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Azalea flower spot is characterized by the appearance of small 
specks (fleck stage) in the flower parts, which rapidly enlarge and 
become blotches with irregular margins. These blotches spread to 
include one or more petals. The affected tissue softens and collapses, 
it stage known as limp blight. The course of the disease from tbp 
first Visible fleck to limp blight requires about 3 days, and when all 
the flowers of plants in full bloom are affected it most unsightly effect 
is produced (fig. 1, B). The sudden appearance and rapid spread 
of the disease were at first believed to involve some fi.gent of dissemina
tion other than wind or ruin, and as large numbers of insects were 
observed to visit azalea. flowers they were suspected of being vectors. 
It was also thought that insects might be responsible for the seasonal 
initiation of thl' disease in cultivated plantings, since the first infec
tions were found after insect activity on the flowers had been observed 
for several days or wceks at the beginning of the period of bloom. 

Entomological :investigations, which followed fi. survey in 1934, 
wero conducted from 1935 to 1938. inclusive. They included observa
tions on the habits or i he insects visiting azalea flowers and experiments 
to determine the relationship of insect.s to: 1, The scratcblike abrasions 
at the entrance to the tuhulfir part of the flowc'rs find to the primary 
infections of flower spot; 2, the secondary spread of the disease within 
a given planting and to distant plantings, and 3, the introduction of 
the disease into the garden each year either from some wild host or 
from ovenvintering qUfirters of the insect. An abstrfict 4 on the 
preliminary results of the experiments WfiS publishl'd in 1938. 

The general conclusions resulting from the investigations arc 
included in circulnr 556, referred to above, which is intended as a 
source of g-encl'Ill information on thr ''''~lO]C subject of tIus serious 
disease. The present bulletin relat~" in gnatl'1' detail the experirrlt'n tnl 
procedure fill(l the results ohtaine:1 in the entomological studies which 
forml'cl a basis for conclusions c'rawn in that circular. 

INSECTS VISITIKG AZALE.o\S AND OBSERYATIONS ON 

THEIR ~IABITS 


Tbe most conspicuous insects observl'd on cultivated azaleas include 
bumblebl'es (Bombus spp.), cfirpenter bees eXylocopa spp.), the 
ground-nl'sting hl'l' Emphorops1's jlo1'i.dana (Smith), the honeybee 
(Apis mellijera L.), find oth('1' Hym(,l1optera, thrips, small numbers 
of variOllS Diptl'J'a, ColeopteJ'n, Ll'pidoptera, and Hetl'roptel'a, and 
several spl'cil's of spiders. Colll'ctions of insects were mfide between 
February 14 and April 19 in the sl'veml years. The obs('l'vations are 
recorded in deta.il both for thl'il' possibll' bearing' on the dissemination 
of the disease by insects find for thdr Yfilne on the habits of the insects 
in aZlllea gardens. 

BUMBLEBEES 

All individuals of the fivl' spl'cies of Bomb'l18 obs('!'vccI on azalea 
flowers were queens ('xccpt foJ' if few workers find one male of B. 
bimaculatu8 01'es80n and workers of B. griseocollis (Deg.). An occa
sional spl'cimen of B. americanol'um F. WfiS observed early in the 
season, but this species did not bec.ome general on azalea until late 

• WEISS, FREImAN, ami S)IITII, FLOYD ~" rnESENT STATUS OF AZALEA FLOWEn 51'OT. (Abstract
Phytopathology 28: 21. 1938. 
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ill lhe fl()\yprill~ Sl'nsoll. ]! WilS not commoJ} ill tim' of thp gnrdpns 
eX('I'pt ).lid<llP\oH PI:H'I', wl1l'1'\' :\IIO\1t ,;) or IOU 1'(;\11d 1)(' OhS<'lTCd 
nt 011(' ! imp Oil tl p:rOll]l of nza](':l plallts. En'll ,,It<'11 \'('r~' nliUlldHllt, 

Fl<.!ftJ.l .1, .\Ltll!":L plnrd il, fllll hl"DIIi witl! ilIJI\"I"~ IIWlnllHlgl'd; 11, p\:u.t with 
Il<l\\"r- JlI 1),(" hUIJ' b!l!.d,1 'lag!" 

litis ;-;(J("(·i,." ;-;ude/Pttly di,.ap[w:lJ",·d frolll (Ill' g"tlrdf'lt,. ul :ti){)III I p. Ill., 
l,",lPn'ns (Iu' ()tlll'r "P["'j(" fl'c! tllil il ritt"/-. 

nflltr(JIf,~ bilfli/(·,!la{II.,. 11. :/JIl'lI{i( /t.' ('i'(,,.,.OIl, lIlId n. [It'is((l('ul/is, ap
pC'!u'l'd n'/uth'c·I.\' 1'1l!'1.\' ill IIi(' fI(1\\ ("'Itt.!! ,.('110'011 IJlt! \\,('/"1- ttot OI'Sl'tT('d 
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before the first .Ilzaleas bloomed and the investigations had been uncleI' 
way for 10 days or morp.. OWll('rs of gardens state, bo\\-('Yer, that an 
occasional hU!llblebee is seen on warm days throughout the winter. 

These speCIes become gmdually more numerous as the flowering 
season advances. Bombus bimaculatus was more abundant in 1936 
and 1937 than the ot.lH~r t,,-o species, whereas B. impa6en.s was the 
dominant ODe in 1938. B. griseocollis has heen found ill only small 
numhers throughout the senson. SOU1<' of B. impatiens were seen on 
cool days eflrl.\- in the spring before the other species were present. 
This species was often ohsel"vrd' feeding on limp-blighted azalea. 
fimvers, on full(,ll finwers, and on til(' receptacle about th-(' hase of the 
ovary after the corolla had fallpn. Only a few of B. jratern1l8 Sm. 
were collected and these nPPC':Jred rather late in the Sf'uson. 

The observations on specips of bumblebees indicated that they 
a,ppar('utly have no marked host prE'fercncC's, since individuals were 
observed feeding successively on azalea, !.11a[Jnolia lili.flom, rose, 
wisteria, spirea, and clover. ThC'y are extH'mely ro,-ing in tllPir 
habits, and. after feeding on fl fpw' flowers in a giY(ln locnlity, mny 
suddenly flyaway in tL nNlriy straight line, sometimes through woods 
Qr even across a riYer and marsh oYer a mil<' in width. E,-idpl1cP that 
they travel COllsiclemblc distances ,,'as obtained \dten humblehees 
mark('d in enc gnrd(,ll \\~er(l recoyerecl the same (Ia,y in othpr gankns 
fl'om 0.4 to 0.8 milp away, and the recovery of onp Bombu8 bimaculatus 
in a garden 5 mill'S distant 011 the eighth day nfter it ,,-as mllrked. 
.At times the bumblebees appenred to be travplling in rather definit(' 
rout('s. In one garckn (Drayton Hall) the humhlphc'ps approached 
the mel of an azalen hedg(', fed on a few flowers, and pnss('(lon through 
the woods without chnnging their gpn(,l'al COlll"S(' or yisiting other 
azaleas in the 11 edge, 

CARPENTER BEES 

)'lnh's of ..\ylocopa micans L<.'pplf'tiPl' WPl'e OhS(,lT('" tn hcn-P!' nhout 
flznlpn alld ot1lp1' 1l0Wl'l'S I'll tlH'l' i'flrh- in tht' s{'uson, but tlJI"- did not 
nlight to fepd. Fpmaks appNu'('d in mod('l'ate numlwt"s 01:1 wistprin 
ami later went to nzalea. Thpy W('1"(' ahundant on a, fe,,- nzalc>a plants 
in OIl(' sec.:tion of )'Jngnolin Gardens, l)l!t in olhC'I' pnrts of this gardC'1l 
and in other plantings thp~- were filwnys rn th(lr sen n't'. ThE' ('xtl'prndy 
nctivp femaks rapidly visitN! 01lC' floWPl" uftC'!" anotllC'r, lunciC'd forcibly 
011 PHeh onr, and ('ntC'l'l'd til(' corolln ",jUl vigorous JI'g' rnovrmpnis. 

).{alps of Xylocopa l'i/'{jin;crt Drury punctulw! tllC' corolln tul)(' llC'nr 
the hlls(- and fpd from til(' olltsidC' of til(' nznlNt ftowP!' instpnd of 
pntC'!"il1g thp flOWN ns did nil ollll'l' ohsC'l"ved spC'ci(ls. Onl.,- II fp,,
mnles w('t·(, oi>s('n'pd in nznlNL ~nrd('ns in F(·hrufllY 1\):j6. hut thp~
h('('am(' VPlY abundant a month bU'l" on \\-ist(,I'in as it ('nnw into 
flower. In '1934 to 1g:1G, indusiH' . they OCCUlT(,(\ in Inrg(' 1I111n1>eI'S 
on t1zalea in April, tl!PI1 sllddpI1J)' disnpjwHI"NI. hi oliH'l: ~-Pfll'S tlU'~
We'l"(' not found. in large JlumlH'l"s 011 Ilzllkn, and onl~: n fe'\\" frmnlrs 
,,'pre eve!' caplurNI. 

This specie'S and !llso Xlllocopa micofl8 s('C'/lwel to hl' nttrnet('(\ to 
certain nzaku plants or gTOllpS of plants \dH'l'(' Inrg{' 1ItIml){'rs of hoth 
specips WCT(' prp:.;ent. Both sp('ci('s approrcd to \)(' nttrnctNj b~r 
dis(,!lsed Ilowprs in tll(' limp-blight stn~('. o\'er and into ,,-Irirl! titPy 
eJ"awlpd, all parts of their hodies comillg into conlnet ,,-ill! the sporc
hpfll"ing- suri'oe(' of UlP ndw('l's. 
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GROUND-~ESTING BEES 

The solitul'Y ground-nesting bee Emphoropsis floridana appeared on 
warm days with the first bumblebees and in 1934 and early in 1935 
was the dominant species until the various species of Bombus became 
more abundant. In 193.5 and later years this species was very scarce 
during midseasol1, and many dead adults ,yere found along the paths 
at ~1agnolia Gardens. It was supposed, but not. demonstrated, that 
the fungicidal dusts and sprays applied there ,,-ere toxic to this 
species. This insect continued to be t.he dominant species during 
most of each season at ~1iddlf'ton Placp, where no dust was applied. 

),'1ales appeared bt'£o1'e the femnles and wpre ,-ery active and wary of 
captul'l' ",hill' f('l'ding within tlw (iOWl'L's. Th.(' f('males were less active 
and ,,'ere mon' pasily cnptlll·pd. It is b('lieH'd that tests with £l'maks 
gan~ a fair index of tht' l'('littiollship of this spl'cit's to thp spread of the' 
disease, sillct' they f('el more l't'glllnrly than did the IDal('s and in their 
mo,-emenj's ranl(' into marC' intimate contact with the flowers. 

!JO~EYBEES 

Earl)- ill the 8('[\S011 honeybees Wt're the most conspicllous Hy-ing 
insects in thl' gnnll'llS, 'where tlW\- tisualh- feel in caIDrl1ia flowers 
although oecnsionall)" visiting aznll'ns. Thc~t seemrd to be attracted 
to linlp Liow('l's on uzalC'a that had 1)('011 killed hy frost) and OIl certain 
days latl'r in the SPUSOIl f(,c] ill modE'rille numbers on healthy azalea 
fiO\H'l'S. TIlPY OC(,Hl'lwt ill lnrgr numbC'l's 011 cwb apple, on pllOtiniu, 
and especially on holly, when tltesl' plants W('{,(' in bloom. Azaleas 
were nppa1'C'lltly not n. fa\"orrd food plnnt and '\.('('(, yisitpd by hone)'
bees only whell ot1H'r fJm\"('!'s ,,'el'(' not l1ynilnblC'. 

THRIPS 

~\ll1011g uill£.' collectiolls of thrips mndp frolll aznJca flowers in April 
19:14, four spPC'i('s, Fl'anklilliella ti'ilici (Fitch), F.flls('.a (Hinds), J1rdero
thrips (lzaleae Hood, nnd Le]Jt()th1'iJl'~ mali (Fitch), were recognized. 
:\fost of the specimens W(,I'(, of the t.wo species F. tritici and H. azaleae. 
The latter OCCUlTed in gl'entl'st llumbl'rs at ).fiddleton Place. Dur
ing thl' COUL'S(' of arld studies in April 19;35 these thL'ip were again 
obsrl'ncl to be nhundn.nt on cultintted azalea, but during the same 
period in 1936 tlul.y W('1'e '"l'ry scnrC'e. Till' HoweL'ing period of culti
Yatl'd azaleus in 19:37 and 19:~S was much earlier than in previous 
y<'11 rs, nnd on,ly nn occasional ad lilt of F. tritid was found. Adults of 
II. (lZaleCle were abundant in all years OIl the late-appearing flowers 
of Rlwdot/oulron nudUlo/,l1m. (L.) Torr. in nearby woods. This 
species appurentl.y caus<'d an inconspicuous I'lIsseting of the stamens 
of cultiYllted azaleus. F. tr-itic;' was found derp in till' corolln, of 
azalen und cllllsed no ohviollS d('stl'Uction of color or other injury. 

AZ"TS 

.:\11 ts of :'l'\'prnl sp('(~i('s in t1i(' genera Cremato{l(l8ier, Dorymyrmex, 
Formica, Phr:i<iole, {JonI'm, and P['(nolepis w(,1'e abundant 011 the soil 
and mulch among the azah'll plants. They \\-ere often observed on 
stems and leayes'" of azu}Pus, wlH'l'e they 'vere apparently attending 
scales (Ps(udaonidia paeoniae «(,kll.)) Ilnd whiteflies. In repeated 

http:nhundn.nt
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examinations only an occasional ant was found on the flowers, except 
in one instance where infected flowers were hanging in limp masses 
and a few ants were crawling over them. Numerous ants were seen 
caught in .the sticky exudate from sepals below the flowers, which 
appears to form an effective barrier against them. When the ants 
in transmission tests were shaken onto flowers they often became 
entangled in the exudate. 

FLIES 

Adults of the conspicuous bee fly Bombylius azaleae Shannon oc
curred in small numbers on b\zalea throughout the season. They 
were exceedingly active on the wing and very difficult to capture, so 
few were obtained for transmission tests. Observations on the dainty 
movements of this insect in feeding indicated, however, that it would 
become contaminated with spores or disseminate them less readily 
than would other species. This fly approached the flower, came to 
rest very lightly on the stamens, then, after having fed deeply in the 
corolla with its long proboscis, departed, scarcely having touched 
the corolla. 

Miscellaneous flies were observed in small numbers on warm days 
in 1937 and 1938 on early azalea and camellia flowers, where in most 
cases they appeared to be sunning themselves. They seemed to 
disappear from azalea later in the season. 

ACTIVITY OF BEES IN VISITING FLOWERS 

Information on the relative activity of the various species of bees 
as manifested by the number of flowers visited in a given time seemed 
of possible importance in relation to the spread of the disease. Ob
servations on the number of flowers visited in 1 minute by individuals 
of five species of bees were made on April 10, 1936, at a temperature 
of 75° F. and on April 16 at a temperature of 68°, and the results are 
given in table 1. 

TABLE l.·-Observations on number of azalea flowers visited by certain species of bees 
per minutt~, at two different temperatures, Jlfagnolia Gardens, Charleston, S. C., 1936 

--------------------------~------~----------------------

Flowers visited in 1 minute 
BeesTemperature nnd species observed 

lHaximum lYfiuimum Average 

G8° }'.: Number N!L71Iber NlLmber Number 
Bomb!L8 america71or!Lm._ .••. •... •. __ •• _.••. 5 12 8 10.4
B. impatiens_. __ .. .. __ •• ___ ....._. _. __ .. _.... 4 II 4 9.0
Emphoropsi8 j1orirlanr.. ______ ........ _. ____ •. 6 o 3 5.5 

1 4 4 4.0§~I~f~fl~/::Z~~~~8:_::=::::::=::::.::::::::::::::: 1 7 7 7.0 
750 F.:B. impfltiens_____ _______ ._. _______ .. ___________ . 4 13 9 11.2

E. floridana __ ..___________ . ____________________ 5 10 7 8.6 

The 2 speci.c~ Bombus. impatiens and Emphoropsis :flori~ana were 
observed to VISit a maXilllUffi of 13 and 10 flowers per mmute, re
spectively, at 75° F. At 68° F. the greatest number of visits per 
minute was made by B. americanorum. 
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CAUSE OF INSECT ABRASIONS AND THEIR RELATION TO 

FLOWER SPOT INFECTION 


Early in the study of the factors influencing flower spot infection 
circumstantial evidence was obtained that the sharp claws and spines 
on the legs of bees caused abrasions (fig. 2) on the corolla as the in
sects pushed their way into the flower. 

