (23) made a 

thorough study of the effect of temperature and humidity on 

the development of the disease. Correlation was noted be- 

tween cool wet weather and the prevalence of the disease. 
It was suggested that both the foliage phase and the corrn 

rot phase could be redioted with the aid of weather records 

in a given area. 

Temperature has a marked effect on eorm infection. 
Widely varying optimum temperatures for crm infection have 

been reported. McClellan et al. (23) reorted the optimum 



temperature for inoculation of fresh1y-harveste o orme to be 
350 F. Peine (29) reported the highest proportion of suc- 

ceasful infection of oorms at 590 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° F. 

This was explained by the fact that gladiolus corma 

readily form peniderm at higher temperatures (3) and are 
more resistant to infection. At temperatures above 71.5* F. 

eubenization took place rapidly and infection was prevented. 

Suberization was much delayed and infection occurred when 

corma were stored at low temçeratures. Corns stored at 
O° F. for 79 days had very little wound peniderm and at 

59.5° F, wound peniderm did not form until after 22 days 

(3). 

It has been suggested (29) that the optimum tempera- 

turs for attack may vary slightly in different varieties ac- 

cording to their cork-forming capacities. It is probable 

th . t varietal susceptibility to storage rot is at least 
iartiy determined by the tendency of carme to form peniderm. 

Lack of infection of properly-cured carme at high tempera- 

tures was assumed to be due to rapid eubenization and wound 

peniderm formatIon. Tri view of this fact storage rot is es- 
sentially a low-temDerature disease (29). The Botrytis corn 

rot continues in storage at temperatures too low for other 

types of oorm rote to develop (27). 



Foliage infection took plaoe at much hlgh.r' tempera- 

tures (23). The optimum for infection wa between 55 and 

65° F. 

The optimum tenmerature mr growth ot 13. gladloloruin 

in culture was 20° to 22.5° 0,, ort prune agar at pH 5.6 

(3i). The maximum temperature ror owth wa about 3O C. 

arid the minimum below 3° C. No growth occurred at pH 7 and 

above yce1ium or the fungus developed abundantly on In- 
tected corms held under moist oondltions. It was white, 

woolly, orten profuse, and fluffy In texture. The growth on 

potato-dextrose agar or other common artificial media was 

similar to growth on the host. Solerotta were abundantly 

developed on corme and on relatively old artificial cultures 
(314.). Mioroconidia were formed on most medIa and were gb- 
bose, 2 In diameter. Macroconidia were freely produced on 

flowers In the field and were sparingly produced on arti- 
fetal media. Produetin of conidia tended to decrease with 

euboulturing. Abnormal oonl.dla were ften found in cultures 
which received suboptimal Illumination. These were also 
found mixed with conidia of the ordinary type (29). 

Control of the Botrytia leaf-spot phase Is very im- 

portant since the leaf spots may serve as a reserv'ir of 

inoculum for secondary infection of leaves and corms. Buch 

infection may lead to losses through decreased yield and in- 
creased storage rot of corma. 

Many measures far eontrol have been suggested for the 
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Botrytia corm rot (7, 27, 29, 35). Aman g these were early 
ltftin, rapid drying at high temperatures, early cleaning, 
and field and. storehouse sanitation. These methods reduced 
the amount of corm rot but were not comrletely satisfactory. 

it has been rerorted that the Botrytl..a rot over- 
winters on corms in storage and can also be co ... ntracted from 

infested soil (27). Therefore, other control measures have 

been suggested such as discarding diseaèed stock (27), 
roguing (36), proper curing (2), and controll .. ed storage 

temteratures (23). Only recently have some commercial 

rawers obtained equipment and designed storage facilities 
so that corma can be dried ratdly after digging (23). 

In the field of chemical control, spray treatments 
have been suggested by Gould (11) and Nelson (2g), and more 

extensive reports have been by Hawker (12) s agie (16, 

17). Fungiei4es, such as Puratized Agrtcultural Spray, 

Dithane Z-7e, and Fermate applied as sprays, and. Pente- 

ohloronitrobenzene dust have been used. In addition, pre- 
planting treatments of o o rma ha ve been suggested by Mag te 
(17), Neleon (2g), Simmons (32), and Wade (36) as a means 

of controlling Botrytis. 
Use of resistant varieties does not offer a setta- 

factory means of control since most of the esirab1e corn- 

merciai varieties are susceptible (16, p7). 
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Laborator7 Assay of Fungicides 

Bioassay of fungicides had its beginning when ?róvoet 

(13) discovered the fungicidal property of ccpoer in 1O7. 

Following Prévost's observation little use was ¡nade of bio- 

assay for over 100 years. Clark (H-) and Wallace (37) re- 

newed interest in bioassay just after the turn of the ceri- 

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, l, 

26) in Pngland in 1935 when the thinking was shifted to 

standardization of testing. The signfioance of precision 

of mechanical ap1ioation was demonstrated and it was shown 

that spraying distance and. spraytng Urne were e important 

as initial concentration. 
During recent years methods of laboratory assay have 

been subjected to critical analysis which has resulted in 

marked improvement. Use of rigid controls and standardiza- 

tion of the methods of bioassay has greatly lessened bio- 

logical errors, while recent developments in precision ap- 

paratue for applying sprays and dusts have materially re- 
duced the mechanical variation. Bioassay developed so 

rapidly that in 193e a committee to assist in standardizing 

t1 techniques of fungicidal assay was set up by the 

American Phytopathological Society (13, p.15). 

