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SWEET PEA MILDEW AND ITS CONTROL UNIDER
GREENHOUSE CONDITIONS

INTRODUCTION

In the Roeky Mountain area the growing of sweet
peas has become a very important greenhouse c¢crop in

recent years. 3Sweet peag, nowever, are gubject to gevere

attacks of mildew caused by the fungus Erysiphe communis.

The control of mildew under glass has been generally
affected through the appliecation or sulfure. Thisg mater-
ial, while an excellent control under ordinary conditions,
ig not wholly satisfaetory pecause it freguently burns
the leaves and flowers.

With the hope of finding & bhetter control the work
reported in thisg thesis was undertaken. Regults are
given of experiments with different kinds of sulfurs,
copper carhonafe, "Grape Dust™ and copper oxy-chloride
as contirel measures. In order to better understand the
action of the causal organism and the conditiom of its
spread and reproduction, studies were zlso made of faétora
rértaining to spore production and spore germination and

their bearing on control under greenhouse conditiong.
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LITERATURE REVIEW

The origin o1 tne gweet pea isg divided vetween
Sicy and Ceylon (IL)s Tne original purple variety is
gaid to be 1lndigenous to Bicily and Sardiniae. The origin&ﬁ
pink and white variety, known &s the Painted Lady, is
credited to Ceylone Tnere are otner reports from
different sources as to tne origin oi tne sweet pea, but
the consensus oI opinion geems Lo be thnat Ceyleon and
Sicily are tne native nabitatse The Ilower was Iirst
cultivated by Fatner Franeciscus Cupani (1l), an Italian
monk and naturalist at Panormus, Sicily in 1699« The
gseed o1 thne purple variety was distributed by him te
England and otner countriesg in thnat same year. Dr. Uve-
dale at Entfield, England, grew plants rrom this seed and
from there the plant hag been spread to nearly all
civilized countriese

Joanneg Bauhinus (11) gave the tirst degcription
of the sweet pea in his "Historia Plantarum"™ published
in 1651« Iater geveral botanists clagsiried it and
finally Linnaeus (11) in his “Systema Plantarum Europae®
(1753) termed it "Iathyrus odorata™. That nomenclature

has persisted until the present time.

Erysiphaceae

There are geveral diseases occurring on sweet

pea, paramount among which is the very common powdery
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mildew.

The powdery mildew belongs to a large family all
of whnich are paragitice The members ot tne tramily
Erysipnaceae are eaglly recognized by the powdery white
conidia, conidiophores, and mycelium that coat the sur-
face of their hosts, giving them an appearance as though
ligntly dusted with rloure. Their description is well
given ty Stevens(26)as followss ILater in the seasonm the
white patches are more or less liberally sprinkled with
black perithecia. The mycelia inm all genera except
Phyllactina is entirely superticial, hyaline, branched
and, septates The cells of the mycelium are uni-nucleate.
The fungus anchors itself to the host tissue and obtaina
its nourisnment therefrom by special adaptive structures
termed haustoriae. These are of three main types, those
arising direetly from the lower surface of the myceliumg
those arising from the sides of the mycelium hyphae and
occurring as small, semi-circular processes, and those
arising from a more or less deeply lobed, lateral swell-
ing of the mycelium (25)e

"Only in Erysipne graminis do the haustoria grow

laterally to long, filiform lobes"™. The tuberiform or
gaccate knot is the usual form of haustorium in thia

genug (14).
Reproduction in the mildews is carried on by the
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means of conidia which are produced in chains (14). Thesge
conidia are produced by the succegsive constriction ot a
gerieg of daughter c811$. Sexual reproduction ia brought
about thru the formation of perithecia. These bodieg are
subgpherical, dark to Wlack and reticulate at maturitye
They are without ostioles, but are provided with various
types of appendagese. These appendages aid in the
dissemination ot the fungus by their hygroscopic movements
and also serve to indicate generic differences. The asi
in the perithecia vary from solitary to numerouse This
peculiarity aids in gpecifie characterization. Each
ascus bears two to eight hnyaline spores (14).

In Erysipne the conidia were supposed to be a
gpecies ot the form genus "Oidium™ and only the perithecia
were assigned to Erysipnes. The resgearcher Tulasne rirat
came to a true understanding oi the real ceonsideration of
the case (9).

The formation of perithecia is rather interest-
ing from a merphological standpointe The antheridium and
cogonium arise directly from the mycelium and fertiliza-
tion occurs by the union of two gametic nuclei. The
oogpore nucleusg divides and the ocogonium develops into a
ghort bent tube containing five to eight nuclei. Septa
now appear cutting off cells, waich may be uni-nucleate

or multi-nucleate. The ascogenous hyphae develop a knod
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and divide into two or tnree cells each. These eventually
give rise to the asei wnica are bi-nucleate in the pe-
ginning (26).

In some species tne sexual fusion is considered
non-egsgéntiale This is true in E. communis. Altnough
both antneridia and ascogenous nypnae are present rertili-
zation 1s absent and tne male nucleus degenerates in the
antheridium (14).

The peritnecia o1 Erysipne are rormed in June
and July and are able to ecauseé intection only atrter the
winter rest periode The production ot perithnecia is
attributed to the sudden alternation ot nigh and low
temperatures (1l6).

