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CULTURAL S'flJDIES OF BACTERIUM .MALVACEARUM ( E. F. S.) E. F. $. 

I. !:nt,t-oduct1on. 

Bacterium malpcegm ls tbe causal agent or an impor

tant bacterial disease or cotton, known variously as angular 

leat•spot,,, bact.erial blight, black arm. bacterial boll-rot. 

and gummosis. Earlier stud1e on the physiology of this 

organism have been largely eon.tined t.o 1t.s baeter1olog1cal 

deser1ption. and leave a number> of obscur:. or oontrQWralal 

questions unansveNtd. In tb1s study I have attempted te 

find answers to some of these quest.ions : to determine 

whether· the organism ean be qu1elrly- and readily isolated 

from s&etl; •nether the bacterium 1s the cause of a d1sea&ed 

condition in the hypocotyl. wh1ch 1a commonly obsal"Ved, and 

1f so., whet.her t-he bypoootyl test can be used f'er peait1ve., 

:rapid identif'ieatian of B. malvaceawm; to test. the effect -
or various sugars upon the grcm th of the <1rganism in con

nection with the dependence of infection upon phot.osyn• 

thetie a.et1v1t.y of the cotton pl.ant.; to attempt to isola~e 

the bacteriophage of!• malvaeear,un and prove 1ts action; 

and to rea.eh .some conclusion as to why cot.ton is the only 

hQBt suscept1 ble to the pa tbogen .• 
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II. Previous tind1ngs on the morphology and physiology 
of Bacterwm malvaeearum. 

Bacterium ?ll$lvaeearum 1s a yellow. Oram-ne.gative• non

ae1d-tast. rod•shaped sch1zomycetel, motile by one polar 

tlagellum. Ne endos.porea •. granules, or capsules have been 

demonstrs.ted.2 However Stoughton reports that new morph

ological tottms have been observed in this organism. According 

'Lo him.. coeco1d bodies are p.roouced, liberated• and germinate 

to f'orm normal rods. lie al. o describes the torma-t1en or 
densely-st uining spherical bod1ea,. apparently arising from 

t.he point or fusion of two cells. Theae bodies seem to be 

liberated by the degenerat1.on of the parent eell.3 When 

grown in gelatin or blood serum, the medium is slowly lique

fied. !,!ilk is curdled by a lab fermen~. Starch is byclroli

~ed, nitrates are not. reduced~ and 1ndol is not produced. 

In 11tm.is milk the reaction is alkaline and the casein is 

thrown down slowly. 

On nutrient agar,. surface colonies are pale yellow~ 

J:"OUnd, thin, tlat. smooth, and v,et•sh1n1ng. Early in their 

gl'CW th on rllltri.ent. agar the eol.tmies are more or leas radiate

mottled.. The margin is thin and regu.lar except in old 

colonies. 

1 E. F. ~ i11th,, Bacterial ctiseases ot plants., PP• 321-322. 

2 R. c. Faulwetter. Angul.ar leaf' a.pot of cotton, s . ., c. Il«p. 
Sta. &111., 19th P• 5 • 

3 R. H. Stoughton.. Morphology and cytology ot Bacterium 
~lvaeea:£:. E,. P. S., Part n •. Reproduction an! cell• 
ttialon. . • of Appl. Biol •• 181 532. 



!he opt11111m temper ture ror growth ot this organism 

is about 21°c. · Growt.h atops al.moat completely above 35° c .. 4 

M1nlm.m growth temperature ta abcnt 10° c. The t,bermal 

death point 1a bet.een 50° and 51° c.5 

When upoaed to atrong sunl.1gbt on oovei- slips ro-r 

f'it'teen minutes, a large percent.age ·ot t.he organisms. are 

kil l~. When exposed tor more than t1tteen minutea., 8'Wlligbt 

PNJ'V'BS ratal. 6 

Under cond1t1ons 0£ deasieatlon, a tu colonies have 
7 developed up to SB days •. 

Sometimes there are d1tf1cul ties in the say of isolating 

this organism, owing to the occurrence on t he cotton plant 

ot yellow s.aprophY1,es wh1eb somewhat re emble 1 t . 8 

?II. E.ltper1.ment:al. 

A .. Innuence et supra on the development of 
B .. malv: cearu.m. -

When the variegated leaves of a cotton. plant are inoc

ulated w!. th !• malvacearttm. angular spots appear only 1n the 

part of the leaf containing chlorophyll• with the white 

portlon showing minute spots where 1n.fectien was 1n1t1atea, 

4 R. H. Stoughton., The influence o.f' environment.al oond1t1ol'l8 
on the development of' angular laat'-apot of' <H>t-ton III. 'l'he 
influence of a.1r t.emperature on !n.t'eet.!on. Ann. of Appl. 
Biol. 18: P• 5.32 • 

• 
5 Charlotte Elliott, 

p. 153 .. 
JJUal of b et.er1al plant pathogens., 

6 c. w. F.dget-ton, The rots or t.be cotton boll. La. Agr1. 
Exp. Sta. Bull .• ~. P• 13. 