Much progress has been made in bioassay of fungicides 



in the 1at decade, largely because of demand or rapid a- 

sesrnent of new chemicals and ue of statistical procedure 

(19). Precision apparatus tor applying spraye and dusts has 

been developed in recent years. The settling tower, de- 

veloped by MoCallan and Wilcoxon (21) in l9O, and the hart- 

zontal strayer, develoDed by Horefall. et al, (in-) in the 

same year, are now used extensively in laboratories dealing 

with bioassay of fungicides. 

The settling tower functions on the principle of 

filling the tower uniformly with the spray or dust and then 

allowing lt to settle on a glass s119e. The horizontal 

sprayer is a stationary aprartus in which the fungicide is 

sprayed horizontally through an atomizer nozzle onto a 

facing glass elide held a set distanoe away. 

The principle methods of laboratory assay used today 

in this country are as follows: 

spore germination techniques 

81 ide-gerininat ton 

Test-tube Dilution 

Agar-plate Method 

Myceltum-inhibition Technique 

The slide-germination method (2) is standardized as 

one of the major methods of evaluating fuioides by the 

American Phytopathological Society. 

The general description of the slide-germination 

technicue is as follows. By precision technique, using 
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apparatus such as a settling tower or horiznta1 sprayer, 

Í'urgiotdes are applied to chemically-clean glass slides. 
A 

sertes or dosages varying in geometric progressirn are used. 

by regulating the depostt&cm of the srays The s?tes are 

allowed to dry and then are piaoed in moist char bers. 

gua spores obtained under controlled condit1on are sus 

pended in distilled water and pipetted o nto the sprayed. or 

dusted slides. These are placed in moist chambers, sealed. 

with water, and held st temperatures suitable for germina- 

tion. The spores are examined for germination in the low 

power field of the microscope after a seoified time, and a 

count of spore inhibition recorded. 

One hundred potentially viable sores should be 

counted per deposit on concentrations of each compound. If 

the germ tube exceeds half the minor d.iaaeter of the spore 

it is arbitrarily defined s germinated (2). 

The percentage of spore inhibition may then be plot- 

ted. against the concentration -'f fungicide on logarithmic- 

probability taper (6) The best straight line is drawn 

through these points and the LD5O or LD95 obtained for corn- 

paring the relative merits of the different fungioide.s 

Peterson (30) suggested that the sli9e-germination 

method was faulty in that t] dps containing the spores 
tend to flatten and spread, frequently flowing íogether o 

off the slide. It was reported that this could be corrected 

by gluing l2-*tlltmeter glass circles to the s1ies with 



petrolatum. These serve as standard surfaces onto which 

measured amounts of fungtoides and, sores are pitetted 
either separately o* in combination. 

t was siaggested by MoCallan, Weilman, and Wilooxon 

(22) that water-soluble materials may be assayed by a test- 
tube dilution technique. This method is more simple and 

rapid than the slide-germination technicue since no elabo- 

rate apparatus such as the horizontal sprayer or settling 
tower is required. 

in this method a series of fungicide dilutions is 
prepared in test tubes. To a known quantity of omioal, 
usually two cubic centimeters, 0.5 cubic centimeter of spore 

suspension is added. The mixture is thoroughly stirred by 

blowing into lt with a pipette before placing drops on the 

slides. Two individual drops of the resulting susension 
are pipetted onto glass slides in moist chambers. These are 

left for a set time after which germination counts ere made 

according to a standard method (i). 
Gottlieb (io) retorted a comparison of sen. sitivity of 

an agar-piate and test-tube dilution procedure for prelimi- 
nary assay of fungicides. In the agar-piate method chenil- 

cals were combined with agar, plates roured, and spore ge 

mination triais made on the surface of the agar. Phis in- 

vestigation revealed that both tests gave reproducible 

values for the toxicity of the chemicals. In experiments 

spores were used from the same collection and at the same 



spore concentration in both teste. Eighty-tive different 
organic compounds were tested against two rungi, Macrospor- 

luin sarcinaeforme arid Solerotinia fructicola. With the 

former organism 119.5 er cent of the corpounds had the same 

toxic values by both methods. The agar-plate technique was 

more sensitive than the test-tube dilution method for 35. 

Der cent of the comDounds. 

The addition of a 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 

snore-germination tests, Wilcoxon and MoCallan (39) have 

called attention to the stimulatory Dropertles of tomato, 

orange, apple, or pear juice, and on aiueoue extract of lily 
and gladiolus bulbs. Peterson (30) has suggested a nutri- 
ent solution made by extracting 0.1 grain of Difeo 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 ?alck in 1907 that the increase in diameter of 

a fungus colony was linear with time (13). Therefore, by 

conparing the growth of a fungus on treated agar with that 
on untreated agar the fungicidal value of a toxicant coul 

be measured. This technique was developed and. studied by 

many workers including Humphrey and fleming (15), Richards 

(31), and Bateman (13). 



