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SWEE•.r PEA :MILDEW AND ITS CONTROL UNDER 

GHN&NHOUSE COl{DITIONS 

INTRODUCTrOif 

rn the Rocky Mountain area the growing or weet 

peas nas become a very impor~ant greenhouse crop in 

recent years. sweet pea ~ nowever~ are subject to a vere 

attacks of mildaw caused by tne fungua Erysiphe communis. 

The control of mildew under g~ass has been generally 

a:rfected thr-ough the a:pplication of sulfur. Thi mater-

ial, while an excellent control under ordinary conditions 

i no"t whall.y satisfactory b cause_ it freq entl.y burna 

the Ieave:a an_d flo er • 

With tne· hop at finding a better c-ontrol tne work 

reported in thi a the s·ia a.a undertaken.. Re sul.ts are 

giv.en of xperimenta with different kinds of sulfurs, 

capper carbonate • " 'Grape Du t and co.:gper oxy-ehlorid• 

as cantra~ measur a. In order to better understand th 

action of the causal organiwn and the eonditian of ·it 

spread and repr-o·duction, studies w:ere a~ao made of factor 

pert ioing to spora production and spore germination and 

their bearing on contra~ under greenhau e condition • 
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L'I'lt_ERATURE . REV"mW 

The origin oi ~ne swee~ pea is divided oetween 

Sicy and Ceylon (11) . Tne original purpLe varie~y ~s 

said to oe indigenous to Si cily and Sardinia . The origin 

pink and white variety , known as tne Painted Lady~ is 

credited to ceylon . Tnere are oliner reports 1·rom 

diflerent sources as to ~ne origin o~· tne sweet pea , but 

the consensus oi opinion seems co ne tna "G Ceylon and 

Sicily are ~ .ne na-cive natJ.itats . Tne Ilower was Iirat 

cui tivated ny Fa-cner .b,ranciscua Cupani (ll) ,. ·an Italian 

monk and na"Guralis~ at Panormus~ Sicily in . l699 . The 

seed oi tne purple variety was distributed by nim ta 

England and o~ner countries in tnat same year . Dr·. Uve-

dale at Enfield. ~ngland. grew plants rrom this seed ~nd 

from there the plant has been spread to nearly all 

civilized countries ~ 

Joannes Bauninua (11) gave the first description 

of the sweet pea in his »niatoria Plantarum published 

in 165~ . Later several botanists classii'ied it and 

finally Linnaeus (11) in his ns.ystema Plan tarum Europae 11 

(.1753) termed ~t ••Lathyrus odorata' . T.hat nomenclature 

has persisted until the present time . 

E.rYsiphaceae 
There are several diseases occurri-ng on aweet 

pea, paramount among wnich is the very common po.wdary 



mildew .. 

The powdery mi-;J,.dew belongs to a large family ail 

of wnich are paraa-i tia. Th:e members o!· tne t·amiiy· 

Erysipnaceae are easily recognized by the powdery whit 

conidia~ eonidiophores~ and mycelium that coat the sur-

face of their hosts. giving tnem an appearance as though 

lightly dusted with rlour. Their description ia well 

given by Ste vens(26)as followst Later in the season the 

whit~ patches are more or Iesa liberally sprinkled with 

blaak perithecia. The mycelia in a~l genera except 

Phyllaatina is entirely auperricial~ hyaline, branched 

and ,. septate.. The cells oi· the mycelium are uni-nucleate. 

The. fungus anchors i tse11:· to the ho·at tissue and obtains 

ita nourisnment therefrom by special adaptive structures 

termed haustoria. ·rhese are oi· three main types,. those 

arising directly from the lower surface o.f the mycelium; 

those ·arisfng from the sides of the mycelium hyphae and 

occurring as small, semi-circular processes and th~se 

arising from a more or less deeply lobed~ latera~ swell-

ing of the mycelium. (25 } .. 

tt.only in Erysiphe gramini.a do the haustoria grow 

laterally to long, filiform lobes•. The tuberiform or 

saccate knot is the usual i"o-rm o:r hausto.r .. ium in this 

genua (~4). 
Reproduction in the mildewa is carried aD by t~ 
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means o:r conidia which a.re pro due d in c-hain a (14). The ae 

conidia are produced oy the successive constriction or a 

aeries o:r daugnter cells. S xual reproduction is brought 

about tnru the formation of perithecia. These bodies are 

subspnerical,. dark to "black and reticulate at maturity .. 

They are without oatioles, but are provided with various 

types of ppendage • These appendages aid in the 

dissemination o!· the 1·ungus by tneir hygroscopic movements 

and also serve to indicate generic dit~rerence • *l'he aai 

in the peritheai var,y from solitary to numerous. This 

peculiarity ai da in speoifi characterization • . Each 

ascus bears two to eight hyaline spore (~4). 

In Erysipne the con~dia were upposed to be a 

ape cie or the t·orm genus "'"Oidium• and only the peri the ci 

were assigned to Eryaiphe. The researcher Tulasne tirat 

came to a true understanding o1· the real cons· d ratian o.f 

the case (9' ). 

The formation of perithecia is rather interest-

ing from ·a mor-phological standpoint. The antheridium and 

oogonium arise direct~y from the mycelium and fertiliza-

tion occurs by the union of two gametic nuclei. The 

oospore nucleus divides and the oogonium develaps into a 

short bent tube containing five to eight nuclei. septa 

now appear cutting off cella, which may be uni-nucleate 

or mu~ti-nucleate. The aacogenous hyphae develop a kna..t 
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and divide into two or tnree cells eacn . ~nese eventually 

give rise t o the asci wnicn are b i-nucleate in t.ne oe -

ginning ( 26) . 

In some species tne sexual t·usion is considered 

nan-essential . This is true in :§..• comrnuni·a·. Altnough 

both antneridia and ascogenaus nypnae are present !·ertili-

zation is ansent and tne male nucleus degenerates in tne 

antheridium (14) . 
Tne peri tne cia oi· Erysipne are r ormed in J"une 

and July and are able to cau e inl·ection only at·ter the 

winter rest period . Tne production or p2ritnecia ia 

attributed to t ne sudden alternation or nign and low 

temperatures (16) . 

DeBary (9) quotes Wolf!· as saying,. "one I 1nda 

t hat the peri the cia ( o!· Erys iphe) a.rri ve at rna t uri ty with 

the termination or the vegetation C or the host) and that 

they separate from the substra tum and enter tne period af 

inter rest with the asci and spores !·armed on the inside . 

