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Introduction.

The gro+inz of Baster lilies has alweys furnished diffi-
cult problems fcr tie florist to solve. These problems ere
due chiefly to two ceuses: (1) Those connected with the re-
action of the lilies themselves in their mamer of growth,
ti.et is, their envirorment:zl relations, end (2) those brought
ebout by the disezses to vhich the 1lily is subject. A combie-
nation of these two foctors in 1ily culture mekes the task

of the grower more difficult.

Lilies are for the most part exclusively netives of the
Nortiiern Hemisphere and heve been cultivated most extensively
during the psst cernturies in Zuvrope where they have'gained
great populsrity as gurden flcwers. This povularity caused
their escrly introduction into America. There are members of
this genus that grow readily in very widely different ranges
of temvercture and it is found thet there are cultiveted lilies
in northern =nd southern regions =like. By correct hendling,
the bulos may be brought successiully through the winter out-
side in flower gerdens in the temperate regions, but this
method of cultire incluvdes only a smell fraction of the lilies
thet ere cultivated toduy. The greater psrt of the lilies
that are cultivated are those that are forced in the green-
house &end sold for decorative purnoses. Beccuse of this feoct
the varieties that are most externsively cultiveted sre those
that yield most readily to artificisl conditions of growth.
The'lily that lends itself to this purpose most readily

seems to be Lilium longiflorum and its varieties. This

species is & native of Japan, &¢nd it is from Jaoan that the
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greater vercentage of tre bulbs of this form are received
today. However, the plant hes been found to grow well in
Bermuda, the Cansry Islends, and South Africe. or quite a
while the chief suply of bulbs wes received in the United
States from Bermuda; in 1675 the eximium variety of Lilium

lohgiflorum was introdvced. A lady returning from Bermuda

brought back & few bulbs from that place. Growing them subse-
quently it was found thst these bulbs were especially aedapted
to coommercigl growing. The attention of a Philasdelphie grower
named Herris (5) was called to these, whereupon he seized

upon these bulos rnd began to produce them, until in 1882 he
placed several hiindred bulbs on the market under the varietal
name herrisii. This variety is correctly the Bermda 1lily.
However, it should be mentioned here that the varieties
eximium end herrisiil are synonymous, hsrrisii being the tr=de
name of certain superior strains of the eximium variety as it
is listed in classifications of the varieties of this species.
This 1ily enjoyed great favor for some time, the demands for
bulbs of this variety stead ily increasing until the Bermda
grovers could no longer supply sufficient numbers of these
bulbs. Then the Japenese growers began to supply them. (5)
This was the source of the bulbs until they were struck by
the Bermuda 1lily disease. ZIxtreme susceptibility to this
digease was shown by this veriety and after trying for seversel
years to find en efficient control method or method to combat
the disease the bulb growers began to look for a more sturdy
variety. This they found in the variety giganteum, a Very

closely related variety yet sturdier in its general manner
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of growth, end, although being subject to, it showed a greater
degree of resistance to the attacks of this disease. Besides,
the greater resistence to disease, this variety gave an equil
flower yield and wss therefore desirous fram the commercisal
grower®s stendpoint. Hence it is seen that the attscks of this
disease in tire past forty years have lead to & substitution

for the variety more commonly grown of a plant mcre ada ted to

comrercial cultwre from a pathological view point.
The Liinor Diseases of Lilies.

Several diseases of Zaster lilies caused by pearasitie
fungi are known. These diseases are namely:

(1) The Botrytis disease attacking the stems, pedicels,
flower buds 2nd lezves causing brovn or greylsh specks which
gradually spread, becomin.: covered with e delicate gray mold
until the parts attaciied are destroyed or become totally dis-

figured. This disease is caused by Botrytis sp., and may be

oontrolled by sprajying with 8 poteassium sulfide solution or
other fungicides.

(2) Rust, csusing demcge to the folisge by the production
of large discolored aress on the leaves and stem. This rust

i1s caused by Uromyces Zrythronii and is commonly controlled

by the removel of 211 the infected parts of trhe plant.

(3) Bulb rot, caused by svecies of Rhizopus and Peni-
cillium attacking the bud sczles, sometimes ultimately causing
decay of tle entire bulb. Lo prevent loss of this sort bulbs
are handled carefully and commonly wre uvuc..ed in sawa.st ox

Cleun wsunde Certuin writers recomwcrnd the puczing of bulos
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in cuarecul Lo wiich les been wdded flu.ers vi silonud.

-

Losses Troli “ieds S0wrGe o0 vl igh grede oulus cre snwlle
_euidus LLe :Dbhove renvioucu Glseuscs cauwwea Uy fungi,
it is f.eClowaTry 00 i JYO0nel L0 COmbub —plilds constuntly

by the Use vs CcOnlocl sora, s 00 yuwslo Which sre Zelrvly elacctlve

Loents in thoe destiuciion I tnese . esuse
Tne 3ernade nily; Diseuse.

'y . . G AT e a L3 T 4 e I Lo 1
Qe Lol lpuitent discose 0l the Zestor lii, Ls one

of Wuawwzi ¢ticlogy Gancerriiing wideh 1ittle 18 wnown. ..siue

no discussiorn oL tnis diserse gppecrs in the literululre veiore
1ou7. Al vils tllwe ae 2o woOds puvlished ¢ bulletin uwcon tvhe
diseuvse, GewCriving l1uvs s,mploms ana clussiiying it us o
"pluysiolo,cicel"” adlsetse 0I wuwnowun cause. otivention thus
being ¢ullecd to Lhis disewse truue jurers luuediuiely were
tilled with roievernces to the disecse, cnd iv is suie to

aruv; tne corncluslion that «t this time the diseuse viug one

ol srewt import:nce in the lily industirye.

rollow in,s the .reliwincry puper of ool s no rwther

t-

scienviiic stuaies on ihis lily aisense huve vop..red, the
pructltical rrovers «nd Iloriculturists accepting it as @

Latler 0L course Or whi indicution oi saue wiuvoruuwle con-
dition ox culiuwres Ji.e attituae o< florists =nd of scientific
Woruel's enju;ea in oulo culivure is illustreied in the follow-
ing cauents upon tne dlseuse by lie David urirtsitid of the
United otates bepertment of wpricul twre, well hnovn for

his wori on tne cultare of this plunt., -=-"It is a simple

metier to brin, soout the so-ca2lled 1lily diseuse in uny

* 4m . M. (ADT L
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stoclie==-=-=I1 jcu will tune @ Tew P0OLS ouuw 0 yoww meberial
now bein; z0:ced wnd incresase tne temoeruiure 10 Lo 15 dezrees
suddenly, « luexrge percentee of yow plents will show disewse
within ten d:; 38s Ii jou toke olents which ere in a high tenr
peruture wna reverse tkhe treatiment you vwill et similar resulis
but not so pronounced. «nother thins you cen do is to pot up
your bulwus vwith sole ruw munure which will ccuse the basal rot
in the bulu ¢na ot the sene time tre "lily disease’s"

sZeonomic Imoortunce of the Liseese.

Thie cultuwre of lilies is e&n essential phuse 0L zreenhouse
prectice. wilies zre comuonly grown by florists from oulbs
whicn &are merel; iorced under cool greenhouse conuitionse.
~8lde irom occuuionul ovlooms needed throushout the season the
attem>t is Lede to iovce the bulk of the crop so thet blooming
tekes plece ¢t Dustere In the agiregate the amount of cavnitel
irvolved in ti.e 1il; business is lurge, amounting to et leust
& million dollurs tnuuully. The sveruge large greenhouse
in & ¢ity will purcisice from 200 to 1000 worth of bulbs
for tforcingc.

It is very difficult to determine losses csused by this
disezse since in none but the most severe forms are tne
bulbs killed outrisht or the ilover buds blasteds The losses
are due to the insidious uction of the diseasse, czusing short,
weaiened plunts that produce only a few smell blosscms. Ou-
servations r=de at & loczl sreenhouse gave the i1olloewins counts
of the disease. In tihnis taule tie unsaleble plunts were those

rejected by the experienced greennouse operatlore

Total nunver counted. Seuson. s diseused.
1450 1y22-23 410
74 1923 61,

496 1924 70,0
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It will be seen that of tne stock purchased gt full
price 20 1o 40 rtercent was Glussed &3 unsclsble. ‘waoen the
S)uce occupled 0y tne diseased »nlants, which otnerwise might
have been ;roductive, is c¢onsidered, it will be seen thet this
disesse furnishes a4 constunt source of loss to the grover.