The method consists of' mixing the toxicant with agar 

just before it solidifies or by soaking mycelial mats in the 

toxicant and placing the mats on agar. Several cmioals 

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 

sanie type of information as similar curves for inhibition 

of spore gertnation (20). 



METHODS 

Isolation and Culture ofthe Pathogen 

The cultures u8ed in all of the following trials were 

isolated rrom naturally infected gladiolus leaves which were 

obtained from the Portland, Oregon area. Isolations were 

made by the following techntque. Leaves with necrotic spots 

were surface sterilized in a 1 per cent concentration of 

commercia]. Clorox for one minute, then rinsed in sterile- 
distilled water. The leaves were placed on a sterilized 
glass slide and serial oros-sectins were cut with a ster- 
ile razor blade. Five secti'-rns were placed on potato-dex- 
trose agar' in eaoh petri dish. These were incubated at 20* 

to 25* C. isolations were so made from infected eornis by 

surface sterilizing a above and planting tissue on potato- 
dextrose agar. The isolates in ail cases were identified 
microscopically and cultures were maintained on potato- 
dextrose agar slants. 

Since the organism does not sporulate readily on 

ordinary media, it was necessary to grow the isolates on the 

special medium suggested by Piene (29) in orner to obtain 

spares for fungicidal assay. 
The medium was as follows: 

Glucose 5.0 grams 
Peptone 6.o grams 
Potassium chloride 0.5 gram 
Potassium phosphate IC2HPOj. 1.0 gram 
Magnesium sulphate 0.5 gram 



Sodium nitrate 2.0 grams 
4ake up to a 1i.ter with distilled water. 

Temperatures between 200_250 good light, and de- 

hydration of the medIum were neoesary to stimulate sporti- 

lation. Under these onditions the culture sporulated sut- 
fiolentil. If any of the factors abe were lacking, 
sporulation was poor. 

The organism was aleo grown on autoolaved gladiolus 
flowers where sporulatian was abundant when the cultures 
were extosed to proper light conditions. 

Laboratory Assa y Spore Germination Trials 
Since screening large numbers of fungicides in field 

trials is impracticable, it was desirable to develop a rapid 
method of fungicidal assay with spores of B. Riadiolorum. 

The effect of a number of chemicals in the inhibttion 
of STOPS germination was measured using an sg . ar-plate tech- 
nique. Spore germination trials were conducted on 'ostri 
plates of two per cent agar and one per cent dextrose to 
which the reouired quantities of chemicals had been added to 
give concentrations of 1000, 100, 10, a .. nd i parts per mil- 

lion. Fifty milliliter lots of the medium were sterilized 
in 125-milliliter Erlenm eyer flasks, cooled to 4-5° . and a 

Quantity of chemical necessary to obtain the desired concen- 

trations was then added to each flask. From each flask 
three petri plates were poured. Soorea were taken for each 

test from ten-day-old cultures. Spore suspensions were made 



by brushtng the spores from inoculated '1owers with a camel 

hair bru8h, placing them in sterile-distilled water and fil- 

tering thorn through sterilized cheesecloth. The desired 

concentration or spores was obtained by the use oÍ a 

Neubauer haernocytometer. The suspension was adjusted to 

50,000 spores per milliliter of ilauld. Each plate was in- 

oculated. at tour equidistant locations with .05 milliliter 

of the conidial suspension and the plates were incubated at 

25° 0. for i6 hours. A random count of loo spores wa then 

made on each plate and the per cent of spore inhibition re- 
corded. 

Laboratory Assay Mycelial Growth 

Tests of chemical inhibition of mycelial griwth were 

made as 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, 

eght millimeters in dtameter, were cut with a sterilized 
cork borer. The disks were placed in 1000, 100, 10, ìd i 
parts er million concentrations of the chemical to be 

tested. After two, 2, and 1 hours three disks were re- 

moved from each concentration, washed in two changes of 

sterile-distilled water to remove chemicals, and placed on 

potato-dextrose asar slants to observe for growth. 



Field. Te8ting 

Botrytis leaf-spot control exertments were conducted 

through two eeasons. in l9149 a cooperative plot was estab- 

lished with Max Perrin at a location about ten miles west of 

Portland. In 1950 test was conducted on the Lewis-Brown 

College Horticultural Farm four miles southeast of 

Corvallis. 

In both trials a five-by-five Latin square field plot 

design was used. Each of the five replications included 

four chemical sprays and an untreated check. Each replica- 

tion consisted of 30 feet of row in 19k9 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 apDeared A three-gallon 

Hudson sprayer operated at a pressure of about 50 pounds was 

used. for all s'. raying. Plantings were cared. for by ordinary 

culture practices. 

aa1ltng and Computing Disease Index 

In both field tests the sampling for di.ease reading 

was made in the same way. Twenty-five plants were selected 

at random from each replication and cut at the ground level. 

The sam1es were taken to the laboratory and apDroximately 

100 leaves were counted at random from each replication. 
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Five grades of disease were set up as follows: 

O No Botrytis lesions. 

i C 0- 5 per cent of leaf area necrotic. 

2 5- 25 per cent of leaf area necrotic. 