The genus Erysiphe is characterized by several 

asci to each peritnecium, the appendages oi the perithecia 

are rlexuous , nyphae - like and generally unbranched (17} . 
The species causing mildew in sweet peas is 

variously known as ~· communis~ E . ma~tii. ~· pisi , and 

•. p o lygoni . 

According to Engler and Prantl (12) • ~· communia 
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haa many unbrancned or .sligh~~y oranching haustoria with 

the (perithecial) appendages formed by a wabaing up of . . 

tne mycelium . .r-c l s a common sort,. :round o~ many host 

plant ~ namely Ranuncu~aceae,. Leguminosae. Palygonac~ae, 

Compo sitae,. Sc:tro-·phulariace ae , etc . They (.Engler and 

Prantl (12} note tnat Schroede r ca~led the species by 

its oldest name,. !._. polygoni (E• c . ) Schrat . This name is 

no~ deacripti~e it would aeem oet-c~r to use tne u ua~ 

nam.e,. K·. c·omirli.Uli·a . E. .. ;plai D. c.. (E . martii L.e~ .. ) alsa. 

has lapped naus"toria a.nd mycelium ebbed appeDdagee on the 

fruiting · crody . I is abundant on the atems and leave 

of many plants specially on legumes in. tne north 

tempe rate z:one. . 

Ali t hese names are ·used aynonymous~y by G~hunan 

(1~) and the writer believes the name:[_. communis to b 

best terminology·, -and that n.a.m.e will be used throughout 

this paper . 

Control -

sweet peas have very delicate blossom 

Because of thi fact it is necessary tnat 

and foliage . 

ny- agent that 

ma.y be used to control mildew on them,. be one that will 

neither burn the roliage nor stain the flower • 

In the past,. several fungicides have been ueed to 

control mildew with varying degrees or succ~sa . Among 

them are f~o era o:r sulfur~ lime sulfur . applied both as 
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a spray and as a dust,. live.r o:r sul.:rur,.. ca.p:per sullate in 

a we.a.k oorde.aux mixture. and tLGra:pe Duat tt { 8}. None.. ox 

these compounds nave been _ntirely uccessful. 

Gapper sulfate in a oordeaux mixture is ooviously 

unfit for use a control because or the staining of th 

flowers. 11 Grap Du t is pr-obably more widely used in 

greenhouses at preaeEt than any other i"ungicide and is 

very e:r:rective in so :tar as tne 1·oliage i concern d. 

n.en blooming oegins~ nowever,. the grow r :n.uat cease. appli 

cations or discard part or tne :rl.owera as being un:rit i"or 

the marke~ as bhey will oe oad~y at ined and blotch d by 

the copper aulrate which is one o:r the ingredien~s o:r the 

dust • 

.Perhaps tne !·irst !ung ieide to oe used in controlling 

powdery mildew was uifur or some one of its compounds. 

The first mention of a control in literature a in 1821 

long be-!· ore tnere was any accurate knowre·dge· or the na tur 

of· tne disease (22). At that time • Robertson (22], a 

peach grower o! Geor-gia., found that fi~wers of sulfur were 

e:r:reetive as a contro·I for- mildew on his peaches. In fact 

ne goes !'urtner and says tnat sul:rur is tne onlY specific 

remedy. He appli d the material in the for.m oi a thin 

paste or tnick spray prepared by mixing f 'lowers of snl:f 

With a solution of soap su-ds. Thia mixture he applied ta 

tne diseased trees by daaning it vi~1~h~It on tne lea es 

with a ros yringe. 
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This proved to oe a rairly e1·1·ective control measure,. 

but usually resulted in burning tne roliage and ort- ~imes 

scabbed tne rruit . 

Since Roberta onta first work sulrur nas been very 

widely used as a rungicide . Tn~re nave been numerous 

at tempts to secure a compound or !·arm o1· sulr ur wni ch can 

be successfully used without incurring any or its ob-

jectionaole qualities . Ground sulrur , i r on aulrate,. 

liver or sulrur , 11me sulrur , and several so - called wett-

able or colloidal sulrurs nave been used in tnese attempts 

Near·ly all. o1· the above cotn}?6unds and mixture a 

have certain qualities wnicn p~onibit tneir universal 

use as tungicides . ffinely ground sci11ura and rlowers of 

sulfur nave a tendency to ball up when mixed with water 

(22) . Robertson~ as stated above , attempted to overcome 

this condition by the addition or soapsuds . He succeeded 

to a certain degree, but the ultimate resul t was a burn-

ing . More recently many of the commercia1 dusting 

au11·ura have been 1·ound to contain small amounts o!· inert 

materials as kaolin ~ casein, and others (28) . These 

have evidently been added to overcome or prevent this 

balling tendency and to improve the quali tie a or· adhe sian . 

Iron sul~ate and liver of sulfur have been used 

in the past , but are li t tle used at present because of 

' their tendency to burn . Liver or sulrur , which is a 
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mixture or various polysulrides or potass1um ll3} and is 

so named because or its color, burna because or tne 

liberation or free alkali upon being wetted.' 

Lime aulrur is nignly recommended as a rungicide 

and is auccessrully used as a dormant spray under out-

or-doors conditions (22] . Witn tne appearance o~ rlower~ 

and roliage its use must be discontinued because or ~ne 

severe burning . This same quality renders it unrit for 

greenhouse use .. 

Many attempts nave been made to produce sulrur 

a!· a "wettable" or colloidal nature . sucn sulrurs would 

result in a greater rineness oi particles and a more 

even distribution over tne sprayed aurt·ace . rn so 1·ar aa 

chemical and physical analyses snow, these aulrurs have 

been prepared by grinding crystalline or amorphus sulrur 

to gether with various protective colloidal substances and 

spreaders in colloidal mills or tne Plauson type (22) . 
Young (30] prepared a "colloidal' sulrur by the addition 

of sulruric acid to a concentrated solution or sodium 

t hiosulphate by wnich means sulrur dioxide and rree sul-

fur are produced . The rree sulrur is thrown out in a 

finely divided rorm wnich remains well in suspension . 

Such a system, nowever , is not truly colloidal . 

One sucn colloidal sulrur is produced by the 

. precipitation or extremely minute sulrur particles 
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from Ff2S into an aqueous solu"tion con-caining a protective 

colloid. Tne details or ~ne preparatlon nave not been 

divulged as yet. but ir tne product proves auccessiul it 

will be produced on a commercial scale. 

