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Ol BACT.IIIAL WILT OF ,3OYBI.AJ,'., TN! THE I ]U¶AI•,l•

~frolilowing is the tranislation of an article by V A. Mturas

Zhurnal (Microbiology JotLrnal), Vol 25, Do 5, 1963,
pages 42-4927

The existing findings in the literature by native and foreign
authors indicate that the 3oybean is da.iaged by twelve species of
inciters of bacterial diseases rcprc:;enting several genera.

The most extensive and Injurious, bacterial diseases are caused
by Pseudomonas bycinea C'ei polr (and its varieties) :Lnd Xanthomonas
phaseoli var. co~nse Hedges.

The bactcria mentioned cauoc spottiness on thc scybean leaf. A
conIsiderable body of research ts devoted to the study of these bacterioses
ruid their causative agents. •ily zuolated works are known on bacterial

wilt ,of soybeans.
SThus G. K{. surgx-t.• [_.7repu- a disease of the soybean which

appears in the injured vasculaz, oysl•ii of the pil•an und causes dwarfism,
sudden wilting, aund ]_eaf vi'inl,;. Thu ia ,.1 y up,, et of this disease
is the poLypharous bacteria 1';;. ,.uLwiiccur2"ri ,Th, th.

A. P. Kl,'Xov _7 1n a i-nmk on col lcdcnouuLs bUcteriosis of soybeans
mentions that two species of LaLctt-i'la ,.ufu [vyJ.ernaticza1ly uncountered
when inoculating -,eed and dioeased ctylcdunu, One X' them, Ps. solana-
"ceartin &Uith, was more frequently Inoculated. Ills article says nothing
about wilt of the adult soylcaiu plants.

Thc conclusion may be drnh•:n frain the findings of that author that
Ps. solanacearum is easily isolated from the diseased plants and is
therefore often found in soybeans.
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We must take into conside-lltt• .. tK-t.- V. TVLor' V ý.' /, who
.,tudlicd more than 1700 pure Cujit.Xc• WIL'.' ,,, Le thx, composition
of bacterial causative agents In the U-JO-, 'otun• 1.§ z !•cies, does
nit mention rs. solanacearxia on orbe& .

A report by Van der Wol]F(quaoted 4y YacinuvwAiy F77) appeared in
the foreign literature on this question as crLy _t_ 19lu and disclosed
bacterial wilt in soybeans uli pe.Oautt. in Java.

In 1919 Smith and 7'Cul zxch L9 :U.i~hcG ,• JLr, article on
Ps. solanacearum damage to ',can- and oth:-:r Lgurc, 1vrZ which they
rote soybeans. The authorn Lv ,-t , .... " diselse as
does G. K. Burgvits. The nir:-zti,-t r . : Lants are
especially susceptible tr- thi:. v...rty .,.,a, cf developmnent.

The findings of F. A. :!- •.' / . a.- thr..r ., Icss bacterial
wilt in soybeans than in other ni:W7 -lcn'iderable
woodiness of the stems of the

Soybean wilt may als• L *e Vl"<a"C it. * t7. The
leaves of these sick pntI do:., witu,, '.id then drop
off. The stem tissues at Lhe couii., beC.,: hti. 1I; it. dunp weather
a mycelial fur of pinkish oA orrj•q•*c co-,r ,,: rr on -hu1m.

We studied bacterial ,1 a . .. .:, Ukraine in
1956-1961.

The present article ULv. •ny tie , , " the ;tudy of bacter-
ial soybean wilt detected by us In Ln:rainit•tnc xrlto-y.

When invectigatinZ tl , ::,:ymX:.,;' t...'' ; r -.; different
points in the Ukrainian SS3 (field of tV% .n and Kyrovohrad
kyy Experimental Stations; at the 1Exp.'-!.;A .n •s, :" the Institute of
Microbiology of the Academy of Sciences, U-ra niua: 0.1, tn Feofaniya;
one strain obtained from samples from thc }ubsan) ,vc 1-:o'ated the strains
of the causative agents of bactcric.l eo:,'.,,. , ,. .:':1eh under definite
conditions and in definite phascs ,•':•h-. -i..u.;ed the plant.
to wilt.