7 c. w. Edger,t.on, Ib1d. p .. 14. 

8 E. F. Smith, ·op.·. c1 t .• • . p. ·: 330. 



but tailed t,o continue. In an effort to link this with 

the photosynthetic products of the plant, the pathogen 

was grown in media ecmta1n1ng six earbohydratea.. 

The culture of B .. mal:vaeearum ·used 1n th.is stu.dy ·-
was isolated from angular spots on the leaves of a tr.ature 

cotton plant. Growth of this organism was observed in a 

1% solution cf' each of the fellowing sugars: dexti-ose. 

lactose, sucrose,. dextrln_. maltose,.. and mannlt.e.. W..ettt 
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ext:ract was added to ten tubes of each of the sugars and ten 

tubes were left free or the extract.. The med ia were st.er!-

11zed 1n tre.-e steam for one hour .for thJt"Ete successive days, 

rat.her than under pressure. in order to m1n1mlae hydrolysis 

ot the sugars. Orowt.h was observed over a period of 10 days. 

During this time no growth took place in the six groups 

lacking the meat, extract. In the series eonta.1n.1ng the 

extract, growth was most. abundant in dextrose. less so il'l 

sucrose, witb only slight growth in dextr1n• mann!.te , lactose~ 

and wiltose. 

Another series was prepared 1n ivhich only sucrose and 

dextrose were used. 'l'be media contained meat. extra.et, and 

the sugars 1n 1/3% concent.l"at!.ons. GrOW'th was recorded for 

ter~ days. At the end of that time the sutrN>se nutrient, broth 

shewed very a.blndant growth. Although the dextrose nutrient. 

broth shONed good growth, it did not equal the growth 1n the 

aucr,ose. Oninoeulated controls. in both or the above exper

iments showed no gravth. 
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:.~iller states tha t sucrose is the rnost abundant and 

the most widely distributed sugar in green plants , and 1n 

the variegrd:,ed leaf I hexoses are,, 1n most eases , also found 

in u --,E: green port.ion, while sucrose is round prine1pa.lly in 

the yellow portion. 9 'fbis suggests that the pathogen is able 

to produce normal infection in the green portion of the 

variegated eotton leaf because of the presence or both 

dextrose and sucrose wh1oh support its growth. while in the 

yellow port.10-n, in.fee ti on is cnly in1 tiatec1 because of tbe 

presence of only one of tbe supporting sugars.- sucrose. 

B. Attempts a.t isolation of B. rna.lvo.cearum rraom 
hyp()Cotyls of 1nfecte<l seedlings. · 

All workers with bacterial blight agree that primary 

infection of the cotton plant arises from the att.ack of 

.!• ma.lvaee arum present in or on the cot.ton seed . Thirteen 

trays of fuzzy cotton seed were germinated in an attempt to 

qu iekly isolate the organism &om infected hypocotyls. A 

large percentag• or the germinating seeds showed a water

soaked condition o-£ the hypocotyl.. YellOrl bacteria were 

obtained in pure culture from th1s region, and two methods 

or d1st1ngu1sh1ng the pathogen from other yellow bacteria 

were used. Sterile seedlings grown in wat.er agar were 1noeula:ted 

and pot.a.to cylinders were streake<l. Since the m1n1:num time 

.for 1ni'eet.ion t.o a.ppea.r in seedlings 1s ten days, t.he 

9 E. c. l-11.lle:r., Plant physiology. pp. 410 and 440 . 



latter method was used in most cases . Smith states that 

B. malvacearum gives a copious. pale- yellw growth on potatB - . 

and that this may be used as a means or separating that 

organism f'rom other yellO\v organ1S!I' ,..10 None of the cotton 

plants sh01J,ed in.f&etion and no eopioua., yellow growth de• 

velopecJ on the potato cylinders . The abundanee of the two 

bactert-a always found in eo,njunet1on with B. malvacearu,n - ·-·-·----
probably aeeouni.s tor the dltf1cul ty met v11 th in tse

la ting the latter organ1sm.,11 

c .. Attempt.a to 1solat.e the bact.er1opbage of 
B"' ma.lvacearum. -

u tsumot.o and Hnz1okei have reported the isolation of a 

bacteriophage from diseased eot.ton plants and its action in 

diaaelving bacterial ,iells of ~· ma.lvaceSl'tlm in a liquid 

medium.,12 During the isolation and culturing of the pathogen 

tram diseased cotton leaves., one strain eonsist.ently 

produced "moth .. ,eatena or 1ndowe<t0 colonies., terms oft.en 

used 1n describing colonies containing baeter!ophage. 