DeBary (9) quotes Wolfi as saying, "one finds
that tne perithecia (of Erysipne) arrive at maturity with
the termination or the vegetation ( or the host) and that
they separate ifrom the substratum and enter the peried of
Wwinter rest with the aseci and spores tormed on the inside."
The genus Erysipng is echaracterized by several
Lasci to each perithecium, the appendages o1 the perithecia
are rlexuous, hypnae-like and generally unbranched (17)e.
The specieg causing mildew in sweet peasg is
variously known as E. communig, E. martii, E. pisi, and

. polygonie

According to Engler and Prantl (12), E. communis
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has many unbrancned or slightly branching haustoria with
the (perithecial) appendages formed by a webbing up of
the myceliume It is a common sort, found on many host
plants, namely Ranunculaceae, Leguminesae, Polygonaceae,
Compositae, Seropaulariaceae, ete. They (Engler and
Prantl (12) note that Schroeder called the sgpecies by
its oldegt name, E.polygoni (E. C.) Searot. This name is
not degeriptive aBd it would seem petter to use thne usual
name, E. communis. BE. pisi D« C. (B. martii Lev.) alse
has lapped naustoria and mycélium éebbed apﬁeﬁdagée oen the
fruiting pody. I% is abundant on the stems and leaves
of many plants especially on legumes in the north
temperate zone.

All these names are uged synonymously by Gluman
(14) and the writer believes the name E. communis to be
best terminology, and that name will be used throughout
this paper. -
Control -

Sweet peas have very delicate hlossoms and foliage.
Becauge of this faet it 1s necessary that &ny agent that
may be used fo control mildew on them, be one that will
neither burn the foliage nor stain the flowers.

In the past, several fungicides have heen used to
control mildew with varying degrees of success. Among

them are flowers of sulfur, lime gulfur, applied both as
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a spray and as a dust, liver of sulfur, copper sulfate in
a weak cordeaux mixture and "Grape Dust* (8). None ox
these compounds have heen cn%irely éucc;aéfﬁl.

Copper sulfate im a bordeaux mixture is ooviously
unfit for use &8 a control because of the staining of the
flowerss. "Grape Dust™ is probably more widely used inm
greenhousges at presenﬁ than any other fungicide and is
very efifective in so Iar as tne foliage is concerned.
When blooming negins, however, the grower must cease appli4
cations or discard part of the flowerg as being untit fer
the market as they will ve padly stained and blotched by
the copper sulfate which is one of the ingredients of the
dugte

Perhapas the Iirst funglieide to ve used in comtrolling
powdery mildew wag sulfur or some one of its compoundse.
The first mentiom of a control im literature was im 1821
long before there was any accurate knowledge of the mature
of the disease (22). At that time, Robertsom (22), =
peach grower of Georgia, found that flowers of sulfur were
effective as a control for mildew om his peaches. In fact,
he goeg rurtner and says that sulfur is the only specifie
remedy. He applied the material in the form of a thin
paste or thiek spray prepared by mixing flowers of sulfur
with a solution of goap aﬁda. This mixture he applied te
the diseased trees by dashing it violently on tne leaves

With a rose sgyringe.
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This proved to be a fairly efrective control measure,
but usually resultved in burning the foliage and oit-times
gcabbed the rruite.

Since Rovertson's first work sulrur has been very
widely uséd a8 a rungicides. Tnere nave been numerous
attempts to secure a compound or rorm of suliur wnich can
be sucecegstully used, Without incurring any of its ob-
Jectionable gualitiegse Ground sulrur, ironm sulrate,
liver or suliur, lime suliur, and several so-~called wett-
able or colleidal suliurs nave heen used in these attempisg

Eearly all of the above compounds and mixtures
have certain qualities whicn pronipit their universal
use as rungicidege Finely ground suliurs and Ilowers af
sulrur have a tendency to ball up when mixed with water
(22)« Robertson, as stated above, attempted to overcome
this condition by the addition o1 soapsuds. He succeeded
to a certain degree, but the ultimate result was a burn-
inge 1Ilore recently many of the commercial dusting
gulfurs have been round to contain small amounts ol inert
materials as kaolin, casein, and others (28). These
have evidently been added to overcome or prevent this
balling tendency and to improve the gualities of adhnesion.

Iron sulrate and liver of sulfur have been used
in the past, but are little used at present because of

' . -
their tendenecy to burne Liver of sultur, which is a
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mixture of various polysuliides or potassium (13) and is
go named becauge of its color, burns because ol the
liveration of free alkali upon being wetted.'

Lime gulriur is highly recommended ag a Iungicide
and is successiully used as & dormant spray under out-
of-doors conditions (22)« Witn the appearance oI Ilowers
and Ioliage its use must te discontvinued because o1 tThe
gevere burninge This same guality renders it untrit for
greenhouseé usee.

Meny attempts nave been made to produce suliur
of a "wettavle"™ or colloidal nature. Such suliurs would
result in a greaver 1rineness ol particles and & more
even digtribution over the sprayed surtace. In so far as
chemical and physiecal analyses show, these gulliurs have
been prepared by grinding crystalline or amorpihus gultrur
togetner witn various protective colleidal gubstances and
gpreaders in colloidal mills ol the Plauson type (22).
Young (30) prepared a "ecolloidal" suliur by the addition
of sulturic acid to a concentrated solution of sodium
thiosulphate by which means suliur dioxide and tree sul-
fur are produced. The free sulfur is thrown out in &
finely divided rorm which remains well in suspensione
Such & system, however, is notT truly colloidale

One such colloidal suliur is produced by the

precipitation o1 extremely minute suliur particles
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from Hés into an agueous solution containing a protective
colloide The details or tne preparation have not been
divulged as yet, tut ir tne product proves succesgsiul it
will be produced on a commercial scale.

Tnere are geveral go-called “wettable™ guliurs
prepared on a commercial scale av present and some of them
have proven very good rungicides. One ol tnese is
manufactured and distributed by the Southern Aeid and
Sulfur Company ol Saint Louis, Missouri. It goes readily
into suspension wnen mixed with watier and requires but
little agitation to keep it in that state. Its derinite
composition is a trade secret and its complete ehemical
constitueney is not knowne This is the material that was
uged throughout the author's experimental worke.