3 25- 50 per cent of leaf area necrotic. 

il. = 50-100 per cent of 1ef area necrotic. 

Eaoh samle was graded into the above classes. Dis 

ease leaf samples graded into each of the above five classes 

are shown in Figure 1. 

disease index was then derived and placed on the 

basis of 100 per cent by application of the formula 

X (o) +x (1) + X (2) +X (3) + X (1k) 

Where Number of leaves in each class. 

t ?otal number of leaves counted. 

Number of highest disease class. 

The accuracy of such a formula in evaluating levels 

of plant disease has been well established by MoXtnne (2h). 



tgure 1. Percentage o1aes used to determine a dicease 

index at Botrytt leaf-spot of gladiolus. 
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MSA! O? FUNGICIDES BY INHIBIT IO OF SPORE GERMINATION 

Since Botrytta g.adtoiorum sporu1tea rapidly and 

heavily on infected plants, an abundant source of inoculurn 

le available ror infection of other plants. To prevent 

spread and total destruction of gladiolus foliage and flow- 

ers during periods favorable to the pathogen, it te necee- 

sary to control the disease by application of protectant or 

eradloant fungicides. 

A large number of such materials is available at 

present. In fact, 
of the potentially 
Therefore an aoour 

essay is needed by 

be selected in the 

trials. 

there are so many that field evaluation 

effective fungicides is impractical. 

te and rapid method of laboratory bio- 

which the most promising fungicides can 

laboratory for use in field ccntrol 

in selecting ohemicals for bioassay, sil of the fun- 

gicidee that have been recommended for field control of B. 

gladiolorurn were chosen. These, plus other promising fungi- 

cides, were screened for their effectiveness in preventing 

germination of spores of B. gladiolorum. A total of 16 

chemicals were evaluated by spore germination trials. The 

chemicals used and ocr cent of inhibition of spore germin.a- 
tien at various concentrations are shown in Table 1. 

FerMo dimethyl dtthiooarbamate 70% (Fermate), zinc 

ethylene bisdithiocarbamate 65% (Parzate), 2,3-diohloro--1, 



TABLE 1. EFFECTIVNES5 OF DIFFERENT CH'MICALS IN INHIBITING 
GERMINATION OF SPORES OF BOTRYTIS GLADIOLORUM 

Chemicals Used 

Malachite green 
Disodium ethylene bisdithiocarbamate 
hexahydrate 25% 

Zinc ethylene bisdithiooarbamate 6% 
Ferric dimethyl dithiocarbamate 7o% 
Zinc dimethyldithiooarbamate 76% 
2 , 3-dichloro--1 , 4.-naphthoquinone 
Tetraohl oroparaben zoqul none 
2»-,5-triohlorophenyl acetate 50% 

50% pyrax ABB 
Phenyl mercury triethanol ammonium 

lactate 5% 
Glyoxalidines mixed 56% + Linie 
Tetra copper calcium oxyohloride 45% 
Tri-basic cooper sulphate 26% 
Copper carbonate 55% 
Copper qutnoltnolate 50% 
Colloidal sulphur 30% 
Bismuth subsalioylate 

- -- 

Per Cent Inhibition 
oncentrattons of (PPM) Check 

100 10 1 Germinati 

100.0 100.0 

50.0 30.0 
100.0 100.0 
100.0 100.0 
100.0 100.0 
100.0 100.0 

5.O 71.0 

100.0 6.o 

100.0 100.0 
90.5 63.1 
9g,? 72° 

100.0 
100.0 9.0 

92° 97.0 
3.0 

13.0 2.0 

19.0 
97.3 
9g .7 
6. o 
79.6 
15.0 

22.0 

50.0 
15. 4- 

I.0 
1.0 

96.0 
3.0 
2.0 

79.O 

1.0 
k2 .0 
26.2 
6..o 

i1t .3 
3.0 

1-.0 

6.1 
5.0 
1.0 
1.0 
ì5 . o 
2.0 

9g .0 

97 . O 
96.0 
97 . o 
95 ' 5 
96.0 
9g..o 

96.5 

9g .0 
97 . o 
960 
96.0 
95.5 
95.5 
96.5 
96.5 



14-naphthcxutnone (Phygon XL), phenyl mercury triethanol am- 

morilum lactate 5% (?uratiz.ed Agricultural Spray), zinc di- 

methyldithiocarbarnate 76% (Zerlate), and malachite green 

completely inhibited spore germination at coneentrations of 

loo parts per million. Inorganic cöper and sulphur were 

relatively ineffective in inhibiting spore germination. 

One thousand parts per million of tetra coprer calcium oxy- 

chloride and copter oazbonate completely inhibited spore 

germination, but at a concentration of 100 oarts per million 

inhibition was only four and nine per cent respectively. 

One thousand parta per million of colloidal sulphur inhib- 

ited. only four per cent of spore germination. 