( See Plate II.) Complete dissolution of a colony was 

n.ever observed . After repeatedly pru.l"ing plates from th1s 

strain two distinct. types ot colonies were obtained-. ene ot 

the "motb-eate-n., type and one of the homogeneous type., 

'lwenty• five tube~ of sterile nutrient broth were inoculated 

11 c .. w. Edge"°n, op e1t • • p. 12. 

12 'l. ktaumote and Y. Hia1oka.t Baeter1opbage in relation to 
Baote~1um ma.lvaeearum E:. P,. s. 1 . Pre11mina.ry study, 
!iiii., ol PhfEopath. soe. o,f Japan VII. 3.,41 194. 
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with ot•ganisms of the honogeneou s type . Five tu'b,E s of s t erile 

nutrient broth were inoculated with organisms of the 0 moth• 

ea~en •• type . Tl11 .. ee days later, the bacterial culture conttt1n

ing t lle latter tyve, was filtered thi .. ough a Seitz bacterial 

filter. The fi l trat e as diluted with sterile broth, 1n a 

logarithmic dilution se~ies from l/1 to 1/2048. One eub1c 

oent1meter of each dtlu.t ion was added to a tube of the 

bacterial grO'Nth of the homogeneou.s t ype. Thirteen tubes. 

wer 0 lef't. as eheels. 

rrbree clays later. no lys1s 1n t h-e bacterial cultures 

had apparently taken place. Thin does not neces sarily 

indicate the absence or bacteriophage ., in.stea<h the baeterio-

pha ge nay have been present., but t he technique may have 

been i nadequate :fo~ demonstrating bacte riophage i n :a. ma1-..... ............. 

v a-eea:ru~ or 1 ts v1rul enee may have needed t.o be bu.flt up 

by further culturing. 

D. In.fe-ation Testa •. 

The black arm phase , t he l eaf phase, and th& 'boll phase 

ot bacteria l blight have been studied t h oroughl y . The present 

study was concerned with the development or t he root system 

of i n f ected cotton seedllnga. 

Sterile cotton seedlings which were grm'ln in water agar 

i n tes t tubes were 1nocula"ted w1th a virule11t stra in ot 

!!• malvaeearum soon after the cotyledon l eaves had unfolded. 

Plugs were le:rt in tbe tube for- 48 hours to maintai n high 

humidity. First 1nfect1ons appeared 1n about ten days 1n 



the form of water•s-oaked spots on the cotyledon leaves .. 

Continued observation of the inoculated seedlings showed 

in most eases less exten.sive root systenls with f ewer sec

ondary roots than the check plrmt.s . Difference between the 

root systems ot inoculated and check plants 1s sbown in 

Plate I . The plants were observed tor a month ar..d during 

that time the water a.gar beoan1e dehydrated and the plants 

died due to laek of moistu~ before lesions v:ere observed 

on the hypocotyl,., Attempts ware made to add sterile wa:ter 

to the tubes, but these failed to prolong the life of the 

seedlings . 

Delinted cotton seed hieh bad been surfaee sterilized• 

was planted in s terile so11 1n fiats.. One flat was ler-t as 

a control. Another flat was inoculated soon af'ter the 

cotyledon l eaves bad unfolded. A bu.rlap hood was placed 

over both flats fo.r 48 hours following 1noeulation to insure 

h1gb humidity., F1.rst 1nfect1ons appeared in nine days. 

The plants were watered regularly w1 th tap wat.er at 24 bou.r 

1nterva.lsp wt on t he eighth day the plants were not watered 

unt11 38 hours had elapsed. At this time the inoculated 

plants were notieeably temporarily 1lted evidently because 

of their reduced root system. The check planta :shoi7ed no 

signs of wilting. 

Ten days after 1noeulation, the soil was removed from 

several plants:, both or the inoculated and the cheeks. '!he 



root systems of both groups were examined with a low•power 

magnification. Both groups sbo«ed a slight 1nf'ect1on of 

Rb1zoot-on1a sp. but this infection was not severe enough to 

be fatal to the seedlings.. The inoculated plants also 

had a second t.ype of lesion on the primary root. These 

lesions were characterized by a slight yellow discoloration 

and a eonstr1et.ed. water,-soa.ked reg.ton ·on the tap root with 

this condition extending into any branch roots arising from 

that region. The le.s1on as of the typo one would expect 

to be caused by this · :;.thogen,. but. from the plates poured, 

using t.he infected tissue as the 1noculum_. no aolon1es 

typical of a. malvace~ru!!l were produced • ... . . , 

E. GrC1llth ~t B. m.alvacea.rum in media containing 
cotton andno!1! 1yhoak extracts. 

The only hosts listed for~· malvacea:rum are Ooaantum 

sp. and Thurber1a theapesioides.13 Cotto.n ( Oossnium 

hirsutum) and ·hollyhock ( Althea rosea) are both members or 
the 1,:a.J. vaceae family and in an effo-rt to determine hy 

hollyhock is resistant to this pathogen. four extractions 

were n:14de from the l eaf tissue of these two plants. 

