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PREFACE 

Around 150 scientists from 29 countries attended the 5th Internaticnal 
Conference on Plant Pathogenic Bacteria in Cali, Colombia, S.A., August
16-23, 1981. Eighty reports on research dealing with unreported new 
bacterial diseases, recent developments in microbial identificaion end 
taxonomy, eco!ogy of bacterial pathogens, host-pathogen interactions, and 
disease management of bacterial pathogens were presented and 
discussed. Discussion groups included: seed-borne bacterial pathogens 
and their detection; recent developments in rice bacterial blight; plasmids
and pathogenicity research; Pseudomonas solanacearum; soft-rot bacteria 
and post-harvest decay research; recognition mechanisms of bacterial 
pathogens; the role and challenges to international and national 
agricultural research in the management of bacterial diseases; thecriteria 
to distinguish races versus strains of bacterial pathogens; methodologyfor 
evaluating plant resistance to bacterial pathogens; and problems of plant 
bacteriology in the tropics. 

Following the initial objectives of the Organizing Committee, special 
emphasis was given to the discussion of the different topics related to our 
disciplines in an informal manner. Particular emphasis was placed on 
allowing the participants plenty of time to express their points of view, 
uncertainties, experiences, and suggestions. Participants had the oppor
tunity to see bacterial problems of cassava, beans, sugar cane, plantain, 
and other tropical crops.

Applied research was emphasized, especially in relation to control 
measures through genetic improvement and cultural practices. The 

ecological behavior of several reported bacterial species, especially in 
relation to their survival ability in nature, may have indicated newavenues 
of research for the future. Probably the most important result of the 
Conference was the emergence of a consensus of increased need for 
scientific research on bacterial diseases of food and fiber crops. Through
both basic and applied research in these areas, bacteriologists can most 
effectively contribute to the effort to improve the quality of life for future 
generations. 

J. Carlos Lozano 
Chairman, Organizing Committee 
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WELCOMING ADDRESS 

Jos6 Carlos Lozano
 
Chairman, Organizing Committee
 

On behalf of the Organizing Committee and the Colombian Association
of Plant Pathologists Iwish to thank you for having accepted our invitation 
to participate in the 5th. International Conference of Plant Bacteriologists.

Three years ago, when you selected me to organize this Conference, I 
was aware of the tremendous task and responsibility handed to me.
However, I accepted the privilege, considering the benefit for all of us inholding the Congress in this tropical environment. The benefits not only
relate to the beautiful climate here, but alsD to gaining an acquaintance
with some of the economic crops which mdny of you may not have seen
before. Some are generally cultivated within a cultural and socioeconomic 
system of subsistance agriculture, while others are more typical of 
temperate zone agriculture. Often, when systems and theories aretransplated from temperate biotic occurzones, outbreaks which were
probably uncommon in former ecologically balanced traditional systems.
Some are becoming a general penomenon in both the modern and the 
traditional systems.

Siriiply, we are creating inbalances which are reflected in pest andpathogen outbreaks, with serious consequences for production. Many
scientists consider that tills is due to lack of expertiseour or physical
facilities, or both, but we must realize that the tropics offer an ecological
situation distinct from the temperate zone, a situation that often requires
different philosophical and conceptual approaches. However, the ex
change of ideas, points of view, philosophy, etc., along with the knowledge
of the area, undoubtC(dly will lead us to a better concept, al framework to 
handle these problems.

Our initial goal for the organization of the Conference get awas to
general idea of the topics tnat you wish to consider. More than 1,000
letters were sent to you in this respect, and according to the responses

received, 5 paper sessions and 10 discussion groups were organized. We

also decided to share te responsibilities for such sessions and

discussions. The persons nominated as chairmen of the discussion groups
were asked to organize then according to their considerations. 

From our point of view, one of the most important aspects of the
Conference will be the lively and informal exchange of ideas during both
the discussion groups and paper sessions. We want to be sure that all of you have ample time and opportunity to express your ideas, uncertainties,
and points of view. If we leave the Conference feeling that we all have had
the opportunity to communicate freely and thoroughly then we can
consider that we have reached the goals and objectives outlined three 
years ago. 
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We are aware that some things may not go as smoothly as plannea, so 
we hope you will be patient. However, please keep in mind that we in the 
Organizing Committee have done our best for the success of the 
Conference and for a pleasant stay at CIAT. 

Jos6 Carlos Lozano 
CIAT 
Call, Colombia 
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Challenges in Plant Pathogenic
 
Bacteriology for the Year 2000
 

OPENING REMARKS 

Anne Vidaver, Chairperson 
Bacteriology Section 
Irternational Society for Plant Pathology (ISPP) 

In openin, remar, ; for the 5th International Conference on Plant 
Pathogenic Bacteria, I have chosen to speak on "Challenges in Plant 
Pathogenic Bacteriology for the Year 2000." Both rnycoplasrna-like and 
rickettsia-like organisms are jiCi Jded in these remarks. I frankly hope to 
stimulate controversy and at least some discussion. Your reactions will be 
valuable, especially where I amii wrong and have overlooked important 
problems 

By definition, god plart lrr.altli is the optimal functioning of a plant with 
freedom from disease and :ihnuririality. One of the agents affecting plant 
health is bacter ia Dhit a sa;s i;aused Iy bacteria present special challenges 
in isolation, identifii:ation, aind control. While the monetary value of crops 
lost to ba(cterial diseas,.s t.;jriut be ascertained, there is general 
consensus, I bt( l v,, thlat wfe canriot susta in such losses and continue to 
feed the world ITiese problems are some of the challenges we face in the 
coring dJ(recades 

Isolation of Fastidious Prokaryotes 
One of the first ,teps iii stuidying bacter al diseases is isolation of the 

causative ag.ent Wif at'; ,ccimtonied to suc..ess with easily cultivable 
bacterla, ht "(1 iirrtuws ire less (easily cultured. It is certain, 
however, triai furthe ;nivaniu c; Will be Imade i culturing rickettsia- Ikeand 
nycoplasrria like (rgarqimus It sfens plausible that some plant com

ponents may he 0sssrut1il bar Stch SU(cc5(?ss Also, few attempts have been 
rilade to irluut|rSpu t us(crviroim ent the assuinpiion being 
that aerohic c ndhilw, ; r e-sential Ye.t u;iiaerobes and microaerophilic 
animal pathoe:' an well kiuvin lhere is accumulating evidence for 
plant pathogere; jrrm;rhfue tlChui; as the clostridia. There may be others 
whose growthl or jpuaitimgrucu:ty is inhibited by oxygen Thre majority of plant 
path)iogists do, nut work with anaerobic microorganisms and, in my 
experience, are; reruiizurit I() (uoso (that Includes me!) 

Diagnosis and Identification 
The challenue, in diifmsis are. those of early detection of disease and 

specifiiity Early iia(qtuo:is makes it eaisier to limit the spread of disease; 
physical cntairrlmil, ro()uimg, !t( can be used with greater Success. But 
our (ti rent Iir(:ui ',)ihican . described as primitive when compared to 
diagnosis of hui;in arid arimal diseases More sensitive tests are 
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required. If detectable levels of bacteria could be decreased to less than 103 

CFU/gm fresh weight, the current level of sensitivity for fluorescent 
antibody detection, control measures could be instituted much earlier. 
Such sensitivity of detection might be achieved by treating plant tissues in 
various ways to release bacteria or specific bacterial components. Such 
materials might be tested directly for the presence of bacteria or 
concentrated before testing. 

Specific:t ' ,'dentificationis likely to be improved in various ways. These 
include methods involving selective media for certain pathogens, 
serological tests of various types, metabolic tests, and gel electrophoretic 
anaiyses of proteins and nucleic acids. Specificity is likely to be enhanced 
by increased knowledge of pathogenic determinants, i.e. compounds 
associated with the ability to cause disease. Isolation and identification of 
such determinants are likely to increase the specificity of antisera for 
diagnostic purposes. As both investigator time and crops become more 
valuable, automation of Identification tests will become desirable, if not 
necessary. Automation of identification tests, or at least quicker identifica
tion methods have besin very successful in medical microbiology. Plant 
pathologists working with large numbers of samples would find such 
methoc s particularly useful. In the future it may become common to have 
resident or regional lahortores to serv:ce large farms, orchards or 
plantations, analogous to a hospital's diagnostic laboratory. Consulting 
services may fill this rule; some have begun to provide diagnostic services 
for bacterial diseasus in the U.S. Such services have not generally 
provided laboratory tests, however, but this may change. 

Interactions of Bacteia With Plants and Other Microbes 

Bacterial interactins with plants are understood at only a primitive level. 
The greatest challenge, It seeiiis to me, is to determine what occurs in the 
early stages of infection and toseparateout cause and effect. If early stages 
can be detected andiunderstood, it may be possible to interfere with the 
early steps in an infection. Crown gall is the only disease in which early 
stages of Infect ion a re reasomnably well u ndr.rstood. Such early steps can be 
surprisingly rapid We IV:ve funorld that. With Pseudomonas syringae pv. 
syrIngcae and P sytnl(/at? lv qlycifiti, bac~eriocins applied to leaf surfaces 
5 to 10 minutes after spra y iiOCUlatroi) have little or no effect on the course 
of lesion develo)ment., w ier,;is spraying before inocUlation dramatically 
decreases the number of lesions. These bacteria thus begin the process of 
infection very raid ly To date, mnetabolic, ultrastructural, and physical 
methods of analvsi- Iiave not been sensitive enough to detect early 
perturbations in )larits Microchemnical and microphysical methods of 
analysis In situ., as st (fin s;ome aninIal studies, may provide insight into 
such early interaction 

Several stud s fhiv. sh(.)wn that both bacterial and plant surface 
interactions are mipi)itarit iiestablishing infection It would seem that the 
use of tissue! (:Jltim NM prrotoplst systems would yield information on 
early interact ions In thIrese systems, )oth the chemical and physical 
properties of sitrface .s (;n be manipulated. Such studies may provide 
insight needed to inmterlfre with iearly infection processes. 
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Another kind of interaction of bacteria with plants is represented by the 
phenomenon of indtcedcc resistaw-re. !n this case inoculations with avirulent 
or weakly pathogenic bacteria can elicit either localized or systemic
resistance to patho(cens Inoculated later. Several such examples are 
known, involving several different bacteria and plants, suggesting that this 
is a wide-spread phernonienon. The mechanisms of such induced 
resistance are complex and more likely to be well understood in the near 
future Nevertheless, the ch allenge is to find and isolate bacterial 
components or analogues which can be cheaply produced and applied in 
practice Some Crops, particiularly perennials, would warrant substantial 
investment in this ar(a of research. 

Yet another kind of interact iou of bacteria with plants might be termed 
constittiv'e resistancu, in which the majority of cultivars of any crop are 
resistant to most microorganisms, whether bacteria or otherwise. In 
ani mals,many physical arid biocheinical factorscontibutingto constitutive 
or inherent rs:-.t;nji are known a-rid a continuing source of study, e.g.
different )l(dfrat(:ic ,cIriplants, the challenge is to identify such factors 
so that they call he aralyzed for breeding purposes. If we knew how to 
control and transfe orr elt bu1th coristItutive and inducPd resistance, 
diseased plar'.ts w cl(1 h)0 a i rty 

Turring row to thii' ntr actioiis of bacteria wiqh other microbes, such 
interactiows prcviii, lrril ndocis challenges arid opportunities. The 
interai:ti 1)f rncict c(,rii to plarnt pathologists are those in whichotheri'ii 
iii:ihllc c s aci v.,c'rqcltccal, Ic)oertila ce infection arid those in which 
alnt:(l ,i I c Hir it I,, ! tiiiies difficult to uS to deal with interactions 
of plant piltilot cItllic cactin a with one or more different microbial species. 
Enhancenirit of fldiali (qitri and yield by treatment of seed or transplants 
with blmcfe(cil h;aI ttr a ccialiredty aiprorisilng technique; it is not yet clear 
whictt r th i[r- it ce:ilts frcin comnpetition for nutrients or whether 
ari aycinisr (cf ic.'! Jtilei,1, baturial or not, is occurring or some 
colnhiiliatcii c I riOtcui, ticyis Bijing able to predict success with these 

t
hiic;t ri; l ',lrtiili lit~:lh;illi! In the case of fastidious prokaryotesi, i', ij
 
Iiat caw a Si, o irSe bacteria may,hi,I h til ii I i.!Cts be susceptible to 
al at ()lo rtInitoii cc iHit imis ?'ts,icii/. , 

Control 
Tr, iitcia acmi it l ) iti ) lcQ(y Is thin control of plant disease. It is 

strikrig thait ocut ccliilricli5 ccf cccitrol are, as yet, p~reventive. To my 
liviritknowledge w ic;cv, rv, to cure Infected plants, at best, they can 

undergo t e ,r c,,,liir as as treatment isiri ri!n cf syirmptons long 
CoritinLned Art, voWIt tc i1icci pi c)vc, itivu conrorl by plant structure and 
environirnerit 
A rc.latcively ri jv.ccf:,iiticcl fir plat patiogUiic bacteria is biological.1\lcc 

Biologi :(il cc lrI l dc-tcf i .1,, P11' Li',ch one hiological entity to affect arid 
z(-lldi iijw c;c i i, )ltwr , is w; Iifancy,nun I i i it- t) i lvii olga nisi still its 

The |ff c:ntviii.-,c,ccfA.'ici/iiti.i/, ic i,0 ohc,irclor strain 84 for rnearly world
widt ccnimr tilc 1,01,cii IcIStr!Fy sty.o qiVmi ilmlpetus to the( l 1 illy ks hInn, 
search fur ot t c : ri I ff-1 iilCrtrol of b ateI c d fUrirgl Suchicl t j !ctvti c tla 
controls will ried ticpily ,It cici tlt rclb? in th future as traditionally 
av;ail;able cheniiccal, ari , i ihicics hecome either too expensive to use or 

Xxv 



. ineffective', For insects that harbor and transmit pathogensbiological 
control of the insect vector, is likely to be accomplished beca'iise insets are 
Lsually subject to specific viral orbacterial diseases. Therbccesses already 

hex with insect. control 'by polyheros is viruses and Ba'cilus 

t/uringensrsserv.'e a.s iodelsto emulate. 0ty 
The use of ant t iics andchericals for the control ofbacterial diseases 

of plants has had a long and checkered career. Inbrief, it isfair to say that in 
two situations, firebligt and cert'ain mycoplasmalike diseases, selective 
antibiotic use has 4been. successful.' Other, compounds, e~,, copper 
derivaties, generally have given mixed results -successfu! use in certain" 
areas by some investigators.'The'future fonewantibiotics as sprays or 
seed treatment is not promisii'ig, given the regulatory "an'deconomicK 
climate in many countries. Agents that have a gaseousphase havenot 
been examined but might be effective in greenhousecrops.The prospectsA 
for systemic bactericides are not bright either: none have been aketed in 

either no interesrt in systemic bacte rcides orno" sucess' Thdiffiult of 
systemic bactericide research can be illustrated by ther eample ofwthe 
experiment'al chemical tech lof thalarn, which iseffective inplants against' 
thence pathogen Xanthomronas oryzae but not invitro. The compound 
may be altered in situ or else suitable conditions for/in vitro assay have not 
been established. Yet this is an area' in which essentially no research is 
being done' and which might be productive. Theneed is there. 

An unexplored possibility for control is the potential use of selective 
metabolic inhibitors for diseases in which temperature appears to be a 
critical factor. We are all familiar with bacterial diseases that are 
associated with certzin temperature regimnes. For example. Pseudomonas 
syringae pv. phaseolicola is considered a cool weather disease while 
Xantloonas, campestris pv. phaseoli is considered a warm weather 
disease. We don't know whether major metabolic changes occur in the 
bacteria, but is probable that they o. Temperature can markedly alter the 
ratio of the hexose monophosphate to the Entnei Doudoroff pathways for 
glucose catabolism in Pseusoonas fluorescens, a close taxonomic 
relative of P syringa. Thus, it may be possible to find mtabolic inhibitors, 
perhaps already on the market, that might be effectivechemical control 
agents for some bacteria, providing they have minimal adverse effects on 

plants. The need for new types of control agents has been pointed out many
times; this need will intensify as agricultural products become more 
expensive. 

Genetic Engineering 
One of the most exciting areas of basic and applied modern science is 

genetic engineering, or the in vitro construction of viable microorganisms 
with characteristics obtained from other microorganisms, .plants,or even ' 

from animals. A program for using the Agrobacterium tum~efaciens tumor
inducing Ti plasmid as a vector or carrier to transfer desirable characters ' 

between different plant species, such as production of storage proteins, is 
well under way and documented in many scientific and popular press 
articles. 'There certainly are many technical difficulties ahead, but this is a 

'challenging area of irnmense promise. 
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Genetic engineering also h"spotential for introducinggenes responsible
for plant resistance to infection into plnts or into bacteria that could

0produce products of resistance genes, or into potential biological control 
agents. The A. tumefaciens plasmid or some other plasmid might be used 

- to analyze such genes. The first step is to insert a known marker, such as for 
antibiotic resistance, if it is not already present, into the cloning plasmid. 

',Then, after endonuclease treatment of plant DNA and subsequent ligation
into the cloning plasmid, selection for antibiotic resistance would be 
performed in Agrobacterium or in another bacterium that could support
replication of the cloning plasmid. If present, this antibiotic marker would 
ensure that the plasmid had been taken up by the bacterium. 

The second stage, identification of plant resistance genes is more 
difficult. Where "1resistance" genes produce a diffusable agent, theymight
be detected by transferring the plasmid-carrying bacterium to plates

!-seeded-with apathogernof interest, ecP syriigae ov.haseolicolaand 
looking for growth inhibition. It would seem critical to have a low test 
population, since high populations of bacteria, whether in susceptible or 
resistant plants, appear to behave abnormally with respect to disease 
development, If Such a screening,,niethod worked, then the resistance
gene(s) could be identified, or eve'i,f not, they could still be used for 
production of novel control agentsf..analogous to antibiotic production. 
Resistance genes might also be transferred into a saprophyte that readilycolonizes the plant needing protection. Several investigators already are
examining saprophytic bacteria that are good colonizers of various crop
plants. 

A more general test for transfer of resistance genes would require that 
the putative genes be transferred from the plasmid in the bacterium to the 
plant.cell itself. There is the strong possibility for such transfer with the 
Agrobacterium plasmid system, for dicotyledenous plants. It will be more 
difficult to consider such trasnfer for monocots. But, if resistance genes
could be transferred and assayed for, suco procedures would revolutionize 
plant breeding. 

These efforts, taken together, would supplement plant breeding efforts 
and enhance the useful lifetime of cultivars with desirable agronomic
traits. The research proposed would be more difficult with plants carrying
multiple genes, for resistance, but that needs to be determined. For 
example, for purpose of recombinant DNA techniques, it may be feasible to 
link such genes, even if they are not linked in the plant genome. 
* Conversely, single genes for such properties as bacteriocin production,
might be linked together by recombinant DNA techniques. Such a
procedure offers the possibility of producing an antagonist superior to 

* wildtype strains harboring genes for individual bacteriocins. 
The fact that most plants are resistant to bacterial and other infections 

means that inherent resistance is common. Use of recombinant DNA 
techniques may lead to the discovery of the basis of this phenomenon. This
would likely lead to the discovery of new biological principles, since almost 
.all general principles in biology have been derived from animal and 

microbial studies. 
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Useful Pathogens 
We are so accLstorred to considering bacterial plant pathogens as 

undesirable that it isdif icult to turn one's thinking around and ask whether 
their unique properties can be manipulated to advantage. The multiple 
uses of xanthan gum from X. catnpestris are reasonably well known. More 
recently, extraction of commercially useful specific restriction en
donucleases has occurred, ndnciore can be expected. Toxins, bacteriocins, 
or bacteriophagwes rmighlt he useful in human medicine. Agrocin 84, the 
bacter , ii produced hy Aqrobacftrluir radiobacter strain 84, is a 
substituted adenine ntI(,,oide similar to the cancer drug in current use, 
ara-C If it coildl he proiduced in) quantity, it Might be tested for similar 
activity T"he i(e nucleating property of P. syrngae pv. syringaeand some 
saprophytes is well established. If the material determining this activity 
could he Isolated cheaply or synt lies ized, it might replace costly silver
iodide for cloud seeding purposes. Finally, all of us are familiar with *he 
plant degrading enzymes of many phytopathogenic bacteria; these might 
be useful for hioiss conversion. Such enzymes are now obtained 
principally froni (ither niiiroorga iisirs for industrial purposes Plant 
patlhogens may be a new aid cheaper source, and provide novel enzymes. 

The possihilities (iscu td her are only a few; all of you undoubtedly 
could suggest ot her e;xaiinples. 

The Future 
I have coruonted s fam on exciting challenges ahead. Now, in closing, 

let rme(coninwot on Iwh ltuIre in general remarks of concern. No one can 
accurately predict tO future hecause of the complexity of today's world. It 
is certain that .r methods will change, as well as the crops andhij c(:lltral 
the varieties that are grown. Cooperation with other disciplines will ebb 
and flow I am muserned thiat hacteriologists, including those working with 
the f; i s0LIS often not trainmng modernoutJprokatryo(ts, are gletting in 
technique-, (of rm:r()ioo()y and biochemistry Such techniques, in my 
Vi}W, ;at! r ('s,;try ()ImIpli)tmei/t our Studies in tra.ditional plant- to 

imtholiy Mowme i (it, h1( (on toin1corporate techniques for studying 
Ilcruhlo l functior ari(l ( irtmm:s(;iiito oUir programs of teaching and 
research
 

riniplo ii the 
challerlge- I h;vi' (iit1hiiou wrt,, 

With)ut m 11:1 techniqLues, the paice of meeting 
will be nucli too slow. And in coicert with 

othtr sc;mefililil mi';fli inivursities and national and internationalii ., 
instittiit:,. 1rios! ihf i .%,;' a vital, integral part of the agrmcu;tural scene. 
They mot hi11; ''1' i ,ly to SucceCd, hut lIso to fail. Without the 
freedol to fal ,v 'V v ,,h;A iruillImZed by IndLIStry arid certain government 
programs, agr ultu : i (uhr sciences will be restricted to trying only 
what IS sufit Ouf ', Wflm ( tllt i would stiffer and he urLIable to meet the 
m ltl hht hr (Athi t tr,.. 

If you .aii:;llLy agmi i:l ')'h)t I IIVe S id, we IIlUSt all speak Out; the 
generation would iI iti{tit iw; rd[alk yot. 

Anne Vidaver 
Univer-;ity (f N(Jelr;ika 
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Abstract 
P o'.1l)mjul '. ' j(Burk.) Dows., pomr.s W/ih, oie/o(Smith)p ij, .W, KwXaltlt 


Dows., and X 1dhi,;c, 
 var h,.,, (Burk) Dows. were isolated from blighted
bean plants collected during an extensive survey In small scale farms in 
Kenya. The blights were severe and widely distributed in all major bean 
growing areas. The symptoms of the three blights were similar, with leaves 
arid pods showing water soaked spots in all cases, Halo blighted beans 
sometiies showed characteristic halos, bit common and fLuSCOUS blights 
showed irregular necrotic patchis surrounded by yellow to brown margins.
Brick-red longitudinal lesions w.re found o,, stems with water soaking at the 
nodes Sed samples were tested for the p,isence of the seed born bacterial 
pathogens, I /hj., -i, ocurred More f!,quenntly in bean samples than P
;h/i,,'h-~,i Percent incidenice per sample, however, was higher for P 

h 20-36%) wherever it was found than for X /iuseiilh which 
ranged from 8 to 24%. and 32% in only one sample. The implication of
farmers using their own seed for planting is discussed in the light of the high
seend infection and the widespread occurronce of these blights in the field, 

Introduction 
Beans (P/ iHvte/iis vnifrj, r,.; L.) are the imost important pulse crop in Kenya

(15) Yields at 4. r inaly h(w with a nathonalaverage below 500 kg :ha (5).
The major proltlei' iri mpir mlction include uneven rainfall distribu
lion, pour (ultural tir,ii: il ilt sutru'.tion by pests and diseases. 

Bacterial disases or bitn., ir be(omring severe. Although not well 
studied in Kernya. lw an in'.- coised by phlytopathog:nic bacteria have 
been observed anti ar mw ()f0t1, ni1dj](n caJuses of yield fluctuations (1,5, 6,
7) The three(iea(! , i0mlinttmns paper are halo blight, caused by
PS;eiMidoui,.,, p/lidiw',r// .i/J (13rk ) Down , :minmon blight, by
Xant/iolrioi.,.. /iJ/.,n'I,(oItli) DOWS , an1d IuLJS(:ims bll( it, by X pliseo/i var 
ls:cam.; (Htirk (iw" Distribution, incidece, ad severity of these 
disa;ses ;Ir(aintel flr survey samples collected from different small 
farms m ditit thii (Irowin. districts ioif Kenya 



..-Materials and Methods 

*Surveys 
A survey was conducted in the major bean growing areas during the 

short rainy season from October to December 1980. Farms were picked at. 
random on specified routes on a map. Beans were examined for presence 

- of bacterial blight symptoms. Suspected samples of leaves, stemspods or K 
Whole plants were preserved for further re-examination and isolation in 
the laboratory of the Faculty of Agriculture, Kabete. Infected tissues were 
cut into small pieces, and placed in a drop of sterile distilled water for a few K 
minutes. The ooze was streaked on nutrient agar plates (NA). 
Morphological, cultural, and biochemical characteristics of the pure 
cultures were determined using methods of Dye (4) and Cowan (3)., 

A similar survey was conducted in which seeds collected from small 
fa r thesa me-bean g &Wihng-distf ,ts-were-testedforthepresenceof

seed borne pathogenic bacteria. Five samples of 10 seeds each were 
selected randomly from each seed lot. Seeds were first surface sterilized in 
a 1% solution of sodium hypochlorite for 4 minutes and then dried with 
blotting paper. Next, they were ground finely and suspended in distilled 
water at 25 g/ 100 ml.Aliquots of the suspension were incubated on platesi. 
at 27 0 C. After 24 to 48 h incubation, different bacterial colonies were 
examined and isolated by streaking them on fresh NA plates. 

To determine the percent incidence of each bacterium per seed lot, 
individual seeds were first surface sterilized in 1% solution of sodium 
hypochlorite for 4 minutes and incubated overnight in 10 ml of sterile 
distilled water in test tubes. Loops of theresulting bacterial suspensions 
were streaked on NA plates and the resulting bacterial colonies restreaked 
on fresh NA plates to obtain pure cultures. Identification of . 
phytopathogenic bacteria obtained was completed by procedures noted 
above. 

Pathogenicity Tests 

Two tests were carried out on the pathogenicity of the different bacterial 
isolates and 24 to 48-h old bacterial cultures were used. 

Seedling inoculation test. Seeds of "Canadian Wonder" cultivar were 
germinated in soil in pots in a greenhouse; after 10 to 14 days seedlings 
were inoculated with a suspension of 1 x 10B bacteria/ml by pricking in the 
suspension at the primary leaf node with sterile needles. Alternatively, 
potted plants were dusted with carborundum and inoculated by rubbing the 
bacterial suspension on the leaves, gently. Control seedlings were treated 
in a similar fashion with distilled water. 

Seed inoculation test. The seeds were surface sterilized as previously 

described and soaked overnight in distilled water. Then the seed coats 

were removed aseptically and the seeds were dipped in a bacterial 
suspension. The inoculated seeds were incubated at 27 0 C in Petri dishes 
with moistened blotting paper. Five inoculated seeds were placed per plate 
and with four plates/isolate. One check plate per isolate consisted of five 
seeds dipped in sterile distilled water. 
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Resuh-s 
Field Survey 

A total of 54 small farms were examined in the five provinces where
beans are grown. Forty-one fields were sampled in Central and Eastern
Provinces, the two major bean growing areas, and 13 fields were sampled
in the other provinces where beans are grown in a much smaller scale.

Halo blight was easier to distinguish in the field bytypical halo symptoms
on leaves and creamish, white ooze on pods and stems. Common and 
fuscous blights were more difficult to distinguish since their symptoms
varied, On the leaves necrotic lesions developed, with yellow to brown
margins. Some leaves showed necroticlesions at the edges, particularly in
severely infected plants. Stems had brick red necrotic lesionsand pods had 
greasy water-soaked lesions. In all cases, diagnosis of the disease was

±--confirmed by isolation of "the esltchtlate patho0 h-in -t - at_(di-X7
phaseoh, the cause of common blight, produced yellow colbnies on NA,
whereas X. phaseoh var. fuscans, the cause ofrfuscous blight, produced
yellow colonies accompanied by browning of the medium. Psebdomonas 
phaseolicola, the cause of halo blight, produced crearnish whiMp colonies 
on nutrient agar medium, All cultures with the characteristics of these
pathogens were tested for pathogenicity and found to cause disease in 
cultivar "Canadian Wonder" plants in the green-house.

Bacterial blights were distributed at varying degrees of severity in all the
provinces surveyed (Table 1). Halo blight tended to be more severe than 
common blight in Central Province. Of 19 fields surveyed in Central
Province, all except one had halo blight and all except two had common
blight and fuscous blight. In Eastern Province, common blight and fuscous
blight were more severe than halo blight. High incidences of halo blight
were found in Western, Nyanza, and Rift Valley Provinces. Common blight
and fuscous blight tended to show low incidences in Western and Nyanza
but high incidences in fields sampled in Rift Valley Province. 

Seed Survey 

A total of 16 sued samples were collected from farms in Central and
Eastern Provinces, the two major bean growing provinces (Thble 2). P. 
phaseolicola or X. phiaseoli or both were isolated from all the samples.
Percent incidenceof P.phaseo/ico/a inseedwashigh in the samp es where
it was isolated, ranging from 19 to 36%. X.phaseolihad lower incidences
ranging from 9 to 24%, except in one case at Manyatta, Eastern Province 
where it was as high as 32%. 

Discussion 
In Kenya, bcterial blights of beans were found to be widely distributed.

Halo blight had the highest incidence in many bean growing districts.
Common and fuscous blights were prevalent in all areas, but reached 
epidemic proportions in a few areas. Previous surveys by Schronherr and
Mbugua (2) have shown that bacterial diseases were widely distributed in
Eastern Province, with Meru and Kitui districts having incidences of 59% 
and 19%. 



Table 1. Incidence of bacterial blights of beans on small scale farms in Kenya. 

Inciderncea 

Halo Blight Common B:iglht Fuscous Blight 

Province Total None Low Moderate H igh None Low Moderate High None Low Moderate High 

Central 19 1 3 2 13 2 7 2 8 2 7 1 7 

Eastern 22 2 11 2 7 3 8 2 9 0 9 4 9 

Western 3 1 0 0 2 1 1 0 1 1 1 0 1 

Nyanza 6 1 2 0 3 1 5 0 0 1 5 0 0 

Rift 
Valley 4 1 0 2 2 0 0 2 1 0 1 2 

a None - no disease incidence; low = incidence less than 100/o: moderate = incidence 10-30°!o; high - incidence greater than 300/o 



Table 2. Incidence of seed-borne bacterial pathogens in farmers' seed collected 
from Central and Eastern Provinces, Kenya. 

°/o incidence
 
Lo cat i o n . . .
 . . .. .
 

Is 1t('ldJ//)11d. .Xa lh)lnoas 

Central Province
 
Dagoretti 
 20 12 
Gatundu _ 
 11 
Kikuyu 20 3 
Kandara _ 
 16 
Mathira 22 24 
Ngariama 30 16 
SabaSaba 21 12 
Makuyu 
 23 
 12
 
Mutira -
 15 

Eastern Province 
Manyatta 36 32 
Siakano 24 
 8 
Muchonoke 25 
 13 
Runyenjes 27 
 14 
Kirua 19 9 
Kahtare 23 _ 
Kibirichia 34 

In many farms where the three diseases occurred, their interaction
seemed to cause o~plete, leaf necrosis, resulting in severe defoliation andwilting of beans le most common land races found in farmers' fields were Canadian Wonder,' Mwezi mola," and "Monel." These were in all 
cases severely infected

The results of Oiw sued survey have shown that X. phaseolh and P.p/iaseo/wo/Ia lav aj hlig ificidence in farmer seeds. X.phaseoli is more common than /9 p/lseoocow, especially in Central Province When 
present, P ptAasato/,-lj , more prevalent than X. phaseolh

It is apparent tfhat iaictl rial pathogens are present at a high frequency nseed obtained from small ,,cal,. farmers in Kenya. Most fa-mers plant their 
own seed from life p)rVOlJSssnajsa (5). Since seedsare the major source ofbacterial inoculum, tOw high pivalence of bacterial blights in farmers'
fields in Kenya can !,.corrulated with the practice of farmers using their own 

to buy
infected seed ITherefore, farmers should be encouraged

certified seed for planting to ajvoid bacterial blighft cidences. This ispossible since Kenya is an organized bean certification and distribution 
system thougi) the Kenya Hortiseed Company 
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Abstract 
ErwIna cartovot it subsp. c,/to)'wa (Ecc) and E. chrysanthemi (Echr) were 

identified in the 105 strains of soft-rot Erwnia isolated from rotted tissues of 
16 hosts collected from various part3 of Taiwan. Ecc could be isolated more 
frequently from different hosts and localities than Echr, and upp, red to be 
the predominant bacterium associated with bacterial soft :ox disoasas of 
plants in Taiwan. Fifty-two strains of Ece and 11 strairs of Echr from 
different host origins were compared for their phenotypic characteristics. 
The two bacteria shared many characters, but differed in 14 characters. All 
strains of Echr collected could be separated into two phenotypic subdivisions 
(11and IV) according to Dickey's classification. Most strains of Echr produced 
white to grayish white colonies on nutrient agar medium, but some strains 
from Welsh onion were gray or deep gray. Most strains of Ecc also produced 
typical white to cream colonies on yeastextract-dextrose-calcium carbonate 
medium, but two strains from Chinese chives formed yellow colonies. 
Strains of Ecc and Echr induced soft rot on a wide range of plants; however, 
strains of Echr (in subdivision IV) possessed stronger rotting abilityon several 
plant tissues than other strains of Echr and all strains of Ecc. The strains of 
Echr (in subdivision IV) behaved similarly in their pathogenic properties, on 
the hosts tested. 

Introduction 

Bacterial soft roth iea, Jr(among the most important and widespread 
of bacterial plant diseiase problerms in Taiwan. They occur on awide variety 
of vegetables ad otlr pkia its and are particularly destructive on cabbage, 
Chinese cabbage, ra(lisli, amid potato. However, the diseaseshave not been 
sufficiently investigjated Little information is known on tfie bacteria 
responsible for tfie diseases that occuLJr on various crops in Taiwan. 
Although seve.,ral ba(:te.rii in other geiera are able to induce soft rots, 
bacteria in the (u(sr)L;S art. (:onsidered to bet; 'leE/rwi,'i OSt prevalent (1 6). 
In Taiwan, a rnomber of soft rot diseases were reported to be caused by E. 
carottvoia s5I)SIj crottvr, (t:icarotovoraor E. aroideae) (Ecc) (17). The 
etiology of soft rot of imoy othlier plants r-lains to be determined. 

9 



This paper describes the species of Erwin/a associated with the soft rot 
diseases of various crops and the phenotypic characteristics and 
pathogenicity of the soft-rot Erwina sp ,es found in Taiwan. 

Materials and Methods 

Soft rotted tiSSLS of various plants were collected from fields or markets 
at different parts of Taiwan [he diseased tissues were washed with 
running tap water, and ;iill piece.s of the tissues from advancing margin 
of the rot were suspeiidt-d in sterile distilled water to give a slight turbidity. 
Aliquots of the so spen siors were streaked on nutrient agar (NA) plates. 
Erwinla-like colonies furmed on the plates were selected and purified by 
selecting single colonies from repeated platings. The bacterial strains 
obtained were maintai ned in sterile distilled water in screw cap tubes at 
rooni temperatuLire Tie stock cultures were streaked on NA plates and 
incubated for 48 hr at 30 C A single colony from each culture was then 
transferred to NA or yeast extract-dextrose-calcium carbonate (YDC) 
med~un (6) and incubat d for 2 to 7 days before it was used for various 
tests. All tests were made at 24 to 3WIC unless otherwise stated 
ColonIjl ,harnilirnircs anld piginient production were examined on NA and 
YDC medij Fiagi we!re stained by the methods of Mayfield and Inniss 
(14) or exam no(rwith wi h ctron microscope by negative staining. Motility 
was FxariTINIr hy phise contrast Microscopy. 

Acid production frorii lactose, maltose, trehalose, andy -methyl-D
glucoside, inidole production, growth in 6% NaCI, lecithinase and 
phosphatase tests, and redu(cig substances from sucrose were deter
mined according to Grahari's rnrthods (8). Erythromycin sensitivity was 
tested on NA l)lates containinrig erythrornycin (50 ng.' nil). Acid production 
from other carbohydrates and related carbon sources, gas from glucose, 
growth at 36 C. Utili ,'ati i (iforycinic acids, hydrogen sulfide production 
from sodium thiiisLilfatl., ai.:etoin production, action on B.C.P. milk, 
growth factor ri.q( wrrrit. ,tr (;acaalase, methyl red, and urease tests 
were peirfirnt by thf ni thdts of Dye (6). Grain reaction, gelatin 
hiqu fact ion, ofirlc.,i,tr(;i ai d nitratt reduction were determined by 
methods descriltp III Manual;f Microbiological Methods (19). Hydrolysis 
of casein and ahfri ,l~htiirin; deairiase were tested by methods described 
in Diagno ,tic. Micr(,hi01r jy(1). D.,xtrose utilization was determined by the 
riethod o f HutlJh aIr I fu i (1 1). Pectate degradation was tested on 

modfIfid ('!p I cii K rii is riediuni (15). Lipolytic activity was 
deter'riried wi I- irri ndiiII (18). Kovac's method was used to detect' ',Ir 
oxildase (12) 

The Ibility of thf hiur:tu;r ii strains to induce soft rot was tested in the 
laboratlry on rit ; phant parts of various planotsliii of unknown cultivars 
obtaine fr rm 'rarkrs anir! was also tested in a greenhouse on whole 
plants grown inpot, Avi att r s tispen,; Ion coita in irig approx imately 5 x 101 
cellsnil for each str;i wm (sed s an ino(ulum.s Cells remioved from 48
hr YDC slant culture(, wj( e aiso used insonie tests. Sections of plant parts 
were gently pricked with a 1 ?neneedle on the surface and inoculated by 
adding a drop of e;r.l hacte rial suspension onto the pricked area. They 
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were then pla(;ed ifI oisto.eiid petri dishes and incubated at 24 to 30"C.
Observations on rottng of tie tissues were made 48-72 hr after 
inoculation

ChrysantheaIIu (Chysitoemouvi morltoalum Ramat. 'World I')plants
were obtained from a conmercial field Stems were cut about 20cm below
the top of the plants and wur,. inserted into test tubes containing sterile
distilled water Iniiculition was doneHO by wounding stem cuttings at 5 cm
below tIhe tip with a fin,, nedle and then rubbing the woundedarea gently
w t Ia (otmi) i thell ,I, (r,. I in ha tolnal sii spens on The
inoculated (:tlIII(JIs were; enIclOsed with plastic bags and placed at room 
temperature Examriiiitioii for OtW aimOUlt Of external and internal tissue 
breakdown was made 48 hr after inoculation. 

Welsh onion (AIlum fhstu/osiui L.), shallot (A. ascalomcuim L.), garlic (A.
satIvvm L ), and C liiese cliyes (A.tuberosuln Ruttler) plants were grown
in pots In a gret iie;o Plants were Inoculated when they were 20 to 25 
cm: hi(gh In ha,lport, 1 to 2 ciri bove soil line of The plant was ounctured
with a ster le nedle and then rubbed with a cotton ball previously soaked
in the Thperisiri covered withbacter,ai Pie inoculated plants were 

plastic barjls ancl placeu.l iU 
e green house Rottinrg and collapsing of theplants were riccrdo ii24 418 imr after Ifnocult,tionI 

Irnii atl r o (ven i/.'iy. L. l[mli;r No. 5')was ie On etbryos of 
corn S !f!,eti,, ut 0;! slks, aid whole plants Embl',yos were 
remov(d Of, r urol i-mods, surface-dlSInIfUted with Lthil alcohol, 
an then rir.sa'l thr'e tue; with sterile distilled water. Ter embryos were 
placed on te Irmeis-irisl tm;se Ilaper in a petri dish arid ioculated by
adding a drop of the bactiri susperision on the embryo surface The petri
(lishos wore. r ikatd at 30 C tlh number of embryos rotted was read at
 
48 firafter mrci'iltior
 

Stalks Of 3 vee k o(t cmo ii llants were cut into 2 5 to 3.0 cIi sections Five
 
sect lolls were lplu;Ia(A(i ir)the bottom dis iof a 
siiall petri plate (6 cm dia.). The
small dismh was I lac;t ii aiiotn(r larger petri plate(9 cm dia.)iil which
 
ste.rile cistiled was,itd;j Die stalk sections were
wate.r . inoculated by
puroctirmig iif the ;tlk stirfact.- with i ineedle and rubbuing the wounded 
area with c 11s erdrw, frim a '18 IlrYDLC slant culture. The large petri
dishrs were sea llou with~u~i~~Chi ta, r;IdrlcLIbiateI at 27 C.TIne stalk was 
exarruned for iteuia,,18 li iafter mirtliaion 1he whorl inoculaltion method 
(les~rih , flittlia K.lrKij.9),, il i wa.; Lsad to inoctlate the 3 to 4
week old (i.I ll , vithI lt ihctr imalstrains. Tine iinoculaled plants were 
kept ia greufiic, 21 t) :' (,)Disease readings were recorded 1week 
after InoC at clII 

Results and Discjssion 
Isolation and Identification 
In total, 105 stiaris o)f ht. i, ii. ri u: Isolated from rotted tissues of 16

hosts that w r/l-fr,, viri localities Ili iai (Lable 1). All 
strains iunctJC(t s ft rt on slit., if I)¢ulato tubers aId were _rin-negative, 
oxl(fat.'lW r , ;llvr," ta ilt;tItvely atriaerobic rods tfiat wore imotilhe with 
peritrtichous flagella, aniel furmetted gluc)se. Viherefore, all strains were 
considere t to tl n(r11itrrrs if soft rot Erw/foa group (2). The 105 strains 
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Table 1. Species of /i'winia associated with bacterial soft rots of plants in Taiwan. 

Number of I:rwinia Number of strains identified as: 

Host strains isolated 
L'. calouiln' I:. .'lIIosl'mhcvi 

SUbSp, (arolovo'ra 

Cabbage 8 8 0
 

(l/\,~la o'l/tFUc'c L. var. Ili~tlal DC.) 
2a
2 0Carrot 

IroI ut fl )I1 L./ 

Cauliflower 1 1 0 

SIh'r oj I dcv'rac L. var. hoo-vti%L.) 

Celery 9 5 4
 

llt t ,wr't ,'11\ L. var. Ahl' c Pers., 

Chinese cabbatce 24 24 0 

,, sihaf' I IIct Rupr.i., (Lour.) 

3 a 0Chinese chives 3 
.I//l1hum rhul c oi Rottlei 

Corn 13 1 1 b 2 

Cyclaren 1 1 0 
/I IonlM ill.),'C(Y !,/II/I l 


E qpla nt 1 1 a 0 
o, II c .)
,.',,/,lmtl ', '(l 


MI1st,r 1 1 0 

/ ',Il\;1Ill llt C osS(Orl 

11h0 14 13 1 
S\,Altiftl II/, t om1 L.) 

Radish 8 8 0 

Ia[h/ mo, wo: Its L.) 

0 1
Rhyncostylis 1 

10t 'rIl Il/jr ,dllt('dI 

3a 0
Sweet peppel 3 


t( ai 1stum alnuuii L., 

3 3 0
Tomato 

m t'\,ll I'!lHItnt 1I'l opl/gt l( (.11 M ill., 

Velsh onion 13 Ia 12 

,r
.110iili, .i'ml,/ro L. 

ttft to tt orn \hhvr, artificially htoculit d.i h t "i,rir, I. ii, r itdlut:' t OI rot otr 

12
 



cou I beislatd m re reuently from differ-ent hosts and 16 aiit'if".'athain
 
Ehr and was the-predomiant soft rot Erwiriai Echr, however, seemed to


b6e !thes,primaryis1atedp~athogenfrom responi-sblefor -certain: soft rots in the fields.
a 4St il Welshoni on samples collected from d ffer4en 

identified :asg Echir, Altho0ugh Ecc and Echr were isolated frm
 
artificingnoGcuat onaonly bytEchr tEchr has been reported asthe causa
 

-fieldrored wrestfeketisasues iftorncstalk rot fbscins troduced fo rwin 
anismofbacterial stalk rot ofdicorn in other couatres (9,n OstTh 

assciasion oE.-cartvrasubsp • carotovorawith the rted corwstissue

iil be ui e the cnqamination from soils other sod osii6r thn
 

Phenotypic Chlaracteristicsi::: ,..
ndwas


bed tcalities were selected for cmparailve physiologicas 

EcSithree npedinn s2ofEc and i. f Ech froevarious hosts 

andbiohemical
 
eissThe resdts showed that strains of Ecc andEchr were similar in many

poysiologicaland bichemicalreactions (Tabe 2); these were 
relatively 

smilar to those descriLed by other investigators (2, 3, 7, 8).However, bothbateria couldbe d fferentiated by some phentyp c character stics (Table
iAccord ng to Dickey (3)and Dckey and Vctria (5), strainsf Echr) old
 
a .sariono. ct infrasubspecific subdi based on physuioegical
ttisins 

operties The Subd vision of Taiwan strains of Echr surcesbo the
bathds (3 5) Two u subdivisions 1 anrd IV,were dentified among strains 

from aiwan (Talie.4). Although more strains w i have to be collected and 
sdied, the results reported herein were in agreement with theirervaions inthat strains originally istcated from a specifichost belonged 

to the same subdivision (3, 5).Ail trai strains ncding 52 of Eccr produced whiteto graysh white. . . 
colonaieson NAwmed u but sorme straivof E. chrysanthemifrochWesh 
tetis were grayor deep gray On YDC medium, most strains of Ecsroduced white to cream colonies, but two stra ns obta ned from Chne e
cive tald possessed typica character stics of Ecc formed yellow colonies .

strain k(s

bpeleprented wit 1%glucose, but not io 

3)e two t also produced yellow-pigmented colonies on NA-crcol 

cific s ad onof glucosel
Spiptiea ye strain of Eccsoow las alsobeen isolated recently from Chinesefromage in Taiwan by Liao (3) Production of the yellow p gent was 
stcted by temperatures (13). Temperatures at 34Cor higher suppressed 
omentation. These Taiwanesestrains of carotovora that producedon 

yellw coonis on certain media have not beendecidprvosynothersareas. 

Pathogenicity Tests"Astrains of Eccand Echr usually induced soft rot extensively 48 to 72 hir 
empratresaffetedby(3).tmpeaturs t 3 0C o hiherspprsselafterinoculation on storage tissue slices of carrot. potato, radish, sweetpotato,tao, frUit sect onsof balsam per, cucumber, aned olne on leaf

gctionsTiwof bgaroand crysan,hemum, spinach, cabbage, andfenne 



Table 2. Phenotypic characteristics common for all or most of 63 strains of soft-rot 
Lrininia (L, carotovora subsp, carolto ora and E. chr!santihemi) isolated from Taiwan. 

" Test Reaction . . Test Reaction' 

Catalase .- Acetoin production +
 

Oxidase , . Nlitrate reduction +
 

OF test F Phenylalanine deaminase .
 

Motility + Urease .
 

Pectate degradation + Casein hydrolysis +
 

Gelatin liquefaction + Starch hydrolysis .-


Growth at 360 C + Lipolytic activity
 

- Acid from carbohydrates (+ ,
Gt'owth factor requirement a 

+ )b
H,.S from sodium thiosulfate + Utilization of organic acids 

aProduced acid from D+) -cellobiose, D(-)-fructose, D(+)-galactose, D(-)-mannitol, D(+)
mannose, cC-D(+)-raftinose, L(+l-rhamnose, D(-)-ribose, D+)-xylose, and slightly from 
meso-inositol, but not from, adonitol, dulcitol, maltose, VC-methyl-D-gucoslde, and D(-)
sorbitol,

bUtilized sodium acetate, sodium citrate, sodium formate, potassium gluconate, fumaric acid, 
lactic acid, malic acid, and succinic acid, but not sodium benzoate, sodium oxalate, and sodium 
propionate. 

Table 3. Differences in phenotypic characteristics between Erwiiacaroto'ora subsp, 
caroiovora (Ecc) and Erwinia chrysanlhemi (Echr) isolated from plants in Taiwan. 

Reactiona 
Test 

Ecc(52 strains) Echr( 11 stra;os) 

+Lecithinase 

Phosphatase +
 

Indole production V +
 

Methyl red test + V
 

Sensitivity to erythromycin +
 

Action on B.C.P. milk Acid, curd Curd
 

Reducing substances from sucrose V
 

Acid from lactose + (+)
 

Acid from D(+) trehalose +
 

Gas f;om glucose +
 

Utilization of sodium malonate +
 

Utilization of sodium tartrate +
 

Growth in 60/o NaCl +
 

Blue pigment on YDC medium 


a +, positive; -, negative; V,variable; (+), delayed positive. 

V 
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Table 4. Phenotypic subdivisions of strains of I:rwinia chryuianile1iisolated from 
various plants in Taiwan. 

No. of strains No. of strains in subdivision al
 
Original host collected I II II IV 
 V VI 

Carrot 2 0 0 00 2 0 
Celery 4 4 00 0 0 0 
Corn 2 0 0 0 2 0 0 
Potato 1 0 1 0 0 0 0 
Rhyncostylis 1 0 0 00 1 0 
Welsh onion 12 0 0 0 12 0 0 

Ba os, th.on c,,ificjton of Dickey (3) and Dickey and Victoria (5). 

Chinese cabbage, but did not cause rotting on tuberous rhizomes of ginger
and the basal parts of edible bamboo shoots However, difference in
virulence or pathoq(.nicity was observed when detached bulb scales of
onion and detached erohryos of corn seed were inoculated (Tables 5 and 6).
Strains of Ed ir sol atd Ifirn carrot, corn, Rhyncostylis and Welsh onion
showed iort froltrij tiility o) thie bulb scales of onion than strains of Echr
from celery ani li)t,itn d all strains of Ecc tested 

On detached enibryos of corn seeds, all Ecc strains, with the exceptiun of 
two Chinese cabbaq , straiis, were unable to produce a soft rot reaction,
whereas strairns of EdLAt from carrot, corn, Rhyncostylis, and Welsh onion
rotted more than 80" of the enbryos. These were also more virulent than 
those of E. cirysant/eon, from celery and potato. The reaction of corn seedembryos on the soft rot Lrwm~a species paralleled the reaction of the stalk
sections, that is, viri feh.nce. of strains to the embryos was correlated to their
virulence to the stalks It would appear, therefore, that re-x tion of the 
embryos may he tused as ai indication of the virulence the soft rot 
Erw)inla species to corn stalks 

When corn plants wefri; inoculated by the whorl inoculation inethod (9),
strains of Echr from corn and Welsh onion produced stalk rot, whereas
celery strains of Echr and all strains of Ecc tested did not (Table 7). The
similar differential reactioris observed on onion bulb scales were also
obtained when iasal part; of Welsh onion, shallot, garlic, and Chinese
chive plants were r;ocijlate!d with strains of both bacteria. Variation in
virulence was noted for the.- strains of Ecc and for strains of Echr on stem
cuttings of chrysanth(eFnuri (Fable 7). Strains of Ecc from the same or
difterent hosts Miay cause different degees of tissues breakdown. 

