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INTRODUCTION 

In the summer of 1937 a bncterinl parasite of annual lespedeza 
(Lespedeza stipulacea Maxim and L. striata (Thunb.) H. and A.) was 
first observed to be causing wilting- and death of infected plants at the 
Arlington Experiment Farm, Arlington, Va.a Since then the causal 
organism has been isolated from diseased plants of annuallespedeza 
from 1\lissouri, Kansas, illinois, T('nnessee, and New York. It would 
nppear, therefore, that the disense is widely distributed throughout 
many of the arens in which the annual lespedezas have become an 
inlportnnt forage crop, nnd that it mllst be considered a serious threat 
to the continued profitable use of these legumes for ha~ and pasture. 
For the past several ~ears, reports haye come from Missouri that the 
enrl:r struin of Korean lespedeza (F. C. No. 19604) was being attacked 
b~ a disease the cause of which was unknown. Since this strain of 
ilnnual lespedeza IlilS been shown b~ artificial inoculations and field 
observtttions at the Arlington Farm to be especially susceptible to 
bacterial wilt, it appears probable that tlus is the disease that has 
been active in Iespedeza phllltings in ~1issouri. This probability is 
strengthened by the read~ isolation of the bacterium from typical 
cliseased plants of No. 19604 sent to the authors from .Missouri by 
O. A. Helm. This bulletin presents a description of the disense, the 
studies made of the characteristics of the causal organism, and the 
results of the artificial inoculations made to establish the pathogenicity 

• :"ubmitted for publication :May 2'2. 19:1'l. 
"['he authors rrrc indebted 10 Florence lTed~('< or the IJki<ion IIr Fruit nnd Yr!!ctnble ('rops an,l Di"l"l$('!< 

f(lr $upplying the. cullurc~ or Bacterium pha...oli sojenu and Bacl. j/acclu"faci'M IlSl,<1 ill the' complll'lnivc 
studit1~. 

, LEFElI\ RF., ('. T... AYEP-So T. T., and JOllXSOX. H. W. .\ BACTERIAL WILT OF I.Y.sPEDEZ.\, (Abstract)
Phytopathology ~'9: 15. 1931l. 
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ilml identity of the bacterium nnd to determine tentatively the 
relative susceptibility of various species and strains of lespedeza to 
bacteriill wilt. 

DESCRIPTION OF THE DISEASE 

Dilrk, wnter-soaked spots on the leaflets nppeal' to be the first 
yisible symptom of infection. Infected It.layes then soon become 
grnyish brown, desiccilted, nnd curled. A thin incrusting film of bl1c­
teriul exudate is sometimes l"pen on the l('afiets and upon sectioninl! 
an abundant bacterial extrusion occurs from the se\'ered vnsculnr 
bandIes. The npp(:~runce of the infected lenfiets of Endy Korenn 
lespedezit No. 19604 is shown in figure 1, A. 

Systemic infection folluws rnther rapidly in the CI1SC of susccptihll' 
strnins of nnnualiespedezn, ~\nd 'within it few w(>eks entire plnllts wilt 
nnd die ilS is shown in figure 1, B. Lpon sl'ctioning the stems of such 
plunts un abundnnt bncterinl extrusion occurs. Frequently the stems 
of systemicnlly infected plants crnck open und a yellowish bacterinl 
exudate forms nncI hnrdells. Such drops of exudatp nre illustrnted in 
figure 2, A-e. The ense with which tlw bactprinl extrusion mny be 
demonstrnted provides a nndy menns of distinguishing this disease 
from a similnr wilting mill (knt11 of nnnnallpsppciezil plants causpd by 
Scleroti1l1n 'roUI';ii Sncc. in till' 90llthenstpl"ll States. 

THE C.U:SAL ORGANISM 

ISOLATJO~ 

Bnderin, nre nbundant ill thp It'in'ps nnd stem" of infl.'cted pl:mts, 
nnd all identic-nl or~anism IHl" b(,t'n isolated repentt'dly. lsolntion 
was preceded in all cases by surfnce rinsing of the tiflflut's with nlrohol 
Hilt! mercuric chloride solution. The surfnce-."tprilized piecl's of tisslIe 
were then trnnsferred to a tube of llutrient- brot~l and lifter stilluling 
for a time the tube was shnken and dillition plutes were m:.de fr0I11 
the bncteriul suspension in the usunl nHIlll('r. In August 1937 fiye 
isolations were made from diseased plnn' s of EnrIy KOretlll lespedl'ztl 
Xo. 19604 coll('cted at the Arlington l'arm. The pat.hogenicity of 
these isolants wns proved b.\- n, preliminn r.v set of inoculntions nnd the 
bacterium was reisolntecl from the disPtlsl'Cl plnnts. One l'eisolation 
was desigllnted ~o. 303, nnd it hns b(,pn lIfled in the detniled culturnl 
studies. Since thl'n, the organism hns b(,E'n isolated from disensed 
plnnts of Korean lespedl'za (Lfgpolezo, stipuiacra) collectl'd at Colum­
bia, :Mo.; l\1ilnhnttnn, Knns.; "Crban:l, Ill.; ItlH1ca, N. Y., nndKnox­
__ilIe, TE'IUl. It has nlso been isolnted from diseased plants of Ten­
nessee 76lespedC'zil. (L. Btriata) collected at Knox\·ille. The isolations 
from Ithll.ca und rrbillm were designated Kos. C-:2-1 nnd C-34, re­
spectively, ilnd tlH:'se have bl'en used in compnrnti\-e cultural stueliE':' 
tUld tests of pathogE'nicit..\r with isolntion No. 303 from the Arlington 
Fnrm. Isolations C-4 nnc! C-6 from disl'flSl'd plants of TplUll'SSel' 76 
and Late Korean lespl'dl'ZIlS collected at Kno~"Y1Ile haTe also hpen 
used in pathogenicity studies. 

MORPHOLOGY 

The pathogen is it. smilll rod with rOlmded ends, usunlly occurring 
singly or in pairs but occasionnlly forming short chains. It stains 
readily with Ziehl's carbol fuchsin and carbol gentian nolet (Nicolle) 

http:Ithll.ca
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FlGURE I.-Early Korean lespedeza (Xo. ] 9604) growillg at the Arlington Experi­
ment Farm in August 1937: A, Leaflets showillg the discoloration and necrosis 
caused by bacterial infection; B, dead plants caused by -bacterial illfection. 

FIGURE 2.-Hardened droJls of bacterial exudate from cracks ill the stems of 
inoculated plants of: A, Kobp (F. C. Ko. 22456); B, Standard Korean (F. G. 
No. 22457); C, Early Korean (i. C. No. 19604) lespedezas. Dis frum a healthy, 
noninoculated check plant of Early Korcanlespedeza. X 7. 



but ollh- lighth- w~tlt Lodlll'l"" :dknlin(' 1lll't1l\'It'.III~ blut', \\,hl~n 
stlliIlPd . froin .is-hour })o(.alo-c!pxtmsp-n,p:aL' (,lIlllll'pS with eal'l)ol 
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Thl' orp:uni,;m is 1l1otilp by 111(,:1IlS or a sillglp polar Jiag(,llul1l tht' 
I)!('S(,IU'(' of whit'll has hl'('11 dl'llHlllsll'atl'd hy thl' staillillg llwtholl or 

FHd'ltE :3. t'lIlt1II'a1 :wd Illorph,,1,,!!;il':d ('i'am!'!,'r.'; "f j,,,latiIJII Xu, :30:! of 
/,/, ,filII/OW!.'! 1'''11.11,:'/1: .1. ;l-,f:ty "Irh('" :lIHll'lul)('d,["d (,IJltlldp" on IPilril'll1 
:l!!:tr, >< I; U, I-,fal' ("lit 111'(' "II lI"ral,,-d,,\tro~I' tl!m!', Ca"an'~-C:il'.; :--laill, ;< 
l,iOIl; ('. ·1-dtL.I':--llrC;l('p ('"IIIIIY "!I'lIlflri"ut :t!!;'lr,;< i; 1), 3-d:1.1' lllltril'lIt-agal' 
,;laut~,,· I; }':, ;i-rlay p<>tatll-tit",tro.'I'-:t!!;ar "Ialll", " 1. 