Many theories as to the tungicidal action of
gultur have been advanced. Some oI them are quaint and
obviously impossiblep nowever, it is believed that it is
worth while to incorpeorate a brief discussion of these
theories in this paperes

Mangini (22), in 1871 brougnt forward the idea
that the production of electricity thru the contaect ol tne
gultur particles with the plant tissue might prove toxie
to the fungus. So far as is known he did no experimental

work on this theory and it was later discarded as being

valuelesse
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Mach (22) suggested an optieal action in wniech
the small particleg or suliur acted as minute lenses
foeusing tne sun's rays on tne rungus and killing it by
burning. This is obviously impossible and the theory was
subjeet to the scornm or nis contemporariese.

Pallaeci (22) did some experimental work with
suliur and came to tne conelusion tnat suliuretted hydro-
gen is thne toxic agente Barker (3) and Foreman (13) in
England and Wilcoxon and McCallon (29) in America
support this statement, but Eyre and Salmen (10} and
Young (30) nave attempted to disprove tne theory by their
experimental worke

ln the gsame year tnat ne advanced nis electrie
theory, mangini (22) put forth another argument to the
effeet that under the intluence of direct sunlight sultur
dioxide is formed and is the toxic agente 1t would seem
ag though this statement did not cover all easeés as it is
known that sulfur is &lso active as a 1ungicide where
direet sunlight is lackinge. Marcilli (22) found sulfur
trioxide present in all suliur sprays and without a great
deal of proot came to the conclusion that that compound
was the one to which suliur owed its 1ungicidal propertye.
Doran (8) showed that to Iorm an inhibition of spore
germinatien in the presence of suliur, oxygen must also

ke present, and that in the absence oI oxygen no innibitiva
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effect was apparente.

Vogt (22) worked with elemental suliur out-otf-
doors to determine, ir possible, what were the decomposi-
tion productse. During tne courseé oI nls experiments ne
was unable to produce evidence of the oxidation of
gulrur to Iorm SOgvunder the gction of humidity and light.
All of his experiments were carried om in tnhe absence o1
plant material, nowevere. In view oI the raet that suliur
dioxide, even at extreme dilutions, 1is toxiec to vegetaw
tion it is improbatble that it is produced, Ior i1 it were
reports of suliur injury would be more Iireqguente

Young nas considered that the toxXie property ol
guliur is due to pentatnionic acid (30), but Debus (5)
gays this is highly improbable, as pentathionic acid is
one of the acids or Wackenroder's solution, and thege
acids are not volatile. He assumes, apparently, that
volatility is one o1 the factors upon which toxicity is
dependents. Since then Young has advanced no prool of its
volatility and Wilcoxen and mcCallan (29) nhave actually
grown colonies or_Botrytis sp. on it, so it is indeed
difficult to see now pentathionic acid can be the tungi-
cidal agente

Wilcoxon and McCallan (29) in their recent work
established very good evidence to the tfact that it is

HoS which is valuable as a tungicides. They made a
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comparison of the toxicity ot pentatnionic acid, suliurie
acid, and Hp8e They round that bota acids exnibit typi-
cal toxicity wiunin the error oL tne experiment, and tanat
the toxicity or the acids was apparently due to tae H-ion
concentratione. Their experimental data snows That HoB
is 6 to 200 times as toxic as eiuner oI tne acids con-
gsiderede Tne suliur samples tney used gave agueous €x-
tracts or pentatnionic acid wnich were not toxic under
the conditions oI tne experimentes

Sestini and Mori (22) point out that the vapours
whieh arise from suliur may act in & toxic manner to
fungal nypnae and sporege

All tne apove nypotneseg conceive the agency o1 a
gaseous derivative oI suliur as being the toxic property,
tut Barker, Gimmingham, and Wiltshire (1) have shown that
the toxie property can be removed by riltratiom thru a
cellulogse pade They believe that the suliur acts as a
finely divided suliur which they designate as "particulatel
suliur. This, they say, does not mean that the parti-
culate guliur is directly toxie to the Iungus but may be
more reactive chemically and hence yield tne toXic agent
mare readilye.

Salmon'e work (24) out-or-doors indicates that

suliur acts only when in direct contact with the 1unguse.
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Conidiophores oi tne 1ungus (Spnaerotneca numuli) snrivel

on cont&act witn a suliur particle, but an adjacent cnain
ol sporesg only 1/800 or an inen away remained unatiectede.
In a later work Goodwin and Salmon (15) more completely
suvstantiate this theorye.

Liming (21), in the most recent work om the toxie
factor of sulfur, very conclusively proves that penta -
thioniec acid is that factor, but that it is not suffi-
ciently volatile to prove toxic from any great distancee.
The toxie factor from a distance is attributed to the
vaporization of the sulfur and the condensed vapor resulte-
ing in the formation of the toxicrfactor.

For the purpose of this paper, then, pentathionic
acid will be considered to be the toxic factore.

It was in 1882 that Millardet (22) stumhled
acrogs the possible use of copper sulfate as a mildew
controle Utilizing & chance observation he perfected &
specific remedy for mildew which he termed Bordeaux
mixturee. This mixture is so familiar that a detailed
discussion is not necegsary herees

‘Martin (22) concludes his discussion of the
fungicidal action of Bordeaux by the atatement, " we
MBY =====- conclude that thé fungicidal action of Bordeaux
ig to be attributed to the formation of soluble copper,

presumably as the electro-positive ion from the insoluble
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copper preeipitate, that the copper is brought into
golution hy any of the three main agenciess

1) the atmospheriec ecarbon dioxide and the
ammonium salts dissolved in the rain water or dew;

2) secretions from or the solvent action of
the fungus spores

3) secretions from the healthy or wounded sur-
face of the host plant.®

The soluble copper may cause the death of the
fungua direct, or may indireetly, by absorption into the
host tissue, bring about a failure of the fungus to

establish infection (2)e

As infeetion is dependent on spore production
and gpore germination, a series of tests was undertaken
in order to determine what factors limit spore production
and upon what conditions their germination is dependent.

