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A study was conducted in which seeds of fourtsen
ornamentals were treated with certain of ten fungicides in
various combinations in a series of field and gresnhouse
trials, In one or nmore trials significantly better seedling
emergence occurred when seed protectants were used on seeds
of Aster, Bachelor Button, Calendula, Cosmos, Four 0'Clock,
Morning Glory, Nasturtium, Phlox, Stock, Sweet Pea, and
Zinnia, Marigold was the only ornamental on which seed proe
tectants falled to glve some measure of protection against
damping-off, Only limited protection was apparent on Lark-
spur and Dahlia seed. Post-emergence damping-off was not
controlled by the seed protectants in these experiments,

An organism, with a pycnlidial imperfect stage, was
isolated from a diseased Phlox seedling., This organism,
by virtue of 1ts perfect stage, was classifled in the
Aspergillaceas as that family 1s presently constituted,

This organism was shown to be pathogenic and caused dampinge

off, A new genus and specles, Pycnidiophora dispersa, were

proposed and described to embrace this organism, The 1life
history and morphology were studied on corn meal agar and
potato dextrose agar. Conidium and ascospore germination
and hypha development wers traoed.v Pycnidiai development
was found to be simple meristogenous and the cleistothecium
was observed to arise in a similar manner from a few inter=
calary cells in a single hyphal strand. The thirty-two
spored asci, which were scattered throughout the cleisto-

thecial cavity, were produced by crozier formation,
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INTRODUCTION

The fungal organisms causing seed decay and damping-
off of ornamentals are limiting factors 1in seedling pro-
duction, Tilford (43) saild, "Practically all flower seed-
lings which are started in plant beds or in flats are subject
to damping=-off." There are no availabla official estimates
of the annual losses caused by this disease in Michigan, but

Andrewsl

» maintains that damping-off 1s a very sserious
disease of ornamentals in the state. In routine visits to
growers throughout the state he observed losses as high as
ninety percent of the seedlings in a plantinge. According to

Haney2

s 1t 18 a common practice among ornamental growers to
plant at least ten percent more seed than would be required
if the seedlings remained healthy, with growers frequently
planting twice the required seed in order to overcome these
lossea, Aside from the added cost of seed, this practice
necessitates thinning if damping-off i1s not as serious as
expected, and is of little value 1f the disease 1is more
destructive than anticipated.

Damping=-off pathogens attack any or all parts of the seed

l, Personal communication from Dr. E. He Andrews,
Extension Pathologist, Michigan State College, East Lansing,
Michigzan,

2. Personal communication from Dr. J. D. Haney, Professor,
Department of Horticulture, Michigan State College, East
Lansing, Michigan,



and seedling. Two distinct types of injury are usually
designated, pre-emergence and post-emergence damping-off,
vVhen a young plant is killed befors 1t reaches the surface
of the soil, it 1is called pro-emergence damping-off, 1In
this case the embryo may sometimes be killed before the
hypocotyl emerges from the seed coat. Post-emergence
damping-off occurs after the seedling has emerged above
ground, This type of injury is characterized by a water-
soaked appearance of the stem at the ground line, usually
before the leaves wilt, followed by the toppling over of the
infected seedling.' Infection of the stem usually occurs at
or below the ground level, but 1f the root is attacked, the
entire root may be rotted away. Sometimes such plants will
produce adventitious roots from the hypocotyl above the
infestion and recover, but these plants often remain stunted.
If the cotyledons are attacked, the seedling may be stunted
and deformed., As the plant grows older susceppibllity to
the disease diminishes,

Disease-free soil, washed sand, sphagnum moss, soil
fumigation, soil sterilization, and seed treatment are used
in attempts to control damping-off. Treatment of vegetable
seed has been practiced for several years, and more recently
seedsmen have been treating ornamental seed before packeting.
However, new seed-treatment fungicides dictate the need for
more information in regard to their powers of control of

pre-emergence and poste-smergence damping-off,



The purpose of this paper 1s to present the results
from a serlies of tests of various seecd treatment fungicides
for the control of damping-off of some ornamentals. The
objectlve of these seed treatment experiments 1s the deter-
mination of the protective value of the fungicides on four-
teen ornamental species. In the course of these investi-

gations a new pathogen (Pycnidiophora dispersa) causing

damping-off of ornamentals was discovered, and a morphological
study and a description of this fungus is presented in a

later section of the paper,



HISTORI CAL BACKGROUND

Many workers have published on various phases of
damping=-off and seed treatment. However, most of the work
published is on damping-off of cereals or vegetables. A
comprshensive review of the status of seed treatment with
speclal reference to cereals was published in 1936 by
Leukel (28). In an experiment station bulletin by Kadow
and Anderson (25) in 1937 on seed and soil treatment an
extensive bibliography was 1n§1uded. The following year
Horsfall (22) summarized some of the more important liter-
ature on damping-off. Leukel (29) reviewed the cereal seed
treatment literature in 1948, and in the same year walker
(45) reviewed vegetable seed treatment. Recently Linnasalmi
(30) has given ™a comprehensive, fully tabulated account of
the authorts studies at the Department of Plant Pathology,
Tikkurila, Finland, on the etiology, distribution, and
economic importance of damping-off in vegetables and orna-
mentals grown under glass, supplemented by a survey of the
literature 1isted in an eight page bibliography."!