Tnere are several so-called " ettable 11 sulrurs 

prepared on a commercial scale a~ present and some or tnem 

have proven very good fungicides. One o! tnese is 

manuractured and distributed by the Southern Acid and 

Sulrur Company oi Saint Louie,.. Missouri .. · It goes readily 

into suspension wnen mixed with wa~er and requires but 

little agitation to keep it in tnat state. Ita deiinit 

composition is a trade secret and its complete chemical 

constituency is not known.. 'rhis is tne material that was 

used throughout tne author's experimental work. 

Many theories as to the Iungicidal action of 

su11·ur have been advanced. Some or them are quaint and 

©b~iously imp~ssible~ nowever, it is belie~ed that it i 

worth while to incorparate a brie1· discussion a!· these 

theories in tnis paper. 

]!angini (22) 1k in L8?1 brought forward the idea 

that the production or e1ectr1ci ty thru the contact o-1· tne 

sulrur particles with the plant tissue might prove toxic 

to the tun gus. So fC:~.r as is known he did no experimental 

ark on this tneory and it was later discarded as being 

v.alueless. 
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Mach (22} suggested an op ·tical action in wnich 

the smallparticlea or sulrur ac~ed as minute lenses 

focusing tne sun's rays on tne ~ungus and killing 1t by 

burning. This 1s obviously impossible and tne theory was 

subject to tne acorn or nis contemporaries. 

Pallaci (22} did some experimen~al work with 

sulrur and came to tne conclusion tnat sulruretted nydro-

gen is the toxic agent. Barker (3} and Foreman (13) in 

England and Wilcoxon and McCallon (29) in America 

support this ata~ement, but Eyre and Salmon (10) and 

Young (30} nave attempted to disprove tne tneory tty their. 

experimental work. 

ln tne same year tna~ ne advanced nie electric 

theory~ M.angin~ (22) put !·orth ano-cner argument to the 

effect that under the intluence or direct sunlight au11·ur 

dioxide is rormed and is the toxic agent. lt would seem 

as though this statement did not cover all eases as it is 

known that sulrur is also active as a rungicide where 

direct sunlight ie lacking. Marcilli (22] found sul!·ur 

trioxide present in all sulrur sprays and without a great 

deal of proo!· came to the conclusion that that compound 

was the one to Which sulrur owed its rungicidal property . 

Doran l8) showed that to rorm an inhibition o1· spore 

germination in the presence or sulrur oxygen must alsG 

be present ,_ and tnat in tne absence or oxygen no inhibitivE 
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ffect was apparent 

Vogt (22 J worked wi tn elemental au lr ur ou t-o!·-

doors to determine,_ ir possible,. wnat were tne decomposi-

tion products. During tne course or nis experiments ne 

was unable to produce evidenc a the oxidatian o!· 

sulrur to form SGg under the action or humidity and light. 

AlL or his experiments were carried on in tne absence o1 

plant material, nowever . 1n view o1 tne ract that sulrur 

dioxide,. even at extreme dilutions, is toxic to vegeta-

tion it ia impro-baole tnat it is produced ,_ !or i! 1t were 

reports o!· aulrur injury would be mare rrequent. 

Yaung naa considered tnat tne toxic property or 

sulrur is due to pentatnionic acid (30),_ but Debua (fi) 

says this is highly improbable~ as pentathionic acid is 

one a!· the acids o1· wackenroder 's solution,. and these 

acids are not volatile. He assumes~ apparently~ that 

volatility is one oi the ractors upon which toxicity is 

dependent .. Sine then Young has advanced no proo!' of it 

~olatility and Wilcoxen and McCallan (29} nave actually 

grown colonies o:t Hotrytis sp. on it, so it is indeed 

difficult to see now pentathionic acid can be the ~ungi­

cidal agent. 

Wilcoxon and .M.cCallan (29) in their rece-nt wo.rk 

established very good evidence to the ract that it is 

R2s which is valuable as a rungicide. They made a 
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comparison ot· the toxicity oi' pentatnionic acid,. au ruric 

acid,. and H2S· ney round tnat oath acids exnibi~ typi-

ca~ toxic1ty witnin tne error o~ tne experimen~ , and tnat 

the toxicity or the acids waa apparen tly due to tne H- ion 

concentration . Tneir experimental data snows tnat KzS 

is 6 to 200 times as toxic as ei~ner or tne acids con-

sidered . 'l'ne sulrur samp les· tney used gave aqueous ex-

tracts or pentatnionic acid wnich we r e not toxic under 

the conditions ot tne experuneot . 

sestini and Mori (22} point aut t.nat tne vapo-urs 

which arise from su11ur may act in a toxic manner to 

fungal nypnae nd spare • 

All tne aoove nypotneses conceive the agency or a 

gaseous derivative qt sulrur as being the toxic property, 

but Barker,. Gimmingham, and Wiltshire (I) nave shown that 

the toxic property can be removed by riltration thru a 

cellulose pad . Tney believe that the suliur acts as a 

finely divided sulrur wnicn they designate as "particulate' 

sulJur . This , they say , does not mean that tne parti-

culate sulrur is directly toxic to the rungus but may be 

more reactive chemically and nence yield tne toXic agent 

mare readily. 

Salmon ' s work (24) out-or~doora indicates tnat 

sulrur acts only when in direct contact with the !ungua . 
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Conidiopnores or· tne rungua (S'pnaero·"tn.e ·ca.· n·umul1 .. ) snrivel 

on con"tact wi"tn a sUllUr particle, ou~ an adjacen~ cnain 

or spores only l/800 Ol an incil away remained unat·rec ted. 

In a later work Goodwin and Salmon (15) more complete1y 

substantiate this theory~ 

Liming (21)~ in the most recent work on the toxic 

factor of sulfur, very conclusively proves that pent~ -

thiont~ acid is that factor. but that it is not suffi-

ciently volatile to prove toxic from any great distance. 

The toxic factor from a distance is attributed to the 

vaporization of the sulfur and the condensed vapor result-

ing in the formation of the toxic factQr .. 

For the purpose of this paper, then~ pe!1tatt.1ionic 

acid will be considered to be the taxic factQr. 

!t was in 1882 that Millardet (22} stumbled 

across the possible use of copper sulfate as a mildew 

· control. Utilizing a chance observation he perfected a 

specific remedy for mildew which he termed Bordeaux 

mixture . This mixture is so fami~iar that a detailed 

discussion is not necessary here • 

. Martin (22} concludes his discussion of the 

fungicidal action of Bordeaux by the statement 11 we 

may ----- conclude that the fungicidal action of Bord~aux 

is to be attributed to the formation of soluble copper. 

presumably as the electro-positive ion from the insoluble 
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copper precipitate~ t~at the copper is brought into 

solu tian. by any of the three main agencie a: 

1) the atmospheric carbon dioxide and the 

ammonium salts dissolved in the rain water or dew ; 

2} secretions from or the solvent action of 

the fungus spore; 

3} secretions from the healthy or wounded sur-

face of the host plant . 