The results of inoculation tests described above revealed that both soft 
rot bacteria could Iiduce soft rot on tssues of many kinds of plants;
however, cetain strains of Echr were more virulent than all strains of Ecc 
to some plant tIssues. [his may account for the apparent etiology of
bacterial soft rot of Welsh onion in the fields observed in this study.
Isolalions revealed that could beonly Echr isolated from the affected 

15 



Table 5 Reaction of detached bulb scales of onion (Allium c'pa L to soft-rot 
Erivtitt from Taiwan 48 hr after inoculation. 

-wni species OiiahotNumber of 

rwiiinal host strains tested Reactiona 

l.'. carooiraor subsp. Cabbage 8 LM 

cYaw0 1roo .oChinese cabbage 20 LM 

Corni 1 L 

Potato 11 L,M 

Radish 8 L,M 

('1/Carrot 	 2 _'M 

Celery 4 LM 

Corn 2 H 

Potato 1 L 

Rhyncostylis 1 H 

Welsh onion 12 H 

a Reactions: L= Water-soaked 	only or rotted only at the inoculation site; 
M=Rotted area over thu inoculation site but not over half of bulb scale: and 
H= Rotted.area over hall of bulb scale. 

Table 6. Reaction of detached embryos of corn seeds to lrwitiacurolorao subsp. 

carooi'oraand i chri.y'srlwni 48 hr after inoculation. 

Number of Percentage of 
l:' , Original host strains tested embryos rotteda 

I. cra'tl'tofl' 	 Cabbage 3 0 

subsp. (wvhmori'o 	 Chinese cabbage 5 20.4 

Corn 	 3 0 

Potato 	 3 0 

Radish 	 2 0 

E: 	 hrt xu ulu''ni Carrot 2 81.6 

Celery 4 38.3 

Corn 2 99.2 

Potato 1 48.3 

Rhyncostylis 1 . 100.0 

Welsh onion 12 94.0 

d'Average o/o for the strains from 3-5 experimenis. Ten embryos were inoculated for each strain/, 

experiment. 
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Table 7. Reaction of cuttings of chrysanthemum and corn plants to strains of soft
rot Erwitia from Taiwan. 

Ei,inia strains Reaction on 
Chrysanthernuma Comb 

E.'curotoorasubsp. carotoorastrains from:
 

Cabbage L,M,H
 
Chinese cabbage L,M,H -


Corn 	 M,H -

Potato 	 L,M,H -
Rad ish ............................ .......... ....I,M -.-......... . .....
 

E.chrvsunthemi strains from: 

Celery L 
Corn H + 
Welsh onion M,H + 

aReactions 48 hrafter inoculation:
 
L Length of stem tissue brokendown less than 1 cm, or non-rotted;
 
M Length of stem tissue brokendown within 1-4 cm.; and
 
H Lengith of stem tissue brokendown more than 4 cm.
 

')Reactions 1week after inoculation:
 
P stalk rot was produced; - = stalk rot was not produced,
 

tissues of Welsh onion in the field samples, although Ecc was consistently
isolated from other vegetables cultivated adjacent to it. Difference invirulence among strains of Ecc to many hosts was relatively small. On the 
contrary, strains of Echr differed greatly in virulence to some hosts. 

Generally, strains in infrasubspecific subdivision IV possessed higher
rotting potential than those in subdivision I1,Since number of strains 
collected and number of hosts from which strains of Echr were isolated 
were not very large, any relation of phenotypic subdivisions with their 
pathogenic properties must await more investigation. However, a 
correlation between phenotypic subdivisions and plant reaction groups 
was not generally observed (4). 
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Abstract 

Stalk and leaf necrosis of onion in the Cape Province of South Africa is 
caused by a strain of zrwimn, herhcola. The disease is characterized by rapid
necrosis of seed stalks accompanied by breakdown of chlorophyll. Large
numbers of bacteria embedded in an electron dense matrix wore found 
tightlypacked inthe intercellular spaces of flower stalk parenchyma. Smaller
numbers of bacteria, apparently free from surrounding electron dense 
matrix, were present n the xylem. 

Introduction 

Stalk and leaf necrosis of onion (Alliumcepa L.) in the Cape Province of 
South Africa is a new disease caused by a strain of Erwinia herbicola 
(L6hnis) Dye (1). The disease was characterized by a rapid necrosis of 
flower stalks Leaves were also affected but to a lesser extent. Other 
prominent features of the disease on stalks were the rapid breakdown of 
chlorophyll, lht lack of breakdown where green tissue was covered by leaf 
sheaths or bracts, arid th e clea r ''slands" which remained in the necrotic 
areas. The borders between diseased and green tissue were sharply 
defined 

In view of these tnusiial symptoms it was Jecided to investigate the 
histopathology of diseased stalks 

Materials and Methods 
Flower stalk tissue from uninfected onion plants (cultivar Caladon 

Globe) and infected tissue from plants inoculated as described previously
(1) with E. herhtcola strain SUH were fixed in 6% glutaraldehyde in 0.05 M 
sodium cacodylate bufler After it was washed in buffer the material was 
post-fixed in 2% osnItr tut roxide, dleydrated in a cold ethanol series, and 
embedded in Spurrs (4) resin. 

Sections were cut or a LKB ultramicrotome using glass knives. Thick 
sections for light microscopy were stained for 2 min in a 1 1 mixture of 1% 
Azure II in distilled water and 1:o methylene blue in a 1 % aqueous solution 
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of sodlium borat (2). 1IJn suctions were stained with uranyl acetate and 

Reynolds' (3) lead (;rtr arid examined in a Siemens electron microscope.at 

Results and Discussion 

Thick sect ions s;ren urder the light microscope showed the presence of 
large nurnbers of h;ic1tra ini tte iraiy intercellular spaces of the spongy 
parenchyma J ,Iq'1 arid 2). These intercellular spaces appeared to have 
urndergone (:(rr.,idi!ralli! (!xpaiisioi under the pressure of the large 
nunbers of bacter a tl".,eiit ulldthe accumn)ulation of an electron dense 
matrix which si rroideil bacterial cells (Fig. 3) Bacteria were alsoftliirse 
observed, IMI less Ifrrtitulrltly, untracellularly, in some of the smaller cells of 
the spongy parericlymni (FiCg. 4). [ese bacterial cells also appeared to be 
stirrotu1Ide(l h tw el,.ctrri dtense matrix. 

Durlr)j Irilirirri;y riv.stiations, bacterial cells, apparently free from 
surrotimlniil tlI:rf r r terie oiitrix. were present in small numbers in the 
xyle.m of va.{:ular brIrmihis (Fig. 5). Mis evidence, together with the 
characteristtc rapii ;),jto of Ht!diSease, supports the concept that the 
bacteria are (itepr ftthrumvi vaIsr]iar systeml] through tie pliant. However, 
lte n . th tm:turriail cells spread from the vascular bundles toinni'r rimwIV .. 
surrotrndro pa' unrityiri is;msJut! lras not been determined. Why the 

I B OilI IS 

B \ . 
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Figs. 1-5. M rofr , , ;m.nh~rns if fhowur stalk infcted with Erwtnya herblcola 
strain SUH 1 ;n(i :1 1 tjhl rm rograths of Ionittudial sections. Expanded 
intirc('ijr cp;w ,ir,fmietl vmill hmct:otriah Sorme bacteria Occur intracellularly 
(x2.100) ,- F-irrri irr . iph showin g bacteria embedded in-hr, intracellular 
tlectror i urn, tr ,.ixI 4 ,.Oo ). 
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* Figs. 4-5. Electron 1m7r1q4roil)h of intracellular bacteria embedded in electron 
dtense matrix (x2, 170) b-- -Liht inicrogrcph of longitudinal section showing
Iacleria in xylem (x2 100) 

B. bacteria DM election) dliso matrix: IS hitercellularspace, XV xylem. 

chioroplasts, Which : completely disrupted and eliminated in lesion 
tissue mesophyll c,,lls. ; i unaffected that )art of the plant where green(in 

tiSt(, s covered by lh;sfI
'.1 elhls or flower bracts is also unexplained as yet.

It is proposed that the bacteria may spread throughout the spongy
parenchyma of the resultant lesion by progressive multiplication of
bacteria within the vast network of intercellular spaces. These bacteria,
which are facultative anaerobes, produce copious amounts of slime when 
grown in vitro. They are, therefore, ideally suited to a prolonged existence
in a micro-environment of the dense matrix which is possibly of bacterial 
origin and low in oxygen content. 
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1 Hattingh, M.J. and D. F. Walters. 1981. Stalk and leaf necrosis of onion

caused by Erwmnia herbicola. Plant Dis 64:
2. Moll, J. 	 N. 1974, Citrus greening disease. Ph.D. thesis, University of Natal. 

Pietermrraritzbur, South Africa. 43 pp,
3. Reynolds, ES. 1963. Tho use of lead citrate at high pH as an electron-opaque

stain in elclrron microscopy. J. Cell. Biol 17.208-213.
* 	4, Spurr, A. R. 1969 A low viscosity epoxy resin embedding medium for electron 

micioscopy J. Ultrastruct, Res. 26-31-43. 
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Soft Rot of Tomatoes Induced by 
Erwin/a chrysanthemi 
in Colombia 

J. I. Victoria, G. A. Granada 

Instituto Colombiano Agropecuario 
Palmira, Colombia 

Abstract 

In 1978 a bacterial soft rot disease was observed in tomato crops in the 
Cauca Valley of Colombia It occasionally produced losses of up to 60% of 
the total crop. External symptoms wore observed at the flowering stage, 

consisting of small watersoaked lesions in leaves, petioles, and stem. Internal 

symntoms consisted of rotting of the pith of both petioles and stem, which 

becdmo hollow. Vascular discoioration occurred. As aconsequence, wilting, 
p,amaturo yellowing, and death occurred in all affected plants. A motila, 

Grom-nogativo, catlase-positive, oxidase negative, fermentative, and 
stems and identified aspectinolytic bacterium was isolated from affected 

frwmnil, /r.imtIme pv. t,,'(Sabot 1954) Young el al, 1978. Koch's 
postulates wore successfully completed with several isolates of the 

bacterium. 

Introduction 

Tomato (Licolperslcoil esculentum Mill.) is one of the most important 

horticultural crops grown in the Cau,. Valley of Colombia. This crop is 

affected by several dliseasus that reduce its yield significantly. In 1977 a 

new disease, different in symptoiia'ology from the others reported for this 

area, was observed. It c(;asonally produced losses up to 60% of the total 

crop. 
The main sympt,omsconsisted of sinall watersoaking lesions in leaves, 

petioles, hramch-.,, rn)d stenis These lesions enlarge and may affect most 

aerial parts of plaijt, Pith of petioles, Dranches, and stems develop soft rot, 

leaving these paits hollow. The vascular system is decolored. Finally, 
affected plants suffer wIlting, premature yellowing, and die. 

Materials and Methods 

Cultures and Pathogenicity 

Samples of affected plants from several places were collected and 

examined for presence of milcroorganism. Isolations for fungi and bacteria 

were made on PDA and -ZC media, respectively. Microorganisms that 
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developed on these media were purified and inoculated on healthy tomato 
plants, var Chonto,to test for pathogenicity. When a positive reaction was 
obtained, the organism was reisolated and characterized according to 
methodology recomnniended by Schaad (5), Dye (3, 4), and Dickey (1). 

Morphological and Cultural Properties 
Cell morphology was observed by the Hucker modification of Gram stain 

and flagella were stain d by the Bailey Method modified by Fisher and 
Conn (6) Cultural cliaraictfristics and pigment production were determined 
on NA and YDC 3,man 13, 4, 6) 

Physiological and Biochemical Properties 
The methods used for determining the physiological and biochemical 

characters of the cultures have been described by several authors (1, 3, 4, 
5).
 

Results 
Cultures and Pathogenicity 

Several microorganisms were Isolated but only a bacterium was found 
frequently in infected sanipl-s which, when purified and inoculated in 
healthy tomato plants, re;promtce tile typical symptoms of the disease. 
Several replications of tllwmuclation and reisolation indicated that the 
cause of tle soft rot of tomatoes was a bacterLun 

Sixteen cultures of t11e pathogenic bacterium were characlerized. 
The bacterium isolat(d Iron L. osculmtum was a Grail negative, non

sporeforming rod w1110i occurr.d singly or in pairs Cells from a 24 h old 
nutrient agar cultire hajd alverage d(-fiiensions of 0 7 nm by 1 65 mn.. The 
cells were notleh and peritriclous four to six flaglea were commonrly 
observed Tfie colonies .i NA after 24 h at 27 C were convex, slightly to 
Moderately irre(uila anid u n ulate, pale creamncol)reul and hutyrous; on 
YDC some (.it ii res pm ciiceiid lue pgl ii eit 

The plenotylmi chiar ';;Ieristic' for vvhich all cultures frm L. usculentum 
were I)olitiVe- rfi(:(lid time foIlolllo(j CLLiltalVt ly i aerobic, pectate 
degradation, htollo <oft rot, gas prod(ct ion froum glucose, catalase 
production, p h iatse p r ujct ii(mi, ;i'fi.tr,lte reductiorn,11)0le I)ri dLiCt i 
growth at 36 ;mfii 39 C, sensitivity to erythromny:in (15 ng), H S from 
sodium thi,,tjl!,jt, K,.N tolerance, produ(ction of lecithinase, gelatin 
Iquefact ion, acto l i prom Iiict oo, Lit li1zaton iOf sodiurn malonate arid 
sodium tartrajt., ;nit i;iJ fiom D(,) xylose, D(-) arailhmose. D)OH melibiose 
D14) raffinos, D( )mrmitol, l)()sorblitol, a id lal;tose 
The p) ;nolty)ip i ff v'i uimc llh,i.tirrI ;ltmirws Item L.m; .tti;; t 

eSCu/eltfi ti, wert- It(jij i t mti:1whjdI tt- fIlilowil i oxIdasm. 
producti)ni, iir olii dlitilwJi 111( iacid fromi Imimmlilm. ,C mtilith l d
glLJCOSidU, treh;ilosi m m jii lti,, 

Discussion 

Since tht bacterial isolates pathogenic to tomato plants are Gram 
negative, non spore forming rods, motile by peritrichous flagella, 
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;itm tli.gradu 
prodLJCe (:ataiY;. r (t:lC niltratue, and do not produce cytochrome oxidase, 
they could he ciwid( red as be longing to Lrwiflh) genus, specifically the 
soft rot group if1 1 twiloa spe(:ies 
Thu probleims i herent to the taxonomy of the soft rot group of Erwinia 

sp(cles have bue.11 ve(d by several authors ( 1,2, 3, 4). The 16 cultures 
from L uSc ! (tt!'i n( lS study were very similar to E. chrysanthernti 

facLJItat ulveI ohic, )eCtate, IldLJCe soft rotting of potatoes, 

1):'' l5 M 
strains whn :ii:(iljaremi with phenotypically similar Erwmnea species 
previo ,lyri-pe. titi(1 ,)um,01 uthours iasshown in Table 1 (1,2). 

Strains (fI: tl yuz,,rm miv(hVbeen isolated and identified from severaltt'iI 
f liet strains haivu been distinguished in six groups by 

seve~tal linpirpi mel rul ;rtnt.s yelatiii liquefaction, KCN tolerance, 

growth t 39.. Hititliiiisihe production, acid from D(-) araberose, D(-) 

nianitol, D(li ritlrust D( ) sorbitol, and utilization of sodium 

host plant.s Sant, m 

n. Inulin, 
turtrate (>)u iti (it pheimotypic characteristics of Erwllila strains from!a 

L esci,/to]rt vit I l t,strains of E. chrysantherll isolated from other 
hosts 1I1(tl(-ttO0I;it lit toil'ato strains' characteristics are very similar to 

th( pheityl(h ,divion IV (Table 2). It has been proposed that each 
phenotypi: qrmiq uI)i:u ld;rt(J as a pathovar ( 1 ),where group IV has been 
riaied L mhr,,ri,/ohnIm 1W /,0t According to the above, the tomato strain 

foLjn( in lt, (aji(a Valley li-olonibma) could be designated as E. 
Chrysntlt , iv . , t imst b( pin)lfteJ out that Dickey (1) placed an 
LIIt11/, fl() 1 .subdivision V.V IO eScU/Mnmt; Ilm 
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Table 1. Relationship between :-rwinia strains from L. esculenfuln and phenotypically similar l:riina species
and subspecies.a 

Characteristic l-roiia I.. V. F.
strains chrrx]I. ,rh?.I'; 
 .
/IC'IPjl , 'IICil' . 'ijwdii r/hdllw lici 
from . subsp. subsp.&t'f'l~l/lu),l i',lr';t. .,O- ild U .jr.'M/,/i[cdl 

Pectate degtadation +a + + + _
 
Phosphatase p: oduction + + 
Growth at 36 0 C + + 

V V 
+  + V 

Il(.O~tproductiol + + 
Acetuin production + + + + - + 
Susceptibility to erythromycin + + - + + 
Gas from glucose + + V V + -
Utilization of malonate + + v + 
Acid fiom:
 

cC Methyl-d-glucoside 

- - V 

Trehalose + + + + 
Maltose-
 V + + + 
Lactose + V + + - + 

-'Trlepnenot ,pic results for the Erwinia species and their subspecies are derived from some strains included in the present study 
and trom pubishled data (1. 2).bs trntolsb +. 80 o/o or r'ore strains positive; - 800;o or more strains neqative. V, 21 to 7 

90/o strains positive. 

C-1
 



Table 2. Comparisomnof some phenotypic characteristics of kmEvia strains from 

:I.,. esclenium with those of strains of E. chrhm;'sni":e isolated from other hosts. 

Characteristic . + Subdiviiofab jv ma 
strains 

~ ~ffrom 

Acid from: 