Although the parasites reported as causing dampingeoff

are limited in number, a considerable number of such parasitic

l, Since this article was unavallable the above quo-
tation was taken from an abstract of the paper appearing in
Rev, App. Mycology 32:412-413, 1953,



organisms are known. Specles of Pythium, Rhizoctonis,

Fusarium, Alternaria, Botrytis, and Phytophthora are some of

the organisms capable of causing damping-off, Of thsese,

Pythium spp., Rhizoctonia solani Kuhn, and Fusarium spp. are

the more important organisms associated with seed decay and
damping-off of ornamentals (4,6,13,15,28,30,32,35,37,38,39,47).
According to Hartley (20) these forms are at least better
known, 1f not more destructive, as damping-off organisms
than as parasites on older plants,

Since Hesse (2) in 1874 first described, named, and

demonstrated pathogenicity of Pythium debaryanum, this species

has been proven to cause damping=off of a great number of

host plants. As a rule P, debaryanum pathogenicity tests

have been performed with vegetable and other types of plants.
Very recently Srivastaya (38,39) using Hollyhocks and the
ornamental Saponaria, and Linnasalmi (30) using Stocks have
proven by inoculation and reisolation experiments that

P. debaryanum causes damping-off of ornamental seedlings,

Rhizoctonia solani 1s another important cause of damping-

off, Stock, China Aster, Carnation, Hollyhock, Snapdragon,
and Saponaria were proven susceptible to this pathogen (4,6,
13,30,37,39). Baker (3) studied seed transmission of R,
solani and found mycelium of this organism in the seed of

Zinnia elegans,

Seed treatment for the control of plant diseases has

been practiced for about three centuries, However, early
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practices were not scientific because the nature and causes
of plant diseases were not understood. Practices such as
sowing in the dark of the moon were of a superstitious
nature, Other early practices used from time to time con-
sisted of the application of 1lime, salt, salt-peter, and
wood ashes to cereal seeds,

Copper sulfate was suggested as a seed treatment by
Schulthess in 1761 (L46). General usage of copper sulfate,
however, did not come about until a century later. Prevost
(36) in 1807 demonstrated that copper prevented the germi-
nation of spores of the bunt fungus., Modifications in the
recommendations of its use appeared during the middle 1800's,
the most important of which, according to Leukel (28), was
the addition of lime water to prevent seed injury. The hot
water treathent developed by Jensen (24) in 1887 is one of
the treatments used to kill pﬁthogens inside the seed,
Walker (45) points out that Guether in Germany in 1895 was
the first to advocate the treatment of grain seed with
formaldehyde solution., 1Its use was also advocated about
this time, as a soil treatment to prevent damping-off (8),

Methods had been worked out for the control of some
seed=borne pathogens of cereals by 1900, but attention in
the first decade of the 1900's shifted to other seed-borne
diseases particularly of vegetables., Mercuric chloride and
other materials were tried up to about 1914 but were not

generally recommended., However, after 1912, organic mercury



compounds were found to be elffective seed treatment materials
for cereal disease control. This marks the beginning of the
use of organic matericls as seed trestment compoundse.
Walker (L4S) states that seed treatment for protection
against soil-borne organisms did not receive much attention
until after 1625, It soon became apparent, morecver, that
fungicides applied to the seed would not cnly kill or
inhibit seed-borne parasites, but woculd also give some
measure of protection against soil inhabiting fungi (1,10,
12,19,21). Soon seed treatment dusts came into prominence
and met with immediate popularity. With the successes of
the organic mercury compounds other materials were investi-
gated, Cf these cuprous oxide and zinc oxide were found to
be effective in many cases as seed protectants, but tended
to cause injury., PBecause of the shortage of copper and
mercury during World War II, a search for some organic
materials was stimulated. Spergon, Arassn, and Phygon are
examples of organic seed treatment compounds which are
widely used, More recently liquid mercuric compounds such
as phenyl ammonium mercuric acetate have come into use,
Tilford (43) in 1931 reported that the most effective
control of damping-off was accomplished by the proper hand-
ling of a correctly sterilized soil, but that growers would
not or, because of lack of equipment, could not steam steri-
l1ize soil., This method is satisfactory if recontamination

of the soil is prevented. Other methods of soil treatment



for control of damping=-off have been tried from time tc time
with varying degrees of success. Tilford (43) sscured
excellent control cf the disease on 22 species of flower
seed when he mixed six percent formaldehyde dust with soil
at a rate of 13 ounces per square foot. Two years later
Wilson and Tilford (47) agaln improved the seedling stands
of several ornamental varieties by the use of formaldehyde
dust. Some varieties were reported by these authcrs not to
be benefited, whereas others were injured by this chemical,
Doran (15), in 1938, dealt exclusively with soil treatment
for the control of dampling-off of ornamentals., In this
investigation he found that the following materials were of
value in certaln cases: washed sand, calclum cyanamide,
acetic acid, pyroligenous acid, copper-lime dust, ammonisa,
formic acid, formaldehyde, acetaldehyde, salicylic acid, and
aluminum sulfate, Lammerts (27) using five percent ethyl
mercury lodide obtained good control of both pre- and poste
emergence damping-off when the chemical was applied to the
soil at the rate of 1% grams per square foot, Dimock (13)

reported that Rhizoctonia damping-off of Stocks can be con-

trolled by sterilizetion of the soil with steam or chloro-
plerin (10 cc.fu.fts). Later Newhall and Leer (33) recommended
the use of methyl bromide (11 cc./cu.ft.) or Dowfume G