FIGURE 2.-Abrasions on the lower left petal (x) and in the throat of an azalea 
flower attributed to insect injury and sometimes associated with early fimver 
spot infection. 

These abrasions were most evident early in the flowering period. 
Often the first flower spot infections appeared on these abraded 
flowers and sometimes n.ppeared to originate in the scratches. This 
led to the suspicion that insects visiting the flowers dropped spores, 
thus causing initial flower spot infections. Although it was known 
that the flower spot pathogen (Ovulinia azaleae) was capable of in
fecting flowers without mechanical injury, the importance of insect 
visits in the cases of naturally occurring flower injuries and early 
infections demanded elucidation. 

It was observed that during the first week of April 1936, at Magnolia 
Gardens, flower spot from secondary infections became increasingly 
more prominent and overshadowed the characteristic scratchlike 
injuries attributed to insect activity. After a wave of heavy infec
tion from April 6 to 12, no rain fell for a week, and there was com
paratively little spread of the disease to the later developing flowers, 
but the abrasions became very prominent on flowers exposed to fun 
sunlight. Since the injuries developed during a period of drought 
and hig4 temperature, without an apparent increase in the number 
of insects, it appeared that certain weather conditions might favor 
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or retard tll(>ir deYt'lopment. A i'imilnr flowPl' injury (fig. 3, AI 
becamE' pronunf'nt at this till1e ill fiE'ld ('[lgPS into which insects ,n're 
introduced, [lnd also in the labomtol'~' illOclllntioll chumbers, 

An (>xpermwnt was then concluded to det('l'mille whether insect:-; 
could ClUlse fiowPI' ubrasions :::.imilnJ' to thmw OhSPITPd in llutlll'(' and 
whptlH'r humidity nif('cted tbl'ir d,'wlopnwll t. 

_til indh'idunl of ('neh of four s]wcipi' of bN's wns lwld \\'ith tWl'l'z('rs 
by one hinclll'g and nllowl'd to walk onl'. s('ratcll. :mu bit<, SL"\: groups 
of 1111bh'mi;:;]wcl f10WPTs of tIl!' SHUH' ytlril'ty and agp. Thn'p of till' 
groups W('1'(' atomized ,dtll wntpl' ]W/'Ol'P the tl'st. \,:lH'H'as tll(' ilow('l's 

FIGCRE 3.--T\\'o tYPt'g of injury to azalea tlower::,: A, Ext('n,.:in' iuju!"y to a JaH'
"caSOn flower aftN llumcrou:" nsit~ by be(',;, ,.:lto\\"iug the tis~lle clottctl and 
purple and collap:;erl; B, white margin:" deYeioping in a lio\\'('r kept ill a mob! 
atmosphere aftpl" it had bet'll llJechallicall~' wouuded by in~t'('h. 

ill tll!' otlH'l' th('l'!~ groups W('l"!' iujurt·d whill' dry. \-isihll' scrutcit('" 
and ::omaIl PUllC'tUl'l'S W(,l'l' lllU(iP by thl' illsl'eti' in tl\(, f10\Wl' lwttlb 

in all grollps, .\.e:J'OllP l'ach of llloi,,('llpd :l1Jd of <1r,,' flow('!':,; wn" 
then h:UHll('d as folio"',, ill all ultell1pt to i(lI'ul>ntl' allY infpetion ill 
tltPIJl 1I1Hh'(' II) H'lT moi,,(, ,:n lllcl(l('rntl'ly lJloist. tl(H[ (3) (11'Y 
('Ollditiolli': ' ., , 

III 1h(' first CUSf' the nt)Wl'r:, W!']"L' th()j'n\lghl~' spl'tiYl'd with all 
atomiz('L' find plnc('cl jf[ :t <'l'Uuloicl rug!' ill n hott/(, of wa1N tu hC' 
maiutained in satural!'u ntJllosphp('(" '1'1\(,\' "'''n' Spl'tlY{'(I, twicC' 
daily to k(>(\]l tlH'm llloi::;t. ' , 

III the s('colld tll(' flower" \\'('1"(' plnc('d ill a cagt' without (h('~(" lwill!:.!: 
,.;[n'HYpc!. ),lod('l'tlt('l~' high humidity WtlS mnillttlilll'd. 

III thC' third CliSP tbe now('I'S, ill hott\ps of wnt(,l" as \)i,fo!'l', WI'('(' 

1('[t UllC(}\'Pl'{'<l ill the lubol'lItOlT IIIJ(/<'1' driP!, conditiolls tll:W in thi' 
pn'ccding ('ltS('. • 

Th('\ whit!' lill('s of ::;(,l'nleh!'s !llld [Iwi!' W]lit.l'II('d margins, mo:-.t 
pl'omillent i,l thf' cUS!' of tho;,:!' 1IIldt'!' high ItllIllidit,,- (tahle 2), \\'('f'(' 

(' .... id('llt on thp day aft!'l' tIl<' wOllll<iillg of tlll' [i::;SlIt', und ill(' mal'giu::: 



TABLE 2.-Su1II1IIary of subsequent development of injuries after a mechanical w()undtng of azalea flowers by bees, Charleston, S. C., l08B 

.... 
o Degren nn,l typo of subsequent !lower Injury in
o GO 	 -_ ........ ----"'""--- - ...------.._- -_.__ ..
co ~--. ...,1Spccies of bee in test V~~~~l% oC _._ ~t~~\lml~~~~Phcr~~~~~~_ Modemtcly high humidity in cngcs not atomized 

...., 	 :lIIois!cncd before I Dry when injured, 
injury

t-:) ~ __.__________~_,_ 

Bomblu alll,ricallO', Coecinea ., Broad, white margins 
",m. 	 to 2 nun. width 

nlong scmtches. 

n. bimactt!aItM. ., Phoenicia.. 	 'Vhite scratches with
out margins. 

. __.. do __ •______ :.____ __13.1mJlatiens." • . __ .1 lo'ormosn... Whito scmtchcs with 
or without indis· 
tinct nnrrow white 
margins.

li:mphoropsis jlori-I Formostl•••L._.•do .• _._ ••__ •.•.•.•. L .•.. do. __.... 
dana. 

moistened after injury 

Narro\\', white mar· 
gins. 

White scratches with
out margins or with 
111lrrOW, white mnr~ 
gins. 

Moistenod belore 
injury 

Narrow. white mar' 
gins, in some cases 
absent. 

D road, transparent
pllrple margins. 

Distinct, narrow,
white margins,
others broad to 
pnrple.

White scratches with 
II'hlta or purple
margIns. 

IDry wilen injured, not 
moistened later 

Droad, purple mar· 
gins oC collapsed tis· 
suo. 

Narrow, transpnren t 
purple margins. 

Broad, purplo mar· 
gins. 

Narrow, dark·purplo I___ .•do __ . __ ..... 
margins. 

z 
UJ 

Dry·room atmo~phcr_e____ l?!l 

Moistened before 
injury 

Broad p'urlllu mar· 
gins. 

Droad clotted purplo 
margins to 2 mm. 
width, not trtlUS' 
parent.

Broad pnrple margins 
to 3 mm. width. 

~ Dry when injnred. rJJ 
not moistened later 

BrGl\d purple mar ~ 
gins oxcept for a 

Cew whitened 

scratches. 

Do. ~ 
rJJ 
"d 

As in tho preceding, ~ 
but with narrow l?!l 

;:,.purple margin3. t::1 
Do. o 

I::j 

:> 
1:>'1 
;:,.
.t" 
l?!l 
;:,.

"1 
t" 
o 
~ 
l:'l 
~ 

rJJ 
"d 
o 
t-:l 

~ 

1-3 
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very slowly broadened during the following 3 days (fig. 3, B). The 
whitened tissue did not shrink or collapse, and it appeared that a 
leaching out or o::-.idation of the coloring matter caused the bleached 
e£fect. The bleached areas, if allowed to dr}~, became thin and nearly 
transparent and collapsed if the whole petal was involved. In such 
cases the margins broadened and apppared purple as discllssed latpr. 

In the moderately moist and in the dry tests, the margins of the 
injured spots were purple or clotted in appearance, except for a few 
instances in which the tissue was white, as in the very hlIDlid con
dition. The tissue in the purple areas at first collapsed, then grad
ually dried and became thin and papery and nearly transparent 
except for the retained plll'ple coloration. The de,elopment of this 
injury was a gradual process, continuing up to .the close of the e::-.-peri
ment. Apparently under the moderately hunlld and rather dry-room 
conditions the tissue adjacent to wounds dried out and shriveled, but 
"ith the color retained in the cpUs. This is further indicated by the 
fact that if injlll'ed flowers with white margins that had developed 
under very humid conditions arc placed in a drier atmosphere, the 
margins continue to extend but retain the purplish color. 

Examination of flowers in the giu'dens showed white scratches in 
some cases, particularly in the early part of the season. usually, 
howe,er, the margins of the injuries were purple and coUapsed at 
this season, whereas later in the season broad purple margins denl
oped arolmd injuries as occurred in laboratory tests. If these types 
of injury are compared with those in the laboratory tests, it would 
appear that the conditions prevailing in the garden, particularly as the 
season ad,ances, were drier and more favorable for the development 
of the purple type of injury. The conditions of high humidity neces
sary for prominent development of white lines and ma,rgins occlll'red 
rarely or not at all in the gardens. 

In the laboratory tests greatN contrasts in both types of injury 
were evident on the dark-red varietv Coccinea than on either of the 
lavender varieties, Formosa or Phoeilicia. The pink varieties in the 
garden showed less color and greater transparency in the injured 
nreas. As judged by the laborator:r tests, the charaeteristic abrasions 
on the flowers could well be caused bv bees. Bruises und other 
injuries could result from "ind Or hm'd:blown dust particles. 

The following observations and records are presented to show a 
lack of relationship between the occurrence of flower spot infection:; 
and insect abrasions. In the 320 transmission experiments with 
living insects in 193G, visible abrasions caused by the leg spines or 
by the chewing mouth pllrts were evident on 1,124 pet\ils of 447 
flowers. In these same tests, 231 petals of 142 flowers de,eloped 
the flower spot disease, but on only 18 petals of 12 flowers were the 
infections associated with the mechanical injuries. Since 92.2 per
cent of the infections develop<'d in the abs(;>llce of evident mechanical 
injuries, it appeareel that the latter, as observed on flowers in nature, 
were not an essential aid to the fungus in entering the plant tissue, 
and the occurrel1ce of both infection 3ml mechanical injury on the 
same flowers was therefore merely coincidental. 

OCGURRE~CE ON I~SECTS OF CONIDIA OF THE ORGANISM 
CAUSING AZALEA FLOWER SPOT 

On :March 27 to 29, 1935, bees were captured in paper cylinders 
from infected flowers and chloroformed. The tarsi were removed 
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and examined in lactic acid-phenol under the microscope for the pres
~nce of the characteristic spores of flower spot. The results from 
an examination of seven insects are given in table 3. 

TABT~E 3.-0ccurrence of conidia of Ovulinia azalea on bees 

Insect No. Species Part of insect examined Spores.found

------1--------------·--1----------------------------------
L _________ Emphoropsis jloridana .______ Tarsi and tibiae of forelegs___________ 1 viable spore. 

2__________ Bombus griseocollis__________ Tarsi of three legs on one sido________ Do. 

3..____ -________do_________________ •----I-----dO--------------- ------------- -. - -- 1 spore germinating_ 
4__________ Emphoropsis jloridana. ____ • ___ ..do________________________________ None found. 

5__________ Bombus americanormn... _._ 'I'arsi of forelogs _______________________ 2 viable spores. 
6_______________do ____________________________do___________________ . ____________ 1 viable spore. 

7__________ XylocGfla mican.'------------i Tarsi of fore and hind legs._. ________ -t ..Iable spores. 


From these limited observations it is evident that the four species 
of bees taken from diseased :flowers generally bear spores. It is 
believed that man~r more spores were present on the parts examined 
but that because of the dense covering of hairs on the legs they were 
hidden from view. 

DISEASE TRANSMISSION BY INSECTS 

The dissemination by insects of the organism causing flower spot 
was investigated from 1934 to 1938, inclusive. The studies during 
the first two seasons were. conducted under conditions that did not 
prevent accidental contamination of the flowers inoculated with 
insects. The studies in 1936 were conducted under laboratory con
ditions that eliminated the unfavorable factors but gave information 
only on the relationship of the insects to the disease late in the :flower
ing season. During the last 2 years investigations were conducted 
throughout the flowering season, and these gave a more complete 
picture of the relationship of insects to the disease organism and 
its hosts. 

PRELIl\n:NARY STUDIES, 1934 AND 1935 

A brief survey of azalea gardens was made in 1934 to investigate 
the relationship of insects to the spread of the disease. In a pre
liminary series of tests 14 bees, including Bombus americanorum, B. 
bimaculatus, B. griseocollis, Xylocopa micans, and X. virginica, appar
ently initiated infection . 
. Field studies were conducted in 1935 between March 26 and April 

13, during whieh period the insects attained their greatest seasonal 
abundance on azalea, which was then in the latter part of its flowering 
season. In a series of 93 tests with the above-mentioned insects and, 
in addition, Bombus impatiens and Emphoropsis floridana, the results 
again indicated that insects were responsible for disease spread, but 
these results were considered unreliable for the following reasons. 
The flowers to be used for testin&, insects were selected on plants in 
the open and were enclosed witn the insects in a transparent bag 
(fig. 4). The flowers were often blemished by mechanical injuries or 
incipient spot infection that later developed into more advanced 
stages of the disease, both on checks and on insect-infested flowers. 
In addition some insects cut their way out of the bags and escaped. 
Because later work was more extensive and more definite as to results, 
these preliminary investigations are not included herein. 
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FlGCHE 4,_rrrttnspal'('J\t llag1' \l~('{l for c(lllfiJlillg ill~l'cts ill (rnl\"lIIi~"iol\ t(';;t~ 
d lIJ'illg ] 93 J amI J935, 

bll'HOYEO ~rETflODS FOil COLLECTI:'>GhSEC'I'S '\:"iD TESTI:'>G THEIH 
INFECTIVITY 

Cnptllrillg bp(·s nnd flil's from Ilzlll(,lls ",iUI II lld WIlS ohj('ctiollllhk 
hC('(tlls(' of dmnngp to till' <l('li('ut<, flO\\'('I'S ill tlt(· glll'llC'11. It WUS Ull
satisfactory b('('n liSP of add i {ion al (' bn n('('s fo]' ('Oil tmni nll t ing t 1)(' 
ins('ct In' ('ontnet ",jth inj'('f'i('(l lI(m'('!'s thnt might hI' kllo('k('d of}' 1)\' 
tlw s\\'('('P of 1.111' Il('{" TIl(' ohjP('j.iyl' WliS to cnptuJ'(' till' insp('(; hy 'n 
method that, wmild nyoid n('('ic/pntnl ('ont:ullinat,ion ('ithl'!' through 
the ('olll'cti ng n ppn!'n I liS or by ('hn nging till' j nsl'('L';; lIn hi t lilt! j)l'()('(:d
lire in yi;;i( ing flo\\'('rs (.0 c'olkct llC'('(nl' 01' poll(,Il, At -tllC' (imp of c'np
tlll'C the insc'('t nUly h:lY<' b('('Ollll' nntul'nli,\' ('ol1i,nminn(pd with spo!'!';; 
on thut pal'tic'ulal' dispnspcl J! 0 \\'('1', 01' Ill' nll'('nely COll(nl) in\l(('d \\'il11 
SPOI'PS from pt'P\'iou,:, \'isi['s (0 ot\H'1' flo\\'c'rs :Ill!! bc' dl"locl~ill~ tllp 
snm(' Oil til" flolI'('r llOW h('illg" yisit{,d, Hlld {hc'I'('b~' (':lU':'P illfc'c(ioll, 