The soluble copper may cause the death of the 

fungus direct~ or may indirectly~ by absorption into the 

host tissue. bring about a failure of the fungus to 

establiah infection (2} . 
1\{a.th"oElff and- .Ma"t-e"r "i"al·a 

As infection is dependent · on epor production 

and spore germination , a aeries of teats was undertaken 

in order to determine what factor limit spore production 

and upon what c~nditions tneir germinati on is dependent . 

ln so far as the writer nas been able to discover 

in his literatu~e r view or the Erysiphaceae no work ha 

been done on the !·actors limitilfg spore production . 

Accordingly tne following factors .were taken into consid-

eration; lignt. temperaturep humidity, and oxygen . 

In carrying out tne above experiments heavily 

inf'ected leaves which atill ma,.intained a 1·irm connection 

wit4 tne pa~nt plant were chosen . Tne spores present 
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were carefully removed by brushing lignt~y with a camelYs 

hair brush ~ This was done so as to remove all the spores 

and s~ill not injure tne mycelium. Eive leaves were 

placed in each petri dish and sufric~ent water added ta 

insure a constant supply to prevent wilting. 1:hese petri 

plates were divided into groups or live plates each ~ Each 

group of plates was subjected to a different treatment of 

light , temperature , numidi ty and so !·ortn. A!·ter 12 hours 

the disnes were removed t·rom tne di:t:'rerent treatments and 

the spores per unit area estimated. Temperatures were 

controlled oy a Hreas electric oven and specially nuilt 

tanks in wnicn tne temperature was controlled by the use 

of a thermostat (Fig. 1) .. (4} Re~ lative humidity was con-

trolled by different concentrations or sulruric acid as 

described by Stevens (27) . An abundance o!· light was 

obtained by placing the petri dishes in the greenhouse . 

A complete exclusion of light was obtained by placing the 

test leaves in the photographic dark room . Oxygen was 

removed from the presence or the leaves to be tested by 

placing them in a de ssi ca tor in the basal part of which 

there was sodium hydroxide and pyrogallic acid 

Methods of Determining Amounts of Spore Production -

Several methods of determining the number af spores 

per unit area were attempted . These included ocular 

observation~ picking the spores, in which they were sucked 

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



iig. ~ .- Temperature tank and thermostat used for the 
tests on spore production and germinati n at low temperature • 
The arrow indicates the cylinder tanks containing culture 
plate • 
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in a sugar solution . acular observation proved to be of 

no value because no~ all or tne spores were vislole . 

(Fig . 2 J due to the. manner in which they are· borne on the 

hyphae . Picking with a pipette was inaccurate as oh ly the 

fully matured spores could be obtained . Tne last method~ 

·that of picking tne spores on tne end or a glass rod was 

found to be the most a ccurate . a detailed description of 

that method follows .. 

The exact diameter of the end of a glass rod , which 

was cut squarely across ~ was obtained by the use of a 

micrometer and the area calculated . -r•ne end or tnis glass 

rod was barely moiatened in a sticky solution made by 

disso~ving 1·ive grams of sucrose in 10 c . c . water.. Thia 

sticky end was pre saed 1·irmly and evenly down upon an 

infected leaf surface ~ then washed off in a drop of 

water placed in a hollow ground culture slide . 11.e 

number of spores in this drop were then counted with the 

aid of a microscope .. This was done three times ror each 

leaf in each experiment the average taken and the 

standard deviation applied . Tne result was the number of 

spores produced on the area a1- tne leaf surrace which is 

represented by tne area of tne end of tne glass rod. 

Microscopic examination revealed that all spores and even 

part of the mycelium was removed from the leai· sur1·ace . 
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ig . 2 .- ~notomicrograph showing the 
large numbers of conidia on a heavily in-
fected leaf and illustrating the 
impossibil1ty of counting in such a con--
fused mas • 
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Sp·o:r ·e "germ ina t ian 

JJe~bary (9-J. ,Gwynne-vaughn (16). Gaumann (14) and 

many others have spoken repeatedly o·.f tne !·act that the 

spores o:r ~· communis germinate immediately atter their 

formation" but in no instance was the author able to 1·ind 

a definite statement that tney had germinated tnese spores 

under artifiaial conditions. As it was desirable to 

determine how tne fungicides affected the germination of 

the spore s an at tempt was made to germinate tnem. :Bef·ore 

completion the work appe red to be more complex tnan waa 

first thought.. A de scription ot the me -c.no:ds used by the 

writer folLnwa: Van fieghem cells covered with cover 

glasses on which were hanging drops;, van Ttegnem cells 

covered with cellophane. inverted and the spores p~aced 

on the cellophane~ the hanging drop method as described by 

Melhus. and Durrel.l{.23) ._ and the dry slide method were use 

In this latter metho.d a piece a!· !'ilter paper was. placed 

in the bottom of a petri dish and moistened with sterile 

water. Above tne !'ilter prper was placed a dry slide 

supported by two small blocks o!· glass (18},. (19).. The 

spores were dusted carefully ~nto the surface of the slide 

and the whole covered with the top or the petri dish. An 

attempt was made to use special. culture slidea,. but these 

were abandoned as uselesa . 
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Method·s· o·t det"erminin·g ~ ~ c·ent ·ot ·ge.r!ninat'ion 

In determining the percentage of spore germination 

three average iields oi each slide were cnosen and the 

spores therein counted by microscopic exrunination . 

Cui tural me thode and m'e thods of inoculation 

Two greenhouse benches were planted to sweet peas 

of tne Ball variety on september 16 . Tne seeds were ob-

tained from the Colorado Seed Company or Denver . Usual 

cultural methods were !allowed until the peas attained a 

height of 6 to 8 incnes . Altnough later tests showed 

that the spores would not germinate in water , an attempt 

was made to inoculate the plants with a spore dilution . 

As shown by work on spore germination this proved or no 

value. Inoculation was finally accomplished by haking 

the diseased materiai over the plants . By slightly 

raising the humidity , by repeated spraying with a fine 

mist ~ a heavy infection was soon produced . 

Control materials . 