D mannitol + + + + + ++ 

D(H)sorbitol + + + + + - + 

Di-H arabinose + - '+ + + 

,!ai:=~~,'hkntem
Inulin 

~~~.difnbh 
-

Ia I 
-

p.arnIII+ -
.IV = + I L,,hrsanheipv 

Utilization of sodiumn tartrate + + - + + + + 

KCN tolerance + + - V -.- + 

Lecithinase + +. + + + - + 

i'--7-Ds )ralnsp ositiveGelatin liquefaction -- . ...A- "--,---.-:+ + ++ + - ;+ 

Growth at 39 0C V + + V - + + 

sudy IVpvRdiefferbachiae, 11ei pv. pa cohen aiir pv. chrysanthemni, ,,pv, 

zeae, V = pv. dianthicola, and VI = pv.paradisiaca as suggested by Dickey (1)and Dickey and 
Victoria (2).

bSyrnbois: +, 800/o or more strains positive; -, 800/o or more strains negative; V,21 to 790/o 

strains positive. 

at 	 E, chrysanthon . 
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Abstract 

A soft rot of fleshy leaves of agave, Agave atrovens, and cactus, Opuntia 
spp, was found in several areas of Mexico in 1980. Twenty to 56 per cent of 
the agave plants in some fields were infected. The agave slowly dies of 
central internal rot and does not produce honey water. Up to 46 per cent of 
cactus plants were infected in one area. The cladodes were partially or 
completely rotted or had fallen to the ground after the abscission zone was 
affected. Under greenhouse conditions the abscission took place 6, 7, and 8 
days after local inoculation and development of decay in the cladodo and was 
directly related to the distance between the inoculation point and the 
abscission zone. In both plants the bacteria appears to be introduced by
insects. The bacteria have been partially characterized and can be assigned to 
the soft-rotting Erwinia group. 

Introduction 

Bacterial soft rot has been observed recently in Mexico on different 
cultivated plants such as sunflower, rape, carrot, potato, chrysanthemum, 
agave, and Cactus (2, 3, 4, 5, 7). More recently damage to agave and cactus 
has been noted. These plants originated in Mexico. Agave was in 
cultivation before the Aztecs came to the central regions around the year 
1000 A. D. and, at present, it is being cultivated on approximately 30,000 
ha (10). The cactus plant, especially the Opuntia spp., the symbol on the 
Mexican flag, is grown widely in Mexico. Both cactus and agave are 
xerophytes of great importailce in some areas where erosion of soil is a 
problem. Agave atrovwrels (Kariv.) provides the farmer with honey-water 
and pulque rich in vitarnin C and other compounds and the young fleshy 
cladodes and sweet fruits of the Opuntia species are popular food for many 
people. 

Bacterial diseases of cactus and agave have not been investigated 
previously in Mexico, but they now appear to warrant it du-- to their 
increasing economic importance. Alcorn has studied soft rotting isolates 
from cacti and has identified Erwinia chrysanthemi, E. carotovora var. 
atroseptica, probably E. carotovora var. carotovora, and two additional 
groups distinct from the others (11. 

27 



S"Materials 	 and Methods 

* 	 Disease severity was estimated by counting the diseased plants in rows 
taken at random on three plantations of agave 5 to 6 years 6f age, totaling 
about 30 ha. Similar disease estimation was done for the cactus of 
approximately 4 to 5 years of age totaling about 15 ha. 

The isolation of bacteria was carried out on CPG agar without tetrazolium 
(8). After colony development and purification, the isolates were tested for 
ability to macerate tissue by inoculation of potato slices,.These isolates 

w were.ther,inoculated-on potted agaveand-cactus.plantsjnthe greenhouse, 
and plants growing outdoors; Koch's postulates were completed. The 
plants were inoculated by injecting 1 ml of bacterial suspension (108 
cells/mi) into the parenchyma tissue of both plants. In case of Opuntia, the 
terminal cladodes were inoculated at different distances from the 
abscission zone to study the role of these bacteria on the induction of 
abscission of cladodes. 

Cultural, morphological, and biochemical properties of the bacteria were 
also studied folluwing the procedures of Graham (6). 

Results 

Disease Estimation 
The incidence of the agave disease was estimated to be 38% on the 

average with variation between 20 and 56%. In the case of Opuntia spp, the* 
disease incidence was estimated at 46%. 

Symptoms 
Agave. The main symptom observed was a slow death, apparently 

caused by an internal dark brown-black rot of the fleshy leaves (Fig. 1). A 
dark brown-black necrotic area appears on the outside of the leaves and 
affects internal parts down to the heart of the plants, with gradual collapse 
of the leaves (Fig. 2). The plant at this stage does not produce any honey
water and the rotted tissue has a repulsive odor. 

Artificially inoculated leaves showed a rapid internal rot, which in 6 days 
produced a typical necrotic lesion with red exudate on the outside surface 
of the leaves (Fig. 3, 4). 

Opuntia spp. 

The soft rot of the cladodes has been observed throughout the year; the 
cladodes become soft, slimy, and dark with yellowish red exudates (Fig. 5). 
The soft rot is limited to the parenchyma tissue; the cuticle and Vascular 
strands remain intact. Also an unpleasant odor is readily detected. In 
winter months many of the cladodes fall to the ground where they finally 
decay completely. Artificial inoculations with pure cultures produced not 
only quickly rotted cladodes, but also abscission from the mother plant; a 
distinctive shrimp or fish odor is a characteristic of decayed tissue..The 
abscission was related directly to time and the distance of inoculation of 
the cladode from the point of attachment to the plant, (Table 1). 
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c1f ,IhrFig. 1.DIt ~St ( tSfuIrv q rot of Ieave.s 

:,.,.. , ,
 

Fig. 2. Old hvat (itaqavow ith nec'(rotf(" area (natural infection). 
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Fig. 3. Cro.s sc:tion of in agave leaf artificially inoculated. 

lo 
'44; • 

Fig, 4. F jd;,t.in,rl J(, tji frm im to(trjlated a ea of igave leaf Color of exudate is 



d~ d 
P . ,- i - . . .1,4 

(f esJ,.. 


lower le'ft
 

Fig. 5. S oji o ;I;il (of ()/.uurt/,a Spp[ inqthe field (note rounld abscission zone, 

The parts of the; (;cladud(e.s that were not decayed lost their normal green 
color, tu~rning ye~ll(ow In b)oth plants larvae have been observed inside the 
affected tiSSuE'S. wi,,th initial perforations present on the outside of the 
cuticle. Because o)f the thic(k cuticle of both plants and absence of other 
points of ingress thi. bacte~ria iray be introduced into the tissue via wounds 
made by insec.ts 

Properties of Bacteria 
The solato:s hzave mn~y corirnlon characteristics; creamy pale colonies 

on CGP rueciu~un afte~r 3 da,'ys, Grain negative, rod-shaped motile with 
peritrichous flagellam, fezrnentative, reduce nitrates to nitrites, pectolytic
activity on polypectate:, dzcay potato slices with a yellowish -green growth,
utilize malonate,. InguJify get.lat[in, c;atalase positive, and oxidase negative.
They do not pi (iduce( gas fro n i-).glucose or nitrates, bI ue or fluorescent 
pigment on B-Ki) r nidi iim , i inIjl. phenylaIa nine (deanoinase, or oxidize 
glucona~te Afte-r .3 to 8 clays they varied in respect to the production of acid 
from various c'arboun sour'es, lhosphatase production, growth in 5% NaGI, 
utilizaton of citratet, aid(p~rodu.lctionl Of reducing substances from sucrose 
(Table 21 
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Table 1. Abscission of cladodes following inoculation. 

Distance of inoculation point (cm) 
from abscission zone 

Days after inoculation 

10 

20 

30 

6 

7 

8 

Table 2. Biochemical characteristics of soft-rotting bacteria from agave (A) and 

cactus (C), compared to different erwinias. 

Erwiniasa 

Test A 1A 2A 3A 4 C1C2 C3 E.c. E.a. E.ch. E.s. 

Acid from 

Lactose + 4- - + + + + - + 

- +Maltose + + + + - + 


Thehalose + + + + 
 - - - + + - + 

+ + vb -Melibiose + + + + - + + 


Inulin 4 + + + - + - - v
+ v 

- - + +Etlanol + + 

+ + + + + + +Xylose + + 4-+ 

Clycerol + + + + + + + - - -

Dulcitol 

Melezitose - - --

Ra finose . . . . + + + + + v 

Phosphalase - + + 4. + ... . + 

Re;lucin1(1 substances 

flom sucrose .-+ + - - + - - + v 

- + + + + + -Utilization of citrate + -1-+ + 


Growth in50/o NaCI :- + + + - + + + + +
 

t, . Fw c.fo',e(olv(rj . carotovora; E a. E.. SUh),I). a rosevptic,, Ech. - L.ch. rev.t'w' e)r-


rthry.strt/i'th r ., EFrr, f ror tiIo iotne'f ;e hijisd onrreports If1the t
lia ;ra;;lrhbr!e. R{I;re 

Av - r L . 



Discussion 

Although bacterial soft rot caused by Erwinia species in various plantshas been reported from Mexico previously, the bacteria that cause soft rot
in agave and cactus have not been studied. Graham (6) notes that E.carnegieanafrom giant cactus is E. carotovora. Johnson and Hitchcock,
mentioned by Leach (9), described a bacterial disease of prickly pear(Opuntia spp); the pathogen involved closely resembled E. carotovora. This
is the first report of the bacterial disease of prickly pear,(Opuntia spp.) inZ-Mexico; however, itis quite possiblethatthis disease hasbeen endemicn 
cactus piants for a long time and simply was not noticed.

The response of the young cladodes toartificial inoculation in the present
study was of interest, because the abscission of the cladcode protects theplant from further spread of t e infection. The cause of the abscission isunknown, but pectolytic enzymes or hormones may be involved at the 
abscission zone. 

On the basis of motility, peritrichous flagellation, fermentative
metabolism, reduction of nitrates, to nitrites and other characteristics
studied, all the isolates from agave and cactus plants belong to the coliform
soft-rot group. The group from agave appears to be most similar to theErwinia isolated from rotted sugarbeet in California (11) (Table 3), Of the
Opuntia group pathogens the isolate C i is most similar to E. chrysanthemi
subsp.' chrysanthemi or Erwinia fom sugarbeet, the isolate C2 is most
similar toE. carotovora subsp. atroseptica and the C3 isolate most similar toE. carotovora subsp. carotovora or atroseatica. However, both groups differ
from these bacteria and possibly could form other distinct subgro.ipswithin the soft rotting Erwinia. More investigation of these bacteria is 

Ineeded. 
Table 3. Number of differences of the biochemical properties studied of soft

rotting bacteria from agave (A) and cactus (C)compared to each of the 4 erwinias. 

Al A2 A4A3 C, C2 C3 

I A"!rvlia CalrlorOra 
subsp. carool'ora 5 6 5 4 6 6 4 

E:.c. subsp. atlrose'ptia 3 4 3 4 8 4 4 
E. cih. pv, ch01-Sallth, mi 6 5 6 6 4 7 6 
Erwinia from sugarbeet 3 2 3 3 4 6 5 
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Abstract 

A severe leaf spot and dieback of young growth of accessions of the 
promising tropical forage legumes Cotitrose ia brasijhanum, C plumieri,C. 
pubescetis. C v/rginliumn, and Cettrostn, spp. was observed at various 
evaluation sites in Colombia during 1980 and 1981. The causal organism 
was identified as P:;vudwm x; sp. Kock's postulates were successfully 
completed with 18 isolates of the bacterium. Seed of three accessions of 
Cttroselnoa spp. were infected with the bacterium at levels of 8 to 34%. 
Further studies are being made to identify the species, to determine the h st 
range of the bacterium, and to select resistant accessions of Centrosema spp. 
As this disease has not been reported previously on Centioserna spp., care 
must be taken to prevent its introduction to other countries where 
Cettrosem,,a spp. are promising tropical forage legumes. 

Introduction 

Centroserna species, especially C. pubescens Benth., have shown 
considerable promise as tropical forage legumes in Australia (3, 7), Central 
and South America (4), and southern Florida (5). Lesser known species,
including C. brasihanium (L) Benth., C. plurnieri(Turp. ex Pers.) Benth., and 
C. virginlanum (L.) Benth., are presently under evaluation as forage 
legumes. 

In 1980 and 1981, a previously unreported leaf spotanddieback of young
growth vas detected on accessions of C. brasilianum, C. p/umieri, C. 
pubescen- C vIrginlanurn and Centrosetra spp. at various evaluation sites 
in Colombia At the CIAT Research Station, Santander de Quilichao, Cauca,
Colombia, leaf spotting and dieback considerably reduced the yield of 
promising accessions, including CIA- 5112, 5118 and 5278. A bacterium 
was consistently isolated from affected plants. The objective of this 
research was to identify the causal bacterium and to confirm its 
pathogenicity to Cettrosemat spp. 
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Materials and Methods 

Isolates 
Eighteen isolates were collected from affected plants of Centrosema spp. 

at Santander de Quilichao, Colombia. Isolates were grown on Difco 
nutrient agar tNA) and tetrazolium chloride medium (TZC) at 28 0 C. All 
isolates were maintained on NA + CaCO:i at 24 0C (2). 

Morphology and Cultural Characters 
Cell morphology was observed using the Hucker modification of Gram 

stain (6) and the Firher and Conn modification of Bayley's method (6) was 
used to observe flagella. Cultural characters and pigment production were 
determined on NA, [ZC, and King's B Medium (6). 

Biochemical and Physiological Properties 
The mrethods used to determine biochemical and physiological proper

ties of isolates are d&zscribed in the Manual of Microbiological Methods(6). 

Pathogenicity 
Inocula for patliog(.ricity tests were grown in Petri plates of NA for 48 h 

at 28 C.Cel Isw ! suspended in sterile distilledwater at concentrations of 
10' cells ml IFoir week old plants of Centrosema spp. accessions CIAT 

438. 5064 armd 5118 were used. Inoculation methods included (1) 
wounding by c:wnniq leaves with a blade or by puncture with a needle 
carryng ha:itiraii tsperis ions, (2) spraying with bacterial suspensions 
followed ,y nc:iilitiuri In moisture chambers for 48 h, and (3) injection of 
bacterial s11)er"on itO0 the VeinS Of plants. Controls were treated with 
sterile distllhil watenr using the same methods. Plants were rated for 
disease? reaction 8 to 10 (lays after inoculation. Reisolations were made 
from each Inoculated plant and Kock's postulates were completed. 

Seed Tests 

The pr'ste ()t baciteria in seed was tested or+ NA with seed of 
Centiosma spl ,esiuns CIAV 5112, 5118, and 5278. Seed were 
surface! strh zei In 1", sodilui hypochlorite solution, washed in sterile 
distilled wattr l;l(;hJ or NA. and incubated at 28'C for 48 h. All bacteria 
that grew from see!ds were compared with isolates from affected plants of 
Centrosenia spp 

Results 

Bacterial Characteristics 

All isolates were Gram negative, non-spore forming rods with a size 
range of 0.5 to 1 O x 1 5 to 4O nri. The cells were motilewith two flagella. 
Colonies on NA after 24 ih at 28 C were cunvex with regular borders, 
cream -colored and tlityruns Fh .Vy averaged 2 to 2.5 inin in diameter and 
prodLce(j a florsi;ent Igmrient. 

All isolates weire aerbhic, ()xidase-positive, catalase-positive, formed 
levan, and were-florescerit on King's B Medium (Table 1). They did not grow 
in nutrient broth ;it i1 C fable 1). 
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Table 1. Characters used to differentiate commonly isolated plant pathogenic bacteria.a
 

Isolates from
 

Characters P wzl(,1['1cilh)In uu.' CI:r11.S.'I l')ha1 - 'ilIid 'alih lla." 

Glcwn on Common Media +  + + + + 
Gram Stain 

Yellow' or Orange Colonies on NA, 

+
 
-- + -V- + 

YDC or NBY Media 
Florescent Pigment on KB + V-rb 
Anaerobic Growth 

+
 

FF - Lanotm or Gu!,o for Ihentification of Plant Pathogenic Bacteria. E(d. 
 by N. VI. Schaad. 
b - : Variable Result. 



Symptomnatology 
Symptoms were initially manifest as wilting of young leaves and 

terminals and chlorotic spotting of mature leaves Young leaves and 

terminals became partially or completely necrotic and dieback developed.. 

On mature leaves, chlorotic spots became necrotic andwere of varying size 

and shape. Leaves were often crinkled and distorted. . 

Pathogenicity 
All isolates caused wilting, dieback, and necrotic spotting of four-week 

-old plants of Centrosema.spp.-The bacterium was readily-reisolatedfrom_ 
affected plants and Kock's postulates were successfully completed with 1 8 

isolates. 

Seed Tests 
The bacterium was found in seed of accessions of Centrosema spp. CIAT 

5112, 5118, and 5278; levels of seed infection ranged from 8 to 34%. 

Discussion 

The causal organism was identified as a species of Pseudomonas on the 
basis of its morphological, cultural, biochemical, and physiological 
properties. Further tests are in progress to identify the species. 

Although Centrosema spp. have been under forage evaluation in tropical 
areas for the past 15 years (3, 5, 7), no reports of this disease have been
made previously. As Centrosema is native to the Americas (5), most 

probably this bacterial disease evolved -with the host species that it 

presently affects. Cross-inoculation studies are in progress to determine 
the host range of the bacterium and, particularly, whether it is pathogenic 
to other leguminous crops such'as beans. 

As the bacterium is seed-borne, care must be taken to prevent its spread 

to other areas where Centrosema spp. are important tropical forage 

legumes. 
Field screening of Centrosema spp. for resistance to bacterial leaf spot 

and dieback is continuing in Colombia. To date, the promising C. 
macrocarpum has shown resistance to this disease. 
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Abstract 
During 1980 and 1 981, a severe pod rot was found on the forage browse 

legume Leucaena IucoLoph,/, in Belize, Brazil. Colombia. Mexico and 
Panama. The causal bacterium was identified as Pstudm(olnas fluorescens 
Biotype 2. Kock's postulates were successfullycompleted with four isolates. 
The constant association of lesions with insect feeding holes indicates that 
the bacterium is insect-borne. Cross-inoculation studies showed that L 
diversif/j and L sh,mtpom are not as susceptible to the disease as L 
esculenta, L leucot. pt/l' ntl Further studies areand L pulruhle a needed to 
understand the insect-bacterium association and to quantifythe uffectof the
bacterium on seed production. This is the first report of bacterial pod rot of L 
leucocePphala 

Introduction 

Leucaena leucocephala (Lam.) de Wit. is a deep rooting tree or browse 
legume native to the subhumid and humid tropics of Central America (6). Its 
value as a high quality protein forage in association with a grass or as a
"protein bank' for supplementing native pastures (4) is being investigated 
in tropical Latin America(2, 4), Australia (5), Hawaii, andother countries (1, 
5). Few diseases have been reported on L. leucocephala in the past (7). 

In February 1980, a pod rot was found for the first time on L. 
leucocephala in its native habitat in Mexico and at forage evaluation sites 
in Belize and Panama. Later, the same disease was observed in Columbia 
and Brazil on promising cultivars of L. leucocephala - Cunningham and 
Peru. A bacterium was consistently isolated from rotted pods and seeds. 
The objective of thIs study was to identify the bacterium and determine its 
pathogenicity to Leucaena leucocephala and related species. 
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Materials and Methods 

Isolates 
Four isolates were obtained from diseased pods of L. leucocephala at 

Palmira, Colombia. Isolates were grown on Difco nutrient agar (NA) and 
tetrazolium chloride medium (TZC) at 280 C.All isolates were maintained 
on Na + CaCO3 at 246C (3). 

Morphology and Cultural Characters 

The Hucker modification of Gram stain was used to observe cell 
morphology (8). The Fisher and Conn modification of Bayley's method (8) 
was used to observe flagella. Cultural characters and pigment production 
were determined on NA, TZC, and King's B. Medium (8). 

Biochemical and Physical Properties 
The methods used to determine biochemical and physiological proper

ties of the isolate are described in the Manual of Microbiological Methods 
(8). 
Pathogenicity 

Inocula for pathogenicity tests were grown in Petri plates of NA at 281C 
for 48 h. Cells were suspended in sterile distilled water at concentration of 
10' cells/' ml. Well developed green pods of accessions of L.leucocephala, 
L. escuelentai (Moc. & Seese) Benth., L. pulverulenta (Schlecht) Benth., L. 
shannon Donn and L. diversifolia (Schlecht) Benth. were inoculated by 
injection. Controls were inoculated with sterile distilled water using the 
same method. Pods were rated for disease reaction 10 days after 
inoculation. Re-isolations were made from affected pod, and Kock's 
postulates completed. 

Results 

Bacteria Characteristics 
All isolates were Gram negative, non-spore forming rods with a size 

range oi 0.5 to 1.0 x 1.5 to 4.0 nm.The cells were motilewith two flagella. 
Colonies on nutrient agar after 24 h at 281C were convex with regular 
borders, creamy white, butyrous, 2to 2.5 mm in diameter and produced a 
green florescent pigment. 

All isolates wer(; aerobic, oxidase--.ositive, catalase positive, arginine 
dihydrolase-positive, formed levar,, caused soft rot potato, reduced 
nitrates to nitrites, uttltzed meso-inositol, trehalose, ethanol, propylene 
glucol, sorbitol, prupionate, benzoic acid, L-arabinose, D-arabinose, /3 
alanine, L-valine and lipase (using Tween 80 as a substrate), 2
ketogluconate-positive, produced acid from sucrose and hydrolyzed both 
starch and gelatin (Tables 1and 2). 

The isolates did not accumulate poly.I-hydroxybutyrate, did not produce 
a hypersensitive reaction when injected into tobacco and did not grow in 
nutrient broth at 41-C (Tables 1 and 2). 
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Table 1. Characters used to differentiate commonly isolated plant pathogenic.bacteria.a 

Isolates from
 
Characters 1.C jc.R,?1, I':dd tilh 
 (Rirvuu'l/,da- .igruhawinia X./'1- mIuinaI 

Growth on Commron Mfedia + + + + + + 
Giam Stain + -

Yellov o, Orange Colonies on + - -+ 

NA, YDC and NBY Media 

Florescent PigIment on KB V+b 
Anaer )"oic Gr owth + 

rn. La;,()riory Gui(ue tot identification of Plant Pathogenic Bacteria. Ed. by N. W. Schaad. 
U V - Var,;ih Re! fllI 



Table 2. Fluorescert. species of etudimiona. and comparison with isolates from LIeuaena h'Iucocephala. 

k olales frm 

CHARACTE RS /t.0,, W., I' fl,('i '%- /'.I n.'i- I'. !''hu, !'.a.ardl- I'. ,h - I' !i- P .lTrin
/£J( ,, j Ih.Lj Pb,.,z .\1i Pri ,ljicj gac 

Ox diast - + + + + + _ _ 

Ar,:nri:, Dihydiolase + + + NDC ND - - -

Nit:, to N2 + + + ND ND - - 

Giov:t it 41oC - - + ND ND - - I 

Utilization fot Growth - - - ND ND - - 

Manni:o! + + + + + + + V 

SO),to! + + -- + + V 

T ,,haose + + -..... 

Sucrose + + ...- v 
D-Arabinose Vb - - ND ND - - 

d F ,or- Latmiatory Guide for Identification of Plant Pathogenic Bacteria. Ed. by N. W. Schaad.
 
b V -- V .bl He',tlt.
 
C ND - .ot Der.'nred.
 



Symptomnatology 
First, water-soaked lesions surrounding insect feeding holes appeared 

on well developed green pods in the seed-filling stage. Lesions expanded
and became necrotic as seeds began to rot, Under humid conditions, there 
was a general 'rotting of the pod and bacteria oozed from insect feeding
holes. Pods often fell prematurely. Few seed were recovered from affected 
pods. 

iPathogenicity
:A11, -is-ol ates. ca used.-pod- rot.of 	 a--	 L..leucoephe, wen -inoculated- by -

- injection. Bacteria were readily re-isolated from affected pods and Koch's 
postulates were successfully completed with four isolates, Cross inocula
tion studies with four other species of Leucaena showed that all species 
were susceptible to pod rot; however, L. diversifolia and L. shannoniwere 
more resistant than L. esculenta and L. pulverulenta. 

Discussion 

On th.e basis of morphology, cultural characters, biochemical, and
physiological properties, the causal bacterium is identified as 
Pseudomonas florescens Biotype 2. This is the first report of this disease on 
L.Ileucocephala.

The development and association of lesions with insect feeding holes 
under natural conditions indicates that the bacterium maybe insect-borne,
probably by a Heteroptera of the family Pentatomidae (Dr. Mario Calder6n,

* 	 personal communication). Further work is needed to understand this 
insect-bacterium association. 

Because the bacterium is associated with seeds and pods, it could be 
easily transferred with them. Appropriate quarantine restrictions should 
be enforced to prevent introduction of the bacterium to tropical forage
evaluation regions in Australia, Hawaii and other countries where 
Leucaena spp. are presently under intensive evaluation (4, 5). 

Further work is needed to quantify the effect of pod rot on seed 
production of L. leucocephala. The resistance of L. diversifolifa and L. 
shannoni may be of value in future breeding programs. 
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Abstract 
Pseudomonas toriato was isolated from naturally infected tomato plants

collected from different provinces of Greece during the years 1978 and
1979. Th6 disease occurred predominantly on leaves and stems but rarely on
fruit Greenhouse grown tomatoes (under plastic cover) were much more 
affected than field tomatoes. Early infections in gree:Inouseb led to serious 
economic losses. 

Results of the LOPAT tests revealed that all the isolates fell into group laof
Peudomronas(Lelliott vt al. 1966). Both mucoid isolLtes liquefieJgelatin but 
did not produce lipase with Tween 80,whereas the no, mur3id ones did not 
liquefy gelatin but produced lipase.

A chlorosis-inducing toxin could be obtained and purified from liquid
cultures on P tomat as well as from infected tomato leaves. The toxin was 
not specific to tomato, as leaves from many other plant species were likewise 
affected. An antibiotic affect towards fungi or bacteria could not be
demonstrated. The toxin has been characterized as an acidic compound with 
a molecular weight under 500 daltons. 

Introduction 

Survey of bacterial iseases of tomato in Greece was undertaken during
the years 1978 and 1979. Bacterial isolates were obtained from different 
locations and characterized by physiological tests and determination of
pathogenicity. These studies with Pseudomonas tomato are reported in 
this paper. 

Materials ind Methods 
The selective medium D4 for Pseudomonas (7) was used for the isolation 

of the pathogen from naturally infected plants. 
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The isolates were identified according to morphological and 
physiological criteria. Pathogenicity of the isolates was tested by 
inoculation of tomato leaves with suspensions of ca. 10 bacterial cells/ml 
(20). 

Isolates with fluorescence on medium B of King et al. (8) were tested for 
the LOPAT-criteria according to Lelliott et al. (9) Gelatinase and lipase 
activity were determined as described by Misaghi and Grogan (11). To 
differentiate between mucoid and non mucoid isolates, the bacteria were 

2% dextrose, 2% calciumstreaked on YDC agar (11' yeast extract, 
carbonate) 

Toxin production was studied by cultivating the bacteria in shake 

cultures The synthetic media of Watanabe (25) modified by Rudolph eta/. 

(18), and Woolley et al. (27) were compared with a complex medium (1% 

peptone. 0 3"o yeast extract, and 0.50 NaCI). The bacteria were grown for 

5 days in 1 I Erlenrn yer flasks containing 500 ml nutrient solution. A 

rotating shaker at 100 rpm and an incubation temperature of 19.5°C were 

used. After C'entrfugation (20 mn at 6000 g) and passage through Seitz
filters, twe supirnatant was further purified as described under Results. 

ColUmn chroimatoqraphy was performed in cooled glass columns (41C). 

A constant flow rate was miitoi ned with peristaltic pumps (17). 
The toxin conte;mt was determined by a serniquantitative toxin-assay. 

Droplets of 20 nil wre, pipetted onto the surface of leaves of tomato and 
tobacco (cultivar white Burley"). The plants were kept in a greenhouse at 

20 to 25' C and 50 to 70% RH. To determine toxin production in vivo, 

tomato leaves were harvested 5 days after inoculation and homogenized in 

water The homogenate was processed for toxin determination in the same 
way as the supernatrnt from in vitro cultures. 

Results 

Tonatoes with typical symptoms of bacterial speck (26) were found in 

nearly all the turveye d areas of Greece. Typical symptoms of the leaves 

were sfnall. (lark hrown to black spots of 2 to 3 mrn diameter, surrounded 
by yellow halos Small nec(rotic spots on sterns were also observed. Tiny 

dark spots appeared on thme fruit. 
The dmseAI,(,;ool 11linly on tomatoes in greenhouses or under 

plastic cover a rid maii (:onsiclerable economic loss. Early infections 
under these conidtuw; st,emed to favor the disease, probably because of 

the high hirniid!tv ;01d WteMiHr otr re. 
strains of the bacteriumInoculation t,inito plants with the Greek 

caused the fol low£i, yYniptomus necrotic spots of 2 to mm diamater 
on) the leaves, small necrotic lesions onsurroUnded by (:t lIor ti: malos 


stems, and tiny. coriv-, dark brown spots on the fruit.
 

Pathog ni hiictn.rt a , Ij1,tbe isolated from all the surveyed areas, i.e., 

from the soic Lit ot Pelepo), central Greece(Volos and Prevesa), 
the north (I hiessalomoki), amid thme north east (Xanthi). Thus, the disease 
seems to be prevalent oll over the country. 

The strains were fluurescent on King's medium; they had the 
of Pseudontonas according to the LOPAT-criteriacharacteristic of O(ioip Ia 

4,it 
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Table 1. Physiological characters of seutdot1onas t)inato isolates from Greece. 

Number of isolates 
Test 

mucoid non-mucoid 
18 23 

Levan production (L) + + 

Oxidase activity (1 ) 

Potato soft-rot (P) 

Atgininie ihydr olase (A) 

Tobacco reaction (T) + + 

Lipase activity - (14) +(19) 

Gelatinase activity + (16) 

ht1(s3t [V rjt ~r t? i 

of Lelliott et a/. (9). (Table 1). Mucoid and non-mucoid isolates were 
obtained, and thisdifferentiation correlated with the reaction for lipaseand 
gelatinase activity. Thus, 14 of the 18 mucoid strains were negative for 
lipase, and 16 were positive for gelatinase. In contrast, from the 23 non
mucoid isolates. 19 were positive for lipase, and all were negative for 
gelatinase (Table 1 ). 

A chlorosis-inducing toxin could be obtained from culture filtrates of the 
bacteria The symptorns induced by this toxin on a tomato leaf are shown in 
Fig. 1a The toxin was produced in both synthetic media but not in the 
complex Medium The toxin was purified by the following procedures The 
sterile supernatant from tte culture medium was precipitated 3 times with 
70, 86, and 911 ethanol, respectively. The toxin remained in the 
supernatant 1h,1 sslu.tion was concentrated 20-fold and the pH was 
adjusted to 3 0 with 0.1 N HCI. The toxin was transferred intochloroform by 
3 extractions of the acidif ed sol ution. The toxin-containing chloroform was 
allalized with 1 N N H to pH 10.0. At this pH the toxin could be extracted 
with water The toxin containing water-phase was concentrated 100-fold 
in a rotorvap at 36 C and then purified further by column chromatography 
on Bio-Gel P6 ;ind uluttd with 0.015 N NH, A second column 
chromatography was then carried out on Sephadex G-15, and a third on 
Sephadex G-1 0. wh ie the toxin came together with the void volume Table 
2 summarizes the three toxin separations with molecular sieve 
chromatography 

The toxin was then further purified by ion exchange chromatography 
The cation exchange resin Dowex 50 x 4 did not absorb) the toxin, which 
could thus be eluted with water and separated from other contaminating 
compounds. On the anion exchange resin Dowex 2 x 8 the toxin was 
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Table 2. Position of active fractions of the toxin from Iseudiron/as toi/lto after 
molecular sieve chromatography on different materials. 

Position (ml eluant) 

Void volumea Active fractionb 

Bio-Gel P-6 160 240
 
Sephadex G-15 
 220 
 300
 
Sephadex G-10 120 125 

a determined with Dextran blue 2000
 
b determined by biotest on tobacco
 

strongly adsorbed, but could be eluted with 3 N acetic acid. The last step in
toxin purification consisted of thin-layer chromatography (TLC) on silica gel
F254 with the solvent system: chloroform: 96% ethanol: water (60:30:2),
pH 9.5. The toxin suppressed the fluorescence of the TLC-plates and was 
thus visible under UV-light at the Rf-value of 0.69. 

The toxin affected all green plants which have been tested. Thus it can be 
classified as a nonspecific toxin. Toxin-caused symptoms on a pepper-leaf 
are shown in Fig. 1b. Toxin-activity was also visible in the tissues 
surrounding the originally applied droplet, the size of which is indicated bv 
a marker in Fig. 1. Fig. 2a shows toxin-induced chlorosis on a tobacco leaf 4
days after treatment. The first symptoms became visible on tobacco within 
2 days after toxin application, whereas, on tomato, the symptoms appeared
later, becomim visible 7 days after toxin application. Tobacco showed the 
highest sensitivity to the toxin among all the tested plant species. One 
week after tioxin iiplictimon the center of the chlorotic spots became 
necrotic, Fig 21, sliw,; a tobicco leaf 10 (lays after toxin application
When the toxin w; mfiltratld into the petiole, a systemic effect on tobacco 
leaves conuld ii, ihervml 

Possible antimicrobial properties of the toxin, were tested with the 
following bacteria and fungi: Esc/ierichia coll', Pseudomonas syringae, P.
fluorescens, P. tomato, P. phaseolicola, Xanthomonas pelargonil,
Geotrlchum canddum, Cladosporiun herbarum, Botrytis cinerea, Alter
naria brassIcae, Aspergi/us niger. None of these organisms was inhibited 
by the toxin. 

The following additional characteristics of the toxin were established: 
The toxin passes the ultrafilter Amicon UM-05; the molecular weight

should therefore be below 500 daltons. The toxin is ninhydrine negative,
contains no phosphorus, and is stable to heat and extreme pH-values. 

A toxin preparation could be isolated from infected leaves that showed 
the same features as the toxin from in vitro cultures, whereas a similar 
extract from healthy leaves did not possess toxin activity. 
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Discussion 

Although bacterial speck of tomato was described in 1933 (13), there
 
have been only a few reports of its occurrence in Europe (1, 3, 10, 24).
 

Economic losses due to this disease have been reported in the USA(1 9),
 
Australia (2), and New Zealand (26). This paper givesthe first description of
 
the disease P. tomato in Greece, although its occurrence there has been
 
known for many years (Panagopoulos, personal communication).
 

__The-results-of.the .LOPAT,-tests,_(9)_ clea rly place.hisspecieso.to he. 
group Ila of Pseudomonas'and the specific symptoms induced on tomato
 
identify the strains as Pseudononas tomato (Okabe) Alstatt or
 
Pseudomonassyringae pv. tomato Young et al (28).
 

Varying results for gelatinase and lipase, which have been reported by
 
other workers for P. tomato (9), may be due to the fact that their strains
 
were not separated into mucoid and non-mucoid variants. Two or three
 
strains that were studied by Misaghi and Grogan (11) did not show levan
 
production, and thus behaved differently than the whole group la of
 
Pseudomonas.
 

We could not reproduce the results of Okon et al. (14), who found a
 
necrosis-inducing toxin in P. tomato cultures grown in yeast-peptone
 
broth. Most of our raw culture filtrates induced necrotic spots that were
 
surrounded by yellow halos. However, similar symptoms were also
 
produced by uninoculated culture media. The necrosis-inducing principle
 
could be excluded by the purification procedure.
 

Garber and Shaeffer (4) and Sinden and Durbin (21) reported that the
 
culture filtrate from P. tomato contained toxic substances that caused an
 
unspecific chlorosis, Due to its heat stability, it was likely that the structure
 
was similar to t hat of the toxin from P. phaseolicola. However, Garber and 
Shaeffer (4) reported two active spots after chromatography in propanol:

water (2 1) with Rf values of 0.10 to 0.20 and 0.85 to 0.90, When we tried
 
this solvent system with TLC on cellulose, the toxin traveled with the front
 
zone.
 

The toxin described here differs from other toxins from similar
 
pseudomonads primarily inits negative reaction to ninhydrin in contrast to
 
phaseolotoxin, tabtoxin or syringomycin (6, 12, 15, 23). Unlike
 
phaseolotoxin or syringomycin it does not inhibit E. co/i(22) or Geotrichum
 
candidumn(5).
 

* 	 The lipophilic or hydrophilic nature of the toxin in its dependence on pH, 
as well as its adsorption on the anion exchange resin, stronglysuggests an 
acidic nature. Whether or not the toxin plays a role during pathogenesis is 
not known, Its non-host-specific nature excludes the toxin as a deter
minating factor in pathogenicity. Nevertheless, the toxin could contribute
 
to the virulence of P. tomato, as has been shown for nonspecific toxins from
 
similar bacterial pathogens (16).
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Abstract 

A bacterial leaf spot leading to severe defoliation was found ate nursery of 
TrIplaris lilipensis Chain. in Itagual county, Rio de Janeiro. The pathogen was 
a rod~ .. ped, Gram-negative bacterium with an atypical polar flagellum. 
Cells weore characterized by sudanophilic inclusions. The organism was 
oxidlase and arginine dihyd rolase- negative. It did not utilize sucrose, or 
hydrolize aesculin, and produced no fluorescent pigment on King's B 
medium and other media. On the basis of morphological and biochemical 
properties the bacterium was identified as Pseudotrnonas andropogonis (E. F. 
Smith) Stapp. Strains of the same species isolated from sorghum (Sorghium 

1-vulgarePers.)including ATCC23061, and coffee (Coffea arabica L.) were 
compared with the TrIplaris pathogen, All the strains could infect sorghum, 
sweet corn (Zoanays L var, sac/h-irala(Sturtev.) Bailey), and blackmucuna 
(StiO00lbum aterrirnum Piper & Tracy) by artificial inoculations. The sorghum 
strains were not pathogenic on Trip/otris or coffee. The coffee strain did not 
infect Triplaris and vice-versa. None of the strains infected bougainvillea 
(Bougainvilleaisp1ectabillsWilld.), rep6rted asa natural host of P.andropogonis 
in Africa. Results thus indicate the existence of pathogenic specialization 
among strains of P andropaoonis, as reported by other authors, 

Introduction 

Several species of the genus Triplaris are widely used as ornamental 
shade trees throughout th') States of Rio dleJaneiro and Sao Paulo, Brazil. 

In 1978 a leaf spot was obsrved on Tripolaris filipensis Cham. at a 
nursery located in the county of Itaguaf, state of.Rio de Janeiro. Lesions 
were initially dark green andwatersoaked, becoming reddish todarkbrown 
upon aging. They were circular or irregularly shaped, attaining 0.5 to 1,0 

. 
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cm in diameter Spotted leaves turned chIorotic and senesced prematurely, 
leading to severe defoliation. 

Preliminary studies showed that the disease was caused by a Gram
negative, rod shpe( hf:t. rIurn, containing refractiblu SLJd rIophylIc 
Inclusions, mo tile by aHratypica-l, thick polar flagellum1, and negative for the 
oxidase reaction The ortgai'-m;m formed Mlte coloriu.m, aiin (lid not produCe 
fluorescein pi ment. s (m King n, niedmn B (71 All those bacteriological 
pa opertw zisee ari:ter et til)i species Psooijt'hs/tiotias in go ll"/S"i 
(ELF SrhitIII!Stapl; 

T W ln)irp ,sf- (it O w, I),qwt r i, tio ci ci rla't . i-Ft of the 
bi:tenoil leaI 'pit I / /iI '. s/ 10(1 to ostahilisth It, In'l It Pt*oit 

xi cIO/ )ioyoi.ii I rsfi, i~t to biacterlolgiial c' ia t - r it (:,s and 
l 

,%iI a~i 

tpathuy.tem1cll t(o Iwrf flm' t..
 

Materials and Methods 

Isolations 

Leaf pieces bearing water-soaked lesions were surface-sterilized with a 
freshly prepared 0 5% solution of sodium hypochlorite for 3 mrin. After 
rinsing for 2 min in sterile, distilled water, diseased tIssueswere removed, 
cut into smaller pieces and (lippd(f in 0. 1 ml C nutrient broth After 30 min 
the suspension of bacteria was streaked on King's medium B and the plates 
were irtc ubate(d f, 5 days at 28 C Individual colonies were selected and 
purified by streaking on new plates of the sa me medium1 Stock cultures 
were mraintil ned on Kinj s B slants and stored at - 5 C. 

Bacterial Strains 

The bacterial strain' Usud in the study were ENA-2485, ENA-251 5, 
ENA-2540, and lB 155, all isolated from leaves of T. fuipentsis In itaguai, 
Rio de Janeiro, P andropoqo,'is I B-165 from Coffea arabica L. (9) in the 
State of Santa Catiaria a nIndENA-100 froni sorghum (Sorghum vulgare 
Pers ) in i State Sao Brazil, and P.Mogy Mirim cotiity, of Paulo, 
andropogri;r NCPP3 134 (=AT('C 23061 ), originally isolated from 
sorghum in the U.S.A. 

Morphological Properties 

Cell niorpiology was rieteri ined from light microscope observations of 
Gram-stained pre;pairations Dhe Gram staining method as modified by 
Hucker (Society ()f Arir ni';mrBacteriologists, 1957), was Used. Flagella 
were observed by rthniltrmlrn icroscopy, usirg shadow-cast preparations. 
Sudanophilic incl si(ons were detected by Burdon's method (2) using cells 
grown on nultrienit again i)l-fitimiiig 0 5'o beta-fydroxybutyrate Colonies 
were examined for sizef,. :)or, ci~osistency. and iorpholoyy on yeast 
extract-dextrose c;!iciir (;jrb ;ite i(jar 13) 

Physiological and Biochemical Properties 

Fluorescent )ignierit prod JctIi)ii was irvestilatted on King's medium B 
after 3 days of mn:ubitioti at 28 C, and examined tunder the UV ihght. The 
mode of glLuco.'-;e utilliat"in, oxygen requirernenws, tolerance to sodium 

http:ioyoi.ii


chloride, utilization of asparagin as a sole source of carbon and nitrogen,
catalase and urease formation, action on litmus milk, hydrogen sulphide. 
and nitrite production, and starch, aesculin or gelatin hydrolysis were. 
determined following the methods used by Dye (3), Formation of oxidase: 
and arginine dihydroiase, action on egg yolk, levan -production, potato soft

/ 	 rot 'induction, and the reaction of infiltrated tobbaco leaves were 
determined with the methods described by Lelliott et al (8). For studying
lipolysis of Tween 80 the medium of Sierra (12) was employed. Utilization 
of carbon Compounds was determined by he methods described F.,Stanier 
etal.(13). 

Pathogenicity 
-~--.-Inoculatio tests~were carried out by atomizing leaves-inimediately after-7 

they had been punctured with a hypodermic needle. A De Vilbiss atomizer 
was used. Inocula consisted of suspensions prepared from 24-h old 
cultures grown on King's B slants, and containing ca 101 colony forming 
units/ml. Inoculated plants were kept in moist chambers for 48 h then 
transferred to a screen house. Check plants were wounded similarly and 
sprayed with distilled sterile water. The following plant species were 
tested: sweet corn (Zea mays var. saccharata (Sturtev.) Bailey cv IAC Doce 
Cubano), sorghum (cv Sart), black mucuna (Stizolobium aterrimum Piper & 
Tracy cv Comum), coffee (cv Catual Amarelo), T. filipensis, and bougain
villea (Bouganvillea spectabilis Willd cv Vermelha). All potted plants were 
inoculated at the 3-5 leaf stage. 

Results. 

All strains were Gram-negative, straight rods with rounded ends, 
occurring singly or in pairs,,Electron microscopy revealed the presence of a 
single polar flagellum of unusual thickness which has been shown (4) tobe 
sheathed. Sudanophylic inclusions were detected in all strains, The 
organisms were rather slow-growing on the media. used, forming white, 
circular colonies, with entire margins, convex, butyrous, smooth, and 
characterized by a strongly viscid consistency as they grew older. All 
strains showed identical physiological and biochemical properties in vitro, 
No fluorescent pigments were produced. Oxygen was required for growth
and a strictly oxidative metabolism of glucose was exhibited. Asparagiri 
was utilized in all cases and growth was absent on media with 4% sodium 
chloride. 

The bacteria were catalase-positive, oxidase-negative, and failed to 
'produce levan colonies, to cause potato soft r - and to reduce nitrates, 

Negative responses were obtained for producti .i of arginine dihydrolase, 
hydrolysis of starch, gelatin ur aesculin, and T.veen 80 lipolysis. Results 
were also negative in the egg yolk and hydrogen sulphide tests, Litmus milk 
turned alkaline with curd formation. 

Acid was produced from: arabinose, fructose, glucose, glycerol, 
mannitol, mannose, and sorbitol, within 10 days incubation, and from 
lactose within 14 days. The following substrates were not utilized: dextrin, 
cellobiose, dulcitol, maltose, erythritol, raffinose, rhamnose sucrose, 
melibiose, salicin, D (-) tartrate, L(+) tartrate, meso-tartrate, benzoate, DL



lactate, and oxalate. Variable reactions occurred with regard to the 
utilization of inositol (not utilized by strains ENA-2485, ENA-2540 and lB 
165) and trehalose (utilized only by. strains ENA-2485 and ENA-2515). All

7,strains induced a hypersensitive reaction when infiltrated into tobacco 
leaves.ae 

A comparative study of the pathogenicityof thestrains (Table 1)revealed
« the following: (1) on sorghum and black mucuna, all strains produced 
;. water-soaked, expanding lesions around punctures, on 4th day after
inoculation; (2)on sweet corn, the Triplaris and coffee strains were weakly
 
pathogenic, producing discrete non-expanding, water-soaked lesicns,
 
whereas a typical compatible interactionwas obtained with the sorghum

strains; (3) on Triplaris and coffee, only the respective homologous strainis
 

-..-- were pathogenic-and (4)on bouganvillea-all strains-were non-pathogenic.---


Discussion 

The morphological, physiological, and biochemical characteristics of the 
causal agent of T.filipensis bacterial leaf spot indicated its relationship toP. 
andropogonis. Results are in agreement with those of other workers (1, 5, 
6) who have studied strains of that species isolated from other hosts. P. 
andropogonis fits into group illof the subdivisions proposed by Sands et al. 
(11) for the phytopathogenic pseudomonads. This group included the non
fluorescent pseudomonads affecting gramineae; P. andropogonis is the 
only member with an atypical, sheathed flagellum (4) and a negative 
oxidase reaction, however. 

Variability regarding the utilization of certain carbon sources was not 
correlated to the original hosts or pathogenicity of the "trains This 
variation has also been reported by other workers (5, 6) and has little or no 
taxonomic significance. 

An important characteristic of P. andropogonis relates to its wide host 
range, when compared to the other pseudomonads affecting gramineae.
Besides gramineae, species in other botanical families such as Trifolium 
spp (6), Bouganvillea sp. (10) coffee (9), and now T filipensis are recorded. 

Pathogenic specialization within P. andropogonis previously suggested
by Goto and Starr (5) has also been observed in this study. Thus, the coffee 
and, the Triplaris strains did not cross-infect and were not pathogenic to 
Boojganvillea spectabiis, a natural host of the pathogen in Africa (10). 

O oeofthe bacterial strains from T filipensis used in this investigation 
was deposited in the National Collection of Plant Pathogenic Bacteria, 
Harpenden, England, where it received the number 3132. 
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Table 1. Pathogenicity to selected hosts of strains of J.weudonimwu. andrlpiogonis from Triplaris (T .ilipensis), sorghum, 
and coffee. 

Respon;e of test plantsStrains Original host __ 

Sorghuum Sweet Trip, ris Black Coffee Bougainvillea 
corn Mucuna 

ENA-2485 Triplaris +a + + + 

ENA-2515 Triplaris + + + + - 

ENA-2540 Triplaris + + + + - 

1-155 Triplaris + + + + - 

ENA-100 Sorghum + + -- + - -

NCPPB-934 Sorghum + + - + - _ 

18-165 Coffee + + - + + 

;I'ithoqnic (typical, expavidinq lesions), - - non-pathogenic, + = weakly pathogenic 
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Abstract 

The currant status of fl:aomuoilnjs /lijoresceLIs (setsu Iaoj is that of an 
ordinary water and soil inhabitant. Phytopathologists. when isolating it from 
diseased plants, generally consider the bacterium a saprophytic contami
nant. Howevr, recent studies have implicated some P fluorescens isolates 
as disease agents. This paper gives as an example a disease of garlic (Al/horn 
;,tjvwjm callhd in France "caf6 au lait," caused by a pai-icular strain of P 
f/u, . , The disease essentially results in a lateral rot of the plant in the 
field. Wet weather leads to soft rot of the whole plant. Three hundred fifty 
strains of 1' fi , ,, i. (Lelliott's groups IV and V)isolated from garlic, soil, 
and various plants were studied The non pathogenic isolates were separated 
in niany phenotypes that did not fit with Stanier's biotypes. On the other 
hand, all the 80 strains pathogenic to garlic could be classified as the same 
phenotype that is a subdivision of Stanier's biotype A. The most useful tests 
for definition of phenotypes within ' irt,,s are as follows. oxidase and 
arginine dihydrolase, growth at 41'-C, leven formation, denitrification, 
gelatin, ethanol, trehalose, gluconate, serological agglutination and colistine 
sensitivity. 

Introduction 
Since 1976, a new bacterial disease of garlic (Alium sativum), called

"caf6 an lait' disease, has appeared in the southwest of France, a 
traditional garlic growing are;a. 

During the growiro season, April to June, diseased plants show 
yellowing and wdt ai(( (if on.,or two leaves, in addition, a brown rot of the 
pseudostem devfi'.,. 1 tt? l.e.wons ippear initially at the base of the leaf 
sheath, genieraly on ort.rnal leaves. During periods of rain, diseased 
plants decay ;fiilojto.ly How.ver, bulb formation usually is not affected, 
and diseas.,e is r wti irtid to thie tunics that become torn and dark brown. 
Losses are iif r ri l t7 rowejtfwrs when they have to market brown tunic 
garlic of low iIou i r i a tlity 

No known phytig;.aothogeowi hacteria were obtained from the isolatiors 
from diseased plants, hut iany unknown bacteria, including numerous 
strains of Psoudwod ,s /itiorescens, were isolated. All strains were 

ij 
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inoculate(d on garle: to check pathogenicity. Symptoms of garlic soft rot 
were rep odLJ(:e] WIt som e ()f th e isclates that were identified as P. 
f/uorescenms HoweVer, strais p |thogenic to garlic were only a portion of 
the P. I//ores:t'is str;a 1s isola.tel, other strains did not elicit symptoms.

Bacterological i:haJr atefristics were studied to determine the differences 
between thle piat 1gtin c and nonpathogen ic strains of P. fluorescens. 

Materials and Methods 

Bacteria 
St LidIe s wetre comn p1lt eil with 22 1 strains of Pseudomionas fluorescens 

isolated from cafe an lait garlic and from garlic field soil These strains 
were compared with !h, following similar phytopathogenic species. 
Pseudomonas nian/Ifhn/1s pv. alfala CN13P (Collection Nationale de 
Bacteries Phfytopathotues, INRA, France) 2039 ( NCPPB 2644). isolated 
from MedicagO saV') hy Shinde and Lukezic 1971 , P maryinal/s pv
margina/is CNSP 138/ ( AT CC 10844), isolated from Cichorium iutybus by
Friedman 1949, P fimari/lms pv. pastriacea CNBP 2038 ( ATCC 13889), 
isolated from Pasrta'ici sp, by Burkhiolde 1959, P. fluorescens CNBP 
1968, isolatt(d from Apluom ;qraveoleus by SLirico and lacobellis 1978, P. 
f/luorescens CNBP 1973, 1974. and 1975, isolated from Fuenicolum 
VUyaf?, by SLiti() ;rd lacti)hlllis 1978, and P. fluorescoms 26 II, isolated 
from Psaliotai h/a , ,y Olivir 1978 

Bacteriological Characters 
Procedi.. lol lowjvvi wer m,Ifly those described )y Lelliott etal 12) and 

Stanier ot i 4) l c : n King s B, arginine dihydrolase according 
to Thornley. iixitoase t',t, levan productiont denitrification, and growth at 
4 C and 41 C I fe olloiwiiij carhuit SoirCeS were added toa iquid mineral 
nUtrient nitedinti (;COittaiitit h1Iit()thynnol blue to detect acidification or 
alcaliuis;itiWI etl arni, trehalose., SLCrUSe, adonitol, erythritol, sorbitol, 
irositol, arid D t t{}rt e~zflit:()t ltr lpiiysiolo(l(-al tests thatwere; periorniedIilc ItJ(ml (if ii't .lcii ', 1 tat,;tIr frii sucrose, egg yolk, gelatin according to 
Frazier e,,ijin titratemlyw- reduction, pectate liquefaction onp~olypel:tatt.' (pH 'i ,;ic:(rintuj to f{ihld. [ran(d, arnd glucortate oxidation Slide. 
aggliitmttatinti wa, nlte++t+inl .with ant;isl-era pre;pareni wtht strains pathogenic 
to garlic, orw, with heuat killeid tbcteria (n' 105), the other one with whole 
motile cO!s ((i 1 14). Sefnsitivity of the, bacteria to colistin was tested with 
discs (50 ri,;) f-(,pr-iiit;vn rea(jctiot was completed on leaves of 
NA;otimia ta r,ti;i Xa itl il p"lnts 

Pathogenicity Tests 
Potted or fl ti, Of A/Hunt1 StWiVuIm Were inoculated by leaf 

infiltration witti a ifmtli of 10 bacterial nil All hacteriological arid 
pathological tett, vwet . +pit. I tfree tinos 

Results 
All strains we.re, fliir (;wit on Kitng's B IritliuM, produced no 

orange blue; piqrerit on Kinqs A mledium, grew at 4 'C, did not grow at 
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41 0C, and were oxidase and arginine dihydrolase positive. They all could be 
classified as strains of P. fluorescens (1). 

Pathogenic Strains 
All 85 pathogenic strains show the same characteristics (Table 1), with 

the exception of ability to liquefy polypectate. This was variable with the 
isolates. The majority are pectolytic, however. Nonpectolytic strains are 
stable because. if they are reisolated from inoculated plants showing, 
symptoms, all the colonies from such strains are also nonpectolytic. Thus, 
pectolytic activity, as demonstrated in vitro, is not a uniform charaicteristic 

f .. for garlic strains. Hilbebrand's medium gave the most constant results, 
compared to potato slices and to Kaiser and Prunier's calcium pectinate, 
HR on- tobacco s positive':just'after lsolatlon',-After-two -transfers,-the 
cultures gave negative results. 

Nonpathogenic Strains 
Among 144 nonpathogenic strains, 11 were essentially similar to 

pathogenic isolates. The 133 remaining strains were distributed in about 
60 different combinations of the tested characters. When the biotype 
classification of Stanier et al. (4) and Doudoroff and Palleroni (1) was 
followed for the species P. fluorescens, based on levan production and 
denitrification, nonpathogenic strains were as follows: (a) 22 percent 
belonged to biotype A or I, but only half were ethanol negative; strain 1973 
was ethanol positive; (b) 20 percent belonged to biotype B or II,positive on 
any biochemical test (strains 1387, 2038, and 2039 were in this group); (c) 
15 percent belong to biotype Cor Ill, including strains 1974 and 1975; (d)46 
percent belong to the miscellaneous group (1) or G biotype (4). Among 
them, 5 percent are Pseudomonas putida. Strains 1968 and 26 II are 

*. classed in G biotype. 

Discussion 

Pseudomonas fluorescens seems to be a. very complex species 
composed of many different biovars. Strains pathogenic to garlic constitute 
one particular biovar. The 11 other isolates giving the same bacteriological 

.. pattern may be nonaggressive strains of that pathogenic biovar. Two tests 
seem to be specific to garlic strains: serological agglutination and colistine 
resistance. The presence of a specific serogroup within P. fluorescens is 
rather surprising, as well as evidence of colistine resistance since colistine 
is known to be particularly active on strains in the genus Pseudomonas. 

Concerning the strains non pathogenic to garlic, they may represent a 
randomsampling of P. fluorescens populations. 

Garlic "cafd au lait" studies lead to just one P. fluorescens biovar., 
Discordant results exist in literature about potato macerating isolates of P. 
fluorescens. According to Sands and Hankin (9) they represent a 
continuum of phenotypes from P. fluorescenstoP putida.On the contrary, 
for Cuppels and Kelman (2), they generally belong to biotype II.Discordance 
may result from isolation methods, particularly when selective media are 
used. 
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Table 1. Differential characteristics of Iseudotna..flij.resceits strains isolated 
from diseased garlic (..llium .wali-uI1) or garlic field soils. 

Pathogenic 
Tests strains Nonpathogenic strains 

Levan production + 

Denitrification 

Ethaniol acidification 

Sucrose " 

Trehalost, + 

Adonitol + 

Erythrtol + 

Sol bitol + 

Inositol + 

D(--) tartnate alkalinisation -

Esculin hydrolysis 

RN'ILCiir substances from suctose + 

Glcntlate oxirat lon 

Er(tq YrrK + 

Gelat r + 

N itrate t l io-

PolyperIte I pl- 8) +-

Colistire disc 50 rrr1 R 

Serologuical jolIullination 4 
WI 10!-) doll I14 

Patholo rI- t I/thIm sli olll t 

Nurrl fii sr rrr" 85 

4- 4 + - 

- - + + 

+ 

+ 

+ 

+ about 

+ -60 biovars 

+ (2 strains/biovar) 

+ 

+ 

+
 

+ 

R generally sensitive 

+ 

11 133 

Further work otr the taxonomy of P. fluorescens is needed, particularlyon 
isolates that elicit biological activity such as pathogenicity. Levan 