The bacteria were inc-cutited frot •.:I.. r .* , -f the soybean
plants--from the leaves, tht: dark-brot.n .. : . .. .. of the
leaves, the brown streaks on the Ate,.L, tlih ' - , ,Ures on the
stems, and the brown spots on ti~e pods huhicii wuni uQvr unto the seeds in
the form of light brown spots.

The leaf lesions had brown and greenish-brcwn _bWong amorphous
spots slightly translucent in the liGht; some of them were surrounded
with a weak yellow aureole. From the lower surface of the leaf blade
the spots had the same appearance, but were a little Lighter. The



tissue in thu affected parts often drbopped out. At timer the leave:
gave signs of willing, and the affected spots were darkcr In color, as
though oiled.

AccordinE to our data the above-n ,ted type of disease Is of
slight extent in the U.hrainc, being found in isolated cases. This is
indicated by the mere nine strains of bacteria ,f this species 1RoLat.ed
fror.L upwar(ds of 1206 specimens of diseased soybean plants.

A utudy of the cu/tur-l, morphi)j ogico-biochicalcal, pathogenic,
and serological properties of this group of causative agents made it
p ssible to characterize them.

T'h;y are mobile rods 1.1-1.5 x 7.I.-0.6 microns in size with 1-3
flagella, Gram-negative, aerobic, with greyish-bhite colonies on potato
agar, rouiided, glistening, flat, transparent, with solid and slightly
raiseri centers. 'Te colonies have undulait edges.

'-'aL:L I gives the princip ... characteristic:; of' the aents examined.

We , cd the paý1-1,-ilic .roperties; of tihu:,c bacterfa in soybcan"
in ui,'.crcnt p)'riods of -;r-oth, as well us in other plailts. Infection
was aecouadlibhed by a day-old culture uf microorganisms which contained
], ~X)CO (),flOo: bacteria cells ncr millilitor.

The strains gave the t~picai -icttu'c of wilt on the second day in
soybeans grown in flowerpot.- (Xiig. 1). Tn the cotyiedons deep depressions
appeared at the points of injection with . x 4 mm dark-brown spots.

In all the experiments the control was injecteŽd with sterile
water instead of the agent.

Soybeans growing in flats dJsplayed the omne picture irhen infected,
but in•a rt,•+e 1,oil .. ,. 'T1tere weo, d1ark-.brown depressed spots on
the cotyledons, even LoinC lhr,-)ugh t,! the oti.er (upper) side.

Darkening of the lea,' r i:s At tl.c iihject.ijii points (the "network")
occurred .-hen the leaLf blade. ; wre infectcd, and the leaves progressively
dried u) (Mcg. 2). Thc result of the injection ints the rib the leaf IoQst
its tui'gor vitalis, d-rooped, a,,,d .iltd, .L-1 ji, 2 days after
inoc ula Lion.

When adult soybean plants "ere the .Xpcririental Base
of the Institute o!' 14 crobi.)lo[o- of the ACad:.-,y If Ukiences, Ukrainian
.;k;h, at 'eofa.iiya not al ý'.t- were observed to wilt. 'Zie plants were
in,< cc ,-h.n yn, a.d ',:h,:, ,eir bens ,crc rIipe.
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Table 1. vncp *Iactr tr. . ntOf

Ps. solanacearu•zi fz: er.c, .. '..ne

Mobility. . . . . . . . . . . .. 3uccinic acid
Gram reaction ............. - acid. . ....... alkali
&!robe ... .................. , gas ... .........
Gelatine attenuation .... . Citric acid
Nitrate reaction . . . . . . - acd . .......
Color of colonies.. . greyish-white gs . . . . . ....