In so far as the writer has been able to discover
in hig literature review of the Erysiphaceae no work has
been done on the factors lLimiting spore production.
Accordingly the following factors were taken into consgid-
eration; light, temperature, huﬁidity, and oxygen.

In carrying out the apove experiments neavily
intected leaves which still maintained a firm conneetion

with tne parent plant were chosen. The spores present
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were carefully removed by brushing lightly with a camel's
hair brushe This was done so as to remove all the spores
and s8till not injure the mycelium. Five leaves were
placed in eaeh petri dish and surficient water added ta
insure a constant supply to prevent wiltinge These petri
plates were divided into groups oi tive plates each. Fach
group of plates was subjected to a different treatment of
light, temperature, numidity and so forthe Arter 12 hours|
the disnes were removed from the difterent treatments and
the spores per unit area estimatede. Temperatures were
controlled py a Freas electric oven and specially built
tanksg in wnich the temperature was controlled by the use
of a thermostat (Fige 1)e (4) Relative humidity wae con-
trolled by different concentrationms or sulruric aecid as
described by Stevenms (27). An abundance ot light was
obtained by placing the petri dishea in the greenhouses
A complete exclusion of light was obtained by placing the
tegt leaves in the photographic dark roome Oxygen was
removed from the presence of the leaveg to be tegted by
placing them in a dessicator in the basal part of which
there was sodium hydroxide and pyrogallic acide

Methods of Determining Amounts of gpore Production -

Several methods of determining the number of spores
per unit area were attempted. Thegse included ocular

ebservation, picking the spores, in which they were sucked

up into a pipette, and picking with a glass rod moistened




Fige le-=Temperature tank and thermostat used for the
tests on spore production and germination at low tempeératurege

The arrow indicates the eylinder tanks containing culture

plategs
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in & sugar solutione Ocular observation proved to be of
no value because not all of the gpores were vigible,
(Figes 2) due to the manner in which they are borne on the
hyphaee Picking with a pipette was inaccurate as only the
fully matured spores could be obtaineds. Tne last method,
that of picking the gpores on the end of a glass rod was
found to be the most accurate. A detalled descriptiom of
that method Tollowsge

The exact diameter of the end of a glass rod, which
wasg cut sgquarely across, wasg obtained by the uge of a
micrometer and the area calculated. The end of this glass
rod was barely moigtened im a sticky solution made by
dissolving five grams of sucrose in 10 c.c. water. This
stiecky end was pressed firmly and evenly down upon an
infected leaf surface, then wasghed off in a drop of
water placed in & heollow ground culture slide. The
number of spores in this drop were then counted with the
aid of a microscope. This was done three timea for each
leaf in each experiment, the average taken and the
gtandard deviation appliede The result was the number of
spores produced on the area of the leaf surface which is
represented by the area of the end of tne glass rode
Mieroscopic examination revealed that all spores and even

part of the mycelium was removed from the lear suriaces
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Fige Rew=Photomicrograph ghowing the
large numbers of conidia on a heavily in-
fected leaf and illustrating the

impoggibility of counting in such a con-
fused magsge
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Spore germination -

Devary (9), Gwynne-Vaughn (16), Gaumann (14) and
many others have gpoken repestedly of tne faet that the
spores of E. communig germinate immediately arter their
Tformation, but in no instance was the author able to find
a definite statement that they had germinated thege spores
under artifiecial conditionse. As it was desirable to
determine how the fungicides affected the germinatiom of
the gporeg an attempt was made to germinate them. Before
completion the work appeared to ve more complex than was
first thoughte. A description or the methods used by the
writer follows: Van Tieghem cells covered with cover
glasses on which were hanging dropsi van Tieghem cells
covered with cellophane, inverted and the spores placed
on the cellophanej the hanging drop me thod as deseribed by
Melhus and Durrell(23) , and the dry slide method were used
In this latter methad a piece of rilter paper was placed
in the bottom of a petri dish and moistened with sterile
water. Above the rilter prper was placed a dry slide
supported by two small blocks of glass (18), (19). The
gpores were dusted carefully omto the surface of the slide
and the whole covered with the top of the petri dishe. An

attempt was made to use special culture glidea, but these

were abandoned as usgelegse
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Methods of determining the per cent of germination

In determining the percentage of spore germination
three average 1ields of each slide were cnosen and the

gpores therein counted by microscopic examinations

Cultural methods and methods of inocculation

Two greenhouse benches were planted to sweet peas
of the Ball variety onm Septemnber l16. Tne sgeeds were ob-
tained from the Colorade Seed Company of Denver. Usual
cultural methods were tollowed until the peas attainéd a
height of 6 to 8 inchese Altnough later tests showed
that the sporeg would not germinate in water, an attempt
wag made to inoculate the plants with a spore dilutione
As shown hy work on gpore germinatiom this proved ol no
value. Inoculation was finally accomplished by shaking
the diseased material over the plantss By slightly
raigsing the humidity, by repeated spraying with a fine
mist, a heavy infectionm was soom producede.

Control materials.