produCtlOn and dtr itiro tri, if important, are not sufficient to give 
account of he tero(ci;isty of the species. Sands and Rovira (10) added 
ethanol, trelrhaose, sotfbrtol, and gelatin utilization, a nd they classified their 
isolates iccording to GLDE IS rombinations. Tihe present Study indicates 
that more rilt,(d and help i the differentiation ofchlracttrs ,jrf! can 
strains ini the whole specte.s Whrr working on P. fltoroscets isolates, one 
should choose a loll'l l'it of (h.,r(irintive binchemical lests, serololrcal 
reactions. atdilitbi)i ;.tic. iansenisitivities in order to obtai adequate data 
base for corpa t I.,(ti-,itivolvirn. tire stri irus 

Garlic patlhntc strains constitute ona more example that 



Pseudomonas fluorescens is not an ordinary saprophytic organism as it 
has been considered for years by many phytobacteriologists 
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Bacterial Brown Blotch, a Disease 
of Rice in Tropical America 

J. C. Lozano, CIAT, Cali, Colombia 
J. Victoria, Instituto Colombiano Agropecuario, Palmira, Colombia 
A. C. Velasco, S. W. Ahn, ClAT,Cali, Colombia 

Abstract 

A bacterial disease of rice not described previously has been observed in 
Central and South America. Symptoms are characterized by spreading 
brown blotches on the leaves. Systemic invasion by tile pathogen causes 
necrosis of the vascular system of the leaves, resulting in their partial or total 
browning. Under greenhouse conditions, losicn enlargement is generally 
slower than that of bacterial leaf blight. The pathogwi grows on media 
containing different sources of carbohydrates. Colonies o, Wakimoto and 
Yoshii medium are round, entire, and (lark yellow, easily distinghuishable 
from those of Xiir/'h fi fv' , t/l', If pv.o , on the same rnedium. 
Althou(h the organism has the general characteristics of members of the 
genrus <.irilfr ,, several physiological and biochemical charac:toristics 
aro different from those reported for i' ,.,H', pv. )fv/,ir' Similarly. 
rus,stanco to this organsm !s not correlated with resistance to the causal 
ageont of bacterial blight of rice 

Introduction 

In 1977, in the cotirse of a survey for bacterial blight in the Americas (8) 
an atypical haclerlal (i si asie syrmlptoln was observed in several rice 
plantations of Central arid South America (Panama, Colombia, Peru, 
Bolivia). Isolatioms from plants with these sytptois yielded bacterial 
colonies differentl fot on th(. same medlUm.fr those of X(co 

The following I icle,,r al dis(.-Jsi.!s of rice iave been reported whose 
symptoms and (Iii al itq;nts ar well defined (9) 

1 . Bacterial blig I Xi '/?lc/;lof.'; 1,afe/w 1r/s pv oryza.) (Xco) (20). On 
seedlings. i aluar, ,' tly watrsoaked spots at the margins of fully 
developed le;aw / , tr )(,wit enlarge, the leaves turn yellow, dry 
rapidly, and witLr ()M l,;ifl)lades, lesions ,;ually hegini at the 
margin, a few cm l) walersoaked strips. Lesions enlarge,fom it is. s 
nave a wavy morillm jrill 'Hi t;,',%llw Within a few days. They cover the 
entire blade, lturn ,l if , i hic(o)lmii .reymlih (9-10) 

2. Bacterial leaf !,tr-,k X "rs,:;u S up. ory:icoa) Initially shows fine 
translucent .tr,.ik. ,fil;ir(jmlj lrlthwli.Se! over the larger veins. Old 
lesiorns become mli ii tilfi liter, brown andd tihe entire leaves tur 

ie (9 10)
 

http:lrlthwli.Se


3. 	 Bacterial stripe (Pseudomonas panicl). The disease starts from the 
lower part of the leaf sheath, where water-soaked, dark green 
longitudinal stripes are formed. The disease is present mostly on young
plants (9). 

4. 	 Bacterial sheath rot (P. oryzicola). The disease develops before the ears 
emerge on leaves sheathing the panicles, On stems, it produces blurred 
spots which turn brown or black later (9). 

This paper describes a fifth, previously unreported disease and its causal 
agent in the Americas. It is apparently different from the other four 
pathogens. 

~~Materials and~Methods 

The pathogen was isolated on Wakimoto and Yoshii medium (9) by 
streaking a bacterial suspension that was obtained by suspending several 
leaf pieces in sterile water for 30 min. Forty-eight hours later after 
incubation at 28oC, pure cultures were obtained by selecting typical 
colonies and restreaking on the same medium., Cultures were grown for 
pathogenicity and biochemical tests at 281C for 48 h. 

Inoculations were made on 60-day-old rice plants by: a)the leaf-clipping 
inoculation technique of dipping a sterilized scissors in a bacterial 
suspension and cutting the leaves 4-5 cm from the tip (9); b) cutting the 
roots and then dipping them into the bacterial suspension; and c) pricking 
the leaf -blades with sterile needles smeared with the bacterial suspension. 
Root-inoculated plants were planted in sterile sandy soil andwatered daily 
with sterile water for two weeks after first symptom expression. For these 
inoculations, bacterial suspensions were adjusted to concentrations of 
approximately 1 x 10 cells/ml. 

Cultural, physiological, and biochemical tests were completed following 
the procedures previously used to characterize Xco (9, 10, 12). Strains of 
Xco (1185 and 1186) of the CIAT bacterial collection served as checks 
throughout the study. Pigments were extracted from 36 h cultures 
following Starr and Stephen's (18) procedures. Ten 2-month-old plants 
were inoculated per genotype and strain by the leaf clipping inoculation 
method. Readings were taken 4 weeks after inoculation, 

Varietal reaction was recorded based on Ou's 1 to 10 scale for evaluation 
for resistance to Xco (11). 

Results and Discussion 

Five days after leaf clipping and pricking inoculations, initial symptoms 
appeared as tiny brown spots spreading from the inoculated point. These 
spots enlarged and coalesced, spreading as brown blotches; in hand 
sections, vascular necrosis was evident 15 days after inoculation, Fifteen 
days later, partial or total blight with brownish borders is present 
resembling those symptoms induced by Xco in advanced stages of infection 
(Fig. 1).Inplants inoculated via roots, leaf symptoms appeared 7days after 
inoculation Initially, they appeared on leaf tips as tiny brown spots that 
enlarged to form blotches and then the syndrome described above, Roots 
Gf 



Fig. 1 . Symptoms o rice Bltiuebonnet-50 leafclippingrinocuated (1 x 109cell'Sm ) 
7with the brown Nocbacterwtn) (Upr)and Xco (lower) 30 days after incubation in 
greenhou)se at 241C (281C maximuim; 16GC inikumn) average and 2500 f.c. for 12 
11daily phatoperiod. 

showed vascular necrosis and brown vessels, Generally, the development 
of symptoms was much slower than the Xco infection. 

Colonies on Wakimoto and Yoshii medium (9) are smaller, less mucoid 
and more yellow than those of Xco on the same medium. The pathogen is a 
rod with a single polar flagellum, Some physiological and biochemical 
characteristics were different from those reported for Xco, especially the 
absorption spectrum of the yellow pigment (Fig. 2) (18), in oxidase 
production (6; 19), toloerance to tetrazoliumn chloride (TZC) (7), H2S 
production from cyteine (1), esculin hydrolysis (16) and acid production 
from glucose, galactose, trehalose and cellobiose (Table 1, 2, and 3)(1, 12). 

Varietal resistance was apparently not correlated with resistance to the 
gstrainsof Xco used (Table 4). 

From the cultural, physiological, and biochemical tests it is evident that 
thi pathogen belongs to the Xaltliononas genus (1, 2, 18). However, the 
causal organism is different from Xco with respect to symptoms on rice and 
:also from the other reported rice bacterial pathogens (9, 10, 11, 12). In 
addition, it differs in some cultural, physiological, and biochemical 
charactersti from Xco (Table 1, 2, 3). The host to the bacterial brown 
blotch pathogen does not appear to correlate with that of Xco (Table 4),

;although various pathotypes of Xco have been reported. It appears that this 
pathogen differs in a number of characteristics, to the extent that it could be 
considered as a different pathovar of Xco on rice. Its geographic distribution 
in America indicates that the pathogen could be a native of this continent 
that evolved on native cgrv~ weeds closely related to rice. It has been 
isolated from liendre de, puerco (Ec/iinocloa co/onurn), and samples taken: 

-from both infected plants in rice fields and weeds following crops of rice, 
The taxonomic status Of this bacterium as well as its ecological behavior 

can only be determined after further investigations in which a number of 
~.different strains of Xco are compared with those of this pathogen from 

different geographcal areas of Latin American rice growing regions, 
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Fig. 2. Absorption qp,,:1rtim 
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Table 1. Morphological and biochemical characters of Nanitwhoonas cnp'stris 
pv. ri-vzav and a yellow group of isolites from tropical America. 

.X'. '. orl'ida Yellow .group 
Reference (CIAT isolates (CIAT isolates 1171, 

Chdractr source 1185 & 1186) 1173, 1187, 1191 

& 1192) 

G(arn slain Gram-negative Gram-negative 

Flagellation single polar single polar 

Bactrial pigments 18 465 - 438 nm b 473 - 455 nm 

Ox idase 6,19 - + 

Catillase activity 1 -- + 
G(lUCIIsC Utilizlation 4 Oxidative Oxidative 
Nitrate: leduction 17 --

ToleIance to o,o TZC 7 0o/o 0.02 - 0.05o/o 

Indol : 5 -

H2 S l)r(.(lLiCt1l from CyStIOItlf! I +- f-f

' l rL , I - P( ,it f r ,lr:tlr)h ±t"n weakly Ipo jiti j ri,;Iction; (1 2 1 to) 79o/o 

() ihtfjl , J'rl, ,,j,i r, IJl 

ft) 'l , ( r ,' l* l ~ +t r , t .f r ~ l l l 



Table 2. Biochemical and physiological characters of .\anthomonas campue'tris pv. 
orv:r-e and a yellow group of isolates from tropical America. 

X. ,. , i*1 Yellow (]roup 
Rrdetnce (CIAT isolates (CIAT isolates 1171, 1173, 1187, 

Char actur source 1185 & 1186) 1191 & 1192) 

Giov.th at 35 0 C 1 d +
 

EsciLtkrI hydrolysis 16 -_
 

Cast-irn Hydrolysis 1,15 -


Gelatin liuuefaction 12,17 +
 

UI lease ptoduction 1
 

Growth in 50'o NaCL 1
 

Acid production on: 1,12
 

- Arabirnose +
 

- Glucose + +
 

- Mannose + d
 

- Galactose + 

- Trehalose + 

- Cellobiose + 

= re.itive reaction; - = positive reaction - = weakly positive reaction; d =21 to 790/o of 
isor tes ,vetr )OSitPiJt. 



Tahle 3. Biochemical and physiological characters of Xanthotnonas cainpestris pv. 
orv-zae and a yellow group of isolates from tropical America. 

.\.c. urIcaL 
a Yellow group 

Reference (CIAT isolates (CIAT isolates 1171,1173, 1187, 

Character source 1185 & 1186) 1191, & 1192) 

Tyrosinase 1 - 

A-Glucosidase 3 Acid
 

Lipolytic activity 14 + +
 

Phenylalanine deaminase 13
 

Ammonia production 1 + +
 

Acid production on: 1,12
 

- Xylose + 
 -

- Fructuose + 4+ 

- Sucrose + 

- Starch 

Gas production on: 1,12 

- Glucose 

- Sucrose 

a = negative reaction; + - positive reaction; - weakly positive reaction; d - 21 to 790/o of 

isolates were positive. 



Table 4. Reaction of some rice genotypes to Xanthonnas canipe ti"ispv. 0ry'zae 
and to a yell.jw isolate causing brown blotch from tropical America; 15 days after 
clipping inorclation ( 1 x 109 Cells/Mi). 

X.C. 0r1:0c Yellow isolate 
Genotype (CIAT No. 1185) (CIAT No. 1192) 

Native capuringa 1 10a 9 
CICA 4 7 9 
Bbt - 50 8 10 
6028 (Bahagia x IR262) 8 9 
6041 (Bahagia x IR262) 10 10 
6065 (Bahagia x Bg 90 -2) 9 J 
6067 (Bahagia x Bg 90 -2) 7 9 

Pelita 1/1 4 1 
Tadukan 5 2 
OS-6 4 2 
5955 (Bahagia x 73-805) 4 3 
6008 (Bahdgia x 73 -805) 4 1 
6045 (Bahagia x IR262) 6 2 
6071 (Bahagia x Bg 90 - 2) 6 1 

1R 2070 -423 -2 -5 -6 3 9 
T 442 -57 2 8 
5979 (Bahagia x 73-805) 2 9 
6009 (Bahagia x 73 -805) 3 7 

DV 2 8 2 
5976 (Bahagia x 73-805) 7 2 
6025 tBahagia x I R 262) 8 3 
6068 (Bahagia x Bg 90 -2) 9 2 
6072 (Bahagia x Bg 90 - 2) 10 2 

Remadja 3 1 
B 66- 1 3 1 
5959 (Bahagia x 73 -805) 3 2 
5984 (Bahagia x 73 -805) 2 1 
5990 (Baliagia x 73-805) 3 2 
5999 (Bahagia x 73 -805) 3 1 

'Disoase rating to owing Ou's scale of evatuation (Plant Disc. Reptr. 55:17-21). 
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Abstract 
During 1980 and 1981, young plants and, after cutting, mature plants of 

the promising tropical forage legumes Zornia brasiliensisand Zornia sp. (CIAT
7847) became chlorotic, stunted, and wilted and often died at forage
evaluation sites in Colombia. The causal bacterium was identified as 
Corynebacterium flaccumfdaciens This is the first report of bacterial wilt in 
Zornia app. nnd the first report of the occurrence of the pathogen in tropical
Latin America. The seedlings of Phaseolus vulgaris were susceptible to this 
pathogen in inoculation tests. Since the bacterium is seed-borne, care is 
being taken to prevent its spread from Colombia to other countries. 

Introduction 

Zornia is a prostrate to erect, hlcrbaceous, perennial, bi- or quadrifoliate
legume, native to the tropical savanna regions of South America (6). Over 
the past 5 years evaluations in Colombia have provided evidence of the 
high quality and productivity of this species and its potential as a forage
legume for the acid infertile soils of the tropics (1, 2).

During 1980 and 1981, young plants and, after cutting, mature plants of 
promising accessions of Zornia brasiliensis Vog. and Zornia sp. wilted and 
often died at forage evaluation sites in Colombia. Cross-sections of lower 
stems and taproots showed brown coloration of the outer vascular tissue. A 
bacterium was consistently isolated from affected tissue. 

As no previous reports of this disease onZornia spp. could be found in the 
literature, the following study was made to identify the causal organism 
and confirm its pathogenicity to Zornia spp. 

Materials and Methods 

Isolates 
Sixteen isolates were collected from diseased plants of Zornia sp. CIAT 

7847 at Santander de Quilichao, Cauca, Colombia. Isolates were grown on 
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yeast extract-dextrose-CaC0 2 medium (YDC) at 271C and maintained on 
YDC at 151C (4). 

Morphology and Cultural Characters 
Cell morpholog'! was observed by using the Hucker modificiation of 

Gram stain (9) and the Fisher and Conn modification of Bayley's method 
was used to observe flagella (9). Cultural characters and pigment 
production were determined on nutrient agar (NA), tetrazolium chloride 
medium (TZC), and YDC (9). 

Biochemical and Physiological Properties 
The methods used to determine biochemical and physiological proper

ties of the isolates have been described previously (5). 

Pathogeiticity 
Inocula for pathogenicity tests were grown in Petri plates of YDC for 48 h 

at 271C. Cells were suspended in sterile distilled water at a concentration 
of 106 cell/ml. Young plants at the three and four leaf stage of Zornia sp. 
CIAT 7847 and 3 -week old plants of Phaseolus vulgaris P 635, P. lunatus, 
and Glycine max were inoculated by leaf cutting and by needle puncture. 
The controls were inoculated with sterile distilled water using the same 
methods. Plants were rated for disease reaction 12 days after inoculation. 
Reisolations were made from inoculated plants and Koch's postulates 
were completed. 

Seed Tests 
The presence of bacteria in seed was tested on nutrient agarwith seed of 

Zornia sp. CIAT 7847. Seeds were surface sterilized in 1% sodium 
hypochlorite solution, washed in sterile distilled water, placed on nutrient 
agar and incubated at 27 0 Cfor 48 h.All bacteria that grewfrom seeds were 
compared with isolates from affected plants of Zornia sp. CIAT 7847. 

Results 

Bacteria Characteristics 
All isolates were Gram-positive, non-spore forming short rods with 

rounded ends, with a size range of 0.6 to 3.0 x 0.3 to 0.5 nm. Cells were 
motile with various flagella. Colonies on nutrient agar after 24 h at 27'C 
were circular, convex, entire, and butyrous. On YDC, the colonies were 
colored creamy-yellow (Table 1). 

All isolates were catalase-positive, hydrolyzed starch, grew at 371C, 
grew on tetrazoliurn chloride medium, produced yellow colonies on NBY 
(5), and produced acid from cellobiose, rharnnose, mannose, ribose, 
mannitol, sorbitol, and inuline (]able 2). In addition, all isolates were 
oxidase-negative, did not reduce nitrates to nitrites, did not form levan, did 
not produce a blue pigment in YDC, and did not reduce sucrose (Table 2). 
Isolates had a variable reaction in the production of acid from rnelezitose 
(Table 2). 
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Table 1. Characters used to differentiate common genera.a 

Isolates from 
Characters Zornia sp. (or"nebaeteriutm Agrobacterium Erwinia Pseudomonas Xanthomonas 

CIAT 7847 

Growth in common media + + + + + + 
Gram stain + + .... 

Colonies yellow or orange + + V- - + 

on media YDC, NBY 
Fluorescent pigment on KB .... V+ 

Anaerobic growth - + - 

a From the Laboratory Guide for Identification of Plant Pathogenic Bacteria. Ed. N. W. Schaad. 
= + = Result positive; - = result negative; and V result variable. 



Table 2. Determination of four pathogenic species of Corvnebacteriunma,band comparison with an isolate from Zomia sp. 
CIAT 7847. 

Characters C. nichigan'ns, C. ilicis C' fasciens C. flaccumnfaciens Isolate from 
Zor-nia sp. 
CIAT 7847 

Motility - + - + + 
Maximum temperature of growth 29-35 37 34-36 35-37 37 

Catalase + + + + + 

Oxidase -(c) - -

Nitrates to Nitrites 

Production of acids: 
Rhamnose + - + +
 
Mannose V + + + +
 
Ribose + + + +
 
Celobiose V + - + +
 
Melezitose + - + V
 
Starch
 

Inuline
 
Mannitol V + + + +
 
Sorbitol + + V +
 

Reduction of substances V .... 

(Sucrose) 
Levan V .... 

Hydrolysis of potato starch V - + + + 

aFrom Dye and Kemp (1977). bAll are Gram-positive; strictaerobes. CMandel etal. (1961) reported Oxidase positive. 
= + = Result positive. - Re s ult negative; V = Result /ariable. 



Pathogenicity 
AllI isolates caused chiorosis, wilting, dieback and, in some cases, deatj

of young plants of Zornia sp. CIAT 7847. The bacterium was readiiy
reisolated from inoculated plants and Koch's postulates were successfully 
completed with 16 isolate.. 

In addition, the bacteri rn,.caused chlorosis and severewilting of 3-week 
old plants of Phaseolus vulg4ris P 635. Phaseolus lunatus and Glycine max 
were not affected when inoculated with isolates of the bacterium. 

Seed Tests 
The bacterium was readily isolated from seed of Zornia sp. CIAT 7847. 

Levels ranged from 75 to 100% of sead infected. 

Discussion 

The severe wilting and death of young and mature plants of Z. 
brasiliensis and Zornia sp. CIAT 7847 observed at forage evaluation sites in 
Colombia 	during 1980 and 1981 werefoundto be caused bya bacterium. 
On the basis of its morphological, cultural, biochemical, and physiological
properties (Tables 1 and 2), this bacterium was identified as Cor
ynebacterium flaccumfaciens Hedges. This is the first report of bacterial 
wilt of Zornia spp, caused by this pathogen. 

Corynebacterium flaccumfaciens caused wilting of Zornia spp, with 
similar symptoms to those described in other leguminous hosts (3, 8). In 
addition, 	brown coloration of the vascular system was similar to that 
previously reported in alfalfa (3). 

Although P. lunatus and G. max were not affected by the bacterium, P. 
vulgaris P 635 was most susceptible. In the United States, C. flaccum
faciens can cause severe losses in beans (8). As the presence and 
importance of the pathogen in Latin rAmerica is unknown (8), this first 
report on the bacterium and its pathogenicity in beans should be well 
noted. 

As has been shown in beans (8), the bacterium is seedborne in Zornia 
spp, Importing of seed of infected Zornia spp. is being avoided to prevent the 
spread of 	this disease. 

Further studies are in progress to determine the host range of the 
pathogen among tropical forage legumes, the survival of the bacterium in 
soil, and methods of producing clear seed. 
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Abstracts
 

OCCURRENCE OF Pseudornonas solanacearum ON Phaseolus BEANS 
IN BRAZIL. Akiba, F., P. S. T. Brioso, R. deL. D. Ribeiro,O. Kimura,J.P. 
Pimentel, and C. F. Rot)bs. Universidade Federal Rural do RiodeJaneiro, 
Seropbdica, Rio de Janeiro, Brazil. 

In 1980, a severe oiutteirak of bacterial wilt occurred on pole beans 
,Phaseolus tu/jyar:; L. ) at the locality of Mag6, State of Rio de Janeiro, 
Brazil The plitho.e;r was characterized as race 1, Hayward's biovar I of 
Pseudomon 's,olaitnac:,tijrint.Pathogenicity of the bacterium was checked 
in the greenh.use by means of inoculations using the tooth-pick method 
and oculJura levels of Ca. 10" viable cells per ml. The bean isolates were 
pathogenic to tonato (cv. Kada), eggplant (cv. Florida Market) and soybean 
(cv Santa Rosa), but not to tobacco (cv. Amarelinho). Inoculations were 
made on 203 cultivars of dry beans; of these, 49 were rated as resistant and 
154 as susceptibie. Among the susceptible ones were the cultivars Rico-23 
and Venezuela-350, two of the most important black beans grown 
commercially in Brazil Bacterial wilt is a potential danger for Brazil, 
although it has th rn reported only in one locality in the State of Rio de 
Janeiro 

(Piptr Iprwrhd ;t th, (. ,ri,', rintUscript not received in time to publhsh.) 

EVIDENCE c A BACTERIUM ASSOCIATED WITH THE PLANTAIN 
PSEUDOSTEM ROT DISEASE IN THE DOMINICAN REPUBLIC. 
Angeles Ramos R. Departamento de Sanidad Vegetal, CESDA, San 
Crist6bal, R. D. 

This disease is producing great losses in the main plantain regions of the 
Dominican Republic. Its most conspicuous symtoms are: (1) Pseudostem 
watersoaked rot, that advances from the outside to the inside and from the 
upper part of the trei toward the rhizome and (2) necrosis beginning on the 
oldest leaves and later advancing to the youngest ones. Internal leaf 
sheaths show initially water-soaked spots that later become rotted and 
show a brown color. Eventually, the plant bends over and dies. For many 
years this disease was suspected to be caused by the fungus that causes 
"The Panama Disease (Fusar/umoxysporurn f. sp. cubense). In this study 
we have found that thei probable causal agent, is a bacterium belonging to 
the genus ErwInla Ihis is a gram-negative, rod-shaped, motile and 
facultative anaerobu bacterium. Colonies on nutrient agar and yeast 
extract dextrose calci umq' carbonate are creamy-white, smooth, and slightly 
mucoid Gelatin lIquLfaction variable, starch not hydrolized, oxidase 
negative. Sufficient ;acid to change the color of Bromothymol blue was 
produced from rharnnose, maninose, and methyl D-glucoside, but not from 
sorbitol In pathogenicity tests we were able to reisolate the bacterium from 
rotted spots piroducod in the inoculated leaf-sheath tissues. 
(Pape r prf5 ,'itird il to, (:()' if!!r.ric(t, raiIsi:cript not received in tinre to p)ubliSh 
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New Developments in Microbial 
Identification and Taxonomy 

Introductory Remarks
 
by E.L. Civerolo, Chairman, Session II
 

Recently, many previously recognized species of phytopathogenic 
bacteria were combined, based on their overall similarities. Those 
phytopathogenic bacteria which cannot be adequately differentiated on the 
basis of phenotypic characteristics have been given the infrasubspecific 
epithet pathovar, based on their distinctive pathogenicity to one or more 
host plants. 

Based on work with several strains of Xanthomonas campestris 
pathovars, various forms of enzyme-linked immunosorbent assay (ELISA) 
appear to be useful for detecting and identifying, as well as evaluating, the 
serological relationships among pathovars and strains of phytopathogenic 
bacteria (including fastidious prokaryotes). In indirect ELISA, analyses of 
competitive antigen or antibody inhibition curves, rather than binding 
curves, may be particularly useful for quantitatively determining antigenic 
similarities among these phyiopathogens. However, as with other 
serological techniques, the applicability of ELISA for identification and 
taxonomy in phytobacteriology depends upon adequate determination and 
evaluation of the parameters of specific techniques. Although the 
taxonomic significance of specific antigenic determinants is not completely 
understood, improved taxonomic resolution at the species and subspecies 
levels might be achieved by further adaptation or modifications of ELISA (or 
other serological techniques). 

The serological cross-reactions between Corynebacterium 
sepedoniciun, C. michiganense, C. insidiosum, and an unidentified 
coryneform bacterium observed by indirect immunofluorescence using 
immunoglobulin prepared from gluteraldehyde-fixed cells of C. 
sepodonicun differed quantitatively between antisera from different 
rabbits and was lowest in antisera soon after beginning immunization. 

Using immunoglobulin prepared from antisera against gluteraldehyde.. 
fixed whole cells oi X. c. pv. rnanihotisandX c. pv. cc .savae,no serological 
cross reactions between these pathovars were detected in immunodiffu
bion or direct immunofluorescence (IF) tests. Thus, serological 
relationships based on cross reactions maydepend upon the immunization 
schedule for antiserum production, antigen preparation, and the specific 
serological test Using indirect IF strains, C.sepodonicum was detected in 
symptomatic tiSSLe; however, results obtained by this technique need to be 
interpreted cautiously as cross-reacting gram-positive, gram-negative, 
and gram-variable bacteria were ostensibly associated with diseased and 
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healthy potato plants. In addition, low populations of phytopathogenic 
bacteria may limit the ability to detect "latent" infections by indirect IF. 

The use of electrophoretic analyses of proteins in polyacrylamide gelsto 
indicate relationships at the species level was illustrated with 
Pseudornonas andropogonis strains. P. andropogonis strains were 
distinguishable from other pseudomonads based on comparative one
dimension SDS-polyacrylamide electrophoretic protein analyses. In 
addition, the synonymy of the normen-species P. andropogonis and P. 
stizolobil was support- d by these protein analyses. 

A simple method based on detection of characteristic xanthomonadin 
pigments was useful for identifying and distinguishing X. campestris 
pathovars from other yellow saprophytic bacteria. This was e nerally more 
reliable than colony appearance, induction of a hypersensi.ve response in 
incompatible hosts, or physiological tests. 

Future work might focus on other chemotaxonomic markers, protein 
analyses, development of new, improved, or modified serological techni
ques as related to phytopathogenic specialization or ecological 
characteristcs. The specificity, sensitivity, and reliability of these techni
ques to resolve the taxonomic significance of complex antigenic deter
minants in phytobacteriology may be clarified by international standar
dization of serologicai pr cedures and techniques. It seems that the 
potential of molecular methods, such as computer-assisted protein 
analyses, to analyze si Jb(]eneric hetergeneity among phytopathogenic 
bacteria (and other fistidious prokaryotes) that might have taxonomic 
significance has not been fully developed. This doe, not preclude other 
approaches, such as numerical analyses of biochemical and phsiological 
characteristics, genetics, gene-product analyses, bacteriophage reactions, 
selective isolation media, or analyses of characteristics that are ecological
ly relevant to resolving taxonomic problems. 

E.L. Civerolo 
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Value of Xanthomonadins for 
Identification of Pigmented 
Xanthomonas campestris 
Pathovars 

M. S. Irey 
R. E. Stall 

University of Florida 
Gainesville, FL 

Abstract 

Colonies of pigmented X,'mthofn ,i co til)ue.strls pathovars often can not be 
distinguished visually from colonies of other yellow-pigmented bacteria. 
Physiological tests that characterize the genus Xahntlih atNitwore not useful 
for distinguishing Xaf1t/,uf1iu) ,J: isolates from other yellow bacteria. N ccrosis 
in tobacco also was not a consistent characteristic for many xanthomonads. 
However, thin-layer chromatography of yellow pigments was a simple and 
accurate method fo identification of the pigmented X campestr/spathovars. 
The Xanthomon!, pigment (xanthomonadins) had an Rf value of 0.42-0.49 
when extracted with methanol and d,,velopod with methanol on precoatod 
plastic shoots of silicagol 60 that was 0.2 mm thick. Apigmont of that Rf was 
absent from other yellow bacteria. 

Introduction 

The genus Xanti/omolas Dowson, as it is now recognized, is a group 
ci rod-shaped, aerobic, Gram-negative bacteria which uause diseases in 
plants (22). This group was separated from other plant pathogenic bacteria 
by Dowson (8), who urc ed that the yellow bacteria, motile with one polar 
flagellum and mostly producin acid in lactose, were deserving of generic 
rank and should be eleva to a new genus, Xanthomonas. In naming the 
genus Dowsun empIn lm;izt!d yellow color of lhe bacteria, saying that the 
color is one of lhe most soj i fcant cl aractor st cs of ts speces. Since then, 
the yellow color has bef an) invaluable aid im the identification of 
Xatithomonsms No oilier chi ( t or,istcii has been Used cons islently to 
separate he geius Xant/bmob llf; (ruTi ecologically and taxonolnically 
relaied genera (5, 9, 10. 11, 1(J), 

Chromogenic hclteria areJl:,O found( ii other currently recognized 
genera of phylopathogonic lacteria (4). In addition, chromogenic 
saprophytic bacteria are comionly encountered in ecologically adjacent 
locations. The difficulty in quick and rouLti Ie identification )fXanthomotnas 
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spp. from other pign erted bacteria prompted studies on the nature of thc: 
pigmentation in the genus Xwrthomonas.Stephens and Starr (26) reported 
the presence of membrane-bound carotenoid pigments in X. juglandis. 
Starr and Stephens (24) examined the pigments of a number of 
xanthomonad as well as a number of yellow non-xanthornonaci isolates 
and concilde(1 thait niemmbers of the genus Xanthornonas possessed a 
unique caroienoid pignment complex that could not be found in any non
xant/hiOri( :iacd Ihe XAit ; io)m carotenoids had many chara, teristics of, -s 
a carotenoid ;ic(hlol Start and Stephens (24) proposed that a Gram
negative, pollarly, flajelate!d, oxidative, rod-shaped bacterium with a 
carotenoid alcohol hii 'aving absorption maxima at 418,437, and 463 nrn (in
 
peltroleLit otlher) i ploi:iid in the genus Xanthomonas. This proposal was
 
criticized h,' [I01t( ith) that Starr and Stephens were
1h). w suggested 

lJ h,, tht 
reprrse0t. rl', hh tour r in the genus. 
illsh. .S!;LJfI1Iq 19 Isulates of the X. cainpesttis group were 

ilhl taxospecies 

Andrewes et ,. (2,3)aid Andrewes (1) reinvestigated the nature of the
 

pigmentation )fX. ijgIJ They the pigments consisted of
/ldls. found 
niixtur s of UrFtLi.s th , prvi Ously Ulnknown, brorninated aryl-polyene esters, 
ralher than (of cxotwriioids as reported by Starr and Stephens (24). 
Detei nirat,(oris (ofthe structure of tieX. juglandis pigments resulted in the 
discovery of xai] l rn1tiiadin I 1 7-(4- bromo-3-methoxyphenyl)- bromo
heptade , 2, 4 i,8, 10, 12, 14, 16-octaenoic acid (3). Starr et al. (23) 
then refrt,,di tlhio ".riilho )rl adin pigments occurred in all recognized 
taxo .,pIw(:if hi 1 10, Xi(rtnion;ras,except X. anpelina.On the other 
riand, t t iigr;lt!ni,; (ifirrnirry other yellow bacteria are known to be 
caroterii d mrri,o!re 1, 18, 19, 21), thus the Xanthornonas pigments 
appea r aitii 

Thte lusi t (io lJ eisenlmt( tf t research was to determine whetherthe 
XantfioifIOrl.,i !pgJTIfrlPrt oil he used as a chernotaxonomic marker in 
routr- laLt itr', I:otiitoo )fpatfiovars of Xanthomofnas campestris. 
Ther A, : ,ii: .t vei; (1) to develop a quick method to compare 
isolats. f('rtiht: r;eP.,tff xoJant nlonrnadin pigments, and (2) to comparea 
ntirujir (,1X uitl /monjs artd non -xantlhononad isolates for pigmentation, 
phyaiikl(r(gill i , iloiritpathogenicity.t artrld:; 

Materials and Methods 

Cultures 
Culture,'i () es of Xant/on,as, 20 unknown bacteria which 

produced ii l'r ' ilonrS on plates of 0.8"5 nutrient broth solidified with 
if i NAI), 

Erwlina/ f /, wte iii:liided in this study All were isolated from plant 
material, ttxci pt 1w, )f the uiiknown bacteria which were laboratory 
cni)rtunii . i rip',l~lti s ;, 

1. lDl(o i 2 eljucies of Coryneh-acteriuln. and 3 isolates of 

flu /'.. ,Jrc origins, and hosts of isolation for 
the CUclttu , l-t e wttr All ctiltures were stored in sterileirt e vs (13). 
deio(ntized v 11f Iwa n tjbes at teinlperature, except,(W.%'caIp roi nt()Il for X. 
dlh),IIIeM tll,'r X Otiii/)iii//S c;oltes, whlicftr were stored on W ilbrink's(ill , 

mneditin coritainirig Nohle agr (WA) and kept at 4"C (6). 



Physiological Tests 
Three to 4 days after streaking a stock culture onto NA a single colony 

was suspended in water. This suspension was used to inoculate the 
various media. Stocks of X. albi/ineans and X axonopodis were streaked 
onto WA. All tests were performed in duplicate and incubated at room 
temperature (24 to 27'"C) unless otherwise noted. Bacteria that were 
known to give positive and negative reactions for each test were always 
included. 

The Gram stain was applied to air dried films of bacteria by standard 
techniques (20). except that two drops of a 4% aqueous solution (w/v) o 
sodium bicarbonate was added to the crystal violet solution. 

The oxidase test was performed by placing 1 drop of a 1% aqueous 
solution (w/v) of N, N, N, N, tetrarnethylpara phenylene-diamine
dihydrochloride solution on 3-day-old cultures (7). A reaction was 
considered to be positive if a purple color developed on treated colonies 
within 10 seconds. Negative reactions were those in which no color 
developed within tile specified 10 seconds. 

Oxygen requirements were determined with the glucose medium of 
Hugh-Liefson (1 2). Immediately after inoculation, one of two tubes was 
sealed with 2 ml of sterile mineral oil. Color change of the medium was 
recorded after 7 days at 30'JC. 

The medium of Dye (9) was used to determine the utilization of L
asparagine as the sole source of carbon and nitrogen. The medium was 
prepared by adding 0.5 ml of a 2% solution (w/v) of filter sterilized L
asparagine to 4.5 ml of autoclaved basal medium. All glassware was 
soaked overnight in 0.01 M HCL and rinsed three times in deionized water 
prior to use Tubes were inoculated with 0.05 ml of a bacterial suspension 
and were examined for turbidity after 7 days of incubation. 

Bacteria were streaked onto NA containing 0.02%, or 0.1 o triphenyl
tetrazoliLim chloride (TTC). Enough of a sterile, autoclavea solution of TTC 
was added to autoclaved NA to make the final concertrations Plates were 
checked for growth of bacteria after 4 days at 30"C. 

The procedures of Dye (9) were used to defermine action in purple milk 
and reduction of nitrate. Tubes were observed for reactions after 7 days in 
the purple milk test and 4 days in the nitrate test. 

Pathogenicity Tests 
Cultures in nutrient broth (NB) or Wilbrink's broth (WB) were allowed to 

grow for 24 hr, then were pelleted, and resuspended in sterile deionized 
water. Suspensions were dilutedtoan OD 60 0 .. of 0.3 as measured with a 
spectrophotometer. Leaves of 6- to 8-week-old plants of Lycopersicon 
esculentum Mill, 'Bonny Best", Capsicurn annuum L. '10 R', Solanum 
nigrum L., and Nicotiana tabacum L. 'F-,C 1 ' were injected with the 
suspensions as described by Kiement (15). Six cultures were tested per 
plant. Three replicates were if mLulRed, each on a different plant. Inoculated 
plants were incubated at 30"C, 90to 100% relative h1umidity, and under a 
12-hr light/dark photoperiod with a light intensity of 1L00 lux measured at 
the level of the top leaves. Plants were scored for necrosis of the inoculated 
area 4 days after inoculation. 
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Thin Layer Chromatography of Pigments 
Xanthomon s ,///e;,s arid X. ,xOlopodIs were cultured in WB and 

the other iactor iii ,w.r ctItured in NB. Cultures were streaked on NA or 
WA to check for Ftir ty tefnru use After each culture was centrifuged at 
5520 X g for 15 on i at 2 Fl up rratent fluid and loose bacterial slimeOt' , 
were discai-ti( Eafh Fa;ctt!rilI pellet was resuspended in 40 ml of 
anhydiou;, .pf.ctiophttoiti / gradil! irettanol. The roethanolic suspen
sion wa.s (go ly rIit(hl(lit to by In 900Ci l)oil imersing it a water bath. 
After ta;aCl ,.iS) rW:11M otl i, it was centriu ed at 1300 X g for 1 5 min to 
removeCoP tfefri; F i,irtli.tr!Hlie 1xtr.tI .sa. evaporated to near dryness 
I1 VdLUi(l airer jiieti wasLi C!(i. w Jt!t n;ugh Methanol added to 
redissolve any ,yellow, i t Tiri :et 001 tile stides of the flasks.t, t 
Each extract was ai(i;rlrt c'ItfL1jged at FJ() X g for 1 5 omin after which a 
clear, yellow ,cGr uientat( textract w as o taine!. 

Extracts that liad i 01.) i-.... of 0.4 or higher were spotted with 
capillary pipers, M a-rd arloLITS (O) precoated, thin-layer 
chromathograpliv p sheets of silica gjel 60 of 0.2haee: tim thickness,and 
without fluorescent iitfhicaitors (L.Merck,Dar rnstadt,Germany). Each 5-nl 
samplh. was allowed to dry before thre applicatior of the next 5-nI. A total of 
25 ni was appI(d p( otI Ihe t lracts were placed 24 mm apart on a 
plate Plates were,Fid ill aptiaratUs (Eastnan Kodak,li ;a ltvti()iig 
Rochester, New,Yiik) wit h t hc-, iiis rotrhetoinetry grade methanol 
use'd as Itle olver1 ( .It! t Kt1l 1to_SaltUrate the chromatograph's 
chamber vtil ,oilvf'lit it'.ok 111)h .telyls- Fosslblk 

Absorption Spoctrurm of Pigments 
Pltriitrits of ;tlttid lite'(Jlit;
were extractei by scraping the growth 

from 4 na'iy(lNA tr lcii;ay old AMi I)lates and suspending the cells in 4 ml 
of flittlianol in screw (r;It) tubts fhe titues were immersed in a water bath 
at 90 C fr 5 rin al tltoi ctrifuged at 1400 x g for 15 min. The 
ahsor[pt ori .t troni (itth pigImeint extracts was determined with an ACTA 
II do/LfI i if ,i,ihii i ,ct(F)jh o to rerehi l 

Selei~ti ;ri)"1iir1 , t1:-;e were cence.ntrated by evaporation of the 
it lliarloF{ ,i~ut ,I, Iho+, liii (:ot~lttrntl alte;s we..re apilited in a.t]hinl band 

i )tt)i 

Approxi ,tt.lv 4(11 ofitv '.1 t:, tt!alpplieo per plate After development 
with rtethiamno ,th,, Fefllif,. t ii,i: 

2 c' firtihrit if iti:a FrIthin layer plate and chr(rnlatog raplred. 

ciuresrondi og tothe the R value of 0 40 
to P50 wissf;ert:ed lo Pwladte,tii elidtetJ with roethanol. The elLiates 
were tOw t i!aom;mlyzed thior uilsorptlnerfeliltieif,riia for spectra. 

Results 
Physiological Tests 

All isolaii if . if/,, , ftr or a ft irly fhomogeneous group based on 
physltolh ial tttn .;(, Ifh-, wter! strictly aerobicarrdGrai-negative 
baCter;i N,x;ir ltilj k intiie [. as the sole source offil htspiraliile 
carltori alntIoni ri) m I, i l,i lritt tt rlttri. None of the xartilth o onads 
actdif i rmilk I itii)rted fry (0.porllh All w 1,' TTC. Their oxidase
 
reactliorr w;t- vatrble, ht
ti i ist of fthern were weakly positive. Five of 36 
lsolat (tnt t c ltotloly ts of rriilkrot l t ' 


00 



Table 1. Percentages of cultures demonstrating var'ous physiological characteristicsa. 

. /anthotnonasVanthomortas Xanthomonas Xanthomonas Yellow Cornehacterium Erwinia 
albilineans axonopodis fragariae campestris bacteria herbicola 

Number of 
cultures 2 1 2 31 20 2 3 

Gram 
negative 100 100 100 100 90 0 100 

Fermentative 0 0 0 0 15 0 100 

Oxidase 
positive 0 0 100 9 4 c 85 0 100 

Growth in 
L-asparagine 0 0 0 0 25 50 100 

Nitrate 
reduction 0 0 0 0 40 50 100 

Acid in milk 0 0 0 0 5 0 100 

Proteolysis 
of milk 0 0 100 94 10 0 0 

Growth in b 
0.020/o TTC 0 0 50 32 50 0 100 

Growth in 
0.1°/o TTC 0 0 0 0 20 0 100 

a All isolates vere tested in duplicate. 
b TTC refers to triphenyl-tetrazolium chloride. 

c cWeakly positive. 
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The isolates of yellow bacteria were heterogeneous in the characters 
examined. Based on the nine physiological characters, 14 different 
bacteria were in the group. Eight of the yellow bacteria could not be 
distinguished from Xatnthor7ontas. The yellow bacteria were most often 
distinguished from Xanrthomonas by no proteclysis of milk, but this test 
was not always positive for xanthomonads. 

Pathogeri city Tests 
Necrosis of inoculated test plants was evidence of the isolate's 

pathogenicity. All cultures of Xanthoinonas, exceptX. albilineansinduced 
necrosis in one or more of the four test plants used in this study (Table 2). 
None of the yellow bacteria caused necrosis in any plant. 

Tomato was the superior plant for detection of pathogenicity by 
Xanthomonas. Tobacco was the least reliable plant for selection of the 
pathogenic organisms. 

Chromatographic Analysis of Pigments 
The Rf values of pigments of some of the bacteria are given in Table 3. All 

isolates of Xanthononas, except X. albilineans and X. axonopodis
produced characteristic pigment spots with an average Rf value of about 
0.45 (range of 0.42 to 0.49). Occasionally, when more than 25 nI of 
pigment extract was applied to the plates, additional spots of higher Rf 
values also were found When that happened, the spot corresponding to 
the Rf value of 045 was usually distorted (tailing) probably due to 
excessive sample suie. Chromatography of methanol extacts of X. 
a/hihneansand X. axoroo(pls was unsucceessful. 

Pigments extracted from the yellow bacteria gave spots with Rf values 
considerably different from those of Xanthomonas, The Rf values of 
pigment spots of the yellow bacteria ranged from 0.07 toO.85, with some 
extracts having up to four distinct spots. In general, the pigments of the 
yellow bacteria were more distinct on the thin layer plates, and did not fade 
as quickly after development as did the pigments of the xanthomonads. 

Absorption Spectra of Pigments 
The absorption maxima of the crude pigment extracts of 11 selected 

isolates were determined. Isolates of X. albi/ineans,X. axonopodis, and of 
the pathovars of X. campestris had absorption maxima at 443 nm, with ill
defined peaks or broad shoulders around 420 and 467 nm. The absorption 
maxima of the non-xanthomonads varied, but were always different from 
those of xanthomonads. 

The pigment extracts of four Xanthornonas isolates were 
chromatographed and elited and absorption spectra were determined on 
them. The absorption maxima of the pigments with an Rf of 0.40 to 0.50 
were identical with those of the crude pigment extracts of the same 
isolates. 
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Table 2. Percentages of cultures that caused necrosis in leaves of four plantsa. 

Numbers L3"cope'rsicon
Bacteria of t'Sc'intuinl 

cultures
 

. alhilineans 2 0 
X. 	az-'nlopodis 1 100 


. fragariat' 2 100 

A.- caMnpt'stris 31 100 

Yellow bacteria 20 0 

(r ' ium 2 50
-1t-1 'cr 


I:rssinia 1crcho/a 3 33 


Leaves of three plants were inoculated by infiltration 
Necrosis in two of the three was scored as a positive reaction. 

Solanum 
IlikIru1 

0 

100 


100 


77 

0 

0 


33 


of about 

Capsicum 
annuum 

0 

0 

50 


71 

0 

100 


33 


108 
 cells ml-1 

A\icotiana 
tabacun 

0 

0 

0
 

48
 
0 

0
 

33
 

into a spot. 

CD 



Table 3. Rf values of yellow pigment. 

Isolates Rf valuea 

.V.Ir ,'arh.48 

X. , .p.pv ,rd/lpc\/ri 528 .45 
X. r,/np. pv, t 1,,Miat 066-1778 .46 
X. ca/p. pv. cmlia, 068-1097 .44 
X. amp. pv. O11u/H'/0', JPJ .45 
V.r np1p.pv. ,ic(.IC 't-,/ hiIt' 067-1260 .44 

X. canp. pv. h '1ra01 7-988 .43 
X. C,/if. [)V. lh, 1iAi ,lii.'rJiila'069-2413 .43 
.\Vc-ampp.Pv mnah I carin ATCR:, .46 
X. t.1 p. ,I,'M arhi 069-1200 .45 
X. ca p. Pv, pha,,,i 080-1339 .44 
X. camp. pV. phv\,lidi 1926 .46 
X. camp. pv. p,,isc1wac da 071-424 .47 
X. (,mp. PV. IC6 a('ria 69-13 .44 
YB-1 .76 
YB-2 .73, .79, .83 
YB-3 .66 
YB-4 .53 
YB-5 .73 
YB-6 .63, .70, .79 
YB-7 .71 
YB-8 .57, .66, .77 
YB-9 .57, .64, .74 
YB-10 .63, .69, .80 
YB-11 .78 
YB-12 .75 
YB-14 .L3, .84 
YB-19 .87 
( / mu, i , ,a 'n, ,75 

Frcwmia Ic 'rbciaGW-27 .85 

SRfv s crilcCdl klt-:d f/IO the averag! of two silica gel plates. 

'YBwfeer, to lOW tlrc:tria. 



Discussion 

The physiological tests used in this report were the ones listed in 
Bergey's Manual (4) for characterizing Xanthomonas. The cultures used in 
this study were uniform for five of the tests. However, some non
xanthomonads had similar characteristics. A single test is needed that 
consistently identifies an isolate of Xanthoinonas, such as the production 
of fluorescin, which is used to identify certain pseudomonads (14). 
Utilization of asparagine has been cited as a useful character for the 
separation of Xantomonas spp. from non-xanthomonad yellow bacteria 
and pseudomonads (25). However, many n on-xanthomonads are similar to 
Xanthiomonas in this characteristic. The same criticism applies to the tests 
of inhibition by TTC, oxidative respiration, acid in milk, and nitrate 
reduction. Proteolysis of milk had the best possibility of being a single test 
to distinguish Xanthotnonas from saprophytic yellow bacteria. However, 
some exceptions occurred with this test, also. 

As the genus Xanthomonas is currently defined, yellow color and
-piat hogentii ty arethe-m s reibe-haracteristics- that-cn~be u Sedfor .. 

identification. Pathogenicity is often determined by the methods of 
Klement (15) and tobacco is commonly used as the test plant. Tobacco is an 
excellent indicator plant for pathogenicity of members of thePseudomonas 
syringe group of bacteria (15) but it was less than satisfactory for the 
determination of the pathogenicity of the Xanthomonas isolates. 

The use of pathogenicity to distinguish xanthomonads is probably 
responsible for the absence of saprophytic members in the genus. A better 
system for distinguishing xanthomonads may be pigment analysis. 
Saprophytic xanthomonads then might be discovered. 

Attempts to chromatograph the yellow pigments of isolates of X. 
albilineansand X. axonopodis were unsuccessful. Possibly, this was not 
because of the nature of the pigments, but because of the slimy growth of 
these isolates. Neither species grew well on NA, so a complex medium 
containing sucrose (WA) was used. It has long been known that on sugar
containing media, members of the genus Xanthomonas produce large 
amounts of slime (2, 5, 9). Andrewes et al. (2) reported that the production 
of slime by xanthomonads inhibited their studies of the pigmentation of the 
genus. In the present study, however when pigm,.nts were examined 
spectrophotometrically, the absorption spectra of the pigments of X. 
albilineans and X. axonopodis were indistinguishable from those of 
members of the X. campestris group. This was considered to be evidence 
that at least three species of the genus have pigments in common. The 
same results and conclusions were also reached by Starr et al. (23). 

Young et al. (27) listed 119 pathovars of X. campestris and among them 
are listed 5 non-pigmented pathovars. Little has been published on these 
white xanthomonads, and their taxonomic position has not been positively 
determined. It would be easy to assign these non-pigmented plant 
pathogenic bacteria to the genus Xanthomonas, because as found here, 
the physiological characteristics of Xanthomonas are not exacting. If these 
non-pigmented bacteria are truly xanthomonads they could not be 
identified by pigment extraction, of course. 

The identification of pigmentedX. campestrispathovars can be relatively 
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quick~ and easy by pigment analysis. A simple technique would be to grow
them on a standard peptone medium that contains no sugar. The bacteria 
should be scraped from the medium and suspended in a small volume of 
methanol (2 to 3 ml)'in a screw-cap tube. The tube should be placed in a 
901C water bath for 5 min and then centrifuged to remove cell debris. The 
open test tube then should be placed in the 901C water bath until 
approximately 0.5 ml of pigment extract remains (2-3 min). The 
concentrated exti act should then be chromatographed on thin layer silica 
gel plates with methanol as a solvent. The Xanthomonas pigments have 
distinct Rf values. 
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Abstract 

Physiological/biochemical tests were inadequate in separating 
Xantho nomis car, )t tt,,, pv. m/,luts, X c. pv. cassavae, and some 
Colombian yellowish isolates. However, serological techniques such as the 
Ouchterlony double diffusion and direct immunofluorescence indicated 
antigenic differences between A\ c pv. thipi/thotis and X c. pv. cassavae. The 
Colombian yellow isolates were sorologically similar to X c pv. cassavae but 
not to X c ni /alm,,; Therefore, retaining the distinction between X. c pv. 
maihotis and X t: pv. , is probably justified. 

Introduction 
Xanthomoras campestris pv. manihotis(Berthet and Bondar 1915) Dye 

1978 and X c. pv. cassavae( Wiehe and Dowson 1 953) Mara ite and Weyns 
1979 are two of four bacteriaIl pathogens which attack cassava (Manihot 
esculenta Crantz) (24,37). While X. c. pv. manihotisoccurs in most cassava 
growing areas of the world (25), -%.c. pv. cassavae is limited to the African 
highlands of Rwanda and Kenya at 1,600 in (26) and, possibly, sea-level in 
the eastern plains of Colombia (4). Because the early leaf spot symptoms 
are so similar, workers frequently have difficulty distinguishing the two 
pathogens It has [n,,rl reported that the pathogens are synonymous (29), 
hut other evidence; 16, 26) suggests the contrary. 

Taxonomically, X c lv. mn/hotls and X. c. pv. cassavae are grouped in 
Bergey's Manna) of Dtl(!rniiiativ Bacteriology (2) urnder X. campestris 
group, but as two dlct Iat) ovars. However, the newly proposed
nomenclature which c:artji lilt) LIS(tJanuary 1, 1980 (39) considers X. 
cassava& as a /Jonatri dIuihiiimi, prohably on tie basis of controversial 
evidence (29). Therefor e, tht relaor ship between these two pathogens
needs a clear distinction to av,,id confusion for quarantine purposes (26).
Moreover, reports that X. c. pv. cassavae rray have evolved from X. c. pv. 
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manihotis need to be confirmed. "Deeper" taxonomic studies have been 
suggested to resolve this problem (26) and such studies could include 
genetics, bacteriophage, and serology (36). 

This study was undertaken in a continued effort to clarify the relationship 
between X. c. pv. manihotis and X. c. pv. cassavae. 

Materials and Methods 

Physiological and biochemical tests were used, methods and references 
are indicated in Table 1. The replica plating technique (22) was used to 
study the utilization of carbohydrates, nitrates, fatty acids, amino acids, 
amines, organic acids, and sodium and tetrazolium chloride salts. 

Antisera were produced against X. c. pv. manihotis and X. c. pv. 
cassavae. Cultures used for antisera production were prepared according 
to the method of Allan and Kelman (1), i.e., using glutaraldehyde fixed 
whole cells to immunize New Zealand white rabbits. Part of the crude 
antiserum was preserved for the agglutination test (35) and the 
Ouchterlony double diffusion assay (19), while another portion was 
fractionated following the methods of Allan and Kelman (1) and Cherry(5). 
The precipitated globulin was conjugated with Fluorescein isothiocyanate 
(FITC) (5). Samples were stored in vials at -201C until needed. 

To determine the serological relationship between X. c. pv. manihotis 
and X. c. pv. cassavae and some Colombian xanthomonads, isolates were 
grown for 48 hours on Pseudomonas isolation agar (7). Dilutions of 
samples were smeared onto alcohol cleaned slides, air-dried, heat fixed 
and later stained with fluorescent antibody conjugate. The stained 
preparations were examined under an X 100 objective fitted to an 
Orthomat microscope with an oil immersion condenser. 

The relationship between X. c. pv. manihotis, X. c. pv. cassavae, and the 
Colombian yellowish isolates was studied by the method of Klement (19). 
All gel-diffusion tests were made at room temperature (25 0C)Photographs 
of double diffusion plates were taken in an immunodiffusion Camera 
(Cordis) using Polaroid 107 black and white film. 

Results 

Results shown in fale 2 indicatethat the three xanthomonads could not 
be separated adeqtietly by physiological and biochemical tests. However, 
all tests marked with two asterisks showed some differential value 
between X. c. )v mihi/)otos mrid X. c. pv. cassavae on the one hand 
and the Colombian isolates on the other hand. The differences cited were 
mainly in the rate of utilization of several carbohydrate and other 
nutritional sources. Other tests showing differences included the hyper
sensitivity tests, tolerance to tetrazolium chloride salt, growth rate, 
pigmentation, and sodium polypectate. Tests marked with one asterisk 
showed an inconsistent differential value. Fatty acids, amino acids, 
amines, and organic acids were not useful in separating the species. 

Glutaraldehyde-fixed whole cells were used as antigens, and they 
induced the production of highly specific antisera. The agglutination titre of 
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Table 1. Tests and methods used for physiological and biochemical tests. 

Test 

Oxidades 
Catalase 


Mode of ,jlucose utilization 

Gelation liquefaction 

Hydrolysis of starch 

Indole production 


Nitrate reduction 

Tyrosinase 
Hydrolysis of Lipase 
NaCI tolerance 
Tetrazoliurn chloride tolerance 
Urease 
H, S production 
Carbohydrate utilization 
Nitrate UtilizatioO 
Fatty acids 
Organic acids 
Amino acids 
Arnines 
Soft rot of potato and cassava roots 
Tobacco hypersensitivity reaction 
Pectate liquefaction 

Hydrol'isis of casein 

Litinus milk maction 
Ammonia pr(luction 
Phenylalanine deamiflase 

Methyl wd alnl Vogles pioskeur 
Ai nine (lihydrolase 
Hydtolysis of Esculin 
Sodium polypoctate 

B-glu cos id ase 
Levan production 
Fluorescence on King's B Medium 

Growth rate 
Pigmentation 
Sensitivity to antibiotics 

Method (Reference) 

( 7, 21) 
( 8, 35) 
(15) 
(17, 28) 
(17) 
(17) 

(17) 
( 8, 38) 
(31) 
(30) 
(23) 
( 6, 13) 
(17) 

(27) 

(25) 
(20) 
(13) 
(12) 

( 7, 17) 
(17) 
(32) 
(17) 
(27) 
(34) 
(3) 
(14) 
(27) 
(18) 

(7) 
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'T6 Ible 2. Physiological/biochemical characterization of Xantlwinolnas campes iris 
mianihotis, A. c.pv. cusst,;'ae, and some Colombian yellowish isolates. 

-, - Test Reaction 

X muiliho/is X. cassal-ae Colombian 
Yellowish isolates 

Carbohydrate utilizationa iC A- + - - ,
 

Nitrate utilization - . -.
 

Amines + 
 + +
 
Amino acids + + +
 
Organic acids b .. .
 

+ +.Antibiotic sensitivityb + 

Hydrolysisof c ysein" . .-


Hydrolysis of gelatin + . + ++
 

+ " . + +Hydiolysis of starch 

Litmus milk reaction + +
. + 

Production of amrnonia , + + +
 

Production of i 2S "A . ...
 
Production of indole
 
Nitrate reduction
 
Methyl red and V.P. test
 
Mode of glucose utilization Oxidative Oxidative Oxidative
 
Lipase .+ + +
 

Catalase + +
 
Oxidase
 

<Arginine dihydrolase 
Phenylalanine deaminase + + + 

Tyrosinase 
Urease 
Aesculin hydrolysisb -++ + 

B glucosidase + + +
 

Soft rot of potatoes & cassava roots - - -


Levan production + + +
 

Hypersensitivity in tobacco leavesa - - +
 

Salt tolerance (Max.) 2.50/o 2.5/0 2.50/0
 
Tetrazolium chloride (tolerance aMax.) 0,020/o 0,02/o 0.1°/0
 

Sodium polypectatea utilization - - +
 

Fluorescence on King's B. medium-

Growth ratea moderate slow fast
 
Yellow pigmenta + +
 

a Tests with distinct differential value.
 

b Tests with non-consistent differential value.
 

c + =strongiy positive; += positlve; -=negative. 
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Table 3. Serological identity between Xanthoinonu.s campcstris pv. muniholi.A (Berthet 
and Bondar 1915) Dye 1978, X. c. pv. ca.cvvre Wiehe and Dowson 1953 (Maraite and 
Weyns 1953) and some Colombian yellowish isolates. 

40 nn Antibody Reaction a b 

(W'hole cells) 
1 x 10 , ml Double Diffusion Immunofluorescence 

Xcm a Xcc XcmA, FITC Xcca/FITC 

(60 isolates) + 

X,' (d W',dW'C 

( 6 isolates) - + _ + 

Colombian yellowish 
isolates 

3 isolates) + + 

Xc:m = \. . pv. w~ni,- ,:i. Xcc . ,. pv. Xc;nA FITC A... 't,,i, ,', an body 
I:)j}nl~l FhU'.otsc In isothioC ,anate; XccA A. ri tibody 

F oti nriate.
 

~,':h.'i FITC A a labelled with 
li%(J ilcy 


- po ' c rliegativ
[]iO eI CitOnl reactioll. 



antisera produced qiriitX. c. pv. rnanihotis and X. c. pv. cassavae was 
between 2560 and 5120. Some cross-agglutination occurred between X. c. 
pv. manihotIs and the Colombian yellowish isolates but this was not 
confirmed by the Ouchterlony double diffusion or by the im
munofluorescence tests. No cross-reaction occurred between X. c. pv. 
manihotis and X c p cassavaeby any of the serodiagnostic methods used 
(Table 3). However, inr..iunodiffusion plates showed the presence of 
antigens common to all the isolates studied (Fig. 1 and 2). In both the double 
diffusion (Fig 1 and 2) ild ,ro unofluorescence tests, all isolates of X. c. 
pv. manihotIs were serologically identical and through these tests X. c. pv. 