Aft(,l' pr'('limilltll''y ':'U('C'('ssJul t('s(s oj' ('upttlring illSP('ts ill pnJH't' 
tu1>('S, the following HPPHt'HtuS alld 1)l'nc'('clll),C' \\-('I'!' nc!llp(I'c! ill tll(' 
I'HpLIII'(' of IIlllarge ins('('t,:.: OJH'IH'llcl glass \'iul,:., 1 illdl ill c/inJl[('(c'l' 
and (j inchl'':' long, \\'('1'(' Illlll'kpd (.0 cli':'lill~uisll til(' t\\'o pnels nnd \\'(,I'C' 
]ll'o\'id('(] with It ('hl'P,:.(,p]otll-('o\'C'I'C'cl c'oltOll pltlg for ('nch I'llc!, j\I(I'I' 
:111 in5('('t 1J1IfInligh(,pd Oil II flo\\'p/, nile! 11:)(1 pusll('d its ''"'1.1' into t 1lC' 
('ol'llllll, or Iwcl hqrun to 1'('('d on (hp Olltsiclco of tit(' c'omlln (u\)(' in titC' 
('n,:.(' of "\~yl()(,IJJI(f 7~i"fI;/li('(f, til(' pblg \\'lIS /'('IIlO\'C'!! fl'oJll onl' (,IHI oJ II yinl 
1I1le! till' ojl('lling ww-; plnt'prJ 0\'('1' till' ill':'l'('/ but not tOIl<'IIing tlIl' (lo\\,('/, 

I is':'lIl', Af((,l' Ull' illSl'd had fini,:.llI'c! fl'l'eling, i( \\'ollle! bn('k oul of 
(tIp cOl'olln illto (.IIp (111)(,, .\s SOOll ns (h(' in':'pct, dis(,()\'(,I'l'd (ilu(, it;; 
hody \\'IIS jll l'olltn(,j· \\'j(h :l !'o/'I'ign, olijl'('I, it lI;;wllly quiddy [lII'Ill'r! 
:lllOul to l';;(':q)(' nile! in doillg,.;o wl'nl i'llrlhc')' into t Ill' Yin\. ",IH'I'('lIPO)l 
(Ill' c'o//on plug' wu,:. r('plnt'I'c1, 
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T\\ 0 olltl'!' pil'(,l's oj' nppnrutlls \\'l'l'l' Oil itnlld ill till' gnnjPIl to com
plph' titt' tvst without d('ln~', lll('ubntioll (,HilS W('j'(' mlldl' ('ithpJ' fro111 

l-pOllllcl ('011'(,(, ('UIlS 0[' frolll till ('I':1('I\{'1' CI1115 ;, 01' np}ll'm;:imntvly the 
SilllH' siz(' IFg-, ii). A :?-tll'nm hI lll('op:llliic yinl WflS fns(l'llpd to one 

FI<;I'lu; 0,' /J1(l(,lliatilJ/.!: antll'lI fl()\\(,I'.- \rilh all ill~I'('t iIJ"irll':L ]Jul'fnblc j)Iu('uiatillj.{ 
('halJl1,,,I', ,..hl)\'·iJI~ illt'llhnti"ll "all tIlId l'pll""iill).( \ inl ami tllP ~lppyPS t.hrough 
wiJieh till' JJtIJllIs \\'('1'1' ilJ"'l'fl'rI, 

side of tl1(' (,lIll l'itltC'I' with 11 st rip of ndlll'si\'(, tnJl(, 01' with [L loop of 
wil'n witit ('lHls jll'oj<,(,tillg' tlll'Oligh two lIail holps nlld Lwistrd togetlwl' 

~ \\~Elfi~. r?Hhl'.M,IS. aud ~.\lITII. fHH1I F . .'\:-: I~(I 11\1'1:\0 L\~ FOR 1.\I~OH\1'Oln· 01(. ,,·rgJ.f~ r;:q,;~ 
Phy("pa(IJ(.I"~, ;nll7 llV. i11l1s )!JIll. 
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outside. Each can was then balanced at an angle and high-melting 
paraffin was poured in to fill the recesses between vial and can to 
permit ease in cleaning and in removal of the insects, and a piece of 
paper towel was placed in the bottom of each can to absorb any 
excess moisture, in which the insects might drown. A stem usually 
bearing two azalea flowers from disease-free plants was inserted in 
the vial, which had previously been filled with water. The vial held 
the flowers in an upright position and away from the side of the can 
so that any infection could develop only in the normal manner. The 
flowers were moistened by being atomized with water to encourage 
development Of infection by any spores dislodged from the insect dur
ing the process, and the lid was replaced on the can until it was time 
to make the inoculation. This type of incubation can was generally 
more satisfactory than the celluloid cages (fig. 8, A) used in earlier 
tests. 

The inoculation chamber (fig. 6) was a rectangular box 14 by 14 by 
18 inches with a floor of wood, a door in one side, celluloid on the 
other three sides and on top, and circular armholes with sleeves 
placed in opposite sides through which to rnsert the hands for manipu
lating the insect and making the inoculation. Folding legs on the 
box made the inoculation chamber portable so that it could be readily 
carried with the other equipment to the various gardens and nurseries. 
It was thus possible to make the inoculation test within 1 minute 
after an insect was captured. This reduced the chances for the test 
insect to dislodge any spores from its body between the time ot cap
ture and the exposure of the azalea flowers in the incubation can. 
If the insects had to be taken to the laboratory for the inoculations to 
be made, from 10 minutes to 8 hours would have elapsed after they 
had been captured in the various gardens. 

When an inoculation test for determining infectivity of an insect 
was made, the insect was removed from the opposite end of the vial 
by means of tweezers gripping a middle leg or a wing (fig. 5) within 
the inoculation chamber (fig. 6). The insect was allowed to scratch, 
bite, and buzz over the test flowers for approximately one-fourth to 
one-half of a minute, depending 'upon its activity, and then was 
released in the incubation can and the cover replaced. 

The following precautions were taken to avoid accidental contamina
tion of test insects: The insect was removed from the end of the vial 
opposite to that by which it was captured, to avoid chance contamina
tion with the edge of the vial that might have touched the azalea 
flower. Vials were washed in warm, soapy water, and tweezers were 
immersed in 95-percent ethyl alcohol after each test. In most 
instances the insects were ca.ptured by one person, and another made 
the actual inoculations of flowers in the chamber; otherwise the hands 
were washed after the capture of the insects and before the inocula
tions were made. 

Thrips were collected from the flowers with a suction apparatm! 
and, after they had been anesthetized with chloroform, were shaken 
onto a clean paper and several transferred by a sterile brush to each 
flower in a test. After t,hey revived they crawled about among the 
flower parts and appeared to behave normally. 

A few ants were collected with a suction apparatus from azalea 
plants but the great majority used in the present investigations were 
taken at paper cups containing sugar-water placed beneath azalea 
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bushes in al'NlS where the dis(>nsp hnd ht'Pll s('rioll'; in l>l'!'\'iOliS Yl'nl's. 
In prdimillury tests the nIl Is \\"PI'(, ,.;t updll'(l n,; WI'I"!' tll(' III rip,.;, tllPll 
transf('l'retl by bl'llsh to the nznh'll JloWPI''';, but tbis pl'o('pdul'(' WlIS 

Flr:!'li" 0,' oPOl't:d,11! ('IWllllwl' wilhin Irhir'l! :tl.uJf'a fI"W"I" II "/''' ilHj('lIlntf'd II ith 
ill~I'('t", 

1II1snli,;fn('\OIT 1>('(':111:-;(' :Ill I!I!' :llll:-; did Ilot 1'(,('11\0(,1' ;Illd, ill nddilioll, 
til!' (n'ulpd ttllt,; s('('['(,(I'<I fOl'mic neid tltat :-;pntt('(L tl\(' {[()\I('!' pelals 
(fig, 7, ..:1) nnd ('tltISPc! injllry \'!'l',V IJlltc'h lik!' (11Ilt by flow('/' spot ill its 
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speck stage of development. The iuj ury by the insect secretion could 
be distinguished by the even margins of area!: ar.d the fact that they. 
did not increase with further incubation, whereas the margins of 
flower spot lesions were uneven and enlarged rapidly (fig. 7, B). 

In subsequent tests the ants were shaken to the bottom of thc vial, 
which was then unstopped and quickly set in an incubation can, where 
the. ants soon crawled out and o,~er the flowers. 

A modified Eerlest fuunel (fig. 8, B) that was ufled for extracting 
insects and other animals from samples of soil consisted of a square 
extracting compartment in which four soil samples enclosed in wire 
mesh were supported on stiff wires run tlu'ough holes in the side of the 

B 

FIGURE 7.-·.,.1, }lu"cr <If azalea, variety Hrilliullt, ;;ho"ing decolorized areas 
apparently caused by formic acid secreted by ants; H, flower of ,-ariety Compte,,~ 
de Kieuport, showing decolorized spots of flower spot infection in the speck 
stage. 

compartmcnt (fig. 8, Band 0. The fllnnd below ended in a nurrow 
opening] Uinches in diameter. A cofl'ee-can eo,""er with a hole in the 
center was soldered to the fUl1l1cl about 4 inehes above the opening. 
An incubation can with flowers was tlH'n slipped up into the eover and 
held in place so that dirt falling from nbovc would land on the bottom 
of the ("an nnd not on the flowers thnt we1"e located to one side and 
above the funnel openil1g. Insrcts find other nnimals fl'om the soil 
samples whilc cmwling about ill the can cnme in contnct with thp 
flowers. A new S(lt of flowers was e'xposrd daily, and 3 or 4 dnys wert' 
required to drin' out the inhabitnnts of one set of !'oil snmplPi3. 

The inoculntNJ f10wrrs w('re Iwld in thr cans for 2 to 4: dnys at a 
temperature of 68° to 72° F. in a thermostn ticnlly eontrollPd incuba
tion ehamber in the laboratory. The f10wrrs were' tben rxnmined for 
the prcscnce of <lisens(' infection. 

After thr conc-lusioll of tt t(\st the ('nns W('1"e drnned of all plllllt 
material and pnp('r, then wnshed ill wnrm soupy wlltrr unci rinsed, aftrr 
which they wpre n'tHly for usr ngain. This procedurc for cknning 
utensils and eqliipmcnt had been pre\'iously found adequate for 
eliminating allY spores or conidia of Ol'ulinia, the causal orgnnism. 

All insects not positively identified nt the time the [pst was elosed 
were preserved for rxuminalioll by spr('inlists. 
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The species of insects used in tests depended on their seasollal 
nbundance, the limitations of personnel for making collections, and 
the laboratory facilities for making the tests. Some species were 
absent early in the season but appeared at various times on azaleas 
later in the flowering period. Long periods were spent in searching 
for ins('cts early in til(' season, whereas later only IL short time was 
requil·ed to capture suffieient numbers for tests in all available incuba
tion cans. 

Factors that affected tho abundance of insects on azaleas were 
t>~mperature and hosts. There was little insect activity below 60° F. 
Honeybees preferred other flowering plants to azalea and fed in llLrge 
numbers on such pIILnts as camellia and holly when these were in 
flowel·, and appeared to feed on azalea only 'when no other plILnts were 
available. CILrpentcr Iwes t1ppNuwl io prefer wisteriIL to azalea. 
They gradually iLPPdLred in incrt'ILsiJlg numbers from ·wintl'l· quarters 
ttnd fed on wisteria until its flowers maturpd, tlwu suddpl11y tmns
fen·ed to azalea late in its Jiowering season. 

In 1937 and 1938 the llzft}eil flowers were taken from plants in a 
nursery or a grpenhouse wht'i"{'l1o disl'Hse occurred, but as au tldditional 
precaution all flowers wpl·pineubatpd for possible de\-elopmeut of 
aecidentn.l jure-ction be-fon' IH'ing lIspd for inoculation tests. Records 
were kept of the variety of lIZ11\(~;L used in I'tlch test, but since there was 
no evidl'nt cliffenmce in sus(,l'plibility undt'r the conditiolls of th('sp 
('xl)('riments tiH'se records are not ineiu(kd. 

STUDlES IN 1936 

The entomological investigations in 1936 were conducted between 
~larch 25 ILnd April 22 alit! inclutlptl 2l series of tJ'llllsmission tests with 
flower-frequenting insect£. The laboratory procedure for collecting 
insects as previously described under methods and equipmcnt was 
adopted, ancl this, it is believed, insured ngainst accidentnl con
tamination. 

Three hundred and twenty transmission tests were made with 15 
species of living insects (table' 4). Positive ('ilses of transmission of the 
infectioll wore obtained with honeybees, 4 species of bumblebees, 2 
oolitary bees, 2 carpen ter bees, and 1 thrips. In single tests no 
infections wcrc obtnilled with Bombylius azaleae, EUl)horia sepul
cltralis (F.), OS1n ia ligna7'ia Say. or resp1.11a mac'ulijrons (nuyss.). Only 
1 iufection de\-eioped 011 {lowers exposed to 14 honeybees. In the la 
tests with 110 adults of Frankliniella tritici no infection occlllTed, 
although the thrips were taken from diseased' flowers along with lletero
th1·ips azaleae, 1.8 percent of which caused infection Oil flowers. The 
species of Bombus and of Xylocopa showed higher percentages of 
infective insects than the others JOI" the entinl season, ranging from 
28.5 to 72.7 percent for 6 species in ttl(\ 2 genera. TIl!' dllta as pre
sented in table 4, however, should not he takpl1 to indicat£' the relative 
efficiency of the insects in enusing inf("etioll, since ther WPI"(' collected 
in dilfel·('nt pn.rts of ~lllgnoli:t Ganlow; nnd n.t difr('r('lti, tinH's ill tlte 
season. 
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TABLE 4.-Summary of transmission tests of azalea flower spot by insects, Magnolia 
Gardens, Charleston, S. C., 1936 

Infections
Tnsec~,> Infective (average for Species of insect 'rests in insects all indivl·tests duals) 

Number NtLmber Percent Number 
Apia melli/era ••____ ••__ ._•..•••..•.••••.•••••••••••••• , 14 14 7.1 0.07 
Bombu& americanorum_'__ • .•• __ •••••••••••• "_'_.•••••• 28 28 39.3 .Ij<J
B. bimaculatu.l..._._. ________ ••.•.••_........_........ . 21 21 28.5 .62 

B. uri8eocolliB_.•_..•...____ ._............. .............. 12 12 33.3 .67 

B. impaliem__••___ ._.____ ••• _._._ ••_.......... ' ___"" 129 129 39.5 .85 

Bombllliu& azaleae...................................... 1 1 o o 

Emphorr>pBis floridana .................._••• __ •._.__ •••. 62 62 19.4 .5 

Euphoria sepulchraliB........_...........__ ............. 1 1 o o 

Frankliniella tTitlei._ ........_..............._........ .. 13 110 o o 

Haerotllripa azaleae...............__ ......____ ...__..... 15 168 1.8 .024 


1 1 o o~·!';!io~~:~~~::~::::::::::::::::::::::::::::::: :::::::: 4 4 25.0 .5 
1 l II II 
7 7 71.4 1.4:1 

11 11 72.7 2.45i~ii;:;:~~~:=:======::===::=:=:==::=::=:=::==::: 
Reference to table 5, however, indicates that considerable variation 

in the number of cases of infection occurred in the several series. In 
general, the highest percentage of infection occurred during or just 
after the period in which limp-blighted flowers were most abundant. 
In the tests with Bombus impatiens I however, infections were obtained 
most consistently. This species was the most common species of 
bumblebee occurring in the gardens in 1936. 

TABLE 5.-Seasonal variation in occurrence of infectivity among individuals of insect 
.~pecie8 that transmitted azalea flower spot in Charleston, S. C., in 1938 

Tetra· XI/lo·Api. ~,::m~us B. bimu. B. im· B. grise.I.z;:::S1t Het~ro· X.vir·Ionia eopa
melli/era no:~;::' culntus patiens ocolliB ff:~~ :~~l~:e sp. micana gilliea 

Dllte of 
collection .,,. ,.'" ... '" '" '" ... '".. '".. ..'" '" '" .~:;:J 5 ·z ~ :g~ '2 ~ 'il '2 '2:& 1< e :s :s 0; S 

.2l'" -'" 0 .:2 0 .2l" 0 .2l 0 " ~ e 0 .2l" .2l 0 ~ <) .2l 
;:\ ;:\ c <3 c ;:\

E-t" E-t ~ b .... E-t b E-t .... b .... " .... " , b .... b .... "" "" "" ~ "" - - - - - - - - - - - - -- .- "" - - - -
No. No. No. No. No. No.1Vo. 1Vo. No. ~~.No. No.>Vo. No. No. No. No. No. tVa. No. 