The four most promising chemicals and the mixed gly- 

oxalidines were tested further at cr . noentrations of 50, 20, 

io, and 1 parts per million. The glyoxalidine mixture was 

included because it has been recommended for control of 

similar diseases and because the addItion of this compound 

to the group gave a wider range of bioassay results for 

comparison with field performance. Malachite green was not 

tested further since its undesirable green color makes it 

impractical for field use4 

Ferrio dimethyl dithiooarbamate was most effective in 

inhibiting spore germination followed by tino ethylene bis- 

dtthtooarbamate, 2, 3-diohloro--1,1-naphthoquinone, phenyl 

mercury triethanol ammonium lactate, and glyoxalidine 

mixture. By plotting the results listed in Table 2 on 



TABLE 2. EFFECTIVENESS OF SELECTED CHEMICALS TN INHIBITING 
GERMINATION OF SPORES OF BOTRYTIS GLADIOLORUM 

4 1 *1-,. . - 4. -* t - - - - 
Per Cent Inhibition 

at Concentrations of (PP) Check 
Chemicals Used 50 20 10 1 Germination 

Ferric dimethyl dithiocarbamate 70% 100.0 9.O 9k.3 20.7 95.5 

Zinc ethylene bisdithiooarbamate 65% 100.0 91I.5 5.3 :1j 
2,3-dichloro--1,1i--naphthoquinone 100.0 92.7 70.7 11.1 
Phenyl meroury triethanol ammonium 
lactate 5 100.0 90.2 59.0 

Glyoxalidthee mixed 56% 33. 
- 

15.2 
- 

12.7 
- i 

5.3 
r 



logarithmic-probability paper* lt was possible to obtain a 
linear dosage response curve. The percentage of spores 
tailing to germinate was plotted on the vertical axle (prob- 
ability scale) and the chemical concentrations were Diotted. 

on the horizontal axis (logarithmic scale). Figure 2. 

From the dosage response curve LD5O and LD95 values 

were read directly by interpolation. The LD5O and LD95 are 
defined as the concentration at which 50 and 95 per cent of 
the spores fall t. germinate. The LD50 and. LD95 values ad 

elope of the dosage response curve are shown in Table 3. 

TABLE 3. LD5O AND LD95 VALUE5 AND SLOPE O? 
DOSAGE RESPONSE CURVE O? SELECTED CHEMICALS 

-- 
Chemicals Used 

LD5O 
P?M 

LD95 
PPM Slope 

Terno dimethyl 
dithiocarbarnate 70% 2.27 l.g 0.372 

Zinc ethylene 
bisdithiocarbamate 65% 2.95 20.5 O3l 

2, 3-diohioro-- 
l,Z4._naphthoquinone 

.35 3l.4. 0.295 

Phenyl mercury 
triethanol ammonium lactate 5% 5.22 142.1 0.270 

Glyoxalidines mixed 6% l.5 0.197 

Since the dosage resoonse curves In Figure 2 do not 

cross, the LD5O and LD95 values Indicate the same relative 

'. Lojii'ithmlo-probability Paper, Grid #312, designed. by 
Shipple and Fuller, Distributed by the Codex Book Company, 
Norwood, Massachusetts. 



Pigure 2. Toxicity curves for faction of different chemicals 

on spores of Botryti gladiolorum. 
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effectiveness of the chemicals tested. Ferne dimethyl dl- 
thiocarbamate Inhibited germination of 50 per cent and 95 

T-er cent of the Botrytis spores at a lower concentration of 

chemical than did. any of the other materiale. Zinc ethylene 

blsdllthlooarbamate, 2, 3-dlchloro--1,14-naphthoqulnone, phenyl 

mercury triethanol ammonium lactate, and mixed glyoxaiid.Ines 

followed in the oer listed. The range of dosages of chem- 

icals required to kill 50 and 95 per cent of the spores was 

not great except for the mixed glyoxalidines. A much 

heavier concentration of mixed glyoxalidinee was reiulred 
tar effective inhibition of spore germination than was 

needed for the first four materials listed. 



ASSAY OF FUNGICIDES BY INHIBITION OF MYCIAL GROWTH 

The evaluation of fungloides by inhibitton of my- 

oellal grorth has been of value, particularly to workereìn- 

tereeted In wood preservattves. Since it was ehown that 
rate of' myceltal growth i directly proportional to time 

(13, p.3), the method has been used more extensively in 

the field of bioassay. The inhibition of mycelial growth 

is also useful in determining whether a chemical l.a fungi- 

cidal or fungistatie in action. 
It was desirable to know if the materials used in the 

laboratory and field trials were fungicidal or fungistatic 
against mycelium of B. gladiolorum. A material is defined 

as fungioldal if lt has the effect of killing the fungus. 

1% is fungistatic if it is only inhibitory in action. A 

chemical that was fungloidal in action would be much more 

desirable for a foliage protectant under field conditions. 

In mycelial inhibition trials, chemicals that had 

shown promising results in the laboratory and field were 

screened. for their fungicidal or fungi static action on my- 
ceitum of B. gladiolorum. The chemicals used and amount of 

growth at various concentrations are shown in Table 4. 

Mycelial growth was completely inhibited after ex- 

posure for two, 214rn, and. hours to 1000 oarts per million 

of malachite green, forno dirnethyl dithiocarbamate, zinc 



TABLE f4-. EFFECT OF CHEMICAL CONCENTRATION AND DURATION 
OF EXPOSUEE ON THE RESPONSE OF MYCELLAL DISKS 

Growth After 
Exposure To 

Chemical For 
C on ce n- 

doals Used tration 

Malachite green 1000 - - - 
100 - - - 
lo - - - 
i - - - 

Ferric dimethyl 1000 - - - 
dithiocarbainate 70% 100 + 4 

lo + 4 4. 
i 4. + 

Zinc ethylene 1000 - - - 
bisdithiocarbamate 65% 100 + + 4. 

lo 4. 4. 4. 