manihotls Could be dilfferetiated from X. c. pv. cassavae and the 
Colombian yellowish isolates. The Colombian isolates were serologically 
identical to X c pv cassavae (Fig. 1 )and related toX. c. pv. rnanihotis.AllX. 
c. pv. cassavae isolates were also serologically identical. 

Fig. 1 C(en Ir iIw #1 (1d,, ,r Into X. Fig. 2. Centrol well c:onlaillsIIti';o! m crude 

(. i) v s , CIAT11 148) Po.r zr'tisertum X ml,llibtt., (('IATi, pl]eral toi c;pv 
willis c:otitimr (I A' r 1)v imilillh os 1105) P(!fphfrijl Vjwdh, (1) X C pv. 

,
antngon, (2) X pv t:-,i' (3) towntlhotbs millll(If-i' ( , bI.[ wholes,iv,w 

(washlwd whoh, (:01!;). ('"3)Cotloni/ial~n
 

Ye.llowish I. (,w'1 whole,Cells)f 1,',d 


Discussion 

Results show that X. c. pv. inanihotis and X. c. pv. cassavae are 
biochemically simillar and serologically related but distinct. This agrees 
with previous findings (1 1,16).WhileX. c. pv. manihotiswas serologically 
distinct from X. c. pv. cassawae, X. pv. cassavae and the Colombian 
yellowish isolates had common1 antigenic properties, even though 
differences were founrd in their pat hoge nic ity. The synonymy between X. c, 
pv. manhotls and X. c pv. cassavaereported by Robbs et al. (29)waF based 
on biochemical and it few pathogenicity characteristics, but riot on 
serology. 
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Therefore, the decision to consider X. cassavae as a nomnen dubium (9
is probably Unjustified. Based 'on our results on the serological and~ 
pathogenicity relationships between these two pathogens, and their 
geographical distribution, it is probably unlikely that X c. pv, cassav e 
evolved from X. c. pv. manihots. The presence of X. c. pv. cassavae in 
Colombia or elsewhere in Latin America therefore remains to be 
established, 

The specificity of our XMA/FITC and XCA/FITC conjugates indicates the 
high specificity of antiserum produced using glutaraldehyde-fixed whole 
cells as reported by Allan and Kelman (1) in studies on Erwin/a carotovoa 
var atroseptica. Similar results have recently been reported (33) in studies 
with Car ynebacterium sepedon/cum. 
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Abstract 

Citrus bacterial canker di3ease (CBCD) is caused by Xanthomonas 
campestris pv. carl At least three distinct forms of CBCD are currently 
recognized. These are the Asiatic form (CBCD-A), the .ancrosis B form 
(CBCD-B), affecting primarily lemon, and the 'Galego' lime form (CBCD-C). 
The serological relationships of X. c p". catr strains associated with these 
forms of CBCD were evaluated by inJirect imnunosorbent assay. 

Antisera were prepared in Whitj New Zealand female rabbits using 
immunogen preparations containirj intact or heat-killed cells of X. c pv. citri 
strains XC62 (CBCD-A), XC64 t~nd XC69 (CBCD-B), and XC70 (CBCD-C). 
Immunoglobulin (Ig) was precipitated from pro-immune se.uin and an
tiserum with ammonium sulfata. Goat antirabbit Ig conjugated with alkaline 
phosphate was obtained commercially. Antigen ,ireparations were saline 
suspensions of washed cells from pure culture, heated at 100C for 30 min, 
and diluted in carbonate coating buffer (pH 9.6). 

In indirect ELISA, CBCD-A strains were serologically related to but distinct 
from CBCD-B and CBCD-C strains. CBCD-B and CBCD-C strainswere more 
closely related serologically to each other than to the CBCD-A strains. 
However the serological distinction between these strains was variable and 
not conclusive. No positive reactions in indirect ELISA occurred with antigen 
preparations from several strains of Agruhafctfrium tutneflacens. Cor 
yt t'laeruutn ft,as,'a C //ai pv. // :. nefacleuis, C f/ch/iganlenres. t :a,'u,1,fa(, 
pv. micht gifisu, Erwinia herbicola, E. stewartii, and Pseudomonas 

psoudoa/calhgenes subsp. i tfulh 

Introduction 

Citrus bacterial canker disease (CBCD) is caused by Xanthomonas 
campestris pv. citri. The extent of pathogenic variation among strains of 
this bacterium is not completely known. However at least three distinct 
forms of CBCD are currently recognized (4). The most widespread form, 
the Asiatic form of CBCD (CBCD-A) occurs on graperfruit, sweet oranges, 
sour orange and other varieties. The cancrosis B (CBCD-B) form of the 
disease occurs primarily on lemon in South America but strains of X. c. pv. 
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citri associated with this form of the disease may infect other citrus 
varieties. Under natural conditions, the third form of CBCD occurs only on 
'Galego' irne (CBCD-C), The causal agent of CBCD has been designated as 
X. citri n.f. sp. aurantifolia (13).

The serological relationships among differentX. c. pv. citristrains (1,3, 9, 
10, 11 ), and of X c. pv. citstrains to several otherX, campestrispathovars 
and species of phytopathogenic bacteria have also been studied (1,3,1 5).
Based on the results of these studies, collectively, the CBCD-A, CBCD-B, 

and CBCD-C strains of X. c. pv. citriare seroligally related, butdistinct (1, 3, 
9, 10, 11). Although CBCD-A strains are clearly distinct from the CBCD-B 
and CBCD-C strains the degree of serological relatedness among CBCD-B 
and CBCD-C strains is not clear (3, 11).

Because of its sensitivity and specificity, indirect ELISA (14) is potentially 
useful for qualitatively comparing and quantitaitively comparing the 
serological relationships among different bacterial strains (2). The results 
of indirect ELISA using 	 (1g).prepared from antisera against

~ff ur t-ransf X:-. jv.c4/iiare presented here. 

Materials and Methods 
Bacteria 

The bacterial strains used are presented in Tables 1 and 2. All strains 
were maintained and cell suspensions prepared as previously described 
(3). 

Table 1. XalilOiw anas camnpestris pv. ciri strains used in enzyrne-linked immuno
sorbent assays. 

Lab Source 
strain 

designation 
strain no. 

or designation a . 
(origin) CBCD formb Sourcec 

XC59 IBBF-164 (Brazil) A 1 
XC62 6501 Japan A 2 
XC63 7801 Japan A 2 
XC64 B-4 Argentina B 3 
XC69 Xc-1 1 ("B" TYPE.4) B 4 

Argentina 
XC70 IBBF-512 (Brazil) C 4 

Strain desigqnations assigned in the Fruit Laboratory, HSI, Beltsville, Maryland 20705, 
b 	 CBCD -- Citrus bacterial canker disease. Form A is the type A canker, Asian canker, can

cancrosis A ar true canker form of CBCD. Form 0 is the type B canker, cancrosis B, cankei 
B or false canker form of CBCD. Form C is the 'Galego' lime cancrosis in Brazil. 

c 	 1 V. Rossetti, Divisao do Patologia Vegetale, Instituto Biol6gico, Sao Paulo, Brazil. 
2 M. Koizumi, Fruit Tree Research Station, Kuchninotsu, Nagasaki, Japan. 
3 M. Goto, Shizuoka University, Shizuoka, Japan. 
4 = J. W. Miller, I.N.T.A., Bella Vista, Argentina. 
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Table 2. Non"xanthomonad strains used in enzyme-linked immunosorbent assays. 

Labb Sourceb 
Speciesstrain a 

designation 

AT 1 Agrob terium tumefaciens (15955) 	 1 

AT2 	 " (C58) 2 

S' CF1 Co,'ebactriumi jsciaits (ICPBCF6) 	 3 

CF 1ci C flaccumfaciens pv. flaccu,,j'ciens (ICPBC F6) 3 

CMi C inchigaiise pv. michigaensc (ICPBCM9) 3 

EWH1)'winia herbicola " 	 4 

ES1 ., steartii 	 5 
--.L Pppscl Pseucoihaspseudoalcaligeiwssubsp. citndli.. 5 

a Strain designations assigned in the Fruit Laboratory, HSI, Beltsville,'MD 20705.
 
I b American Type Culture Collection, Rockville, Maryland 20852.
 

2 R.H. Hamilton, The Pennsylvania State University, University Park, Pennsylvania 16802. 
3= R. Harris, Applied Plant Pathology Laboratory, Plant Protection Institute, Beltsville, 

Maryland 20705. 
4= Isolated from lemon leaf naturally infected with Xanthomonas campestris pv. ¢itri. 

* 	 This leaf was provided by R.Stall and designated as being affected by the cancrosis B
 
form of citrus bacterial canker disease.
 

=5 - R. Goth, Vegetable Laboratory, Horticultural Science Laboratory, Beltsville, Maryland 
20705. 

Antisera Production 
The production of antisera against intact (I), live cells is described 

elsewhere (3). In addition, antisera were produced commercially in white 
New Zealand female rabbits against heat-killed (HK) cells of CBCD-B 
strains XC64. Immunogen preparations were cell suspensions obtained as 
before (3) and containing approximately 109 colony-forming units (CFU)/ml 
sterile 0.85% NaCl. Rabbits were immunized by interveinal injection of 0.2, 
0.4, 0.8,1.6, 3.2 and 5.0 rnl on day 1,4, 7, 10, 13, and 17, respectively. On 
day 24, the rabbits were exsanguinated. 

Antigen Preparations 
Antigens were prepared from suspensions of pure culture cells as 

previously described (3). Saline cell suspensions (50%Tat 620 mm, 1 Cm 
light path) were heated in boiling water bath for 30 min and diluted 10-fold 
in PBS-Tween. 

ELISA 

The Ig preparation and reagents used were the same as previously 
* 	 described (3). Indirect ELISA tests were done essentially as described by 

Voller, et al. (14). Geiierally, microtiter plates (Dynatech)were coated with 
200 nlof heated antig'en preparation containing the equivalentof about 100 
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CFUY"ml carbonate coating buffer (pH 9.6) for 1 hr at 3 /C. After washing 
the plates su(c;0ss!veiy three times with PBS-Tween 200 illof Ig 
preparation containing 10 ng protein 'ml was incubated in each well for 1 
hr at 37'-C There wert at least three replicate wells for each antigen
antibody combination. After washing as before, 200 ni goat anti-rabbit Ig 
(Miles-Yeda Ltd ,No 61 -275, 100 250 enzyme unt1 ml), conjugatedwith 
alkaline phospiata±se diluted 1.3000 in PBS-Tween, was incubated in each 
well for 1 hr at 37 C Tlie vwisling was repeated. Then 200111 of 1 mg para
nitrophenyl phospl at ril lsubstrate buffer was incubated in each well for 
30 to 60 rin at ron tueiiperatUre. After adding 50 nI 3M NaOH to each 
well, the reactionswe ri g Uiritiated with a Titertek Multiskan photometer 
(Flow Laboratories, McLean, VA 22102) equipped with a 405 nm filter. In 
addition, the ratio of the absorbence at 405 nm of the heteiologous to that 
of the homologus antigen-antibody (A: Ht,"Hm) combination was 
calculated for comparison 

Results 
Coating Ig

Indirect ELISA usi;c Ig 5 igqJproteli m) obtained from pre-immune 

serum and anti-XC64 (HK) serum is shown in Fig. 1. Generally, the amount 
of homocgeius antibody specifically attached to antigen passively
 
imrnohilzen on tie solid phase was directly proportional to the Ig 
concentration up to ,1horIt 10 rig of Ig prote in inil. There was no significant 
non-specific attachlnieit ol enzymne-conjugatzed antiglobulin using pre
immune seruri Ig up to 25 ng Ig protein ml. 

Comparative Indirect ELISAofX c. pv. cltri Stratus 

Generally, A .,. vaILiUS i rliirect ELISA were higher for homologous 
than heterologou s ant igen-antibody corbi nat ions (Table 3). Using anti
strain XC62 (I)sero rl 1q, the A ., . Ht Hm ratios obtained with the heated
antigeii prepa'rat uri frno CBCD B and CBCD-C strains were about 0 58 

(atVg vluLe(! for XC 64 aind XC(69)and 0.54, respectively (Table 3). Generally, 
the A.v, values wising ani X(64 (I)and anti XC64 (HK)sera Ig were higher 
for heatled an t i(gjen ari;ations from CBCD-B strains (A.,,, Ht., Hn 0.65
0.98) than fom CBCD A strains (A . HtHin 0.31-0.51). Similarly, 
A ,values rusing anti XC70(l) serum Ig were higher for heated 
preparatii)ns fmn CB(CD B s;tranos (A . Ht Hm 0.46-0.88) than from 
CBCD A strains A Ht Hm 0. 1-0.41). 

Thus, there wi, -,igni;icant cross reactivity between heated antigen 
preparations fri ,'13('D B stri ns (XC64, XC69) and the CBCD-C strain 
(XC 70) in i,-:! FI.ISA uising Ig fror itiserLMin to a CBCD-A strainIrnl 

(XC62) SifmkjrlI,. ther, wis; significant cross reactivity between heated 
antigen preparmitiuri inmi C3CD-A strains (XC59, XC62, and XC63) in 
indirect ELISA usijn im anti CBCD B strain (XC64) or anti-CBCD-C strain 
(XC 70) serulm g Cl rfl, IMV:wiver, the CBCD-A strains were serologically 
distinct from tie CBCD H oiii CBCD C strains 

The CBCD B and CBCD C strains uised here were not as readily 
(listingtuisha h from one ;innotiher ini these indirect ELISA tests (Table3). 
Witt) anl XC69(I)s(min g,the LLISA reactions with antigen preparationsI 
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Fig. 1. Indirect ELISA of Xalithomonas campestris pv. citri (strain XC64) using 

immunoglobulin from pre-immine serum and anti-XC 64 (HK) serum. 

from CBCD-B strains (XC64 and XC69) were about 1.3 times higher than 
With a similar preparation from the CBCD-C strain (XC70). However, this 
difference was not observed consistently. The A 1., values with heated 
antigen preparation, from CBCD-B strains using the anti-CBCD-C strain 
(XC70) serum Ig v,re 0.88 and 0.46 times those of the homologous 
antibody-antigen combination for strain XC64 and strain XC69, respective
ly. The A ' vaLes With heated antigen preparations from the CBCD-C 
strain (XC70) using iinti-XC64(I) and anti-XC64(HK) sera Ig were about 
0.84 times those of the homologus antibody-antigen combinations. 

Comparative Indirect ELISA with Antigen Preparations from Non
xanthomonad Strains 

There were i o significant reactions in indirect ELISA using anti-XC62 (I), 
anti-XC64I), anti-XC64 (HK), or anti-XC70(l) serum Ig with heated antigen 
preparations from two stra~is of Agrobacterium tumefaciens, and one 
strain each of Corynebacterurn michiganense, C. fascians, C. flaccurn
faciens, E. herb/cola, E. stew artii, and Pseudomonas pseudoalcaligenes 
subsp. citrulfi. 
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Table 3. Indirect enzyme-linked immurnosorbent assays of six X.n\ltmina.s cuinpcslri. pv. ciri strains and one Erwinia 
hIrhicol/ strain using immunoglobulin from antisera against four X. c. pv. citri strains. 

A a 

A i 
soutce t; [ iI Int nIqant Se!rn against 

XC62(U XC64(I) XC64 HKI XC69(l) XC70(I) 

XC59 1.54 0.05 0.49 + 0.06 0.56 + 0.08 ND 0.16 + 0.08 
XC62 1.49 0.07 0.43 -_0.03 0.49 -r_0.01 0.21 + 0.03 0.36 + 0.06 
XC63 1.14 0.05 0.60 + 0.01 0.60 - 0.01 ND 0.38 + 0.02 
XC64 0.98 _ 0.04 1.18 - 0.02 1.08 + 0.01 0.66 + 0.07 0.82 , 0.04 
XC69 0.76 _ 003 0.70 4 0.04 0.97 + 0.04 0.67 + 0.07 0.43 4 0.02 
XC70 0.80 - 0.09 0.99 0.06 0.91 + 0.01 0.49 + 0.07 0.93 + 0.03 
EHI 0.14 0.03 0.06 + 0.01 0.09 +r 0.06 0.01 0.08 + 0.02 
None 0.01 - 0.01 0.05 ± 0.02 0.08 4- 0.01 0.01 0.04 + 0.01 

Contiol: 
Pie-inmune 
serum Ig ND 0.11 - 0.02 0.06 0.03 ND 0.01 + 0.01 
No Ig 0.10 - 0.02 0.02 + 0.01 0.05 + 0.01 0.01 0.01 + 0.01 

ac - :,.,l t; ;r, Iht Il ,]n standard deviation of tfhe A,,,, values of lhrtt r t e v,2!1S. 



Discussion . . 

Based on 	the cross-reactivity in indirect ELISA tests of six X c. pv. citri 
strains of the bacteria associated with three forms of CBCD, these strains 
are serologically related. However, the CBCD-A strains (XC59, XC62 and 
XC63) are serologically distinct from the CBCD-B strains (XC64, XC69) and 
CBCD-C strains (XC70)' The serological distinction between the CBCD-B 
strains (XC64, XC69) and CBCD-C strains (XC70) in indirect ELISA was 
variable and not conclusive. Additional, strains of the bacteria associated 
with CBCD-B and CBCD-C are needed to evaluate further the serological 
relationships between these strains. 

Additional information about the serological relationships between 
these strains might also be obtained by using Ig prepared from antisera 
against different specific immunogens and/or antisera cross-adsorbed 
with heterologous antigen preparations, or by adaptation of modified 
ELISA techniques (5, 6, 7, 8, 12). 
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Abstract 

Rabbit antisera were produced against glycoprotein bacterial extracts and 
whole cell of Xanrtomoi,,,,; :Impostris pv. phiaseol/ isolate xp-5-51 and 
Xlnthornonlas spp, P.olidomori,,, spp., and X cdnpastrls pv. phaseohl isolates 
from different sites were determined by Ouchterlony double diffusion (ODD) 
test and indirect ELISA Method (IEM). Better antiserum specificity was 
obtained with IEM and glycoprotein as antigens than with ODD and whole 
cells as antigens. Sensitivity for the former combination wasestimatcd in 5 x 
105 cells/ml of antigen and 20 ng/ml of antiserum as minimum for good 
reaction. 

Introduction 

Beat is (Phaseolusvulgaris L.)are important in Colombia as in the rest of 
the Latin American countries as a source of protein for a majority of the 
population 

But beani production is diminishing due to damages caused by bacteria, 
fungi and viruses Among the diseases caused by bacteria is common 
bacterial blight caused by Xanthomonas campestris pv. phaseoli. Its 
occurrence and severity varies with variation in climatic conditions. It is 
probably the most widely distributed disease of beans. Yield losses due to 
common bacterial blight run 20 to 80%. 

More than 50% of the pathogens that cause diseases in beans are seed 
transmitted. For that reason, a programn aimed at producing clean seed is 
needed. 

X. campestr,.. pv. phaseol in seeds occurs in a mixture with other types 
of bacteria, making it necessary to develop a method that permits its 
differentiation from them. Serological methods are considered to be some 
of the most reliable in identification of bacteria and other plant pathogens. 
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However, there r( diffteiuli os iii reliability, sensitivity and specificity of 
these methods, iakirig it necessary to develop a method that has all these 
charactri srcs 

Materials and Methods 

Pathogenicity Tests 

Isolate xp-5 51 of A' ("afrpestrls pv /./Aaseoll grown on YDC (yeast 
extract, 10 cr, ilixtri, ,,20 qr, CaCO , 20 gr, agar, 18 gr; distilled water, 
1000 ml) fo'r 48 r ol Iv',;to rimake the bacterial suspension. 

The torbiolty of IIH: ihttt;wirs ad isted to an Optical density of 0.5 (600 
nm) c(irreswio(lij ) a coiicioritration of 5 x 101 cells/ml, using a 
Spectronic 20 (Bai] .l arid Lorm Co., Rociester, N.Y.) colorimeter. A 
dilution was made tU ,itairI H filnal cOTncentration of 5 x 10 cells ml which 
waS osed for oCHllat 1on, bly IreI scissor s method (5). Inoculadtin was made 

on plants 15 to 20 ddys old. 

Production of Antigen 
Two types if tthist gois were produced, the whole cells and the 

extracel!uler glyc(opro t ns Forty-eight hr old cultures grown on nutrient 
agar (peptone, 5 qr, h of extract, 3 gr; agar, 20 gr; and distilled w, ter. 1 00 
ml) for whole cells arut unor )roductior r arid on YDC for glycoprotein antigen 
production were used 

To obtain wh t., bacterial cells (obtained by centrIftUgationols irititer. 
at 10,000 for 1! nfi ttn,il suspended or 0.85% saline solution) were 
killed by so ryrrogriq tlren in ,Ihot (100 C) water bath (3) for 2 hr. 
Extracellidlar .glysoproteir antigen was obtained by precipitation of 
{lycoprutinzn, with Ii s jtorated dijllrionrurMl sulphate solution (6). The 
prucipltate was renrovid tronol the,' so0Lution USing a thin glass rod. Both 
types ol antigens wwud III irm ounlzation of the rabbits. 

Immunization Proccess 
Irniotrr/troni rislng tIII intiojgerns was dore with New Zealand white 

rabhiits 11hfw woih., sil mrtieis were uIjected intravenously. For 
extrac(,l ltiLi r gljycolrol s ir itn (t ofer. , was mixed with ofo(e p 2 parts 
phosphat, buffer lotion (PBS), 1 2 (i.tCl, 8 {jr; KH PO , 02 gr; 
Na HP(): 12)1 02'oI (p.K(1.O0 2 jr, NaN .0.2 g and (listilled water, 1000 
ml), ttue roi rt!w s (:or hisl; with ai equal voiLuIIne of Freuds incomplete 

aIfld t[iJt l/IadIctmillit nih'AfA ,'1 .1 run i rly 
For both irrl)lI I.. i Jas s si the initial whereas 2 m-hlwere used 

as the fiil I (h, 

Antisera Collection 
A total of fivo h hil, wer made to evalnate the antisera titers. In the 

first bleedioj 4 fill of loo were collected whereas 50mlwere collected in 
each of the: latl 4 hI o! rlri!'[lie arrtisera obtlined by blood centriflugation 
at 5000 rpm or 15 rinrit,s, were tused in the mrcroagglutination tests (1) 
to evalLate tl e ti t .otltane.d When tie desired titers were obtailneJ, the 
antisera were purif il and 'I -globulin was obtained byprecipitation, using 
a saturated soltlion of aIm Ion ti sulphate (4) and the concentration ofrn 

II],I
 



the former was calculated by measuring its absorbence in a Beckman DB 
Spectrophotometer at a wavelength of 280 nm. 

Evaluation of Antisora 

The antisera were tested with the homologus isolate xp-5-51. X. c pv. 
phaseoli isolates fron and out of Colombia, various pathovars of X. 
campestrIs and isolates of other genera (Table 2.) 

The methods used in antisera and antigen testing were, the Ouchterlony 
Double Diffusion (ODD) test (4) and tie Indirect ELISA (2). 

For horTcIcouiS ri:Ctli)is vvith the ODD method, antigen dilutions of 5 x 

1Ol to 5 x 1C' cells nil and mnsera dilution1S of 1 Ing ll to 50 ng/'mlwere 
used, whereas with the Indirect ELISA, antigen dilutions of 5 x 10, to 5 x 
1 0 4 cells/ml and antiserum dilutions of 1 Ig mT to 10 ng ml were used 
(Table 1 ). 

The corresponding concentrations used for the heterologous reactions 
with ODD method were 5 x 10 cells nil of the antigen and 1 mg! mlof the 
antisera. With the Indirect ELISA method, the concentrations used were 5 x 
106 cells/ ml of the antigeti and 50 and 20 rig, ml of the antisera. 

Identification of X c;azmpostrIs pv. plu.seoli Isolated from Seeds 

Seeds appareritly healthy, v.re surface sterilized ivvie in 1% sodium 
hypochlorite and theni rir1,d twice with steril; distillled water. They were 
then plated in YDC 1nidinni with the t'llUM touching the Iiedii. Nineteen 
isolates were ohtaiimlt, vhiir-i ciuld he grouped into 2 groups based on the 
color of their colnimi Llmtven i:;ol(jtes had yeilow colonies, whereas 8 had 
cream colonilts The yellow group were tested withi the Indi rect ELISA 
method arid later for tleir ptliogenicity on 15-20 dayold plants using the 

Table 1. Different antigen and antisera dilutions used in the ODD and Indirect 

ELISA methods. 

Altlqlrl Co 
n
1lent iU 1i 'I. ill') 

ODD 
5 x 101 . i(' 5 x 101 

Antiserum ConC(lWmjl0l05 (m(I nllmll} 

1 75 50 1 75 50 1 75 50 

Ant '(qen concvntratiofl 
, 

(ceis,: ml) 

5 x 10 5 x 10 10) 5 x 10" 5 x 10
4 

Inr irect 
FLISA 

Antiserum concIntrationS hmqn.n il 

1 75 50 20 10 1 75 50 20 10 1 75 50 20 10 1 75 50 20 10 
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Table 2. Isolates tested with the ODD and Indiiect ELSA methods 

Isolates tested 	 Identification 

.Vtdithom)o aJ ('d1?Ijh'Ct1'i" pv. phasc'oi 	 xp-5-51 

CBP-057 

CBP-004 

CBP-047 

CBP-048 

CBP-045 

CBP-001 

CBP-003
 

CBP-107 

Vanthouionas cassarae 	 CIAT-1148 
)'CA. 	 CI AT-1123iCU[at,.rIa 

(Wlor('CIAT-1 	 185 

..Igruhatcrtnil II n' wifls CIAT-1182 

/' w'tdIf , ISl)tI. ll (l I CI AT- 1001 

CIAT-1021 

".Mrlimg pv. gli 'illt'd 

pha ,lic la Pp-20 

I:r illi i ar 'iIl OhlI 

scissors inoculation niuthod (b). Isolates of the cream groupwere plated on 
Kings medflurn B (bacto Iept(re, 20 g; glycerol, 15 g; MgSO4, 3 g; K. HPO. 
,2 g; agar, 18 g and (listjlhd water, 1000 ml) and evaluated for fluorescence 
under UV-I1ghl, (IuI to pi)lg m r(It production (8). 

Results 

Pathogenicity Test 

Isolate xp-5-51 was pathogenic and plants inoculated showed high 
disease s( verily. 

Production of Antigen 
To produce somatic antigens, use of levan peptone glucose agar (LPGA) 

(levan extract, 5 g; pancreatic peptone, 5 g, glucose, 10 g; agar, 20 g; 
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Sdistilled water, 1000 ml) as a medium for bacterial growth, resulted in 
,exuberant growth of the organism, due to high glucose content. The heavy 
mucous production makes centrifugation of the bacterial suspension
;i:ifficult and impedes the separation of free cells from the bacterial 
'exudates. This problem was avoided by using nutrient agar, which 
permitted good bacterial growth without producing much exudate. 

The extract ion method for somatic antigen (5) production used, resulted 
Sihconsistent-r~d Guoniderable amounts, appropriate for the process of 
immunization. The titers of the antiserum obtained with this antigen 
were, however, low and the quantity T -globulin purified from it was not 
sufficient to give an optimum concentration for serological tests (1 mg/ml). 
To produce; extracellular glycoprotein antigens, using the saturated 
solution of ammonium sulphate(6), LPGA medium was replaced with YDC 
for bacterial growth. The YDC medium permits abundant bacterial growth 

-with product io n ofextracel lular polysaccharides Thismethod permitted 
;iiproduction of appreciable quantities of the antigen ard of Y globulin 

needed for serological tests. 

Immunization Process 
Extracellular glycoprotein antigens induced more antibody production, 

resulting in higher antisera titers than those given with whole cell 
antigens. Immunization by intramuscular injection gave high production of 
antibodies, aIthough in a slower but more prolonged manner, whereas, low 
production of antibodies resulted from intravenous injection.' This had a 
direct relationship with the quantity of the "Yglobulins that could be 
produced from the antisera. More Y globulin were produced when the 
quantities of the antibodies were optimum (high antisera titers), hence, in 
the antisera of extracellular glycoproteins the quantity off globulins was 
high (levels more than 1 mg/ml) but less in the antisera whole cells (levels 
much below 1 mg/ml). 

Antisera Collection 
Higher antisera titers were obtained with the extracellular glycoprotein 

antigens than with the whole cell antigens, while injecting the rabbits with 
the same dose and frequency. Starting from the third bleeding, it was 
oobserved that the titers stabilized and did not increase despite continued 
antigen application (Table 3). The highest titer obtained with whole cells 
was 256 whereas with extracellular glycoprotein titers of 2560 to 5120 
were attained which establishes a clear comparison between the two 
forms of antigens used and their practical application as antisera in 
serological tests. 

Evaluation of the Antisera 
With the ODD method, it was possible to detect bacterial concentration 

of 5 x 108 cells/mlwhen the antiserum concentration was 1mg/ml, but no 
detection of bacterial concentration of 5 x 107 nor 5 x 106 cells/m was 
possible. Bacterial concentration of 5 x 108 cells/mI was only detected 
when the rglobulin concentration was 1 mg/ml and not at lesser 
concentration (Table 4). 
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Table 3. Titers obtained with the different antigens used. 

Titers obtained in their order of bleeding 
Antigen 

I II II IIlV V 

Whole cells 1:64 1:128 1:128 1:256 1:256 

Extracellular 

glycoproteins 1:128 1: 128 1:256 1:2560 1:2560-5120 

Table 4. Comparison of ODD-ELISA at different concentrations of the antigen 
and the antisera. 

Antigen concentrations (cills'inl) 

Method 5 x 105 10 7 x 10" 5 x 1' 5 x 104 

Antiserum concentrations (rnqry'qmi) 

1 75 50 1 75 50 1 75 50 1 75 50 1 75 50 

00 .. .. .... .. . . . . . 

-ELISA + + 4 4 - 44- 4 4 4 - - + 

All isolates of X. c. pv. phaseoli from and out of Colombia gave positive 
reactions, forming bands with the antiserum except for isolate CBP-048 
(Table 5). There was no band formation with either different pathovars of X. 
campestris or isolates of other genera used, at any antigen concentration 
level tested.
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Table 5. ODD Test-Isolates tested at different concentrations of the antigen and 
the antiserum. 

Antigen concentrations
 
Identification of the
 

' isolate 5 x 1W cells/ml 

Antiserum concentrations (ma,/ng/ml) 

1 75 

Control xp-5-51 + -

Control PBS 

CBP-057 + - 

CBP-004 + - 

CBP-047 + - 

CBP-048 

CBP-045 + - 

CBP-001 + - 

CBP-003 + - 

CBP-107 + - -

Indirect ELISA 
It was possible with this method, to detect bacteria at concentrations of 5 

to 105 cells/ml with antiserum concentration from 1 mg/ml to 10 ng/ml 
(Table 4). Using an antigen concentration of 5 x 106 cells/ml and antisera 
concentrations of 50 and 20 ng/ml, all isolates of X. campestris pv. 
phaseoli tested gave a positive reaction except for isolates CBP-045 and 
CBP-048 (Table 6). However, all isolates of pathovars of X campestris 
other than phaseol and isolates of other genera used, gave negative 
reactions. 

To qualitatively measure the reaction that occurred by using the Indirect 
ELISA, the change and intensity of the pigment produced by the enzyme
substrate reaction were quantitatively measured in a Beckman DB 
Spectrophotomer at 400 nm. The quantity of the product liberated 
corresponded to color intensities produced at different antigen and 
antiserum concentrations. 

It was noted that the absorbence values of the antigen samples 
decreased with the decrease in its concentration, whereas, there was no 
significant change in absorbence with the decrease in the antiserum 
concentration. 

Identification of Xanthomonas campestris pv. phaseoli Isolated from 
Seeds 

The yellow group of isolates, that had been isolated from seeds were 
tested using the indirect ELISA method. Positive reaction was obtained 
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Table 6. Indirect ELISA test; isolates tested at different antiserum concentra
tions and 5 x 10" cells/ml of the antigen. 

Isolates Antiserum concentrations 
5 x 106 cells ml. 50 nq /ml 20 nq.'ml 

Control xp-5 51 + 

Control PBS .. 

CBP-057 + + 

CBP.107 + 

CBP-048 

CBP-045 

CBP-047 + + 

CBP-001 + + 

CBP-003 + + 
CBP-004 + + 

with isolates 8, 9, 10, and 1 1; the rest showed negative results. The 4 
isolates that gav posilive reaction were later tested for pathogenicity by 
inoculation of bean plnts 15 to 20 (Jays old using the scissors method (5). 
They were all flound Itl oguii ic and proved that they were isolates of X. c.
 
pv. p)asooll.
 

Discussion 

The use Of th(- two anl'n types in rabbit immunization established 
which one of thenli could l)roduce more antibodies. The amountof the latter 
has a direcl relationship to the concentration of Iglobulin in the antisera 
obtained Extracelltlkir gjlyr:oprotein gave antiserum of high titers and 
therefore highe+r cicr )tWitloi Of 7 globulif) could be purified from it. This 
Illade tus c(tut ald LIS this iintiserum as more appropriate in all 
serological l ?lt 

The results, obta ed witl tllODD mtmhod indicated that the method can 
be considerid spocihli; rind relialeh but not sensitive, as bacterial 
concentratiwn (If 5 x 1 (" lsf ml or rnore are required for their detection 
and also it titiro-high antisetrum concentration (1 Ing.' ml). This means 
that, a large giantttV ( I t(or, antisera would fe required to evaluate bean 
materials, rmakiiiq t,ri;thod less economical. Furthermore, it does not 
permit evalnatioii 0I argj number of samples and results are only 
obtained after 48 lir 

The Indirect [LISA nni-tliod proved to be more reliahle and sensitive than 
the ODD riethod It ,p ,;i l+ to detect bacterial concentration of up to 5 x 
10" cells ril wilh niIiriIt! .i it-s'rumf coilcttlratio¢ (1inig ml), although, 
in reducingI [r it t i .,,',Ist ethod11 It ,JIn !St Iat ion Of theI showed that 
absorbence (J(ows Inot dilt i iiiiChi of the antiserur,bUtweel (llutions 
indicating thal, thre is stJffi:ient aitiserurmi and itispossible to have it in 
lower concerrat ratot stillor ar detect bacterial populations.
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The extracellular glycoprotein antiserum was specific for Xanthomonas 
campestris pv. phaseoli, hence, permitting differentiation of the latter from 
a group of bacterial isolates belonging to agenus other thanXanthornonas 
when using both methods (ODD and ELISA). The ELISA method, however, 
demonstrated more sensitivity and reliability. 

The indirect ELISA method is reliable in that X.campestris pv. phaseoli 
reacts specifically with an homologous antiserum; and in this form, it can 
be used in testing bacterial cultures whose identity is doubtful or in 
separation of Xanthomonas from a group of unknown bacteria, Due to its 
sensitivity, low concentrations of the antiserum (10 ng/ml and possibly 
less) can be used in detecting bacterial concentration as low a 5 x 10or 5x 

Y105 cells/ml. Knowing that high bacterial concentrations in seeds are 
uncommon, the use of enriched liquid media, followed by centrifugation 
can increase their concentration and aid identification when using Indirect 

-7ELSA.-For this reason the method serves as a useful tool in detection of X. 
campestris pv.phaseoliand its distinction from other bacteria population in 
the seed. 

The method saves time in diagnosis and permits evaluation of a large 
number of materials more economically. 
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Abstract 

Rabbit antiserum made to Xanthornonas campestris pv.campestris strain 
A249 isolated from cabbage grown In Maui, Hawaiiwas used as astandard in 
the enzyme-linked immunosorbent assay (ELSA) to determino its antigenic 
similarities with Xanthornonas strains isolated from cabbage and other 
crucifars, lettuce, and onion from different locations. Inhibition curves were 
used to compare antigenic similarities between homologus strain A249, 23 
other haterologus Xanthomonas strains, and one Erwinia herbicola strain. The 
quantitative data provided by ELISA could be used to distinguish among 
closely related Xanthomonas pathovars and strains causing diseases of 
cabbage, other crucifers, lettuce, and onion. 

Introduction 
Conventional determinative tests have been largely inadequate for 

distinguishing among Xanthomonas campestris pathovars (9). Colony 
morphology, pigmentation, and bacteriological tests were inadequate for 
distinguishing among strains isolated from cabbage, lettuce, and onion in 
Hawaii and other locations. Serological methods based on precipitation or 
agglutination reactions have been inadequate for differentiating among
Xanthomonas species because antigenic determinants are shared within 
the genus (10). The enzyme-liked immunosorbant assay(ELISA) has been. 
widely used as a diagnostic tool in recent years because of its sensitivity
and practicality (6, 13, 21, 23, 24). The availability of this technique has 
prompted a renewed effort to differentiate plant pathogens using surface 
antigens on intact cells because it may be those antigens which play the 
greatest role in recognition mechanisms between host and pathogen.
Since ELISA has the potential of providing a quantitative measure of 
antigenic determinants on cell surfaces (14, 15), studies were undertaken 
to determine whether this assay could be used to characterize the 
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relationships armung Xarthomnon,'s campestris pathovars causing dis

eases of cabbage, lettuce, and onion in adjacent fields in Hawaii. 

Materials and Methods 

Strains 
X. campestrs pv campostrIs strains A249, KC-3-12, A673-2A, A673

2B, and A675-1 ,m.re isolated from diSt.ased cabbage plants on farms in 
Maui, Hawaii Strain OK vas obtairemd froin M. Goto, Japan, and strain EE 
XC 118 was obtained from L. Lceiindi, Raleigh, N. C. Strain A342 was 
isolated from diseii.,,( broccoli seedlings in Kula, Maui, and strain PHW-
RR 68 was isulated from riidisli seed and obtained horn P. H. William, 
Madison, Wisconsir Thle six Iettuce, strains 10 T1I7, 10-TB-10, 10S6, 
10S7-2. A674 4A, arid A676-2A were all isolated from diseased lettuce 
showing iiecrote leaf spots ii Kula, Maui. Onion strains were isolated from 
onion variety Ye1low G rarrmiex sIlowing syniptonis of leaf blight; six strains, 
A206.2a, A226 3, A 221 1, A55] 3,A554-3, andA54-7cane from Kula, 
Maui; an J strains, A30-2a, A88-3, and A255-4, caime from Mo!okai. 

Antiserum 
Wh ole cells (f X canpeur,';pv. calipestrsstrain A249 were prepared 

as inimtiniziinqr awti(Iein aid iniected into New Zealand white rabbits as 
previously d(scribed (1). I rel specificrty of the antiseru in was determined 
by donbhe dillLiHsl lnand Inimnu nof loorescence using X. campestris 
pathovars and 36 tjnrndtiteil pathogens and saprophytes (8) 

Coating Antigen 
Whole cells of striein A249 were prepared by the same procedure as for 

the iITLin inrig ant gijeri After Iheml treatment, cells were washed and 
resuspended in salIi n, and the optrcal density (OD) was read at 600 n in. 
The suspension wiis adjute.d to the desired cell count by using OD 
readings cal bitd to total cell counts arid resuspending the cells in the 
appropriate vuluime of earhunate-brcarboriiate buiffer (pH 9.6) made by 
mixing equal volumtes, of 1) nM Na CO (1 59 q 1) with 35 nM NaHCO 
(2 94 g lhie c ating Jrcedie determined by varying the1). best was 
coating tirne., termperaittre, and methoe (ijir-dry vs. wet coat) 

Conjugate 
Goat- anti -rabbit Il , cniji igated to horseradish peroxidase (GARP) was 

purclhased fror Cippel La boratory, Cochranville, PA 19330, lot U13466. 
The optilmTu i(I C.ornerln if at IMIs of GARP, coating antigen, and antibody were 
deternired tnmn i ?r tinitrrns ind anti!,ody-antigen binding curves 
at different GARP :i,, , rltrimlsi (2) 

Enzyme Substrate 

A stock solution of 1 ' w yeidianirme (OPD) (Sigma Lotv ortho-p/mtylel 
fl 10F-0076) was prepare il ii citrale buffer (pH 7) made by in xing 98.6 parts 
of 0.1 M citric acid and 101 .4 parts of 0.2 M Na HPO: One ml of the stock 
solution was rMixed Wiltl 0.1 il of 3t'o H 0 in 99 ml of citrate buffer. 
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Microplates 

Polystyrene mi(croplates with 8 rows of 12 wells, flat-bottomed for 
photometric reading, were obtained from Linbro Division, Hamdon, CT 
06517. Test Ii(UIds were dispensed with a Repetman (Rainin Instruments, 
Emeryville, CA 94608) (r an 8-tipped multichannel pipetter (Titertek, Flow 
Laboratories, Inglewood, CA 90301 

ELISA Procedure 

Coal plates,hy addinlg 200 111of hlimlojgus antigen A249 to each well of 
th ti rr Ia w , i rdlfi In a watrliroplitt. ('fi.i, iiid iii ii'Llbito; hilt, ( 0 C) for 
4 hir Refr if ,v n, ii n wn[iti phusphlalei V l UrhIni t buffered 
saline plus Twe(n 20(pH 7.4)tmadebymixing8 Og NaCI, 02gKH PO. and 
1 15 g Na HPO ani 1)nil TwI ;em-20per lite!r(PBST), allow to sit 3 minutes. 
Drain and repeat for a total of three washes Add 200 nI a ntiserum (rabbit-
anti-A249) prelpiid in PF3ST. Incubate 0.5 hr at 37 C Drain antibody 
Wash three til i" ii.sly Inc ubate 0.5 hras piev Add 200 nI vvell of GARP. 
at 37 C. Wash ts pi viou.sly Add fresh preparation of enzyme substate 
(200 nI well) and incubaite miir k for 0.5 )ir at37 -C. Ard 25 nI of 8N H SO. 
ti stop the rea(;ton Read optiial (lerisity (492 nm)of Individual wells using 
a nultiple chiarilil p htonwetfr (I iti.rtek Mltiscan) (16) 

Inhibition Curves 

Who!le *l Is( I ()Iol ws and liwterologous strains were prepared as 
previously,f neiliri ted tea predetermined cell counth,;it k.lll(d, aind aJJ. 
Using OD ri liii ; alilrit h(ithe total cel c(i.Jint for each strain A 2-foldo 
r1lution ,erie '. PBS I was rnia(vi: for each strain and an equal volume of 
rabbit lG ann A249 II PBSF vas added to each lube and shaken 
ini tJledafly 1we'hlil d ec placed irrli)IIof Inhdiibition mixture were 

eac: well (1t tlt! ate(irmi.(iroplatt;sFests were run in quadruplicate, 
jlan:g aitraid ri ()l ,tparate., plates Plates were inCubated for 0.5 h 

at 37 C, ;irnd t pf ( ()1 Io LMAwas c(ltinued as previouslydescribed. 
Control wells, I eorwlitriJ (I)tbuffer alore, (it)non-reacting serum (NRS). 

Stbtistical Analysis 

Absorhain:we vatlu., ev).re c(oriverted to pe.rcent inhibitions of the binding 
reaction Pehri lultioii /wasplott,d against the log of the number of 
cells add(J ! tt.,c, titiv antigen. Regression coefficients were 
Ca]lc~late(.i , th ! mniher of cells to ;]chieve 50"', inhibition of the 
homologous .S(t;ailiVws .eAtrapolated fir eachiheterologous antigen. 
Statistical parIif . n!jrs, staia;rrd deviations, stanriardf errors of the 
mean. sh les., n its,inil t-tests t(.icc, ii(tmiI: conparfe slopes were 

tJ from IIISA liyti ot Linear 
re(jressi; i n i ,iiits ilaited usiJ all )ointSur1th0 linear portion 
ca lcitlatr J.,it+ oetlhod! of Crow, a/ (7). 

:oi ffo a:Si 
of a plot of 1)( t 11h01 log of the number of inhibitor cellsIuliillml vs 
added Confudh: Int, were calculated by using a two-tailed t-test at the 
0 05 probahilily level. 
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Results 

Standardization of ELISA Procedure 
Coating antigen, varying in concentration from 100 to 109 cells per ml, 

gave readable reactions only after the concentration reached 104 cells/ml 
or higher. At all antibody concentrations OD readings were greatest when 
the antigen was coated at 109 cells/ml. Coating efficiency reached a 
maximum when plates were left in a water bath (70°C) for 4 h. Whole live 
cells could also be air-dried on to plates overnight, at 241C or 371C. 
Antisera having agglutination titers of 640, 1280, and 2560 (expressed as 
reciprocal of dilution factor) showed optimum reactions in ELISA when 
diluted 300, 600, and 3600-fold, respectively. A standard binding curve 
was made for each serum. The concentration of GARP was selected at a 
dilution of 1:6000, because this value gave OD readings near 1,0 at 
op timum _,antigen-antibody concentration. Incubation times between 
additions of reactan ts (a ntibody, GARP, substrate)weree-stalblish'edat0.5

h at 371C or 1 h at 24 0C. Measurable differences between these methods 
did not occur, and the shorter incubation period was selected for 
convenience. Whole cells to be used as antigen for inhibition mixtures 

r could be prepared in advance and stored in PBST for at least three weeks 
without loss of activity. Once the antibody is added, the inhibition mixtures 
must be dispensed into wells of precoated microplates within 2 to 4 h. If 
mixtures were refrigerated overnight a reversal of the reaction was 
observed as an upward shift in OD readings at high antigen concentrations. 

Standardization of Inhibition Curves 
A standard inhibition curve was drawn by plotting OD.,, against the 

number of inhibitor cells in the reaction mixture. At low cell numbers, OD 
readings were near maximum for the binding reaction between antibody 
and its homologous coating antigen. As the amount of the competitive 
antigen increased, OD readings were reduced, reaching a minimum when 
inhibitor cel!'numbers were greater than 5 xl 08cells/mI. Asanaverage of 
14 inhibition curves made on different plates and assay dates, the binding 
reaction was inibited 50% at an OD reading of 0.490 absorbance units, 

which was extrvpolated to 5 ± 2 x 101 cells/ml. Heterologous cabbage 
strain KC-3-12 and lettuce strain 10-TB-10 gave curves very similar to 

inhibition curves formed by the homologous inhibitor A249. White onion 
strain A255-4 3hcwtd iihtie nihibition. Optical density values were 
converted to percent inhibition by the following equation: 

100% inhibition=rl - ODix 

where ODI is the optical density given by a mixture of antibody with a 
known number of inhibitor cells and OD , is the point at which no inhibition 
of the binding reaction occurred (eg, the tube to which no competitive 
antigen was added). Regression coefficients for the 92 inhibition curves 
plotted for these samples average 0.968 (range 0.994-0.857), Slopes and 
confidence limits were calculated. These data showed that cabbage strains 
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A249 and KC-3-1 2 did not producesignificantlycdifferent inhibition curves, 
while lettuce strain 10-TB-10 showed slightly flatter Islopes and required 
each.5-fold more inhibitor cells for 50% inhibition of the binding reaction. 
Onion strain A255-4 showed a shallow slope and required 28-fold more 
inhibitor cells for 50%. inhibition. Using the quantitative analysis of 
inhibition curves and the numbers of cells required for 50% inhibition, the 
relationships between the 23 strains of X. campestris pathovars could be 
determined. 

Two cabbage strains KC-3-1 2 and OK - had values for slope (b) closely 
approximating the slope produced by the homologous inhibitor A249, and 
the numbers of cells required for 50% inhibition were not significantly 
different, indicating antigenic similarity between these strains, Other 
heterologous crucifer strains and lettuce strains produced inhibition 
curves showing less similarity with A249. Little inhibition was produced by 
onion strains, showing that these organisms shared few antigenic 
determinants withA249, Erwinia rerbicola caused no inhibitionrshowing
that this organism was serologically unrelated. 

Discussion 

Quantification of ELISA depends on the consistency with which a 
number of parameters in the ELISA protocol can be controlled (2, 4, 5, 14
24). Variability in the adsorption of antigen onto tubesa nd microplates and 
antigen density are important considerations (12, 13). A supra-optimal 
concentration of antigen may impose steric hindrance in the antigen
antibody reaction (17). Although coating with large numbers (1 x 109 
cells/ml) of bacteria gave consistent results in our ELISA protocol, a 
reduction i n density of coating antigen may reduce.non-soecific reactions 
and thus provide better data for determining relationships between 
heretologous strains. Optimal quantities of all reactants must be 
determined for each serological system (3, 6, 11) as well as the pH of 
coating buffer and substrate. When the prescribed ELISA protocol was 
strictly followed, inhibition curves were found to be highly reproducible and 
could be used as quantitative measures of antigenic similarity between 
closely related pathovars. 

It was interesting to note that two cabbage strains, A249 and KC-3-1 2, 
were isolated from neighboring cabbage farms while isolates obtained 
from more distant locations were less closely related. These results are 
encouraging for the prospects of using ELISA as a tool in determining< 
inoculum source. 

Although lettuce and onion strains shared some antigenic determinants 
with crucifer strains, the ELISA data showed that they were not 
serologically identical. Onion strains in particular produced inhibition 
curves with significantly different slopes and required several-fold more 
inhibitor cells to produce 50% inhibition of the binding reaction. Since both 
the slope and the number of inhibitor cells must coincide for serological 
identity, the onion and cabbage strains examined here should be 
considered serologically different. This use ard interpretation of inhibition 
curves may provide useful criteria on which to compare serological 
relatedness among strains of plant pathogens. 
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Abstract 

Plasmid arid protein profiles of ten Pseudomorias andropogolils strains, 
isolated from iour hosts, were compared in electrophoretic gels. All strains 
contained two to four plasmids, ranging in mass from 30 to 145 
megadaltons. The plasmid profiles could not be correlated with the host of 
origin. The protein patterns of all P ,mdrupoyoms strains were essentially 
indistinguishable. As a group, however, their patterns were clearly 
distinguishable from other non-fluorescent pseudomonads. 

Introduction 

The status of the nomenspecies Pseudornonas andropogonis (Smith 
1911) Stapp 1928 and P. stizolobii(Wolf 1920) Stapp 1935 is ambiguous at 
present, The 1980 Approved Lists of Bacterial Names includes P. 
andropogonis but not P. stlzolobii. The latter nomenspecies was considered 
synonymous with P. ,idropogonis by Goto and Siqrr ,i). The 
nomenspecies P. stlzolobl, however, is still being used (3). bu, #ecies 
were relegated to Addendurt I in the latest edition of Bergey's Manual (2); 
this addendum lists nomenspecies which have been "incompletely 
described, but whici appear to conform to the generic definition." 

In an effort to resolve the question of taxonornic status, we examined 
strains of both nomrenspecies in two different ways. This paper describes 
the analyses of plasiids and proteins in the nomenspecies P. an
dropogoins and P stlzolobh. 

Materials and Methods 

Bacterial Strains 

The bacterial strains used in this study are shown in Table 1 and Figure 3. 

Media and Cultural Conditions 

The bacteria were maintained and grown as previously described (8). 
Bacteria were grown at 30"C for plasmid and protein extractions. 
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Table 1. Plcdhmonras aindropogonisstrains analyzed.
 

Nomenspecies Strain Host Source
 

P. ,mdr,,pJ.',,M NCPPB 934' sorghum Indiana, U.S.A. 

P).,Udr,,p,1imo GB209 sorghum Nebraska, U.S.A. 

P. 1n1r,, ,mi NCPPB 933 corn Indiana, U.S.A. 

P ar/1,p0).'Qme P13195 co1n Iowa, U.S.A. 

P ,rt ',,ni' MCP corn Nebraska, U.S.A. 

P.and,'p ,',,in YP1 corn Nebraska, U.S.A. 

P ars 'p, ,'olin X 1131A corn Iowa, U.S.A.; 

I. .lti-,dl,'lii NCPPB 1024 I,''ir, rd cmrnoari 1tnll Rhodesia, Africa 

Px.ti:ld i/l NCPPB 1127 Btuginrtilha sp. Rhodesia, Africa 

: NCPPB Notuorwl of Plint P,Ahoq'mnic Ln(jmi l. The rermaininj strainsCo.lle:tior Bactera, 

were isolated by the uthoris. 

Preparation of DNA for Agarose Gel Electrophoresis 

The procedure of Gonzalez & Vidaver (4) was used with minor 
modifications to iniprove lysis of the cells. Cells (1 x 109 CFU/ml) were 
resuspended after low speed centrifugation in an equal volume of lysozyme 
(1 mg.'ml), 25% sucrosU (w v) solution, made up in Tris-EDTA buffer (4). 
The suspension was shaken at 250 rpm on a rotary shaker for 1 hrat 37 0 C, 
centrifuged at low speed for 15 min at 4'C, and resuspended in TE buffer 
with predigested Pronase as before (4). This mixture was then shaken for 
15 ruin at 37'C. Sarkosyl (Ciba-Geigy) was added as before (4), and the 
sample was incubaited on a shaker for an additional 40 to 45 min at 37°C. 
The resulting solution generally was clear and viscous. After overnight 
storage at 4 C, 4 n1l ,alluotswere sheared, denatured, and renatured as 
described previously (4). 

Agarose Gel Electrophoresis 

Ethanol-precipitated DNA was subjected to electrophoresis as previous
ly described (4). 

Polyacrylamide Gel Electrophoresis 

Cell proteins were extracted arid visualized as previously described (1), 
except that the more sensitive method of silver staining was used (7). 

Results 

Plasmid Analysis of Strains 

All strains of both torrenspecies examined contained detectable 
plasrnid(Fig 1). The number of plasinids per strain was 2 to 4 and the mass 
ranged from 30 to 145 niegadaltoni3 (fable 2). Several strains appeared to 
have plasmid of cotrimon mass. rhe strains from Stizo/obium and 
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Fig. 1 Agarose gei electrophoresis of ethanol-precipitated plasmid DNA from 
cleared lysates of Pseudommuis alidropogonis and reference strains. Lanes show 
(A)P. syrin7gae HS 191 (pCG 131 );(B)Escherichia coli J53 (Rldrd 19); (C)E. coliJ5 

4(RPi); (D)NCPPB 933: (E)YPI; (F)MCP; (G)X1 131 A; (H)NCPPB 934; (1)P131 95; (J)pl
101; (K) NCPPB 1024, and (L) NCPPB 1127. Chromosomal DNA migrated to the 
same position for all strains. Marker plasmids were 33 (pCG 131) 39 (RPI) and 62 
(Rldrd 19)megadaltons. respectively. 

'iBougainvillea, however, contained the largest and smallest plasmids, 

respectively. 

Polyacrylamide Gel Electrophoresis of Cellular Proteins 
The patterns of the protein bands of the nomenspecies P. andropogonis 

and P. stizolobii were very similar (Fig. 2). The strains isolated from corn 
differed as much from each other as from the remaining strains of P. 
andropogonis and P. stizolobi, These variations were minor, particularly 
when P. andropogonis proteins were compared with the proteins of strains 
of other, non-fluorescent pseudomunads (Fig. 3). P. andropogonis clearly 
differed from all other nomenspecies, including representatives of non
fluorescent phytopathogenic pseudomonads. 

Discussion 

The minor modificationmade in the lysis procedure enabled consistent 
detection of plasmids in the nomenspecies P. andropogonis and P. 
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1able 2. Plasmids of Ps 'Iom moais asiIlr(logofi.v. 

Number of plasmids Mass (megadaltons)aStrain 

1. NCPPB 933 2 76 ±3; 118 ±1 

2. YP1 2 82 ±5; 107 ±3 

3. MCP 2 74 ±3; 113 ±3 

4. X1131A 2 90 +5; 118 ±7 

5. GB209 2 90 +2; 125 

6. NCPPB934 3 51 ±1; 85 ±4; 113 ±4 

7. P13195 3 51 ±2; 85 ±4; 122 ±5 

8. P1101 3 57 ±3; 85 ±4; 118 ±8 

9. NCPPB 1024 3 64 ±8; 122 ±20; 145 ±10 

10. NCPPB 1127 4 30 ±2; 61 ±5; 90 ±10; 118 ±8 

a Results are from two to four independent experiments. 

-. 5 

Fig. 2. Protein patterns (t Psudomonas aOndropogonis in a polyacrylamide slab gel. 
Samples were elect rophi)resed from top to bottom. Strains are: (A) P13195; (B)P1101; 
(C) YPI; (D)MCP, (E)X1 131A, (F) NCPPB 933; (G)NCFPB 934; (H) NCPPB 1127; (I) 
NCPPB 1024 Lane J)contains standards, from top to bottom, bovine ser,m, albumin 
(MW 66,300), carbonic anhydrase B (MW 28,000), and lysozyme (MW 14,300). 
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Fig. 3, Protein patterns of Pseudomonas andropogonis and other non-fluorescent 
:.,pseudomonads, Samples were electrophoresed as in Fig, 2 with standards in lane 

(A). Strains are (B)P. mendocibaATCC 17588; (C)P alcaligenes ATCC 14909; (D)P. 
pseudoalcaligenes ATCC17440; {E) P. cepacia ATCC25416; (F) P testeroni 
ATCC1 1996; (G) P. acidovorans ATCC15668; (H)P. delafieldiiATCC 17505; (I) P 
solanacearum K60; (J) P. andropogonis NCPPB 934; and (K) P. caryphylli 
ATCC25418
 

stizolobi. Other methods, for example, that of Gonzalez and Vidaver (4), 
i either did not lyse the cells or gave irreproducible results., 


All strains of the nomenspecies P. andropogonis and P. stizolobii 
contained 2, 3, or 4 plasmids, some of which appeared to be of common 
mass. However, no single plasmid of common mass was found in all corn 

* 	and sorghum strains, Thus, it would appear that no particular plasmid 
determines host specificity for these strains; the two remaining strains 
from dicotyledonous hosts, may be different. Nevertheless, plasmids may 
determine host range, as in Agrobacterium (6). 

All strains of both nornenspecies showed a sheathed flagellum 
(Gonzalez and Vidaver, unpublished results), Such flagella are absent from 
the other nonfluorescent pseudomonads. 

The powerful tool of protein analysis by polyacrylamide gel electro
phoresis (1) independently supports the conclusion of Goto and Starr (5) 
that P. andropogotis and P, stizolobi are a single species. P. andropogonis 
is recognized as having priority (5). Based on the work of Goto and Starr(5) 
and this study, %e recommend that the'next edition of Bergey's Manual 
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remove P. andropogonls from the list of incompletely described species. 
The species appears relatively homogenous and is clearly separable from 
other nonfluorescent pseudomonads. 
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Abstracts
 

SEROLOGICAL CROSS-REACTION WITH Corynebacterium 
sepedonicum ANTISERA. De Boer, S.H. Agriculture Canada, Research 
Station, Vancouver, B.C., Canada. 

Antisera were produced in New Zealand white rabbits against 
glutaraldehyde-fixed cells of Corynebacterium sepedonicum, the incitant 
of bacterial ring rot of potato. The IgG fractions of antisera were purified by 
column chromatography of Sephacryl S300 and used for indirect 
immunofluorescence staining. Whole antiserum was used for immunodif
fusion tests Corynebacterium sepedonicum cells could be detected by 
immunofluorescence in potato stems arid tubers infected with the bacterial 
ring rot disease. However, cross-reacting bacteria were also found to be 
associated with diseased and healthy potato plants. Gram-positive, gram
negative, and gram-variable cross-reacting bacteria were isolated from 
ostensibly healthy potato stems. These strains were morphologically 
different from C. sepedonicuin and weie not pathogenic on eggplant. 
Corynebacterlurn InsIdiosum and C.in/chiganense a Iso cross-reacted with 
C. sepedonIcurn antiserum but other plant pathogenic Corynebacterium 
spp., except C. fasciens which gave a very weak reaction, did not cross
react in immunofluorescence tests. Corynebacterium insidiosum, C. 
michiganense and some of the cross-reacting strains from potato also 
cross-reacted with C. senedonicurn antisera in agar double diffusion. 
Specific activity (imm Anofluorescence titer."mg protein) of IgG antisera 
fractions was determined with C. sepedonicum, C. insidiosum, C. 
michliganense, and an undetermined coryneform bacteria isolated from a 
potato stem Specific activity with C. sepedonicum was greater than with 
cross-reacting bacteria in antisera obtained up to 12 weeksafter beginning 
immunization, but was equal to specific activity of cross-reacting bacteria 
in antisera obtained 20 we,eks after beginning immunization. An antigenic 
fraction was extrated from acetone-dried C. sepedonicurn cells with hot 
phenol and antigenic activity was detected in culture filtrates. The culture 
filtrate, but not the phenol extract, sensitized shepp erythrocytes in indirect 
hemagglutination. Both the extract and culture filtrate produced precipitin 
bands in agar double diffusion. Hot phenol extracts and culture filtrates of 
C. insidioeurmand C.michugatnense also produced precipitin bands with C. 
sepedonIcurm antiserum in agar double diffusion. 

Ahstraict 1)rovi( h, i '.'. Ij, no)r.seri d dt the Co.nf)frence.) 

SEMI-SELECTIVE MEDIA FOR DETECTION AND MONITORING OF 
SOME Xanthomonas campestris PATHOVARS. B. N. Dhanvantari, 