(50 cce/cuc.ft.) as soil treatments for controlling damping-
offs The most recent soil treatment material, 8-quinolinol

and 1ts benzoate and sulfate salts, has been shown by






Stoddard and Zentmyer (LO) to control both pre- and poste
emergence darmpling=-off of severel ornamental and vegetable
varleties,

The utilization of different substrates for the control
of damping=-off has also been tried. Dunlap (17), in 1936,
obtained satisfactory development, combined sith a reduction

in the incidence of Rhizoctonia and Pythium types of damping=-

off when a number of seedlings were grown in pure brown ses
sand supplemented with a mineral nutrient solution. In 191
Stoutmeyer et al. (l1) showed that damping-off of several
ornamentals was prevented by the use of shredded sphagnum
as a medium for seed germination,

Chemicals applied as liquid drenches have been tested
for control of post-emergence damping-off. Dimock (14),
in 1951, recommended a Semesan (1-2 1lts,/100 gal. water)

drench to control Rhilzoctonia solani infections in Stock seed

beds, Stoddard and Zentmyer (40) state that 8-quinolinol
materials were definitely useful for the control of posta
emergence damping-off when applisd in aqueous solution,

In case the damping-off pathogen 1s seed-borne, par-
ticularly internally, more drastic measures may be necessary.
Baker (3) found that the only successful treatment of seed
of Zinnia infected with Rhizoctonia solani was hot water at

51,7° ¢ (125° F) for 30 minutes, but that this treatment

injured seed when more than one year old,
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Because of the convenience of application and econcny,
a seed treatment fungicide capable of controllling both seed
decay and seedling dampinge-cff would be the most desirable
approach to this disease problem, To study the control of
damping=off, the injuriousness to seeds, and the stimulating
effects of Red Copper Oxide, Horsfall et al. (23) in 1934
treated seed of 107 species and varieties of vegetable and
ornamental plants with the dust, Many varieties responded
favorably to this chemical, hut there were some that showed
a tendency toward injury, especially Legumes and Crucifers.
In 1937, Taubenhaus and Burkett (42) also effectively con-
trolled pre-emergence damping-off with Cuprocide (a cuprous
oxide seed treatment)., Person and Chilton (35) and Chilton
et al. (9) repbrted that the best stands of ornamental seed-
lings were produced by treating the seed with Cuprocide and
Yellow Copper Oxide. These investigators also found that
improved stands were obtained with Vasco 4 and Spergon, while
New Improved Ceresan, Ceresan, and New Improved Semesan Jr,.
frequently were toxic. Pre-semergence damping-off of Lilium
regale was best controlled by seed treatment with Thiosan,
Arassn, or Semesan, according to Doran (16), while Spergon,
or Fermate similarly used gave inferior results as did
several soil treatments, Recently, Linnasalmi (30) found

that seed treatment would not control Rhizoctonia dampinge

off and only partial protection was given from Pythium

debaryanum by excess dosages of Arasan, Tayssato, Dithane
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72-78, and Phygon. He reported that seed treatment could not
be recommended for damping-cff control in Finland and
suggested that the use of a combination of physical and
chemical disinfection methods would be more likely to

prove successful,



MATERIALS AN» METHODLS

A series of seed treatment trials was conducted in the
field and greenhouse from 1951 to 1953 for the control'of
damping=-off. In these trials 14 different ornamentals were
treated with various seed treatment chemicals (Table 1).

No attempt has been made in this investigation to
evaluate the influence of environmmental conditions on damping=
off., Instead, by inoculation and maintenance of a high soil
moisture, conditions were maintained which were favorable to
the development of the disease, This was done 1n order to
submit the various funglcide treatments to severe tests and
to see whether they would still be of value under these
extreme conditions.

The field tests were conducted on the Expserimental Farms
of Michigan State College, The plot of sandy loam with a pH
of 7.2 was plowed and cultivated from a sodded condition to
a garden consistency the first year and replowed and culti-
vated for the second year. Each year oat cultures of Rhiz-

1 2

octonia solani Kuhn™ and Pythium debaryanum Hesse™ were added

and mixed into the soil during cultivation. The natural pre=-
cipitation was augmented with a sprinkler system to maintain
a high moisture level in the soil,

l. The Rhizoctonia solani culture was obtained from Dr,
Willliam Klomparens,

2 The Pythium debaryanum culture was obtained from Dr,
E. S. Beneke's culture collection,
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The greenhouse trials were conducted in the Science
Greenhouses of Michigan State College. The soil was pre=-
pared by mixing a rich loam with sand at a 1l:1 ratio to which
a small portion of well-decayed peat was added, This mixture

was approximately pH 7. Oat cultures of Rhizoctonia solani

and Pythium debaryanum were added to the soil at the time of

preparation to augment the fungi naturally present. Such a
soil mixture was used for two to three successive plantingse
Afterward, about half of this soil was diluted with a new
mixture, prepared as above, and replanted,

Regulation greenhouse flats were used for the plantings;
light conditions were those normally found in a greenhouse
for the time of year; an average temperature of 65° to 67° F
was maintained; and the so0ll moisture was kept at a high
level by daily watering.