1 4. 4. 4. 

2,3-dichloro--1, 1000 - - - 
-naphthoquinone 100 4. - - 

10 1 + + 
1 4- f 4. 

Phenyl mercury trtethanol 1000 * - - 
ammonium lactate 5% 100 - - - 

lo 4. + + 
I + + 

Glyoxalidines mixed 56% + 1000 + - - 
Lime 100 - - 

10 + + + 
1 + + + 



ethylene bledithiocarbamate, 2,3-diohloro--1,14--naphthoquî- 

none, and. pheny]. mercury triethanol ammonium lactate. The 

mixed glyoxalidIne also inhibited growth completely at 1000 

parts per million but only after myceltum was exnosed for at 
least 21. hours. Two factors were involved in inhibiting 
growth of the fungus. These were concentration of chemical 

and duration of exposure. 

Since all myceltal disks used in these trials were 

thoroughly washed to remove any particles of chemical ad- 

hering to them, it is believed that failure of mycelium to 

grow after exposure to the chemicals tested is due to furgi- 
cidal action of the chemicals rather than to fungistatic 
action. 



PERPORMANCE OF FUNGICIDES IN FIELD CONTROL 

Following laboratory evaluation of tungioides Thr 

control of Botrytia leaf-spot the four materials which were 

most etfective In inhibittng germination of spores of the 

fungus were tuz'ther evaluated in field control triala In 

199. In 1950 trlale glyoxaildine 3k]. was substitutedror 
Puratized Agricultural Spray. It was desired nöt only to 
evaluate the performance of these materials against Batrytis 

leaf-spot, but also to compare laboratory and field perfor- 
mance of the fungicides to see ir laboratory assay might be 

a reliable criterion of field performance. 

In l9.9 a trial was conducted cooperatively 

Perrin near' Beaverton, Oregon. A Latin square plot design 

with 30-toot replications was used. in five rows of the glad- 

blue 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 ta compute a dicease index followIng the met!ñ de- 

scribed on page 204 The treatments used and the disease in- 

dex of each replication of each treatment are shown in 

Table 5. 

The trade names of the chemIcal compounds were used 

in preference to the chemical names since they are better 
adated to use In tabulations. The chemicals and their 
trade names are as follows: Ferrio dimethyl dithtocarbamate 



TABLE 5. EFFECTIVENES8 OF DIF?ERENT FUNGICIDES IN CONTROLLING BOTRYTIS GL.ADIOLORUM 
AS MEASURED BY THi' RELATIVE A11OUNT OF DISEASED LEAF ARTA 1914.9 

Replication No. of loaves tri eaoh diseaRe ciaO Total 
and. . . To. of Disease Disea8e 

Treatment O 1. 2 .. lLeaves Reading Index 

1-1. Fermate 63 2 8 . o ioo 14.7 11.75 
2. Parzate 5 3 2 2 0 100 12 00 
3. Phygori XL I.2 37 5 7 o 91 6g 
k. Puratized O 63 27 9 0 99 114 36.36 
5. Untreated Check O 29 33 27 11 100 220 55.00 

2-1. Fermate 55 Ì41 3 1 0 100 50 12.50 
2. Parzate 31 60 7 2 0 100 0 20.00 
3 Phygon XL 66 i6 11 5 102 151 37 09 

Puratied O 70 23 6 1 100 13 3.50 
5. Untreated Check O 6o 30 9 1 100 151 37.75 

3-1. Fermate 3S 55 6 1 0 100 70 17.50 
2. Parzate 16 6 15 1 0 100 101 25 25 
3. Phygon XL U 66 i6 7 0 100 119 29.75 
k. Puratized 7 6 1 1 101 129 31.93 
5. Untreated Cheok O 50 35 6 9 100 174- 3.50 

14.1. Fermate 51 14.6 1 0 10]. 55 13.61 
2. Parzate 14.0 112 1 i O 100 79 19.75 
3. Phygon XL 12 52 25 10 1 100 136 3L.00 
14. Puratized 21 61 g 7 3 100 110 27.50 
5. Untreated Cheok O 26 19 g 103. 1g9 

5-1. Fermate 52 4.4. 5 1 0 102 57 13.97 
2. Parzate 50 39 10 2 0 101 6 16.O 
3. Phygon XL 29 L.7 114. 10 0 100 105 26.25 
14. Puratized. 21 i6 2 100 156 39 00 

Untreated Check O Ô5 i6 15 5 101 162 O 0 - 
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(Fermate)*, zinc ethylene b1sdithiocarbante (?arzate)*, 

2,3-diohloro--1,14.-naphthoquinone (Phygon ), phenyl mercury 

triethanol ammonium lactate (Puratized Agricultural Spray), 

and. glyaxalidine mixture (Carbide and Carbon's 3l-ø). A 

disease index summary and the average disease index fc. r each 

treatment are shown in Thble 6. 