Agriculture Canada, Research Station, Harrow, Ontario, Canada NOR 
1GO. 

A soluble starch medium (DSX) of the following composition developed 
opaqueness when stored at 5"C for a minimum of 9 days, thus aiding the 
visualization of starch hydrolysis by Xanthomonas campestris pvs. 
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campesiris and phaseoli.- soluble starch, 10.0 g; yeast extract, 5.0 g; 
NH4 H2 P0 4 , 0.5 g; MgSO 4 .7H 2 0,0.2 g; NaCl, 5.0g; agar, 15 g; distilled 
water to make up to a litre; pH adjusted to 6.8; and pimaricin, 50 mg added 
after autoclaving, The bacterial colonies developed yellow pigmentation 
characteristic of the xanthomonads, and starch hydrolysis was coincident 
with the appearance of the colonies in 3 to5 days. The medium permitted 
the production of diffusible fuscous pigment by the fuscans strains of the 
pv. phaseoli. The antibiotics nalidixic acid (up to 64 ng/ml), penicillin (up to 
101 international units), and vancomycin (up to 64 ng/ml) were tolerated 
by the strains of pvs. campestris and phaseoli tested. The DSX medium 
alone, or supplemented by one or more of these antibiotics was selectiveT -e nouag h for-dete-ti f";rd-iihit~ingThfithes'bactbria,76b iat -i -th-e 

necessity for addition of dyes or iodine used in other media for this purpose. 
The DSX medium is not applicable to X. pruni whose capacity to 

hydrolyze starch is poor. Because of its ability to utilize cellobiose, the 
following medium (XP) was found suitable for its isolation and 
autecological studies: cellobiose, 3.0 g; NH4 H2 P04,0.5 g; K 2 HP04,0.5 g;
MgS04. 7H 2 0 , 0.2 g; NaCI, 5.0 g; sodium taurocholate, 2.5 g;Tergitol-7 
(anionic), 0.1 ml; distilled water to make up to a litre; pH adjusted to 7.2; 
nicotinic acid (10 mg) and pimaricin (50 mg) added after autoclaving. The 
colonies of X. prun, appeared in 4 to 5 days on this on this medium and were 
off-white to cream-colored. 
(Paper presented at the Conference; manuscript not received in time to publish,) 

A NUMERICAL TAXONOMIC STUDY OFTHE GENUS Erwinia. Dye, D. 
W. Plant Diseases Division, D.S.I.R., Auckland, New Zealand. 

Using biochemical and physiological characters of 206 Erwinta cultures 
representing 25 nomenspecies, four numerical analyses have been made 
and dendograms prepared. These dendograms are presented as the basis 
for proposals concerning the nomenclature of the genus Erwinia. None of 
the analyses support a clear break into the groups previously know, as the
"amylovora," "herbicola," and "atypical Erwinia" groups. However, the 
synonymy of d number of nomenspecies is confirmed and other 
relationships are indicated. On the information available it is proposed that 
the 25 nomenspecies are best classified as 13 species with a number of 
pathovars. 
(Abstract provided hut paper was not presented at the Conference.) 

RICKETTSIA-LIKF ORGANISM (RLO) FROM PLANTS. Misra, A.
 
Botany Dept., Mithila University, Darbhanga, India.
 

It is now well known that several "virus" diseases of plants with 
antibiotic sensitivity and yellow types of symptoms belong to the 
mycoplasmal etiology. In addition to those RLOs, we also know that 
Rickettsia are also involved in certain important diseases of plants. The 
relationship between bacteria, mycoplasma, Rickettsia, and the related 
organisms will be discussed. The identification of RLOs and the problems 
of their taxonomy and identification as well as nomenclature will be 
commented upon. Better understanding of the taxonomy of mollicutes, 
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especially Rickettsia should help us to plan a better strategy of control of 
these diseases. Proposals for the creation of an International Committee 
for the Taxonomy of Rickettsia and Mycoplasma have been made, and 
cooperation from animal workers has been sought.
 
(Abstract provided but p)ajwr was not presented at the Conference.)
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Ecology of Bacterial Pathogens 

Introductory remarks by 

Leopold Fucikovsky 
Chairman, Session I/I 

This session deals with epidemiology, dispersal, and survival of plant 
pathogenic bacteria. Emphasis is on survival of these bacteria, not only on 
the aerial surfaces or internal parts of vegetatively propagative material or 
botanical seeds, but also in the rhizosphere of cultivated plants orweeds or 
in soil. 

In the past, various selective media or other sensitive methods have been 
used to detect or monitor the bacterial population, especially on the 
surfaces of plants. These methods are being refined every day and we shall 
hear of some new advances in this field. Other aspects, such as 
symptomless plants with a potential of maintaining low populations of 
bacteria for prolonged periods may be of great importance tothe future of a 
healthy agriculture. 

It is well known that various ambient factors such as rain, humidity, 
temperature, and microflora as well as age, nutrition of the plant tissues, 
and other factors, may have a profound influence on the survival of bacteria 
on or near susceptible host plants. We will hear a great deal about these 
factors as they influence populations of different pathogenic bacteria. 

Some of the most recent advances in ecolcgyof plant pathogenic bacteria 
have been with Pseudomonas tomato (5) where a field temperature 
between 13 and 281C and a high relative humidity and free water on the 
leaves have been directly correlated with the bacterial speck of tomato. 
Yield losses were as high is 75% in plants infected at an early stage. 

Another recent and important development has been the demonstration 
by sensitive methods used by Elango and Lozano (1) that Xanthomonas 
manihotis can be detected in the embryo of the botanical seed of cassava, 
also in pollen, and later transmitted to new plants. The seed transmission 
could be as high as 40%. 

Other interesting advances on ecology of bacterial pathogenesis were 
made by Surico et al. (4). They found that Pseudomonas syringae pv. 
glycinea could be areosolized and could add significantly at relatively low 
temperatures to the epidemic potential of the pathogen on soybeans by 
establishing itself in the field during the early part of the growing season. 

An aspect of bacterial motility, -f Erwinia amylovora has been studied 
recently by Raymundo and Ries (2), showing that environmental factors 
such as temperature, chelating agents, pH, energy sources, and oxygen, 
affect motility and flagellation of these bacteria. Low temperature favors 
flagella growth; addition of chelating agents enhances motility. Cells were 
actively motile between pH 6 and 8. Also, certain energy sources like 
mannitol and glucose stimulate motility. Oxygen stimulates motility of this 
bacterium, too. Inside the host tissue, E. amylovora was not motile. 
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Itis interesting that Corynebacteriumfascians could be transmitted by 
tobacco seeds, as we shall hear in this session. Our own work on 
Corynebacteriumfasciansand Shasta daisy showed that the bacteria 
could be transmitted by mollusks feeding on these plants (3). 

Reflecting now on research for the future, Iwould say from some of the 
cited examples that more work will be needed on population studies of 
other plant pathogenic bacteria, and on environmental factors that affect 
their motility inside and outside of the plants. Factors and characteristics 
such as the ones mentioned could be of great importance for the survival of 
the bacteria in nature and, consequently, the adaptation of the bestcontrol 
measures in the future, 
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Incidence, Perpetuation, and Control 
of Bacterial Blight of Guar 

S. S. Karwasra, J. N. Chand, G. S. Saharan 

Haryana Agricultural University 
Hissar, India 

Abstract 

The incidence of Bacterial blIght of guar increased with the increase 
in amount of rainfall and number of rainy days. Carryover of the pathogen on 
the seed plays an important role in the perpetuation of the pathogen from 
one season to another. The pathogen can be eliminated from the seed by ahot 
water treatment of 10 min at 561C. 

Introduction 

Guar [Cyatnopsis tetragonoloba (L) Taub is a well established crop for 
forage, vegetaible, and green manuring in India. This crop has also assumed 
industrial importance recently, because of gum content in its seeds. The 
production of guar has been limited by bacterial blight disease caused by 
Xanthomonas cyaniopsidis. This disease was first reported from India in 
the 1950s (I, 2). It causes blighting of leaves, resulting in premature 
defoliation. In seve-e cases, blackening and cracking of stem occurs, 
resulting in the death of well established plants. During the last fewyears 
the disease has been causing considerable damage to the crop. After taking 
into consideration the severity of the disease, and the influence of weather 
on its incidence and mode of perpetuation, a control by hot water treatment 
was worked out 

Materials and Methods 

Effect of Meteorological Factors on Incidence of Bacterial Blight 

Two varieties of Guar, FS 277 and Guar No. 2, were used to study effects 
of meteorological factors on the incidence and perpetuation of 
Xanthomonas cyamopsudis. These varieties '.vere sown in a randomized 
block design on 3 m x 2 m plots on which guar had been grown the 
preceding year. The sowing was done on four different dates (Table 1). 
Observations were recorded three months after the date of sowing. 
Infected plants were graded as follows: (0) healthy; (1) very few lower 
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leaves showing the blight symptoms, stem healthy; (2)20%of leaves in the 
lower half showing blight symptoms, stem healthy; (3) 50% of leaves 
blighted, stem showing some streaks near the base; and (4) more than 50% 
leaves blighted, stems cracking and blackening. 

Disease index was calculated as: 

No. of plants affected Respective grade 
- - x x 100 

Total No. of plants observed Maximum numerical value (4) 

Role of Seed and Plant Debris in Perpetuation of Bacterium 
For this study, seeds and plant debris from heavily infected plants of 

varieties FS 277 and Guar No. 2 were collected and incubated at room 
temperature. Monthly isolations were made from this material to check for 
presence of the pathogen on nutrient dextrose agar medium, according to 
standard isolation technique. 

Elimination of Seed Borne Pathogen Through Hot Water Treatment 

Hot water treatment was given as suggested by Verma eta. (7) in cotton. 
Seeds of variety FS 277 were divided into 20 g lots and kept in muslin cloth 
bags tied with a thread. The lots were exposed to desired temperatures and 
time in a hot water bath. Later the lots were removed in water at room 
temperature and sown directly in 3 m x ? in field plots. The germination 
percentage was recorded after 10 days. Elimination of infection was 
confirmed through observalions taken on cotyledonary leaves of seedlings. 

Results and Discussion 

Influence of Meteorological Factors 

Different environmental factors influencing the average infection index 
of bacterial blight of crops sown on different dates are given in Table I. It is 
evident that there was no sig .ificant difference in temperature and 
humidity during the growth period of the crop. However, amount of rainfall 
and number of rainy days differed significantly from 1st of June to 1st, 10th 
and 20th of July The maximum average disease index was recorded in 
cultivars FS 27. (33 5%) and Guar No. 2 (29.5%), when the crop was 
planted on 21st of June The minimum disease index (11.1 and 10.3%)was 
recorded on the 20 th of July planting. It appears that the high disease 
indexes in the crops sown on June 21 and July 1 were due to higher 
precipitation and greaiter number of rainy days. The July 10th and 20th 
plantings encountered less rainfall and fewer rainy days. It is well known 
that splashing rains favor secondary spread of the disease (3, 4, 6) caused 
by bacterial pathogens 

Role of Seed and Plant Debris in Perpetuation of the Bacterium 

evident l blf,- that played 
perpetuation of the hr 'mcrwtim rtme bacterium could be isolated up to 12 
months after harvest from the infected seeds. However, plant debris 
yielded the hacteritrml only for two months after harvest. These results 
agree with those, of Srivastava and Rao (5). 

It is from 2 the seed an important role in 
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Table 1. Meteorological factors affecting average disease index. 

Date of sowing Average disease index Max. Mini. Rainfall Humidity No. of 
FS 277 Guar No. 2 Temp. OC Temp. OC (mm) (0/0) rainy days 

21st, Junp 33.50 29.51 34.1 25.9 199.9 85.2 42 
1st, July 29.87 28.90 33.4 23.0 160.9 87.3 36 
10th, July 11.20 10.50 33.1 25.4 117.2 88.9 30 
20th, July 11.10 10.30 33.1 26.5 40.2 83.4 27 
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Table 2. Role of seed and plant debris in perpetuation of bacterium. 

Date of Infected Guar Seed Plant Debris 
Isolation FS 277 Guar No. 2 FS 277 Guar No. 2 

13/11/75 + + + + 

13/12/75 + + + + 

13/ 1/76 + + - 

13/ 2/76 + + - 

13/ 3/76 + + - 

13/ 4/76 + + - 

13/ 5/76 + + - 

13/ 6/76 + + - 

13/ 7/76 + + - 

13/ 8/76 + + - 

13/ 9/76 + + - 

13/10/76 + + - 

+ Indicates the presence of bacterium
 
-- Indicates the absence of bacterium
 

Hot Water Treatment for Elimination of Seed Borne Inoculum 

The inoculum was eliminated from seed by giving it a hot water 
treatment for 10 min at 56" C. The other treatments proved ineffective for 
the elimination of bacterium from the seeds. There wasa 13% reduction in 
seed germination in comparison with the control, but the pathogen was 
eliminated (Table 3). Srvastava and Rao (6) also found hot water treatment 
effective for elimination of the pathogen. 

Table 3. Hot water treatment for the elimination of seed borne inoculum. 

Temperature oC Time (Mtin.) Germination (0/o) Cotyledonary 
infection 

50 10 70 4. 

52 10 68 + 

54 10 64 + 

56 10 62 

Control - 75 -

Infifction 

- No infection. 

1 '16 
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Abstract 

When 1-mo-old plants of a wilt-resistant clone of Solanum phurea 
(1386.15) were stem-inoculated with three strains of Pseudomonas 
soa,ac zaruto (K60, S123, and S206), the bacteria multiplied rapidly at the 
point of inoculation and then moved in the vascular system to other parts of 
the stem. Resistant plants showed a remarkable ability to support relatively 
high populations of the bacterium in the absence of disease symptoms. 
Although multiplication in this resistant clone was substantially less than in 
susceptible Russet Burbank potato plants, largo numbers of bacteria (up to 
624 x 10' cells of K60 per5 - cm stem segment) reached the base of the stem 
of plants maintained at high temperature (281C) for 20 days after stem 
inoculation. From the base of the stem, the bacteria moved rapidly into the 
roots and tubers. Strains offP ,;/m,icoarum differed in their ability to cause 
latent tuber infection in different resistant potato clones. When S phureja x S. 
trohosu/rn hybrids were stern-inoculated, maintained at 28'C for 3 weeks, 
and then grown to maturity at 20 0 C, most of the clones yielded tubers 
infected by one or more strains. The race 1 strain (K60) was the most 
infectious; 53.8% of all tubers harvested from all plants inoculated with this 
isolate carried latent infections. Because one clone (BR 53.1) never yielded 
infected tubers, there appear to be genetic factors which may be useful in 
breeding programs aimed at eliminating latent tuber infection. Some 
infected clones did not yield diseased tubers, however. The development of 
symptoms above ground was not correlated with the incidence of tuber 
infection in any particular clone. No tuber infection occurred in tolerant or 
resistant clones qrown in infested soil at cool (1 2-22 C) temperatures. 

Tubers were inoculated directly in an attempt to evaluate the ability of 
bacteria to multiply in thosetissues at different temperatures. Highlyvirulent 
strains of P un. r*f,0/,YO,.,)survived in susceptible tubers in higher numbers 
and for longer periods than in resistant ones. Low temperature (4'-C) had a 
deleterious effect on survival of thp bacterium in tubers, but did riot 
completely eliminate the pathogen oven after 40 days. 
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Introduction 

There are numerous reports that Pseudononas solanacearum E. F. 
Smith, the agent of bacterial wilt of potatoes, persists in infected tubers in 
the interim between harvest and subsequent planting (see review by 
Kelman, 1953). Many tubers remain symptomless, particularly when 
susceptible potato clones are infected late in their growth cycle. The 
problem of latent infection of potato tubers is particularly severe in 
developing countries, where certified seed is not readily available. 

Infected tubers are important sheltered sites for long-term survival of P. 
solanacearumin the field, approximately 10% of tubers infected with race 
3 strains of the pathogen, when grown in noninfested soil, give rise to 
diseased plants (Graham et al., 1979). Furthermore, when seed potato 
tubers from an infested field were assessed for infection by P. 
solanacearum, both visually and by direct isolation, the visual method 
failed to detect two-tnirds of the infected tubers after 6 weeks of storage at 
28'C (Gonzalez, 1977). As resistant cultivars become more widely used, 
movement of virulent strains may be a significant problem because these 
cultivars may re main symptomless after inoculation with virulent strains of 
the pathogen (Sequeira and Rowe, 1969), and thus would not be rogued 
out in the field or culled out after the tubers are harvested. 

Latent Infection is also an important problem in breeding programs in 
which progenies are screened at the seedling stage by root inoculation 
(Gonzlez et al.. 1973). The tubers that are produced months later by the 
resistant plants may carry the bacterium (Ciampi et a!., 1980). 

Bacterial cells reach potato tubers via the vascular system after ;,Iitial 
multiplication in roots or stenis. Although there isa considerable amount of 
information on the multiplication and movement of P solanjcearum in 
susceptible potato (Grieve, 1943). tornto (Grieve, 1943,Wallis and Truter, 
1978), and tobac::o (Copeman, 1969) plants; there is no information as to 
the rate of movement, or the populations of the bacterium that can occur in 
resistant potato clonts It is known that resistance originating from S. 
phureja brea ks dowri rnler high ambient temperature (Sequiera et a!., 
1969). It seemed Iikely, therefore, that infected plants that remained 
symptom less at low ambient temperatures might carry substantial 
numbers of bacteria and that these inight reach the tubers. Thus, the 
objectives of these inviestigations were to determine, a) how movement of 
P. solantacewutmrn within resistant potato plants might lead to latent 
infection of tho ttbers. I)) how varieties of the host and strains of the 
pathogen influenc the ihmomenon of latent carryover of bacteria, and c) 
how readily resistant potato clones can be infected when grown in infected 
soils and if such plants c.iri yild latently infected tubers. 

Materials and Methods 

Strains of P. s'/010MhCH011ii; Used In this work were obtained from the 
culture collection nai rita ined In the Department of Plant Pathology, 
University of Wisciisiri Madison. Strain K60(race 1, biovar I)was isolated 
from tomato in Wake Co., NC, strain S123 (race 1. biovar Ill) was isolated 
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from Eupatorium odoratum in Coto, Costa Rica, and strain S206 (race 3 
biovar II)was isolated from potato in Las Palmas (Medellin), Colombia. 
Strains CIP 077,-108; 141, and 142 were obtained from the culture 
collection maintained at the International Potato Center, Lima, Per6; all 
isolated from potato (Yurimaguas, Per6). Stock cultures were maintained 
in distilled water at room temperature; to obtain fresh cultures, stock 
suspensions were streaked on Kelman's tetrazolium chloride agar (TZC) 
(Kelman, 1954). Cultures were grown for 48 h at 30'C. 

The resistant clone of S. phureja(1 386.15) had been selected previously 
in our laboratories from open-pollinated seed supplied by H. D. Thurston; 
resistant hybrids of S. phureja x S. tuberosum were obtained from the 

'PotatoIntroduJctioirStation--StLUrgeon Bay7 wisconsinT:u. sA--'At -the 
prebud stage, when plants were 6 to 8 weeks old; they were stem
inoculated (19) by placing a drop of inoculum containing approximately 10, 
cells/mI on the axil of the third fully expanded leaf from the top and 
thrusting a needle through the drop and into the stem. After inoculation, 
plants were transferred to a greenhouse maintained at 280C ± 20C. 

Another group of wilt-resistant potato clones (S. phureja x S. tuberosum 
hybrids) were provided by Dr. Robert Hanneman, Potato Introduction 
Station, Sturgeon Bay, or by Dr. Carlos Martin, Pathology Department, 
International Potato Center, Lima, Per6. Washed tubers were planted 
singly in 20-cm clay pots containing a mixture of sterilized soil, peat moss, 
and Jiffy Mix (Jiffy Products of America, West Chicago, IL 60185). Plants 
were grown in the greenhouse at 20 to 24 0C-with and without 
supplemental lighting. Lighting was provided by Sylvania "Gro-Lux" and 
General Electric "Cool White" fluorescent tubes. The plants were 
inoculated 60 days after planting by adding to the soil in each pot 100 ml of 
a bacterial suspension containing approximately 1.5 x 1107 cells/ml, as 
determined by measuring OD600nm. After inoculation, the plants were 
grown under cool (range: 12-220 C) or warm (range: 24-281C) greenhouse 
conditions, without supplemental lighting. 

To isolate bacteria from stem-inoculated plants, the stem was divided 
into four segments, each 5 cm in length. The central section (b) included the 
site of inoculation, which was in the middle of the segment, and the other 
two segments were immediately above (a) and below (c) segement b, The 
fourth segment (d) was the basal 5 cm of the stem. Each stem piece was 
surface-sterilized with 70% ethanol (3 min) and 1% sodium hypochlorite (3 
min), and then was rinsed twice in sterile distilled water. Each stem piece 
was ground with sterile mortar and pestle in 10 ml of sterile water. 
Samples (0.1 ml) from log1o dilutions were spread on plates of TZC. Two or 
four samples were taken from each of two or four plants at each incubation 
period; two or four plates per dilution were used, depending on the 
numbers of samples that could be handled conveniently at any particular 
time. All bacterial colony counts were made after 48 h incubation at 28C. 

In the soil infestation experiment the number of healthy appearing or 
diseased (bacterial ooze present at the eyes) tubers was recorded at harvest 
(approximately 110 days after .Dlanting). Isolations were attempted, 
bacteria were isolated from stems and/or tubers of healthy-appearing 
plants. For isolation from stems, a 5-cm section was surface-sterilized with 
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70% ethanol followed by 1% sodium hypochlorite, and then rinsed twice 

with sterile water. Each piece was ground with sterile mortar and pestle in 
10 ml of sterile water and a loopful was spread on a plate of TZC. Two to 
four samples from each suspension were assayed, plates were incubated 
at 30 0 C for 48 h and samples were considered positive when one or more 
typical colonies of P. so/wiacearum were present on any of the assay 
plates. 

To assay for possible latent infection, potato tubers were surface
sterilized with 1 ) SO(JILm hypochloritf.- (3 mam), rinsed in sterile distilled 
water (30 sec), dipped in 70Y) ethanol, and then flamed rhen each tuber 

was cut into small slices (approximately 2 x 1 x 0.5 cm); eight slices were 
selected at random and two roul)s of fomr were each -lackdin a test itube 
containing CPG medium (casamino acids 1 .0. peptone 10 g, and glucose 
5.0 q liter) (Kelman, 1954) The slices were incubated at 28 C for 24 h and 
then two loopfuls of the mediUm were each streaked on a plate of FZC. 
After 48 h incubation at 28 C'the preserice or absence of P. solanracearumn 
was determined on the basis of colony morphology (Granada and Sequeira, 
1975) 

To determine rates of mlItiplcition (of P so/ci t;wcarur in potato tubers, 
a direct injection nmetio. simlarc toth.at def;ci ibed by De Br,er and Kelman 
(1978), was useYd TiHh!r, Ve!rf suirfac-str ilz/ed as indicated above, and 
10 nIl of bacter a'il isspinsin, curitairi mg approx minalt y 10' cells ml, was 
injected into eac!h tulb r with a irmicroliter syringe (Hamilton No 705). The 
needle was riserfrl 2 crir deep and the suspension was delivered as the 
needle was vvitlidawir, two Inoctlations per tuber were 'nado Circles 
were drawn with irnelible ink aroinnd the inoculation puarits At various 
intervals, a cylinder ol tMsue (25 cm long) containing the irioctilation site 
was removed '.N.'rtt, a ,tirril No 4 c.)rk and then gromind with sterile mortar 
and pest Ir is 1() fi I, d ill~ Iv/itt~ [_a i ILiiU i re pii sa rl d 0(J11 H 
ml samples war', .priardl n a plate. of T1Z and tie oLniMber of typical P. 
solanaceaniri :(1h r ,r. was d{terirrined after 48 h inrcubation at 30-'C. 

Results 

Influence of Temperature on Tuber Infection 

To deterrirni vilicir ,r ria ri iifljrnceil the arlloUint of tuber 
infection, tire:itltivar: Mar-,a talerant) and Molirmera (resista t) were 
grown under vwirfri1 4 8 112-22in coa18 C) conditions ini soil infested 
by each of folir .,wivaia,,rae, 1 two of race 3) f P so! unacearun. All 
tubers from 10 li t,;t iv: vt r,. hirvested arid classified (visually)l 1 
as infeclted c ap ri'ritk llth,; percentage tnfectior data were 
transformed to de.gre aiii rJrwi(t;,irt differences war- dettrr ned by the 
analysis of varanci m tt ,o l 

Potato Cii Itvars ( I wi'r i ', or , nd it all(rms lc0Iffenfrlt aOf,,ari ns ofi a Ia r ; 1! 

tuber irfecti(in (0rm , I. hu i t i.! r i i ledr cool coildlit ii ; ynt' !a (J i rio 

apparently irfei:teJd ,r r vti r rldlii Ufas tIn conditiin(-; Mia ii 

more infected tilmbers w i grown ii : l ilrifestef!d i ii 1,io' nicfl 1 ;traiins 
than in soil I ;I(!sririwir 3 striris rt ver ii i ( ritilvarrvice 3Vi t.', 

M olmera However, thi, :ult v rs di(i ii, t differ rnfiartly inii' their 
response tc (iffeurtw o patholer.,mrains or ai 's)f itron 
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Table 1. Incidence of stem and tuber infection in the potato cultivars Mariva and Molinera grown at 24 to 280 C in soil 
infested by P.veudoona.ssoluaceanjin. 

Cultivar Marivaa Cultivar Molineraa 

Strain Race Total Tubers Stems Total Tubers Stems 
tubers Infectedbc Infected Infected Infectedb,c Infected 

(0/0) (°/0) Tubers r(/o) (0/0) 

CIP 077 1 92 53.3 a 90 68 39.7 a 90 
CIP 141 1 106 60.4 a 100 67 28.3 b 90 
CIP 108 3 60 36.3 b 100 95 53.7 100 
CIP 142 3 96 45.8 ab 100 65 41.5 a 90 

Ten pia ts of each cultivar per strain. The soil around the roots was infested when plants were 60 days old; tubers were harvested and stem 
sections wvere assayed 110 days after planting.
 

h Tuweis C; tcked visually for rotting.
 

C Percentacic values followed by the same letter are not significantly different at P = 0.05. 



Table 2. Presence or absence of Isetudwntinas .slanaceantm in apparently healthy tubers harvested from two potato culti
vars grown in infested soil at 24 to 280C and then stored at 40C. 

Strain numbera 
Time ot 
storage 077 Race 1 108 Race 3 141 Race 1 142 Race 3 
(days) Mariva Molinera Mariva Molinera Mariva Molinera Mariva Molinera 

0 + + + - + - -r + + + + + - - 

14 - - + + + + - - + + + + - - + + 

28 + - + . .. . + -- + - + 

42 + - - - + -. .. . . .. . + 

56 + + - - + - - - + - + . . . . . 

70 + + + + + + - - + - - - + + + 

a1 +) bjcteria present; I-) bacteria absent. Two tubers per cultivar were assayed at each interval by direct plating after CPG broth enrichment. 
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Stem infection was detected in almost all plants that yielded diseased 
tubers. Some plants that showed stem infection, however, yielded no 
apparently diseased tubers No stem infection was detected in plants 
grown at 12 to 22 C. 

To test for latent Infections, all tubers harvested (247 of Mariva, 233 of 
Molinera) frorm rlants (Jrown under cool conditions were placed at 281C 
and assayed for the presenceof bacteria Twotubers per isolate percultivar 
were tested every 7 days up to 70 days, no latent infections were detected. 
On the other harid, hoalthy- appearig tubers col lectpd from plants grown 
in infested i conditions arid then stored at 4'C showedsoil uider wrm 
nu merous latent iII feeterrs lip to 7( days (Table 2). TIUs, becaUSe of latent 
infection, the number of diseased tubers produced by this group of plants 
was considerably higher than indicated in Table 1, which represents only 
the results of visual Inaspection of tuebers for overt symptoms of the disease. 

Ability of Different Potato Clones to Produce Latently Infected Tubers 

Eight different wilt resistant potato clones (five plants per clone) were 
grown in Infested sinj III grt ee at 24 to 28 1C to determine theirti.,, lLouse 
capacity to carry Iti nt irnuctionii.s If) tei tubers. Tubers were collected 30 
days after the! wasil iriest,.d with toach of the two strains (CIP 077 and 
CIP 108); all tafiers war, a.e.y,,f individually for presence of the pathogen. 
At the time of hajrvtest, pkant's of falest chines showed no overt symptoms of 
the disease Excepti rts wetri. clerics MS 1F3 arid 1386.9 which showed a 
relatively high incident of wilting when inoculated with CIP077 (Table 3). 

Table 3. Incidence of l iter tuber inflction dn d wilting in resistani potato clones 
grown at 24 to 28 C in sail inffsrned wvith two sithals of Pwn'doiflllflna.I \o)al'a m. 

I,<l .CI1 0)77 (1 I 	 CIll 108 MRace 3){P1"c' }; 


Cli.uri + ti Tiihi;:rol Plliini 1 .t" fahii!i- Pt1Inrs
 
t i )wo I, Ir tL(lVtIis lct te I w i I rid
ri 	fIl.,c ii 

iii <i, a) I o) 1/o) 

MS 42.3 19 0 0 14 0 0 

MS 36.27 36 50 0 7 75 0 

MS 35.4 12 35 0 32 14 20 

MS 27A.15 16 0 0 17 0 20 

MS 1F3 19 90 60 20 33 0 

MS 1E/ 25 92 0 24 0 0 

BR 63.65 12 0 0 10 0 20 

1386.9 3 0 40 6 0 20 

All lubir, ff i ccii ca , ',iiytiI¢ r,,-c r C o(i.'. iAir,!s of ii n h Iii, iii if broth (,rrich 
n t. 
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Healthy-appearing tubers from several clones were shown to carry 
bacteria lalently, but four (CIP 077) and five (CIP 108) out of the eight 
clones produced bacteria-free tubers (Table 3). The ability of an isolate to 
wilt potato plants was not correlated with its ability to infect tubers. Based 
on wilt induction, strain CIP 077 had a narrow range of pathogenicity, but 
caused more latent infections (26.7% of the total number of tubers 
produced) than strain CIP 108 (9.2%). Although plants of some clones had 
wilted by harvest time, they produced no infected tubers. 

Multiplication of P solmcearum in Resistant and Susceptible Potato 
Tubers 

Ten tubers each of a resistant line (1386.15) and a susceptible (Russet 
Burbank) cultivar were inoculated with strain S213 by the direct injection 
method. When these tubers were assayed (one tuber of each clone)at 1 to 5 
day intervals during a 25-day incubation period at 28'C, bacterial 
populations were significantly different in the two clones by 2 days after 
inoculation and thereafter. Initially, the bacterial populations decreased 
markedly in both clones. Later, they increased rapidly in the susceptible 
clone, but remained at a relaitively ow level in the resistant one. 

By 15 days after iriOculaition, there was a 6-fold difference in bacterial 
populations of resist aint and susceptible tubers. An analysis of variance 
indicated that these dliffrences inr population were significant(P: 0.05) at 
any sampling time , y. tfi the first lay after inoculation. y r 

In a second expfermwnt, the effect of different arnbient temperaiures on 
multiplication of P. solaxmcarun in susceptible tubers (cultivar Desiree) 
was determined Tubbers were inoculated with strain K60 and then placed 
at 4, 20 and 28 C. bacterial populations from two tuber samples at each 
tcmpera e were assajyed it various intervals during a 60-day incubation 
period. As in the prt:viuiis experiment, populations increased within a few 
days after inoculation anld rerira ned at relatively high but variable levels 
hrOgOUot 1tre nCiLliatlinn period at 28 and 20'C At 41C, however, 

populations ere sgfil i ficartly lower (P =005) thon at the higier 
tefliper'arrrs by I day aifter Iioc(ilattoil and thereafter. Very few or no 
bart.eria cotild he ihetei:tertl by 23 days after inoculation. 

Multiplication of /) su/,,icet?,rurt in Resistant Potato Plants 

In initial expet iierits, plants of the resistant S. phure]a clone, 1386,15, 
were inoGLlater wifthd tirt strains of P. solanacearum and bacterial 
populations were i,,llrlrlo time and at seven additional times duringalt b 

a 20-day prod f w) pkirts vv(r, sampled at each tifle and two plates per 
dilution were i;ced fiW i(,.i)lny counts showed that immediately after 
inoculation, only tihe sinjilinili iontaining the inoculation site (b) had 
detectable hactei a By 2 lrjy: ifter rinoctlatior, however, large numbers of 
bacteria could also 1w deztected ini a sample a, which included the 5-crn 
segment above the irocitlate.l one At tis time, very few bacteria were 
detected 5 cn behiw the irniclate' segment. Thereafter, bacteria 
multiplied in this lower segrient AlthOu gJ ith( variability anrong samples 
was high. ii gene;ral. cic:t.er irIl pupri)litun[S ircreased steadrly until, in some 

cases, they reachled aliirost 10 cells per segment at 16 days after 
irno:latron Strain K(() was the mnost aggressive; it was detected in 

1 !)') 
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relatively large numbers in all three stern segments by 3 days after 
inoculation. The strain from potato (S206) grew more slowly in the plant 
than K60, but faster than S123. 

Although all plants supported high populations of bacteria, none sho, Wed 
visual wilt symptoms by 29 days after inoculation. 

These results were confirmed in a second experiment in which only one 
strain (K60) was used and four rather than two plants were sampled at 
each interval. The inoculated segment always had the highest number of 
bacteria. However, by 20 days after inoculation, there were large 
populations of tire bacter-ium in all stein sections. As in the previous 
experiment, bacteria moved rto the segment above the inoculation site 
sooner than into tie segment below this site. 

For comparison, similar expernents were run with the susceptible 
cultivar, Russet Burbank. Plants were stem-inoculated with the three 
strains of the bacterium and samples were taken from each of four plants at 
0, 1, 3, 7, and 12 days after inoculation. Average colony counts from four 
plates per dilution indicated an exponential increase in bacterial 
populations between the third and seventh days after inoculation. 
Populations at the seventh (Jay were considerably higher than those in the 
resistant clone. For all segmerits, populations 7 (Jays after inoculation for 
K60, S206, ann S1 123 avir!f iod 1065- 79, 685t49, and 908+53 cells 
(Xl 0) per aqi iri. r i", ,:tvety Populations remained relatively stable 
u;) to 12 (imy:! 1I r, bul this ltr all plants hadatfIIP l):,t1u11 by e wilted 
cor iphletly
 

To determine ithftr there were differences in the ability of different 
strains of P. .l/ahi aCruhm to reach the base of the stem, plants of the 
resistant clone 1386 15 were stem-inoculated as before with K60, S1 23, 
and S206 and bacterial populations in the basal stem segment (5 cm) were 
determined at various times afts.er inoculation. One s3mple each frorn two 
different plants in1culatUd with each isolate were assayed at each 
samnpl ing time Colorry c:ounts indicated that the three strains reached and 
imultiplied in thet lower ptart of the stem at different times. Strains K60 and 
S206 were detecteid 2 da',':. after inoculation, but strain S123 was not 
detected Lintil 6 drly! situt inoculation. Strain K60 multiplied faster than 
the other mdtrai,reached maximum 60 x 105two arid a (about 
cells segmnent) by 16 layS after MoCUlation. Although relatively large 
numbers of bar:terr coolId br .ucovered from the base of all stems, the 
plants showed no ovw t symiipto'ns 

To deterinire w iIth !i threre were differences in the ability of the three 
strains of P. so/alr,,((fttlftl to reacth and multiply in tubers, 11 wilt-resistant 
potato clones were S.'tni-inocUlated (five plants per clone per strain), 
maintained at 281C for 3 weeks, and then grown to maturity at 201C. 
Tubers were colhe.t Il 120 i biys after stem inoculation and tested for the 
presence or ah sfnc ,id P .so/lrxcaarunmby the enrichiment andl plating 
method descrI hl tprwi, I ,ly 

Tie three strai s hrt( diffl,. riit i:,n~abliti., toi infect the tubers of stein
inoculated plarts Strain K(60 w,; Itue imost irfe;tIouiS, 5 3 .8"o of the tubers 
harvested from all plants i icultid ,vith this strain were infected (Table 
4). Strain S206 rfetert d 33 8" of the tubers and strain S123 only 7.5%. 
1!'1' 



Table 4. Total number of tubers and percentage of infected tubers harvested a from 11 potato hybrid clones stem-inoculated 
with three stia ;ns of P's'udt zou\ lo~latl'eani 

Strain K60 Stiain S 123 Strain S206 

Clone Tuht-r s Tubers Percent Tubers Tubers Percent Tubes T ubers Percent 
harvested in ftte d Iffected ai-veste infected intecte(] harvested infected infected 

A-1 11 11 100 9 0 0 3 1 33.3 

P-7 15 15 100 4 0 0 2 0 0.0 

P-13 15 2 13.3 12 0 0 12 2 16.6 

T-2 15 5 33.3 12 1 8.3 8 6 75.0 

2-1 8 6 75 13 1 1.6 1 0 0.0 

6.5 1L 5 50 12 0 10 10 6 60.0 

7-6 3 1 33.3 6 0 0 1 1 100.0 

15--1 13 11 84.6 13 1 7.6 12 7 58.3 

BR49.6 8 5 62.5 6 3 50 4 0 0.0 

BR53.1 8 0 0 14 0 0 14 0 0.0 

BR63.65 11 2 18.1 5 2 40 4 1 25.0 

Tarbr-'.t-x, e*red 120 (iays .]fttet ;rlrnts vere sreni irroculated. 



None of the strai. - infected the tubers produced by clone BR53.1; only 
strain K60 infected tubers of clone P-7. All other clones yielded tubers 
infected by two or more strairs, but the number of tubers harvested varied 
considerably, thus, comparisons between clones or strains were difficult. 

Discussion 

The results indicatu that, at relatively high temperatures, resistant or 
tolerant potato cultivars grown in infested soil produce tubers that may 
carry overt or latent infections by P. so/anaced,'urn. Although only a 
relatively small proportion of the resistant plants have wilt symptoms at 
harvest, most cairry the bacterium systemically. These results confirm 
previous reports (Cianipi ot W_, 1980) that in stern -inoculated, resistant 
plants, the baw:ter tim rn iy be present in the tubers at harvest. The results 
also indicate that resista n, plants can reach inaturity in spite of relatively 
high popul(at ions of tOw, bacterium 

The inc derce of tuber infection in plants grown in infested soil at high 
temperature varied according to the cultivar and strain of the pathogen.
Mariva, a tolerant So/hum atidigeia cultivar, produced more diseased 
tubers in soi rifeste vvithi a race 1 strain than Molinera, a resistant 
cultivar On thfe otlfor iijnd Molinera produced more diseased tubers in 
sod infested with ; race, 3 ,train. [he different genetic backgrounds of both 
cultivars may explia tilfle in tuber infection. wasi differences This 
indicated also in expe,rimrnts iniwhich the incidence of latent tuber 
infection in !;even hybrid (S. phure/a x S. tuberosumn) clones grown in 
infested soil was deto;rmnurJ. 

In general, hlie hybrid MS clones were more susceptible to tuber 
infect ion by tii r,:e 1 strai ta is confirms reportstiri riny the race 3 strain. Ti 
(Seq]Lieira and Hitw(, 1969) that resistance usually is Iin ted to a few 
strairs of tho patfto(j n. Resistance is controlled by multiple, dominant 
genes (Rowe and Seitieira, 1970, Rowe et a., 1972) and because of the 
high degree of f!trozygsity in the paients, relatively few hybrids carry 
ma ny of tw . q(50 "911;
 

It is imrportarnt to riot!; ti;it s-veral hybrid clones, and the S. phureja clone 
1386 9. did riot produce! latently infected tubers, even when the plants 
wore grown ;t high teTmperatures [hi11S suggests that there are genetic 
factors that coritmol tuh.,r infe(tioi, although some of the plants of clones 
such w;aMS 27A. 15 ai i BH 63.65 had willed by harvest time, the tubers 
tihe.y prrjtj:o(d wore! fro' iof tfhe bacte.riumT. These results have important 
irriplicalior for illefd rig proJgrarns airred at eliminating the problem of 
latent tLJber 1r00(. [sr 

Latent ift.m, of tiher,, iof re,sistant clones may be related to the 
appare it Ir)stAb)il i yl ho o'tr icetflto P. soliatiaceauny? originating from 
S. phureja It li;i, ri!port .d thatlie this resistance breaks down under 
high mibiemnt tirira;rtr 1, Hiyw,r i 1964, Sequeoira and Rowe, 1969,'
French, 1972). Wi , pi , , we;ri; qroe,,.' at (ool termrperattires, no latently 
infected tuber,, :ild(tIh if [ie poslihil ity that very small numbers:{;h~if 

of bact r:iawin . thw tubers outpmelit ii is cannot be ruled entirely, 
However, im .ibiHio ohl", iat 70 byof titrs 28 C for clays, followed 
periodic saimriplirg (if th, tobers by bactlrial enriclhmnent techniques, did not 



Thhghincidence of ltntly infected tubers from resistant clones ; 

grw a igh itemperatur~es suggests: that the use; of thlese 1£ce inh 
trpclareas may result in inadvertent mnovementof highly virulent str~ains; 

othe pathogen.Harris(1972) has shiown that potato0 tubers infected by P. 
soaacarum may ]not! rot in!storage.i Plants} grow tubers, Iehfrom th~ese 

however, succumb to the pathogen i n the field. The ability of the bacte~rium
 
to survive as a latent infectious agent is the lmost insidious aspect of thi s
 

disease (Graham et al., 1979).Although low temperatur e (41C) storage
 
may,offer a possible method of elimainating late nt infections, beca use it had
 
-ideleterious-effec t!on-surviva I!0f-thie-pathogen~i n-la tent lyora fii ly 

'
 infected tubers,: it isevident that small num b~es of bacteria may re in..i !~ 
after protracted storage. Our iresultssconfirm those of Nielsen (1963)who;' 
ifounidthat two out of 10 infested tubers still had v)irulent baicteria after 200 '!! 
davs of.cold storage. eto ehdWsdvlpdseiial 
,Although the tuber injetomehdwsdvlpdpcicayfr
ievaluating the pathogenicity of soft rot bacteria (De Boer and Kehman, 

19"78) wve have shown that it can be adap~ted to measure the survivalofP 
,solanacearum,A thouigh P.i sOlanacearum primarily is a vascula 

pathgenitcanML ply and rot cortical tissur-i The technique has 
ptential as tool for detecting clones that are resistant to bacterial wilt and 

]to determine how environmental conditions affect populations of the 
bacterium within the tubers.; 

The multiplication and distribution of the P. solanacearum that we 
detected in stem-inculated potato plants was in agreement with previous 
results with tobacco (Wang, 1937; Copeman, 1969). Bacteria moved : 

:upward or downward from the site of inoculation in the stem, but the 
tissues close to his site generally supported the largest populations of ; 

!ibacteria. The iimporant contribution fromn our work was the finding that 
r!
Aesistant plants could support Very large populations of bacteria, but show
 

!i!noovert symptoms of wilting. Evidently, resistance originating from S,
 
iiiphurejadepends, to a large extent, on a high degree of tolfrance to the 1
 presence of the bacterium
 

" m60 duipnd t uanad 5 s.!patoenpilythcani:As'expected, there were differences cortiaamnong strainst2h( ofTheP. soecquealalicearumintheirability to multiply in stems ofwaphureja This cultivated diploid ptato 

iis native to the highlands of the Andean region, where race 3 (biotyPellI)of
P. solanacearum iscommon (Thurston,1963 Hayward, 1964; TUr ston
 
and Lzano 1968; Hayard,1976). Resistance inSphUrejam.therefore,
 

Toudbehigected to be more effective againstrace3 strains such as S206,
 
thanagainst those of race 1,such as K60 and Se 23,whichare from other
 
geographical areas When absence of wlng symptoms was used as the
 
only criterion, resistance n clone 1386 15 was effective againstal three
 
strains, as reported previously (Sequeira et l, 1969) Intermsof bacterial
 
multiplication, however,it is evident that this clone was resistant only to
 

tain i23,which did nt growas ant is the other twcstrains This
 
iwas not the result of inherent differences ingrowth rate between K60 and
after, protracuted o, toacco leaves, for example,strain (123 grewda$o. olhntoutae o 

i 



Race 3 strains, on the other hand, generally grow more slowly in defined' 
media than those of other races (Hayward, 1976). 

The large numbers of bacteria present at the base of the plant of the 
resistant clone within afew~ days after stem -inoculation indicate that the 
pathogen could move readily into the roots and tubers via the vascular 
system. When initial infection occurs via the roots, as with the inoculation 
method used by French (1972), tuber infection may occur even more 
rapidly. Our results indicate that, under warm temperatures, tubers of 
inoculated, resistant clones become infected, although they show no visual 
symptoms of the disease. Some strains of P. solanacearum are able to 
reach and survive in tubers of resistant clones more effetively thanbthers, 
These differences may be related to the fact that resistant clones react 

,-,--,,-----differently-.when-inoculated-withId ifferent-strai ns -oL-Fso/anacearum,--,.. 
Different genes determine the response of a clone to different strains of the 
bacterium (Rowe and Sequeira, 1970; Rowe et al, 1972). 

When susceptible potato cultivars are infected in the field most of the 
plants die before they can produce tubers. Also, roguing caneliminate most 
of the plants that show symptoms up to the time of harvest. With resistant 
clones, on the other hand, infected plants and their tubers remain 
symptom less. Thus, virulent strains are the most likely to be moved via 
tubers of resistant cultivars from one geographical location. This problem 
would be particularly serious in underdeveloped countries where certified 
seed is not available., With the increasing demand for seed of resistant 
cultivars (International Potato Center, 1979), latent infections in seed 
tubers enhance the possibility, of long-distance movement of virulent 
strains of the pathogen, 

Our results indicate that latent infection is not a characteristic of all 
resistant clones; one clone (BR 53.1) did not yield infected tubers although 
the plants were stem inoculated. Thus, there appear to be genetic factors f:! 
which mig it be useful in breeding for resistance to bacterial wilt in potato. 
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Abstract 
Epiphytic populations of Pseudotnonas syringae pv. savastano were 

subjected to cluster analysis based on 20 phenotypic characters, The 
isolates from leaves of a given age differed from those from leaves of a 
different ago at the same timeof the year. The isolates from leaves of the 
same age at different times of the year were also different. Factor analysis 
showed that epiphytic populations of pv. savastanoi were influenced by the 
cambial activity, the temperature of the air, summer rains, winter rains, the 
time of blossoming, and warm southerly winds. 

Introduction 

The bacterium Pseudomonas syringae pv. savastanoi, that causes the. 
disease known as olive "knot" or "tubercle," is usually found as an 
epiphyte on olive leaves. Several studies have indicated that bacterial 
populations on the phylloplane are controlled by. recurrent events in their 
habitat (1,2,3), but the factors accounting forthe success of pv.savastanoiI, 
in colonizing the surfnce of leaves of different ages under a broad range of 
conditions remain unknown, This paper reports the characteristics of 
several isolates of pv. savastanoi from the surface of leaves of different 
ages at different times of the year. 

Materials and Methods 

Sampling and isolations were carried out as before (2, 3) with a few 
modifications indicated below. Unfolding leaves were mapped on olive 
trees, cv. Coratina, at the beginning of April, July, and October each year, 
1974 to 1980, Five samples, each with a total leaf surface area of 1,000 
cm 2 , were taken approximately 1, 4, 7, 10, and 13 months later. Random 
samples were also taken from unmapped leaves, Counts of pv. savastanoi 

taken on each sample. Random isolates identified as pv. savastanoi. 
were 

were kept for further study,
 

Total organic matter was determined in the .wash water from each 
sample.. The air temperature, rainfall, winds along two vectors, and leaf 
turnover were also recorded. 
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The following 20 phenotypic characters, combining a low probability of 
error and a high separation figure, were determined on,50 isolates from 
each sample: transparency of growth on agar, production of levan, colony 
diameter >2 mm, growth at 350 C, tolerance to pH 5.0, tolerance to pH 7.8, 
tolerance to NaCi 3.0%, use of malonate as sole carbon source, acid from 
mannose, lactose, maltose, sucrose, meso-inositol and sorbitol, degrada
tion of urea, tyrosine and tween 40, resistance to oleandomycin and 
dihydrostreptomycin, and induction of a hypersensitive response in 
tobacco leaves with suspensions containing 106 colony forming units (CFU) 

The simple matching coefficient and single linkage clustei anlysis (5) 
were used tcompare the isolates. The clusters were formed at the >70% 
similarity level ( -Ievel). The cluster procedure was also performed after

-77 -re~pi -e--in iviadiua -a' -give"n'sa--p-Jle'--w a-y-po-tietical-6i~-g--t :i'blt-s--f~o-r6 

median organism (HMO; 2) to represent them. 
The data were factor analyzed (4), using the four environmental 

parameters listed above, plus total organic matter in the wash water, leaf 
turnover, and the following 10 microbiological parameters: populations of 
pv. savastanoi on random samples and on samples of 1, 4, 7, 10, and 13
month old leaves, and frequency of occurrence of four phenotypic 
characters, i.e., acid from lactose, production of levan, resistance to 
oleandomycin, and HR in tobacco from 101 CFU ml -1. 

Results 

Fig. 1 shows thatonly the HMOs representing the isolates obtained in 
January formed a cluster with more than two components. The results did 
not change appreciably, when the data were analyzed year by year. The 
observed pattern of similarities and differences between the HMOs did not 
change regularly with the age of the leaves, nor with the time of the year 

i. when the leaves attained that age. 
Six factors were identified for the environmental and microbiological 

parameters and characterized as. "cambial activity," "air temperature,"
"summer rains," "winter rains," "time of blossoming," and "warm 
southerly winds." 

Conclusions 

The results show that population of pv. savastanoi on olive leaves of a 
given age at a given time *of tne year share a greater number of 
physiological, cultural, and biochemical characteristics with one another 
than with the populations colonizing the leaves of a different age at the 
same time of the year or the leaves of the same age at a different time of the 
year.

Factor analysis demonstrated that the distribution of pv. savastanoion 
the phylloplane of the olive is affected by plant-related and environment
related factors. 

.. ,<,!-, :- . . , 
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OH-0c *=...........
 

07-OC. ... . -... 

Fig. 1 . Sorted similarity matrix for the hypothetical median 
organisms representing the isolates of Pseudomonas 
syringae pv. savastanoi obtained from olive leaves of a 
given age at four different times of the year in 1974-1980, 
The hypothetical median organisms are identified by the 
age of the leaves from which the isolates represented were 
obtained (04-13 Months) and the time of the year when the 
leaves attained that age (JN = January, AP =April, JI = 
July, OC = October). 
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Abstract 

Atwomna, .flavn, ,vc(t.,rjurn,Species of F and Pseudomon -s comprising 
14.2% of total phylloplane bacterial (P11) population of cotton (Gos.sy imn 
hl'sutumf leaves, on preinoculation (8-20 h), protected the leaves from 
infection by a virulent isolate of Xawn/hwjuims clmpestrls pv. f,'aacodrip, 
(Xcm). They gave protection not only on a highly susceptible cultivar, but also 
on differentials (isogenic lines with different bacterial blight resistant gones) 
used for race characterization. The presence of bacterial blight resistant 
genes did not alter significantly the preinoculative protective effect (PPE of 
the P1 Bs. Heat-killed (HK) cells of P1B and their streptornycin rosistant (to 
1000 ppm streptomycin) mutants (Str' M) afforded similar PPE (50-60%). At 
20:1 (P1 B:Xcm) ratio the protection was complete on a few cultivars, while 
on others it was 80-93%; further, at this ratio a fair degree of protfiction 
(about 40%) was obtained immediately upon inoculation 

Introduction 

Premunity (16) was defined (1 5) as 'an acquired nonspecific immunity 
manifesting Itself inplants pretreated with one bacterium that immunizes 
or protects the plart from infection by another pathogen.' Suich 
preinoculative piotectve effect (PPE) is known (3, 17, 29, 33)for several 
bacteria, inclucfrnrj sjprophiytic phylloplane bacteria (P1 B). A few P1 Bs, 
heat-killed (HK) and avirtilent cells of Xatit/omonas cii. 1qe'Str1S pv. 
ma/vacearum (Xcm), possessed tiis PPE against a :hiIllenge dose of 
virulent Xcm (27. 29, 31 ). [he production of protection factr {PF) or a 
protection factor indLuc nl principle (PFIP--elcitor?) by thle P1 B has been 
implicated (29). Thest! r.sacls w ereexteiided arid the results are 
reported in this paper 

Materials and Methods 

Preinoculatlion of P1 B!; (P 13 5, -6,-12 & -51) and challeage Xcmf?-32 
(Xcrn race-32) was don( following procedures preVIously described (29), 
using about 0 1 ml bacterial st-.per isiun containing equal rLuiii)b(r Of cells 
(callibrated by 0. D. af1d Viil)le' plilant counlt for both P1 B andr X:cn 
separately). Controls were: kel)t as usual with sterile water, noii-protctr( 
P1 Bs, etc 

The details of coton i:ultiVrs Jsed, P1 1,s, and rac,!', (itXtwc; have also 
been described (29, 30) 



Results 

PPE of HK-P1 B. HK-CELLS OF Xcm are known to have PPE against 
infection of Xcm (27). There are certain other reports that HK-cells of 
unrelated bacteria aiso affect the pathogenic/hypersensitive reaction 
(33). The present experiment was designed to study the activity of 
protective P1 Bs after heat killing. HK-cells were prepared by exposing the 
bacterial cells (adilute Suspension of P1 Bcontaining 1.2 x 107 CFU -1)to 
1ooc for 10 min,Viability tests were done by viable plate count to confirm 

.- the inactivation of bacterial cells, Inoculations were made as usual (29) 
using a hypodermic syringe, creating watersoaking by HK-P1 B and 
challenging with an equal amount of suspension of XcmR-32 containing 
1.2 x 101 CFU -1 at 8,h. Results (Table 1) indicated that, by and large, the HK 

'-cells were as effectie. astbeJiye.ls,_ait.uglgyl revalueswere 
in cases of P1B-6 and P1B-12. The results also established that the"/ 

protection factor (elicitor? produced by the P1 B) was thermostable. 

PPE of Strl M (Streptomycin Resistant Strains) of P1 B. Antibiotics are. 
generally used for the control of Xcm infections (19, 20, 26, 28). The effect 
of these antibiotics on epiphytes, including P1 Bs, is now known. However, 
several P1 Bs were isolated from nature which possessed resistance to 
streptomycin and penicillin. It was, therefore, thought desirable to study 
the effect of Str M strains of P1 Bs and changes, if any, in their PPE. Strl M-
P1 8 were first isolated (32) against 100 ppm streptomycin and then trained 

to 1000 ppm. These were stable Strr M-100, used for PPE studies, The 
results (Table 1) showed that both the wild type and the mutants afforded 
similar protection. It was, therefore, concluded that resistance to 
streptomycin developed without any effect on the preinoculative protective 
ability of the P1 B strains. Apparently, these two processes are quite 
unrelated and under the control of noninteracting/interfering genes. 

Comparative Growth of Wild Type and Strr M Strains of P1B and Xcm. 
As the protection provided by the Str I strains of P1 Bs was equal to that of 
their parent strains, it was thought desirable to study their growth in broth 
so that the Strr M could be used for further studies, i.e. for the isolation of 
PF as well as in other in vivo studies where contaminations could be a 
problem, Results (Table 2) indicated that the rate of growth of 
mutants was much slower than that of their respective parent strains. 
Further, the strains of Xcm which were Strr produced symptoms at a much 
slower rate (i.e. after a longer incubation period) and of lower grades (32). 

These, therefore, could not be used for ftrther studies where rapid growth 