('a,:aJ'('s-(;il dig, :{, H" Ellcio"PI'J'('''; nlld 11l:lrkl,d il\\'ldlililill I'o rill.; 
h:I\'(' Itot 1)('1'11 ob:-wl'n'll. The ol'galli"lIl i,; (~l':Illl-lH'g:lti\'(' and h:l,.;:t 
thin, (,1l\'('I(lpillg :.;1](':1111, which ll:l"; hl'PH dl'lllOlbtt':ltl'd h,\' .\llthony',.; 
nH'thod of ('ap";lIll' ';[Hillillg, 



BACTElUAL WILT OF LESPEDEZA 

CULTURAL CHARACTERS 

The cultural chnracters us here described 1u1\'0 been worked out 
with isolation No. 303 of the bacterium, which was reisolnted from an 
artificially inoculated plant of Eurly Koreun lespedeza (No. 19604) 
at the Arlington Fa.rm. This is considered the type strain of the 
orgunism, and it has been used in all comparn.tive cultural studies 
with other isolations of the bncterium. Dehydrat.ed culture medin 
were used in these studies ll.ud colony, stroke and nutrient broth 
charnctei'S were determined on cultures held in an incubator at 32° 
to 33° C. Gelntin-stab and plate chn,rtlcters were determined on 
cultures held in the refrigerator at 15° to 18°. The other cultures 
were kept on a tnble or open shelyes at laboratory temperature. 
Color determinntions follow the Ridgway color stnndards.4 

Agar colonies.-On nutrient agnr, colonies nre e\'ident within 48 
hOUl'S [tud in 4 days have attained a dinmeter of 3 to 5 mm. (fig. 3, 0). 
They are circular, with entire margins, raised, glistening, tl'nnslucent, 
viscid, and primuline yellow in color. Submerged colonies remain 
small and are lenticdnr in shape (fig. 3, A). 

On potato-dextrose agar growth is more nblUuhmt and the colonies 
become somewhat larger, but the characters are the same as on nu­
trient ugur. 

Agar stl'okes.-On nutrient-ugnI' slants, growth is moderate nfter 
24 hOUl'S uncl npparently little further growth OCCllI'S since it is still 
moderate after 7 days. It is filiform, appressecl, glistening, yiscid, 
and primuline yellow in color (fig. 3, D). The medium is unchanged 
and there is no odor. . 

On potato-dextrose-agar slants, growth is moderate aftel' 24 hours 
and abundant after 3 days. It spreads across the base of the slant 
and is butyrous (fig. 3, E). The color is amber yellow. Other 
chamcters f.re the same as on nutrient agar. 

Nutrient broth.-In nutrient broth (pH 6.7) there is slight clouding 
in 24 hoUl's and modernte to heavy clouding in 48 hours. After 4 days 
there is flocculent surface growth and a thin pelliele has formed within 
7 days. This breaks readily and fnlls in thin flnkes. There. is only a 
very slight odor and very little sediment is formed nt the bottom of the 
tube. 

Potato clllinders.-On autoclaved potato cylinders growth is mod­
erate a.fter 24 hOllI'S and abundant in 48. It spreads completely across 
the slant and collects abundantly at the butt of the cylinder. Growth 
is glistening and primuline yellow in ('0101'. 

Gelatin plates.-On gelatin plntes at 18° C. growth is slow, and after 
6 days the colonies are less than 1 mm. in diameter. The beginning 
of liquefaction of the medium arOlmd the colonies is e\-i.dent as cup­
shaped depressions at this time. 

Gelatin stabs.-Growth in gelntin stabs is best at top with slight 
filiform growth along line of puncture. ;:'iquefnctioll is crateriform at 
first but soon becomes stratiform and after 18 days at room tempera­
ture the upper 12 mm. of geln,tin in the tubes is liquefied. The con­
trols remuinecl solid during this time. 

Skim milk.-In skim milk, complete peptonizntion occt'lrred within 
8 days; no curd was formed. The color of the merumn changed from 

.[ RIDGWAY. RORF.RT. COLOR ST.\:-'''_\R05 ASO COLOR SO~(ESCL.\TURE_ ~1 pp.• ilIus. Washington, 
D. C. 1912. 

http:Dehydrat.ed
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nn opaque crenm buff to tawny. The pH reading changed from 6.4 
at the start to 6.5 after 5 and 7.9 nfter 11 days. 

Litm'us milk.-hllitmus milk ehemicnl ehnnges were the SHme ns in 
skim mille Color eiln.nge wns from opnque light russet vinnceous to 
t,l'ltllslucent liver brown. The pH reading changed from 6.4 to 7.0 
llfter 5 and to 8.0 after 11 days. 

Purple milk.-In purple milk complete peptonization occurred as in 
skim mille Color ehnnge wns from opaque deep olh'e buff to tmns­
lueent garnet. The pH rending Chnlll!ed from 6.8 to 7.0 llfter 5 nnd to 
7.9 nfter 11 days. 

FIGURE 4.--Follr-day ('lIltllre of Phylo/llVII(IS [{.,'petl{'wI' 011 stan'l! agar tested with 
iodillc to show diastatic action. 

Blood sC7'um.-Blood serum stroke cultures showed moderate 
growth which slowly liquefied the medium and cbnnged it from ivorY 
yellow to cinnamon brown. . 

Egg alb1lmin.-On egg albumin slow liqudnetion occlmed, nnd the 
color changed from white to mummy brown ufter 5 months. 

Hyri7'Olysis oj starch.-The orgllnism mucIc abundnnt growth 011 
starch agnr and formed a streuk about 8 nun. brond wit.hin 4 days. 
'Then tested with a snturated solution of iodine in 50-pereent nlcohol, 
a cleared zone 40 mm. brond wus revealed (fig. 4). After 6 dnys, 
hydrolysis WitS complete in n zone 50 mm. wide. Tubes of nutrient 
broth to wIlleh hnd been ndded 0.2 perecnt of soluble stul'eh were also 
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inoculated. After 4 days, tests with iodine solution showed no starch 
present, and tests with Fehling's solution revealed the presence of 
reducing sugaTS. 

Indole p/'od1lction.-vYlH~n cultivated in nutrient broth plus 0.1 
percent of peptone containing tryptone and in n, O.l-percent aqueous 
solution of peptone containing tryptone, the organism produced in­
dole after 11 days, as ShOW11 by the Elu'lich-Bolune and Gnezda tech­
niques and the vanillin test.. 

Hydrogen s'ulfide.-Lead acetatc strips werc darkened in 7 days 
when sllspende(i above cultures in nut.rient broth. Lead acetate agar 
becume dark brown along the margins of bacterittl stren,ks. 

Nitrate 1'e(i1Lction.-Nitrntes are nut rcduced. "Vhen the organism 
was grown on nitrnte agar, no gas wns produced and tests for nitrite 
with sulIunilic acid and nlpha-napthylamine were negative. The 
presen('e of nitrntes in these cultures after 6 days was confirmed. 

C'l'ystals.-Narrow, elongn.tc colorless crystitls were formed 011 the 
surface of clutures on nutrient ngnr and extended for ubout 5 nmL 
into the medium. 