Jurti:er evidence of losses muy be found in various numbers
of "Gurdeners' Chronicles", &s in an anonymous urticle as
followg: ‘"lleny coaaplaints have been Lesrd regerding the be-
hevior of Jupanese longiilorum lilies. Yhe loss to both privete
and comnmercicl grovers hes been the failure of large proportion
of the bulbs to proauce useful plants end flowers. -- (Two
illustrations snow the rosette type &nd curl, tip type, snd
one arperently hetlthy vlant in & pot of two disessed ones,
although the heulthy one._has leaves with a tendency to roll
and crinxle.) The plant with the curling foliage is ready‘for
the dump pecuuse if it ever gets to vloominzs the blooms will
probuzbly be twisted and deformed --- percentage of bulos of
this year (1902) show from 15 to 50 percent disessed--. (ne
grower discuarded 15,000 out of 55,000 plunts. -=--another
grower su:;s his loss wes 1400 out of 4000 plents. =--- lire. 3.
suzuki of the Yokahama nurseries ex luins the cause of the
lony'iilorum m.-.lzdy s due wholly to the prmctice of dig. ing
bulbs vefore they cre rnttwe. ---Late horvestec bulous are
recomzended for forcing." (&)

In vardening, sest. loyd: Fe.CoCe, Dbath, lizine, reports
that the lily disesse nos never been present to oe dia:mosed
a3 such, uvul soes on to descrive the cheracieristic motiling

of the leaves. =---No use to grow seedlings close by beccauge
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these ncy tulke disecse‘easilg. seedlings huve been grown
three to iive jears end then lost due to this diseese." (6)

The above figures are in no manner exceptional. Ouser-
vetions on vurious other lots of bulbs showed much the sume
sort of percenteges, znd it is believed that tre figures are
tyoical.

The effectis of this disesce in the production of loss
are further illustr.ted by the change o0i economic practice
which it is thousht the diseuase brought sbout. sor yeurs the
Baster 1lily wes grown almost exclusively in Bermuda, so that
the 1ily itself wus called by meny the sermuds lily. The
gro.ers begun to find trnat excessive prevulience of the disease
cu.sed forcing of cermuda grown bulos to be unprofitabdle
becsuce oi the creat loss. for this resson, more herdy varieties
were sousht wnd « very profitavle industry passed out of the
control of the Bermuda grovers and the business went into the
hunds of the Jansnese. After some jeurs of devression end
low volume oi trsae the industry in sermuda is slowly strusgling
to resuin its position and is slowly incressing in volume.
During the pust ten jears the shipment of 1lily bulbs from sermmda

hues been as iollows:

1913-----=-~-=--= 2,397 cases
1914~=m-mmmm -- 941 cases
lylf==-e-m===== bbbl cases
l9lo==-=~--- --=-1,224 cuases
lYl7 === --=1,009Y cuses
1918=-==~ --=-== 025 cuses
lYl9-emmmcmee 090 caoses
1920-~-==-~ === 749 cuses
l92l=--==mmm- 940 cases

lY2R=emmcme===],004 cuses
In 1922, 354,040 1ily ovulbs of the horrisii type vere

shipped into tne United States. Go me winters, Inssector of
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Produce in wermuda, stutes tnut the larger proportion of the
1lily bulbs thet he ooservet vere of excellant quality but there
&ls0 sre so.e wrich gre not wofh £ dzrmer's wrile to spend nis
time cultivaving.

8 Will be seen by tnese introductory statements, the
Bermuda 1il; disexse is u gubject which srouses the interest of
anyone concer:xed with floricultuwrsl crops. It is one of the most
importunt digsewses oi greenhouse ommamentals wnd one =bout
which ver;, little is inown. Jince the early description by
Woods, no one hus investiuated the disease nor have &ny
susgestions veen mude &8 to its etioloszy. Because of its
imeortince «nd tre interest vwhich &t present is pveing shovn
in someuviiat similuar diseases o unknown etiology, the writer
hés c:rried on & series of investigut. ons during the pust tvo
yeurs wt the lidchigen agriculturael Collexze.

The purpose'of this investiguti on was to secure infor-
mation &s Lo the nuture of this diseuse. Is it & non-infectious
disease nierely caused by veriations in the temperature factor,
etc., Or are we deeling with & svecific daisease caused by sSome

paresite or viruvs®
lumes upplied to the Verieties of the Zuster Lily.

=t the present time there ure prevulent erroneous uses
of variet:l numes for srecies numes emong the florists snd
horticul tiristse The names oi the svecies and varieties of
this genus have been mede after the usuul umethod of bot.nical
cluossifications o common error, for exemnsle, that the writer

has noticed reny times is the use of the nume Lilium gi.anteum

&3 the nume for trhe giganteum variety of Lilium lon.iflorum.
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This use would nuzie much coniusion nossiuvle because trere is «
true species of this s2enus uy the nume o0l gizunteum that is
very pronowceuly aifzerent irom the variety of the same name,
These differences cre p»leinly shovn in the {ollowin;; discussion
of the twoe Lilium ;isonteum wrooer is & native o the Himelays
Lountuing ¢nd is lknown as the Gient Lily. It has from 12 to

20 flowers on eschn st:1lk that ere tinred with purple ingide

and ~reen outside, these flowers being 5 inches wide &nd & to

9 inches long. <The letves ure heart shaped end o heignt of

10 to 1ls¢ feet is common for the plant.

Lilium long~islorum sigsanteum, known as the Easter 1lily,

is a native of Japun end ordinarily is about three feet in
height producinz 3 to 7 flowers on the averu.e, (elthoush there
mey be from 1 to 10 flowers iroduced) vhich sre almost pure
white. Thereiore, it is quite evident that tne diiferences

are very pronounced botsnic:lly but comrercial terminology
f2ils to difrerentiate between inems. There wre oller ercors

of tie sume nuture prevalent in callin - varieties species

snic’. &re not correct becuuse the differences oi these varieties
g&re not suilicient in number nor «re they importuni encizh to
merit tneir promotion to s .ecies. The fact thut tlere is

common error in tie decimnetion oi these lilies hes lexd to
confusion in the various discussiors o the diseszse, nsrticularly
in trude papers. In this srticle, the terminology uf the
systenstist will be adhered to &nd the names used are those

given in 3ailey's "Stundard Cyclopaedia oif Horticulture'.
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Zaster Lily in Heulth u«nd Disease.

In coder Lo descrive v vlunt-alseuse it 1s necessury to
cunsiaer tl.e ueviations of e diseased plant {rom & normal one.
In tne disease in .uestion, we wre deuling vwith & series of
s;motoms widcnh wre varigule with the conditions of prowtn, wlich
at times wre evinescert «nd far less precisely definite thun
the s, m tors or wims wvecompurying most plunt diseuwses. ..ccord-
incsly it ceems desiruvle to estauvlish the normel vy iving a
brief description oi the 1lily plant in unezlih. <or this

pursose ti:e o ecies Liliwm longiilorum is tulen «s the i) e

end 1% chur.ctveristics wre follows:

Tne sulv.

The bulb 1sg k==« incices in diumeler, soneivines neurly
glouulaere IU is coOupoOscd 0f wculews wore vr lews lcosely
iwbricuveda, wiich termircte ut the & ex or gro.ing uxis. LThe

heulihy bulu hiiw w wiite or yellowlisn color,

The viem
die stem crises irue vie center oi tle Luly wnd is stout,
l/2 1o oj4 ircues in alaneler, nd smootn, growlls o dinurily

from 1 to v feet hivh, hovinge © brignt green color, soaetines

tin. ed veduisan woun &t the bise.