For these tests seeds were obtained from commercial
seedsmen with some seeds already treated with the chemicals
used by the seed industry. When the seeds were treated in
the laboratory, all chemicals except Vancide 51 were applied
as dusts, The.dust and seeds were shaken together in flasks
until the seeds were well-coated. In all cases the excess
dust was removed after treatment. Just enough Vancide 51,
which is a liquid material, was usually applied to the seed
to moisten the seed surface, after which it was allowed to
dry. A non=-treated control was planted with each replication

in every varietal test.
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The plantings were randomized in both greenhouse and
field trials. Each variety was maintained as a separate
unit for randomization purposes. In the greenhouse each
replication was planted in a single flat by dividing the
flat into the required numver of short rows (Plates I, II,
III)e In the tield the rows were approximately four feet
in length and a foot apart,

As soon as the seedlings appeared a daily count of the
emerged and diseased seedlings was made for a period of four
days., Subsequent counts were made every third day for thros
weeks beyond the time of emergencse. As the counts were made
the damped-off seedlings were removed, Some of these
diseased seedlings were pnlaced in petri dishes and taken to
the laboratory for further study,

Statistical analysis of the data accumulated for =zach
variety in each trial was carried out by analysis of variance.1
Yor purposes of analysis, missing numbers were estimated by

Baten's (5) procedure.
Field Trials

The first trial was conducted in tae fileld during the
summer of 1951, Seeds of nine pre-treated ornamental varie-

ties were obtained from the Northrup King and Company. The

1, Assistance with the statistical methods was given by
Dre W. D. Baten, Statisticlan for The Experiment Station,
Michigan State College,



Marigold seed treatment trial

A = non-treated
B « Spergon
C « Arasan
D « Phygon
& « C and C 5400



PLATS 1T

Calondula seed treatment trial

A = nonetreated
B « Spergon
C « Arasan
D = Phygon



Aster seed treatment trial

A=
B =
C =™
D e

non=treated
Spergon
Arasan
Phygon
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materials used in thess 1951 field triels are presented in
Table 2, Table 3 summarizes the materiuals used in the 1952
field trials. The seeds were treated by the Northrup Xing
and Company, with the exceptlon of Sweet Pea wnich cams
untreated and was treated immediately before planting. The
seeds were plantsd 1in late May and early June,

The third field trial was carried out during Sentemoper
of 1652, Bachelor Button and Zinnia (Glant of California)
seeds from the same lots of seeds used in the earlier summer
trial were used for this trial. The fungicides used and the
amounts of each are given in Table 3. One hundred seeds per
treatment per replication and four replicatlions were planted

for each ornamental,
Greenhouse Trials

Seeds from the 1951 surmmer test lots were used for the
December 1951 greenhouse trial, The amounts of the various
chemicals applied to the seed in ounces per 100 pounds are
given 1n Table 2. One hundred seeds per treatment per repli-
cation of Aster, Calendula, and Marigold were planted for
three replications, Two hundred seeds per treatment per
replication of Larkspur were planted for three replications,

Table L, summarizes the materials used in the 1952 green-
house tests. Approximately the same amount of each fungicids
was used in the two successive experiments with Sweet Pea and

Stocke In the second experiment the lots of seed were
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TLELE 3
UMEER OF SREDS Pl REPLICATIC! AlS LROUnT OV PUNGICI Do
APPLIZD TC SEZEDS I THE SiiZz "I.L RIALS OF 1952

-
m— D o D s D el - e . 8 A

Treatments and oz, of fungi- ~ = o
cide per 100 1lhs. of seed LS wo
Ornamsntal p " RN T - 3E§§ 23°
‘ e o 9 10~ Do d
variety o] 3! ) o ¢] &) o 4 &) Qo
0 n £y @ [, S0 (@] €3 o FolCa!
S D dmn BT B8O o Dd T4
kel 13 f9) ) S0 ord = o~ o 2o,
a o« ) < oo oW ZH 0 a0
& &
Aster, American A 8 eee 5e3 5.3 ee 100 L4

Beauty

Bachelor Button 8 8 3 a3 a3 cee 150 4

Calendula, Double 3 8 o) De3 T3 8 100 L
Orange King

Cosmos, Sensation L4 4 6 2.6 AN L 100 4

Dahlia, Unwin's L 4 6 2.6 2.6 n 100 4
Dwarf Hybrid

Four 0'Clock, 2 245 L4 eee 2.0 2 50 L%
Marvel of Peru

Larkspur, 8 8 12 o0 Dl 8 150 4
Doudle Mixed

Marigold, African 8 8 12 eeo U3 8 100 L

Morning Glory, L 4 8 eee  2¢H  aen 75 4
Heavenly Blue

Nasturtium, Glor. 2 2 u oo 249 oo 25 ub

Gleam Hybrid

Zinnia, Giant of 8 8 eee Be3 53 ces 100 4
California

Sweet Peac 8 e 00 ee 0 u.o X u 100 u

a, Only enough seed in the Arasan treatment for thres
replications.,

be Only enough seed in the Arasan treatment for two
replications of 25 seeds, one of 22 sceds; no fourth repli-
cation,

ce Sweet Pea seed also treated with N. I. Ceresan
(2.5 0z./100 1bs.), Orthocide 406 (4 02./100 1bs.), and
Vancide 51 (6 0z./100 1bs.).
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weighed with an analytical balance pefore and after the
application of each funsicids in order to determine accuratel
the amount adhering to the surface of the seeds,

Seeds of Phlox (Drummondii), trcated by the Northrup
King end Company with Arasan (8 o0z./100 1lbs.), Spergon
(8 02./100 1bs,), and Orthocide 75 (53 0z./100 1lbs.), were
planted in the greenhouse in December 1952, Fifty seads per
treatment pre replication with a total of eight replications
were planted,