When the peas reached a height of 18 to 20 inches 

and were neavily in!·ected with mildew ,. treatments were 

begun . The rollowing compounds were used in the treat ment 

of the d iseaae ~ ~ . Copper carbonate in the !·arm of Copper 

Carb used in the control or stiDKing smut which contains 

about 18 per cent chemically active copper carbonate • 
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2. a so called colloidal or WE:ttaole su11·ur prepared by 

the Soutnern Acid and su~rur Company or St.Louis~ 

3. Flowers o!' suliur 4. a commerciial mildew control sold 

under the trade name or· Grape Dustr 5 ... a coppero.xy-

c-hloride imported !"rom Germany .. 

~he Copper earn was applied as a dust . Tne wettable 

sul:rur was applied both as a dust and as a spray . Wnen 

used in spray !-arm one ounce to a gal~on o1· -ater was 

used. This material wnen put into water disperses to a 

finely divided suspensoid state wi~h but little agitation 

needed. Tne Copper oxy-chloride is a recently prepared 

compound imported try Jungmann and Company o1· New York 

and courteously supplied ny tnem gra~is . 

Methods of. Tre atment 

All dusting was done by the use or a bellows-acting 

hand-operated duster (Fig. 3) af the Calispray Knapsack 

Duster type loaned by B· ~. Thornton of the department. 

Sprays were put on by the use or a five gallon hand-opera-

ted pressure sprayer (Fig. 4} whose use was granted thru 

the courtesy o!· newey stewart o1· the u. S · Department of 

Agriculture . 

Met nods of applying controls 

The disease was permitted to run its course un-

treated until an extremely neavy inrection was obtained. 



Fig . 3 .--The.·duster used for making dust applicatiana . 



Fig. 4·--Sprayer used in making spray treatments . 
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Each benan was divided into rive plots o!· equal area . 

Eac·h o!· these plots received a di!·rere·nt control treat-

ment except numner five which was used as a check . During 

the course of treatment each plot was separated from its 

neighbors by tye use of a neavy canvas tar:paul in to r·orm a 

screen about the plot which was being treated . During the 

intervals between treatment the plots remained unseparated 

The plots were tre e.. ted in the following manner; on 

bench l plot I was dusted with Copper carb~ plot 2 was 

sprayed with wet table su11·ur. plot three was dusted with 

this same material ~ plot 4 was dusted with flowers of 

sulrur, plot 5 was retained as a cneck . On bench 2. only 

1 plot was treated and tnat with Grape Dust . The remain-

der of bench 2 was to be used as a check and as a supply 

of spores for future spore work . 

Flower treatment materials 

In addition to those materials which were used in 

control work two other compounds were used with a view to 

their possible use as effective controls. Tney were 

organic mercury compounds similar to many of those now on 

the markets which are used in sterilization and seed 

treatment . Tnese were 1·urnished thru the courtesy oi' the 

Depont ... lanufacturing Company !' 



Flowe·r treatment methada . 

Inasmuch aa during the period of treatment in the 

greenhouse the sweet peas were not yet in bloom it was 

necessary to run an entirely separate set o1· experiments i 

order to determine the effect of different control treat -

ments on the blossoms ~ t11eir color , and keeping quali tie a .. 

In order to accomplish t 11is bnnchea or flowers were treat-

ed with the different chemicals used !"or dusts or sprays . 

The flo·vvers were subdivided irrespective or color into 

bunches and kept rresn oy placing the stems in water. 

One lot from each group was maintained without treatment 

under i dentical conditions to de t ermine whether there were 

extraneous in1·1uences which might cause ·a staining or 

premature wilting. The second lot of each group was 

treated dry ~ The third lot~ because !"lowers are usually 

dampened in packing for shipment to prevent wilting in 

transit , was sprayed with an atomizer before treatment . 

EXPERIMENTAL DATA_ 

Powdery mildew may make its appearance on sweet peas 

ten days to two weeks after planting . The first symptom 

is a small weft of white mycelium usually occurring on 

the upper surface or the leat . This small mat of mycelium 

(Fig .. 5) radiates i"rom a common center where the conidium 

caused the original infection . 



Fig. 5 .. --Beginning of infe.ction of sweet pea leaf by 
Erysiphe communis . ]~,{asses of the superficial mycelium may 
be noted . About eight times original size . 



--28-

Conidia may be produced as soon as the area ~f in-

fection reaches a diameter of three to five millimeters . 

They are disseminated by air currents . water~ and cultural 

meth ods and will germ1nate immediately unde r optimum 

conditions of temperature and humidity . Conditions of not 

less than 18°c. and 40 per cent relative humidity are 

es sential for germination.. rt is apparent that relative 

humi dity is a factor to be considered in the control af 

powdery mildew .. 

The lower leaves are the first affected .. As the 

disease runs its course the leaf becomes entirely covered 

with a dense spread of hyphae and conidia until,. an the 

upper surface no· green coloration is distinguisha ble 

(Fig . 6) .. The lower surface becomes faded and chlorotic 

in appearance . As soon as this lower surface is completely 

yellowed premature abscission and subsequent dropping 

occur-s . This process continues until the whole plant may 

be completely defoliated . 

The dissemination of the disease throughout the 

range is very rapid under optimum conditions .. Complete 

infection may occur in a weekrs time . tlea~y infections 

slow up flower production and may even cause a complete 

cessation of blooming if control methods are not applied .. 



Fig . 6.--A sv11eet pea. leuf neuvily infected with 
Erys iphe comraun is . IJagn if ie d ~tout eight t irr'le. s • 

j ----

' N 
~ 

' 
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rt is evident from even a casual observation that 

the degree o!· infection in the case o!·~· co.rmnunis is 

definitely eft•ected by spore productio-n . rt is im~ortant 

and interesting to determine the factors governing this 

activity. 

Using the methods described ~ a series of experi-

menta were carried out to determine tne factors limiting 

conidia~ production . 

Table 1 and Grapn l show the effect o:r relative 

humidity on the production of spores . 

Table I . --The effect of relative humidity 
on spore production. 

No. of RelC:l.tive Leave s Count s Total. No .. number Average 
plate humidity per per count a spore a a:porea 

plate __ -leaf 
5 0 5 3 •75 20 a 
5 25 5 3 75 5 ~552 74 
s 50 5 3 75 44 ~300 592 

75 5 3 75 45 , 411 608 
5 100. 5 3 75 2 , 259: 30 

Both Table l and Graph l illustrate the f act that 

~ith a relative humidity of 100 per cent there is only a 

scant production of conidia. while i!' a relative humidity 

pf zero per cent is maintained there is no spore pro-

~uction what - so-ever • In the latter case it is probable 

~h~ t under the conditions of the test where rapid drying 

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

~uced .. It seems likely that if the leaves were attached to-

~he parent plant and the atmospheric humidity were reduced 



- 31-

/ 10~------~--------,--------,--------. 