When the peas reached a height of 18 to 20 inches
and were heavily iniected with mildew, treatments were
begune. The frollowing compounds were used in the treatment
of the digseases 1. Copper carbonate in the form of Copper
Cart used in the control of stinking smut which contains

about 18 per cent chemically active copper carbonateg
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2. & 80 called colloidal or Wettaple suliur prepared by
the Southeérn Acid and Sulrur Company of St.Louisg
3« Flowers or suliurg 4. a commercial mildew control sold
under the trade name or Grape Dusty De & copperoxy-
ehloride imported from Germanye

The Copper Carb was applied as & duste The wettable
gultur was applied both as a dust and as a spraye When
uged in spray trorm &ne ounce to a gallon of water was
useds This material wnen put into water disperses to a
finely divided suspénaoid gstate with but little agitation
neededes The Copper oxy-chloride is & recently prepared
compound imported by Jungmann and Company ot New York

and courteously supplied by them gratige

Me thods of Treatment

All dusting was done by the use of a bellows-actings
hand-operated duster (Fige 3) of the Calispray Knapsack
Duster type loaned By Be J. Thorntom of the department.
Sprays were ﬁut on by the use of a five gallon hand-opera-
ted pressure gprayer (Fige. 4) whose use was granted thru
the courtesy of Dewey Stewart of the U. S« Department of
Agricultures
Metnods of applying controls

The disease was permitted to run its coursé un-

treated until an extremely heavy inrection was obtainede




Fige 3e==The-duster uged for making dust applicationsse
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Fige 4.--3prayer used in making spray treatmentse

'
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Eagn bench was divided into rive plots of egual area.
Zach of these plots received a dirferent control treat-
ment except number five which was used as a check. During
the course of treatment each plot was separated from its
neighbors by tyeuaé of a heavy canvas tarpaulin to form &
screen about the plot which was being treateds. During the
intervals between treatment the plots remained unseparatedd

The plots were tre:ted in the following manner: onm
bench 1 plot I was dusted with Copper Carh, plot 2 was
gprayed with wettable gultfur, plot three was dusted with
this same material, plot 4 was dusted with flowers of
suliur, plot & was retained as a checke On bench 2, only
1 plot was treated and that with Grape Dust. The remain-
der of bkench 2 was to be used as a check and as a supply
of gpores for future apore worke

Flower treatment materials

In addition to those materials which were used in
control work two other compounds were ugsed with a view teo
their possible use asg effective controls. They were
organic mereury compounds gimilar to many of those now on
the markets which are used in sterilization and seed

treatment. Thesge were furnighed thru the courtesy oif the

Depont Manufacturing Companye
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Flower treatment methads

Inasmuch ag during the period of treatment in the
greenhouge the sweet peas were not yet in bloom it was
neceggsary to run an entirely separate get of experiments in
order to determine the effeet of different control treat-
ments on the blossoms, their color, and keeping qualities.
In order to accomplish this bunches of flowers were treat-
ed with the different chemicals used for dusta or sprayses
The flowers were gubdivided irregpective of color inftao
buncheg and kept fresn by placing the stems in watere.

One lot from each group was maintained without treatment
under identical conditions to determine whether there were
extraneous influences which might cause a staining or
premature wiltinge The second lot of each group was
treated drye The third lot, because flowers are usually
dampened in packing for shipment to prevent wilting in

trangit, was sprayed with an atomizer vefore treatmente

EXPERIMENTAL DATA

Powdery mildew may make its appearance on aweet peas
ten days to two weeks after plantinge. The first symptom
ig a small weft of white mycelium usually ocecurring on
the upper surface of the leale. Thig small mat of mycelium

(Fige 5) radiates from a common ceénter where the conidium

cauged the original infectione




Fige S.-wBeginning of infection of sweet pea leaf Ty
Erysiphe communis. Iasses of the superficial mycelium may
be notede About eight times original sizee.
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Conidia may be produced as soon as the area »f in-
fection reaches a diameter of three to five millimetersg.
They are disseminated by air currents, water, and cultural
me thods and will germinate immediately under optimum
conditions of temperature and humidity. Conditions of ndt
less than 18%C. and 40 per cent relative humidity are
eggential for germinatione. It is apparent that relative
humidity is a factor to be considered in the control af
powdery mildews

The lower leaveg are the first affected. As éhg
digeasge runs its course the leaf becomes entirely covered
with a dense spread of hyphae and conidia until, on the
upper surface no green coloration ig distinguishable
(Fig. 6)e The lower surface becomes faded and chlorotie
in appearance. As soon asg this lower surface is completely
yellowed premature abscission and subsequent dropping
occurse This procegs continueg until the whole plant may
be completely defoliateds

The digsemination of the digeage throughout the
range is very rapid under optimum conditions. Complete
infection may occur in a week's time. Heavy infections
glow up flower production and may even cause & complete

ceggation of blooming if control methods are not applieds




Fig.
Aryaiphe

6.--4 sweet pea leaf heavily infected with
communis. Magnified about eight times.
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It is evident from even a casgual observation that

the degree of infection in the case of _E. communig is

definitely effected by spore productiom. It is important
and interegting to determine the factors governing this

activitye.

Using the methods describeds, a serieg of experi-
mentg were carried out to determine tne factors limiting
conidial productione
Table 1 and Graph 1 show the effeet of relative
humidify on the production of sporege

Table le--The effect of relative humidity
on gpore productione

No. of Relative Leavesg Counta Total Noe. Number Average

platea humidity per per counta gpores gpores
s 5 plate ‘leaf
3 (o 3 ;9 20 4]
5 25 S 3 78 5,552 74
5 50 5 3 75 44,300 582
5 75 -3 3 75 45,411 608
8 10 5 3 75 2,259 30

Both Table 1 and Graph 1 illustrate the fact that
with a relative humidity of 100 per cent there is only a
scant production of conidia, while it a relative humidity
of zero per cent is maintained there is no apore pro-
Huction what-so-ever o In the latter case it is probable
' that under the conditions of the test where rapid drying

bf the leaves and fungus occurred, no spores can be pro-

Hucede Tt seems likely that if the leaves were attached to

the parent plant and the atmospheric humidity were reduced
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to zere per cent, there would be sutficient molsture
obtainable from the host plant to enable the fungus to
produce an abundance of spores. In all the experiments
below 25 per cent relative humidity a great deal of
difficulty was experienced in preventing the leaves from
drying out and it is probable'tnat the drying curtailed
gpore productione

1t may be seen in Table 1 that there is an abundance
of spore production in an atmosphere of 50t 75 per cent
relative humiditye.