Untreated Phlox (Drummondii) seed was treated immediately
before planting in January 1953 with Phygon, Arasan, Spergon,
N. I. Ceresan, Orthocide 406, Red Copper Oxide, and Vancide 51,
All but Vancide 51 were applied to the seed as dusts and
excess dust removed. Enough Vancide 51 was applied to the
seed in order to moisten the surface; the seed was dried
immediately. Twenty-five seeds per treatment per repli-

cation were planted. There were elght replications,
Laboratory Procedure

The damped-off seedlings, which were brougnt into the
laboratory were washed, surface sterilized with two parts'of
commercial sodium hypochlorite (Chlorox) and one part of
70 percent alcohol, rinsed in sterile distilled water, and
placed in petri dishes containing water-agar acidified with
a drop of lactic acid. As the fungal organism developed,

hyphal tips were transferred to potato dextrose agar slants,
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It was during the examination of these slants that a
culture, number 1035, obtained from a damped-off Phlox
seedling, was observed to be producing pycnidial imperfect
and cleistothecial perfect reproductive structures, Thils
combination of factors seemed to warrant further investi-
gation of the organism,

From a corn meal agar subculture single spore isolations
were made, Advantajge of the dilution technique was made in
order to 1solate 17 single ascospores and 33 single conldia,

Difco potato dextrose ajzar was used for malntenance of
all cultures and as a medium to ascertain fungal character=
istics. Difco corn meal agar was used to ascertain the gross
and developmental characteristics of this organism. On the
later medium the mycelial growtn was limited, which permitted
easier observation of pycnidial and cleistothecial development,

In observing spore germination and mycelial, pycnidial,
and clelstothecial development modified Van Tleghem cells
were used. These were made by sealing sterile glass rings
13 mm in diameter to sterile microscope slides with petroleum
jelly and placing the slides in sterile petri dishes.

Several drops of sterile distilled water were placed in the
rings, Sterile 22 mm square cover glasses, coated with a
thin layer of corn meal agar and inoculated with a small
amount of spore suspension, were placed medium side down on
the glass rings. These cultures were allowed to develop

for 12 to 2l hours and then observed,



Measuremsnts of conidla, ascospores, mycelia, and asci
were made under oil immersion with a screw micrometer ocular
(97 x 10X). Cleistothecia ani pycnidia were measured under
high dry with an ocular micrometer (10 x 43X). All dimen-
sions given in the paper are based on fifty measurements per
structure on each culture medium,

To establish the pathogenicity of culture 1036, erlen-
meyer flasks (250 or 500 ml), whica contained a sterilized
mixture of sandy soil, were inoculated with the fungus. It
was allowed to become established for two or three days and
then seeds of Phlox, Aster, and Regal Lily, which had been
surface sterilized by placing in a sodium hypochlorite
solution in alcohol, were planted, These flasks were placed
by a west window. Flasks not inoculated with the fungus
were used as checks,

The diseased seedlings were treated as those coming
from the field, surface storilized, and the diseased portions
planted on agar plates. The fungal organisms, which grew
from the diseased material, were transferred to potato
dextrose agar slants and later identified, Diseased tissue
was mounted on slides in water or lacto-phenol, crushed to
some extent, and observed,

Material for sectioning was fixed in F, A. A. and
imbedded in paraffin., The paraffin sections were stained
with Conant's Quadruple Stain,






RESULTS OF SEED TREATMENTS

The results which were obtained in the various seed
treatment tests conducted over a period of 2% years are
presented in the followlng pages. These results are pre=-
sented in tables so arranged as to glve a comparison of
the efficiency of the seed treatment chemicals on each
ornamental variety in a particular trial or series of trials,

In Table 5 are included the results obtained in tests
in which Phygon, Arasan, Spergon, and C and C 5400 were
compared in the 1951 field trials. Seeds of Aster (Crego),
Calendula (Double Orange King), Cosmos (Sensation), Dahlia
(Unwint's Dwarf Hybrid), Four 0'Clock (Marvel of Peru),

L arkspur (Giant Imperial), Marigold (Harmony Dwarf), Morning
Glory (Heavenly Blue), and Nasturtium (Dwarf Choice) were
rased, The seeds were recelved pre-treated by a commercial
s eedsman who did not treat each seed variety with every
chemical,

The average temperature during this experiment was
69° F which was about 1.5° below normal for this period.:
The precipitation was also below normal for the period, but
this was supplemented by artificial means. Heavy rains did

occur shortly after the plantings were made.