Starch hydroly.is ........... -I've r "!
Glucose .. . . . . . .. +

acid ................ . . . .

gac . .. .. .. . . . . . .

Lactose
azcid ................. ....... ' ........
gas . . . . . . . ..• . .- e . . .U

Sucrose :'.. .

acid . . . . . . . . . . . .+ ga . . . . . . -

gas ................. ...... a-1,: i I .c(,
ailtose .. -

acid. . . ........... .. .. . . ..........
gas...... - Acetic acid

Mantite acid ...... . . . -
acid.. . . . . . . . . . . . * . ... . . . -

gas . . . . . . . . . . . . .
Raffinose aa,.......... alkali

S~~acid.•a

gas . . . . . . . . . . . . -.'

X~ylose J a "I ~ ~~acid. . . . . . .:. . . . .akl

gas . . . . 0 . . . . . . . der,;u . d

Rhamnose :...d . . . . . . -

gas ......... ..... . . ..
Salicin . . ....... . +

acid . . . . . . o". . . . . . . . . . . .

gasi . . . . . . . . . . . .. 1 It.

Arabinosc .ý71 . .. .. . -i
acid. C,•a.' .. .

g s . .. . . . . . . . .. .t • =-r u .. . alkali
:Dex.trin:" : : r .. ,•

acid. o . . . . . . . . . . Ae t e . . . . .. 1 -
gas . . . . . . . . 0 breadth-.......en sO~e. o ., 6

Fructose 3,,nores. . , . I . . -•i
Capsules . 0 + : 'acid o . . . .. . . .. Mi lk

• " ""coagAulu ... ;
D~alcite"". 'peptone . +,•

acid .... . .••.. . •
Indole.....

Tartaric acid Aonia ... +

acid. ..........-. .



GRAPHIC NOT REPRODUCIBLE

1'.16 Artificial Infcction Of ýcoybeanr (Injection into

Fig- 2. Withering of Soybean Leavea from Artificial
Infection.

GRAPHIC NOT REPRODUCIBLE
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After inoculation the Leaf blade wrnik'.ed utr, and I rown spots
(11 x 7 iun) with w:eak ehloroAiu 1',frmed around the point.A X injection.
-The infection did nut inwnifest itself sociarply on the Lcavwa of the
lower layer, and chlorosis vai.:n citl-,,r entirely abnoilL or hard.ly lh:rcep-
tible. The spots were lighter at. the center, aid In time the leaf tis,',ue
fell out at these spots, but the plants themselves did not wilt. Stem
innoculation did not cause wilting; leaf-stalk Inoculation resulted in
the appearance of dark- troeh, almost black, tCxy -pots i-5 x 6-8 run in
size. In some cases the spots enLarged, went deep !nto the tissue, and
the leaf-stalk bent down and brcoe off.

On the third or fou.tl dn u. r L" 'spots
developed on the pods and blackenlnj v,-az noi]ý',caLlc under the thin skin
of the pod.

We also studied thu pathot:enlct thu.c:" these ..ra'ns On a number of
other plants in order to oLtahin aL nore acc..ate :c-tur, of their
adaptational charac Ler sti c s.

In selecting the plant-,; q. vrc Kdhd , ,_ :e' ta.t the
nightshade family are host plant3 to IP'. anianacearw•, and we chose
Fabaceae because they belong to the same family as the soybean.

The followir.Z plants were artifictally infected in leaf and stem
at Feofaniya: tomatoes ("'.•.yak" and ukrI varieties), tobacco
(Ternivs'kyy and Havana varieties), potatoes, peas ("Lladivs'lyy 208,"
"Komsomol," and "Viktortya K,.ndorfs 'k".*' -.o ttr , cans ("Bomaba,"
"Dryha P'yatyrichka," and "Sparzheva" valect), Whitt; lupine, blue
lupine, chick peas, and lentils.

Interesting results were ubtaincd on the t4x.'L vureties of tvnma'coes
In the early spring infection of the leaves and stem.. of tomatoes gro-ing
in pots indoors gave negative results.