Similar trials were conducted at Corvallis in 1950 
using the variety Picardy. Plot design and methods of 

sampling were as in l9L!9. The same chemical treatments were 

used with the exception of Puratized Agricultural Spray 

which was replaced by the glyoxalidine mixture. Results of 

the 1950 trials are shown in Tables 7 and . 

In both the 1914.9 and 1950 trials weekly application 

of Fermate at the rate of two poune per 100 gallons of 

water gave excellent control of Botrytis leaf-spot of glad- 

iolua. The relatIve leaf-spot control with Fermate as corn- 

pared to no treatment on gladiolus foliage is shown in 

?tgure 3. All of the materials tested reduced the Incidence 

of leaf-spot in the field. Following Fermate the most et- 
Thcttve materials were Parzate, Phygon XL, Puratized Agri- 

cultural Spray,. and 31.1_C in order of effectiveness. 
Statistical analysis of the 191.9 data showed that 

Fermate and Parzate were significantly better than Phygon 

and Puratized and that application of the latter two 

* The American Phytopathologloal 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 i99 

- 
- - r.. . _ 

Treatment an1 Quantity DISEASE INDEX IN REPLICATION Average 
Used tri 100 Gallons Disease 

of Water I II 1111 IV V Index 

1. Fermate, 2 lbs. 11.75 12.50 17.50 13.61 13.97 i3.67* 

2. Parzate, 2 ts. 12.00 20.00 25.25 19.75 16.O 1.616* 

3, Phygon )a, t ib. 37!09 29.75 314,0O 26.25 29.1514* 

k Puratlzed. Artou1tura1 Spray, 
i qt. 36.36 3k.50 31.93 27.50 39.00 33.5 

5. Untreated Check 55.00 37.75 1O.09 

All spray mtxture contained Rolàanc5 Hais Triton B1956 pt7ioo ïa. 

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

a' 



TABLE 7, EFFECTIVENESS OF DIFFERENT FUNGICIDES IN CONTROLLING BOTRYTIS GLADIOTJORt 
AS EASURFD BY THE RELATIVE AMOUNT OF DISEASED LEAF AA 1950 

Replicatton No.o 1eave In each disease o1as. Total 
and No: of 1Diseae Disease 

Preatment O 1 E 3 4- Leaves Reading Index 

1-1. Fermate $ O O. 100 100 25.00 
2. Parzate O 73 29 6 0 1O Ñ9 3J4. 

3. Phygon XL O 1 56 26 5 1O 22 511..2 

14. 311.1-C O 20 59 22 5 106 2214. 52.3 
5. Untreated Check O 2.7 3 33 12 100 21-O 60.00 

2-pi. Fermate 12 79 9 0 0 100 97 21I.25 

Parzate i 53 O 7 0 101 151f. 3.12 
2 

Phygon XL O 11 614 23 2 100 216 514V 00 
Ii.. 31U-C o 19 51 2 6 1OtI 229 5 05 

5. Untreated Check O 1 37 32 16 99 250 63 13 

3-i. Fermate 25 6 12 1 0 103 92 22.33 
2. Parzate :3 

lI7 L3 6 1 100 155 3L75 
3 ?hygon XL O l'l 55 27 2 9 213 
LIp. 314.1-C o io 59 2'4 101 ?2L 55 
5. Untreated Check O 12 O 35 13 100 2119 60.25 

1. Fermate 2g 59 13 0 0 100 5 21.25 
2. Parzate i 39 56 1j. O 100 163 )4-O.7 

3 Phygon XL O 5 33 5 99 23 59 3 

LI.. 31.1-C o 6 53 314W Ø 101 214.6 6o.9 
5. Untreated Check O O 27 35 3 100 311 77.75 

5-1. Fermate 19 7 3 0 0 100 21.00 

2. Parzate I 60 36 3 0 100 1h41. 35.25 

.. Phygon ) O i6 53 27 5 101 223 55.19 
,.. 3tl1-O o il 75 13 1 100 191 7.75 
ç Untreated Cheek O i6 51 25 100 22 56,25 



. OONTRL OF BOPRYTIS LEAF-SPOT BY DIFFERENT ?UNGICIDT 
A$ XNDIQAT!D BY A COMPUTED DISEASE INDEX 1950 

---- _-*. u 

Treatment and nantity 

- 

SEA8E INDEX IN 

---- 

REPLICATION 

- JJ4 

Average 
Used. tn 100 Gallons Disease 

of Water I II XII IV V Index 

1_* Fermate, 2 lbs 25.00 2 ?5 22 33 21.25 21 00 22.766* 

Parzate, 2 qt. 3.12 3.75 14O.75 35.25 37.14.72* 

3 Phygon )L, i lb. 51l..214 514..00 511..33 59.3I 55.19 55.14.20* 

k. 314.1-C, I qt. 52.$3 55.05 55.1L4 6o.9 7.75 5k,392* 

5. Untreated Check 6o.00 63.13 60.25 70.75 56.25 62.076 

All spray mixtures contained Rohm and Haas Triton B1956 pt./100 gais. 