l. Local Climatological Data, U.S. vept. of Commerce,
Weather Bureau, East Lansing, Michigan,
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TABLE 5
LPIECT o S'“J Thu THZNT O TMERGENCE AND STANDS OF SELD
TREAT.SO WITH »UNGICIDES BY COMMEBEBRCOIAL SiiJOSMISN
Field trialas of 1G5
gﬁ§§a- Non- o C & C
bility treated Phygon Arasan Spergon 5400
70
Aster, Crego, Mixed
% Emergence 61 25,08 28,50 26,142 24425 ces
% E. S. D=02 1.33 0.38 1.58 1.72 cos
% Stand 2&.75 23425 26.00 23.83 css
Calendula, Double Orange King
7, Emergence 87 U8l 6Le33%* 57,17%  L9,17 coe
% E. S. D=0 1,02 1.36, 0.58 ~ 1.03 ceo
% Stand 48.00 63,76 56.,83* 18,50 cee
Cosmos, Sensation
% Emergence 93 52,38  6G,50%  66.,88% 53,12 coe
% E. S. D=0 0.95 1.26 0.75. 0.71 ces
% Stand 51.87 68.k2% 66, 38 52.75 cee
bahlia, Unwin's Dwarf Hybrid, Mixed
% Emergence 81 L42.75 0o 57.50 Lh4e12 cee
£ E. S. D=0 0.88 ... 1.30 0.86 con
% Stand 42.38 ees 56.75 43.75 ces
Four 0O'Clock, Marvel of Peru
% Emergence 81 70450 © e 74400 70400 ces
% E. S. D“O Oo?l [ 3 ] O 0 'Y X )
% Stand 70490 oo 74,00 70,00 cee

a, Emerged seedlings damped-off.

# significant at 5% level
#*#* gipnificant at 1% level



TAZLE 5 Continued

Via=- Non- C&C
bi%ity treated Phy:on Arasan 3pergon 5400
/9
Larkspur, Glant Imperial
94 Emergence 80 32,58  47.00 L5.67 3792 L41.92
7; E. S. D"Oa 60“-8 5067 5066 7025 7.36
% Stand 36,08 Lh.33 43,08 35.17  36.33
Marigold, Harmony bDwarf (French)
% Emergence n 61.08 60.57 58458 59,08 5583
% E, S. D=0 0.14 0.14 0.14 0.42 0
% Stand 61,00 60,58 58.50 52493 55,33
Morning Glory, Heavenly Blue
@ Emergence 61 51.50 47,50 52.75 45400 0o
% E. S, D=0 0.97 0.53 0 0 ceo
% Stands 51000 LL?QZS 52075 )45000 00
Nasturtium, Dwarf Choice, Milxed
% Emergence 82 74400 cee 76.67 86.00 coe
4 E. S. D=0 0 cos 0 0 vos
% Stand 74400 ces 76,67 86.00 cee

ae Emerged seedling damped-off,
# Significant at 5% level
#: Significant at 1% level
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The incidenc: of vost-emergence damping-off in this
planting was slight. Less than two percent of the emerged
seedlings damped-off except Larkspur seedlings wnere not
more than eight percent damped-off, Pre=-emergence dampinge
off on the other hand was apparently more severe, Less than
one-half the viable seed (according to viability percentage)
emerged in the case of Aster. Emergence of Calendula, Cosmos,
Dahlia, Larkspur, and Marigold was considerably below the
viability level of the seed. Nasturtium seed, however, was
not very susceptible to pre-emergence damping-off,

Significant improvement of the seedling emergence and
stands was obtained only in the cases of the Phygon and
Arasan treatments of Calendula and Cosmos seed. Although
not significant, the increases due to Arasan and Spergon
treatments of Dahlia and Nasturtium seed respectively were
substantial, In all other cases the emergence and stand
differences between the treated and non-treated seed were
slight, Such differences are in the range of experimental
variation and are not significant. Nevertheless, some of
these small differences are indicative of trends in the
value of the various chemicals as shown in subsequent
eiperiments.

In Table 6 are included the results obtained in tests
in which Phygon, Arasan, Arasan SF, Spergon, Orthocide 75,

and C and C 5400 were compared on seed of Aster (American
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Beauty), Bachelor Button, Calendula (Dbouble Orange King),
Cosmos (Sensation), Dahlia (Unwint's Dwarf Hybrid), Four
0'Clock (Marvel of Peru), Larksnur (vouble Mixed), Marigold
(African), Morning Glory (Heavenly Blue), Nasturtium (Glor,
Gleam Hybrid), Zinnla (Giant of California), and Sweet Pea,
With the exception of Sweet Pea the seeds were pre-treated,
As in the 1951 trials not every variety was treated with
each chemical., All varieties were used in the May-June
trials. In the fall planting only Bachelor Button and Zinnia
were used, The seceds used in the second planting were from
the same lots as were used in the summer plantings., In the
summer trials Calendula, Cosmos, Dahlia, Four 0'Clock,
Marigold, Morning Glory, Nasturtium, and Zinnla were planted
during the third weekx of May and Aster, Larkspur, and Sweet
Pea during the first week of June,

The temperature was a little above normal during the
summer experiment with an average during the entire period
of 68° F, The last part of May was cool, however, with an
average of 580 F. The averase temperature of June and the
first half of July was 72o F; this was about three degrees
above normal, The cool May weather occurred in connection
with heavy precipitation in that period, while it was dry
during June and July. Of course, as pointed out earlier, a
high s0il moisture level of the plot was maintained by a

Ssprinkler system. The average temperature during the fall



experiment was 6&0 F. The soil moisture was high durlng
the first week because of considerable precipitation rignt
after the planting of the seed.