Tr.e Leuveos.
Ure lewves uwre usuully 20=-40 in number, hosizwntal, with
the usver ones sewi erect, und sre -0 inches in length und
l/o to 1,2 inch in width. 4ney sre normall, durk ~reen in
¢olor end show litule,is sny, raraing vetieen t..e veins. Healihy

lezves snow no tendency touwird twistinz or rolling.
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“he »louers.

ine Ilcowers may vary in nwoeoer Ivom 1-lu, slthou.h the
tvers:e wWitn lur.ce bulus 1s © or 7. <iey wre ususlly 4-¢
inches in len_th and nez2rly us wides <he color is & pure waxy
white, smietinmes tinged with sreen ne«r the vases A deliciously
freprant caor is sivern olie

Uhe varietzl ditrerences sre sli-ht and seem TO ue
bssea, in rert, upon vigor oi srowli, snupe 0. blowssoms und
sten c¢olore IV is rutiher cuestionanle wnetner the naies oi the
crieties are correctly aniied by comrercisl grovers =nd oulb
deulers, or erse the comuercisl 1lil, suocks sre made u» 0L many

rueces o3 el poerly selccteds
Vescristion oi bLigewsed Llunt,

‘Ane 1ost striking cheracteristic of tre JSermuda lily
diseuse 13 the nprevalence of & mottlin: or & nattern on the
leaves, <he lezves, vhich in heslth should ve & uniiorm,
deep dark ;reen, ure variously motiled or murked with jellow
areas, «nd in soce s«dv.ncea cz2ses of the disexase they &re no
lon;"er green, out a :rreenish yellow, excest zor rzndom ilecks
of green. It will be seen et once tiet the s mptoms of the
sermudz lil, aisease are closely «kin to the symptons deported
end descrived uy various workers who have nmede a detailed
study of that class of diseases knovn €s '"mosaic". The first
noticeasle sympiom is commonly a slight variation in the color
of the leaves, exiibitinz the typicsal mot tling evidenced in
the lirnt uwnd dark green are=s as in mossic of other s:ecies.

The murkings difier in the 1lily due only to the parellel
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veining tycicul of this nhost, the motiled &reus occwrring
between tile veins., 4t the time thet the leaves on the shoot
begin to uniola from the cenwel axis the markings cheructer-
istic of tne disease mpy be seen. Flunts sre found, however,
where the symptoms put in & much later uppecrance. In some
cases the s, mptoms occur at the close oi the bloomins seasgon.
Sometimes very close owservation is necessary Lo aetec¢t the
color aifierences 2t the be.inning, vut often as the plant
approwci.es meturity the color difierence will become more und
Liore nronounced.

Different environmentsl conditions greatly &fiect the
expression of leaf motiling s will be shovn later. Leaves
of the t.icul reqions of & grovin: plant almost elvays exhnioit
the weutest color difierentistion. However, the writer has
noticed ver; pronounced vuriations from this generel rule,

for ex-mple in & plant of Lilium lonciflorum sizanteum the

lower 27 whorls of lexuves were noticed to show & merked mottling
wnile the remainin: 13 whorls showved @sbsolutely no symptioms
0if the diseuse, ascecring norm2l in every res:ect and producing
seven appurently normal 1lowerse Zvidently the conditions
for the growth of the piant had becone favorsvle enouzh for
the pis:t to s0 grow s 10 mask the disezse, or it muy ve
thuzt conditions veceme 0 unigcvortule for the development of
tne diseuse tnut it wos suppressede.
sometimes the upical leuves ma, ve narkedly discolored

:recn of the leaf becomes

but cfter iurther zrowth the jyellcwish =
dotted or intersnersed with the dack rreen islands. Very often

the diseused conditbion is herd to reco,nize when the plant is
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youns «nd not of full color, vut aiter = short period
in stronz light the diseuse ovecomes pronounced.

Tne common form of this disezce consists of yellow ZXlecks
in tre normzl green of the leaf. Lhese yellow spois become
lizhter e«nd li:.kter in color until in souwe cases dry &reas
result. Hovever itnis latter stuze only oc;urs in the nore
severel, diseased punts wnd therefore occurred only in a
smull percento,ce of the planis under ovbservution.s In some of
these more seveie cuses the entire foliage had & pock-murked
apperrunce, resemoling the description of "Pockenkrankheiten"
descrived in Iwunowsxi's "Ueber die liosaikkrankheiten dex

Pflenwen".

Tre Stem

The onl, diiierence in the stem is that & stunting muy
occwr in ine severe t;pes of the diseases Iio motilinsg or other
color veriations were ever noticed in the stems of diseased

Dlants.

Tie Bulbe.

It is impossiole to diaymnose & disessed plunt Iiom an
examination of the bulb because «s fuar as could be determined
there were no visible symotoms on tiie bulue lHowever, it is
quite looicul to think that material injury is done to the
bulb due to lessened activity of thne lecif, and thuat this

injury would eveniu.lly become roticezble.

The rlower.
In cases o0i wseverely iniected plants the ilower ;ield

is meveriully decreased. In plants fownd to be infecicd at
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the time of erergerce Zrom tne bulb the Ilowers were ruther
reduced in si.e, und in some cises were noticed to be badly
twisted end oilneriv.ise misshanen. Such plants are rendered
unsulable,becéuse of treir unsignhtliness, ¢nd tnerefore
ere a Lotal loss to tie grovere The {lovers sre even mede

uniit ior use s cut flowers due to t. e aiteck of this disease.
opindle Leaf T;pe of Diseuase.

In ¢ suell percenta<e of the diseased plents under culti-
vetion & peculisr it pe of leul vies noticed. Tne leaves o0i such
plants arew t0 tneir normal length while they were very narrow,
only sbout 172 taeir normel width, and occwring in lesd nurnber
on toe flower stulk. Somelimes in connection with this leatf
eondition & aistinct mottliné was present on tne leaves., Such
plants grew to norme&l height, the stelk being somewrut less in
diameter then stulks of normal pl=nts. Kever was more than one
flovier noticed to uve matured on sach nlants. The plunt vics
thereby rendered highly undesirable for commercial purposes
and wus disceraed by the grovere. In & few ceses the nornmul
stalk development did not tuke plece, the plant nerely consisting

of & clump of scindling lesves on & very short stem.
Leatf Droop Type.

another interesting typse of disease wes noticed occurring
somewhat more frequently than the spindle leaf type. The plant
would stert to grow normelly, prodaucing seversl whorls of leaves
showing in most cases & distinet mottlinz, then the leaves would

begin to droop over from the tips downward, sometimes becoming

sufficiently reflexed to touch tne stalk undernezth slightly
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below the point of leuf cttuchment. <Lhe leaves forming ¢t the
tip would continue to develop this tynical curling w«nd the

whole plunt would, with the e:ception of the besul leuves, show
the cuwrling., This seemed to be the most severe type of the
disease e¢nd the plant wvould very soon show the stunting eifect,
that is tne chitnge Irom un upright havit to & low, sgustting
hebite wll plants of this nasture were dwsried, zbout 1/86 natural
height, snd in no cuse vwes it noticed thzt the buds thet were

set blossomed. Hence, the plants of this type were total losses

ot

to the grover. 7
Hosts attecked by this disease.

During t:e course of this wvork and from puvlications the
follcwing plunts hove been recognized &s subject to this disease.

*

Lilium longiflorum eximium (Severely affected (iioods) (L6
Lilium longiflorum gigenteum (3usceptible but tolerant).
Lilium longziilorum formosum (Susceotible but tolerant).
Lilium speciosum ruvrum (one plunt observed affected).
Lilium csnaidum.

Lilium superbum.

Lilium gurutum.

It is . uite likely that further observations upon & wider
renge oi hosts would show still otrer species affected by the

diseuse.

Foeverely infected vlants of this tyne may present 4 rosetted
gppearance. Liese rosetted plents grew to only sbout 1/3 to
l/4 normul neight end the leuves sppeured very close tosetier
on tr.e flower stelke.

*Synonymous with Larrisii of the trade.
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Conditions Liiely to Coniusion with Disezse.

There is a mite that stiacks the roots, bulbs and stem of
the lily that cuuses & condition of the plunt thaut is somewnat
likel; to Ue mists.cen for puati:ologicul conditions oi the oermuda
1il, dise ses The nlant Irom the beginning exhiuits very backiward
tendencics, presenting « very stunted snd dwertfed uppegrince.