was needed. One may also speculate here that StrrM of Xcm would not 
pose a big problem in nature, because they can never build high 
populations in comparison to their parent Strs strains, simply because of 
their slow rate of multiplication. 

Varietal Response to Protective P1 Bs. Previous studies have 
demonstrated the PPE of P1 Bs -5, -6, -12 and -51 to Acala-44 against the 
infection of Xcm. Acala-44 is a highly susceptible cultivar of Gossypium 
hirsutum to Xcm. Itpossesses no genes for bacterial blight resistance. The 
present studies were conducted with different G. hirsutum cultivars, which 
were developed by Hunter et aL (12) and were also used by Verma and 
Singh (26) as differentials to characterize the races ofXcm. These cultivars 
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Table 2 Bacterial population on different parts of cotton plants 

Number of bacteria/g fresh weight 

Plant Yellow White Xcm Actino- Others Total 
part colonies colonies mycetes 

Buds 2.5x 106 1.0x10 6 -a - 2.0 x 10' 4.0 x 10' 
BoIls 1.5x 105 6.0x 10' - 1.0x I04 2.0x 105 
Leaves ,.8x 106 1.2 x 10' 9,0x 105 - 1.0x 10' 7.0 x 10' 
Petioles 3.5 x 10 1.2 x 10 5 3.0 x 10 - - 5.0 x101 

'
Twigs 2.0x 10 8.0 x 104 2.0x 104 - - 3.0 x0 

Stems .8.0x 10' 3.0x 10' 1.0x 104 - - 1.2x 10' 
a not significant 

have the same background (isogenic lines), but differ from each other in the 
presence of different blight resistant genes. The main idea was to 
determine the interaction of PPE of P1 Bs and the expression of resistance 
genes. Preinoculations and other steps were taken as described before 
(29). The results (Table 3) indicated that PPE of the P1 Bs was operative on 
all the cultivars which were susceptible to Xcm. The degree of protection 
ranged between 50 and 60% with some exceptions. It wasconcluded that 
the presence of bacterial blight resistance genes was ineffective as far PPE 
was concerned, and did not interfere with the protection mechanism of the 
host (induced by the P1Bs). The preinoculation of P1 Bs also did not affect 
hypersensitive reaction (i.e. rapid browning, a resistant reaction) as 
evidenced from the reaction of 101-102-B, which is resistant to XcmR-32. 

PPE of P1 B-6 at different concentrations. About 60 to 70% protection 
was obtained by P1 B-6 in previous experiments when 2.4x1 06 CFU -1were 
used for preinoculation per lesion. The present studies were conducted to 
determine if the degree of prutection varied with the concentration of P1 B
6. Preinoculation/challenge inoculations were as described earlier, using 
0.1 ml bacterial suspension containing 2.4 x 106, 12 x 10r and 24x 106 

* CFU -1of P1 B and 1.2 x 10 CFU - of Xcm per lesion.The lesionswere also 
photographed in transmitted light to count the number of water
soaked/necrotic cells in order to determine the extent/spread of infection, 
The experiment was conducted with only P1 B-6 and XcmR-32 and the 
eight differentials used for race characterization (12, 26), " 

Results (Table 4) indicated that the degree of protection increased with 
the increasing concentration of P1 B and at 20:1 (P1 BxXcm) it was 100o in 
Acala-44 and Mebane-B-1, while in other varieties it varied from 80 to 
93%. It was concluded that P I B-6 afforded greater protection at higher 
concertrations, However, higher concentration of P1 B did not alter the HR 
on the immune cultivar 101 -102-B. The data on the extent of infectionalso 
corroborated that protection increased with increasing concentration of 
P1 B, because the number of cells infected at 20:1 was zero in the cases of 
Acala-44 and Mebane-B-1, 
16;8 
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The quantitative assessment of the disease development indicated that 
the number of cells infected ranged between 35 and 66 per lesion, and 
Acala-44, which possessed no genes for bacterial blight resistance 
showed the greatest infection, i.e. an area covered by 66 cells (Table 4). The 
cultivar with resistance genes showed 46 to 50 infected cells per lesion,
thereby indicating fairly low variation and also demonstrating that they 
were fairly tolerant and inhibited free spread of Xcm as in the case of Acala
44. 

Discussion 
The knowledge available so far on the interaction between bacteria 

inhabiting cotton (G. hirsutum) leaves consisted of the fundamental fact 
that certain P1 Bs had preinoculative protective effect (PPE) on the 
challenge dose of activeXcm on ahighly susceptible cultivar, Acala-44 (27,
29). In our investigation the varietal response to P1 Bs growth and their 
preinoculative protective effect was studied with the use of four P1 Bs (P
1B-5, -6, -12, -51) identified respectively as Flavobacterium sp., Aeromo
nas sp., and Pseudomonas sp.) and eight cotton differentials (cultivarsof G,
hirsutum, used for race identification), which differ particularly in the 
presence of different bacterial blight-resistant genes. All the P1 Bs used in 
the present studies possessed preinoculative protection effect against Xcm 
infection on all the varieties, which were susceptible to Xcm; and,
interestingly, under properly controlled and replicated conditions, the 
degree of protection varied within a narrow range of 50 to 60%. It was, 
therefore, obvious that the presence or absence of bacterial blight resistant 
genes did not alter significantly the protective effect of the P1Bs. The same 
was true for hypersensitive reaction on cv 101-102-B, which was not 
altered in any significant manner by the preinoculation of P1Bs. 

Heat killed (HK) cells of P1 Bs were almost equally effective. HK cells of 
pathogenic or other strains of Pseudomnonas tabacior even other species of 
plant pathogenic bacteria protected tobacco leaves against wildfire disease 
(17). Verma and Singh (27) demonstrated that HK-cells of Xcm possessed
PPE against Xcm infection, while Sequeira and Hill (24) observed that 
tobacco leaves developed systemic, non-spocific resistance to a wide 
variety of pathogens following infiltration of HK cells of P. solanacearum. 
The protection response was detected by a challenge inoculation with a 
compatible strain of the same bacterium at 24 h. 

Str'M (streptomycin resistant mutants) of all the P1Bs also gave 50% 
protection, which indicated th-it the adaptation to Str did not affect the 
protection activity/ability. However, their rate of multiplication in vitro was 
significantly reduced. One isolate among the several hundred StrrM 
isolates of XcmR-32. a hiohly virulent race pathogenic to at least 5 bactorial 
blight resistant genes (32), lost its pathogenicity.

When cultured on acridine orange, Xcm did not lose its pathogenicity;
there was only a delay in symptom development and t a disease developed 
to lower grades only (unpublished observations). Sir rosistance also was 
not lost on acridine orange or ethidium bromide medium. These facts 
indicated that pathogenicity and Str resistance were not plasmid controlled 
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located on the main bacterial chromosome.but governed by genes 
However, the delay in symptoms and lower grades did indicate that some 
virulence/aggressiveness factors were plasmid conitrolled, directly or 
indirectly. More work is needed to confirm this. 

Resistance mutants of P. solanacearum against 20 ng - ' acridine orange 
lost their virulence toward tomato, their ability to produce hypersensitive 
reaction on toL-acco, and their altering ability with heat killed cells to induce 
protection ag: inst hypersensitive reaction (18). Pathogenicity in some has 
been demonstrated to be plasmid controlled (6, 14, 22). Kelman (13) had 
earlier described a spontaneous avirulent mutant of P. solanacearum on 
tetrazolium chloride medium. Loss in virulence on synthetic media isfairly 
well known (27), but loss in virulence associated with resistant mutants is a 
rare phenomenon. The transfer of streptomycin resistance from P1 Bs to 
Xcm has still to be shown, but is known between several other bacteria 
including saprophytic and phytopathogenic ones (28). However, the 
present studies clearly demonstrate that neither the pathogenicity of Xcm 
nor the PPE of P1 B', with rare exceptions, is changed by streptomycin 
resistance. 

The ratio of P1 B to Xcm had a profound effect on the preinoculative 
protective ability of P1 B, and the degree of protection was almost directly 
proportional to the concentration of P1 B. There was complete protection at 
20:1 ratio of P1 B:Xcm in certain cultivars; at this ratio there was some 
protection (about 40%) even at the time of inoculation. Apparently, at 
higher initial concentration, the critical concentration of P1 B required for 
protection was reached earlier; or at certain low concentrations this critical 
concentration may never be reached or reached only slowly, necessitating 
a short/long incubation period. 

Saprophytic bacteria generally died within 3 or 4 days when inoculated 
into leaves (25). Chowdhury and Verma (2) demonstrated that P1 B did not 
multiply (on the basis of net population) either in susceptible or resistant 
cultivars when inoculated at 103 bacteria/cm 2, and the inoculated level 
was maintained for about 2 weeks. However, when P1 B was coinoculated 
with Xcm, a higher population of P1 B was achieved (the population of P1 B 
increased from 103 to 108/cm 2), and it was concluded that the P1B 
muiplied only in the presence of Xcm (2). In nature, therefore, as 
demonstrated in t he present study, Xcm was present on apparently healthy 
leaves (Sinha and Verma, this proceeding), ata population level which was 
insufficient to cause infection; but this might be sufficient to support/ac
tivate the multiplication of the P1 Bs. For example, the P1 Bs, assuch, might 
not be multiplying, but in the presance of low level of Xcm they might 
multiply and roach the critical levels needed for protection against the 
infection of Xcm. Interestingly, when P1 B was mixed with Xcm in vitro in 
nutrient dextrose broth the Xcm could not be recovered after 8 h incubation 
from the mixture, even at P1Bs ratio to Xcm of 1:10 (unpublished 
observations). 

Habish (8, 9) showed that Flavobacterium sp. isolated from bacterial 
blight infected cotton trash could delay the symptom production when 
inoculated with Xcm( 1:1 ratio). The reduction of X. campestris pv. oryzae 
was more pronounced when the cell number of Erwinia herbicola was 
increased in the inoculum mixture (10). Similar reduction in disease 
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severity with increase or protective/antagonistic bacteria was obtained in
X. campestris pv. vesicatoria-system (23). Such inhibition by saprophytic
bacteria was attributed to the production of large amounts of acid, which
made the enviroment unfavorable for the growth of plant pathogenic
bacteria (4, 7, 10). Incompatible pathogens induced plant response which 
inhibited the growth of the compatible pathogens (11).

On the 	other hand, Garrett and Crosse (5) concluded from mixed
inoculation experiments with plum and cherry strains of P. syringae pv.
rnorsprunorumand other pseudomonads on cherry, that a reduction of
canker 	could not be explained by lysogenicity, bacteriocinogenicity, or
other antagonistic effects observed in wasvitro, but presumably host
mediated. The analysis of interaction between saprophytic bacteria and
higher plants is difficult, because usually they do not involve pronounced
physiological or biochemical changes (21).

The exact nature of inhibition of Xcm by P1B has not yet been
demonstrated properly. However, preliminary results have shown that the
culture filtrate (CF) of P1 B possessed PPE and an 8 to 16 h CF afforded
maximum protection at 8 h preinoculation. The CF was also inhibitory to
the growth of Xcm in vitro. Heat inactivated CF retained its activity. Of the 
two main protection factors (elicitors?), at least one was a polypeptide,
which was capable of inducing phtoalexin production in cotton (un
published results). Capsular slime of Xcm are capable of inducing
appreciable phytoalexin production in resistant varieties, but little or no
synthesis in susceptible varieties (1). Elicitors may, however, be 
proteinaceous or glycan in nature (1). 
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Abstract 

During its disease cycle, Xanthonionas manihotis is known to have a 
"resident" phase on the above ground parts of the cassava plant. The 
adaptation of the indirect immunofluorescence method allows detection, 
specifically X manihots in place on the leaf surface. Two methods are 
proposed: (1) The impression method, that uses a leaf disc collodion print 
stuck on adhesive tape and affixed to glass slides on which the ini
munofluorescence reaction is carried out; and (2) the direct leaf disc method, 
where leaf discs stuck on adhesive tape are placed on glass slides and stained 
by the fluorescent antibody technique. 

Observations of prints and leaf discs are made with a microscope, using 
reflected light fluorescent microscopy. A schedule of operations is 
presented. Preliminary results of cassava leaf surface colonization by X. 
manihotis in fields and after artificial inoculations are given and the 
limitations of these methods are discussed. 

Introduction 

The epiphytic phase of X.c. pv. manihotis on the phylloplane of cassava 
has been reported previously (5, 11 ). The study of this phylloplane bacteria 
has involved plating and counting methods or detection by leaf infiltration 
methods. These methods have shown that the pathogen is able to survive 
on the cassava leaf surface for extended periods. However, leaf 
characteristics have not been considered in relation to these methods. A 
better understanding of the leaf-bacteria interaction may be gained by 
methods using direct observation of the cassava blight bact6ria "in situ." 
Direct exami:,ation of phylloplane bacteria has been attempted using light 
(4, 9) and scanning electron microscopy (10) but relatively few studies 
concern the detection "in situ" of plant pathogenic bacteria on the leaf 
surface (3). 

In this paper, we propose two methods of direct observation of cassava 
blight bacteria on the leaf surface that use the sensitivity and specificity of 
the fluorescent antibody technique. 
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Materials and Methods 

Preparation of Antisera 
Antisera were prepared against whole washed heat killed cells (1 hour, 

100°C) of a strain of X. c. pv. manihotis (A 104-2) isolated from infected 
cassava stem in Mb6 (People's Republic of Congo) by injecting rabbits as 
described by Coleno et al. (2). Gammaglobulin fraction of antisera was 
precipitated with ammonium sulfate (8). Specificity of antisera was tested 
against 80 strains isolated from cassava phylloplane and soil. 

Preparation of Leaf Samples for Detection of X. c. pv. manihotis "in 
situ" 

Discs from intercoastal areas of naturally or artifically contaminated 
leaves were excised using a 1 cm diameter paper punch. These discs were 
treated according to the following methods: 

Impression method. An adaptation of the technique described by
Dickinson et al. (6) is used. Each leaf disc (upper and lok:ie, • face) was 
sprayed with a solution of collodion (5%) mixed gel,1.,1i - Rhodamine 
conjugate (1:480, v/v) prepared according to the method of Bohlool et al. 
(1). The spray of collodion was left to dry for about 20 min. Then, the film 
was carefully peeled off and stuck (contact surface uppermost) on adhesive 
tape (Scotch Magic), that was itself affixed to a glass slide. 

Direct leaf disc method. The leaf disc was directly stuck on adhesive 
tape, upper or lower face uppermost and as described above placed on a 
glass slide. 

Prior to the fluorescent antibody staining, the leaf discs and prints wer, 
pretreated by soaking them in a mixture of Tween 80 and phosphate 
buffered saline (one drop of Tween 80 in 100 ml of saline)for 5 minutes and 
gently washing (7). This increased the wettability of samples.

Fluorescent antibody staining. The fluorescent antibody technique
(FAT) was conducted according to indirect method. The print or leaf disc 
surface was covered with the antiserum anti-X.c. pv. manihotis (previously
passed through 0.45 nm filter and incubated for 30 min at room 
temperature. The preparation was washed in 0.1 M phosphate buffered 
saline (PBS)pH 7.2, for 20 min. Then, the commercial fluorescent antirabbit 
globulin (fluorescein isothiocyanate conjugated antirabbit globulin, Institut 
Pasteur Production) was applied over the surface of the print or disc and 
allowed to stain again for 30 min. The slide was gently rinsed in PBS for 20 
min. The preparation was mounted with a cover slip using 
glycerolphosphate buffer solution as mounting fluid. 

Fluorescenco microscopy. Stained preparations were examined under 
an X 40 objective fitted to a Leitz Orthoplan microscope with incident 
fluorescence illumination from an HBO 200 OSRAM mercury light source 
(BG 12:OG-1 filter system). 

Results 
The impression and leaf disc methods associated with fluorescent 

antibody technique (FAT) allow detection and give clear images of spatial
distribution of X.c. pv. manihotis on the cassava leaf surface (Fig. 1-2). 
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Fig. 1. Undersurface of cassava leaf 
showing clustered cells of X. c. pv. 
manihotos on lamina areas contiguous 
to veins (impression method). Fig. 2. Undersurface of cassava leaf 

showing cells of X. c. pv. manihotison 
epidermal cells of vein (leaf disc 
method). 

The impression method, which has oeen tested on upper and lower leaf 
faces of 10 cultivars, was used with some success. The mixture of gelatine
rhodamine conjugate with collodion solution allows us to obtain a suitable 
background (orange-brown) for epifluorescence observations. The use of 
unconjugated gelatin, as described by Buhlool et al. (1), prior to the 

fluorescent antibody staining, may be useful to limit nonspecific 
fluorescence due to absorption of stain by mechanisms other than 
immunologic reactions. 

The direct leaf disc method was more satisfactory for visualizing the 
geographical localization of bacteria on the leaf surface structures 
(epidermal cells, veins, guard cells of stomata). For the cultivars tested, the 

background was red to brown, in good contrast to the green fluorescein 
labeled bacteria. As previously noted the treatment of discs with the 

unconjugated gelatine prior to FAT provided a good control of nonspecific 
staining. 

Fluorescent antibody staining of leaf discs after the collodion film had 

been peeled off revealed that bacteria were retained on the leaf surface, 
particularly on the lower face where the surface is uneven and in areas 
where the bacteria were densely clustered. 

The cassava blight bacteria were not distributed homogeneously 
throughout the leaf lamina (Fig. 3). The bacterial cells occurred generally in 
depressions between epidermal cells and were clustered in small (5 to 20) 
groups. Single cells were rarely detected, except after rains. These 
microcolonies were preferentially detected on veins and on the adjacent 
lamina areas. The observation studies carried out on 10 cultivars naturally 
infested suggested that the micro-colonies of pathogen were more 

numetous on lower than on upper leaf surfaces. On the areas of lower 
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Fig. 3. Example of distribution (of micro-colonies of X. c. pv. manihotis 
on the undersurface of lobu, of cassava leaf (leaf disc method). 

surfaces contiguous to veins, the bacteria were frequently absorbed todigitated epidermal cells that surround the stomata. Observations haveshown the presence of bacteria clustered on the guard cells of stomata. Onthe same leaves, by the same methods, bacteria could be detected on some 
lobes. 

Preliminary field experiments with artificial inoculations by pulverization
of 3 months old cassava plants, demonstrated that, initially, the bacteria
occurred throughout the lamina as single cells and sometimes as clustersdue to the low degree of wettability of the surface. About two weeks after
inoculation only clustered bacteria were detected with a preferential
location on the lower face of the leaf. 

Discussion 
The sensitivity of the fluorescent antibody technique associated with the

impression or leaf disc method allows us to detect, specifically,the cassava
blight bacteria in place and to give clear images of its spatial distribution onthe leaf surface. The leaf disc method is simpler than the impression
method and overcomes some of the problems associated with it,
particularly the retention of bacteria on the leaf surface after peeling off the
collodion film. Moreover, this method using the epifluorescence system
allows us to clearly visualize the bacteria in place on the leaf structures
such as epidermal cells, veins, and guard cells of stomata and to detect
early, the yellowish microlesions in good contrast with the redfluorescence of the leaf lamina. For the cultivars tested, autofluorescence 
of leaf tissues was not a problem. However, in cultivars where
autofluorescence might interfere with fluorescent antibody detection ofX.c. pv. manihotis, the method described by Daft & Leben (1966) (4) forbleaching leaves with chlorine gas might overcome this inconvenience.
The printing method may be used with success for examination of fruits,
seed, and stem surfaces. 

The first results of the use of these methods with 10 cultivars, tested innatural conditions, suggest that the distribution of X.c. pv. manihotis on the 
cassava leaf is not homogeneous. The cassava blight bacteria seemed to 
occur more preferentially on lower than on upper faces of the leaves and 
were distributed in groups and, more rarely, as single cells. In other partsof 
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the same contaminated leaf, taking the leaf shape into account (5-6 lobes 
per leaf), we have heterogenous contamination of lobes, with some being 
bacteria free. The bacteria were often localized in depressions between 

epidermal cells of lamina, in particular, in the areas contiguous to veins and 

on veins. 
Un the lower leaf face, the bacteria were found on the digitate epidermal 

stomata along the veins. Some preparationscells that surround the 
showed the presence of the pathogen clustered on the guard cells of 

stomata. 
seem to occurThe fact that the micro-colonies of X.c. pv. manihotis 

preferentially on the undersurface of the cassava leaf where the stomata 
are numerous, suggests that this face may constitute the most suitable 

ecological niche for the development, maintenance, and acitivity of the 

populations o X.c. pv. manihotis on the cassava phylloplane. However, the 
on the upper face of the leaf must not be neglected.role of the pathogen 

success for the detection ofThese methods could be used with some 
cassava 	 blight bacteria "in situ." However, they havesurface-borne 

limitations in that they do not separate living and dead bacteria and do not 

permit counting due to distribution of the bacterial cells in dense clusters. 
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Abstract 
Field trials were conducted to find out the losses in Alphanso, Pairi,

Totapuri, and Local mango varieties caused by bacterial canker. Percent drop
of fruit from trees in Alphanso, Pairi, Totapuri, and Local varieties were 20 to
80, 10 to 70, 10 to 40, and 10 to 55, respectively. Maximum fruit drop was 
recorded in all varieties 30 to 60 days after fruit set. Fruit drop from the tree 
was more where stem end and fruit surface were injured and inoculated with 
the bacteria. Fruit rot in storage was 5 to 80, 10.6 to 66.6, 10 to 100, and 5
to 80 per cent in Alphanso, Pairi, Totapuri, and Local varieties, respectively.
Maximum rot was in surface injured fruit and least in uninjured fruit. There 
was no storage rot in uninoculated fruit. 

Introduction 
Bacterial canker caused by Xanthomonas mangiferaeindicae (Patel,

Moniz and Kulkarni; Robbs et al.) is one of the important diseases of mango.
The disease was first reported by Patel et al. (7) from India in 1948.
Subsequently, the disease was noticed in other parts of the world (1, 2, 3, 4,
5, 8, 10, 11,12). It infects leaves, petioles, branches, and fruit and causes
heavy crop loss when the fruit are infected (9). Recently, the author 
noticed bacterial canker in severe form on varieties of mango in Southern
India. Most of the commercial varieties were susceptible to bacterial 
canker and the percentage of fruit infection under natural conditions 
ranged from 10 to 70 (Ram Kishun, unpublished).

Field experiments were conducted to estimate the losses in yield in four
 
commercial varieties of mango.
 

Materials and Methods 
Trials were conducted at the Indian Institute of Horticulture Research

Farm, Hessaraghatta, Bangalore during February to June, 1980 on mango
varieties Alphanso, Pairi, Totapuri, and Local. Fruit were inoculated with 
or without injury at different stages of development, i.e. 30,45, 60, 75, and
90 days after fruit set. Fruit were injured at the stem end, surface, and 
stem end + surface at all the stages of inoculation. The injured and 
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uninjured fruit were spray inoculated with 48-hr-old culture of bacterium 

suspended in water (10 cells/ml). Control fruit were sprayed with water 

alone. Sixty fruit per treatment per variety were used at different stages of 
fruit drop were recorded separately for all thefruit development. Data on 

were harvested and stored at roomtreatments and undetached fruit 

temperature (22 to 281C) for ripening and recording of storage rot.
 

Results 

Per cent fruit drop in varieties Alphanso, Pairi, Totapuri and Local varied 

from 20 to 80, 10 to 70, 10 to 40, and 10 to 55, respectively (Table 1). 
wereMaximum fruit drop in all the varieties was recorded when fruit 

inoculated at the age of 30 to 60 days after fruit set. In early stages, fruit 

drop was also -ecorded in the control but it was less than that of inoculated 

fruit. In later stages of fruit development, drop was recorded only in 

inoculated fruits. Fruit drop from thetree was more in all the varieties when 

both stem end and fruit surface were injured and inoculated. Uninjured 

inoculated fruit had least fruit drop. Fruit drop in the control was observed 

up to 45 days in Pairi, Totapuri, and Local, whereas in Alphanso it was 

recorded up to 30 days. 
Storage rot varied from 5 to 80, 10.6 to 66.6, 10 to 100, and 5 to 80 per 

cent in varieties Alphanso, Pairi, Totapuri, and Local, respectively. 

Maximum storage rot was found in surface injured fruit. Minimum storage 

rot was observed in uninjured inoculated fruit of all the varieties. 

Alphanso had noticeable storage rot when fruit were inoculated 30 days 

after fruit set. Pairi and Totapuri had storage rot when fruit were 
75 days after fruit set,inoculated at the very late stage of 60 and 

Local variety had storage rot when fruit wererespectively, whereas 
was no storage rot ininoculated at 45 days after fruit set. There 

uninoculated control fruit . 

Discussion 

Fruit drop due to bacterial canker was observed in all the varieties tested; 

however, it was less in Totapuri. Young fruit (30to 60daysold) were more 

susceptible than old ones, The reasons are not known. Fruit drop was more 
surface were injured and inoculated. It iswhere both stem and fruit 

possible that the stem end becomes weak due to infection of bacterial 
to drop from trees with only a slight jerk. It is alsocanker, causing fruit 

surface infection other microorganisms attack thepossible that due to 
fruit , causing decay and fruit drop. Similar observations were made by 

Shekhawat and Patel (9). They observed 20 to 26 per cent decaying of 

mango fruit before harvest. 
to 100 percent was recorded in different varieties ofStorage rot of 5 

mango. Other workers have observed storage rot in mangodue to bacterial 

canker disease. Shekhawat and Patel (9) have reported 20to 47 percent rot 

during ripening in storage. Severe bacterial rot in mango fruit after 3days 

of storage at room temperature was observed by Palaniswami et al. (7). 
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Table 1. Loss of mango fruit in four varieties due to bacterial canker. 

Manual inoculation days after fruit set 

Name Treat- 30 45 60 75 90 
ment Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 

fruit 
drop 

storage 
rot 

fruit 
drop 

storage 
rot 

fruit 
drop 

Storage 
rot 

fruit 
drop 

storage 
rot 

fruit 
drop 

storage 
rot 

Alphanso A 70.0 77.7 80.0 50.0 40.0 16.6 20.0 50.0 20.0 50.0 
B 80.0 25.0 70.0 0.0 60.0 25.0 40.0 16.6 25.0 20.0 
C 70.0 33.3 80.0 0.0 50.0 50.0 40.0 77.7 25.0 40.0 
D 45.0 27.7 33.3 5.0 30.0 0.0 30.0 0.0 20.0 0.0 
E 45.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Pairi A 70.0 66.6 60.0 50.0 30.0 50.0 20.0 50.0 10.0 55.5 
B 70.0 27.7 60.0 0.0 50.0 30.0 30.0 0.0 10.0 22.2 
C 70.0 66.6 60.0 50.0 70.0 66.6 40.0 50.0 10.0 50.0 
D 60.0 0.0 60.0 0.0 20.0 0.0 21.6 10.6 10.0 0.0 
E 50.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Totapuri A 30.0 50.0 25.0 22.0 10.0 100.0 0.0 90.0 0.0 100.0 
B 40.0 0.0 30.0 0.0 10.0 0.0 10.0 22.2 0.0 40.0 
C 40.0 66.6 30.0 21.2 10.0 100.0 20.0 100.0 0.0 100.0 
D 35.0 0.0 30.0 0.0 0.0 45.0 10.0 50.0 0.0 0.0 
E 30.0 0.0 35.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Local A 50.0 40.0 50.0 80.0 33.3 80.0 10.0 50.0 0.0 55.0 
B 55.0 0.0 50.0 0.0 50.0 60.0 50.0 40.0 5.0 26.3 
C 55.0 48.1 50.0 33.3 50.0 80.0 40.0 25.0 10.0 50.0 
D 30.0 0.0 33.3 25.0 33.3 5.0 10.0 0.0 0.0 0.0 
E 40.0 0.0 30.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

.A Surface injury B . Injury at stem end C Injury at stem end + surface 

W. 
EDG Vlthout nlury E Control (without inoculation) 
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Abstract 

The presence and distribution of P.solanacearum at three soil depths (0-30,
30-60 and 60-90 cm) was determined in two infested potato fields in the
tropics of Peru (Huanuco 2400 m and San Ramon, 1150 m elevation) at 
harvest time and 140 days later after bare fallow.

Potatoes cv. Ticahuasi, tomatoes cv. Huando and a new selective medium
developed at tho University of Wisconsin were used to assay bacterial 
populations. The selective medium plated with soils collected at harvest time 
indicated that P. solanacearum was present at all three depths at both 
locations. However, populations of bacteia were much greaterat 0 to 30 cm 
for both fields, and also much higher at San n'amon than at Huanuco. These 
results agree partially with those using host plants because at San Ramon 
tomato was readily infected when planted in soils from 0 to 60 cm depth but 
not at 60 to 90 cm, and potato failed to demonstrate bacteria at 30 to 90 
cm depths. At Huanuco, both host plants demonstrated the presence of
bacteria at all depths. Populations of P. solanacearum were markedly
decreased at all three soil depths after 140 daVa of fallowat bothlocations.

Although the number of bacteria detected by the selective medium was 
much lower, the percentage wilted tomato and potato plants was in general
high. The use of both the selective medium and host plants is recommended 
for determination of presonce of P. solanacearum in infested soils. 

I ntroduction 

BacteripI wilt caused by Pseudomonas solanacearum is a very important
limiting factor in production of several important food crops, particularly
potato, tomato, eggplant, and bananas in tropical, subtropical, and warm 
temperate regions of the world (7). The ecology of that bacterium,
especially its survival in naturally infested soils, is not yet well understood
despite numerous efforts (1, 7 . Recent research has, however, explained 
some of the factors involved in the survival of the bacterium under different 
ecological conditions (2, 3, 9, 10, 13). The concept developed by Graham 
and Lloyd (2) of "sheltered sites" where the bacterium might survive is of 
great interest, especially their findings of the pathogen in the deeper soil
layers. The studies by Mc Carter et aL. (9) on the distribution of P.
solanacearum in soils of Georgia have also contributed substantially to the 
understanding of the ecology of this organism. 
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With the exception of a few cases, such as those reported by Navarro (10) 
and Sequeira (13), most studies on the ecology and survival of P. 
solanacearum have been done outside the tropical zone, in the Americas. 
The purpose of the research reported here was to examine the presence 
and distribution of P. solanacearum in infested soil at two tropical locations 
at harvest time and after 140 days of subsequent fallow, a period long 
enough for the establishment of deep roots by another crop in the constant 
cropping system prevalent there. 

Materials and Methods 

Two fields representative of different ecological zones inwhich potatoes 
are grown in Peru, were selected on the basis of previous infestation with 
P. solanacearun. The field at Umari, Huanuco has an elevation of 2400 m. 
and is representative of mid-elevation potato farming (2,270 mm annual 
rainfall, 6.31C minimum and 20.51C maximum, average). Ithad been used 
for two years as a site for the final field screening of potato clones 
developed for resistance to bacterial wilt at the International Potato Center 
(CIP) installations in Lima. Wilt incidence in the susceptible potato 
"Ticahuasi" interplanted with the test plants was close to80/o.The field at 
San Ramon, 1150 m elevation, is on the first slopes to the Amazon jungle 
(2700 mm rainfall, 18.5°C minimum and 29.50C maximum, average). 

Potatoes are not normally grown at San Ramon; they were introduced to 
this area in 1974 by CIP as part of their adaptation studies. In 1978 one of 
these fields, previously in pineapples, was planted with potatoes and a 
large incidence of bacterial wilt resulted. Later studies have shown that the 
bacterium is native in this soil (C. Martin and E. R. French, unpublished). 
This field has been used as a testing site for resistance under higher 
temperatures and to (possibly) different strains. 

Soils at both locations were sampled during 1980 at potato harvest time 
and after 140 days of fallow, using the methods described by Mc Carter et 
al. (9). A square hole was dug and soil samples were collected from each 30 
cm increment down to a depth of 90 cm. Ten holes were dug in each field at 
sites previously occupied by infected plants. Tools used in collecting soil 
were rinsed in 95% alcohol and flamed after each layer of soil was 
collected. Soil sampled from each layer at each location was collected 
separately, placed in plastic bags, mixed by hand and then potted in 15 cm 
diameter clay pots. A sample of soil from each layer was kept ,'. soil 
analysis. 

Fields at both locations were bare fallowed and 140 days later soil 
samples were again collected as described above. The fallow corresponded 
for both locations with the dry season, although scattered rains usually fall 
during this time at San Ramon. 

To detect P. solanacearum in the soil, two susceptible hosts and a 
selective medium were used. Two healthy tomato plants (Lycopersicon 
esculentum "Huando"), about 12 cm tall, were transplanted to each pot. 
One plant was later removed. One small potato tuber(Solanumtuberosum 
"Ticahuasi") was also planted at the same time in a different pot. Ten pots 
for each host plant, per soil layer, and per location were used. A non
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infested, sterilized soil control was added to each experiment. Pots were 
arranged in a complete randomized block design. Soil samples from San 
Ramon collected at 30 to 60 and 60 to 90 cm depth were mixed with 
sterilized vermiculite. Because of their high clay content, they were mixed 
at the rate of 3 parts of soils to 1 of vermiculite. 

Plants were maintained up tothe end of the experiment in a glasshouse
with a night/day temperature of 26/31 ± 10 C. Soil moisture was 
maintained at near field capacity by repeated watering. As plants wilted 
they were cut and a section of the stem was placed in a test tube containing
sterile water and examined for streaming of bacterial ooze from the 
vascular system (7). A number of bacterial suspensions were streaked on 
TZC medium (8) for their identification and some of them were also 
inoculated to tomato and potato plants.

A random sample of the isolates obtained on the TZC medium were 
purified and their biotype was determined as described by Hayward (5). At 
the end of the experiment all remaining living plants were assayed for 
bacterial streaming. When negative, the suspension water in which the 
stem end was placed was streaked on TZC medium. 

In addition to tomato and potato plants, a selective medium developed by
Granada and Sequeira (4) for recovery of P. solanacearum from the soil was 
used. Two grams of soil were added to 8 ml of sterile water. After 1 h of slow 
agitation in a rotary shaker a dilution series was done. On the basis of
previous observations it was determined that the best dilutions were 10 - 3 

and 10- 4 . Then, 0.05 ml of each of the two dilutions was spread over the 
selective medium, which consisted of the following ingredients added to 
the TZC medium: crystal violet (50 ppm), merthiolate (0.005%), polimyxin B
sulphate (100 ppm), tyrothricin (20 ppm), and actidione (50 ppm). Five 
plates were done per each dilution and then, repeated. Plates were 
incubated for 48 h at 301C and then observed for P. solanacearum colonies. 

Results 
Soil Samples Collected at Harvest Time 

The bacterium was detected at all three layers and at both locations by
the selective medium. Colonies of P. solanacearum were clearly
distinguished from other colonies and in a few cases of doubtful 
identification they were transferred to TZC and/or inoculated to tomato or 
potato plants. The number of colonies was much greater for the three soil 
layers in samples collected at San Ramon than for those collected at Umari 
(Fig. 1). The results obtained by the use of the selective medium were in 
agreement with those obtained from the use of host plants for Umari (Fig.
2); tomato and potato plants wilted in a large percentage when they were 
planted in soils collected at all three layers. On the other hand, despite the 
large number of colonies detected at San Ramon, both host plants failed to 
detect the bacterium in some of the soil layer (Fig. 3); tomato plants failed to 
detect the bacterium when they were planted in soil collected at 60 to 90 
cm depths, and potato wilted only when planted in soil collected at the 0 to 
30 cm depth.

The study of the isolates collected from the soil samples at both locations 
indicates they were all biotype II (race 3, the potato strain), according to 
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Fig. 1. Initial bacterial populations of Pseudomonas solanacearum at two 
locations and three soil depths in Peru. Samples taken at harvest time, April 
1980. 

Hayward's classification (5). The analysis of the soil samples collected at 
both locations indicated that there were only small differences between 
them in texture and chemical components (Table 1). Probably one of the 
biggest differences between them was the higher clay content of the 
samples collected at 30 to 60 and 60 to 90 cm at San Ramon. 

Soil Samples Collected 140 Days After Bare Fallow 

P. solanacearum was detected on the selective medium in soils collected 
at both locations and at all but the 0 to 30 cm soil layer at Umari (Table 2). 
The populations of the bacterium detected at both locations were 
substantially lower than those detected at harvest time. Despite the drastic 
reduction, both tomato and potato plants detected the bacterium at all three 
soil layers at both locations with the exception that tomato plants failed to 
detect the bacterium in soil sample collected at 60 to 90cm depth at Umari 
(Figs. 4 and 5). On the other hand, although the selective medium did not 
detect the bacterium in soil samples collected atO to 30 cm depth in Umari 
soil, tomato and potato plants did (Fig. 4). 
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Fig. 2. Percent wilted tomato and potato plants, planted in soil 
collected at three depths in Umari. Test conducted under glasshouse 
conditions at 26 to 31 °C. 

Discussion 

P. solanacearum was detected in soils up to a depth of 90 cm at two 
different tropical locations by the use of a selective medium and/or 
indicator host plants. In similar type of work only tomato plants were used 
to detect the presence of the bacterium (2, 9). The greater usefulness of 
host plants in addition to the culture medium is well indicated in these 
results. In the case of Umari the medium failed todetect the organism in the 

1 01 



100. 

TOMATO OOP 

50

. 

1'0
0 20o 30 40 50 

100 

- - 0-30 
POTATO,*-*- 30-60 

60-90 

050o- // 
,®

0' 0 

0.--.-- .- * -- *-° 
0I I I I 

10 30 50 70 

DAYS AFTER PLANTING 

Fig. 3. Percent wilted tomato and potato plants, planted in soil 
collected at three depths in San Ramon. Test conducted under 
glasshouse conditions at 26 to 31 °C. 

0 to 30 cm soil layer after 140 days of fallow, but both test plantsdetected it. 
had fallen below the limits ofApparently, the bacterial population 

detectability by the plating technique. 
Although the bacterium was detected at the three soil layers at both 

locations, there were some differences in the bacterial populations and 

their distribution. The bacterial populations were much greater at San 

Ramon than at Umari both at harvest time and 140 days later. The highest 

bacterial population was at the 0 to 30 cm soil layer at San Ramon but at 
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Table 1. Pri,cipal characteristics of soils collected at three depths at Umari (Huanu
co) and San Ramon (Junin), Peru. 

Location and Texture pH Organic Electr. cond. Al 
Soil Depth (cm) Matter (0/o) (mmhos/cm) (me/100 g) 

UMARI 

0-30 Loam-clay 5.1 3.0 0.6 

30-60 Loam-clay 5.0 2.3 0.4 1.47 
60-90 Clay 5.2 2.1 0.2 1.36 

SAN RAMON 

0-30 Sandy loam 4.8 4.0 0.3 1.75 
30-60 clay 4.7 2.2 0.5 1.45 

60-90 clay 4.8 1.6 0.3 0.63 

Table 2. Pseudononas solanaceanim populations at Umari (2400 m) and San 
Ramon (1150 m) at three soil depths at harvest time and 140 days later after bare 
fallow as determined by plating on selective medium. 

Cells x 104 per gram of soil
 
Soil
 
Depths Umari San Ramon
 
(cm) 

Harvest 140 days Harvest 140 days 

0-30 0.681 0.00 29.90 6.15 
30-60 0.78 0.22 5.40 0.65 

60-90 0.22 0.08 1.60 0.23 

1 Average of two repetitions (5 plates/repetition). 

Umari the highest was in the 30 to 60 cm layer. These differences and also 
the extremely low population found at the 0 to 30 cm soil layer after 140 
days of fallow at Umari might be a result of less rainfall, heavier soil, and a 
difference in root development. Dessication hasbeen named repeatedly as 
one of the major factors in reducing soil populations ofP. solanacearum (2, 
3, 7, 9, 14). During the fallow period rains were absent at Umari. At San 
Ramon scattered showers fell regularly; thus the top soil did not dry out. 

Mc Carter et al. (9) found that the highest population ofP. solanacearum 
in soils of Georgia occurred in the top 30 cm layer. In Graham and Lloyd 
studies on potatoes (2) and those of Okabe (12) and Tanaka (14) on tobacco 
in Japan, the investigators found the highest concentrations at deeper soil 
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Fig. 4. Percent wilted tomato and potato plants, planted in soil 
collected at three depths in Umari 140 days after bare fallow. Test 
conducted under glasshouse conditions at 26 to 310 C. 

layers. Our results varied, depending on the location. At Umari P. 

solanacearum survived in higher numbers in the deeper soil layers; atSan 
Ramon the opposite occurred, and large bacterial populations survived in 

the top soil layers, even 140 days after bare fallow. 
Fallow practices have reduced the soil population of P. solanacearum in 

several instances (10, 13, 14). Although our fallow was not very long it 
caused a drastic reduction of the bacterial population at both locations. 

Undoubtedly, an integrated control approach that could include fallow, 
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elimination of susceptible weed and infected potato debris, rotation, and 
use of clean seed would reduce the incidence of bacterial wilt significantly.

The selective medium developed by Granada and Sequeira (4)
demonstrated in this work the usefulness and greater sensitivity than
previously developed selective media (6, 11). Its ease of preparation and 
clear distinction of P. solanacearum among other organisms make this 
medium of practical use. However, the use of host plants has been shown 
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to be more sensitive for detection of P. solanacearum, especially when 
populations are low. A further advantage of the use of host plants is that 
they provide an indication of the pathogenicity of the strains involved. 
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Abstract 
After the tropical rain forest vegetation of altisols in the Amazon basin at

Yurimaguas (Lureto Department), Peru, is slashed and burned, bacterial wilt 
is one of the ever present pathogens of the potato. Two of the most common
Heliconia spp. (Amarilla and Cresta de Gallo) from the jungle floor were
collected and attempts were made to isolate Pseudomonas solanacearum
without success. Seeds were collected from two common solanacaous 
shrubs, cocona So/anum topiro HBK and Suikawito (unidentified), and from
the most common solaneceous weed found among potatoes, S. nigrum.

These plan, species were grown in a fiberglass house (26-321C) at Lima
and inoculated by soil infestation with 40 ml of 2 x 108 cells/ml per pot of CIP
isolates No. (Tea Huanuco, m015 Gardens, 1600 elevation), 042 
(Huancayo, Junin, 3300 m),077, 141, 108, and 142 (Yurimaguas, Loreto,180 m). The first four are By. I (race 1), the last two By. il (race 3). S.nigrum
was infected by all isolates except 015, Cocona and Suikawito were not
infected. One of ten Amarilla were infected by isolates 077 and 141, but
Cresta de Gallo was not. When Ticahuasi potato tubers were planted in the 
pots next to inoculated but healthy looking Cocona, Suikawito, Cresta de
Gallo, and Amarilla, the percentages that wilted were 80, 13, 53, and 38%,
respectively. P. solanacearum few but ainfected very Heliconia high
percentage of S. nlgrum and it persisted in differing degrees in the
rhizosphere of all plant species tested under artificial conditions. Heliconias 
and solanaceous plants may be acting as reservoirs of P. solanacearum strains
that bring about bacterial wilt of potatoes. Such arole is known for heliconias
with bacterial wilt of bananas in Costa Rica. Potatoes and bananas share the 
characteristic of being exotic in the tropical American rain forest. 

Introduction 
The tropical rain forest vegetation of old, leached, alluvial altisols of the 

upper Amazon basin in Peru remained mostly undisturbed until population
pressure during this century resulted in the full use of the more fertile
active flood plain (7). Crops grown on these old lateritic soils in rotation with
8 to 10 years of jungle regrowth have included cassava, rice, plantain,and banana; more recently maize, soybeans, peanuts, cowpea, kudzu, and
Castilla grass have been grown at Yurimaguas, utilizing modern soil 
management technology (1). 
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Wilt diseases have not been noticed in these crops, but when potatoes 
were grown in a lowland tropics adaptation program of the International 
Potato Center, bacterial wilt caused by Pseudomonas solanacearum E. F. 
Sm. biovars (Bv.) I and Bv. II (races 1 and 3, respectively) developed each 
season in newly cleared land, including one instance of virgin jungle (10). 
This problem had been anticipated (16) but available resistant clones are 
not adapted to hot conditions and their resistance is not expressed at high 
temperatures (4). 

Severe outbreaks of bacterial wilt (P. solanacearum race 2, strain B) of 
bananas occured in Costa Rican plantations. Heliconia latispatha and H. 
caribaea were found to have, respectively, low and very low incidence of 
wilt in abandoned banana plantations destroyed by wilt disease. H. 
latispatha and two other species, H. acuminata and H. imbricata, were 
occasionally found diseased, with distortion and slow wilting symptoms, in 
virgin jungle, caused by the D strains of race 2. When repeatedly cut back 
the disease spread mechanically to other clumps of these heliconias. 
Bananas planted in cleared jungle developed distortion and slow wilt not 
characteristic of B strain wilt disease. The D strain from bananas or 
heliconias caused these symptoms in inoculated plants, whereas the B 
strain caused rapid wilt. Serial passage of the D strain by inoculation of 
potted bananas 5 to 8 times at weekly intervals resulted in uptoa doubling 
of the disease index as a result of the selective pressure exerted, which 
presumably led to the selection of variants arising by mutation. It was 
concluded that bacterial wilt of bananas arose by a selection pressure 
exerted by bananas upon strain D, that initially only caused mild 
symptoms. In the native jungle it is an occasional pathogen of heliconias 
which, like bananas, are musaceous plants, although the latter are exotic 
(2, 5, 14, 15). 

Race 3 or the "potato" strain is considered to be indigenous to the 
highland forests of the island of Ceylon and is sometimes endemic in cool 
climates throughout the world (9, 11), whereas race 1 is indigenous in 
forests and endemic Incultivated lands throughout the hottertropics and 
subtropics (12, 13). 

This report encompasses field observations, and inoculations with P. 
solanacearum isolated from potatoes in a tropical rain forest situation to 
some plants native to that forest, to determine their potential role as 
sources of inoculum when the forest is cleared and potatoes are planted. 

Materials and Methods 

The floor of an 8-year jungle regrowth at the Yurimaguas Agricultural 
Substation (10) next to a recently cleared field in which potatoes had 
bacterial wilt, was found to be occupied by several Heliconia spp. The upper 
canopy included the fruiting solanaceous shrubs Cocona (Solanum topiro 
HBK) and Suikawito or Suikanito (unidentified). The only common weed in 
the potato field was S. nigrum. No wilt symptoms were observed in any of 
these plant species. The two most common heliconias, Amarilla (short 
plant with nearly concealed yellow flowers) and Cresta de Gallo or Cresta 
(tall plants with a cock's comb-like brilliant red inflorescence), were 
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uprooted from their respective clumps and flown to CIP's Lima facilities the 
same day. Seeds of the Solanaceae were harvested.

Prior to potting and five months later, two root segments 2 cm long per
heliconia plant were assayed for presence of P. solanacearum by first
manually shaking them in one tube of sterile water and then placing them
in another to permit vascular exudation for 15 min. Both water
suspensions were assayed for presence of the bacterium (10). The seed
plants were grown in flats, transplanted after 1 month, and the soil was
infested 25 days later. By this time the heliconias had been potted for 6
months. Soil consisted of a mixture of 1:1:1 sandy loam soil, sand, and, peat
moss with added nutrients. Plants grew in a fiberglass heated house with
night lows and daytime temperature high ranging from 26 to 32 0 C. 

Plant Infe tion 
Soil infestation was chosen as the most suitable method of inoculation

(3, 8). It was done with 40 ml per 500 ml of 2 x 108 bacteria/ml of Peruvian 
potato isolates CIP No. 015 from Tea Gardens (1,600 m elevation),
Huanuco Dep3rtment (isoiated by I. Herrera); 042 Huancayo (3,300 m),
Junin Dept. (H. Torres); and Yurimaguas (180 m), Loreto Dept. isolates 077,
141, 108, and 142. The biovars (6, 10) for these are shown in Table 1. Each 
pot sat in a clay saucer in which water was constantly maintained and the 
top of the soil was watered once daily as needed. Symptoms were recorded 
every 3 days. As plants wilted, the presence of P. solanacearum was
confirmed by isolation. After 52 days the single stem was aseptically cut at
pot-brim level and assayed for presence of the bacterium. The check 
consisted of potted soil kept moist. 

Persistenre in Soil 
The presence of P. solanacearum in the soil or rhizosphere of the test

plants was assayed by planting a small tuber seed of Ticahuasi potato next 
to the test plant the same day their tops were removed. This was not done 
for S. nigrum. Symptoms of wilt in the potato plant or the sprouting original
test plant were recorded every 3 days and wilted plants were assayed for

the presence of P. solanacearum; healthy appearing plqits were 
also 
assayed after 60 days. 

Results and Discussion 
Infection 

The percentages of infected test plants are shown in Table 1. S. nigrum
was susceptible to the Bv. I and IIYurimaguas isolates, but more so to the
highland Huancayo isolate 042, Bv. I. However, it was not infected by
isolate 015. S. nigrum has been reported before as a host for P.
solanacearum Bv. Il/race 3 (6). However, it was not regarded as important
in maintaining the bacterium in soil of an infested field plot used to screen
for resistance to P. solanacearum race 3 in Lima (authors, unpublished),
and is not likely to compete favorably under the jungle canopy.

Of the jungle hosts tested none developed wilt symptoms. OnlyHeliconia
Amarilla were infected (10%) and with only the two Bv. I isolates from 
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Yurimaguas; stem sections produced streaming in water (as also did root 
sections after the persistence test). A reduced plant height or dwarf ing was 
apparent. These results suggest it is unlikely that any of these plant species 
will show wilt symptoms in their natural habitat, unless that environment 

is more conducive to disease than the one used in these tests. Average 

temperatures in Yurimaguas are a low of 20 and a high of 300 C,both lower 

than the respective temperatures used in these tests, so this seems 

unlikely. This situation thus appears to differ from the one encountered in 
Costa Rica, when clumps of heliconias wilted in the jungle; they did also 
when growing in abandoned wilting banana plantations, where 
presumably the inoculum potential in soil was unsually high. 

Persistence 

The wilting of potato plants grown to detect the presence of P. 
solanacearum in the soil or rhizosphere of the test plants began around the 
19th day after planting for all test plants, a few potatoes developing 
symptoms as late as the 40th day. Results are shown in Table 1, and 
illustrated in Fig. 1. 

Persistence in soil for Amarilla was not the highest, though it occurred 
for all isolates, not just the two that caused infection. Persistence was 
highest for Cocona and it also took place with all isolates. With Suikawito, 

only the Bv. I Yurimaguas isolates and 042 persisted, whereaswith Cresta, 
the Bv. II isolates (lid also, but not 042. This may suggest a specificity of 
association takes place even though disease does not occur. Cresta led to 
greatest persistence with isolate 141 (Fig. 2), but this difference mayrnot be 

significant since it was based on only 3 plants. Although persistence was 

Table 1. Percentage of plants infected (Inf.) with isolates of P¢sudot'nwts solaa. 
c'amuini 52 days after soil infestation, and of persistance of the bacterium (Per.) 
determined thereafter by infection of susceptible potatoes planted in the same pots 
for 60 days more. 

TEST PLANTSa 
Isolates 

(and their ,X: nii,'rm Cocona Suikawito Cresta Amarilla Check 
Biovar) 

Inf. Per. Inf. Per. Inf. Per. Inf. Per. Inf. Per. Per. 

015() 0 - 0 80 0 0 0 50 0 20 0 

042 (1) 100 - 0 60 0 40 0 0 0 20 0 

077 (1) 30 - 0 100 0 20 0 50 10 50 0 

141 (1) 30 -- 0 100 0 20 0 100 10 40 0 

108 (11) 30 - 0 60 0 0 0 50 0 40 0 

142 (11) 20 - 0 80 0 0 0 67 0 60 0 

Average 35 0 80 0 13 0 53 3 38 0 

aBased on 10 plants of each, except for Cresta in which there were 2 or 3. 
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Fig. 1. Determination of persistence of P. solanacearum in soil by planting a potato
(P) next to the test plant, the top of which has been cut (CT) at pot-brim level, 52 days
after soil infestation. Left, whole plant; center (CT + P), uninoculated cut check and 
right, soil infested with isolate 042. In this example the emerged potato is wilting
after 20 days, demonstrating persistence with Cocona, sooner than with suikawito. 

relatively low in percentage and for number of isolates with Suikawito, one 
each of the two plants that gave persistence with the two Bv. I Yurimaguas
isolates became infected without symptoms being apparent; the 
bacterium was isolated from the regrowth of the cut stem at the end of the 
experiment. This late infection suggests that the cut back, weakened plant, 
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Fig. 2. Isolate 141 pe.rsistence with Cresta de Gallo 