Temperature, as well as humidity, is a factor
lgoverning spore productionme Table 2 contains the experi-
mental evidence om the relation or temperature to spore
productions

Table 2.--The effect ot temperature upon spore
production in E. communige

No. Tempera- Leaves Counts Noe To. of Average
of ture 9Ce. per per of gpores spores
plates plate leaf counts

2 15 8 3 30 172 6

2 20 S 3 143 270 9

2 25 5 3 30 2129 7L

2 a0 5 S 30 2,888 96

2 35 5 3 30 1,533 51

2 40 5 3 30 Q Q

It may be seen in the above table that temperature
ig also a factor which must be considered inm spore pro-
duction and spread of mildewe The optimunm temperatures

for spore production corregpond very closely to thoge
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requigite for spore germinatiom. The greategt number of
conidia was produced at temperatures of 25°¢. and Sﬂoc.
The upper limit for conidial production was‘55°c., while
the lowest temperature at which any spores were produced
lwas 15%C.

Experiments were also carried out to determine the
Fffect of oxygen on spore productione This was accompl ish-
ed by placing the test leaves over pyrogallic acid and
godium hydroxides.

The evidence obtained from this experiment indicates
that oxygen is a factor of vital significance in gpore
production as in those cases where oxygen had been removed
no spores were producede On the other hand, leaves under
similar conditions ot temperature and numidity, but which
had & plentiful supply of oxygen produced a great many
gporede

Light apparently is an inconsequential factor as
regards spore production as leaves in the dark and in the
light produced spores with equal facilitye.

Spore germination -

gpore germination is important in consideration of
the spread of powdery mildew and consequently ;a a factor
to be considered im its controle For this reason it was
thought important to make & study of the factors bearing

on- spore germinatione
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The firgt method of germinating spores which was
tried was that of a hanging drop inverted over a van Tie-
ghem celle« No germination of spores was obtainede The
second method consisted of the double glide method and
was adopted because it was thought that the van Tieghem
cells uged in the first part might cause go great an ex-
clusion of oxygen as to prevent germinatione This, however|
we.s apparently not the case and again no spore germination
ﬁas obtainede The writer then attempted spore germinatiom
by adding a certain amount of nutriemt solution to the
culture dropes This nutrient was made up of a 2 per cent
sugar solutione At temperatures of 30° and 35°C. a few
gpores were gbgerved to have gent out short germ tubese. In

thege cases those gpores which had germinated were seen to

ave been pushed up above the surface of the drop by their
tnderlying fellowse This phenomenon led to the belief

that the sinking of the spores in the drop had caused a
[complete exclusion of oxygen (6) thus preventing their
lgerminatione Another method waich would obviate this was
then triedes This involved the scattering of the spores
over the dry surface of a slide and placing this slide in a
petri dish in the bottom of which wasg placed a moistened
filter papers It was thought that the evaporation from the
filter paper would supply sufficient moisture to enable

the spores to germinate without entailing the exclusion of
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the oxygen by their submergence in a dropes In this case
again there wasg a trace of germination at temperatures of
25° to 3¢® Ce This trace could not be termed entirely
guccessful as in no case did the germination amount to more
than 2 per cente

The gituation was reviewed and compared with spore
germination as described by Howe and Durrell (19 Je(23).
From this review the writer arrived at the conelusion that
he had failed to meet one condition, namely, the source of
supply of carbon dioxide such as normally occurs on a leaf
surface (19)es As a regult another attempt was made,
using the dry slide method as described above, except that
a small piece of apple was included in the petri dish fto
provide a source of carbon dioxidee This method was gquite
successfules The spores germinated well and tests could be‘
mgde of the effect of temperature and other factors in-
fluencing spore germinatiome. The following table shows
the effeect of temperature on the germination of the sporese.

Table 3.--The effect of temperature on
the germination of conidia of E. communise

Tempera= No. of No. of Total noe Noe of Percentage

ture ®Ce slides field spores gporea of germina-
per counted germie- tion
glide nated

15 1@ 3 1,080 (4] 0

20 10 3 1,073 8 T

25 10 K, 940 a8 4%

30 10 3 1,113 378 34%

38 10 3 600 318 53%

40 10 - 709 (4] 0
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. The fact that no germination greater than 53 per
cent was obtained is due ta the mixture of young and old
gpores in the culture dropse Under normal conditioms the
younger sporeg are not readily dehiscent from the parent
hypha, but in the above the spores were removed from the
leaf and transferred to those pieces of apparatus used,
by the means of a camel's hair brushe This iz a more
gtringent action than that of the wind or other natural
meang of dissemination and it resulted in & complete
removal of spores from the leut surface in microscopie
examination revealed. The younger spores were consider-
able smaller than those which had germinated (Fige 8)
while the older spores had a rather wrinkled and sarivelled
appearance (?ig. 7)e 1In no case was one of these wrinkled
gpores obgerved to have germinateds. The spores which
germinated were, without fail, full and plumpe.
While the production of a germ tube may take place
at any point in the periphery of the spore, it usually
cccurs apicallye The germination apparently occurs through
a weakening of the spore wall and the subseguent extrusion
of the germ tube through this weakened portions. The
extruded part is quite slender, rarely reaching a diameter
greater than 2 microns, but may attain a length of 16
microns. See Figure 8 « It is by the penetration of

this germ tube into the epidermal cells of the host that
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Fige 7e~=8poreg of Eryasiphe communis

A - An immature gpore
B - A mature gpore
C - Qver-mature spores
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Fige 8us-=-Germinating spores of
Erysiphe communise




infection occurse.