The lesves will be of & generuily pullid natire &nd tend to droop
very much, prescniins e leuf dfoop soppeurinces Tne stem slizntly
sbove the point ol cmergence from ithe bulb will be much lurger

in dlemeiver tian rormulese The lexves &t this point wre ohed pre-
pmotuwrelye. Co0on cutling open vhe ostem, @ white slug:ish mive with
bro.n le s Ley G seen. when Leablure, lhis rmite is sbout the

size 0i « mustuca .ueds 4ney zre found in levge numders at the
point o swelllag and wecp voring tnelr wzy into persccetily
re«lthy tissces Joouds =i, 35 "No root is inmwie Ironm tlelr ztiuzcrs,
bput they 2re nost destrzuctive at tre vuse ol tie uulos vhich

they n.y oiten coaplelely honeycorw. ---They do not stoy nere,
however, but follow ti.e roots up into the vulu, injurin: thewm

to such wn extent that they are umede useless to the plang™.

Tue nite wos determined® to wve whizosl:ohus hyzcintni and

evidertly tne sume in nuture us the Rhigoslyshus echinopus

‘&L

of licods. (&5)

apnids tmt &¢flack tne succulent lexves of the lily may
cuuse discolored ureas that mey be mistolien as merksg of the 1ild
digeuse. wesides the color variution due to &phid injury there
muy be & tuisting w«nd curling of the leuves due 10 the sctivities
of the.e insects. Ynese tvo eficcts may eusily ve mistugen Iox

the curling: that 13 sowmebimes eviaent in the disease in Juestion,

*Determination by liiss Huecenia licDeniel, “ntomolosy Dept.
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Certuin unizvoruule ;ro.in: condaitiong muy &lso cuuse yellowing
of lover leuves ouv these conditions asre entirely diiierent from

syuptoms of the Jermuda lily diseuase, here under consideration.
Ztiology.

Tne lily disecse is one oi wiinown etiology. It will be
geen from the foregoinz descriptions of diseased lilies that
thig diseuse in vractically &ll of its characteristics simulates
very closely the mosuic diseuse described for a wide r&nge of
hosts. wvery symptom descrived csn be watcned by similer
eppeuvrences in plunts eifected with the mosuic disease. Tre
soindle leaf «nd the leaf droop typesdescribed also find their
counterparts in the virus diseases of other hostse.

Trne mosaic diseases are of unknown cuuse. Lhey &re & class

t
of diseases showing rarked infectiousness and careful work hes
snovm thet aphids sre vectors of the infectious princivnle or
virug. DBecause 0f this close similarity of the mosaig disease
to the diseuse under investigation it is pertinent to consider
the surgestions zdvunced concerning the mossic diseases.s There
are nany hypotheses &s to the natuwe of the etiological faotor
in moszic, each h,potlhesis havine been at one time more or less
widely accepteds

(1) liayer (21), Ivenowski (17), Boncuuet (7), and
Hunger (16) huve &ll reported the finding of becteria in the
cells and tissues of diseased plants, and attributed the cuusution
of tne diseuse to these bucteria. Ivenowski (17) cultivated
- these buzcteria on sn artificial medium 2xd by inoculations wesg

able to produce pronounced moszic gymotoms.e The other writers
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named cbove reported similar results but later work showed that
the cuusution of mosuic diseases in genersl could not be attrib-
uted to ahy ol the orgunisms found in connection with the diseuse.
The infection ootained by trese workers was explained in that

some o0f the infective vrinciple must huve been inoculated glong
with the bacteria thereby leudinz to an inifection. |

(2) Following the sussestio of the bzcteria as the etio-
logicul factor, seversl workers, Woods (&¢), Heintzel(lg),

- Chapmun (11), &nd Freiburg (1l4) attribute the disesse to an
enwyme. +00d3s (20) su=:rests that «n excessive develooment of
oxidizing enzymes prevents the normzl aevelopment of chlorophyll
in the chloroplusts, hence the 1lig. ter colored areas in the leaf,
allerd destro,ed oxiduse by the use of hydrogen peroxide but
still owuteined tn intective principle, but by desiroying the
infective princinle and leuving the oxidase he was unuble to
obtuin infection. srom the results obteined by subsejuent
investi stors Freiburg's statement (14) tiet "from the sbove

it is oovious thet wnen injecting the infected substance ovteined
from & diseused plant into a healthy plsnt, we are heéndling sn
enzyme end not «n orgunism" does not seem supported by incontro-
vertivle evidence,

(8) Beijerinck (8&), although at first fsvoring the bucterisl
theory, luter nroposed the theory that mossaic disease is cuused
by & "contugium vivum tluidum", the causul sgent in this cuse
being non corpuscular end waver soluvle. Lodewljks (£0)
in 1911 not onl, postulates a virus theary, but &lso the develop-
ment of un antivirus in heslthy tissuve. However, Lodewi jks
fziled to taxe 2ll fuctors into consideruation &nd experiments

performed later faoiled to substuntiate positively his worke
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Tiie term vivug in o gene. ol sonse, incluoes ultvemicroscopic
orgunisms or un infective principle of unimown typee. Dusger (13)
by the use of ultra filters, of which the vore meusurements could
be determined found the particles of the infeciive principle

to be in the neignborhood of 30 to 40 millimicronse.

(4) "imoeba" T.eorye. Lately liztz (21) and Lunkel (19)
have publisled resuits of studies in which they suggest the possi-
bility of un croebu-like body beins the cuuse of moscic in sugar
czne «nd corn. litz found in parenchiyma cells of internzl
caruier in the stem of sujur cune «nd in leaf shesths, & peculiur
densel, but finely ;runuluted urd slightly browned plusmu.
Usuully o group oL cells were so fillede Zhroughout the mass
hysline bodies lewss then one micron in length ere found, und in
& test of externully steriliied wwteriul kept in w moist c..mber
motility wus obscrved after eight duyse. The subsiunce "resemuling
Plesmodium” wus found to be "constently associsted with yellow
striped cunie in wn udvinced ste;ce 0I the diseuses”

Lunkel (1v) wouking on Lipreastrum (a close relstive of the
lily) corvoworutes tre findings of Ltz wnd states furiner thet
similar "plasme™ {illed cells vre Observable in disseused sugur
c.ne tissuCs. LOweVer, e aescrives «n intracellulir bouy of «
different tppe coving srewt vuriaulion in sive, wnd in eurly
stuses 0 tue diserce theoe wie so ninute tuet 1t i1s exurenely
difiiculy to see wider ki h noonilicutions These vodies Zinully
reacll & site vwherle tuey «re consplcuous. “Yhey were never ob-
served to ve o nesiceol, vut wre amoeboid in wuupe wnd Lluays
$ weeE0Clubed wlili Lre Cull Nueleowsy in fo6b lley, ciw
Usuwll, =iv.ciied o ite Wne Lost nicleus enlorges wrd is o.ten

deepl, iroeduvd in t'ec volr. Scaetimes w meunwrzne is present

o
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LUL Il Ilwu Geolw vl LOU, Gpiueio LU w6 fenéd 26 wll wiielis
to aemornstrate ¢« nucleus huve 1ailede host cells conteining these
bodies ey eulurge rupidl: or ruther slowly, w«nd is usuzl to
find tinet tie more r:pidly hypertircpnied cells breux dovm the
more reudily.

It is interesiing to reczll khere thet Ivenowsiki described
«nd depicted soneviewt siwiler vodies closely uppresseda to the
nucleil in tovacuo mosuice

(5) riceent studies concerning etiologye. DLickson (12)
in Lis ”stﬁdies concerning ioswic Uisezses" siates tust in his
study of mmuidreds o sections he hnes in no instance oovserved
seny such vodies &s those de.crived oy Kunxel (19) in corn
moszice. However, ne iownd more or less wmnoevoid hiyeline vodies
in diseused cells oi leaves vut concludes tnem to ve more
secondar y in neture.s On the otk er hend, in free hund sectvions
of lexves in sdvurnced stees of the disewce Ulhere wre oiten to
be seen, wmon: the hyuline bodies in spongy mesophyll cells and
trichories, sSueller vodies having en errutic movement, wnd lurther
appecrinyg similar to a flw ellate in natuwre, but in spite of
careiul killing no definite proof cun be imde from non-living
sections. & bacteriel flor: wes found to be nresent in disessed
lesves in wlnocst every cuse, and Dickson (1£) was unzble to
isolute & protozoun orgunism irom the cultures. Lhe iscletion
of & protozozn wus doubly difiicult vecause of a possible cnange
in form.