Fn'meniation tllbes.-Cultures were grown in fermentation tubes 
('ontaining phenol Ted broth with 0.5 percent of the following cnrbo­
hydrates: Glucose, lactose, sucrose, mnltose, soluble starch, and 
mnllnitol. No gus wus formed. Clouding was moderate in the open 
nrm and a ring was formed. There wus no douding in the closed 11 I'm. 
Tested with the glass electrode the inoculated tubes were always alkl1­
line whichever cm'bon compound wns lIspd. From an original pH of 
7.~ nlkulinity grndunlly incrensell. Finnl pH l"itnged from 7.n to 7.n 
lifter 1 month. 

Relation to o.l:ygen.-Tbe orgnnism is nn aerobe. Growth occurred 
ollly in the open .arm of the fermentation tubes as recorded above. 
In shake cultures of potnto-dextrose ngnr growth wus nt the surface 
only. 

Temperature l'l'lations.-'l'he bacteriulll WlIS grown 011 potnto­
llextrose-agnr slnnts and wus incubated at temperatures ranging from 
5° to 40° C. at 5° intervn.ls. Growth was moderate at 30° and 35° 
after 24 llOUrs. After 10 days there was scanty growth at 10° and 
abundant growth from 15° to 35°, inclusive. No growth wus evident 
ut 5° or 40°. The orgunism appears to grow well over a fnirly wide 
range of tempernture and apparently has an optimulll nen1' 35°, since 
more growth de\Teloped nt that tempemture thnn nt 30°. 

PATHOGENICITY 

Preliminary tests of the ntrious isolations made from disl'ased plnnts 
of Korean lespedeza No. 19604 at the Arlington Farm in 1937 demon­
strated the ability of the bacterium to cause wilting and death of 
seedling plants of this stmin of annuallespedeza within 2 weeks after 
inoculation under conditions prevailing in the greenhouse. The or.. 
grmism was reisolated readily from the~inoculated plants, and one rc­
isolation was designated No. 303. It has been used most extensively 
in the inoculation experiments mnde since to determine the relnth'e 
susceptibility of various strains of lespedeza to this bncterial disease . 

./\. typical inoculation experiment to show the extreme suscepti­
?ility.of seedling plant.s of Early Korenn lespedel'.a (No. 19604) to this 
IsolutIOn of the bncterllun wns begun on February 15. 1938. On this 

http:ility.of
http:intervn.ls
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date 15 lespedeza seedlings appro:.\.-lluately 4 iucllCs in height were 
inoculated by pricking 3 or 4 leaves with a needle dipped in a bac­
terial suspension while the leaves were supported from below on a pot 
label also dipped in the bacterial suspension. Five check plants were 
treated in the same manner except that sterile distilled water was sub­
stituted for the bacterial suspension. On February 28, 1938, 11 of 
the inoculated plants were dead and the other 4 showed definite symp­
toms of the disease. The presence of the bacteria in. the vascular 
system of all 15 inoculated plants was demonstrated by sectioning 
the stems and observing the bacterial extrusion into water under the 
microscope. The 5 check plants were still healthy and approximately 
5~ inches in height, whereas the inoculated plants appeared to have 
made no further growth during tlle 2 weeks after inoculation. The 
results of this experiment. are lllustmted in figure 5 when' the stunt­
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FIGURE 5.-Seedlings of Early Korean lespedeza (Xo. 19604) showing the stunting, 
leaf curling, wilting, and neerosis of the three inoculated seedlings (A-C) as 
compared with the healthy appearance of a noninoculated check seedling (D). 
The inoculatiolls were made February 15, 1938, and the photograph was taken 
l\Iarch 1. 

ng, leaf curling, wilting, and death of 3 of the inoculated seedlings is 
compared with the erect growth and llCulthy nppearance of a check 
plant. 

On 1\-1&rch 15, 1938, a preliminary experiment was mnde to deter­
tennine the relative susceptibility of several strains of annual les­
pedeza to isolation 303 of the bacterium. On this dnte 5 seedlings 
each of 4 strains of annuallespedeza, Kobe (F. C. No. 22456), Common 
(F. P. I. No. 81742), Standard Korenn (F. C. No. 22457), and Early 
Korean (F. C. No. 19604) were inoculnted in the manner dercribed 
above, and 3 check plants of each strnin were pricked with a needle 
dipped in sterile distilled water. On April 2, 1938, all 20 inoculated 
plants showed definite symptoms of the wilt disease, and all 5 plants 
of Early Korean, 2 of Common, and 1 of Kobe were dencl. By April 
18 the remaining 3 plants of Common and 2 more of Kobe were dead, 
while the 5 inoculated plnnts of Standard Korenn ,,'ere still aliye nl­
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though showing pl'OnOllllCed symptoms of diseuse. The check plants 
of each stmin wore still flliY(_~ on this dute and were from Of to 2111ches 
taller tlmn the diseused phUl ts. 

FIGURE (i. -~~.-(, Seedlings of Kobe (al and COllllllon (b) lrspedrza showing the 
wilting and necrosis that resulted from bacterial iuoculatioll. The inoculations 
were made l\Iarch 15, 1938, and the photograph was taken April 4. 13, Non­
inoculated seedlings of the sallle age. 

The uppeumncc of un inoculated plant of Kobe and Common 
lespedeza on ApI"i14, 1938, is compnred in figure 6 with the appearnnce 
of n. 110ninoculated check plant of ('acb stmin. Tb(' mOI·(\ rnpid 

~ 
..4­
i~ 

....\ ('4' 
'f 

A 
FWLTRE 7.-.-(, Seedlings of Htanciur<l Korl'un (0) and Early Korc.[Il\ (11) ll'spedeZll 

showing the wilting Ilnd Jlecrm;is that 1"('~lIlted frolll Imcteriul inoculation. The 
inoculations were made l\lurch 15, 1938, und the photograph was taken April 4. 
The lUore rapid killing of the Early Korean serdling indicates the extreme 
susceptibility of this strain to baeteriai wilt. 13, Xoninocuiatcd seedlings of 
the sallle age. 

killing of the Early Korean plants in this exper-inH'nt is ('yident in 
figure 7, as is the grent('l' nbility of the Stnndnrd Kor('nn to withstand 
the diseuse and mnke S0111(\ growth eY('n nftl'r the b'lcter-in. nre intro­
duced into it by ,volll1ding. The stunting thnt resulted Irom bueteriul 

1.',Oi71°-30--2 
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inoculation is obvious by eomparing the diseased plants (A) with the 
noninoculated plants (B) in figure 7. 

Three more extensive inoculation experiments to determine the 
relative susceptibility of various strains of annuallespedeza to bacterinl 
wilt were made in t.he greenhouse at the Arlington Fm'm at latel' dates 
in 1938. The plants were inoculated in the manner deseribed on 
pnge 8 with isolation 303 of the causal organism, and in ench experi­
ment the control plants were trented the same as the inoculated plnnts, 
except thnt sterile distilled water was substituted for the baetprinl 
suspension. The results of these three experiments nre summarized 
in tuble 1. All of the strnins of annuallespedezn. testpd proved to bp 
susceptible in some degree to bncterilll wilt. Prncticnlly 100-percent 
infection wus obtnined with uIl stl'llins, but the se\'erity of infection 
varied from light in the cnses of StandnrdKo1'ean (No. 22457) und Com­
mon (F. C. No. 22590) to se\'ere in the cnses of Earl~T Korean (both 
F. C. No. ]9604 n,nd F. P. I. No. 59379), Harbin (F. P. I. No. 65280), 
find Tennessee 76 (F. C. No. 30611). In the cnses of stwerc infection 
many or all of the inoculated plant" wilted nnd died within a few 
weeks after inoeulntion, but in the cnses of light infection few or none 
of the inoeulnted plants died nnd the symptoms of disense nppelll'('(1 
to be more or less restrieted to the upper portions of the plnnts where 
the inoculum had heen introdueed. Of the 101 eontrol plnnts that 
were a part of these 3 inoculntion eXi)eriments, 16 developed the 
diseuse while the othel' 85 remnined henlthv. Sinee the control 
plnnts were kept on th(' greenhollse hl'neh in close proximity to the 
inoeuluh'd pIHnti', it i~ possible thnt bacteria W(,I'l' sprend to some of 
the eheeks during wntering. 