An attempt was made to germinate the spores by
pipetting them onto a glide and furnishing carbon dioxidee.
It was not successful and seems to corroborate DeFrance's

(6). theory that oxygen is essential to spore germinatione

Control results -

Using the control measures as described under
methods, dally observations were made to determine the
effect of the various fungicides on the infection of sweet
peas by_E. communise All experimental plots were heavily
infeected at the time of treatmentes At tne end of the
seventh day after treatment, there was an apprecianle
difference in the degree of infecfion on the various plotse
Plot one on bench one which had been dusted with Copper
Carb remained unchangede Plot two sprayed with wettakble
sulfur appeared to be less heavily infected on the outer
leaveg, but the under foliage evidenced no change in the
degree af infectiome Plot three was dusted with wettakle
sulfure It was decidedly brighter in the color of the
foliage than the preceding two plots and there wag a
lessening in the amount of mildew present. Piot four
dugsted with flowers of sulfur showed about the same degree
of cegasation of fungal activity as did plot three, but

also showed a very marked turning of the foliage . Plot
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five retained as a check, wag apparently unchanged. Plot
one on hench two wnicn had been dusted withGrape Dust
showed little or no change, while tne remainder or the
bench which was untreated showed the same degree of in-
feetion as it had beforee

The faet that in plot two on bench one only the
outer leaves appesred fto have a legsened intfection may be
accounted for by the faet that in spraying only thoge
leaves which were open and exposed were well covered as
the penetration of the pressure spray was nat great enough
to reach the under foliagees

The pburning observed in plot four was due to the
use or flowers of sulfure The suliur particles were so
large that an excesgsive amount of the toxie factor was
evolved, resulting in a burning of the foliage in addie-
tion to the lethal effect on the funguss.

After an interval of 10 days a second application
Wwas made. At the end of the fourth day after this treate
ment there was & very decided cessation of the growth of
the mildew on all the sulfur treated plotse Plot four
Ehich hed been treated with flowers of sulfur , showed a
fFery bad burning and im many instances the leaves had
yellowed and trallene. In addition to the fact that all

sulfur treated plots showed a definite decrease in the

Fmount of mildew present, the remaining plots, including
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the check plots, were of a brighter color. At the end of
the 10th day after the second application was made the
degree of infection was very detrinitely decreased tnrough-
out the range. TFifteen days arter thne gecond application
showed & very nearly complete eontrolling of the mildewe

This almost complete cegsation oI fungal activity
can be attributed to the faet that the wettable sulfur
uged as a dust was so fine as to be spread all over the
greenhouse in gpite ot the tarpaulin which wag used to
geparate the plots undergoing treatment. These small
sulfur particles could be geen throughout the greenhouge
with the aid of a hand lensae.
It was thought necegsary to further estaklish the
value of wettable sulfur as a control agent and due to the
almost total absence of mildew on the plants used in the
preceding experiment cooperation with one of the local
greenhouges was soughte The Espelin Floral Company offered
their support and volunteered to carry out dusting exXperi-
ments under the author®s directiaone Accordingly a
gsufficient amount of wettable sulfur and a duster were
furnishede A considerable gquantity of mildew was present
in the range and the first application was made rather
liverallye Favorakle results were obtained within a week
and a second application resulted in complete controle.

One decided fault was evident, howevere This was a serious
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staining or the flowers and pursting buds. This staining
was go severe as to render the flowers unfit for markete.
Opbviously this would prove detrimental to the wide spread
usage of wettable sulriur as a fungicide in floral treat-
ment during the flowering periode

It was planne& to follow up this proot ot thne
efrectiveness or wettavnie gsuliur with a seriesg ot experi-
ments with Copper Carkt and copper oxy-chloride to deter-
mine their regpective values as fungicidal agentgs. In
light of the faet that the mildew had been destroyed in
thies experimentel range a certain amount o1 the two
materials was gent to some€ 0I tne greenhouses in Denver.
Conley's range in the northwestern part ot the city used
the Copper Carb ror an entire growing season. The
material proved to be a fair control, but‘waa much slower
in its aetion than the wettable suliure. Whenever the
flowers were wetted in watering tnere was a sufricient
gtaining to render the tlowers untit for marketing
purposese Inasmuch as in a commercial establishment the
flowers are found at a considerable height from the
ground, they are not often wetted in ordinary watering
processes. We may conclude from tnis experiment that
Copper Carb is effective as & mildew control if applied
from the time the plants make their appearance above the

gurface of the soile. The flowers, however, must be kept
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dry if the material is to be used as a control during
bloominge Once the mildew has made its invasion Copper
Carb is too slow in its aetion to be recommended for
greenhouse ugees

Two applications of copper oxy-chloride were made at
Hollberg's range and a slight controlling ot mildew
resultede Due to tne fact that the plants had passed
their useful period of blooming and that ne needed the
space for other crops, he was unable to carry on
gufficient experimental work to permit accurate conclusiong
to be drawne From the very limited data available, it
would appear tmnat copper oxy-chloride might be or value inm
preventing infection, but if infection were already pre-
sent in the range other agents would have to be used as

controlse

Flower treatments -

At the time when the gpray and dust treatments were
being carried out on tne plants in the experimental
greenhouse, the tlowerg had not yet come into bloom,
consequently it was impossible to determine what effeet
the agents had upon the flowerse In order to determine
thegse effects a number of experiments were carried out
with chemicals on the flowersgs