Mar.26.. _.......__ .... .... 3 1 1 0 4 0 2 0 " •••_......... 

Mar.27..... 2 0....... 3 0 6 0 1 0 6 l '." .......". 1 0 ....., .. 

Mar. 28..._. 1 0 ••__ .... 8 2 ........ 2 0 ..................__ ....... . 

Mnr.29. __•• I 0 ....... 2 1 11 3 "I" --'1' l 0 ... , .............__ .... I 0 

Mllr. :10............. ' ••• 00.. 3 2 11 4 2 I ,." ........ __ ._ ........ 1 I 

Apr. 1. ..____ ' __ ' ____ ..... _. 1 1 13 8 ......................., ................ ___..... 

AJlr.2....___ .....". 1 0 1 0 4 1 
Apr. 6............... 'i --'1- --2-- "0" 17 1 .~~~ :::: --5' "0' :::: :::: :::: :::: :::: :::: :::: :::: 

Apr. 8....... .... .... 6 4 1 0 ' ........... ' .................__ •__••__• 


±g~: k~:::: .~:...~. ':~~.... i ~ g m 3 2"ii '2' :::: :::: :::: :::: :::: ::~: --4' '-'4 
Apr. 14....__ .... .... 5 __ •• 3 3 .... __ •• 11 2 __ • .... 2 1 ......__ 1 t 
Apr. 15.... __ .. ._~ .. __ 1 1 ......._ 1l 4 ._ .. ~ __ ~. ~ ___ .~_... 6 5 3 2M __ ..... ____ _____ ........ 


Apr. 16______ ........ ".. .... .... .... ........ ..... ....... 100 3 .... "" , __ ••__ ..... __ ._ 

Apr.l7.............. 7 1 1 0 5 2 1 0 13 () 68 0 ............._.. 1 0 


:'~;::~;;: ~~~ -;;- -;;--~I;;;- L:: I:1·: ,: ~~";~.:": "";--;--::" """; 

In the 320 transmission tests 20.49 percent of 693 exposed flowers 

became infected and showed 231 separate infections, or 0.33 per 
flower, while 0.82 percent of 364 unexposed check flowers showed 
only 3 infections, or 0.0082 infection per flower. 
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TIlANSlnSSION OF FLOWER SPOT ON HEADS OR LEGS OR ON POLLEN FRml 
biSECTS 

In a s('ries of inoculation tests made in ] 936 with insect parts, 
captured bees were nnesthetized with chloroform nut! the head and 
legs of each bel' were St'verl'd from th(' body and gently wiped ov('r 
the petals of diff('rent flowers and tlwn p1aced in the corollas of those 
same flowers. After the flowers and insect parts bnd be('n ntomized 
with wnt£'l' and held for incubation, observatiom; w('re made on the 
development of infection (table 6). 

TABLE G.-Summary of tests with head.s, legs, and 1Jollen from ins;}cts 'in aZ(lZCf£ 
flower spot transmission, llfagnolia Garderls, Charleston, S. C., 1936 

···-··-·-·---l--:--~~-

I I 
I 

InfectiYe insects hy-- i I 
• In<cels .'--- -- ... ----~.--. -...--------1 Infections T"sts withSpecies of ycctor .. 1 : (flvprat:c ....1
1 tested! . . Heads or i for all in. I pollen 
i • nead, Le~" legs; divlduals) i 

- ... ~.- ... -1--...... _____.___.___ ....___ , ___ ..._. __ .__ 

NlL1l1ber Percellt I Perrelli Percelll i\Tumber ! 
Ip;","dU[era _ .. i 2'2 u. I I 9.1 !I. I IO.IXIUQrtlhU8 nmericllnOrtllll 16 12.:1 f Ii. 3 l:!.ii .W :I

R. bimaclllall~_ ...• 12 /I ' S.:! K:J .OS .. 
8. griuorolli.. . -.. . . .. -.. I Ii II o II o (\
fl. impatien.. __ ....... __ _ 
 I~~· \ .;,,1 :I.S f i.7 .O'J :1I
&lmb!lliu.• a:aleae . . . . o o . o o o 
Emllhorop.is l/oridnnu. 2: ! 19.0 0.5 i 2:1.8 j .2'J .\ 
O,~m;a Ii(J1l.urifl _" 1 : 100.0 100.0 1 100.Q I 1.00 o
Xy/ocop" mican. 12 IG. ; lU.7 10" : .3:1 oX. rirqillica .. __ . 

r 

8. ; 1:1.0 o23 13.0 .22 

ThC'sr t('sts were miLde with illspcts col]('etcd at the s:1,01(' tim(' I1.S 

\\"£'1'(' those discussNI in tahl(' 4. A 10w('1' pe1'c(,lItng£' of inf('ction wus 
obtuih£'d in the tests with heads and l('gs of imwcts than with li ...-illg 
OIlCS, cxcrpt with Emplwro]Jsi.'l jloridana. Infection was obtuinNi 
with both lH'tLd and irgs of Osmia li[Jnat'ia ill n. single t£'st by this 
mrtbod whcrritS no infectioll <!P\'e!op('cl with 1 living adult of this 
speciC's. In the 244 tests wi tit PH I'ts ,)i' 10 Sl)('('i('s of insects a total of 
37 infections drvrior)('d On 4:33 flo\\"Ns, 20 with thp henc1s and 17 with 
thr }('gs..Kolle of th(· 121 unexpos('d clll'ck flowers developed in
fection. 

In these trsts till' pollen from 43 individunl hres was moist£'lll'(i 
with water n,nd plnced 011 petn,is of il. third flower accompanying thos(' 
inoculatC'd wi th hend and }('gs, I'('sp('ctiYely. I II nOll(' of thes£' te'sts 
with pollen wns 11 positive' reaction obta.in£'d, ('\'('11 wilh th(' P01lell 
taken from 4 b('(,s whosr heitd 01' lrgs, or both, initiated infection. 
In 1937, similnl' tests with pollrll taken from ]22 bees, all of which 
caused infrction in tmnsmission t('sis, did not l'e'sult in u. single' infec
tion. SpoJ'(,s pirkC'd up 011 th£' hody could cOIlc£'iYably h(' combed 
into tlw pollm baskrts nnd som£' weI'£' identifie'd in IlIl examil1f1.tion of 
poll(,Jl from Bombu8 impatiens nntl EmlJ/t01'O]Jsis jioridarw, but fol' 
some l'('ason tlJ(' spore's failrd to C(l.USe' f1o\\'l'1' inf£'ctioll. 

THANfHIISSION TESTS .IN 1937 ANI) 1938 

SEASONAL VARIATION IN INFECTlVITY OF INSECTS FHOt'tl DIFFERENT GARDENS 

The expel'im('n ts in 1936 -demonstrated that insects Wel'(' cl1.pable of 
transmitting azalea. flower spot during the season coinciding with 
natural secondary infections. The objectives in 1937 and 1938 were 
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to deterrhine the overwintering condition of the organism and whether 
insects were in\'olnd in the establishment of primary infections on 
the ettrly appearing I1zUJl'l1 ito,vers. 

In 1937, collections of illSl'CLS wt're made at ~:Iagnolia GUl·~t('I1S at 
frequrut l1ud regular intel"Yu.1s throughout the season, and Ies::; fre
q u(\nt collcctions were mad(\ at 7 other Iocnlities. These collections 
showed tbat most of thl' IH'eyiously discussed speeirs of Bomb118, 

Empho7"Opsis, !lnd Xylocopa W('rt' pr('sent in 1111loealiti('s and thl1t lL 

\'arying nurnb('l' of oUlP]" Rp('cil's oecUlTNl, most of whi('h did not 
tra.nsmit the' diseas('. Tahl!' 7 lwd the nccompnllying discussion i1l
elude the detn.ils of 2,831 inoculation tests with 8,071 insects and 
spidt'rs collt'ctl'd from or 11<'lt1" nZiLlt>a during th('st' 2 yPlu's. 

TABI,E 7.-SulIluzary oj transmission test.~ with insects collected in variolls locaiities 
during 1987 and 1988 

"'00 DS ~('HSF;HY AT .\IAO:'\OLIA (URlJEXS, ellA HLESTOX, S . C. 
• < •• _-----_._-

In[N·tions 
Tn:-:N'ls

YNlY Im'('et~ ('Mlsing:-il11'('lt'!' uC jll~li('l of ~1\I~t ... in 
iJln~('· ;\fU\irtIlWl A n'rn~(l ror

I ,'sL ll'~t~ tiou~ 
i, all incli·tiK~~::r Yil\lll\\~ 

Ipi" 1Illllila" 

1~f)mIJU~ f/JllfricflllQrUlIl 

H,IJi11l(lClliallll! 

11. yriMoCDlIi., 

H. imJ)(lIi<n,' ...... 

f JU;~7 

1 i9:I~ 
( 103, 
I was 
( 19:1,

/!lasr W:ji 
, i!I3S 
(wa;
1 1935 

~\"uUlll(r , 
" 
I, 

as 
'ii 
I 
1, 

12 
Iii 

..\"IlUlf,a : 
:!J 
,; 
I, 

:j'i ,, 
I!! , 
15 ' 

['ercoll-I.., 
I) 
() 

2:, tl 
15.~ 

IU 
(I 
I) 

~,:I 
211. () 

:o.tttm'u:.r 
·1 
I) 

II 
" 

1:\ 
!I 
II 
IJ 
.1 
2 

..\"lImlJ('T 
0.. 1\1 
0 

" .7fi 
. it 

1.28 
U 
I) 

11.12 
U.,j 

fo;JIlplwro~i,' ,flori,bIlW 
L,ptoceTU $P 
J.eILcQphenga "P 
.1[(Ullulia sp 
J'eUenf" sp _ 
I)fl ylOTl'IU!1([ sp 
J'.,eudocheiaria Sf) 
J'''eidoi. denlat" ;\fayr 
1'. dcntivu11l ~r. H. ""'ill< 
p~ m.orri8i vur. t'(lnCffl( for 
Prmoiepi$ sp . • 
1'. impuri.! (Snyi
.':ylocopu mic!nt.s-
X. rirginica 

r 19:17 
I W:J~ 

HI:l, 
1\1:]), 
wah 
W:I~ 

19:1" 
W:IS 
Wah 
!!las 
1938 
1938 
19:1S 

' 193"--ir 19:17 
I J93~ 

1(;2 
20 

1 
I 
I 
J 
:t 
1 
1>. 
Ii 
!J 1 
:l. 

" 2' 
I 
2 

Iff! 
2/i 
~, 
2 
I 

:!l 
I 

-''':1:![) 
Iii:l 
'I:! 

J(/!I 

2 i 

• ·1 

16.2 
L , 

IJ 
() 

IJ 
IJ 

"I) 
II 
II 
1.:1 
() 
(l 
() 
0 

W.O 

:J 
2 
I) 

II 
IJ 
II 
II 
I) 
I) 
(j 

1 
0 
/J 
() 

0 
J 

.:i7 

.Il 
n 
() 
II 
I) 

IJ 
IJ 
() 
() 

.01 
(I 
(] 

1I 
II 
.5 

------- <~ -.~- - .~--~--

llHAYTOX HALL, CUARLESTOX, $. C. 
~-- .--~~--"!~ ! 

J 193, 16 i 48 ; 4.2 t •Oil
Api. melli/eTll .. I W3S 80· 2~9 : 2.2 i .03gl5 ]; 0 0Bombu& americartfJrum l\l:18 

J W37 IS IS' 3:1.:1 21 .61
B. bimaculultu _' \ was H J./ , 1-1.4 0 .21 

13. gri.,.Qcollis . _ ( W:!7 1 !! i () ii 0 
was 3 3:1,:1 21l 9.67 

r JUa7 18 I~ I .'}.S 1 .06 n. impatiens .• I W:18 IOU JUO! a.j.8 70 3.16 
Collctt3 rufithorar JUaR 1 0 0 0 

'f III:l7 mi O~ \ li. 9 4 .13
Jo:mpllOropsi. jlorir/cl7H1 :1 19:18 211 aD ! 40.0 15 1.83 
ii:ristnll. lr,,"srusH. Wi\'<1 JU:\K I Ii () 0 0 
Syrph 118 nbesil (I,.) . 111:~~ I 

! I 0 (}I 0 
Xg/ocopu miellll,! •__ !OaR II i II 0 0 

'{ wa; n I 
8 
II :13.:1 I 

LI 
.67

X. l'iruin ien _ 2,'}, IJi JU38 ~ I8 I 
~""....--'~-
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TABLE 7.-Smnmary of transmission tests with insects collected in vari011s locaUties 
during 1937 and 1938-Conhlnued 

MIDDLE'I'OX I'J,AOE OAUDENS, CHARLESTON, S. C. 

Infections 
InsectsYear Insects causingS[)('Clcs Ilf insed of in infec· 1\.faximum A\"erag~ fortest tcsts tions hyone nil indi

insect viduals 

---. ---I~\~l1nbe~ Number I percent! NllW-;;::- I NlImbe-:-
Api8 melli/era............. ......... 1937 39 119 0 0 II 0 
Bombus amer1canorum..... 1937· 1 1 0 0 0 
B. bimaculatus.. ........ . .•. ...... 1937 HO 140 5.0 4 . II 

B. griseocol/il............... ........ 1937 4 4 0 0 I 0 

B. impatitnt ........__•••. ........ , 1937 16 16 6.a; 2 , .Ia 
Em1Jhoropsiljloridana •... .•..•..•• 1937 gg 99 2.0 I 21 .04 
Ltploglassu. oppO.,U!lI (Say) .•. "'1 1937 1 1 0 0 I 0 

'fUE 'rEA FARM, SuMMERVILLE, S. C. 

:::::-·~~:·~:e~~~ mandib/ll:r~.T r 1"'1'----I.... 
o o 
3 .77A!~~~Jiiifer;,~:'==::""" :::1 19~ I! ~~! ~r I rh. II 4.07~bi~::c;:i~:~~~~~~~~l~'~::. ·-1 1038 22 f 22 60.0 8 1.86 

0 4 2.25B. griMocolli.. . . ........ . i •. ' o~ o~ 1 '.8
11?g3S 00n. impatiens... .•••.•.•. lS .,., "" 48 17 3.!i7 
Cyr/olloyon sp. (Asiiidnc) J938 1 1 0 o o 
Emphoropsis jlorid.na . . J938 61 61 18.0 i .IH 
Ji:ri.,tali. dimidiatlL' (Mnc'l.). . I 1938 2 0 o o 
I1alid"s .milacinae Hobl. ··1 1938 J J' 0 o o 
Polistu canadensis vur. ""llIlari. I o op;~'~iepi8 imp~ri.:: :::'::1 l~ ~~ i !i6~ ~. 71 o .41 

I)SgrlJhu. ribuii... •... ..... , 1938 I I I 0 o 
'letralonia atriventris Smilh " •.1 J938 I . 1 0 o o 

T.fl/lvolinda Cress "I 1938 1 I 1 0 o o 

'1'. rosae Hobt... •• lO:tS 1 I I I 0 o o 

Xulotopa mican. .. i 19:18 :1 I ~ 0 

I o o 

X. rirginira " ..........! 1938 15 15 6.7 I 1 .02 


---------------------,.  -~--" 
(,YI'HESS OAUOE1\'S, CllARLESTON, S. C. 

----.------~--~-.- ~ -

J037 20\ 60: a.3; 31' .06Al,i8 )II,lIifeTtl ..... {. i 19a8 1 . 3 , 0 0 , 0I 
'{ IU:1,; 39 ! :19 17.9 4 41Bombu.s bimQcululll$ . 19a8 II III I 36.4 2 I :45 

lJ. griuocollis . .. : 193!i I I 100.0 71 7.0 

B. iml'atien.•. .... ,n~~~ ~ ~ ~:~ I 10~ O£~ 
I{ J9:J7 J4 14. 0fi:mphorol'.,is jloritlll1l/l 
: Was 19 J9 47.4 S I 1 63 

Xy/ocopa miCfI7l,' W38 13 1:1 46.2 10 20: 0 

X. riryin/crl :{ 11137 I 1 0 0I 
~._.L.~'lll_ 18 13 7.7 42 10.92 

----~~-.~--.--~---.---.--------
JIELLE IS(,g OARDE:-{S, OEOIWE'I'OWN, S. O . 