Tanatoes were again inocu].ted In zt,,.er of tb.: :ane year in
Faofaniya. On the third day there fo-Iicd An the i.,.a large dry spots
with weak concentricity and 5yellow attreale (.'-5 run). The infection
manifested itself better on thei leaves of the lover iyers. The leaves
of the upper layer were W4thout chlorosI.o; tl'cir -• vere light-brown
and smaller (3 x 4 mm).

In the green fruit blackenLng of the ti.ýsue a. the injection
points was observed and the affected tissue was dry. Whun the tomatoes
ripened the spots had become field-grey, dry, with dark-grey veins like
those caused by Xanth. vesicatoria, but no epidenial cracking was detected.
When these toavtoes were cut in two across the spots hiardening of the
tissue from. the spot to a depth of 1.-5 mn was apparent, 'the rest of the
tissue remaining healthy.
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Wiltr ýotfl (.T X _' MT) A'me1C'Lrcd oni Ihi- ttir. t the potintu of
I njec" ~ ii.1d the ; anut Jid li't vi It..

The I~ im.ua-w: %-rn ti,- :.Trioc Ia ,Mcd "I nAU~Iý1.- 14-0he1 the plants
wert: alr-ezid ol~d. Ir.fection In -hc ;:ten and Ic~aves, uve neg tive leaul4
A diff.oront AIcture war, observed In t!,. fruit. nie red fruit began to
rot. 0Oily tIzauk-lued L~piut 1 #-5 Cm In. dJo-r~tL.~r furr., the tissue became

It, and d2.Vli' 4-1. lj -ii (,'t-.;('I tlC~r a.~ rui wd fung~i established

In the Colillol (I niect-e -.:tit: ::t-1 r4i c la~ehc ;pots were white-
i-rey, dr.and 2 x 4 mm In

In llie tobaecc, _rrn~t. -I ~n1~'r tserv'ed only Onl the
leaf ribs, on the Atemn 1)1 11%' 1ee'i r nG.

When a vresSel becctuac Llack (!njeetion in the rib) the tissue broke
thx~ough iIn -the center anid cý)ntrticted. In one en-c (Tc'a-nivs'lky variety)
the darkening w-nit 3.cm'-r further ziouw;, the vessei. No fu~rther spread
or devrv to-inent )f' tho dis i'li asý evc.Te*eaf i s~ue at. the
injection pointo became dark~.

The culture pi'evcd Lj lbe nonpathoteenic to ?botatoes.

A nuxlaber of Faxbaceae plzuný; w.urc auý;o artifricia~lly infected with
the strains isolated.

,!T- bak- .cji a provcd I o patALU-ei(. i'tr 'Llt 'Vi ktoriya Mandorfe 'ka"
viiriety" Of' peas, tile 'lom'a" and ';hpar-zlica" vartetieti of beansý whi~te and
blue lupino, and the hveia. ecz. (15-4- x .5-6 nim)
!Lround the injoecton -)oint.-;, with k-r '.thut chlornstz, w~as detected in
aLlW thec pans.Th r.11- %..d sAeLe;. c2 I ý, m. In some cases the
ieavcs drooped, but thle(Lt'8 dve ed £re.

inlockt'a( on g~ave n 1c-I I .'c 2 rnj in 1 IcW "'ky208" and
"K rorno*)'' varietjl:3 Of vait of~ beans,'' '

the chic:; ea3, and the Ient ii. ArtL i C, 11,a a retofbanso
r'rovcd tnu~~.U

htilr hav4iv, : L_ st.ieŽd ti h-.- Q I i,.- i 1_ mi croorgani~sms
eýt1.si c ;lljed 1theI 'I..' to lc'dxmaid d.:ignated it as a
Allcjn hjii ofl:i t.. c ~'co i;I close to Ps.