TABI,E I.-Relalive sll,~ceplibilil.ll (If t'ariou.~ strain.s 0/ anlluallrspedrza 10 /wc/rrial 
wilt as drlrrmiTII:d by greenhouse inacuZations made (It .. lrZington B.l'periment 
Farm, Arlington, 1'a., ht 19.'38, with isolatioTl Xo. 803 of the cali.wl organism 

------- ­ --~----------- --- ----­
:::(w('rity 

Common IlJUllr olinl",'­
tinn! 

------­-----­ -

-I 
·1 

taptl/e:a _,lipu/"" 4 
2 
:I

3+ 
2

Ltlfptdeza ~lrinlll a 
4 

I In the ~wale Ilsed to denl)t~ ~{'n·ritr or infection. 0 intii(..ltes: no in(e<:tion; l. w'n'-light; 2. light; a, moll~ 
eratc; and 4, se\gerc infectiou. 

Illoelllutioll eXpl'rimelll~ similnl' to those jw;t. dl'srrib('c\ w('re mud£' 
nlso to test the puthogenieit~, of other isolations of the bneterilll11. 
On Oetobel' ]0, 1938,25 seedlings of Rudy Korenn (No, 19604) we1'l' 
illo('ulnted with isolnnt ('-34 of till' bnct('riul11, whieh hnd been isolated 
from It diseased plnnt of Korenn lespedezlt colll'eted nl< rl'bnnn, Ill. 
Two weeks Inter, 23 of the inoellillted plunts weI'('. in YUl'iolls singes of 
wilting while the 5 control planls npPt'lu'('(l henlthy, On O('tober 11, 
21 seedlings of this stl'l1in of lespNlezl1 were inoeulated with isolnnt 
C-24 of the bneterilll11 whieh hnd been isolnted from a disensed plnnt. 

http:sll,~ceplibilil.ll
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of Early Korean lespedezu, collected in the Soil Consel'vation Nursery 
ut Ithaca, N. Y. On Octobel' 28 ull of the 21 inoculn,ted plants showed 
symptoms of infection with 19 definitely wilting. The 5 check plants 
were all still healthy. On October 18, 20 seedlings of Tennessee 76 
lespLtieza were inoculated with isolunt C-4 of the bacterium, and 
the sume number were inoculated with isolant 0-6. These isolationR 
had been made from diseased plants of Tennessee 76 and Late Korean 
lespedezas collected at Knoxville, Tenn. On November 2, 1938, 12 
of the 20 plants inoculutec1 with isolution C-4 were entirely dead, 
while the remaining 8 were partially killed by the disease. Of the 20 
plnnts inoculated with isolation 0-6, 17 were entirely dead by this 
date and the remninillg 3 were partially deacl. The seventy of 
infection in these cnses indicates the high susceptibility of the Ten­
nessee 76 struin of lespedeza to these isolations of the causal orgnnism. 
Its susceptibili(v to isolation 303 of the bncterium hns been melltioned 
on page 10 in discussing the dntn presented in table 1. 

Although this bnctf'rinl disease has not yet been observed to affect 
perenn;al species of lespedeza in the field, artificinl inoculations in the 
greenhouse htH'e shown thnt several perenninl species are susceptible 
to some extent. In one experiment a totnl of 74 seedlings of Lespedeza 
8ericea (Tlnmb.) Benth. (F. O. No. 04730) and 75 seedlings of 
Lespedeza sp. (F. P. 1. No. 82098), a species closely related to L. 
8/'ricea and L. jll11Cea W ull., wpre inoculated by pricking the leaves 
with a· needle dipped in a bacterial suspension of isolation 303, as 
described on pag'" 8. On L. suicea the inocula ted lea ,'es soon turned 
gruy, became desiccntec1 and curled, and eventunlly dropped from the 
plnnts. However, growth of the plunts wns not stopped, nnd the 
newly formed tip letn-es appenred free from symptoms of the disense 
(fig. 8). Although there were no externnl symptoms indicnting that 
the buctel'in hnd invndf'd the vnsculnr system of these plnnts, micro­

o:::ropic examinntion of sections cut from the stem nem the ground 
line showed bnrterin. streaming out from the conducting strands. 

The symptoms on Lespedeza sp. No. 82098 are quite similar to those 
on L. sencea, but in this species growth appenrs to cease upon in­
oculntion and the entire tips of the plnnts die (fig. 9, A). In this 
species also, the presence of bacteria in the conducting svstem of the 
stem nenr the crown of the plants cnn be rendily demonstrnted by 
microscopic examination. It would appenr, therefore, thnt both of 
these perenninl species of lE'spedezfl, are susceptible to bnctE'rinl wilt 
out that the sE'vE'rity of infection is different for the two species. On 
the basis of the inoculations mnde to dnte, infection on L. sericea. may 
be clnssifiec1 as vel'y light to light, whel'eas infection on Le.~pedeza, sp. 
No. 82098 should probnbly he considered liS model'l1te. The grentel' 
susceptibility of the In tter s)wcies, nt lenst to isola tion 303 of the bnc­
teriuIll. is shown flll'ther by the fnct t111tt 74 of the 75 inoculated plants 
developed symptoIlls of the disC'ase, wherens in the cnse of L. 
,~el'i('ea, only 42 out of 74 ino('ulated plants became disensed. 

In Inter e:'l:perimen ts 12 other perenninl species of Le8pedeza were 
inocuInted by prirking the leu,'E's with fl, needle dipped in a. bacterial 
suspension prepl1l'ed from cultures of isolntion 303 of the parasite. 
The results of these e::-.:periments are summnl·ized in tnble 2. These 
perenninl speciE'S a Iso vnr,\- in their susceptibility to the diseuse under 
conditions pre,'uiling in th£' greenhouse. L. daurica Schindl. (No. 
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82435), L. jrutescens (L.) Britton, L. inschanica Schindl., L. procwn­
bens Michx., und L. virgil/lea (L.) Britton nppenr to be highly sus­
ceptible, us shown by the high pel'Celltnge of pltlllts infected find by th(' 
sen~rity of infection. '1'11e stunting, leaf curling, nnt! wilting' that 

. ,~' 

A , '~. . 
FIGURE 8.--Secd1ill~s of Lespcdeza sericea (:\ o. O·l730), a IWl't'lIlliall<pceil's sh()\\'ill~ 

leaf curling and partial defoliation as a l'c>slIlt of bacterial inoculation. Growth 
was not stopped in this specics, hO\"c\'cr, alJd the newly forllled tip leaw\~ 
appeared free from symptoms of the disease as is shown by comparing the nOIl­
inoculated plant (..t) with the two inoculatcd plants (B-C). The secdlin~s \\'l'rc 
inoculated Scptc1l11Jcr 13, 1935, and photographed October 17. 

resulted from artificial inoculntion of three of these species i,; shown 
in figure 9, B and in figure 10, A nnd B. L. eapitaiel ~ljchx. nppNU'S 
to be modern tely susceptible ns fnr ns se,'erity of infection is concerned, 
although nll 25 of the plnnts inoculnted bec,une disensed. On the 
other hand, L. bicoloi' Turcz., L. cyt'toboir!/(/. ~liq .. L. dal/rica (prostrnte 
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form, No. 90355), L. formosa (Yo~l'l) KOl'illll', L. hirta CL.) lIornl'm., 
L. Zatissima ~~nkni, and L. thllllb'I'{]ii N"nkn,i np1)('nl' to be highly 

t~( \ . 
\ ,I 

'\ / ,r 
'\ '(t 

" . . ' .. 
__. • I 

FlGeUE 9.-Seedlings of Lcs}Jet/f':W sp. (:'\0.82098) (.1) and of L. ·illscitanica (Bl 
showing stunting and wilting as a result of bacterial inoculation. X onin­
oculated plnnts at a. The inoC'ulations of Lespec/I'za sp. 82098 were madl' 
Reptembel' 13, 1938, and the photograph was takt'll October 17. The in­
o('ulatiolls of L. illBehal!/ea were made January (j, J939, and the photograph 
was taken February 20. 