'0 

~ 
E 500 

"" lo 
' 
).. 
~ 
Q...· ~oo 

U) 
~ 
~ 
0 
Cl_. 3oo 
(/) 

~ 
0 

~ I!OO 

~ 

"-Q 

£ 
~ :<: 100 

. Graph . l .. --The effect o1· relati~e 
humidity on spore production o 



- 32-

to. z:ero per cent, there would be su:rri cien t moisture 

obtainabl.~ from the host plant to enable the fungus to 

produce an abundance o!" spores . ln all the experiments 

bel-ow 25 per cent relative hum.idi ty a great deal o:r 

difficulty was experienced in preventing the leaves from 

drying out and it is probable that the drying curtailed 

spore production . 

lt may be seen in Taole ~ that tnere is an abundance 

of spore production in an atmosphere or 50 m 75 per cent 

relative humidity . 

Temperature, as: we.ll. as humidity , is a factor 

governing spore production . Table 2 contains the experi -

mental evidence on the relation o! temperature to spore 

production .. 

Table 2.---The effect o1· temperature upon spore 
production in E · communia. 

Ho .. 
of 
plate a 

2 
2 
2 
2 
2. 
2 

Tempera-
ture oc. 
15 
2 
25 
3 
35 
40 

Leave a 
per 
plate 

5· 
5 
5 
5 

5 

Count a 
per-
leaf 

3 
~ 

3 
3 

3 

No .. 
of 
counts 
30 
30 
30 
30 
30 
36 

Ho . of 
spore 

172 
270 

2 ,.1.29 
a ass 
1.,533 

0 

Average 
spores 

6 
9 

71 
96 
fil 

Q 

It may be seen in the above table that temperature 

is also a factor which must be considered in spore pro-

duction and spread of mildew The optimum temperatures 

for spore production correspond very closely to those 
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requisite for spore germination. The greatest number of 

conidia was produced at temperatures of 25°c. and 30°c . 
The upper limit ror conidial production was 35°c., while 

t he lowest temperature at which any spores were produced 

~aa lo0 c. 
Experiments were also carried out to determine the 

~ffect a1· oxygen an spore production. This was a,ccomplish-

~d by placing the test leaves over pyrogallic acid and 

s ©dium hydroxide . 

The evidence obtained from this experiment indica~ea 

that oxygen is a factor at vital si.gni!.icance in spore 

~roduction as in those cases where oxygen had been removed 

no spores were produced . On the other hand, leaves under 

similar conditions or temperature and humidity~ but which 

had a p~entiful supply of oxygen produced a gr~at many 

s.:pores . 

Light apparently is an inconsequential factor as 

rega rds spore production as lea~es in the dark and in the 

light produced spores with equal facility . 

Spo-re germination -

Spore germination is important in consideration of 

the spread of powdery mildew and conse~uently is a factor 

to be considered in its control . For this reason it was 

thought important to make a study of the factors bearing 

o~ apore germination . 
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Th.e first method of germinating spores which was 

tried was that of a hanging drop inverted over a van Tie-

ghem cell . No germination of spores was obtained . The 

second method consisted of the double slide method and 

was adopted because it was thought that the van Tieghem 

cells used in the first part might cause so great an ex-

clusion of oxygen as to prevent germination. This. however 

was apparently not the case and again no spore germination 

was obtained. The writer then attempted spore germination 

by adding a certain amount of nutrient solution to the 

culture drop .. This nutrient was made up of a 2 per cent 

sugar solution. At temperatures of 30° and 35°·c. a few 

spores were observed to have sent out short germ tubes . In 

these cases those spores which had germinated were seen to 

~ave been pushed up above the surface of the drop by their 

~nderlying fellows . This phenomenon led to the belief 

that the sinking of the spores in the drop had co..used a 

complete exclusion o:r oxygen (6) thus preventing their 

germination. Another method which would ob1liate this was 

then tried . This involved the seat tering of the spores 

aver the dry surface of a slide and placing this slide in a 

petri dish in the bottom of which was placed a moistened 

filter paper . rt was thought that the evaporation from the 

filter paper would supply sufficient mois t ure to enable 

the spores to germinate without entailing the exclusion of 



the oxy~n by t h ir aubmergence in a drop. In this case 

again there was a trace or germina tion at temperatures of 

25° to 3QP c. This trace could not be termed entirely 

successful as- in no case did the germination amount to more 

than 2 per cent .. 

The situation was reviewed and compared with spore 

germ1n tion as described by Howe and Durrell. ( 19 ).. (43). 

From this review the writer arrived at the conclusion that 

he had failed to meet one condition~ namely~ the source of . 
supp-ly of carbon dioxide such as normally occurs on a leaf 

surface (19 J As a result another attempt was made~ 

using the dry slide method as described a-bove,_ except that 

a small piece o1· apple was included in the petri dish to-

provide a source af carbon dioxide This me tho.d was quite 

successful. The s ~ores germinated well and tests could be 

made of the effe at of temperature and other factors in-

fluencing spore germination.. The fo.llowing table shows 

the effect of te!n.perature on the germina tion of the spores . 

Table 3.--The effect of temperature ~n 
the germination o.f conidia o.f ~· communis .. 

Tempera- No . of - No . of Tot a~ na. No .. af :Pe:rcen t~Lre 
tur 0 c. slide field spoxe a spores of geru in -

per counted germi- tion 
slide na ted 

~5: 10 3 - ].,080 0 0 
2.0 ~0 ~ ~ 0? 8 T 
25 10 3 940 38 4% 
3.0 10- :5- 1,.~13 378 34$ 
3.5" ~Q 3 600 318 5.3% 

10 . . 3 . . 709 0 0 40 .. 
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Tne fact that no germination greater than 53 per 

cent was obtai ned is due ta the mixture o1· young and old 

spores in the culture drops . Unde normal conditions the 

younger spores are not readily deniacent 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 brush. This is a more 

stringent action than that of the wind or other natura~ 

means o.f dissemination and it resulted in a complete 

removal of spores from the le u! surface in microscopic 

examination revealed . The younger spores were consider-

able smaller than those which had germinated . (_:Fig 8) 

while the older spores had a rather wrinkled and shrivelled 

appearance (Fig . 7) . Tn no case was one of these wrinkled 

spores observed to have germinated. The spores which 

germinated were , without fail , full and plump . 