In secticns of tobucco killed in concenweated «lcoholic
solution of llercuric chloride wnd stuined according to Hiemsa's
method, Dickson (12) found minute, durk staining bodies, 3

microns long =nd sligntly less in width, sometimes in great

numbers in the border arenchyma of the vascular tissues of
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diseused leeves =nd wis not wble to 1ind tuese ia nealthy le&ves.
These bodies nwty be ouserved in clcse contect with the wells
of the chlorenchyme end in some cuses were seen surrounding
the chloroplasts. 1iey cre apparently the sume bodies of
Ivanows:i snd possibly the scue as wentioned by wsoncqyuet and
Hunger. The occurrence of such uodies in diseased tissue does
not prove tnst they are other than secondéry or symbiotie,
but there is & possibility thet they are &xin to the chlumydozoa
mentioned in discussions of "virus" diseuses of men. Cultural
attempts were mede by Dickson (2), but elthou:h he wes Success;
ful in getting v turvidity in broth culture of zoogloeze and of
strepntococcus-li.e cheins, &lso succeeding in ceusing infection

in 12 out of 15 inoculated plants, his methods are open to oriti-

cism becuause e inoculsted the plants with virus s well as with
the streptococcus-like orgenism, &s there were no sepsrations
of the bucteriz from the plent juice. He was not sble to culture
on agur or geletin plates any orgonisms that could be definitely
designated &3 cezusing the disease, 1.6 no organisms such &s
Ivenowski (1lt) reporteé on gelatine or on ager plates.

41lard (2) in his work on tobacco, has found that plant
Juice of heavily infected plants is very resistant to strong
acld solutions snd retauins its infectivity for some time after
being treuted with solutions of stren,ths that would ordinavily
destroy fungl and bacteriae. Filtration experiments show that
the infective principle muy psss through the Chamberlain ¥
filters and still retain its infeciivitye. rurther, certuin aphids

such as liyzus nersicae und Liccrosiphum solanifolii huve been Iound

to be cupable of tWwansmitting this infective principle from

plant to plunt, even from pilants that =re not reluted, to plants
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that muy ue infecticas The virus muy be preserved Zor some
time in &lcoholic solutions. Jurther, allard vus able to trans-
mit the diseuse by merel;, rubbing an infected plant with the
thumb and then rubving & hexlthy leaf witn the thumb, thereby
getting inlection throusrh glundulsr heirse In &1, Allerd
hes found the c¢rusative princivle to be highly infectious end
has succeeded in cuusing infection &t wille There hes been no
definite orgrnism or orgunisms proven to be the cause of the
disesse, «#nd no successiul etternts have been made to cultivate
the virus upon «rtificisl mediz. The "virus" has been found
to be iiltruvle throu_.h ruther fine filters. Inoculations
mede upon & heslthy poteto from a diseased potsto seldom show
infection before the next growing seusone. Liemy of the mosuic=-
cuusing sgsents nave a %ery long incub&tion period while others
mey oW sSizpns or symotoms in & very few dayse.e Tests upon
the oxiduse content of heulthy u«nd diseused plunts have zfailed
to reveel unything conclusive concerning tre etiology of the
diseuse.

The patholo-ist, &l though rupidly becoming more &nd more
acuuainted with the nature of the disezse, its symptoms &and
its workings, has 4 lurge field for reseurch in trhe ettempts to
isolsate the czus=tive agent or the causative orgunism, if there
be an orgunism involved in the production of the disease. The
etiology remzins o puszle yet to De solved Ly intense und careiul

work.
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Ixperizentil iorke

Cbservations of Commercial Crop Fl.
T&ble I .

Tcbulated reports on tne effects of the lily diseuse on
s

plants ¢gro.ins under normul greennvuse conaitions. =ecord
a8 70 nrevelnce or uboexce 0L diseuse.
Flant Io.
lioe 1-21-24 2=2-24 2=29-24 Blossous lemarkse.
11 - - - 1
€ - + + 4 Zxacentionuily high
yield oI normel floveio
1 -+ ++ ++ 6 Disecsed plunt nu-
tureu v :00a blooms
despite dliseazse.
ba T+ +++ T+ 3 aunt, flouers rutcer
sImelle ~
b ++ T+ ++ 3 slrost norwal in size
but much aiseused.
ta ++ ++ ++ b4
6b 4 +4 ++ 2
¢ + + + 2
9 T+ 4 4+ 1 Diseused conaltvion
aubprozching rosetied
conaitions
10 ++4 ++ 4 ) Flunt very pale ut
ve inndn;, lster uve-
cowin: sire. .ed,
olossoms siaclle
12 ++ ++ ++ 4 appurently noviwl
flowers,
15 ++ ++ +4 3
l4ag ++ + + 4 At {irsi tre lecves
vwere clusping tie suallk
luter vecoming free;
flovers upperently
noynizle
14D s + + 3
19a ++ ++ ++ 2
19b ++ ++ ++ 2
lYc ++ T4 ++ 2
ZCa + + + 3
<(Chb - + + 2 Plant vecurme disecscd

later tnen other shont



Teble I continued.

Ilunt ‘ No.

No. 1-21-24 D-.-24 2-29=24 Blossoms Remarks.

2la ++ ++ +# 3

21b + + + 3

022 + + + 4 Plant dwarfed, yet
matured 4 avvarently
normzl flowerse.

o5a ++ + + 2 Plants in both cases
apnarently succeeded
in partislly recovering

25b ++ + + 2

2 + + + 7 Plant showed rosette-
like appearance yot
7 normal flowers
maturede

3 + + + 3

7a + + + 4

7 + + + 2

8a +4 ++ +4 1

8b + &+ ++ 2

8c - + + 3 Plant contracted
disease latere.

17 + + + 3 Aphids present on
1-21-24 and flowers
misshapen. Unsalzbles

4a + + + 1 Spindle leaf tyve.
Mottled, producing but
one flowere.

4} + + + 0 Discarded both.

15 - - - 1 Plants showed stunting
but no symptoms of
disease.

16 + + + Discarded. Leaf drood
tyvre.

18 - + + 4 Leaf droop & twisted.
Flowers apparently
normale.

23 ++ ++ + 1 Spindle leaf type.
Plant undesirable.

24 + + + - Spindle leaf, discardc

26 + + + 1l Spindle leaf,

&7 + + + 1

Leaf droop tyne, plant
greatly injured.

Note: VWhen there are two or more shoots in the same pot they are

designated above as &, b and c.

= = Healthy, s+ = Suspicious, + = Mottled (mild), +++ = Very severe,



Observations of Commercial Crop ;2e
Table II.

Plant No.
Noe. 1-21-24 2-2-24 2-16-24 2-29-24 Blossoms Remarks.

1l + + + + 2 Curling & twist-
ing leaves;
flowers malformed.

2 ++ 4 + * ? Record lost as
plant was sold
between visitse.

5 - (] - Lad 2

4 ++ + + + 12 Great number of
flowers in spite
of severe disease
at start.

5 ++ + + + 9

6 - - - -n 5

7 - - - band 3

9 - - - - 5

10 + + + + 4

11 - + + + 3 Healthy plant
becoming disessed.

12 - - - - 2

13 - + ++ ++ 2 Aphids present,
disease becoming
more severe.

14 - + + + 5 Healthy plant
attaclized and be-
coming diseased.

15 - + + + 4

16 + + + + 4

18 + + + 3 3

19 + + + + 2

20 - - - - 4

21 ++ ++ ++ ++ 1l Unsealeble.

22 + + + + 3



Table II continued.

No.
Plant 1-21-24 2-2-24 2-16-24 2-29-24 3Blossoms Remerks

No.

24 + + + + 3

25 + + + + 7 o

26 - - - - 1 Mechenical injury
caused malformed
flower.

27 - - - - 5

28 - - - - Lost

29 - - - - 8

20 - - + + 6 Aphids present
2-16. HFlowvers
apparently normal.

31 - - - - 6

32a + + + + 4

32b + + + + 4

33 - - - - 4

34 - - - - 5

35 - + + + 3 Plant vecame
diseased after
2nd observation.

36 - - - - 5

37 - - - -

38 - - + + 3 Flowers malformed
presumably due to
aphid injury.

39 - - + + 3

40 + + ++ ++ 4

41 + + + - 3 Upper leaves out-
grew the disesase.

42 + + + + 4

43 + ++ +++ 4+ Thrown out.