l'esistnnt to this ptll'UsitE', ns thl'Y show no E'xtl'l'lllll symptoms of tILl' 
diseuse. In these species, extnlsion of the Lneterin. could be demon­
strntecl only from sections of the petiolE'':; of tllC leaflets thn,t hnd bE'E'1l 
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FIGURE lO.-Seedlings of Lcspfdeza prOCI/1IIbellS (A) and L. jrlltescens (B) showing 
stunting and wilting as a result of bacterial inoculation. Noninoculateci plants 
at a. Inoculations werc marlc .January 7, 1939, ami photographs WNC taken
"February 20. 
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Llloculated, and it would appear that for some reason the parasite is 
unable to progress in tlle vascular system of tllese plants. 

TABLE 2.-Relatil'e susceptibility of dijj'erent perennial species of I,espl!deza to 
bacterial wilt as determined by greenhouse inoculations made at ..4rlillgton Experi­
ment Farm, Arlington, Va., dunng the winter of 1938-30, with isolation 303 of 
the bacterium 

\F.c.o.rlplllntslplllllts ~e\'er-jI IF.c_nrlphlllt~~~:n-t~ ~::er-
.".p.l.linocn-I in· !tyof Species of.p.l.linocn- in- !t)ol, 

. ,0. . II e< ec e< ti01' , No. lilted feeted 't',!ofen'C-, I Nit I I t I mfee­

--------- ~~~I- Sb.~I- ---It··---- ',1- --,\-~~-~I--I-,\-;:~-~I- ,--
L. bieolor. _ .•.. 6286L 35 0 0 L. hir/II. 2L009 17 I 0 Q 
L.capitata __ ~__ 25 2.3 'J I •. imfcha1licu. "121881\ 25 25 :J 
L. curtobo/rua . 62&;:\ 5i 0 (1 / •• lati... i1lla . _ 1\128.; 95 ! 0 0lL. dallrica •... __ . 82435 25 21 4 I,. procll1llbtll' 052"~S 34 32 3 

Do _. -. 00.1.';5 69 () () I/,.thlmbergii.. 25009 L3 0 0 
L./OTTlllMa __ . 82481 39 () 0 L. rirgillka 02333 251 25 4 

L·frutescf1ls 21054 25 .~_ .1 .. _.' __ i,__-,--- ___I.. 

'Se~ table 1, footnote Llor scale ofsc,·erity. 

A bacterium resembling isolation 303 in culture was reisolated from 
inoculated plnnts of L. sericea and L. cyrtobotrya, and its patho­
genicity on Enrly Korean lespedeza (L. st'ipulacea, F. C. No. 19604), 
wns pro\ed by successful inoculn tions. 

A B 

~'lGURE I.-Two inoculated leaves (A, B) and a noninoclllatcd leaf (C) of white 
swectdo\'er (:Uelilotus alba), showing the localized discoloration the.t developed 
around some of the illoculation wounds on this plant. 

Seyernl isolat.ions of the iespedeza bacterium were used n.lso to 
inoculate a few plants of each of the following species !1Jld varieties of 
legumes: Alfalfa (kledicago salim L.), red clover (Trifolium pmiense 
L.), white sweetelover Uvlelilotus alba L.), lndino clo\'er (Trifolium 
repens val'. lat1tm) , broadbean (ricia faba L.), rattlebox (Orotalaria 
spectabilis Roth and O. striata DC.), Refugee benn (Phaseolus 'l'lllgaris 
L.), kudzu (P1teraria. thunbergiana (Sieb. and Zucc.) Benth_), lotus 
(Lot'lls corniculatus L.), and HaIlto, Hollybrook, Ito San, Laredo, 
:Mammoth Yellow, Midwest, Tokyo, and Yellow Biloxi varieties of 
soybean (Soja max (L.) Piper). Some of these plants were entirely 
unaffected by the introduction of this bacterium into the leaves by 
needle pricks whereas in others a small discolored area developed 
around some of the inoculation wounds. Such a host reaction is 
illustrn ted ill figure 11, which shows two inoculated lenyes und a check 
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leaf of white sweetclover. In no case was any w:iltingobserved, and it 
would appeflr from these prelinlinnry illoc.ulntions thnt these species 
nnd varieties of legumes nre not susceptible to the bacterinl wilt of 
lespedeza. 

RELATION TO THE HOST 

The relntion of the parasite to the host-the routes by which the 
bacteria gain entrnnce, the mnnner of their sprend through the tissues, 
the coriditions under which the disense progresses to cnllse the death 
of the plant, and the benring ~which nge may hilYe on the response of 
plants to infection-hns not hl:'en fully investignted. It seems (ksir­
able, nevertheless. to presl:'nt IIl:'re a statement of the more obvious 
features that ha\'e been obselTed nnd l'xamined. 

~I.ETH()D OF INFE(,TION 

Dirl:'ct inoculntions of ll:'spedeza plllnts with pure cultures (/ the 
parflsite hilTe hl:'l:'n mnde successfully by three methods, which in­
voln~d wounding of the host. The one lI~ed most commonly in this 
inYestigation consisted of pricking the leaves with a, needle dipp('d in 
bacterial suspension, as wns described under Pnthogenicity (p. 8). 
Infection was obtained also by cutting the roots of seedlings while 
they wl:'re immersed in bacterial suspl:'n'lion nncl hy cutting across 
young ll:'aflets followed hy immediate dipping of the cut smfilces into 
bacterial suspension. rsually the plan ts WI:'I'C plil('pd in a moist a tmos­
phere for 24 hours after inocnilltion. It was found, howe\'l:'r, thnt this 
treatment wns not necessnry to secure infl:'ction. A high percl:'ntage of 
wilt de\~eloped when seedling plnnts inoculnted hy the needle-prick 
method w('l'e plnced nL once on a greenhouse lwueh in direct sunlight 
at a time when the greenhouse tempernture was approximately 94° F. 

Early nttempts to sl:'cure infl:'ctioll by ntomizing or swnbbing the 
leayes of older plnnts with bnctel'inl suspl:'nsion pl'o\'ed unsuccessful. 
Lnter it WilS found that young seedlings with only the primnry leaH'S 
exposed become infl'cted when ntomized with bacterin I suspension. 
Xumerous, small, scattered, wl1ter-sonked spots dpwloped on the pri­
mary ]payes, especil111y 011 their lower surfaces, which would suggest 
that the btlcteria had guined entrance to the 11:'11\-es through the sto­
mata, The presence of the bacterin in thl.' stl.'ms of tlwse young sl:'NI­
lings was later demonstrnted b~· sl.'ctioning and micl'oscopic eXl1minn­
tion. From this it nppears that till:' plll'asitl.' cnn mnke its WI1~' thl'OlIgh 
pnrenchY1l1a from wounds 01' from stomntn to thl.' Yl15clllnr tissue, 

DI"TRIBCTIOX \\,ITHl:s' Tilt: lIo,,'r 

Yfhntl.'\'l.'r till.' llIt'thod by which the pnrnsitl.' gllins pntrl1ncl.' into the 
vascular s~'stern of infpcted plunts, it nppnl'ently tmnls rnther rnpidly 
in thnt system, pnssin~ from lellVes to the bnse of the stl.'m or from 
roots through the crown to the stem without appreciahle difficult~·. 
Seedling plants of the suscC'ptihle enrly strnin of Korenn lespl:'dezn al'l:' 
often wilted and dend within 3 weeks after inocuilltion, nnd nbundant 
l)ncterial extrusion occurs from segments cut from any point ill till:' 
stl.'ms of these plants. A similnr extrusion of mnsses of bacteria from 
the vnscular system of the stem was obserwd in the cnsc of all the 
spf'cies nnd strnins of anllUllllespedezn inoculntl:'d. and in the cnse of 
severnl perennial spl:'cies, nlthough in some of the htter vasculnr in­
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vnsion did not appenr to CiltlSe a geneml wilting nnl! necrosis 01 the 
infected plants. 