.LA:CLL_ I - s i_- :*tui.'a. , nu iii _t l . i ý'a.. .'wures this
5 cý o"' "'- "011 Lt- a I5 clicSc *to It. i 1 '1C iuejtIn6 aGent of a

very, ordsra ybe2ar. 'U-:ctaiu:Lo:A, CGUait "2A.54

Our fi-ndAn165 Gl1Uo: thIVI thc, diffeur fraom' e..ach other in that
Ps. cinea doe3 not attenuate goelat'ine) Givt aikati in tartaric acid,



nor act on milk. MTe inciting agents in question attenuate gelatine,
leave tartaric acid tuchanged, and peptonize milk. The chief difference,
however, consists in the picture exhibtted by the disease caused by
these two microorganisms.

They also differ serologically. Cross agglutination and Castellani's
saturation test indicate that they are serologically two different species,
although they have common, but not identical, antigens.

The bacteria which we investigated also differ from Ps. syringae
and Ps. tabacum. They differ from Ps. solanacearuni described by a nLuber
of aTho7rs /jr 'j, f7 in that they attenuate gelatine and give no nitrate
reduction.

According to A. A. Yachevskiy -T7 and Ch. Elliott /87, moreover,
Ps. solanacearum forms u broin• pigment. Our cW-tu~res did not form it.

Welles and Roldani /107 noted that Ps. bolanacearum extracted from
chrysanthemums never gave a strong brown pignenLt; only through sub-
inoculation via tomatoes i:as the pigment produced.

We attribute this disagreement to the great variability in the
characteristics of Pj. solanacearum noted by the aLthors who investigated
the inciter of bacterial wilt.

The group of microorgaiisnis isolated may therefore be regarded as
a form of Ps. solanacearur Smith which has adapted itself to parasitism
on the soybean. This bacterium is a dens- en of the southern latitudes
where the course of the disease is rapid and there are distinctly
pronounced symptoms of wilt, while it is possible that in the Ukraine
the bacteria are just now beginning to adapt themselves to parasitism
on plants, since the vrilt m•anifests itself mildly and is found
corsiderably less often.

It is too bad that A. P. Klykov 1j67 does not in his article
describe the microorganisms isolated but only names -them because there
is some doubt that that investigator was dealing with Ps. solanacearum
Smith.

Table 2 lists the comparative characteristics of some of the
bacteria of genus Pseudomonas that parasitize the soybean.
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Table 2. Legend: (i) Inciting agent; (2) Gram reaction;
(3) Aerobe; (4) Ge• -.tine attenuation;
(5) Reduction of nitrates; (6) Color of
colonies; (7) Hydrolysis nf starch;
(8) Glucose; (9) Lactose.; (10) Sucrose;
(11) Glycerine; (12) Maltose; (13) Xylose;
(14) Salicin; (15) Manite; (16) Milk;
(17) Size in microns; (18) Capsuies;
(19) Indole; (20) Hydrogen sulfide;
(21) Ammonia; (22) Mobility; (23) Acid;
(24) Gas; (25) Coagulum; (26) Pepton;
(27) Length; (28) Breadth; (29) (After
Yachevskiy); (30) (After Ch. Elliott);
(31) (After F. Coerper); (32) (Our strains);
(33) (After Wolf); (34) White, gradually
darkening; (35) Opalescent with brown
pigment; (36) Greyish-white, opalescent;
(37) White with brown pigment; (38) White
without pigment; (39) Note: In parentheses
are Dowsonts data (after Elliott);
(40) On blood agar.

Conclusions

I. A bacterial wilt-type disease in a somewhat weakened form is
encountered in soybean plantings on Ukrainian territory.

2. The spread of this type of disease in the Ukraine in 1959-
1961 was insignificant, only icolated caZes being observed. The
insufficient adaptation of the .nciting agent to parabitism under
conditions may explain this.

3. We consider the inciting agent of the mentioned bacteriosis
to be a form of Ps. solanaceanam Smith which has adapted itself to
parasitism on the soybean.
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