44 + + + + 3 flovers misshepen.

45 - - - - 4

= = Healthy, + = Suspicious
+++ = Very severe.

» + = Mottled (mild), ++ = Severe, and
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From the tuwo forezoing tables® @ :cereful study of
diseased plants urnder greenhouse conditions may be made, &nd
it may be seen that plants in the greenhouse differ greatly
in their reactions to the disease., However, it will be noticeé
that a plant once attecked, very seldom, if ever, completely
recovers. This latter fact is evidenced in the first of the
tv.o taules widcn is ¢ study of the workings of the disecsed
plunts more then & study of un averuge run of plsents &3 is
shown in tl.e second tavle., Some 0f the severely diseaused plants
show un gverage numoer of enpurently normel flowers. The reeson
for this is wiknown except thet it is known thaut plunts of this
variety are tolerunt of the disease to & marked degree. Healthy
plunts may, from the sturt, skow gregt vigor, sand continue
heulthy tLroushout their life, or mz; «t some time in tueir
period o srowih develop tne symptomatic mottling of the leuves,
finz21lly comin_z down with the diseuse. Iven after becoming very
noticeably disessed these plants me, continue their growth &nd
produce wn uverasge nwaver 0f «operently normal floverse The
gpindle leul type and the leuf droop tyve evidently er e the
most severely diseased either in the presence or the tbsence
of u mottled condition, tre nlants in such cuses being oiten
worthless or meturing only & few, often malformed flowers.
In cuses viiecre the same pulb hus sent out tvio or more shoots
there may at tne vezinning be symptoms only on one of the shoots,

but in every cnse tre entire number of shooits became iniected

*icknowled,ment is Lade to the smith Xlorsl Compeny, Lansing,
for fucllities furnisned Zor this work.
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beiore thne piunt nud finisned 1ts c¢,cle of growthe The writer,
in follovin. the life growth of the »lant, wus ¢ble to study
the diseuse «t rvesuler intervzls and to determine various
efiects 0of the ulcesse unon e proauction of Ilc ers under
the Zovcins methods employed in the ordinur; florel srecnhouses
It wus ooservea tnwt disensed plants vere able to natiwe flowvers,
tuat 13 in cuses winere tne developrent cf the diseuvse wus held
in chrecii by the orvainery Qeenhousc cure. Tne superintenvent
of the greerniiouse Vas well sutisfied with tie results outuined
from tne plunts in _uwestiion irom trne stindvoint of comieccial
flovers, vecuuse only « iew 0I tne plants were alsciracd und
on tn¢ wnuole ¢ uloh vercent ol flovelrs wis Ouvnined Zrom thls
Crope

tiet thhe heuviest diseused

o

In soi ¢ cec 1% vill ve nois
planis proucce tue normul nwever of flowers which in no wmonn.er
show lhe symptoms of the diseuse or show wny hormrul eiiects
0f the disezse; hovever, it snould be rememvered thet this
vuriety 01 lilies under obdservution is tolerent ol trne disew.se
to & murked extent and tne conclusions about flower production
in no vwuy negute tine former stutements coout the severity of
tiis diseucse swtinciins the riore suscesntible varieties.

Huving ocuserved zn ¢ :ouvent sresd of the wserwuas 1ily
diseuse in tne grecnnouse, the writer sttemoted to determine how
thiis spread vould oce eifected vy tre removul oI iniecived .lunts,
&5 soon as they %ype¢rea, from tue leceulity ol thie healihy pizrtse
Y0 do tnis one hundred vulos vere selected tnd cvenly divided
sceordin: to s..e, seneral . pesrcace, elc. Yinese bulos vere

plunted in b-inc¢n pols in ordincry .reennouse compost. rlunts

nunberin,- irom 1 vo £0 were ket in the ootuny seennouse ot
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tihe colleje wid pronts £1 to 100 inclusive wele Yewoved to tnother
greevhouse viere lilies hud not grown und wnicn nud been free
from plants since dJuly, a period of several montas. The plunts
1 to 50 kept in tre sSotkny grecnhouse viere wllowew 1o grow
withort the rewovul of sny diseused plunts «s « checx upon the
viants S1 to 100 xeit in th.e other greenhouse, &rd from which
8ll dicewsed plints were to Dde removed iumeaistely upon their
Gpoezrurce. a3 the clunts in the latter greenhouse snowed
mottlins they vere removed until the entire lot of fifty hcd
been TeLcoved, showing & 100, infection in spite of the removal
of all disezsed plunts. The check showed 96,0 diseased plunts,
or 48 out of 50 plents.™ Tihe vriter hoped to demonstrste the
practicability of the removul of disezsed planis &3 & metniod
in hulting the sprezd of the disecse, this, of course, 1o use
done in conjunction with cumtrol of the & phid situations.
It m=2y uve seen thut the results here were not of the naeture to
permit the druwing o conclusions ol the practicability of
roguing expaiments, due to tiie excessive percenture of diseazse

apparently inherent in the bulbse
Infective Principle is Cerried Over in Bulbs.

r'iiteen bulbs were chosen 10or this expeviment vy picking
out buluvs of averuge size, shépe, general tppearance end genersl

conditions. 30il, ordinury gqreenhouse cgompost, wus autocluved

*Consideruble trousle wus exneriericed here due 1o an sbund:nce
of apnids widenr put in treir aspenraznce. <he aphid was
determined ss being Siphonophora circumflexu.
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for an hour ut five powiwds pressure. ITull glass battery jars
were filled w:oroximately one-=third full of the sutoclaved soil
und the bulus were plunted at ¢ depth of one and a half to two
incnes. Cieesecloth wus then tied over the mouth of the jJar
and tre Jjars were pleced in a well lizhted pluéce in the green-
house &nd the bulbs ullowed to gowe.e Lhe cheesecloth allowed
serution, but kept out £ll insect pestse. The tuble below

will snow the resulis oblusined in this experiment.

Teble I1I.
Bulb Lio. Date plunted. Results tuken nesults taxen
o=2y=24. b-1-24.
313 g-1t-24 . o
3l4 " ++ ++
315 " (2 sorouts) 1 +++, 1 + L +++, 1 +
316 " + +
317 " ++ Died
318 " ++ ++
319 " + (Very mild) + (Liild)
320 " + +
321 " - -
S22 " ++ ++
523 " +4t 4+

o
8y
i
+
-+

025 " - -
bz0 " + +
381 " + +

- = Heulthy

+ = sSusolicious

+ = uild

++ = 3evers
+++ = Very severe.
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Jroin tiie iorecvinnt tuwle 1V muy ce seen lhe o ihe diseswse
showed up even in plants from bulos grown in sterile scil &nd
grown under insect free conditions in 66 2/3 of the plants under
observation. Inasmuch 238 there wss no entry for insect
carriers of the infective vrinciple except those that could
possibly wet in throuzh the bulbs, and since upon careful scrutiny
of all the plants no insects were seen zt any time during treir
period or srowth, the source of the disease is evidently
the bulons. Jrom this experiment it may be seen that the disease
may be cerried over the storage period in the bulb only to find
expression when the bulb grows agsin in the next growing season.

Are aAphids or tleir Eggs Cerried in ©Soil in VWhich the

Bulbs &re Packed?

The bulbs used by the writer were received in a shipoing
box pecked in & sandy clsy. A small quantity of this packing
soil vas sifted in order to remove the coarser particles wnd
to remove 2ll the loose vud scmles that had become detscled in
tronsit. Portions of this soil were then put inteo six tvo-quort
liason jaers snd lettuce seed wus somne. In a few doys the lettuce
had come up but there were no aphids or insects of eny kind
presernt on tie leaves during its subseqvent growthe Yiis wvould
tend to indicate that the soil in this cese in vrhich the bulbs
were picked did not contcin =phid or other insect egr-s. The
results here cre not tuien &s coneclusive for =11 condit ions,
since it has been shovn that insect enemies of ynlants cre
comrmonly horbored by packing msterisl, especiclly soil. It is
likely that the s0il used was not the soil in which the »nlants

Ereve



Tl.e Efect of ot weter ucon Flents from Bulbs.

kncving tluwt hot weter trestment is often successfully
used in the tweatment of psrasites thaet may be present in bulbs,
(23) tre vriter undertook to determine the effects of hot water
trestnent of bulbs upon tle eswpeszrence of the lily diseasee.
¥Por this purw»ose orne hundred aversse bulbs vere chosen from avout
three hundred bulbs &nd divided into lcts of twenty five bulbs
eazch. 4Anotier group of tventy five bulbs viere selected os chleciis.
All bulbs exce:t tie cuecks vere trected ¢« Ifter tre menner shoun

in the followin~ teble.