Damping-off was much more severe than in the previous
year., In one case, post-emergence damping-off caused a loss
of 63 percent of the emerged seedlings. In many instances
these post-emergence losses were more than 10 percent.
Emergence in relation to seed viability was lower in 1952,

indicatinz that the incidence of pre-emergence damping-off

was also greater, Although susceptibility to damping-off
was not studied, some differences in post-emergence sus-
ceptibility were apparent,

Seedling emergence of Phygon-treated seeds was signifia
cantly improved over the non-treated seeds of Bachelor
Button (both plantings), Calendula, Cosmos, Four 0!'Clock,
Morning Glory, Nasturtium, Sweet Pea, and the fall planting
of Zinnia. Although not significant, noteworthy emergence
improvement due to the Pnygon treatment ot Astar, Dai:ila,
and Zinnie (summer planting) seed was produced, Seedling
emergence of Larkspur and Marigold was only slightly improved
by the Phygon treatment,

Seedling emergence of Bachelor Buttcn (both plantings),
Four 0'Clock, Morning Glory, and Zinnia (fall planting)
Seed treated with Arasan was significantly better than the
non-treated. Substantial improvement was also noted in the

case of Larkspur and Zinnia (summer planting). In every






other case only sliiht Imoreovemszsnt of the average emerience
occurred,

The perfcrmence of Arasan SF was generally similar to
Arasan, wherever thay were beth used. The notable exception
was to be found with Cosmos, where the emergence of Arasan
SF=treated seed was simificantly better than the Arasan,
Although significant differences did not exlst, the Arasan SF
treatment was the best chemical used on Dahlia seed.

Spergon as a seed treatment chemical ;enerally was of

‘ . € Ak KM, M W—J\

little value except for Fcur O0'Clock and Morning Glory.
Substantial improvement of the emergence and final stand
of Bachelor Button seedlings were produced in the summer
planting, but not in the fall trial. Since Spergon was
found to be of 1little value on Aster and Sweet Pea in
earller trials 1t was not used con these species in this
trial,

Orthocide T75-treated seed emerged significantly better
in the case of Bachelor Button (both plantings), Cosmos,
Four 0'Clock, Morning Glory, Nasturtium, and Zinnia (fall
planting). It was also an outstanding chemical on Aster
and Zinnia (summer planting). In other instances, that 1isg,
Calendula, Larkspur, and Marigold, emergence of Orthocide 75=-
treated seed was little better than the non-treated,

C and C 5400 as a seed treatment chemical proved to be
of slgnificant value only on Calendula and Cosmos seed. It

did substantisally improve emergence of Four 0'Clock seed,
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but this wes still inferior to other treatments,

Aside from Phygon cnly N. I. Ceresan zroved to te of
any value for treating Sweet Pea seed te increase emergence
in this summer trial,

The frequency of the different fungl causing post-
emergence damping-cff was determined for the damped-off
Zinnia seedlings of the fall planting. When the organisms
were allowed to grow out of diseased tissue on agar plates
the following percentages of the different fungi developed:

Rhizoctonia solani 65, Fusarium spp. 11, and various other

fungi 24, Some of the various fungi were: Penicillium,

Alternaria, Rhizopus, Hormodendron, Helminthosporium, Tri-

choderma, Phome,

The results of the tests in which Phygon, Arasen,
Spergon, and C and C 5400 were tested on seeds of Aster
(Crego), Calendula (Double Orange King), Larkspur (Giant
Imperial), and Marigold (Harmony uwarf) in the greenhouso
tests of 1951 are given in Table 7. These seeds were fronm
the same lots of seeds of these species used in the summer
1951 trials., The percentage of seedling emergence for all
four varisties was in the general range of that obtained in
the summer trials.

The Phygon and Arasan treatments were significantly
effective in improving both emergence and stands of seeds of
Aster and Calendula. Spergon although significantly better

than the non-treatment was still significantly poorer than



TALZLE 7

EFFPECT CF SzZD TRIATMENT CN LEMEXKGERCE ANo 3TANDS CF SEIED
TREATED wIT! FUNGLIZILE BY COMAZRCIAL SEEDSMEN

Greenhouse trials of 1951

Via- None- C & C
bility treated Phy-on Arasan Spergon 5400
Aster, Crecgo, Mixed
% Emergence 61 9,33 25,00 26.33"F 15.47% ...
% E. S. D-0° 3457 Se33 2453, 12.77
» Stand Q.OO 23.67** 25.67" 13.07 sce
Calendula, bDouble Orange King
% Emergence 87 32,33 77.337  73,00%% 3,33% .,
% Ee Se D=0 6.18 1.72”, 1.37_.._* 077, see
% Stand 30633 76.00%*  72,00°7 [3.00" ...
Larkspur, Giant Imperial
4 Emergence 80 L7.00 50,57 L6.50 L2e16  L4le33
% E. S. D=0 1.06 0.97 1,08 3.16 1.61
% Stand L6.50 50.17 L6.00 40,33 1,067
Marigold, Harmony Dwarf (French)
% Emergence yn 56,67 60433 61.33 56433  5lLe33
%.E..Se D=0 1,76 2,76 0 2437 1.23
% Stand 55.67 538.67 6133 55.00 53467

ae, Emerged seedlings damped=-off
# Significant at 5% level
#% Significant at 1% level
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Arasan and Phygon with fster and Calendula. Larkspur snd
Marigcld did not respond to any degree to %the treatments in
this trial, and some treatments were even slightly inferior
to the non-treated check.,

In Table 9 are presented the data from a series of
experiments ccnductsed in the greenhouse durin; the early
months of 1652, In this serles of trials untreated seed
wag obtalned and trested by the author with Phygon, Arasan,
Spergon, C and C 5400, N. I. Ceresan, Rad Copper Oxlde, and
Vancide 51, Orthocide 406 was also used in three cases,
The ornamentals used were: Calendula (Double Orange King),
Stock, in two experiments, Sweet Pea, in two experiments,
and Aster (Crego).