~ki~e the production of a germ tube may take place 

at any point in the periphery of the · spore~ it usually 

occurs apically . The germination apparently occurs through 

a weakening of the spore wall and the subsequent extrusion 

of the germ tube through this weakened portion . The 

extruded part is quite slender. rare~y reaching a diameter 

greater than 2 microns~ but may attain a length of 16 

microns . See Figure 8 • It is by the penetration of 

thi"s germ tube into the epidermal cells of the host that 
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Fig ~ ? .~-Spores of Erysiphe communis 

A - An immature spore 
B - A mature spore 
C Over-mature spore . 
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Fig. a.--Germinating spores of 
Erysiphe communis. 
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infectian occura • 

.An attempt was made to germinate the spores by 

pipetting them onto a slide and furnisning carbon dioxide . 

It was not successrul and seems to corroborate DeFrancets 

(6) . theory that oxygen is essential to spore germinatio.n . 

Contr61 results -

Usin g the control measures as described under 

methods ,, daily observations were made t o determine the 

effect of the various fungicides on the infection or sweet 

peas by_J!. communis . All experimental plots were heavily 

infected at the time of treatment . At tne end ot the 

seventh day after treatment,. there was an appreciable 

difference in the degree or in1·e ction on the various plots . 

Plot one on bench one -vifhich had been dusted with Copper 

Carb remained unchanged . Plot twa sprayed with wettable 

sulfur appeared to be less heavily infe~ted an the outer 

le aves but the under foliage evidenced no chang~ in the 

degree of infection . ?lot three was dusted with wettable 

sulfur . It was decidedly brighter in the color of the 

foliage than the preceding two plots and there was a 

lessening in the amount of mildew present . Plot four 

dusted with flowers of sul!·ur showed a bout the same degree 

of cessation of fungal activity as did plot three~ but 

also showed a very marked turning of the foliage • Plot 
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ffve retained as a check. was apparently unchanged. Plot 

one on bench two which had been dusted withGra e Dust 

showed 1 it tle or no change • while the remainder or the 

bench which was untre~ted showed tne same degree of in-

fection a.s it had .before . 

The fact that in plot two on bench one only the 

outer leaves appeared to have a lessened inrection may be 

accounted for by tne :fact that in spraying only those 

leaves wnich were open and exposed were well covered ~s 

the penetration of tne pressure spray was not great enough 

to reach the under foliage . 

Tne burning observed in plot four was due to the 

use or flowers of sulrur . The sulrur particles were so 

large that an excessive amount or the toxic factor was 

evolved~ resulting in a burning of the foliage in addi-

tion to the lethal effect on the :fungua 

After an interval of 10 days a second a pplication 

was made ~ At the end of the fourth day after this treat-

ment there was a very decided cessation or the growth of 

the mildew on all the sulfur treated plots . Plot four 

which had been treated with flowers of sulfur ~ showed a 

very bad burning and in many instances the leaves had 

~ellowed and !·allen. ln addition to the fact that al~ 

sulfur treQted plots showed a definite decrease in the 

~ount of mildew present the remaining plots , including 
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the check plots , were of a brighter color . At tne end crf 

the lOth day a:rter tne second application was made the 

degree of infection was very derinitely decreased through-

out the range .. Fii"teen days a.t'ter tne second application 

showed a very nearly complete controlling of· the mildew . 

Tni s almost complete ce ssa. t ion oi· rungal activity 

can be attributed to the fact that the wettable sulfur 

used as a dust was so fine as to be spread all over the 

greenhouse in spite o!" the tarpaulin vr11ich was used to 

separate tne plots undergo1.ng trea.tment- . These small 

sulfur particles could be seen throughout the greenhouse 

with the aid of a hand lena . 

It was thought necessary to further establish the 

value of wettable sul!'ur as a control agent and due to the 

almost total absence of mildew on the . plants used in the 

pre ceding experiment cooperati-on. with one o!· the local 

greenhouses was sought . The Espelin Floral Company offered 

their support. and volunteered to carry aut dusting experi-

ments under the author's direction . Accordingly a 

sufficient amount of wettable su11·ur and a duster ware 

furnished . A considerable quantity or mildew was present 

in the range and the first application was made rather 

liberally . Favorable results were obtained within a week 

and a second application resulted in complete contra~ . 

one decided f ult was evident , however . This was a seriaua 
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staining or tne flowers and oursting nucts~ Tnis staining 

w~s so severe as to render tne !lowers unfit for market ~ 

Ooviously this would prove detrimental to tne wide spread 

usage of wettable sulrur as a fungicide in floral treat-

ment during the !'lowering period .. 

It was planned to rollow up tnis proof or tne 

efrectiveness or wettaoLe sullur w1th a series or experi -

ments with Copper earn and copper oxy-chloride to deter -

mine their respective values as rungicidal agenta . In 

llght of tne fact that tne mildew had been destroyed in 

this experimentsl range a certain amount or tne two 

materials was sent to some oi tne greenhouses in Denver . 

Conley ' s range in the no.rthwestern part o!· the city used 

the Co_tJ:per Carb !·or an entire growing season . Tne 

material proved to be a fair control , but was much slower 

in its action than the wettable sulrur . ~henever tne 

flowers were wetted in watering tnere was a suftlcient 

staining to render the flowers unrit for marketing 

purposes . Inasmuch as in a commercial establishm.ent the 

flowers are found at a considerable height from the 

ground , they are not often wetted in ordinary watering 

pro cesses . We may conclude r·rom tnis experiment that 

Copper Carb is effective as a mildew control if applied 

from the time the plants make their appearance above the 

surface of the so .~l . ~ne !"lowers , however ,. must be kept 
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dry if tne material is to be used as a control during 

blooming Once the mildew nas made its invasion Copper 

carb is too slow in its action to be recommended ror 

greenhouse use 

TWo applications of copper oxy- chloride were made at 

Rollberg ~ s ran ge and a slig11t controlling o!· mildew 

resulted . Due to tne ract that the plants nad passed 

their useful period o:r blooming and tna"t ne needed the 

space for other crops ~ he was unab~e to carry on 

sufficient experimental work to permit accurate conclusion 

to be drawn . From tne very limited data available , it 

would appear "tnat copper oxy-chloride might be or value in 

preventing inrection ~ but ir inrection were already pre-

sent in tne range other agents would have to be used as 

c ontrols . 

Flower treatmenta 

At tne time when tne spray and dust treatments were 

being carried out on tne plants in tne experimental 

greenhouse , the !lowers had not yet come into bloom. 

consequently it was impossible to determine what effect 

the agents had upon the flowers . In order to determine 

these effects a number of experiments were carried out 

with chemicals on tne !lowers . 