To demonstrnte more fully the presence of the bacterin, in the water­
conclucting vessels of the host, pieces of the stem of infected plnnts of 
Early Korean le:-;pedeza. were killed ilnd fLwd in fOrll111lillllcetic nlcohol. 
These were then embedded in pnrnflin, scctioned, nnd stnined with 
crystnl violet and ornnge G. A longitudinnl section showing vessels 
in the stem filled with bncteria is presented ns figure 12. ",Yhetiwr the 
mnterial dogging the Yessels is entirely of bncterinl origin or is depos­
ited in pnrt by the plnnt is not known. 

Since the nnnunilespedezus I)(,Hr their s('('<1 in thE' leaf nxils along 
the stems nncl bncterin nre found ill leu"es Hnd "tE'l11S closE' to the s('ed. 

FIGURE 12.-LolI~itlldillal section of the stem of an inoelliated plallt of Earl.,· 
Korean lespedeza showillg two wah'r-condncting ,"css{'ls filled with bacterin. 
The lean's of the plnllt were illoclIlated by the lIeccile-prick method on ~1arch S, 
1939, and the stell1 SC~llIellt wns killed and fixed on April 5. X 1,900. 

it seemed that the parnsite might at times entcl' the seed itself. At­
tempts were mude. therefore, to isolnte the orgnnism from seed of 
Early Korean lespeclt'za. (Xo. 19604) luu'Yested fit the ATlington Fnrm 
in 1938 from a row ofuiants in which mnny were c!is(,:lsed. Cultures 
of n. bacteriulll tlH1 t resembled the pnrnsitt' ('ullsillg wilt were obtained 
from hulled st'ed with appart'lItiy intnct seNI conts nnc! frolll.seed with 
the seed conts l'l'nHn-ed. The pnthogl'ni('it~· of til(' cuHlIr(' isolated 
from sel'd with intnct seed conts wns proHd hy inoculntion of henlthy 
seedlings. 

In tlnother experill1l'nt, sell'cted hulled st'l'ds with apparently 
intact seed con,ts were sUl'fn('(' ster'iliz('(l in alcohol anj mercuric 
chloride, then wnshed in fi,-e changes of st('rile distilled water. In 
the final washing the seed coats were slippNI ofl', nnc! the cotyll'dons 
were dropped into a tube of sterile nutrient broth. ~\fter 10 minutes 
sOitking, dilution plates were poured with l1utdpnt ngnr. Bncterinl 
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colonies that resembled those of the parasite causing wilt of ItJsp~deza 
developed in these plates, and the organism was isolat.ed in pure 
culture. 

In another experiment, see(1 of this strain of lespedeza was soaked 
in sterile distilled water for 3 hours after which the wash water was 
used as inoculum. Within 3 weeks after inoculation, the seven 
plants that had the wush water pricked into the leaves were com­
pletely wilted and dead. On several occasions seeds of early Korean 
lespedeza were plnct'd on moist filter paper in Petri dishes to observe 
germination. Sevt'rnl of these seeds extruded yellow lllasses of 
bacteria, and the seedlings from such seed usually became infected 
tuHl died soon a.fter germination had started. 

It 'would appear from tlH'se experiments and observations that the 
bacterium causing wilt of ll'spt'dl'za may occur t'ither in or on the 
seed. It is possible that in this way the organism is ca1'l'il'd oVl'r 
winter in established fil'lds and is canipd into nt'w fit'lds where the 
diseast' hns not occurrNl previously. 

OVERWL~TEnING 

Rin('t' in tht' wmnJ flll'l1l practice the annuullespedezas are permitted 
to rt'st'ed themsdn's year aftN' Yl'ar in the same fields, inft'cted seed 
and the trash from dist'ased plnnts would be suspl'cted as harbors for 
the pn1'l1site during the winter mont.hs. A 1938 nmsery row of 
Enrl}T Korean ll'spedeza (F. C. No. 19(04), in which there were man~T 
disl'asl'd plants, ,,'as allowl'd to stand throughout the winter of] 938-39 
(wd pltmt stl'ms were collected from this row on January] 2, Fl'bruary 
13, :Mareh Ii. and April 14. Examinntion under the microscope 
l'eveall'd thl' preSPllCI' of baetl'riit in some of the stems collected on 
each datI', and the organism was isolnted from tIwse stl'ms in purl' 
culture. TIlt' pathogenicity of tht'se isolations WI1S proved bv inocu­
lation of lll'ulthy sel'dlings of En,rly KOl'I'an, Standard Korean, 
Common, fmc! Tennessl'e 76 annual lesped('zas, with the production 
of typicnl "rllt symptoms similar to those occmring in naturI'. Thesl' 
experiments showed thitt the bactel1.um could pl'l'sist from summer 
t.o the following spring in disl'ased plltnt trash thitt overwintered out 
of doors at the l\.rlington FitI'm. 

Although no I'xpel'inwntnl evidence is Yl't available to pro,e that 
the bacterium o\'l'rwinters in the st'cd the fact that st'l'd invasion has 
been shown to occur would suggest this as anotht'1' lik('ly method of 
o,en\rlntering. 

COMP.o\RISON WITH OTHER BACTERIAl. SPEcn:s PARASITIC ON LEGUMES 

Xo bncterial plnnt pitthogell, so fal' as the authors could dt'termine, 
has been describNl as causing a wilt of any spt'cit's in the genus 
Lespedeza. Rowe,er, severnl bacterinl species pnrnsitic on ll'gumes 
are' yellow in culture itnd npp<'ltl' to difl'er only slightlY from tll(' 
lespedeza wilt organism in morphology, cultmal characters, and 
biochemi.:nl properties. It apPl'alwl wist', tlucrefol'e, to make com­
parative studies with these specil's, insofar as possibll', with pl1r­
ticular r.ttention being paid to cross inoculations. Sincl' 11'spedl'za 
wilt WitS found originally in a nursery adjoining soybean varidal tl'st 
plots where bacterial pustule (Bacterium phaseoli 8(),iense Hedges) 
was quite prevalent, a comparison ,vith this organism sl'emed in 
order. Cult.ures wen' made. therl'fore, from infected soybeans I1t 

http:bactel1.um
http:isolat.ed
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the Arlington Farm, and other cultures, previously demonstrated to 
be pathogenic 011 soybean, were 0btained from Florence Hedges, 
of the Division of Fruit and Vegetuhle Crops and Diseuses. It waR 
found that Bact. phaseoli sojense differs in culture from the organism 
causing wilt of lespedeza in the consistency of its cultures (butyrous 
as compared with viscid) and in the internal murkings that charac­
tOlize the colonies of the former. 