•.-------.---------- ., . 
Antbomyil1l8c (gen. nnd st>. un·· 


known) ....... . !03T 1 1 o o o 

ripil mellifera.. . 19;J7 2'J 87 o o o 

Bombus americanoru71l ... W:J7 I 1 o o o 
B. bimaculatu8 ••. JQ37 18 18 22.2 7 1.06 
B. fratemul ••••. 1037 3 3 66.7 6 2. 67 
13. griseocollis.. .,. lOa7 6 6 3~.3 2 .5 
B. impatiens ....... . JQ37 2 o o o


I 8~ IEmphoropsis jloritlal/Cl .. 11l:!7 86 10.5 12 .37 
J1vlemva sp... . . lOa7 8 f 8 12.5 a I .37 

0, 

Sarcophaga sp... ... .. lUa7 o ' 0' o

Sarcophaga cilllbici .• •. 1937 o o 
XI/locopa mica n8 ..... .. 1037 s ,; 1.4{I' 1,' 40.0 I
X.II/rgin/ca...... . .. ::1 19:17 53.5 2. 'JaIt/~~.•__ 3~ .-,------ 
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T A.BLE 7.-Su.ntntury of transmission tests with insects collected in various localities 
during 1937 and 1938-Continued 

ORTON PI,ANTATION, WILMINGTON, N. C . 

.~---.,---..---,---......,..---~--'-.------
Infections 

Insects'\ Ynur Insects causingS!lI~cics of insN·t. of 'I'ests in infec Maximum Average for 
tions by one alllndi·!-=-___ tests_ InSf'C~ vidnnls 

-------.--------, ------1-----·1-------
Numb.. Number Percent Number Uumber 

Api.! mellifera._••.. . _. 1937 3 10 o o o 
Bomlnu blmacttlatus..•.. 1937 11 11 o o o 
B. gristocoUis•._••__•.• _ _•••.• _••• 1937 1 1 o o o 
B. impatiell8•.•._••..••••. _••••••••• 1937 3 3 o o o 
EmphorapBia ftoridana......... ._•• 1937 6 6 o o o 
Xlliocapa rlrginica ••••• """ .•••••" 1937 4 4 o o o 
----------'---~- ._------'-----'--------- --.•.....-

MAGNOLIA GARDENS, CIIARLES'fON, S. C. 

Alldr.na sP._ .............. _.........1 1937 
Antbomyiinoo•••••.••••. _••••• .••.• 1937 
Anl/phatna sp __ ....... .......... \ 19a7 

l ' II" !{ 1937J pI. me IJcra... -'. ... . 1938 

BomblL' all/Uic(IIIOnl111 .. _ ! 1938 

B b' II { 1937.11IIaCUau.' ...... •.•..••••• -, 1938 
B.[ralernWl•••_••...... _.. ..........1 1937 

B. grl••ocollis .......... '" .• - ••••• '{ m~ 
{ 

1937B. impatiells••••••••• _ •..•• -..... 1938 

d 
2.5I I 

98 I 
19 

109 1 
16 i 

1~ I 
47 

22Il 

d
i39 : 
283 : 

19 i 
lOll 1 
10 I
I: 
3 'I

11

4-1m 

LIo , 
32.1 I 
12.5 
o 
o 

36.4 
27~ 7 
lli.3 

o 
o 
o 
o 
4 
o 
8 
6 
o 
o 
5 

14 
8 

o 
o 
o 
o 

.0:1 
o 

.011 

.44 
o 
o 
.91 

1.. 27 
.31 
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WOOD'S NunSEUY 

The Wood's N ursery at M ngnolia, Gardens is in a clearing located 
about one-fourth mile from the exhibition glll'dens, and contains 
azaleas of many types on which the disease became very severe each 
season. Investigations here we]"e vnluable for comparison with those 
obtained in tbe llCtu'by garden where a program for control of the 
disease was under wny. The fidt artificial infection was obtained 
here on March 9, 1938, but not until 6 days later was one obtained at 
Magnolia Gardens. The proportion of infective insects was gener
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ally higher in collections from the ,Vood's Xurspry (!ublP 7) Ihn!l 
from the gardens proper. 

Among the fiyc species (YI nnts collrd('() l;!\~n' two illf(,etiolls wcre 
obtained "ith Pheidole morrisi vnr. t'anC((le. 

DRAYTOX HAI.L 

Aznkns nre nllowl'd to grow in n nntUl'ul slull' nl f)r;lyloll flail, 
about 0.8 mile from )'Ingnolill Gnrdens. Flow('1' spot upp<'ar('d II PI'(' 

at IlbOllt tile sn.mp time as Ilt ::\fngllolin Gnrdrlls but progJ'('~s('d llIor!' 
mpidly 10 the limp-blight sIHgc. TiH'first inf(·('\.ion ill loaR wus 
obtnillpcl here on ::\ln1'('h 0 unci the gl'eutl'st 1I11llliwr of infl'dions (70) 
On one set of flowers with n, singlc inse'd was oblilinp<i 111'1'('. Inf('c
tion with insects was more ('onsiHtentiy ohtnil1('cI lH're Ctablr 7) in 
1937 nlld 1938 thnn nt ::\fagnolin Gnrdell::,. . 

~!rnDLE'1'OX PLACE GAHDEXS 

::\fiddleton Plllce Gnrclens are located on n rather high bunk of tIl£' 
Ashley River, and tbe a7.aleas, growing in open courtH and with good 
air circulation, include' chiefly vtni('ti('s that b('gin to fiow('r somewhat 
In.t('r than in otll('r gardens. During the COUI'S(' of till'S(, inn'Htigtttiom; 
1\o\\'('r spot was less seyere here thlln ill other gn,l'dens. '1'1'11 ('oll('c
lions of insects (tn,bIe 7) were mnde hNe in 1037 betw('('n FpbruHJ'Y 
15 Hnd ~Inrch 18. Although this clis('use was pres('nt, on It fc\, plant" 
on February 15, the first illsect that caused inf('etioll W:If; colleciNI 
F('bruary 25. The proportion of infN'tiYe ins('ets in all coll('diolls 
at these gardens wns low throughout the senson. 

T},A FAID! 

The aznlens at the Tea Farm arc growing in n glad(' SIIlTOtllldp(\ by 
tnll trees that prot('ct them from cool spring bl'('('zes, find both flowerH 
and insects appeal' somewhat ('arlit'I' than in otll('r ganlPlIs. 

Limp-blighted flowers W('J'(' scn.ttel'('d throughlllt III(' fnl'OI Oil :\f:iI'('!t 
1, 1938, alld the number gradunll~~ illcl'(,:1s('d until ni>out ~fnl'('11 J7 
to 20, when most of the flowl'l's W('J'(' ill til(' limp-hlight stng<', und Ill('s(' 
dried during the lI('xt few <inys. A J'(,lntiy('ly high p('I'('pntage of 
infection was ohtnined with illseets nt this fu I'JIl , pnl'lil'ularly IMe in 
the senson. EI('ven eol1ections of insects W(,I'(, mnd(' liNt' ill 1938, 
and insects were inf('cti\'(' (table 7) ])('ginning with till' first coliN·tion, 
1ful'ch 1. A large numb('r of ants w<'re roll('cted fl.t this fnrm, but 
infection wns not obtnin('(l with tllC'lll until 011 ::\far('11 14, when JIllt/1\' 
f1ow('rs were in the limp-blight stntc. Th(' first of thl'('(' inf('etiollS with 
honeybees from this farm did not oc('ur until ~ral'eh 12. 

Aznlens nt. C'YPl'('SS Gardens nl'(' growing on the ballks of bodi('s of 
water benenth a high cnnop'y of tl'(,('S. A.t the tim(' Ihe ('oll('(:tiollS 
were made ill th('se gnrdells ill 1937 find 1935 th(' ill('it\(,l1ce of dis('nse 
was rnther high, tlnd th(' lwrccntnge of infective ills('cts was nlso high 
(table 7). 'fIl 19:3S, ('ollccLions wer(~ nmcl(' nL the nurs('ry plallting of 
these gardells located 011 It bluff wl1('I'(' til(' disense wus lllu('h I('ss 
prevalent. Fewer inf('dions with im,ects wPJ'r obtnin('c\ 1\('1'(' tllnn 
with those from th(' mnin plllllting. . 

IH]I.L~} IHI.I'; GA ItlH;:\R 

Belle Isle'Gnrdeus are locate<.1 in IL coYe on Georgetown Bny where 
the azaleas arc protected by ltu'ge lr('es in open glades, and they 
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appear to flower eitrli~r here thtlll in some other gitrdens. The ilzaleus 
ure permitted to grow with a Batural nccllmulation of mulch from tree 
leu.ves. Four collections were made at this gaTaen in 1937 behveen 
FebnHI1'Y 14 nncl ).Iurch 21 (titble 7). No disease wus obsen'cd on 
flowers when the first collection WfiS made, but the disease in limp
blight stage wus conspicuous on February 22. Insects captured on 
this date clulsed infections in tests. The disease had not sprelld 
11111rkedly to later flowering IIzlIlens on ).farch 12, but on ).furch 21 
HUlI1y !lowNs hud pussed through the limp-blight stngc of the disease 
nnd were drying. A considerably higher proportion of insects ('11»

turl'd on this dHte enusl'dinfection Hum had causeu it on pl'ecedin~ 
dates. One new Yeetor, lIylemya sp., was collected at this garden. 

OR'l'ON PLAN'l'A'l'lO~ 

Azaleas at Orton Plantation nre growing ill nn open garden sloping 
down to it 111l1rsh. Prncticnlly nIl the flowers had been destroYl'<l hy 
a series of frm;ts in 1937, and tit the time the 1 collection (~lurch 13) 
wns made lit the garden ollly n, few late varieties wpre in flower, 
Althollgh n few Iimp-hlightl'd Jlowers were prcsent nOll() of the 28 inscds 
of (j species ctlused infection (table 7). 

1I.UIl)'l'OX 1'.\ ilK 

.halpns in HnllLptoll Park are plnnted along drivcs or an) gl'owillg' ill 
JJursery beds. 1\0 disease wns found in these plantings until late in 
the season of Hl37. In 1 collection made on ~Inrch 23 Jrom nznleas 
in this ptlrk 110 infrctions were obtained with 18 .tlpis mfllijera, 1 
Hombus impatiens, (j Emphoropsis floridana, 1 Xylocopa m'icans, and 
1 X. virginica, 

StLl(li{'s of insects occurring on llzalens were cOl1tlucted more 
intensin'Iy nt ~rllgnolil1 than at any of the otli('r gardens in 1937 and 
] 938. COllditiollS here differed from those in the othpl' gnrdens \)p
cn liSP e{fol'ts were mittie to control or retard the progress of the diseasr 
by lillnd picking of infected flow('l's supp1emented by dnsting ill 19:37 
nnd the use of sprays in 1938. Although the primary infections of 
the discnse wert' pn)st'nt on the en1'liest n.ppearing ilowt'l's on JIl111lnl'Y 
20 in 1037 and on jlt'brunry 14 in 1938, and nlthough insects were 
testell for infectivity beginning .Tanuary 21) and ).larch 1, respectively, 
disease trnnsmission was not obtnitll'cl until Februury Ul und ~Inr('h 
15, l'espectivt'ly, in the two years. No infections developed ill tests 
with honeybees in 1937 imel not unt.il )'lu1'ch 30 in 1938. A large 
number of species of insects belonging to several orders, but chiefly 
Diptera, were used in t('sts, liS they wcro found on aztlleas early in the 
season of 1937, but none w(,1'o foulld to be infectin"\ (blhle 7), Large. 
numbers of ants were nISI} (~ollceted in 1937 nt sirup hnits, but IlOne 
caused infedioll in tests. 

Infection with Lhr common vectors was g('ncl'ully low throughout 
the season in both years except in 1937, when it increased ma.rkedly 
near the end. A sensonnl comparison of the I'll,to of infection in all 
gardens is evident in table 8, where tests with 11.11 individuu.ls from all 
gardens of species causillg ill f('etion ill 1937 are tnbuln,ted according 
to the clute of collection. It will be noted that the first infections in 
finy garden occurred on Febr~itl'Y 19 in 1937 nnd grndunlly increased 
to the end of tho senS011 late 1Il March. 
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~ TABLE S.-Seasonal variation in occurrence of infectivity among individuals of insect species collected in various localities that tran8mitted 
azalea flower spot, 1987-88 ~ 

COLIJEOTIONS MADE FROM AZALEA IN 8 LOCALITIES IN NOR'l'H CAROLINA AND SOUTH OAROLINA 

BomOll8Apis amerimelli/era canorum 
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Mar. 16___________________ •_______ • _______ ._ 7 2 ______ .. __ ._ ._ ...... ___ . 1 0 
Mar. 17___ .•_. ____ •__ . ___ . ______ ._____ ______ 24 2 .• _. ___ . ___ . 3 0 4 2 ..-80- "~ii;' :::::~ :::::: :::::: :::::: :::::: :::::: :::::: :::::: ---'2' -----i 
Mar. 18 ______ .•._••_ .._____ •___ .• _____ ______ 46 8 .. ___ ..• ____ 3 0 9 1 
Mar. 19.________________________ 0_____ ______ 19 10 ______ .. ___ • '_"'_ ...... 4 2 ~A ~ :::::: :::::: :::::: :::::: :::::: :::::: ----i- ----0- 19 ?
1\iar. 21. ______ •. ___...___ •. _____ ______ ______ 3 3 3 2 . __ •__ . ______ . ___ , _____ _ 15 5 ._ ..._________•_____ •_________ ._____ 5 2 29 16 
Mar. 22. _____ ..........___ .. ____ ______ ______ 12 11 ..______ • ________ . ___ .__ 6 3 27 2 ____ ••._______• ________• ______ ••____ 2 0 13 8 
Mar. 23 ________ ••• __ 18 0 •_________ ._ 4 2 _____ ••••• __ .. ____ •____ • 3 2 10 3 _••__ •._____ ..__________ •_____ ._____ 1 0 16 11 
Mar. 21.. _____________ • ___________________._ 2 1 ___ • ___ •• ___ . ___ •• __ .___ 3 0 10 3 ______ • ________... ______ ______ ______ 5 ·2 30 24 Z 
Mar. 25 _____________ ._____ •_____ •_________________ .___ •__... __ .. ____ ...... ______ 2 0 8 4 •_____ •_____ . ___ •____• __ •• _________. __ .. __ ._____ H 8 rP 

·15·1 1~. ____ 1__ ."' __ 1___ ... __ 1 ____ _Total for scnson .._lJ, 102 5 1..____ '- __ .. I 369 62 3 2 16 2 I 114 20 I 547 59 14 14 4 I 129 77 
rp'"" 

COLLECTIONS MADE FROM 5 GARDENS IN CHARLESTON, S. C.1 

~ 
1938 8 
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1 Numbers in upper line opposite each date refer to tests with insects from Magnolia Gardens; those in tl;e second line refer to thosecfrom other garcens. -.r 
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.1:-;)TABLE S.-Seasonal variation in occurrence of infectivity among individuals of in8ect species collected in various localities that transmiitecl 

azaleajlower spot, 1937-38-Continued 

COLLECTIONS MADE FROM AZALEA IN 8 ·LOCALITIES IN NORTH CAROLINA AND SOUTH CAROLINA 
~ 
o 

A .1?'B 
mel/i[era 

Bombll~amer;
cOllorum 

B b" . Imnclt
lcUlIs 

B. [ra-. 
temu,. 

B. grz~eo- B impaliens Ipmph~rOIJ-
collIs' 818 fioT/dana 

JIulemya 
sp. 