Teble IV.

No. of Dsate No. of 70 %
buluse. plerted. lempe Time. treatrents. growth. diseased.

25 2-14=-24 43°C, 15 min. 3 100 885
25 n 45°C. 12 min. 3 100 84%
25 n 47°C. 10 min. 3 100 92,6
25 " 50°C. 8 min. 3 100 €85
25 cihecks " Cteck Cieck Check 100 84,5

The bulbs were submitted to the foregoing treatment on
three consecutive days arnd then planted in six inch pots in ordi-
nary greenhousc compost. The hot water anvarently exercised no
harm to the bulus allowed to remesin in it the greatest lencth of
time, nor did the lover temperature for a greater length of time
beczuse in 100,5 of -11 cases a healthy sproit resulted end ell
subcsequent growih was normel in all resgectse Yue percentoge
of diseased plants resultinz showed no evidence of the successful

diminution of the disease to any great extent such that it mizht



be considered a3 a oossible method of control of the Bermuda
1ily disease. Becz2use of the unfavo:able results obteined
here further e:perirentsation with hot waeter treatment was not

carried on.
Effect of Heat.

Certsin investigators of the mosaic diseases of plants
heve uscd varyinz dejrees of heat in order to study the effect
of that agert upon tre rottling as exhibited in the lesves of
diseased plent.s. Certnin of these investigators cleim that they
have noticed sn apvreciable chenge inithe degree of mottling.
With this idea in mind the writer selected a pot having two
shoots of Lilium with elmost identical conditions of disease,
each part of the plant beins mottled to the same degree. A
temperature cha:ber arrengerent ves so made that this plant
could be pluced so that one part of the foliege womld be on
one side of a glass pertition and the other part would te on
the other side. an electriec lizht bulb was then introduced
intoone half of this tempereture chember and the other half
wes left unheateds he electric licht bulb wes carefully wrapred
with asvbestos so thut there would be no unequal light effects.
In this way it wes nossible to secure an average difference of
6°C. between the tvo sides of the chamber. The unheated side
shovwed a temperature of 22°C. + 12C. and the other side showed
a temperature of 28° 4+ 1°C. As this experiment was carried on
in tle leboratory it wos necessary to introduce artificisl
light so that the photosynthetic process would not be inter-
fered with too greatly. The temperature chember containing the

rlant wes allowed to stend & week, the plant being constantly
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sub Jected to the diiference in temperature. At the end of this
time the plant was clnsely examined for sny chsnge thet could
in sny vizy bve sttributed to the effect of the increacsed temper-
gture. Trere wos no marked difference in the conditions of the
two parts of the plant, nor was there eny difference in the
plant as a2 whole. This experiment was cerried on on three
occasions end no different results viere obtained at this temper-
ature.

four other diseased plants vere then teken and subjected to
a somevl.at h) ~her tempersture. Tiie temverature in this case
wes 35° to 36%C. Artificiel licht wes 2lso introduced to supply
the li:l:t necessary for proper plant functioning. Plants in
the same room not subject to heat were kept as checks. Those
plants at this hich temnerature developed & pronounced pallid
appearcnce cnd in a few ceses certsin of the leaves of the
plant shoved evidence of injury due to the heat, The develop-
ment of this »allid condition corresponds to that condition
desorived by Dickson (12). This pallor that msy = pear
naturally nakes the detection of the mottled areas more difficult
because the lessening in eamount of color tskes place chiefly
in the dark creen areas. However it is theuvght that the differ-
ence in eppearence is dwe to a generslized plant paling rsther
than to any modification of the diseased tissue. Hence, it may
be concluded from this experiment that temperatures rancing
from 25°C to 35“C exercise no matericl influence upon the

Bermuda lily disesse. Yemperatures over 35°C materially harmed

the plants subjected to ite



Zffect of sShed ing.

Mwenty five nlants were placed in & cold frame and shaded.
The shcding effect wes brought gbout by the nailing of cheese
cloth over the glass freme ordinarily covering the plantse

Twenty five were left unshaded es & check. After four weeks
no chancse could be noticed in the plant thus shaded, a&nd no

difference vias visible between the shcded and the unshaded
plants. Hence, it was concluded thet sheding exercised no
effect upon the disessed plants and that marking of symptoms

had not occurred under the licht conditions: imposed. It

should be noted, hovever, that the weather conditions during

this period were unusually cold, and cloudy days were numerous.
Effect of Continuous Light.

2ix diseased plants were subjected to continuous light
for five days and then caupared with disecsed plants not sub-
Jected to the cmtinuous light, and were found to be of a

slightly lighter color than the otlers. Otherwise there was
no chenge. Another test under the same conditions gave the

same resultse 2ie soil end pots were ordinary greenhouse

compost and pots thet were &t hend.
Seedling Culture.

Owing to the great abundance of infection thet was a parently
within tie bulps as they were received, no direct attempts were
msde to cause artificial infection of plants forced from bulbs.
for inoculation ourposes, plants were grown from seeds received

from David Griffith of the U. 3. Denartnent of Az iculture.
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2or tris purpose the seedlinr-s were cerminnted in sand

0]

flats =zwey from all lilies or mostic plants &nd then transplanted
after the sprovts were gbout &n inch to an inch end & halt in
len.th into 2-ousrt lisson jers® about one-fouwrth full of soil
that haed been autoclaved for en houvr at 5 pounds presswe in
order to insure tre killin~ of insects and insect eggs. Qreat
cere was used in vetering these nlants beczuse of the ease of
zetting on excecsive cmount of water wnd thereby hindering the
plent growthe PYieces of cheesecloth were secwely fastered

over tie tops of these [ars so thet no insects could gain
entrince into tie Jjors. 3y this method of treatmént the only
infection that could be obtained would be turoush the seed or
througzh artificicl netlhodse oSeeds plarnted in Jamery germinated
the latter part of rebrucry =nd in a week were ready for trans-
plantation. Close scrutiny of the seedlinss showed no evidence
of the disence beinz seed borne. QObservation of uninoculated
seedlin~s to the numoer of 1v0 has shown 2vsolutely no sign of
disease in any of the seedlings grone. However, it vas im-
possible to ascertsin whether or not the seeds thut were planted
came from diseused perents, and lack of time prevented the nro-
duction of seeds from such varents and trhe subsequent germination
of the same. At lenst in 165 seedlingzs grown there w:zs no evi-
dence of the disease being seed borne. Hor &ll inoculstions

seedlinss were used and the results given sre those obtained

of artificial cansation of the disease as secured from seedlinss

* r N . N
for this purpose, in ozder not to incresse the quantity of
lizht, 2-quert jars of white glass were chiefly used.
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again emphasis must be pisced upon the difficulty of groving
seedlings successiully. B8y neture, seedlin:s of the Genus Lilium
are &ll slow in trneir menner of growth. Jeedlinzs planted recquire
severeal

sears to meture into plants capszble of flovering, the

usual time bein~ from 3 to £ yesrs, devending upon the sseciese.
Qhroughout tiis long preparatory period it is necessary to gusrd
grainst outside dancers in tihe form of diseases and insect

injuries to wvhich the wnlants are suvoject.
Inoculetion of JSeedlings with Juice.

In 25 plants inoculated with juice from sctive ccses of
infection nc eviderice of infection was vresent two months leter.
Trese inoculetions were run in three series, 10, 10 end 5 plants
being used, and in each series a different disessed plsnt wes

used as tl.e scurce of the inoculum.
Discussion.

Juice was extracted from a ranidly growing disessed plant
and without dilution was inoculeted into the growing regions
of seedlings sfter ti.ey Led reasched tie two-leaved stage. The
plants vere seprez-ted &nd an sdeuuate number of checks were
kept on tiie inoculated plants. aAlthoush these plants were inocu-
lated by the placing of juice on the growing region and pricking
it into the tissue by rmeans of & dissecting needle, in no case
were any s;mntoms of mottlinz, leaf droop or soindle leaf
noticeable, &lthough dail, readings were mede sfter tie second
day. Yome of tnese inoculations were nsde and wetched for

two monti:s but no successful infection was noticeable.
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Becsuse of the fzct that tre plants concerned have bulbs
the question occurred whether the oermuda lily disease, having
a marked moseic likeness, mizht not be in some vay comparable
to the mosazic disease of the potato vwhere the symptoms and
effects of the mosaic disezse fzil to show up until the second

grouving sesson.
Aphid Tests.