When inoculations were made by spraying the leaves of seedlings, 
the soybenn orgunism Llfected the Tokyo and Hollybrook vurieties of 
soybean, but when pricked into the leaves of annual and perenninl 
lespedezns it fniled to cnuse any symptoms of diseuse. The lespedezn 
orgnnism, on the other hnl1d, rNldily infected the species of lespedeza 
inoculnted but fniled to produce symptoms of disense on the Hnhto, 
Hollybrook, Ito SnIl, Lfiredo, 1Inmmoth Yellow, 1fidwest, Tokyo, 
und Yellow Biloxi YI1l'ieties of soybenn. Hedg(\s 5 found that all of 
these vilrieties were uttncked by Bacterium phaseoli so;ense except 
Yellow Bilo:xi. . 

110re marked ",'ultuml differences exist between the lespedeza wilt 
orgnnism nnd Bat'ieri1LIn flaccumfaciel1s Hedges, but since the lntter 
c.tuses n, dwarfing ftnd wilting of benns compnnlble in many wnys to 
lespedeza wilt, cross illoculntions were mnde. In these tests, the 'b('ull 
wilt orgn,nism did not attn,ck the Stundnrd Korean vnriety of 1l11lluul 
kspedeza, and the lespedezn, wilt orgnnism did not uttack plants of the 
Refugee vnriety of benn or the Ito Snn vnri('ty of soybrnn, which wns 
reported by Hedges 6 to be susceptible to Bact. flacen. ifaciens. 

The lespedezlt wilt orgnnism nppenrs similar nlso in len£ symptoms 
"produced n.ncl in 1l1iUlY culturnl chnrnct('rs to Phyio1nonas a~fa~fae 
Riker, Jones, nnd Dnyis,i which cnuses n, bacterinlleufspot of nlfalfu. 
Howeyer, when seedlings of scvNnl strnins of unnUilllespedezft wert' 
inoculatNl by sprnyillg or by pricking P. a(faUae into the leuves, 110 
symptoms of dis('nse denloped. Similnrly the lespl.'dezlI, wilt orgllnism 
fniled to produce disense on nlfnlfn. seedliIl~s. In yil'w of these fnets, 
the ll'sp(,c\I'Zft wilt orgnnism is consiclered to bl' nn und('scribed species 
of bacterium nnd the following llilllle is pmposeti: Phytomona.<; les­
pedezae, n. sp. 

TECHNICAL DESCRIPTIO;': 

Phytomonas lespedezae. n. sp. 
Org!tnislll is a rod with roundl'd ('mis, ol'currinl!; >;inv;ly, in pairs, or o.:!casionally 

in short chains. The a\·pn\!!C size is l.G21' by O.;jlil'. It is motile by one polar 
flagellum and is Gra!l1-Il('gative. The organism is an Ilcrobe anrl makes most 
rapid growth hetwepn 30° and 35° C. ('ap~ules are present bllt no spores. 

On nutrient agar plate's, colonies arc circular, raised, I!listening, translucent, 
l.nd viscid. Thcy lIa \'e entire margins, arc ),('lIow, nncl aft('r 4 days at room tem­
perature isolated colonies are 3 to 5 IlUll. in diameter. Submerged colonies remain 
small and are lenticular in shape. On nutrient-agar slunts, !!rowth is moderate, 
filiform, appressed, glistening, vi;;l'id, and yellow. More abundant growth oc­
t'urs on potato-dextrose al!ar and on potato cylind(·rs. Xutrient broth is cloudcd 
in 48 hours. The organism liquefil's gclatin, c.e:g albumin, and blood scru1l1. 
Milk bccolllcs alkaline and is pcptonizcd. Starch is hydrol~'zcd readily, indol is 
produced, as is also hydrogen sulfidc. Xitratcs arc not reduccd. Ncither acid 
nor gas arc forlllcd from glucose, luctose, sucrosc, maltose, boluble starch, or 
mannitol. 

4 II EDGES• .FLOHE~CF.. _, STCDY OF U\CTEHI.\1. 1'l"STC[g or SOYH"~AN • .\~n " COMI'.\H,50S or H\("T. 
I'H.\SEOLI SOIE:-'S~: HEDGES W!Tllll \CT. PH.\SEOI.! EFS, JOllr. A"r. H~S('nrph 2'J: Z.!9-251. ilIus. J!l'2{, 
6_- R.\CTERI.H. WILT OF nE.\~·S (n.\CT~RIt:)( ,'L..\CC'e)IF\("It-:SM IIEJ)GES: , I-SCLt;nlSG· COllP.\RIl"O.S''4 

wlTlr lI.\CTERlnl PII.\~EOLl. l'hytopntho!ogy 16: 1-2'2. ilIll~. 19!!1i. 
'RIKER, A. J .. JO:<E5. J.'. R., nml D.\\,I!', 1II.\RGFERln: C. 1I.\CTEI!I.H. I.EAF SPOT OF .\LF.\LF\. Jonr. 

A~. Research til: 177-1S~, mus. HJ35. 
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The ol'galli~lll i" p~llh()gl'lli(' 011 Illlllll:tl alld ]It'l'l'llllinl "pec'il's of Lcspcdcza, 
fillillg the nl.~('\llal' "ystl'lll tLlld ('nllsilll~ dl'tlt h of till' plant", 

CONTROL MEASURES 

8ince the bactel'iulll is 5ped hol'l1(', HI, \past in the cus(' of Enrly 
Korean ]pspetipza. C~(). 1!HiO-±) , PI'l'\'Pllt.ion of til(' disease would ]'PqUil:P 
primarily thp liSt' of dis('nsl'-frPt' 5('pd, The importall('p of l:.;p('urilll-!: 
seed from hl'n.1thy pl:lllt::; Wtl;; dl'mollstratpd incidl'lltaJ to thl' nttl'llIpts 
to SPCUI'l' hl'alth~' 5l'l'dling-;; of thi;; strnin of k~;I)l'dpz:l fl)r the artificial 
iuoculation;; ill this ;;tudy. POOl' stlll!d;; Wl'I'e HlwtlVS obtaiLlNI wlH'n 
Arlingtoll-g-l'Own s('('d \\;\;; p1:tntp(l, and, a;; was p()intp(1 Ollt above, 
Wh01l this ;;I'Pt! w:\::\ pl:I('('(\l)n moist. filtl'I' papPI' in P('lri dishes, l'xtI'U­
sion of YI'1I0W In:lS:'ps of h:ll't('l'i:l O('('lll'l'I'r\lIot infrequl'ntl,L t-\N'(L of 
Endy I\.(lr('l1n W:\::; ohtailll'd fl'lllll ?o.li';soul'i, thc'rdol'P, nlHI w\tell plac'ed 

FlGl'Ill-J 13.-- .1. ('''llIplt-tt' la('k .. f ~t:ltld a:; a I't':;lllt of pl~ltltill!-( :\rlill!-(l()II-!-(W\\ 11 
~('('d of this "lmih ill ~tl'l'iliz('d ~()ili H, thirk ~tlUld of lll'althy s(,('dlill!'(s thtlt 
lll'n'!lllll't! frolll ~Ii~,,(lllri-g;rf)lrn ~(,l'd of Early KlJrl'~Ln ll'spedpza \~ll, HHiO I) 
"own ill st('rilizc(l Hui!. 

in Pctri dishes no b:lctl'rial extrusion \\':15 oh:,pl'\'('ti :lIlll hl'althy­
;lppeuring, gl'Pcn scrdlilll-!:s (kn'loped, 

For fUl'thl'l' C'omp:lri:,on, pots of ;';lPl'ilizrd ;.;oil \\'('('(' pl:lIltt'tl with 
serd hom the t\\'() sour('(';; and \\'(,1'(' pla('pel in the gTl'l'nlwuse side by 
side so thn t nil pots wpl'e SlI bjPctl'd to (';;st' II ti:tll.y tile ::;:IIIll' ('1l\·il'Oll­
mentnl conditions, A thick st:llld of hralthy gl'l'(,11SPpdlillgS dr\'(,lopl'd 
in the pots p\;tnted witlt ~li';';()lIri-g-J'()wn 5('Nl of Early KOI'l'an, 
whe1'r:)s only a. f('w s('rdlill!!s l'lll('rg-t'll from tite soil in the pots planted 
\\'i til Ad ing'ton-g-rowll s(,pd, :lIld tl1('s(' sped Iill!!", ::;uo n wi I tl'(1 ilnd 
died (lil-!:. 1;~). In this t<.,,.:t thp Arlington-grown sl'('(l was known to 
huve COI11(, [rom 11 19:~S 1l1l1'S(,IT ro\\' in whi(,1t tht'('(' \\'l'!'l' man\' disPH::;ed 
plants. Tltt' ('xad. origin of 'thp ~Ii"::'(luri-!!l'owll s('('d is n;)t known, 
but jud!!ing fl'\llll its frN'dom [rom :,('('d-home infl'!'tion it would apJl('Hr 
that it lwtl hp(,11 hnrn~sted from n plnntulg ill ",hi(,1t the dispase hilS 
not 'yet n PPp:l.r('(1. 