Pheidolemorrisi 
var. vallceae 

Pl'reno epl8 
ImparlS 

X 1 y.ocopa
mlcans 

Ix. virglnica ~. 
Date of collection I. ~ 

1 

-Q 

8 
~ 

1 

<:) 
~ c:J 
~ 

~ 1 

-d 
~ 

~ 
I ~ 

<:)c:J 
~ 

~ 1 1 

-d 
~ 

~ 
I ~ 

<:)c:J 
~ 

~ 1 1 

-C3 

8 
~ I"~ I:) 

a0 

1 1 

- I ~ '" dOd 
~ ~ ~ 

~ ~ ~ 1 1 1 

~ '" 0 
~ 

~ 1 

-d 
~ 

~ 1 

~ '" c:J 
~ 

~ 1 

-d 

8 
~ I <:) 

~ c:J 
~ 

~ [___ 

- I"~ dOd 
~ ~ ~ 

8 ~ 8[ 1 1 

I ~ '"c:J 
~ 

~ 1 1 

-d 
~ 

~ 
I ~ '" ac:J 

~ 1 1 

-d 
~ 

~ 
1 

~ "«:) 
~ 

~ 
-_ 

~ 
~ 
8~~~~~~~~~~~~~~~~~~~.~~~~~ Z:::: ::: :~~~~~~~~~~~ t~~~ ~~~~~~ :::::: :::~:~ ::::!~ ;::::: ~~~~~~ ~~~~~~ ::::~: ::::i: "-!r ---~r ---!r ---T ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ;;;~~; ;;;;~; ~~~;!~ ~~~~~~ ==:=~= :::::~ "" CD 

Mar. 23_____________ {-:-a- ----0- :::::: :::::: ---ii- ----4- :::::: :::::: ----j- ----j- ---2S- ---i4- ---iii- ----ii- :::::: :::::: :::::: :::::: :::::: :::::: ---i:i- ----ii- ---i:i- ----iii .!fJ 

Mar. 24..___________ L-~- ____ ~_____~_____ ~_____~_____ ~_ :::::: :::::: ..__:_____ ~____ ~~____ ~~____~~_____ ~_ :::::: :::::: :::::= :::::: :::::: :::::: ___ ~~_____:_ :::::: :::::: ~ 
Mar. 25_____________ t:::: :::::: ....i- ----ii- :::::: :::::: :::::: :::::: ----j- ---T ---iii- ----g- ---ii- ----ii- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ----i- -----I rn 
Mar. 2L___________ L::: :::::: ----7- ----5- ----5- ---'5- :::::: :::::: :::::: :::::: ---i4- ---i2- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ----j- ----0- :::::: ::::::' t::I 

Mar. 30_____________ L:~- ____ ~_____:_____ ~_____=_____~_ :::::: :::::: ____ =_____ ~____ :~_____~_____~_____ ~_ :::::: :::::: :::::: :::::: :::::: :::::: ____ ~ _____~_____ =___~ __ ~ 
I:j 

Mar. 3L___________ C-:- ___ ~~_____~_____~_____ ~_____ ~_ :::::: :::::: ____ ~_____~____:~_____:____=~_____~_ :::::: :::::: :::::: :::::: :::::: :::::: ____=_____ ~_ :::::: :::::: ~ 
~b~~'(~--3-~--0-~--2-~~~--4-~~~--I-I~~~~~~~--21-3---0 

o 
l ~ 3 19 9 54 18 ______ ______ 5 2 236 95 136 34 ______ ______ 153 2 674. 4 29 I' 6 38 13 

>:j 

I 
~ .... 



INSECTS AND THE SPREAD OF AZALEA FLOWER SPOT 29 

In the tests of 1938 the seasonal collections of infective speci.es are 
tabulated separately for Magnolia Gardens and for four other gardens 
in which collections were made (table 8). The first infection was. 
obtained March 1 at the Tea Farm, and infections occurred in collec
tions from other gardens a little later, but none was obtained at 1vlag
nolia Gardens until March 15. The disease was much less serious at 
Magnolia during 1938 than at the other gardens and the proportion of 
infective insects was also much lower, being 7.2 percent of those 
collected at Magnolia Gardens and 21.8 percent of the same species 
collected at other gardens. 

RELATIONSHIP OF INSECTS TO PRll\lARY INFECTION 

In the preceding experiments the insects collected on azalea flowers 
during the early part of the seasons of 1937 and 1938 did not transmit 
azalea flower spot until after primary infections had developed to the 
limp-blight stage. These experimen ts showed that the insects observed 
to be visiting azalea flowers were not introducing tbe disease from some 
other wild or cultivated bost. Other experiments w('re being con
ducted at the same time to determine whether insects might still Jw 
involved in the initiation of prima.ry infections. 

HONEYBEES OR THEIR HIVES AS A SOURCE OF INFECTION 

Because honeybees were the most comm()n insect visitors on azaleas 
early in the season, the possibility that they were responsible for the 
introduction of the diseas(', either from other flowers or from their hive, 
was investigated. 

In 1937 and 1938 honeybees were collected at the entrance of the 
colony in a trap made by fitting the bottom from a coffee can with a 
detachable cover. A screen cone with a small hole in the apex 'vas. 
soldered in the top of the can so i,hat !Jees entering the can could not 
escape but could 1)(· released by rl'IYlOVillg the detachable bottom. In 
1937 no hives of bl'l';'; were availr:ble, but captures were made at the 
entrance to n. colony occupying the hollow limb of a tree in Magnolia 
Gardens. In making the captures the trap described above was 
applied to nn adapter made from a piece of screen on a metal frame 
nailed over the opening in the tree. In 1938 a simill1r adapter for 
captUl·jng bees was placed on two beehives which contained colonies. 
that were brought into the gardens in 1937. . 

In 1937, 36 tests were made between February 9 and March 23 with 
bees captured as they entered or departed from the tree. Only 
1 infection was obtained by inoculations. of 78 flowers with 2,027 
bees, and that occurred in the last test. In 1938, a total oj 76 tests 
with 3,536 bees from 2 colonies were made between February 27 and 
March 22, but no infections developed on 324 exposed flowers. In 
addition, 77 flowers were placed individually for 2 to 7 hours in the 
entrances to 4 hives during the period March 1 to 10 so that hundreds 
of bees walked over them each hour fl,S they entered or left the hives. 
Fout infections developed on 3 flowers exposed on March 7 in the 
entrances of 2 colonies wherefls aU other exposed flowers remained 
healthy. 

http:prima.ry
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This information indicates that the honeybees are unlil\:ely to 
harbor the flower spot organizm in their colony or to initiate early
season primary infections. 

SOIL AS A SOURCE OF PRDlARY INFECTION 

As a result of a survey of the occurrence of primary infections and 
their location on early flowering azaleas at :Magnolia Gardens and 
Drayton Hall conducted February 1 to 13, 1937, the summary shown 
in table 9 is made from observations on 26 plants that ranged from 
3 to 10 feet in height. 

TABLE 9.-Locations of primary infections on 26 plants of azalea flower spot with 
reference to height above the ground 

IntectedFoci at iotection (number) Intections Height tram ground flowers 

J\"umber Numberi_________________________________ _______ ________________ 6i 23 Touching ground_ 
12________•. _____________________________________________ 5-1 25 2-6 inches. 
6 _________________________ . _ ____ _________________________ 10 10 7-12 inches. 
4__ _____________________________________________________ 4 4 1-2 feet. 
3._____________________ ____ _______________ ____ _________ 3 2-3 feet. 
2_________________________________ • _____ • ____ • ___ __ __ ____ 

~ 

5 5 4 feet_ 
L ________________________________ .. _____________________ 3 1 5 feet
1________________________________________________________ 1 1 7feet. 

1----1----1Total 36__________________________________________ 147 
72 

In these observations 25 of the 36 foci and 131 of the 147 primary 
infections occurred on 58 of the 72 infected flowers that were touching 
the ground or within 12 inches of it. The remaining infections oc
curred in decreasing numbers to a height of 7 feet. These observa
tions, made before the source of primary infection from apothecia had 
been determined, led to a further investigation in 1938 of the soil and 
the animals inhabiting it as an early-season source of the disease. 

The following observations in 1937 arc presented as an illustration of 
further circumstantial evidence that the soil is a source of primary 
infection. On February 11 primary flower spot infections were 
general on flowers of the variety Early Lavender where the plants were 
growing in the same beds as in 1936 and where they had been generally 
attacked by flower spot. In contrast to the geneml infection 011 the 
established plants was the scarcity of infection on flowers of plants 
moved the preceding December from this bed to anew bed a few rods 
distant. Only 1 infected flower close to the base of 1 plant was found 
on 20 plants examined, and none were found on many transplanted 
plants in" other beds. Because the tl'l1nsplanted plants were located 
so near the undisturbed plants it appeared that infection in the latter 
took place from the soil or from some other very local source. If the 
disease had come from a distance or was transported by insects it 
should have been present on the transplanted plants as quickly as on 
the nearby undist.urbed ones, unless infective insects emerged from the 
soil about the base of thelatterplants and immediately caused infection. 

Further experiments were made in 1938 to determine whether the 
soil or its inhabitants were the source of primary flower infection by 
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the splashing of water and soil oh the flowers in the absence of air 
currents. Three series of tests were made February 24 to 28 at 10 
places in the Wood's Nursery and 1 series on February 28 at Drayton 
Hall, all located in areas where soil or mulch had not been recently 
disturbed and beneath branches of azalea plants that were infected in 
1937. 

In performing the tests, clean flowers were removed from an incu
bation can beneath a celluloid box. with arm holes in opposite sides 
and laid on the soil. A smnll jet of water from a spray pump directed 
on the soil splashed drops of mud and water on the flowers, which were 
then either returned to the incubation cans and incubated in the 
laboratory or coyered with celluloid cages and incubated in place. 
The results are snmmarized in table 10. 

TABLE lO.-Summary ofJlou:cr infections in soil-splashing tests, ·Magnolia Gardens 
. alld Drayton Hall, ('/tarleston, S. C., 1938 

----~-----...-------'------------;---
}'lowers 

j nnt~olLQ('ation splasb·
ing ! Exposed Infected 

----_..,---------'----\----\----
I i ],,'umber .1\·umber Number 

Wood·sKursery.......................... "... .: Feb. 24 ! 46 5 i 

-5 > 1 1Incubated in laboratorY...... .......... .... .... {~~g: ~~ : 
 3 3 

Incubated in place.... .... ............. Feb. 24 ' ~I 2 ~ 
DraytOn BalL .... ".. ., .. ....... F~b. 2S , 23 ! 2' ~ 
1:'nexposcd checks ................ _...... _........................ , 42, 0 1 o 

In these tests 19 infections dL'YC'lopNI on 13 of 231 ilowers exposed 
to the splashing of soil and water. Infections wrre obtained beneath 
plants of s('Yernl \Yar'ieties of azaleas some of which were in flower but 
not infected, wbile buds of other plants were not yet showing color. 
After this dc>monstration that infection can be obtained from the soil 
near pr('Ylously infected plD,nts, further tests were mucle to determine 
the possibility that insects or other soil-inhabiting animals might be 
responsible for transmitting the causal organism'to the low-hanging 
azalea £lowers. 

SOIL-INEIABITlNG ANDL.\.LS AS YECTORS 

Insects and animals in soil from areu,s in which infections resul ted 
in the splashing tests were extracted in a modified BI'rlese funnel 
(fig 8, B), At each of the 10 placcs where infections had been ob
tained samples of soil, 8 by 9 inches in surface area and 2 inches c1eep, 
were taken, placed in the Scrcell compartments of the fumwl, and left 
for the soil animals to emerge. During the period from February 26 
to March 18 a total of 48 samples, or 24 square feet of soil awa, were 
thus bandIed and the following varied fauni\, of insects, Illites, spiders, 
centipedes, and c1iplopods was obtained: 

http:ANDL.\.LS
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SOIL FAUNA COLLECTED UNDER AZALEA BUSHES 

Centipedes: Numb.r or 
Lithobiidae: indioiduu/$-

Neolithobius latzeli (M.) ____ ...... _______ • __ •• _____ .• _:.. __ . _ ___ 1 
Benthobius sp _____ .. __ .. __ ....... __ .. __ ...... _.... __ . _____ .... __ .. _.. _ . _ _ 1 

Geophilidae:
Arenophilus watsinglls Ch .. __ .. _........ __ .. _.. ____ ...... _ • __ .... _..... __ 1


Not further identified___ ...... ___ • _.. ___ .. ____ .. _.• __ . _ ... ___ . _ . __ .. _ 2-
Diplopods, not further ide:ltifiecL ____ ,.______________ .. ___ .. _ . _________ _ Z-
Spiders:Erigone sp_______________ . ____ . _________________________ .____ 1 

Habrocestumsp______ ,. .. .. _.. ____ . _________ ... __ ••. ____ 1 
Flerpyllus sp ________ . __ ..._ __ __ ...... _..... _. ______ ______ 1 
Pnrdosasp____________ ..... _ • ______ . __ . ______________ ._.__ 2
/'cllenessp__________ _... _____ .• ___ .. ____ 1 

.·s__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ .... _"" __ • __ . __ ... - __ .. _ (i naIl) ] 8· 
Galumnidae. 
Nothridae. 
Pediculoididae. 
Trombidiidae.

Collembola ____' ________ . -. __ _ 56-
Coleoptera: 


Larvae (Carabidae):

Platynus sp_ _ ___ _ 1
Pasimachus sp _ _ _ _ _.. ' ___ ..... ___ .. .. .... _. ____ .. _.... _ . _.. _ 2 

Adults (Carabidae):
Harpalus nitidullLs Chd _____ ' ... __ .. _______________________ ._ 1 
Tachys sp_____ .... __ . .... .' - ... __ ..... _.. __ • ___ ..... _..... - 10-
Stenolophus humidus Ham __ .. _.• __ . ___ .. _. ___ .. ' __ ... __ . 1 s . .c~njunctus. (Say) __._" .. ___ ... ....... .. ...... __ .... _.. __ .. 1 

Cltlnna amencana Del __ .. _ ..... _ ... __ .... __ .. .. ........... __ ..... _ 1 


Adults 	(other families) : 
Aleocharinae (Staphylinidac) (gen. and sp. uncertain).... •.. .. __ Z 
Atheta sp. (Staphylinidae) .. ______ . ____ ........ __ .. ___ ......... _.. _. __ 4 
Euplectus sp. (Pselaphidae) .. _........ _. .." __ . __ " ............ __ Z 
Acrotrichis sp. (Ptiliidae) ___ " __ . ...... ... __ __ ... .. _. __ _ 1 

. Paria sp. (Chrysomelidae) .•. _, ____ • __ .. , ___ ... ___ .... __________ _ 1 
Dlptera:

Diplosis group _______ ....... 1 
Hymenoptera:

Eulophid __ :: _.. _ . ________ ' . __ .' . _ .. __ 1 
Pheidole dcntigula M. R. Smith __ . _ ... ,. . .. _. . _. ... .' 6 
Ponera trigona var. opacior ForeL ___ .. __ " ._ ........ ________ . ____ _ 20 


The collections are believed to be fairly complete except that many 
mites and Collembola were not recovered. These soil animals were 
tested for infectivity, and 2 infections developed in one test on flowers 
exposed on March 5, all the other 113 exposed flowers remaining 
disease-free. The species responsible for disease infection in the on(' 
test could not bc detcrmined since scycml of the for<.'going groups 
were represented. 

INSECTS E~IERGING FRO~1 SOIL AS VECTORS 

An experiment was planned to determine wheth(\l' insects alllI 
animals wintering or breeding in the soil or leafmold about azalea 
plants would, upon emergence during the flowering pm'iod, carry some 
stage of the flower spot organism to the azalea plants and cause in
fection. On Nfarch 2, 1938, 6t>1lCesecloth-covered cages, each cover

_ ing an area of 4 squnre feet, were set mnong aZfl.lea plants in the areas 
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'where infections were obtained by splashing dirt OV('I" the flowers, and 
from which the soil samples were taken. These cages were examined 
at least once daily untill\'Iarch 26, and during this p(~riod a total of 39 
insects and 3 spiders Werc collected and uSNt in 14 inocuJu.tion tests 
with azalea flowers. 

No infection was obtained with the spidcrs, Clubonia sp., or with 
Tetragnatha lcLboriosa, Hentz, with the C01'ittopogonid Culicoides cani
thorax Hoff., with the cecidomyiid flies identified as belonging near 
the genera Di])losis, Lestl'emia, or Neoiasioptl'l'{l, respectiveiT, or with 
Oscinella sp. or another dipterons form iciPntified as belonging to the 
Actiinac. Twenty-ono individuitls of the l1.nt Crematogaster ash
meaeli :,[ayr were taken in the cages lU\d a single infection was ob
tained in one test with a single adult on ~Inrch 22, n,t which timc the 
flowering season was nearing Ul(' end. It is probable thnt this in
fection resulted from the conidial sto.ge of the disease rather than from 
as('ospores that an' pl"oduced earlier in tll(' S('11Son. 

OTHER RELATIONSHIPS OF INSECTS TO THE DISEASE 

INFECTIO:-.' OF ;)[ORE THAN ONE AZALEA FLOWER UY AN INSECT VISITOR 

Information WitS obtained in the following describrd £.'xperiment 
to answer in part the question whether a conidiit-beitring insect 
rapidly rekases all spores in its visit to the Jl£.'xt flower or gmdually 
releases them and ther£.'by may infect srYel'nl flowers in sequence. 