Several stresins of aphids vere easily accessible in the
greenhouse ond upon surrounding plents. among the aphids that

viere obteinable v.ere Sinhonophora circumflexa (commonly on

lilies), and Myzus persicae. Tests made with these two geners

of aphids (37 with 3iphonophora circumflexs and 25 with

Myzus percicee) gave negetive results when transferred, after

feeding severzl hours upon a diseased plant, to & healthy
seedling and clloved to feed for five da;s. It israther diffi-
cult to control zphid  xrouth upon such younz, succulent seedlinss
sufficiently to prevent sphid injury to the plents. Sometimes
the aphids in feeding upon the plants ceause a pseudo-motiled
appearaence due to their Ifeedinx. It is imsortant, therefore,

to allow the ephids to feed only a sufficient time to zet
established cnd then remove them before they have left any mark-
ings that might be confuced with the charscteristic markings of
the disesse. These a 1 ids can easil; be removed by the use

of Black Leaf 40 sprey 1:400 without rarmins the plants to eny
noticeable extent. Ho.ever, it is of great imoortance not

to confuse insect injury with any diseased conditions. In fo
case Wure there any patholo-ical sy ptoms present resulting

from the ingect's feeding that could constitute a lo-ical basis

for positive disrnosis of the disease.
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The sare cuvestion arises aruin £s to wnether or not these
plants will elso show mottlins~ dur ine trheir next growing sesson.
The two aphids named are known to be cerriers of the infective

principle ol mosaic diseases, &nd liyzus percicse is cspeble of

oarrjiﬁg it to auvite a nurber of difierent hosts, but anparently
does not poscess trhe gbility to tronsmit this disease of lilies,
and has never been reported a&s doing so. Ilo aphids otler tran
those nmentioned v.ere used in attemnts of aphid trasnsmission
of tris disesue.

Could tre Juice of Lil; Diseased Plerts Cause an Lxpression

on sore xnnual Plint such &s the Tomzto, Corn,
or 'ovscceo?

seedlinzs of corn, tomato and tobacco were growm end when
they had recched the more rasidly growing condition they were
inoculated with Jjuice of a severely diseased lily plant. 1In
no cese was tihere evidenced any symptom of mosaie in any of the
plants. 4s we Inow trese three plants are susce . tivle to tue
infective princiole of mossic, tiere must be & sli:slt differerce
in degree of infectivity of tre Jjuice of disessed lilies than
in those plarts tlet are more rzpnidly growing end less sub jected
to forcing. Perhaps the latter plarts nared are not svscestible
to inocnleti'ng of juice from tre 1lily, and perhans the nature
of tle invective principle is such tiat there is no infectivity

to such plants.,
Cul turel Stvdies.

3:all sections of leaves were treated vith =& 1& solution

of chloreszene to kill any suvrface org nisms present. Tie sections
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were then wizched in sterile distilled wuter end then laid
on the surfsce of cornme:l eger thet had been previously
powred in sterile petri disies. ifteen such petri dishes
were mrenered and nleced in pleces conducive to the growth
of organismse. 4Yhe resuliins growths were, with tvo exceptions,
erowths of 5lue liold &nd certsin bacillus forms. With two
exceptions the becillus growths were discarded because of their
rare cppear=nce. The tvio exce:tions exhivited no tendencies
whatsoever to wrccé.ce any s;m toms of tine disease vhen inocu-
lated into nealthy seedlinzs, rurtler culture ctudies on
common laborctory medis fuiled to show any different results.
Plein non nutrient agsr waes prepared end to this &g r wes
cdded filtered p»nla:t Julce. Ixtrzcted plant Jjuice was trans-
ferred 1o these tubes. The tubes were then watched for any
sppeurance of orgenism growth. In no case was there evidence
of growth on trhe tubes so prepsred. Iovwever, this is not to be
considered strance because the infective princéple of diseases
of this type hes never been cultivafed successfully upon any
artificial leboratory medium.
The results of this atternted artificial cultivetion would
tend to indicste that up to the present no definite orgenism
has been isolated upon which can ve fixed the causation of

the Bermuda lily disesase.
Freehand Sections.

freehend sections were msde of the disessed and healthy
tissue of various parts of the plant, lesves, stem and bulb.

No attempt was mede 2t staining these freehand sections but

8 comparative gtudy was iede of the general ghape, Size end
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structwre of heelthy and diseased tissues and ¢ study of
chloroplasts ves 2l so mcde. Between the diseased end healthy
tissue there weas no difference to be noticed from this experi-
ment. ™"he genersl cell shape of the'palisade cells was the
seme and the chloroplast counts end their locati ons were the
sarees 1Lhis, however, does not ggree with the work o certain
writers who revort quite & noticeanle difference in the general
shepe of the palizade cells &s well as in the 1location of
chloroplasts in these cells. Howevey, tnese differences were
noticeable onl:; in certsin ones of thie Solanaceous plants, the
potato, tometo, tobacco and petunia. Ctrer writers have
failed to find comparable differences between heclthy end

diseased .lints in tlre same group studied in the same manner.
Juice Zxaminat ions.

4t the scme time with the study of the freehand sections
trhe juice from heelthy and diseased plents wes 2lso exemined
but no difference could be seen tkrougch the microscopical study

of the tvo.
Discussion of Results.

Ttre results of the exverimental wak carried on and described
In this paper indicate that the sermuda lily disease differs from
mosaic diseaces only in the fact that the witer was unable to
get infections from inoculations of trhe Jjuice of diseased plants
into the tissues of heelthy plants, nor wes lLe able to ge t a
transfer of the disease by the use of aphids known to be carriers
of the virus of mosaioc disecses. Imsoite of tre fact that no

visible pathological conditions v.ere evident, these results can
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not be accepted as conclusive evidence that symptoms will nct
show up &t soare future time, because this is truwe in the case

of the potato where the tuber is a resting orgenism funetioning
similarly to tiie bulb of the lily. This may be the point at
issue because both plants are ordinarily propageted vegetatively
by the use of portions of the underground stem. Aside from the
above it may be seen from tre Summary following thast the Sermuda
lily diseace in practically sall other aspects measures up to the
reguirements of the mosaic diseases:

l. The cheracteristic appearance of mosaic disezses due to
the mottliny end twisting of the leaves precent.

2. There is evidence of a slow insidious spread in the
greenhouse under ordinary groving conditions.

S« The Bermuda lily disease has sll esrmarks of a t;wical
mosaic disesse, in thet it is persistent within the host, shows
differences in virulence sccord ing to variety and cultuwral c on-
ditions, and cives evidences with an infected host of gredual
increase in area of involvement and severity of effects.

4. No orgenism has been found concerned with the causation
ot this disease.

5. Tre "virus" of this disease is heat-resistant when in
an actively growing plant.

6. Although tie writer was unabie to prove transfer of
tiie disease Dby @ohids, such trensfer seems ‘robuble. Similarly
Juice inocuvlations itave not et csused the disease. A porallel
to the Bermuda 1lily disease is to be found in "pe ch yellowg"
which is known to be trensmissivle by buds, but which ILas not

beenn shown to be twansmissible by juice inoculations or by insect

vectors. Feacl yelliws, by meny suthorities, is considered of
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mozaic natwre.
7« In the cases of seedlings under observation t:erve
no evidence trct the disecse is seed borne.
6. 1lie spread of tiie disease geogranhicelly, znd its

developient unter locsl codicions are identiczl with tie

and locsl developy.ent of mosaic diseases.

is

saread
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Plate I. Leaf droop type of the Sermuda lily disease.
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Plate II. Shoots of 1lily plants growing in sterile
soil and under ingsect-free conditions.



Pluete 1II. 3evere leaf mottling on crowing plant.



Plate IV, A severely disensed plant in advanced stagese.



Plate V. Leaves showing mottling. (Photographed under glass.)
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