Wettaple sulfur, whether wet or dry, caused &
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premature wilting and slight staining within 12 hours
after application, while check blossoms retained nearly
all their original fresnness atter 36 hours exposure 1o
the same atmospneric conditiona (Fige 9)e Copper Carb,
if not wetted, caused no deleterious effects, but resulted
in a staining or the red tlowers at their margins when
wetteds (Fige 10) This staining did not cause a
wilting as in the case or tne wettable sulfur and as the
gstaining occurred in the case of the red and pink blossoms
its action was attributed to the acid value of the cell
sapes Flowersg ot suliur resulted in a premature wiltiqg
and staining in much the same way as did the wettable
sultur except that the effect was noticeable sooner
after applications being in evidence withim six hours
after treating (Fige. 1l1).

Grape Dust caused & blotching and discoloration
and in all cases rendered tne flowers untit for marketes

The copper oxy-chloride imported from Germanylcaused
no wilting, staining or other unwelcome effects, until
36 hours when there was a slight wiltinge This, however
was not congidered to be signiticant as the check bunches
were glso beginning to lose their fregh appearance at
thig time.

In addition to the treatments listed in Table 4

two organic mercury compounds were used on tne flowers
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Fige 9+--Photograph illustrating
the effect of wettable sulfur on sweel pea
blossomss. Note the wilting of the petalse




Fige 10.~-=-3weet pea blossoms discolored by copper
carbe Arrow indicates staininge




Fige lle==4 photograph showing sweet pea klossoms
burned with flowers of sulfure. Note wilted petalse
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with a view to their possible use as control agentse.
They were utterly useless, nowever, and resulted in a
raplid and complete necrosis of the tlower tissue. Tnis
was characterized by a rapid wilting and apparent break-
ing down ot the cell wallse Thne final appearance of the
flowers was a sniny, homogeneous masse In all cases the
original color was reduced to a dirty greye.

Table 4 gets forth the comparative values of the
different treatments and the effects on the flowers and
foliagees

It seems evident from the Limited experiments herein
recorded tnat miidew on sweet peas ig most successfully
controlled by dusting with "wettaple suliur®™. Applica-
tions of the suliur should be commenced when the plants
reach a height of 8 to 10 inches and should continue at
intervals of every two weeks until the blooming of the
flowerse. If the range is kept clean until the flowers
btegin to bloom there ig little danger of subseqguent
infeetione In the event of a light infection after
flowering starts the flowers and well apened buds should
be cut and the plants heavily dusted with "wettable
sulfur™. This procedure should be continued at intervals
until control is obtained. This may mean the loss of
gsome flowers from the wilting caused by the sulfur, but

ig better than suffering continued losses from mildewe
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Tabkle 4e-=Regults of control treaiments
Speed Effect =5
Treatment Degree of contral of On on
action leaves kT flowers
Copper Carh Fair ir bvegun early Slow No burning Red flowers stained
and continued when wetted
Flowers of Good in case o1 heavy : Some burning  Severe burning of
sulfur infection, but burng Fagt all flowers
Wettakle Gaad, burng flowers Fagt No burning Burns &ll flowera
sulfur
Grape Dust Fair, if begun early. Slow No burning All ecolors staining
Staing and burns and burning
flowers &
Copper Too 8low for plants very No burning o burning ht
oxy-chloride already infected slow '
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SUMMARY AND CONCLUSIONS
l. The shortcomings oif flowers of suliur led to a
study of other possible fungicides tor the controlling

powdery mildew (Erysipne communis) on sweet pea (Latuyrus

odorata) under greennouse conditionge

2+ In this study a fairly complete literature review
was made of work on tne causal organism and control
methodse

3« Factors governing spore production and intection
were gtudied. IT wés Iound tnat on the hogt leavesg spores
were produced most abundantly at temperatures of 25° to
35%C. and 50 to 75 per cent relative humiditye. The
maximum temperature for spore production lieg between 35°
to 40°C. while the lowest temperature at which spores are
produced is 15°C. A small percentage of spore germina-
tion occurs at 100 per cent relative humidity, but at
zéra per cent no sporesg are producedes

4. It was further found that germination of the
conidia occurred under similar conditionse. The optimum
temperature for germination ranges from 26° to 359C. Tne
maximum Iies between 35° and 40°C. The minimum is near
20%. Spore germination required an abundant supply of
carbon dioxide, contrary to usual experience . Spores

would not germinate in a apore dilutione.
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Se Various commercial fungicides were tested on mildew]
under greenhouseé conditions with the results that all work-
ed, but all but one caused a staining or wilting o1 the
blossoms. This one, coppéer oxy-chloride, is apparently
unfit for greenhouse usage because of the slownegs of its
actiones The most effective control tound, was "Wettable
sultur", a commerecial colloidal sulfures

Wettable suliur snould be applied liberally from the
time the plants are gmall until flowering beginge There is
little danger of infection atter the plants maturee. In
case of infection at maturity eut flowers closely and dust
with wettable sulrur until controlling is completes

Spore production and germination both play & part inm
infeetian, but from a review or the factors influencing
these phenomena, it is evident that the reguirements for
mildew growth correspond so closely to those for success-
ful sweet pea growth, that they have no value as control
measurese

The most important consideration regarding mildew on
gweet peag is that prevention is better than controle It
may be very successtully prevented by dusting the peas
with wettable sultur from the time the plants are small
until flowering veginse. If the range is tree from disease
at the time of flowering it is unlikely that mildew ine-

fection will be of economic importancees
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