Thjrty-five insects of () species (table 11, series 1) were captured 
~larch 21, 1938, while they WNe visiting limp-blighted flowers of 
azalea at the Tea Farm, Summrryille, S. C., ilnd were us£.'d individually 
in the inoculation of 3 sets of 2 flowers CHell. Each srt of flowers was 
incubated individually. A second set of trsts with 24 insrcts collected 
Ilt Drayton Hall (tilble 11, seri£.'s 2) was made on 1Iarch 25. ,Yhen 
it was reyea1ecl thitt in some instanc('s nearly as many infections 
occurred in the third set of flowers exposed to cach insrc( as OCCUlT£.'d 
in the first set, it third series of tests extend('d to 5 sets of f10WNS was 
mu.de on 1£arch 26 with 30 individual insects co11e('tr(\ at tllr Tea 
Fitl"m. The major disease epidcmic had passed at the time aU these 
collections wCI'e made. Most of tilt' flowers had b('('n destroyed since 
March 17 by having passed thl'ongh the limp-hlight stage and werc 
drying on 1fitrch 21 to 26. As thc' few rr1llaining flowers had been 
infected during various stages of the disl'nsc, the ins('cts wc:rc col
lected in a pe1'io<1 in which th('y had ~reat('st opportunity to be('ome 
contaminated. The results of the first 3 sf'ts of I1owel'S exposed in 
series 3 are (~ombir)('d with thos(' of 8('r1rs 1 nnd 2 In the sununi1l'y, 
while the rrsults of series 3 nrc nlRo s\lmmn.l'iz(·d separately (table 11). 

It is evidrut that the 61 insects brlonging to the genus Bomb1ls 
cILtlsrd more infections on the first srt of flowers than on flowpr5 in 
sllccr('ding sets. In tho trsts with 24 adults of B}mlJ/w7'o]Jsi8 jlori.dana 
more infections occurrrd in the third set than in eithrl' of til(' first 
2 sets in se1'i(,5 1 Whpl'rflS tl1(' 1'('Vr1'5(, was true in the oth('r series. 
No infections occurl'ed in the first sd of flowers ('xposNl in 3 tests to 
Tetralonia 1'08ae and Xlllocopa mi.cans. but inf('rtions did occur in lat('1' 
sets. 
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TABLE H.-Infectivity of insects carrying spores of Ovulinia azaleae in repeated 
contacts with azalea flowers, Charleston a,nd Summerville, S. C., 1938 

Infective insects and infections caused in each series in sets-

Series Total 1 2 3 4 5Species oC insect in test 
No. testa 1----1-----.1--:-'--1---;--1---,---

In· InCec· In· InCec· In· InCec· In· InCcc· Ill' InCec· 
sects tions sects tions sects tions sects tiOIlS sects tions 

--------1·------------------------
No. No. No. No. No. No. No. No. No. No. No. No. 

{ 1
Bombu8 americanorlL11l ____ 2 

3 

2 
1 
7 

2 
0 
5 

20 
0 

34 

1 
1 
5 

13 
8 

25 

1 
0 
2 

18 
0 

21 

----- ------ --_ .. -. -----
···-2· ------ ····z· "'i2'16 

B. bimaculatus .••••..•.• ,. { 1 
3 

4 
5 

4 
5 

9 
23 

3 
4 

8 
15 

2 
5 

6 
14 4 

--- ~-

12 3 ···i:i
B·llriseocolli8__ ._•• _.._•• , 

jB. impatien8._. ___ .•••••. 

2 
3 
1 
2 
3 

1 
3 

H 
10 
14 

1 
3 

14 
!l 

12 

29 
5 

143 
218 
86 

1 
1 

13 
9 

13 

9 
1 

109 
81 
70 

1 
2 

13 
10 
10 

19 
3 

87 
0.5 
42 

'---0- -'·-0 1 1 
----- ---!.- -----~ ---- .... 

---46 '---3912 12 
Emphoropsi8 floTidana ..__ . {
TtLralonia rosa•• ___ •__ ... ' 

1 
2 
1 

13 
11 

J 

7 
9 
0 

27 
51 
0 

6 
9 
1 

18 
34 
1 

10 
7 
1 

39 
23 
2 

------ ------ ----- --~-- .. 
------ ------ ----- ~ ---
------ ------ ----- -----

XUl~co~a.micans_____ ._._. { 
X VITUIn/CIl ___._.___ •__ ... 

1 
3 
2 

1 
1 
1 

0 
0 
1 

0 
0 
6 

I 
0 
1 

2 
0 
5 

0 
0 
1 

0 
0 
2 

----0· "--0' 

----- ----- -.. -
1 J 1, 

~ .. - -----
Summary of all tests .... _••___ 89 72 051 69 399 65 341 __ •__ . _____• ____ .. ___ . __ 

Summary oCseries 3. ___ ._.______ 30 I 25 1481 23 III I 19 80 18 74 19 65 

AvcZlIes!~[:;~:I~.~~~:~~~~_i~_i~_~~~::~t~~:____ 7.3 ___ ._. 4.51. ___ •• 3.8 _____•.____ • __ ._.______ _ 

Series3alone •••. ", ______ ••• _. ___ , •. ___ .. -1--3.7,1-1-----2.7 •____ • 2.5 . ____ • 2.24.9 _'_". __ •••• 

Tests that have been combined in the data of table 11 may· be 
discussed individually as follows: Among 10 tests with Bombus amel'i- , 
canorum 2 bees caused infection in the second set of flowers but did 
not in the first or later sets. Three others caused infection in the first 
set, 2' infections in the second, and none in the succeeding ones. 
Among 9 tests with B. bimaculatus all the bees caused infection in 
the first set of exposed flowers and fairly unifonn infection in the 
succeeding ones. With B. impatiens, 3 out of 38 did not cause infec
tion in the first set of flowers but did in the second or third. All 
individuals of B. griseocollis caused infection in the first set of exposed 
flowers and irregular infections in the succeeding 4 sets. Considerable 
irregularity in infection occulTed in the tests with Empho7'Opsis flori
dana. Five of 24 indivjduals did not cause illfection in the first set 
of flowers but 2 of these 5 caused infection in the second and third 
sets, while the other 3 did not cause infection until in the third set. 
Three others did not cause infection in any of the sets of exposed 
flowers. In 1 test Tetmlonia rosoe did not cause infection in the first 
set but did in the second and third sets. In 2 tests with Xylocopa 
micans no infection OCCUlTed in the first set of flowers, wht'reas infec
tion occurred in the second set in one cuse und not until the fifth in 
the other. 

In the 3 series of tests with 89 insects of 8 species, 4 individuals 
caused no infection in any test, while 14 others caused no infection 
in the first set of exposed flowers but an avorage of 1.1 infections in 
the second and 1.6 infections in the third. Considering the third 
series separately, 4 of 30 insects caused no infection in the first set 
and 0.75, 0, 0.5, and 0.5 infections, respectively, in the second to fifth 
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sets of exposed flowers. Comparative infections by all insects in euch 
series are shown in the last 2 lines of table 11. 

It may be seen that the average infection for ull insects is higher on 
each set of eA1Josed flowers than occurred in tests with the 14 insects 
not causing infection in the first set, as discussed in the preceding 
paragraph. These 14 insects that caused no infection in the frrst sets 

. caused only small numbers of infections in any succeeding set, which 
indicated that they bore small numbers of spores. Those insects 
causing large numbers of infections regularly causael infections in all 
exposed flowers. 

A total of 1,530 infections occurred on all exposed flowers. On 
flowers exposed in the first 3 sets of n n tests, 46.8, 28.7, and 24.5 
percent, respectively, of the 1,391 infections occurred on the frrst, 
second, and third sets. In the third series 31.0, 23.2, 16.7, 15.5, and 
13.6 percent, respecti,·clv, of the 478 infections occurred on the first 
to fifth sets. ~ 

'rhe forrgoing experiment shows that an infective insect loses its 
loud of spores grtlduully and can infect at least 10 flowers. The maxi
mum number of flowers thnt micrht be infrcted was not; determined. 

Insects that ,'{rre a,pparently bearing only small numbers of spores 
were irregular in causing infections and did not in some instances 
infect the first set of exposed flowN's although they did infect later 
Ones. rrltis reflects somewha,t upon the reliability of procedure in 
determining infective and noninfectin individuals in the seasonal 
testing of iusrcts from nzalra, particularly- early in the season wh('n 
no or only an occasional infection was obtained. "1lCn it is con
sidered, however, that the insects wrre (Inclosed with the flowers in 
the cans and had opportunity to walk over the flowers after tbe initial 
exposure in the inoculation cbnmbrl', it was possible thtlt they did 
so and thereby added to till' reliability of tile metbod. Because large 
numbers of insects were tested over a. period of several years it is 
believrd that a fairlv reliable index o[ the seasonal infectivity of the 
various sprcies was obtained. 

TRANS~[lSSION OF AZAJ,EA FLOWER g,l'OT TO ISOL,\.TED PLAN'l'INGS 

A nursery planting of azaleas was sppnrated 0.4 mile from the main 
display itt 11n.gnolia Gn.rdens. No flower spot infpc,tion had appeitrcd 
during 1935 or 1936 in this planting of almost complrtcly unshaded 
azaleas located at the edge of a wind-swept field. Been.use bees had 
been captured in this planting that wero cnrrying mixtures of pollen 
and the fungicidal dust thllt was being i\,pplied to plants in the main 
garden, they were evidently flying betwe(,ll the 2 plantings. Among 
100 insects of 6 species captured in this nursery, 16 individuals be
longing to 5 species caused infection in transmission trsts (table] 2). 
It is probable that these insects picked up the organism in the infected 
plantings and transported it over the intcrn\ning distanc('. It is also 
probable that, although the insects must have l'rp('utedly dl'opped 
viable spores in flowers at this nursery, prevailing conditions were 
unfavorable fol' development of infection." This point was further 
borne out by 2 other tests in Wllich approximately 50 bees of Bombus, 
Emphoropsis, and Xylocopa were cnged on each of 2 aznlea pll1nts in 
this nursery. In both cages they mutilated the flowers (fig. 2) in their 
efforts to obtain food, yet no infection dC'v('loped on the plants located 
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in the sun, although infection did develop in flowers taken from each 
·of the caged plants and incubated in the laboratory. 

TABLE 12.-Summary of tests in transmission of azalea flower .spot by insects 
captured in a disease-free nursery, IVlagnolia Gardens, Charleston, S. C., 1986 

Species tested Tests II!1fecth'c Species tested ITests Irnfeeth': , Insects Insects 

Number Number .. INUmber Number 
BombuB americanorum ••• .•••.• 17 3 EmphoropBls florldana.... ........ 19 1 

B. bimaeulatus_____ ...... .....-- 10 1 Xv/oeopa nrgmiea ..... .. ______.. 1' 4 0 
B.oriseoeollis----- ........ ---- ..r 1 1 ------B. impatiens__..__ ._____________ 49 10 TotaL_____ .______________ 100 16 

Further evidence on the transmission of flower spot to uninfected 
plantings was 6btained in 1937. On April 9 a collection of insects was 
made in a nursery about 1 mile from Middleton Place Gardens, a 
nursery in which no flower spot had been observed during the current 
'01' the 2 previous seasons. Infections in transmission tests were caused 
by 1 of 16 bees of Emphoropsis floridana, 2 of 21 bees of Bombus 
bimaculatus, and in a single test with B. impatiens. Incidentally, the 
·disease occurred in this nursery in 1938 even though no azalea plants 
had been moved into it. 

Although the' disease was not found in Hampton Park in Charleston 
in 1936 or previously, it was observed there late in the flowering 
"Season of 1937. Since all available information indicated that no 
plants had recently been brought into this park it is possible that 
insects may have carried the organism from infected plantings located 
approximately 3 miles away. 

INSECT TRANSltlISSION OF FLOWER SPOT TO NATIVE HOSTS 

Since flowers of several native plants had been found to be naturally 
infected with azalea flower spot, tests were made in 1937 with insects 
on two of these hosts, Rhododendron nudiflorum and Vaccinium spp., 
growing in the nearby woods. Both hosts had been shown to be sus
ceptible by artificial inoculation and the former to be naturally 
infected.6 

In these tests 4 species of insects captured from the same diseased 
azalea plants were in.dividually used to inoculate each of 3 groups of 
flowers of Rhododendron nudijlorum and each of 10 groups of flowers of 
Vaccinium spp., and then each insect was used to inoculate 2 azalea 
flowers, after which all the flowers were incubated. Typical infection 
with spores developed on the 3 groups of flowers of R. nudifiorum, 
but none was found on the flowers of Vaccinvum spp. A summary 
(table 13) of infection by these bees on the azalea flowers indicates that 
a relatively high percentage of infective individuals were used in these 
tests and they should have left spores on Yaccinium spp. fiS they 
did on R. nudijlo7'um . 

• 6 Sec footnote No.3, Circular 550. 
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TA.BLE 13.-Summary of infections on cuUi;ated azalealt after they had beeninoculatea 
by insects previously u,ed in inoculating other hosts, ll'Iagnolia Gardens, Charleston, 
S. C., 1937 . 

i InsectsInsectsSpecies of insect I ) (ound I Totaltested . infectionsinfective

-----------------------------! 
! 

Insects which had been used in 
tests on Rhododendron nudijlorum: Percent Number 

BombU8 bbnaculatU8. ________ ._ ._., .• _____ ••• _. _ -- -. 

I,v,m"'jI 60.0 6
B. impatiernr_______________ ... -." .•• - . . - ____ --.... . ___ _ 33.3 3 
XvlocOPaclruinica .-••--.--.-- .... --- ... -- .... _._· .... ·• __1 100.0 12 

Insects which had been used in I 

tests on Vacciniu.m spp.:
BombU8 bimaculatu8.. .. ___ ., .... ............. __ ..... -••• ______ 42. 8 S 

B. impatienB _ ___._._._ •• "_.. __ .............. _ . --- ... __ 33.3 5 
Empharopa)&fi.°ridana ... -.----- .•-- _.-- ...... _-- 45.4 SIdXv/oeOPa Oiromica. _______ •__ .. ____ ... __ • __ .. __•__ . __ 

I 2219 52.6 

Bumblebees, including Bomh.us bimaculatus and B. impatiens, the 
carpenter bee Xylocopa virginica, and also Emphoropsis jloridana have 
been observed to visit flowers of Rhododendron lludijlol'um and lac
cinium spp. in the woods near infected azalea gardens. In one case, 
at Cypress Gardens, flowers on a plant of R. nudifiorum growing one
half mile from the nearest cultivated azaleas uncI showing typicul 
feeding punctures of Xylocopa 'I.'irginica were found upon incubation 
to be infected with flower spot. No natural infections hu\re been 
found on flowers of Vaccinium spp. 'While this appurently natural 
transmission of the diseuse by insects to a wild host is of interest, its 
inlportunce depends on whether viable sclerotia are produced. If the 
infection were It continuing one, this host or others could serve as reser
voirs from which the disease would spread or be distributed to culti
yated azalea the following season. 

PROTECTION BY A FUNGICIDAL DUST AGAINST INFECTION BY INSECTS 

After a series of tests with fungicidal dusts and sprays had been 
made at the laboratory, frequent applications of a dust containing 20 
percent of a monohydrated copper sulfate (guaranteed to contain 26 
percent of copper) and 80 percent of kaolin for disease control were 
made to azaleas during the flowering seasons of 1936 and 1937 at 
Magnolia Gardens. 