Wettaole sul!·ur ,_ whether wet or dry , ca.used a 
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premature wilting and slight staining within 12 hours 

after application~ While check blossoms retained nearly 

all tneir original fre snne ss a!·ter 36 hours expo sure to 

the same atmospneric conoi tiona (.B'ig .. 9). Copper carb ~ 

if not wetted , caused no deleterious efrects, but resulted 

in a sta1n ing o!' the red !·lowers at tne ir margins when 

wetted . (Fig._ 10) Tnis staining did not cause a 

wilting as in tne case or tne wettable sul!·ur and as the 

staining occurred in the case or the red and pink blossoms 

its action was attributed to the acid Vb.lue o!· the cell 

sap . Flowers or sulrur resulted in a premature vv-il ting . 
and staining in much tne same way as did the wettable 

sulrur except that the efrect was noticeable sooner 

after application~ being in evidence within six houra 

after treating (Fig~ ~1). 

Grape Dust caused a blotching and discoloration 

and in all cases rendered tne !"lowers un!·i t :ror market .. 

The copper oxy-chloride imported from Germany , caused 

no wilting~ staining or other unwelcome effects, unti~ 

36 hours when there was a slight wilting. This, however 

was not considered to be signi1"icant as tne check bunches 

were also beginning to lose tneir fresh appearance at 

this time .. 

In addition to the treatments listed in Table 4 

two organic mercury compounds were used on the flowers 
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.Fig .. 9 . --:Photograph i. lustrating 
the effect of wettable sul1ur on sweet pea 
blossoms ~ Nate the wilting of tne petala • 



Fig. 10 . - - sweet pea blossoms discolored by copper 
carb . Arrow indicates staining. 



Fig . 11·--A photograph shoving sweet pea blossoms 
burned with flo ers of sulfur . Note wilted petala• 
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with a view to ~heir possible use as control agents . 

They were utterly useless , however , and resu1tect in a 

rap1d and complete necrosis o!' the !·lower tissue . Tnis 

was characterized oy a rapid wilting and apparent break-

ing down or the cell walls . Tne. 1 inal appe arance o!· the 

flowers was a sniny , homogeneous mass ~ In all cases the 

original color was reduced to a dirty grey . 

Table 4 sets :rorth the com_Jarative va.lues or the 

different treatments and the errects on the flowers and 

foliage .., 

I~ seems evident fro m the limited experiments herein 

recorded -cnat miJ.ctew on swee~ peas is most successfully 

controlled by dus~ing wi~h "wettable sultur• . Applica-

tions of the sulrur snould be commenced when the plants 

reach a height or 8 to 10 inches and should continue at 

intervals of every two weeks until tne. blooming of the 

flowera . I!' the ra.nge is ke pt clean until the flowers 

begin to bloom there is little danger of subsequent 

infection . ln. the event of a l ight infection after 

flowering starts the flowers and wel~ opened buds should 

be cut and the plants -.heavily dusted with "wettable 

sulfurn . This procedure should be continued at interva~s 

until control is obtained .. This may mean the loss of 

some flowers from the wilting ·caused by the sulfur . but 

is better tnan suf:re:ri-n-g continued losses. from mildew . 



Treatmen 

Flowers of 
sulfur· 
Wettable 
sulfur 
Grape Duat 

Copper 
oxy-chlorid 

Table 4.--Results af control treatment 

Degree o1· contra~ 

Fair ir begun early 
and continued 
Good in case o!' heavy 
infection , but burns 
Goad. burns flowers 

Fair, if be gun early., 
Stains and burns 
flowers 
Too slaw for· plants 
already infected 

Speed 
of 
action 
Slo 

Fa at 

Slow 

very 
slow 

Effect 
On 

leaves 
No burning 

son1e nurning 

No burning 

No burning 

No burning 

On 
flowers 

Red flowers stalned 
when wetted 
severe burning af 
all flowers 
Burna ~11 flowers 

All colors staining 
and burning 

No burning 
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SUMMARY AND CONCLUSIONS 

1. .. Tne s-hort comings o:r !"lowers o1· sulr ur led to a 

study or other possible fungicides ror tne controlling 

powdery mildew (Erysll?he communis} on sweet pea [Latnyrua-

cr~~i~ta) under greenhouse condition~ . 

2. In this study a fairly complete literature review 

was made of work on tne causal organism and control 

methods . 

3 . Factors governing spore production and infection 

were studied . I~ was round tna~ on tne host Ieavea spores 

were produced most abundantly at temperatures or 25° to 

35°C. and 50 to 75 per cent relative humidity . The 

maximum temperature ror spore production lies between 35° 

to 40°C . while the lowest temperature at which spores are 

produced is ~5°c. A small percentage of spore germina-

tion occurs at 100 per cent relative humidity ~ but at 

zero per cent no spores are produced . 
-4.. .rt was !·urther round that e;e rmination of the 

conidia occurred under similar conditions The optimum 

temperature 1·or germination ranges from 25° to 35°c .. T·ne 

maximum liies between 35° and 40°C The minimum is near 

Spore germination required an abundant supply of 

carbon dioxide. contrary to usual experience • Spores 

would not germinate in a spore dilution . 
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5 . Various commercial fungicides were tested on mildew 

unde-r greenhouse conditions with the resul-cs that all work-

edt but all but one caused a staining or wilting o!' the 

blossoms . This one. copper oxy-chloride~ is apyarently 

unfit fo·r greenhouse usage because or the slowness o!· ita 

action . Tne most ef:rective control round, was "Wettable 

sul!·urn ~ a commercial colla idal su11·ur . 

Wettable sullur snould be applied liberally from the 

time the plants are small until !·lowering begins . There is 

little danger of infection after the plants mature . In 

case o!· inrection at maturity cut 1·1owers closely and dust 

with wettable sulrur until controlling is complete . 

Spore production and germination both play a part in 

infection , but from a review o!· the factors influencing 

these phenomen a ,. it is evident that the requirements for 

mildew growth correspond so closely to those for success-

fui sweet pea growth~ th~t they have no value as control 

measure-a 

The most important consideration regarding mildew on 

sweet peas is tnat prevention is better than control . It 

may be very successtully prevented by dusting the peas 

with wettable su11·ur from the time the plants are small 

until flowering begins .. Ir the range is !·ree from disease 

at the time of flowering it is unlikely that mildew in-

fectio.n will be of economic importance . 
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