OnC'e the di::;eu::;e appenl'S in n. fil'ld of tlllllUnl !r,;pe(\rzn., thrl'l' seeIll 
to be no practical control me:1Slll'eS that wilt dlP('k it::; spl'rnd. 8el'd 
pl'obably should !lot bl' htlt'\'('stl'll from stwh lipid", sim'l' it i,; quite 



21 BACTBlUAL WILT OF LESl'EOEZA 

possible th< J in this way the disease will be dissemuulted to new 
fields. Row long a time must elapse before Early Korean lespedezll 
should be replanted ill a field known to luwe beell diseased call be 
determined only by future experience. 

It would appenI' from the artificial iU0cllll1tions repMted in this 
bulletin that Standard Korean and some strains of Commonlespedeza 
may be more tolerant of the disense thnn is the Enrly Koreun. In 
the greenhouse, at least, the diseuse progresses more slowly in these 
strains than in Early Korean. Because of later maturity, howeyer, 
these strains are not adapted to the more northern latitudes where 
Early Korean is being grown intensively. It would appear, there­
fore, tlmt Lhe deyelopment of an early strain of annunl lespedeztt 
resistant to bacterial wilt, either by selection or hybridization, might 
eventually pro\-e necessary for the control of this disease in the 
northern ~portion of the urett in which the alUlliaI lespedezas hnye 
become an importnnt forage crop. 

SUMMARY 

In the summer of 1937 nn nppnrently hitherto unreported bacterial 
wilt of annuullespedezu (Les]Jedeza sti pulacta nnd L. striata) was 0 bsen"ed 
at Arlington E).."periment Farm, Arlington, Vtt. SUH'e then the cnusnl 
orgullism hns been isolated from diseased plants of tllllluililespedezil 
from Columbia, :Mo., Manhnttan, Kans., Urbana, Ill., Knoxyille, 
Tenn., and Ithaca, N. Y. 

Dark water-sonked spots on the lenflets arc the first yisible symp­
tom of iufection. Infected lca\-ps then soon become grnyish brown, 
desiccated, and curled. A thin incrusting film of bacterial exudnte is 
sometimes seen on the leaflets. Systemic infection follows ru ther 
mpidly in the case of susceptible strnins of allnual lespedezlt, and 
6yentually entire plants \vilt nnd die. Frequcntly, the stems of 
systemically infected plants crack open, and a yellowish drop of 
bacterial exuda te forms unci hardens. 

The causal bacterium is a rod-shaped, Grfull-negutiye, monotriehous 
organism thlLt digests stareh vigorously und grows especi:lllY well on 
starchy media. Colonies on ngnr are prirnuline yellow and'those on 
nutrient agar are nppn'ssed and extremely yiseid. The organism 
liquefies gelatin, egg nlbumin, lind blood serum nnd forms both 
hydrogen sulfide and indo!. Nitrntes Ilre not reduced and neithcr 
acid I10r gas are formed from dextrose, lnctose, mnltose, saccharose, 
stnrch, nnd mannitol. ~Iilk becomes nlknline and denred. Opti­
mum temperature for gl"Owth of the organism in culturc is 1I('tlr 35° ('. 

Greenhouse inocul:ltions lin n' shown tbnt the following strains of 
allnunl lespedeza are susceptible to b:lcterinL wilt: EIII·I~~ Korenll 
(both F. C. No. 19604 nnll F. P. 1. No. 59379), HiII·bin (F. P. 1. ~o. 
(5280), Standard Korenn (F. C. Xo. 22457), Lute Korrun (F. C. 
No. 19(01), Common (F. P. 1. No. 81742), ('ommon (F. C. :\0. 
22590), Kobe (F. C. No. 22456), Hnd Tennessee 76 Cli'. C. :\0. 30611.) 
Tni'e.clion varied from liRht ~n the_cuses of Stnnd.nrd Korean lind one 
strllm of Common (F. c·. ~o. 22;)90) to se,·('re III the cns(,s of Endy 
Korean (both strains), Hnrbin, nnd Tennessee 76. ' 

The disease hns not yet been obsen-ed to afl'ect pe,·enlliul species 
oflespedeza in the field, but greenhouse inoculutions hln-e shown the, 
following species nnd strllins to be susceptible: Lespedeza capitata. 
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L. daurica (82435)~ L. jrutescens, L. 'inschanica, L. proc'u.mbens, L. 
sericea, L. sp. (82098, closely related to L. sericea and L. j1LJ/,cea), and 
L. virginicn. On the other haneL, L. bicolor, L. cyrtobotryn, L. dnurica 
(90355, a prostl'llte form), L. jormosn, L. h1:rfn, L. latissima, and L. 
thunberyi'i appear to be highly resistant to this parasite, since upon 
inoculation they show no external symptoms of the disease. 

Only very localized infeetion und 110 necrosis wns obtnined whcn 
species of the Leguminosne belonging to gener!'. other' thnn Lespedeza
were inoculnted with the bnctcriulll. 

Infection of annunl lespedezHs was obtnincd by three methods of 
inoculntion which inyoh'ed wounding of the host. Atomizing with 
bacterinl suspension result('cl in infection only in the cnse of young" 
seedlings with just the pr·imnry If'tlves exposed. In the lntt('l' citse 
it appeared that the bncteria lwei guined entrllnce to the lenyes through
the stomnta. 

Once within a susceptible host, the pnrnsite soon gnins ('ntl'l1nco to 
the YHscubr syst,em and apparently tmTels ruther rnpidly throughout 
the phnt, filling the wn tel'-cond ucting vessels a nd causing wilting and 
death. 

It would nppenr from experiments find obser'vations thnt the 
bncteriulll cHusing ,,-ilt of lespedezn, mny occur either in or' on the 
s('ed. In this wny the ol'gHnism mny be (,Hrried into new fields where 
the disense hus not occUlTed previously. 

Experiments h:1\-o shown thnt the bnctpr'iulll CI1Il persist f!'OllI 
summer to the following spring in disemwd plnn t tl'nsh o "erwi 11 t('red 
out of doors nt Arlingtoll Experiment Furm. 

Since the bnctedum is seed-home, n t l£'ust in the CIIS£' of En!'ly 
Korenn lespedeza, pr·e,'enti.:m oC the diseuse would req lIire pdrnl1rily 
the use of disense-free s('ed. ThNe S(,PIlI to be no pl'Ilctieul con trol 
menslII'es thnt will ('heck the spr£'nd of the disellse on('e it nppenrs in n 
field of nnnuallespedeza. 

The Jespedeza wilt ol'gnnism is considered to be Ult undescrib('d 
species of bnctel'ium nnd the nHllIe Phlltomoll(ls lespedezae, n. sp., is 
proposed. An exten!'iy(' description is gi"(,1l of th(' p:lthog(,l1. 
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