To test the effect of tIns fungicide on the transmission of flower spot 
by insects, 3 series of inoculations with insects were made"Mal'ch 23 to 
25, 1937, in which insects were captured from the same diseased 
azalea plant and nearly equal numbers were used in inoculating pairs 
of undusted flowers and others dusted with the above-mentioned 
fungicide. The results of the tests, shown at the end of 3 days, are 
given in table 14 and are summarizccl as follows: In these tests with 
202 bees, 63 caused 220 infections on undusted flowers and 33 caused only 
69 infections on dusted flowers. There were 47.6 percent fewer in
sects that caused infections on dusted flowers and a reduction of 68.6 
percent in numbers of infections, and this may be attributed to the 
protective fungicidal effects of the dust. 
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TABLE 14.-Compari8on of flower spot infection on undusted azalea flowers and on 
those dusted with copper-sulfate kaolin previous to inoculation by insects, 
Maunolia Gardens, 1937 

Infections 
I~e~ I------~-------Treatment oCSpecies oC in..oect Tests causingflowers .\verage Corinfections Ma:ti· aU indhidmum uaJs 

NumbtT Perctnt Numbtr Numbtr 

Bombu8 bimaculatUf ••...••••...•.. m::.~~J~~:=:=::=::=:=: 11 
11 

72.7 
63.6 

6 
6 

3.00 
1.45 

B.fraltrnu~_...................... m~:d~:=:::::=:===: 1 
1 

0 
0 

0 
0 

0 
0 

B. gmtocolli.!...................... m~::J~~==::======== 1 
1 

100.0 
0 

1 
0 

1.00 
0 

B im~"- • fUndusted........... .. . ~no........._.••••_....... \Dusted............... . 8 
10 

37.5 
20.0 

3 
2 

.87 

.50 
EmphorO]»i.t jioridana ..., ......... {Undusted.............

Dusted.............. .. 
17 
16 

41.2 
25.0 

4 
2 

.7 

.62 
XI/loco • fUndusted............. 

pa mICan$................... \Dusted................ 

X.•irginica........................ m~~~.~:=:=:::::=~:= 

Summary................... m~::~.~:=:::::::::: 

6 
6 

57 
56 

101101 I 
33.3 
0 

73. 7 
35.7 

62.4 
32. i 

8 
0 

33 
11 

33 
11 

1.83 
0 
2. i4 
.67 

2. 07 
.68 

REPELLENT EFFECT OF ACETIC ACID SPRA.YS ON INSECTS 
~ 

During the 1938 flower season frequent applications of a spray of 
dilute acetic acid were made to azalea flowers at Magnolia Gardens. 
All species of bees were apparently repelled by the spray, and when one 
alighted on a sprayed flower it promptly left in considerable excite

. ment, apparently repelled by the odor or the flavor of the liquid. 
Groups of plants were sprayed with acetic acid 1-600 and records 

were kept of the insects visiting and feeding on the sprayed flowers and 
on unsprayed flowers of nearby plants. 

Table 15 shows the records of the visits to these flow'ers of three 
species of bees. 

TABLE 15.-Record of insects I'isiting unsprayed azalea flowers and those sprayed 
with a dilution of acetic acid 1-600. Magnolia Gardens, Charleston, S. C., 1938 

Insects visiting flowers after the spraying 
Series and species TreatmentoC insect The flrst 50 The first 70 IFrom 60 to 

minutes minutes 00 minutes 

Numbtr Number 
Bombu& impatiens {Sprayed............................. o Series I: Number 

............. __ . Unsprayed.......................... '27 

Emphoropmjioridana............ {Sprayed............................. o 


Unsprayed.......................... 14 

2 ~ ____________ _ScriesB2: ..... !·mpat,·-n· fSprayed ............... 1 2
omVUo .................. 
Un..prayed............! 
 1 o
i ~ __...._~_ .. __ ~ .... 18Emphorop"'.jlor,·dana Sprayed· ....•• .. ······1• ••• .. ......... Unsprayed . 


X"locopa •,·rn,·n,·c {SpraYOd...::::::::::::1 6 
o 

8 
7• a............... Unsprayed............I 7 8 


In series 1, a total of 41 Bombus impatiens and Emphoropsisjloridana 
were observed on unsprayed plants and none fed on sprayed plants 
during the first 70 minutes after application of the spray. The 
liquid had not dried from the flowers during the period of observation. 
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In series 2, 14 adults of 3 species were observed feeding normally 
on unsprayed flowers, while 'no Xylocopa spp. and a total of 9 adults 
of the other 2 species alighted on sprayed flowers but did not feed 
during the first 50-minute period after the application of the spray. 
After this time the spray had dried, and the insects fed normally. 

It is evide~t from these observations that insects are repelled by 
this spray of dilute acetic acid only during the period that the flowers 
are wet with the material. Several applications daily would be 
required on most days to give a fairly complete repellent effect. 

CONTROL EXPERIMENTS WITH INSECTS ON AZALEAS 

During the seasons of 1935 and 1936 preliminary experiments were 
conducted to determine whether the various species of flower-visiting 
insects could be controlled by dusts, poisoned sprays, or baits. 

Because extensive poisoning of honeybees has occurred in California 
by dusts containing arsenic applied to fruit-tree blossoms, tests were 
made to determine the effect of adding arsenicals or cryolite to the 
fungicidal dust (containing 20 percent of monohydrated copper 
sulfate and 80 percent of Imolin) that was being applied for disease 
control. Tests were also made with poisoned sugar sirup sprayed 
on the foliage and flowers. 

The tests were conducted in screen cages 4 to 5 feet square, each 
covering a flowering azalea. After the bees were put in the cages 
they flew against the screen for some time, but if only 10 or 15 bees 
were introduced they usually settled down in a few minutes. In 
tests with dusts the material was applied after the insects were intro
duced, but the sprays were applied before the plants were caged. 

EFFECT OF INSECTICIDAL DUSTS Ol'; BEES 

Apparently th(' application of combin('d insecticidal-fungicidal 
dusts has no repelling e£fect on bees in general. The entire gardens 
were dusted nearly eyery morning during the flowering season with 
monohydrated copper sulfate-kaolin (1-4), and tbe insects frequented 
tl1C flowers in large numbers. In one observation the dust cloud had 
not yet settled after cryolite-monohydru ted copper sulfate-kaolin 
had been applied to azalea plants on ':\1arc11 29 when individuals of 
Em1Jhoropsis jloridana find Bombus bimaculatus alightcd on the 
flowers and fed o,~er them normally. The fly Bombyliu,s azaleae and 
bumblebees Bombus bimaculatus and B. impatiens visited flowers 
dusted with kaolin and lead arsenate, and when the bumblebees were 
captured some of the insecticide WfiS yisible on their legs or in their 
pollen baskets. In the tests on control some of the dusts were applied 
previous to tbe introduction of Lhe insects into the cages, but in n,li 
cases a thorough application of dust was blown onto tile cfigcd plants 
immediately after the introduction of the insects. N one of the dusts 
had an immediate effect on the insects. Particular attention was 
directed to the three contnct dusts pyrethrum, derris, and nicotine, 
bnt 110 parulytic Ol· irritating effect was observed immediately on 
bees that "fere emreloped in a dense cloud of dust while 011 the wing or 
resting on the cage or plant. 

Compared with undusted checks the stomach-poison dusts appar
ently had no effect on the bet's. Those containing derris powder, 
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pyrethrum powder, or nicotine sulfate killed adults of most species 
in 1 to 4 days. 

EFFECT OF POISONED SPRAYS ON BEES 
I 

The caged bees were observed in 1935 to feed on droplets of poisoned 
spray on the flowers or foliage. They were sluggish in 24 hours after 
having fed on a spray containing lead arsenate or copper sulfate but 
generally died no more quickly than 1£ they had fed on sprays con
taining derris or nicotine sulfate. 

In 1936 further cage tests w('re made with the following insecticidps 
incorporated in a solution containing 5 gallons of molasses and 95 
gallons of "tut('r: 

(1) Derris extract to give a rot"enone content of 0.031 percent. 
(2) Derris powder to give a rotenone content of 0.0107 percent. 
(3) Lead arsenate ({ pounds to 100 gallons). 
(4) 40-pereent nicotine sulfate (2 quarts to 100 gallon,,). 
(5) Tartar emetic (2 pounds to 100 gallons). 

The cag('s )\-('1'(' ('x:nnined for mortality at the ('nd of 4 days. 

'With Bomb?l8 impatiens, 73.5 perc('nt were kill('d by derris powder, 


68.2 percent hy nicotinl' sulfate, and 81.4 percent by tartar emetic, 
while 11.5 p('rccnt died in checks. Variable results were obtained 
with B. arllericanorum, B. bimaculatu8, and Eml)horopsi.s jloridana 
and with the two species of Xylocopa. 

N one of the b('es were obsPI"Yed to 1)(' attruc1pd to the sugar sprays 
applied to tlznlens in the gnl'd('n, and 1I0n(' \\,pre obseryed to feed on 
the droplets on flOWN" petals ('v('n though they fed in the cOl'olln, 
nccording to their usufil habits. 

DISCUSSIO~ OF RESULTS 

~Jarly jJJ HlP jnYl'stigation on azalen floWPI" spot (Olmlinia azaleae) 
circumstllntinl evid('nce pointed stwngly to the importance of insects 
as vectors. At first it appeared impossibl(' for :t clispuse to become 
('stablish('d mId to spread so rapidl.v without fiid of some other agency 
than tho natural drift of spores, and since insf'cts w('ro so abundant on 
azal('a flowers they ,,'ero naturally to bp sllsp('ctod. As the poten
tialities of the organism were r('vcaled by suhsequent studies, hOWeVCl\ 
the implication of inseets as vectors WfiS corrrspondillgly reduc('d. 

Until the o"(lL'wintering phase and the ('ul"lY-S('fiSOn development of 
the disellse had been det('rmined, it app('nrI'Cf that insects were intro
ducing the organism ('ither from some f1owPI' outside the azal('a 
gardens or from their oVC'lwintC'ring quartC'['s. Tests of all possibilities 
to prove this point were lleglltive, us W(ln' t('sts with soil animals 
that might have transported the orgnnism eausing infection to the 
earliesli fJowers. This negative evidence with insects is in full agree
ment witb the finnl results of tests with the causal organism, which 
has pwved itself to be fully cu,pable of initiating primu,ry infections 
as they arc observed in nature. The' disease has /11so ,amply demon
strated its ability to spread locally in a series of secondary inf('ctiollS 
and to destroy practically aU the £1o".-ers present.. 

At the presen t stage of the investigation it appears lihat lnsf'cts may 
be chiefly invo1ved in the introduction of the disease into local unin
fected azalea gllrdehs, TIl(' ohSP"vN] hahits of some of th(' insrcts 
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to triwel for at least 5 miles within a period of 8 days would indicate 
a potential spread by insects of several miles within a given season. 
The demonstrated gradual release of spores by insects in inoculation 
tests would indicate that they could carry the organism for some dis
tance in flight. Insects might therefore be responsible for reintro
duction of the disease into a garden from which it had been eradicated 
and make it necessary for any efi'ectiYe disease-control program to be 
conducted on an area bnsis. Insects are not efficient ycctors of the 
diSease until infection becomes general. In one garden "\"here a 
di.sease-control progrnm was conducted a retardation of disease spread 
occurred. Only one-third as many insccts collected from this gardcn 
throughout the season were infective as compared with those collected 
in another garden where the disease passed tw:ough its lUlhampered 
COUTse of flower clestl"Uctioll. The fu·st infecti,e insect was not 
colleeled in the first garden nntil 2 weeks after the first infectiye one 
had been taken in the other. During the period of greatest infectivity 
insects caused less than 5 percent of the number of flower infections 
in the garden where disease control was conducted than did those 
used in inoculation tests that were collected from the other. Because 
of the potentialities of the disease the present solution of the problem 
appears to be one of disease control rather thn,n of il1sect control. 
vVhile insects have been shown to be important Yrctors under certain 
conditions, their elimination will probably uot materially affect the 
seasonal progrE'SS of the disE'ase in a previously infl'cted garden. 

Although no promising control of the insect Y('cotors was developed 
in the present investigation, no further studies 011 this point appear 
at present to be necessary. 

On present information as a basis it is concluded t11a t while insects 
may at timE'S be efficient vectors of the orgnnism ea.using azalea 
flowel" spot, the disease when once <'stublished has dl'l11onstrated its 
11bility to initiate p;imury infection each sen,son and to spread through 
a given garden witbout the aid or insects. Insects apPE'ar to be chiefly 
involved in the distribution of the disease to local gardens and migh.t 
be concerned in reinfection in a garden from which the disease had 
been eradicated, thus necessitating disease eradication or control 
on an area basis. Disease control rather than insect control appears 
to be the logical means of attacking the problem. 

SUMMARY 

An investigation was conductt'd from 1934 to 1938, inclusive, on the 
insects visiting azalea flowers and their possible relationship to azalea 
flower spot caused by Omdirzia azaleae "Teiss. 

Five species of bumblebees (Bomblls spp.), 2 species of carpenter 
bees (Xylocopa spp.), Emphol'opsis jloridana, and honeybee (Apis 
mellijem) are the most conspicuous visitors, although thrips, flies, 
and many others do come to the flowers. The numbers of insects 
vary considerably during the season and in diifrrent localities. Some 
species feed by preference on fio,,'('rs other than azn,lea. From 10 
to 13 flowers per minntr arc yisited by E. jloridal1CL fl,l1d B. im1Jatiens, 
respectively. 

In experimental tests insects caused abrasions 011 Howers that are 
similar to those found on flowers in the open. Flower spot infections 
occur independently of insect a.brasions. J'vlicl'oscopical examination 
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of insects collected from azalea flowers showed that spores were 
present among the hairs on their legs. 

In tests with insects to determine their ability to transmit flower 
spot, a fixed procedure was used that had been devised in an attempt 
to prevent accidental contamination yet permit natural contamination 
and to give the insect full opportunity to cause infection. 

In 1936 to 1938, inclusive, tests with living insects showed positive 
cases of infection with honeybees, five species of bumblebees (Bombus 
americanorum, B. bimaculatus, B. jraternus, B. griseocollis, and B. 
impatiens), two species of carpenter bees (Xylocopa micans and X. 
virginica) , three solitary bees (Emphoropsis fioridana, Osmia lignaria, 
and Tetralonia rosae), one thrips (Heterothrips azaleae) , three ants 
(Orematogaster ashmeadi, Pheidole morrisi val'. vanceae, and Prenolepis 
imparis) , and a fly (Hylemya sp.). Infections were obtained with 
heads and legs of Apis ,nell1jera, Bombus spp., Emphoropsis fioridana, 
Osmia lignaria, and Xylocopa spp., but in no c~se with pollen, even 
though taken from infective insects and though spores were present 
among the pollen grains. 

Infectivity of insects varied with the season in studies conducted 
throughout the flowering periods of azalea in 1937 and 1938. Early 
in the season the usual vectors except honeybees were not present, 
and these did not cause infection nor did miscellaneous Diptera, 
Hymenoptera, and other insects and spiders that were also present 
on azaleas. Primary infections appeared on the azalea flowers and 
developed to the limp-blight stage before any insect caused infection 
experimentally. As the disease became more general on azalea flowers 
infectivity of insects increased and reached its maximum during the 
period that flowers were drying after a wave of general infection and 
the development of limp blight. 

In studies to determine the source of primary infection honeybees 
and other insects present early in the season apparently did not bring 
the organism from their winter quarters Or from other flowers. Pri
mary infections were most abundant near the soil, and flowers splashed 
with water and soil became infected. Soil-inhabiting animals, in
cluding insects, mites, spiders, centipedes, and diplopods, did not 
cause infection until after the disease had appeared in azalea gardens. 

In further studies insects dropped the spores gradually, since a 
single insect infected all of 10 flowp.rs that were inoculated. Insects 
transmitted the disease to uninfect,ed gardens over a span of 2 miles, 
and marked bees were recaptured as far as 5 miles away. Infection 
was also obtained on Rhododendron nudifiorum, a widely distributed 
native plant. 

Infections by insects werc reduced 68.6 percent by a fungicidal dust 
containing monohydrated copper sulfate that was being applied for 
disease control. A fungicidal spray containing dilute acetic acid 
repelled insect visitors only while flowers were wet with it. 

In cage tests to control the insect vectors, dusts containing cryolite 
or arsenicals were ineffective, but those containing derris, pyrethrum, 
or nicotine sulfate apparently killed some species if dusted directl)T 
on them. Caged bees fed on 5-percent-molasses sprays containing 
various insecticides and appeared to be most markedly affected by 
those containing tartar emetic, derris powder, and nicotine sulfate. 
In field tests the insects did not feed on the sprays and were apparently 
unaffeeted by the dusts. 

http:flowp.rs
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it is concluded· froni ,these investigations that, while insects are at 
I:' times efficient vectors of. the organism, they: are not primarily re

sponsible for the development of the disease when once it has become 
[t established in a given planting. They may, however, be concerned 
I. 	 with its spread to nearby plantings of azalea. Controlling the dis

ease, rather than the insects, therefore appears to be the logical meanl'l 
of attacking the problem. 
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