9 

The leaf tissue of both plants was ma.cerated und divided 

into approximate ly foul' equal par·ts# and parallel extractions 

made on the four parts. Tho solvents used were .absolute 

alcohol# acetone, hot ·water and oold water. These extrac-

13 c. Elliott. op eit.# P• 1&4. 
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tions were filtered, and s e t asi de in order tb~t the solvent 

could evaporate . When evaporated to oryness the residue 

was resus m:rndec1 in a ph ys1olog1cal salt solution { .85%), 

nnd 1 cubic centimeter of each suspeneton was added to three 

tubes of nutrient broth. ibis was then sterilized in the 

mitoclave in free steam, rather t han under pressure to 

Fiin1m1ze hycJrolysis of t,be dextrose in the broth. Four 

oays i'ollowing inoculation, a. slight turbidity was observed 

in the culture eontaining th$ ac~tone extract of the eotton 

leaf but not in that of the hollyhock. Mi .croseop1c inspe et1on 

ahowed t hat this turbid! ty was due to bacterial groi.vtb. Th1.s 

appears to 1nd1cate that the rea1st.anee 0£ hollyhock to 

B. malvacearum is due 1.n part to an acetone soluble substance -
possibl y 11po1dal in nature. 

Conclusions 

!!• malvaeearum is constantly found associated with 

chlorophyll-bearing parenchyma. never being isolated from 

roots or hypocotyls, or non-chlorophyll bearing parts ., 

According to 11 terature, the green purts contain sucrose ,. 

and in some cases dextrose. This orga nism grot1n in dextrose 

and sucrose eonta.1n1ng media, and is able to infect ,1hen 

these sugar s are present. I t grmvs poorly or not at all in 

media containing other sugars. Thel"afore infection appears 

to be dependent on the photosynthetic activity dir-eetly by 

way of the dextrose. 

\fork with extracts appears t,o indicate the res.istanee 

of the hollyh ock to B. malvacearum is due 1n part to a - , 

chemical factor that 1s ace1.one soluble, non- water soluble. 
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Wi t.h the 1nab111 ty to use the hypoeotyl infections for 

rapid determination of ! • malvaeearum., tb.e most, efi"ective 

method at present is the inoculation of s terile cotton 

see ltngs on agar, and infection appears as wat.er•aoaked 

spots on the co~yledon l e aves9 in about ten days. 

1. Bacterium malvac.e rum is the causal a.gen;t, of an 

i mpor-t nt. bacterial diaease of cotton, known variously as 

angular leaf•spot, bacterial blight, black a r m. bacte:rial 

boll-rot, and gummosis. 

2. Previous !'indings O!l the morphology and physiology 

of the organism was given. 

3 .. Tests on vai-•ious sugars show that !!• malvacea?'llm 

grOW's best in media eontain1ng dextrose and suerose. 

4 . Isolation of B. malvaeearum as never made from -
chlorophyll-free parts of the plant ( bypoeotyls or roots), 

and 1 ts presence in only the ,chlorophyll-bearing partss of' 

the plant 1ndicat.es that 1nteet1on 1s dependent upon the 

photosynthetic activity of the plant. 

5. In attempting to prove the action of the bacter1o-

phage of!• malvacea:rum fr,om nmoth-eate-ntt colo-n1es 7 no 

apparent lysis of bacterial cultures had taken place a t the 

end of three days. This does not necessarily indicate the 
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absence of the bacte.cio_pbage . instea .. d ., the bacteriophage ffl-JJ.Y 

have been present. but U.uat the technique may havo been 

ina-oe"iuute f'or demonstrating btlcteriophage in ! • malvaeearum. 

or 1-:..s viru.lonee nay have needed to be built up by further 

culturing. 

6. In the cotton and hollyhock extractions,. increased 

bact,erial gi"c,wt..h appeared only in the aoet.one frae t1on of t.he 

cotton extract. This o.ppears to indicate that the absence 

of an ace tone aoluble .factor or tho :;:--resence of ru.J aes tono-

soluble i nhi bitor in the hollyhock is respot1sible for the 

resistance of that plant to B. malvacea.rum. -
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Plate I. Left: Uninoculated plant 
Ri.ght : Plant inocul ated with 
B. mal vaeeru:um show lng neeondary 
1nh1'61t!on of root development . 



Plate " Moth-eaten" 
mal vacearum. 

/. 

colony of 