* 
Least significant difference at the one per cent level 14..32. 

k!I 



Figure 3. OEladioliis leaves graded into five percentage 

classes showing the effect of no treatment 

(b ove) as compared to ?ermate spray (below). 
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materials resulted In signi.rioant reduetlon in disease as 

compared to the untreated cheoks. Ail teets for ignIfi- 

canee were made at the one per cent eve1. In 1950 Fermate 

again was strikingly superior to the other materials in the 

field Analysis of the 1950 data siowed Fermate to be sig- 

ntfioantly better than any of the other materi.s tested. 

Parzate was significantly better than Phygon and 3H-l-C 

and the two latter materials caused a significant reduction 

in leaf-spot incidence as comnared to the untreated check. 



DISC USS ION 

Ten years ago field evaluation of fungicidal chemi- 

cals was possible since the fungicide field was almost en- 

tirely confined to a few copper and sulphur fungicides for 
spraying a dusting, and to organic mercury compounds and 

formaldehyde for seed treatment. 
Since 19110 a large nunber of new fungicidal ohemi- 

cale have been made available for use in plant disease con- 

tr,1. Many others are in develomental stages. The proceße 

of field. evaluation of the fungicidal properties of these 
materials against the large number of riant diseases on 

Oregon's widely diveraified crop plants is so costly in both 

time and materials as to be impraotical Yet, some form of 

evaluatlon is n'eded. Although Bordeaux mixture and a few 

of the older fungicides are generally effective, it is be- 

coming more and more apparent that a certain sped fie chemi- 

cal grouìîing is most effective against a specific disease. 

In other words, a fungiciöe may be highly effective against 

one disease and relatively ineffective against another. As 

a result of the advent of the large number of new fungicides 

on the market and their specificity for certaIn diseases, a 

rapid and accurate method of bioassay which will serve as a 

reliable criterion of field performance is needed. 

The data presented in this thesis show a high degree 

of correlation between laboratory assay by spore germination 



trials and field diseaee control ot Botrytis giadiolorum. 

The laboratory assay failed to correlate with field triais 
in only one case. in laboratory assay Phygon ) was more 

effective in inhibiting spore germination than was 3k1-C, 

but the two were not significantly different in field con- 

trai. 

Definite proof hag been offered that a raçtd selec- 
tion of the most promising fungicides for control of B. 

gladiolorum can be made by the agar-tiate method of labora- 
tory assay of fungicides. The method is simple, quantita- 
tive, and relatively rapid. It is preferred to the slide- 
germination and test-tube dilution methods for the following 

reasons. 

In the agar-plate method spores are germinated in an 

environment that parallels natural oonditons, 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 difficulty. 
In the slide-germination method (20) spores may col- 

leot at the outer edge of the droplet where the concentra- 

tion of the chemical may he higher, causing considerable 

variation in germination counts. Spore counts are more dif- 

fioult to make in the elide-germination method because 

spores may be at different levels of focus in the drop. 

A comparison of the agar-plate and test-tube dilution 



s 
methods has been made (10). The results of each test were 

reproducible and the agar-1ate method was more senslttve in 
spore germination teats wIth 5 organic chemicals. 

The method used. for measuring field disease control 
of . 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 a tendency to overemphasize the 

severity of disease, particularly in the lower classes. 
This is not a problem, ho'ever, 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 laboratory and. field trials Fermate was most effective 
for the control of B. gladlolorum leaf-spot, followed by 

Parzate, Phygon XL, ?uratized Agricultural Spray, and 3tllC. 

Possibly one reasonfor the effectiveness of Fermate is the 

fact it i relatively 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 to be a reliable 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 



show promise of great uefu1nese for this method of fungi- 

dde evaluation. 
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SUMMARY 

A rapid method of laboratory assay based on inhibi- 

tian of spore germination was employed to screen i6 fungi- 

cidal chemioas for use in field trials. The chemicals were 

screened by an agar-plate method. 

The most effective chemicals were selected for fur- 

thor laboratory trials. Data on inhibition of spore germi- 

nation by the chemicals were plotted on logarithmic-prob- 

ability paper and a linear dosage response curve obtained. 

From the dosage response curve LD50 and LD95 values were 

obtainable dtrectly by interpoiat&on. 

'tve of the most promising fungicides were selected 

for field evaluation on the basis of their ability to in- 

hibit spore germination. Ferne dimethyl dithiocarbamate, 

zinc ethylene bisdithiocarbamate, 2,3dichloro--1,1--naphtho- 
quiflone, phenyl mercury triethano]. ammonium lactate, and 

glyoxalidine mixture were used as spray treatments in field 

disease control. 

Field trials were conducted through two seasons using 

a Latin square field plot design. At the end of each season 

disease readings were made by grading into five ciassee, 

leaf saniples sel .. cted at random from each replication. On 

the basis of the number of leaves in each class a disease 

index was computed. 

The laboratory assay by spore germination shrwed a 



high degree of correlation with field trial results for the 

control of . glad.toloruin Pimmermana. The relative efí'ec- 

tivenese rf the chemicals in reventing spore germination 

wa oomparsb1e to their relative effectiveness in preventing 

development of gladiolus lear-spot in the field. ?ermate 

was most effeotve in laboratory trials and significantly 

superior to the other materials for leaf-spot control in 

field trials. 
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