The scedling emergence of Calendula was substantially
Improved by all seed treatment chemicals. Spergon was the
least effective, Some of the treatments nearly doubled the
seedling emergence and final stands., Vancide 51, Phygon,

C and C S400, Arasan, Red Copper Oxide, and N. I. Ceresan,

in that order, were all highly significant treatments. About
a 2i4-hour delay in germination was caused by the Ceresan,
This delay, however, was only tumporary, sc¢ that by the eiu
of the experiment the seedlings were as large and vigorous

as any others,

Seed treatment of Stock seed benefited the emergence
and stands as shown by the two successive trials. The same

seed was used in both trials., The N, I. Ceresan treatment
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was aocout ths best in each instance. 1In the first trial
N. I. Ceresan, Vancide 51, Phygon, Red Copper Cxile, and
Arasan treated seed in that order, prcduced emergence and
stands significantly better than the non-treated contrel end
the Spergon and C and C 5400 treated sced. The Spergon
treatment was considerably poorer than no treatment., 1In
the second trial where approximstely the same amount of each
fungicide was used as in the earlier trial the results were
somewhat more variable. All chemicals used improved emeryence
and final stands; however, emergence of Phygon- snd Spergon-
treated seed was not significantly better than that of the
non=treateds The treatments giving significant improvement
in seedling emergence were: C and C 5400, N, I. Ceresan, Red
Copper Oxide, Orthocide 406, and Vancide 51 in that order,
The relastive occurrence of the different fungi causing
postesmergence damping-off was determined for the second
trial of Stock. Vhen the organisms were allowed to grow
out of the diseased tissue on agar plates the following

percentages of different fungl developed: Rhizoctonia

solani 34, Pythium spp. 14, Fusarium spp. 4, various other

molds 11, and none 37,

Sweet Pea seed, like Stock, was used in two successive
trials, in which approximately the same amount of each
chemical was used in each trial. Not only were the results
from chemically treated seed significantly better than the

non-treated, but certain chemicals were significantly better
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than others., Althcoupgh some variation in the results was

evident betwesn the exnesriments, in the main the results were

complementary. Since post=-emergence damping-off was not

controlled by the chemicals used, conclusions are based on
the emergence data and protecticn against pre-emerigence

damp ing-off., PRased on the results obtalned in these two

trials the chemical treatments fall into four groups: N

l. Phygon and N. I. Ceresan; 2. Vancide, C and C 5400, and

PR T2 s oo ey gre

Orthocide }06; 3. Red Copper Oxide and Arasan; and L. Spergon,

from the best to the poorest in that order. The Spergon
tre s tment was little better than the non-treated. The Arasan
trea tment gave significantly better emergence only in the
Secomnd trial, while Red Copper Oxide proved to be better in
both ¢trials, The C and C 5400, Vancide 51, and Orthocide
LO6 treatments gave about equal pre-emergence protection.
Phy &son and N, I. Ceresan were superior to all other treat-
et s and gave protecticn sipgnificantly better than some
othhe » treatments, For example, these treatments were
Slgmnificsntly better than all others in the first triale
Thi s superiority was still found in the second trial, but
the GQirferences were not guite so great,

No chemical injury of the Sweet Pea was apparent,
SXcept that some Red Copper Oxide treated seeds were slow
to &oerminate. When these seeds were dug up many could be
foungd that had not swollen and were still well-coated with

the Chemical. Once the seed became swollen by the uptake of



L3

water, it woulcd jerminate readily. This would indicate

that the Red Copper Oxide coating on these seeds coupled

with the hard seet coat prevented the entrance c¢f molsture

into the seed and thus delayed or even in some cases pre-

vented germination,
The relative occurrence of the different fungi that grew

out of a few of the damped-off Sweet Peca seedlings was

dete rmined in the first experiment. The following percent-

ages of the different fungl that developed are: Pythium spp.

70, Rhizoctonia solani 7, Fusarium spp. 8, and other various

fungy 14, In the second trial with Sweet Pea all the

dise ased seedlings were checked. The following fungi were

founad: Rhizoctonia solani 60, Pythium spp. 14, Fusarium sppe
Thus, on the same

3, o©ther various fungi 15, and none 8,

8011 , the relative prevalence of the damping-off fungi
dif fered from that in the previous experiment,

I.n the experiment in which Aster was used all chemical
tre o tments proved to give better results than did the non-
Sre a tment, Fmergence of Spergon and Red Copper Oxide treated
Sée® A were not significantly better than the non-treated,
h°"'ever, Arasan, Orthocide 406, Vancide 51, N. I. Ceresan,

C ang C 5400, and Phygon, all about equally effective, were
SYgnificantly better. Although final stand differences were
MOt significant, the final seedling stands were superior

“here the chemical t reatments of the seed were used,



In Table 9 are presented the results of two successive
greenhouss exnerimsnts using Phlox (Drumicndil) seed., Two
earlier experiments using Phlox in the fleld had been washed
out so badly that it was impossible to read the results. In
the first experiment in December of 1952 the seed was pre=-
treated with Arasan, Spergon, and Orthocide 75. For the
second experiment in January 1953 untreated seed was treated
by the author with Phygon, Arasan, Spergon, N. I. Ceresan,
Red Copper Oxide, Orthocide 406, and Vanclde 5l.

Arasan and Orthocide 75 increased the number of emerging
see<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>