heliconia is rnn, to instance nonseen xt an of 
persistence with isolito 015. The more rapid 
sprouting of plant on left may riot be a significant 
difference
 

exposed to the added inoculum potential brought about by the wilting 
potato plant, resulted in overcoming the inherent resistance to invasion. 

The twoBv IYurInIaguas isolatesappearto haveagreateropportunityto 
persist in the soil with the hosts tested since (1) they persisted on the 
rhizosphere of all the jungle species tested, whereas the two Bv.II isolates 
did not on Suikawito, (2) they caused infection in Amarilla; and (3) they 
infected Suikawito after it was cut back. 

The presence of both races I and 3 that wilt potatoes in the Yurimaguas 
jungle suggests that a more heterogeneous population of P. solanacearum 
is present than inother forest ecosystems, where either race 1 or 3 has 
been determined wheirn susceptible crops have been planted (9, 11,1 2, 13). 
Bananas are not infected at Yurimaguas, but race 2 is present about 200 
km downstream on the Amazon River's banks (5). This greater 
heterogeneity may result in tl e lack of need for an adaptation process to 
occur as it did when bananas became highly susceptible to the heliconia 
wilt organism in Costa Ric. (2, 14, 15). 
A2() 



Unlike that situation, no obvious plant reservoir for the bacterium can be 
seen at Yurimaguas, leading to the conclusion that a susceptible host may 
not be necessary and that the rhizosphere of apparently healthy jungle
plants may fulfill this role. Differences were shown between a few plants 
among the many that conform the jungle flora, as to their capacity to favor 
persistence of P. solanacearum. Whether any of these heliconias or 
solanaceous plants are actually involved is not certain. 

Since both potatoes and bananas are exoic in the lowland jungle of the 
American continents in which the bacterium is indigenous, it would seem 
that pathogenicity did not evolve with the host, except for a final adaptive 
step which took place in bananas. 
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Abstract 
Many common weeds are implicated in the epiphytic survival of 

Xanthomonas manihotis, the cassava bacterial blight pathogen, during the dry 
season in Colombia. Studies using direct immunofluorescence and ELISA 
techniques established pathogen survival in or on most weeds at below 10 4 

cells/leaf disc, approximately. Studies on weed control inCBB-endemic and 
non-endemic areas are suggested. 

Introduction 
Cassava bacterial blight (CBB), caused by Xanthomonas manihotis,

remains one of the most destructive diseases of cassava (11, 12). In CBB 
endemic areas, cassava plants rapidly become infected under favorable 
conditions. For this reason, many attempts have been made to determine 
the means by which Xanthomonas manihotis survives from one season to 
another (3, 9, 12, 14, 15). Methods for CBB control include the use of
disease-free and resistant planting materials (11) and removal, burning,
and burial of infected material (9). These methods are considered effective 
because X. manihotis is known to attack only plants belonging to the
Euphorbiaceae. However, although weeds are a common problem in most 
cassava fields, their importance as a potential source of inoculum, or as an
epiphytic host during the dry season, has not been considered. This paper
describes the potential of some common weeds on the survival of the 
pathogen during the dry season in Colombia. 

Materials and Methods 

Sample Collection 
Two sampling areas were selected, one in Carimagua (in the eastern 

plains of Colombia) and the other at Media Luna (north coast of Colombia),
two widely different ecosystems in which CBB epiphytotics occur. Selected 
common weeds (Table 1) were identified and samples of them were taken 

Portion of a Ph D. thesis submitted by the first author to McGill University,
Montreal, Canada. 
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Table 1. Weed speciesa used in ecological studies on Xanthomonas manihotis. 

Species Family Common name Otherclassificationb 

Solanum nigrum americanum 

Sida dictyocarpa 

Emilia sagittata 

Hyptis mutabilis 

Amaranthus dubius 

Amaranthus espinosus 

Melothria sp. 

Euphorbiahirta 

Conyi'za canadiense 

Centrosetna macrocarpum 

Boerhaaiviaerecta 

Eleucina indica 

Digitaria sanguinalis 

Cypenis rotundus 

Solanaceae 

Malvaceae 

Compositae 

Labiatae 
Amaranthaceae 

Amaranthaceae 

Cucurbitaceae 

Euphorbiaceae 

Compositae 

Labaceae 

Nytaginaceae 

Gramineae 

Gramineae 

Gramineae 

Hierba mora 

Escoba 

Oreja de alce 

Botoncillo mastranto 
Bledo 

? 

Pepinillo 

Pimpinela 

Venadillo 

Centrosema 

rodilla de polio 

N,D,C. 

N,D,C. 

B,D,C. 

N,M,C. 
B,D,C. 

B,D,C. 

B,D,C. 

N,D,C. 

B,D,C. 

B,D,M L 

B,D,ML 

N,M,C 

N,M,C 

N,M,C 

a Weeds were identified by E. Escobar, Taxonomist, Universidad Nacional, Facultad de Agronom(a, Palmira, Colombia. 
b N=Narrowleaved; M=Monocot. weed; C=From Carimagua; D=Dicot. weed; B=Broadleaved; ML=From Media Luna. 



once monthly at each location from January to April, periods corresponding
with the driest part of the year when CBB symptoms disappear on cassava 
plants. 
Pathogen Detection 

Leaf comminution was used for detecting the bacterium. For each 
sampling, weeds were collected along two diagonals ofa cassava field, and 
each weed was separately put in a plastic bag and used within 24 h. Ten 
leaf discs/weed obtained along the diagonal of the lamina were removed 
with a 7 mm diameter flamed cork borer and each sample was comminuted 
in 5 ml of sterile distilled water. A smear (10 ni) of each crude weed extract 
and its Kelman's enriched broth (4) was stained with an X. manihotis 
antibody conjugated with fluorescein isothiocyanate (FITC), previously
prepared (1, 2). Slides were observed under an U. V. microscope at 1000 
magnification. Similarly, crude and enriched weed and cassava leaf 
extracts were subjected to the enzyme-linked immunosorbent assay
technique (6); the enzyme used was horse-radish peroxidase. Results were 
visually scored as reported previously(4). Anothersampleof thecrudeand 
enriched extract of each weed and control (cassava leaf) was plated on 
Kelman's tetrazolium chloride agar (10) in order to isolate the pathogen.
Verification of the identity of X. manihotis was made morphologically and 
symptomatologically. To relate numbers of cells/microscope field in each 
weed extract to numbers of cells/ml, a 48 h growth of a pure culture of the 
pathogen was serially diluted and stained with the fluorescent conjugate.
The average number of bright fluorescent cells 10 microscope fields per
dilution at 1000 magnification was determined. 

Results and Discussion 
When tested with a known concentration of X. manihotis in suspension,

the fluorescent antibody technique detected with certainty cell concen
trations of 105 cells/ml whereas the ELISA technique detected 104 
cells/ml. During most of the period under study, broad-leaved (or mostly
dicotyledonous) weeds carried the bacterium at concentrations probably
below 104 cells/leaf disc, as on symptomless cassava leaves, possibly
because they remained more succulent. The population of the pathogen on 
or in weeds remained steady throughout the sampling period, and this 
made detection of the pathogen in crude extracts difficult. However,
Kelman's broth enrichment of crude extracts plus the im
munofluorescence or ELISA technique (4) made pathogen detection easier. 
The two techniques were reliable in showing whether crude extracts 
carried the pathogen (Table 2). With the advent of the rainy season, in 
March, the pathogen population increased to 10s cells/leaf disc on 
symptomless cassava leaves but remained below this level on mostweeds 
sampled (Fig. 1). Differences in cell counts of X. manihotis surviving on 
different weeds before and after enrichment were presumably an indirect 
reflection of population trends in/on the weed samples, assuming that 
comminution of leaf discs did not promote or inhibit bacterial growth. High
.ll counts were most often detected on Amaranthus dubius while 
graminaceous weeds rarely carried the pathogen. 
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Table 2. Effect of enrichment technique on the detection of X. manihotis on weeds. 

Unenriched leaf extract Enriched leaf extract 

Weed species 	 I.F.a ELISA 1.F. ELISA 

S. 	nigrum anericanum +bb + + 

S. dictyocarpa 	 - + 

E. 	sagittata + + + 

H. 	 inutabilis + + + + 

A. 	 dubius + + ++ ++ 

AMelothria sp. + + + + 
E. hirta - -.
 

C canadiense - - + +
 

C. macrocarpum 	 - -

C 	 nitida - -

Cissampelos sp. + - + + 

E. 	indica ....
 

D. sanguinalis ....
 

C rotundus - - + 

alF = immunofluorescence test; ELISA = enzyme-linked immunosorbent assay.
 
+= strongly positive reaction; + = p. sitive reaction; + = weakly positive - = negative reaction.
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Fig. 1 .Population dynamics of Xanthomons manihotis on three weeds during the 
dry season. 

The present findings confirm the results of previous workers that X. 
manihotis survives epiphycally on cassava leaves (3, 14). For the first time,
weeds were implicated as an epiphytic survival base. In the epidemiology of 
foliar pathogens, survival of a few cells on vegetation and on symptomless
plants may have a far-reaching significance (7, 8). Many studies have 
established that only one bacterial cell is required to initiate an infection 
(13, 16). In a situation where all host materials are eliminated, this study
shows that weeds may provide a base for inoculum survival. Since weeds 
are so plentiful in cassava fields and survive remarkably well throughout
the driest per'iod when host materials are not available, it would be 
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interesting to investigate the effect of regular weed control in the dry 
season on reduction of the initial inoculum in the next growing season. It 
might also be of interest to know the effect of eradicating weeds in CBB 
endemic and non-endemic areas. 
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Abstract 

Thick green stem tumors in tobacco (Nicotiana clevelandii x glutinosa)have 
been observed to be caused by the bacterium Corynebacterium fascians. 
Seeds obtained from tumorous plants showed lower percentage of the 
germination of the seeds, and the development of tumors in plants 
automatically. The transmission of the tumor-property in tobaccos has been 
investigated. Transfer and survival of the bacterium through the seeds has 
been cor,*'rmed. Scanning electron microscopy has been utilized to observe 
bacter;al coiunies on the surface of the tobacco seeds. Surface sterilization of 

the seeds to improve the percentage of germination and elimination of 
tumors has been successfully accomplished. 

Introduction 

Decreased percentage of seed-germination in tobacco, due to 
tumorigenesis, and the presence of bacteria on the surface of tumorous 
seeds, observed by scanning electron microscopy, has been explained in 
this communication. 

Various types of studies done with plant tumors have been well 
summarized by Braun (1972), and Beiderbeck (1977). We have tried to 

investigate further the effects of tumorigenecity on germination of tobacco 
seeds. Seeds obtained from healthy and infected (with tumors) tobacco 
(Nicotiana glutinosa x clevelandil) plants were sown separately in sterilized 
soil and the emergence of plumule over the surface of the soil was noted. 
Percentage of the seeds that germinated, out of the total number of seeds 
sown, was also counted until six weeks after sowing. In addition to the 
healthy and infected seeds, a third group of seeds that were taken from 
infected (tumorous) plants and surface storilized by serial passage through 
2% Pril (10 minutes), 0.5% Chlorox (2 minutes), 96% ethyl alcohol (15 
seconds), and distilled water (10 minutes) were also utilized for tests. The 
results of the germination experiment are shown in Table 1. 

Results and Discussion 

It is obvious that tumorigenecity reduces the germination percentage, 
and delays the process of emergence of plantlets. Nienhaus and Gliem 
(1973) have indicated the seed-borne nature of the tumors in tobacco. 
Lacey (1948) had also studied the effects of the "leafy-galls" on the 
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Table 1. Differences in the germination behavior of healthy and tumorous seeds. 

Type of seed Emergence of plumule Percentage of seeds 
above soil in days germinated by six 

weeks after sowing 

healthy 10 90 
tumorous 20 35 
surface
 
sterilized 
 15 70 

Based on 200 seed samples in each case. 

seedlings of bean, sweet-potato and lettuce. Far earlier, Tilford (1936) 1jad
mentioned that bacteria responsible for "fasciation-disease" are carried 
through the exterior of the seed-coat of sweet-peas. This superficial
presence of bacteria is supported by our work in tobacco, as the surface 
sterilized seeds germinate more frequently and quicker in comparison to 
the tumorous seeds. 

The presence of bacteria on the surface of the seeds was further
confirmed by scanning electron microscopy. A Leitz-AMR 1000 model of
the microscope was used to observe the surface pattern of seeds. Fig. 1
shows the surface structure of healthy and tumorous seeds. Numerous 
bacterial colonies were noted, attached to the surface of infected seeds. 
The healthy seeds had clean surfaces. 
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Fig. 1. Scanning electron microscope 
photographs (at 20 Kilo Volt) of seed 
with germ pore (x 185); B, healthy seed 
with clean surface (x 460); and C, 
infected or tumorous seed with 
bacterial colonies (x 460). Each 
magnified 2.8 times further by enlarg
ed printing. 
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Abstracts
 
INFLUENCE OF TEMPERATURE ON VIRULENCE OF RACE 3 

STRAINS OF Pseudomonas solanacearum. Ciampi, L., and L. Sequeira.
Facultad de Ciencias, Universidad Austral de Chile, Valdivia, Chile, Dept. of 
Plant Pathology, University of Wisconsin-Madison, Madison 53706, U.S.A. 
respectively. 

The bacterial wilt of patatoes causeu by race 3 of Pseudomonas 
solanacearum can be a severe problem at high elevations in Colombia and 
Per6, where relatively low mean temperatures predominate. Because race 
3 exists within wide geographical areas, attempts were made to determine 
if there are specific strains that are adapted to, and can cause wilting at, 
these low temperatures. Russet Burbank potato plants were stem
inoculated with eight race 3 strains and then were maintained in growth
chambers at 16, 20, 24 and 28 0C for 15 days. At the lowest temperature
(161C) only one strain (s206) caused considerable wilting. S206 was more 
virulent than the other seven strains at both 16 and 20 0 C. At 28 0 C,
however, no differences in virulence could be detected; all strains caused 
complete wilting by 15 days. These results were confirmed in a second 
experiment in which 10 strains were used, five of race 1 and five of race 3. 
Only two race 3 strains (s206 and s257) caused wilting at the lower 
temperature. At 281C all strains were equally virulent. Differences in 
virulence were not correlated with growth rates of the strains in liquid
culture at 161C. Some strains grew at rates similar to those of s206or 257 
in vitro, but did not cause symptoms when grown in plant at this 
temperature. 
(Paper presented at the Conference; complete text being published elsewhere.) 

SURVIVAL OF Pseudomonas solanacearum IN PRESUMED NON-
HOST PLANTS: A NEW CONCEPT. Granada, G.A., and L. Sequeira.
Dept. of Pathology, University of Wisconsin-Madison, Madison, Wisconsin 
53706,U.S.A.
 

The bacterial wilt pathogen Pseudomonas solanacearum is thought to 
survive in soil for several years, but there are no consistent correlations 
between survival and soil type, pH, moisture, previous cropping histories, 
etc. The highly variable incidence of the disease in the field indicates that 
many factors affect survival of the bacterium. Of these, multiplication of the 
bacterium in the rhizosphere or roots of certain plants may be important.
This has not been given much attention, perhaps due to lack of a suitable 
selective medium. We devised a medium with high selectivity and good
plating efficiency for P. solanacearum (Phytopathology 71:220), and then 
used it to measure survival of the bacterium in greenhouse soil maintained 
at 56% water-holding capacity at 28 0C. These studies confirmed the well 
established notion that Race 1 survives longer than Race 2, and Race 2 
longer than Race 3. The relatively short survival in soil (maximum of 20 wk 
for Race 1)suggests that, in nature, the bacterium probably survives on or 
in plant roots. Protracted survival in the soil occurred only when naturally
infested soil was stored in plastic bags at 40C. In this case, low populations 
102 CFU/g soil) were maintained for as long as 673 days. For rhizosphere 
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studies, we inoculated host (pepper, castor bean, tomato) and presumed 
nonhost (bean, corn, sugarcane) plants by the root-dipping method. The 
rhizosphere population dropped to undetectable levels in most cases. Large 
populations of the bacterium were recovered from rhizosphere soil only 
when systemic infection had taken place, in the absence of external 
symptoms. These results suggested that infection might be a common 
phenomenon and a prerequisite for long-term survival of the bacterium. To 
confirm that infection had taken place, roots were surface-sterilized by 
dipping them in 70% ethanol for 5 min after the soil was removed by 
washing. Large bacterial populations were recovered from pepper and 
tomato plants inoculated with the three races, or from castor bean and 
presumed nonhost plants inoculated with Race 1. That these results were 
not affected by the inoculation procedure used was confirmed in 
experiments 'n which presumed nonhost plants (such as corn, rice 
sorghum, bean, peas, soybean) were planted in infested soil. All plants, 
except rice, became infected with a Race 1 strain, but remained 
symptomless. This previously unreported ability of a plant pathogenic 
bacterium to attack roots of a wide diversity of p' its suggests that 
infection is essential for long-term survival. The resui[s indicate that we 
must modify our concept as to long-term survival ofP. s.,/anacearumin the 
soil. The implications of this revised concept of survival on control of the 
bacterium by crop rotation are obvious. 
(Paper presentd l the Cnternce, complete text being published elsewhere.) 

SURVIVAL OF Xanthomonas manihotis IN HOST TISSUES. Takatsu, A. 
Universidade de Brasilia, Depto. de Biologia Vegetal. 70910, Brasilia, DF, 
Brazil. 

The survival of Xanthornonas inanihotis in the tissue of susceptible 
cultivars of cassava (Manihot esculenta Crantz) was determined at two 
different temperature conditions: 1) field temperature conditions of 
Brasilia (approximately 17 and 27'C averages of minimum and maximum 
temperatures from October to March, respectively, and 14 and 261C from 
April to September) and glasshouse conditions (abe'-t 19 and 34 0 C from 
October to March and 15 and 30'C from April t,- September). The test 
plants were developed from young shoots inocu ted before rooting and 
grown in 2000 cc capacity plastic bags. All plants that showed external 
symptoms of Cisease during development were eliminated. The presence 
of bacteria in the internal tissue of apparently healthy plants was 
determined by isolation in agar media from 6, 12, and 18 month old plants. 
X. manihotiswas recovered from approximately 50% of 6 month old plants. 
The number of healthy plants recovered increased at higher temperature 
conditions At 12 months, the bacterium was present in only 3% of plants 
grown in the glasshouse at higher temperature conditions, whereas 17% 
of plants developed ouitsile at lower temperature conditions were still 
infected. At 18 months, the bacterum was recovered from only 2% of 
plant-, grown outside. Infected plants without external symptoms sprouted 
diseased shoots when the stems were pruned at ground level. 

(Abstractlprovided btI j i was not presented at the Conference.) 
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SURVIVAL OF Xanthofnonas campestris pv. oryzae AND ITS PHAGE IN 
FIELD WATER INCUBATED AT DIFFERENT TEMPERATURES. Thri 
Murthy, V. S. and S. Devadath. Central Rice Research Institute, Orissa, 
India. 

Incubation temperature influenced the viability of the pathogen and its 
phage in field water. Viability of the pathogen and its phage was prolonged 
at lower temperatures (15-251C) than at higher temperatures (30 -45'C).
Antagonistic effect of a fungal species and a bacteriophage present in the 
field water seemed to influence the viability of the pathogen at favorable 
temperatures. At 15 and 20'C phage survived longer than the pathogen. At 
25,35,40,and 45°C the phage and the pathogen survived for equal periods
and at 301C the patnogen survived longer than the phage. Much of the 
earlier work equated phage presence and population with pathogen 
presence and epidemiological potential but the evidence gathered in these 
experiments suggests that presence of phage does not necessarily indicate 
the presence of the pathogen at certain temperatures. 

(Paper presented at the Conhrunce; complete text being published elsewhere.) 

EFFECT OF NITROGEN NUTRITION ON THE AGGRESSIVENESS OF 
Xanthomonas campestris pv. oryzicola ISOLATES. Satpathy, B. and S. 
Devadath. Central Rice Research Institute, Orissa, India. 

Aggressiveness of Xanthomonas campestris pv. oryzicola isolates was 
influenced differentially oy the nitrogen nutrition. Aggressive isolates 6 
and 7 failed to differ in their aggressiveness when grown in arginine,
cystine, and glutamic acid. But when grown in asparagine, leucine, 
ammonium dihydrogen orthophosphate, di-ammonium orthophosphate,
ammonium oxalate, and calcium nitrate, isolate 7 was more aggressive
than isolate 6. On the contrary, when grown in tryptophan isolate 6 was 
more aggressive than isolate 7. The less aggressive isolates 15 and 17 
failed to differ when grown in any one of the nitrogen sources except
calcium nitrate, wherein isolate 17 was more aggressive than isolate 15. 
Aggressiveness of all four isolates was less when grown in organic
nitrogen sources (except tryptophan) than when grown in inorganic
nitrogen sources. Aggressiveness of the bacterial isolates grown in 
different nitrogen sources interacted differentially on resistant (BJ 1),
tolerant (T (N) 1), and susceptible (IR 8) rice cultivars. On BJ 1 and T(N) 1,
four causal bacterial isolates failed to differ in aggressiveness when grown
in glutanic acid but they differed on IR 8. Aggressiveness of these four 
isolates, however, did not vary on any one of the rice cultivarswhen grown 
in cystine. 

(Paper presented at the Conference; complete text being published elsewhere.) 
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SUMMARY OF SESSION III 

Leopold Fucikovsky, Chairman 

Some important conclusions were drawn from the papers presented. 
These included: 

1. Some Race 1 and Race 3 strains of Pseudomonas solanacearum 
produced wilt symptoms in resistant potato clones, when these were 
grown in infested soil. Latent infections occurred in some cases; however, 
no tuber infection was present when the plants were grown in infested soil 
at 12-220C. Bacteria inoculated into tubers were not eliminated 
completely even at 4C after 40 days. At low temperatures (161C) some 
strains did not cause symptoms in potatoes, but at 28 0C all strains caused 
wilting within 15 days. 

2. The majority of Pseudomonas syringae pv. savastanoi isolates from 
young and older olive leaves, at the same time of the year, differed in 
several characteristics. The isolates of pv. savastanoi also differed 
consistently from leaves of the same age at different times of the year. 
Bacterial isolates from different tubers in the field during a period of 18 
months did not differ. Factor analysis of all the pv. savastanoi isolates 
identified the plant and environment factors that had ecologically 
discriminating properties. 

3. Xanthomonas manihotis has a known "resident" phase on the aerial 
surfaces of the cassava plant. Immunofluorescent method detected, 
specifically, X. manihotis and showed its nonhomogenous distribution. 

4. By the use of either selective medium or cvs. of potatoes and tomatoes, 
Pscudomonassolanacearum was detected at three depths in the soil in two 
infested potato fields in the tropics of Peru, at harvest time and 140 days 
later after bare fallow. After fallow, populations decreased, but were still 
able to produce wilting of potato and tomato plants. 

5. A heterogenous population of Race 1 and 3 of P. solanacearum was 
detected in Amazon jungle at Yurimaguas, Peru, and it appears that the 
rhizospheres of Solanum nigrum, heliconias, and other jungle plants may 
be hosts to the bacterium, not always showing visible symptoms, but 
favoring the persistence of P. solanacearum. These plants may play a role 
in bringing the disease to potatoes and bananas, plants that are exotic to 
Amazon tropics. 

6. With a newly devised selective medium for P. solanacearum, it was 
confirmed that Race 1 survives longer than Race 2 and Race2 longer than 
Race 3 in greenhouse soil. In population studies, the bacterium was 
recovered from rhizosphere soil only when systemic infection had taken 
place, even in nonhost plants, but without external symptoms. This 
indicates that P. solanacearum may survive in soil for very long periods. 

7. Using immunofluorescence and ELISA techniques it was found that 
Xanthomonas campestris pv. manihotis could survive during dry season in 
Colombia on or in most weeds, at below 104 cells/leaf disc, approximately. 
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Host-Pathogen Interactions
 
in Phytobacteriology
 

PROBLEMS AND PROSPECTS 

Introductory Remarks 

by K. Rudolph, Chairman, Session IV 

The field of host-pathogen interactions has attracted the interest and
involvement of plant pathologists for many years.During the first phase of
plant pathology at the end of the 19th Century,the vast majority of the
studies were naturally directed toward the description of plant diseases,
the isolation and characterization of the causal organisms, and the
development of methods for control. However, even in this early phase,
physiological and biochemical interactions between host and parasite 
were reported. Thus, DeBary (6) described the action of a toxin from 
Sclerotinia, and Woods (31) measured high increases in peroxidase in 
chlorotic tissue. 

Studies with phytopathogenic bacteria in 1909 (13) revealed that
pectinolytic enzymes were responsible for tissue maceration. Also, other 
typical symptoms, induced by phytopathogenic bacteria, led to very early
physiological and biochemical investigations, for example the toxin
induced symptom of wildfire of tobacco and crown-gall caused by
Agrobacterium tumefaciens (2). After investigations at many different
laboratories in the following years, only a few mechanisms by which
bacteria cause diseases are now generally accepted. These include, for
instance, the role and nature of several Pectinolytic enzymes which 
participate in soft rot caused by Erwinia species (1, 20)or the induction of 
tumors by plasmid-DNA from Agrobacterium tumefaciens, (4).

In most of the cases where bacterial diseases have been studied,
however, the role and composition of biochemical products of the host or
the parasite, and the nature of interactions are not fully elucidated. Thus,
there still exist different opinions on the chemical structure of toxins (21 ,

19), or the proposed structures have not yet been generally accepted; for
example, the glycopeptides of Corynebacteria (29). The mode of action of 
many toxins is only partially understood (5) and the role of toxins in
pathogenesis is mostly unkown. Also, the question as to whether certain
toxins were early or late products during pathogenesis, could not always be 
answered (25).

Some of the controversy regarding bacterial toxins may be due to the
false assumption that one dominant factor of virulence has to be
demonstrated. On the contrary, it is quite possible that such dominant 
factors of virulence do not exist in certain host-parasite interactions.
Toxins, enzymes, as well as other products of the pathogenic bacteria 
probably act together during pathogenesis, with changing importance at 
different stages of disease development. We have to assume multifactorial 
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interactions between the bacteria and the host plant. In other words, the 
bacteria possess a group of virulence factors of different nature. Similarly, 
the plants can react with several and different mechanisms toward 
bacterial invasion. This does not imply, however, that these different 

factors or mechanisms cannot be clarified in the future. 
study theA different approach seems to be necessary in order to 

phenomenon of host-specificity, shown by many phytopathogenic 
bacteria. Leaf spot causing pseudomonads and xanthomonads, especially, 

are characterized by a very narrow host-specificity, often on onlyone plant 

species. This characteristic is in sharp contrast to the ability of these 
on very simple media, without any specific growthbacteria to grow 

requirements. Taxonomists have therefore grouped many former indepen

dent species of pseudomonads and xanthomonads into one species with 

different "pathovars" (7), since all the available taxonomic data did not 

seem to justify independent species status. Whether this new system will 

be practicable has to be seen. Up to now it seems to be more confusing than 

helpful. 
now be to elucidate theThe goal of phytobacteriologists should 

underlying mechanisms of narrow host specificity. The taxonomists can 

probably only be persuaded to rank independent species according to host

specificity when the physiological and biochemical factors involved in host 

specificity have been clarified, as well as genetically localized. Independent 
hostfrom toxonornic considerations, however, the explanation of 

specificity of phytopathogenic bacte-ia on a molecular level should be one 

of the ultimate goals in phytobacteriological research. The suggested 
extracellular polysacuharides orparticipation of bacterial 

lipopolysaccharides (9, 10) has to be investigated further in this respect. 

In addition to species-specific bacteria, many different pathotypes or 

races of bacteria have also been described which often differ in their 

aggressiveness toward different plant cultivars. Also, herein lies an 

the differences terms physiological orexplanation of observed in of 
biochemical characters often missing. 

A better knowledge of the bacterial factors for virulence and host 
specificity is also required in order to understand the resistant reaction. 
Thus, many leaf spot causing pseudomonas induce the so-called 
hypersensitive reaction (HR) in leaves of non-host plants (15); tobacco 

study this reaction; since saprophyticleaves often have been used to 
must bepseudomonads do not induce this reaction, the induction of HR 

regarded as the effect of a virulence factor present in all of these 

phytopathogenic bacteria. Only on the host plant is the effect of this factor 

retarded such that the host tissue disintegrates much slower, allowing the 

bacteria to multiply to high concentrations. In other words:Only on the host 

plant are the bacteria able to retard the hypersensitive reaction by the 

action of a host specific principle. 
In addition to this basic differential reaction of hosts and non-hosts, a 

resistance toward different virulence factors of the pathogen must also be 

assumed. This implies that the host also possesses different factors or 

mechanisms of resistance. Therefore, it is not a question as to whether 
enzymes, agglutinines or otherphytoalexines, oxidative inhibitiors, 


principles are responsible for the resistant reaction, rather it is a question
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of how and under which conditions different mechanisms of resistance 
play a role, or possibly have additive effects. This assumption of different 
factors for resistance present in one plant should not, however, lead to the 
compromise of explaining resistance with a little bit of everything. 

Thus, for example, the phenomenon of the attachment of bacteria to cell 
walls (11, 28, 14) should be investigated further to explain why the 
attached bacteria do not multiply. Also, the isolation and chemical 
characterization of bacteriostatic or bactericidal compounds seems to be 
necessary. The typical phytoalexins are mostly lipophilic, whereas the 
bacteria are more or less surrounded by water and could be more easily
inhibited by hydrophilic compounds. 

Also, other host-pathogen interactions which have been described for 
plants and fungi may not be applicable to bacterial diseases. Fungal hyphae 
can grow without water, whereas bacterial infections cannot proceed if 
water is not available (27). Thus, when bacterial attachment on cell 
surfaces is established in a resistant reaction, the possibility that only
evaporation of water from the plant tissue caused the attachment and 
immobilization of the bacteria should always be evaluated (12). In contrast 
to the situation in plants (with the exception of the vascular bundles)which 
are mostly dry on the outer and inner cell surfaces, bacteria causing human 
and animal diseases need attachment, because they could otherwise be 
rinsed off by water. 

An attachment of the bacteria to the host plant seems only to be 
necessary in the specific cases of Agrobacterium and Rhizobium, where 
the host cell cannot be transformed without immediate contact between 
plant cell and bacterium (17). Also in these systems are mechanismsof 
attachment not fully understood, since earlier reportson specific reactions 
between plant lectins and bacterial polysaccharides could not always be 
confirmed (22). 

Another difference between fungal and bacterial infections is the 
dependence of the final reaction of the number of bacteria introduced. Only
high concentrations of bacteria induce the visible hypersensitive reaction. 
Although low numbers of introduced bacteria are also inhibited in the 
incompatible host, this inhibition may be due to mechanisms other than the 
visible hypersensitive reaction (26). Similarly, low numbers of bacteria may 
not always cause disease in a compatible host (24). 

A group of bacteria which is attracting more and more attention, and 
which was nearly unknown a few year ago is the fastidious prokaryotes
(18). Several of the pathogens cannot yet be cultivated 'in vitro,' and the 
whole class is characterized by rather specific requirements for the 
nutrient medium (30). Nevertheless, some of these organisms can infect 
many different host plants ano thus show much less host specificitythan
the "classical" bacteria which have no specific nutrient requirements. 

All the studies on host-pathogen interactions with bacterial diseases 
have thus shown this relationship cannot easily be appointed to one 
important interaction. The bacteria seem to possess several factors of 
virulence and, similarly, the plants, several factors of resistance. A better 
understanding of these factors and mechanisms may eventally help in the 
control of bacterial diseases by the application of the different principles; 
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for example, in the chemical control of bacteria (8), induction of resistance, 
biological control, or breeding for resistance. 

The most successful method in breeding for resistance is still the 
selection of plants or crosses by artificial inoculations or field infections. 
However, if the most important principles for virulence or pathogenicity 
could be applied instead of whole bacteria, the screening method might be 
speeded up considerably. Theoretically, at least, broader potentials of 
differing genetic material can be evaluated by screening tissue or cell 
suspension cultures (23). 

Intrinsic difficulties of such systems have impeded their application on a 
broader scale for practical purposes till now, and only a few successful 
attemnpts have been reported (3). However, the potentialities of these 
techniques, as well as those of "genetic engineering" have been increased 
considerably by the development of new methods. This approach implies 
the ability to work with isolated bacterial products which are decisive in 
host pathogenicity. The recent progress in bacterial genetics seems to 
justify this possibility (16). 

The localization of the coding for specific factors of pathogenicity and 
virulence in plasmids, as well as chromosomal DNA should be feasible in 
the future. Therefore, we have reasons to assume that the field of 
pathophysiology of bacterial diseases, which has sometimes been 
regarded as merely an academic occupation, may lead to developments of 
practical importance. 
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Abstract 
Multiplication curves of virulent, weakly virulent, and avirulent isolates of 

the Pierce's disease bacterium in grape leaves were compared. Populations
of bacteria were determined by dilution plating of extracts from 2 cm lengths
from the inoculated petioles. With all isolates, there was a 4 to 6 day lag
preceding rapid growth which ended 14 to 18 days after inoculation. With 
virulent isolates, populations were maximal at this time and were 10 to 100 
times those of avirulent isolates. Populations of virulent isolates stayed at 
maximal concentration throughout the remaining 4 to 5 we ks of the tests; 
whereas, those of avirulent isolates stabilized at amaximum for2 weeks and 
then declined. Populations of weakly virulent isolates slowly increased 
throughout the remaining 4 to 5 weeks of the tests. With virulent isolates, 
symptoms appeared approximately 28 days after inoculation. All isolates had 
similar multiplication curves in liquid JD-3 media. 

Introduction 
Pierce's disease (PD) of grapevine is the principal factor responsible for 

the failure of the European-type (Vitis vinifera) and the American type (V.
labrusca) bunch grapes in the southeastern United States (5, 8). Asmall, 
Gram-negative, xylem-limited bacterium referred to as rickettsia-like was 
found associated with PD (4, 8). A medium was developed for the isolation 
and growth of the PD bacterium in pure culture and Koch's postulates were 
fulfilled (1, 2).

Maintenance of the bacterium in axenic culture makes feasible many 
studies on the characteristics and taxonomy of the bacterium and on the 
establishment of the host-pathogen relhtionship. Techniques for 
mechanically infiltrating the PD bacterial inoculum into the xylem vessels 
have been developed (3, 6). The virulence of PD isolates obtained from 
grapevines in Florida, when expressed as minimum concentration of 
bacteria in the inoculum that produced visible PD symptoms, was quite
variable (6). Also, many PD isolates lose virulence after 6 to 12 months of 
serial subculture. 
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This report describes studies on the multiplication of virulent, weakly 
virulent, and avirulent PD isolates in grapevine tissue. The relationship of 
bacterial populations in the tissue to symptom production and implications 
to mechanisms of pathogenesis are discussed. 

Materials and Methods 

The Pierce's disease (PD) isolates were grown at 28 0 Con PD 2 medium 
(2) with 2 g/1 of soluble starch substituted for bovine serum albumin. 
Inoculum from 4- to 6-day old cultures was prepared in succinate-citrate
phosphate (SCP) buffer (disodium succinate 1.0 g/1; trisodium citrate 1.0 
g/1; K2 HP0 4 1.5 g/1; KH2 P41.0g/1; pH 7.0). Using 0.D. at600 nnon 
Spectronic 20, the inoculum was adjusted to 107-106 cells/ml. PD isolates 
used in this study included PD-1, a virulent isolate producing symptoms in 
the indicator within 3 to 5 weeks after inoculation; PD-4, a weakly virulent 
isolate producing mild leaf marginal necrosis (MN) symptoms 10 to 16 

weeks after inoculation; and PD-15, an avirulent isolate that did not 

produce visible symptoms in the indicator grapevines. 
Rooted cuttings of Carignane grapevines were used as hosts for PD 

bacterium multiplication studies. One drop (0.02 ml) of bacterial 
suspension was used to inoculate each grape petiole. At various lengths of 

time after inoculation, populations of PD bacteria were determined from 2 

cm samples centered on the inoculation point. The samples were surface 
sterilized in 1% sodium hypochlorite for 3 min and washed 4 times in sterile 

10 ml of SCP buffer, filtered throughwater. They were then ground in 
cheesecloth, and centrifuged to sediment the bacteria. The bacteria were 

resuspended in 2 ml of SCP buffer and quantified bydilution plating on PD 2 

medium. Each value given in the figures is the average obtained from 3 

petioles. Two-cm samples obtained from the midvein of leaves were 

processed in the same manner. 
Petiole samples were taken 6 weeks after inoculation for the determina

tion of the percentage of bacterial infested xylem vessels. With virulent 
isolates, the inoculated leaf h2d marginal necrosis symptoms. Samples 
were cut into 5 mm pieces centered on the inoculation point, fixed in FAA 
(formatin-alcohol-acetic acid) for 48 h, dehydrated in tertiary butyl alcohol, 
and embedded in Paraplast. Fifteen nm sections were cut with a rotary 

sections weremicrotome and mounted on slides with adhesive. The 
stained with Harris' hematoxylin and orange G (10). The percentage of 
vascular bundles infested with bacteria per cross section, and the 
percentage of vessels completely plugged with bacteria per cross section 
were determined. Values given are averages obtained from 60to 80 petiole 
cross sections from 3 or 4 inoculated petioles. 

Results 

With all isolates, live bacterial populations in the petiole declined for the 

first 4 to 6 days after inoculation and then increased rapidlyfor 7 to 14days 
(Fig. 1). With virulent and avirulent isolates, populations were maximum at 

21 days after inoculation. The concentration of the virulent PD-1 was 107
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Fig. 1. Growth curves of the virulent (PD-i), weakly virulent (PD-4), and avirulent
(PD-15) Pierce's disease bacterium isolates in grapevine petioles. Petioles were
inoculated at 0 time with 0,02 ml of a 107-108 cells/ml suspension. The arrow
marks the time of first appearance of symptoms. 

101 colony forming units per cm of petiole and this was 10 to 100 fold more
than the avirulent PD-1 5. The concentration of weakly virulent PD-4 was
similar to PD-15 at 21 days; however, it continued to increase slowly for
several weeks until PD symptoms developed 3 to 4 months after
inoculation. Marginal necrosis developed approximately 28 days P.:ier
inoculation with the virulent isolate. Populations of the virulent K-;
stabilized near the maximum for the life of the inoculated leaf; whereas,
those of the avirulent PD-1 5 started to decline 4 weeks after inoculation. 
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Other virulent and avirulent PD isolates tested had population curves in 
grapevine petioles similar to PD-1 and PD-15. 

Populations in the midvein of inoculated leaves were determined to 
evaluate the buildup of the PD isolates at a site removed from the 
inoculation point. With the virulent PD-1, the growth curve in the leaf vein 
was nearly identical to that of the petiole with final populations 10 fold less 
than in the petiole (Fig. 2). Most bacterial population growth in the vein 
occurred 7 to 14 days after petiole inoculation. With PD-4, the bacterium 
could not be detected in the leaf vein until more than 28 days after 
inoculation, with most bacterial growth occurring between 28 and 35 days 
(Fig. 3). With the avirulent PD-15, bacteria were not generally detected in 
the leaf vein (Fig. 4). At 28 days, PD-15 had built up in only 1 of 3 leaf veins 
sampled. 

Light microscopy was used to compare the amount of xylem vessel 
infestation with the virulent and avirulent PD isolates (Table 1). Inoculation 
with the virulent isolate resulted in approximately 60% of the vascular 
bundles per cross section having vessels infested with bacteria, compared 
to only 10% with the avirulent. There were approximately 10 times more 
vessels infested per cross section with the virulent isolate than with the 
avirulent. Whereas, almost 5% of the vessels per cross section were 
plugged by the virulent isolate, very fewwere plugged by the avirulent one. 

Growth curves of the isolates in liquid PD-2 medium were determined 
using dilution plating techniques. All isolates had multiplication curves 
similar to those of PD-1 and PD-4 shown in Fig. 5. Maximum cell counts 
were obtained at 6 days after incubation began. The bacteria then died 
quickly in the liquid medium 

Discussion 

Virulence in the PD bacterium does not appear to be related completely 
with the capability to infest grapevine tissue. Avirulent isolates were able 
to infect the xylem vessels, multiply, and be reisolated at least 5 weeks 
later. Rather than the ability to infect grapevine, virulence appeared to 
depend on the maximum concentration of bacteria attained in the plant 
tissue. A concentration of 10-108 bacterial cells per cm of petiole seemed 
to be required for leaf MN symptom production. Avirulent isolates never 
reached this concentration before declining, and weakly virulent isolates 
required a much longer time to reach this concentration than did virulent 
isolates. The 10 to 100 fold difference in populations of the virulent and 
avirulent isolates in petioles resulted in bacterial infestation of 10 times as 
many xylem vessels with virulent bacteria as with avirulent bacteria. 

The population of PD bacteria in petioles may be only indirectly related to 
symptom production, however. It is the PD bacterial concentrations in leaf 
veins that have been highly correlated with leaf MN symptoms (7). The 
concentration required in the petioles for symptom production in this study 
may be important only in providing bacteria for the observed buildup in the 
leaf veins. A concentration of more than 106 bacteria per cm of leaf vein 
was also correlated with symptom production. Cells of avirulent isolates 
rarely moved into the leaf veins. Both virulent and weakly virulent isolates 
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Fig. 2. Growth curves of a virulent Pierce's disease isolate in grapevine
petioles and leaf veins. Petioles were inoculated at 0 time with 0.02 ml
of a 107-108 cells/ml suspension. The arrow indicates time of first 
appearance of symptoms. 
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Fig. 3. Growth curves of a weakly virulent Pierce's disease isolate in 
grapevine petioles and leaf veins. Petioles were inoculated at 0 time 
with 0.02 ml of a 107-108 cells/ml suspension. 
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Fig. 4. Growth curves of an avirulent Pierce's disease isolate in 
grapevine petioles and leaf veins. Petioles were inoculated at 0 time 
with 0.02 ml of a 101-108 cells/ml suspension. 
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Table 1. Comparison of the concentration of a virulent ind avirulent strain of the 
Pierce's disease bacterium in grapevine petioles. 

Strain Vascular bundles Vessels Vessels 
infested with infested with plugged with 

bacteriaa (0/0) bacteriaa (0/0) bacteriaa (o/) 

Virulent 61.1 	 23.6 

Avirulent 11.0 	 2.5 0.1 

aData are given as the average percentage of bacterial infested vascular bundles per cross section 
or the percentage of infested or completely plugged xylem vessels per cross section. Each value 
is the average obtained from counting 60-80 petiole cross sections. Samples were taken 6 weeks 
after inoculation. 

appeared to need to reach a threshold of 106 cells per cm of petiole before 
the bacteria moved into the leaf veins. Avirulent isolates never reached this 
level. 

The results of this study tend to support the hypothesis that the leaf 
marginal necrosis symptoms of PD are caused by the blockage of xylem 
vessels with bacterial aggregates producing water stress in the leaf (7), 
rather than by toxin (9). If a potent, transportable toxin were producing the 
symptoms, one would expect that the populations of avirt.lent and weakly 
virulent isolates attained would be sufficient tt"produce toxin. If the ratios 
used to convert from infested or plugged vessels per cross section to 
infested or plugged vessels per 0.5 cm length of petiole (7) are used on ihe 
data in Table 1, they indicate the virulent isolate infested over 90% of the 
vessels and blocked over 20% of them within a 0.5 cm length of petioles. 
Using the same ratios, the avirulent isolate infested about 13% of the 
vessels and blocked less than 1%. Leaf veins farther out toward the leaf 
margins usually have a higher percentage ofplugged vessels than the 
petioles have. This difference in bacterial infestation and plugging of xylem
vessels could easily explain the failure of the avirulent isolates to produce 
symptoms. However, a weak or immobile toxin could be involved in the leaf 
symptoms, with a threshold population of bacteria in the leaf petiole or vein 
being required to produce sufficient toxin for symptom development. 
Further studies on the mechanism of pathogenesis are being conducted. 
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Abstract 
The growth ofErwinia chrysanthemi pv zeae was investigated in aglucose

yeast extract-salts (glucose-YS) medium adjusted to various water activities 
(Avs) with either NaCl or mannose. The specific growth rate (n) was similar
between 0.998 Awand 0.990 but declined rapidly thereafter. Extracellular 
pectate lyase (PL) production decreased significantly between 0.998 and
0.980 Awwhen either mannose, sorbitol, or D-arabinose was used to adjust
Awof 	the sodium polypectate (NaPP)-YS medium. 

A similar reduction in enzyme production occurred when E.chrysanthemi
was grown in galacturonic acid-YS medium adjusted with NaCl. PL activity
declined rapidly in cell-free shake culture when the NaPP-YS medium, only,
was adjusted to 0.990 (lactose) or 0.980 (mannose) but notat0.990 (NaCI).
Under stationary conditions, however, PL was stable in these media. When E.
chrysanthemi was grown in these media under stationary culture, PLproduction was similar to that observed in shake culture. Decrease in PL 
production with bwered Awould not be ascribed to enzyme deactivation in
viscous media. The significance of these findings to pathogenicity will be 
discussed. 

Introduction 
Studies on 'he ecology of the soft.rot erwinias have shown that free 

water is invari!y required for the development of soft rot (9). The role of
free water in the :nfection process has been ascribed to its effect on the
turgidity of tissue and to the depletion of oxygen under saturated
conditions. The availability of water, however, may also influence the
growth and physiology of the pathogen itself. Although the importance of 
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water in soft rot development has been documented, there have been few 

quantitative studies on the moisture requirements of phytopathogenic 
bacteria (1, 15). 

Bacterial stalk rot of maize (Zea mays L) caused by a pathovar of Erwinia 

chrysanthemi(Burkholder, McFadden and Dimock) characteriscally occurs 

on sprinkler irritated maize (4, 6, 7). The association of free water with the 

development of stalk rot prompted us to investigate the water relat;ons of 

this pathogen. 
The term water activity (Aw ) as defined by Scott (14) has been widely 

accepted for determining the effect of solute or water removal on the 

growth and physiology of micro-organisms. The Aw is directly related to the 

relative humidity (RH): 

A w =P= % RH 
Po 100 

where P = vapor pressure of solution 
Po = vapor pressure of pure water 

Water activity is also directly related to water potential, a term that has 

been used in several studies on fungi (3). 

= -RTl1n A w 

V 

where tp = water potential 
R = ideal gas constant 
T = temperature (OK) 

= mole volume of water 

We selected liquid media for the investigation of the water relations of E. 

chrysanthemi because, first, the results appear to be similar to those 
second, liquid media facilitateobtained on solid surfaces (15) and, 

quantitative measurements of growth and enzyme producion. 

Pectate lyase (PL) or polygalacturonic acid trans-eliminase E.C 4.2.2.2 

(2) is an important enzyme in tissue maceration. The growth in vivo of E. 

chrysanthemi may be profoundly influenced by factors which affect the 

production of PL. The objective of this study was to determine the effect of 

A, upon growth and extracellular PL production by E. chrysanthemi. 

Growth and extracellular PL production are profoundly influenced by the 

A, of the medium. 

Materials and Methods 

Organism 
A local isolate of E. chrysanthemi(7) was used. This has been deposited 

of Plant Pathology,in the collection of Prof. A. Kelman, Department 

University of Wisconsin, Madison, U.S.A.
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Inoculum Preparation 
In all experiments, late logarithmic phase cells from a culture which had 

been seeded with log phase cells were used. One millilitreof inoculum was 
added to each flask. In all experiments the inoculum was grown on the 
same carbon source as that being investigated except for galaturonic acid
yeast extract salts (YS) medium where the inoculum was cultured in 
sodium polypectate (NaPP)-YS medium. 

Medium 
The YS medium was similar to that described by Scott (14)and contained 

the following ingredients (g/1 000 g H 20): Na 2HP0 4 , 1.42; KH 2 P04 , 0 .27;
Mg S0 4 7H2 0, 0.24; NH 4 NO3, 0.40; yeast extract, 0.90; carbon source,
1.80. This yielded a medium of pH 7.6 and no further adjustment was 
necessary. Either D-galacturonic acid, glucose or NaPP was used as carbon 
source. The galacturonic acid-YS medium was titratedwith 1N NaOH to pH
7.5 and filter sterilized. D-galacturonic acid was obtained from Sigma
Chemical Corp., NaPP from Nutritional Biochemical Corp., yeast extract 
from Difco Laboratories and mannose and D-arabinose from Riedel de 
Ha6n, Hannover, W. Germany. All other chemicals were obtained from E. 
Merck, Darmstadt, W. Germany. 

Water Activity Adjusters 
The A w for growth studies was adjusted with either NaCI or mannose. 

NaCI was autoclaved in the glucose-YS medium. Mannose and glucose 
were filter sterilized into the autoclaved YS medium. Water lost during
autoclaving was replaced. The amount of solute required to prepare media 
of various A w's (Table 1)was determined for NaCI from data of Robinson 
and Stokes (13) or by using Wecor psychometer (10). 

Table 1. Water activity of solutes at 250C. 

Molality 

Aw Lactose Mannose NaCl D-arabinose Sorbitol 
(monohydrate) (anhydrous) 

0.995 0.35 0.26 0.15 0.20 0.28 
'0.990 0.70 0.52 0.30 0.45 0.56 
0.985 1.04 0.81 0.46 0.72 0.84 
0.980 1.38 1.10 0.61 1.00 1.13 
0.975 1.72 1.40 0.76 1.24 1.41 
0.970. 2.08 1.70 0.91 1.50 1.69 

Growth and Enzyme Studies 
All cultures were grown in 250 ml side-arm Erlenmeyer flasks and 

growth was measured on either a Klett-Summerson colorimeter with a no. 
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64 filter or at 620 nm on a Spectronic 20 spectrophotometer (Bausch & 
Lomb). One millilitre samples removed at suitable intervals for ex
tracellular PL assays were assayed on a Beckman model 35 spec
trophotometer with a recorder. Details of growth conditions and enzyme 
substrate preparation have been described elsewhere (8). 

Enzyme Stability Studies 
The stability of PL in the media adjusted to various Aw's using either 

NaCI (0.990 Aw), lactose (0.990 Aw), or mannose (0.980 Aw) was 
investigated in three different ways. First, 2 ml of a sterile dialyzed 
supernatant fluid (-20 units PL/ml) was added to 25 ml cell-free medium 
and shaken as described previously (8). Second, the organism was grown 
(shake culture, 8) in double strength NaPP-YS medium to early stationary 
phase (absorbance 0.60) and then the A w adjusters were added. Third, 
flasks were prepared as in the first instance but were not shaken. At 
suitable intervals samples were removed and assayed for PL. The cell-free 
dialyzed supernatant fluid was prepared as previously described (8). 

Results 

Evaluation of A w Adjusters 
Difficulties were encountered in selecting a suitable A w adjuster that is 

freely soluble in water, is not used as a nutrient, neither represses nor 
induces PL production, and is not toxic to E. chrysanthemi. NaCI was 
selected as an ionic adjuster and among the organic solutes, sorbitol, D
arabinose, mannose, and lactose were used (Table 2). 

Effects of Aw on Growth 
The growth rate of E. chrysanthemiin glucose-YS medium was similar at 

0.998 Aw and 0.990 Aw but declined rapidly when the A w was lowered to 
0.970 (Figs. 1-2). E. chrysanthemifailed to grow at 0.970 A w(NaCl, Fig. 1) 
within 16 h but upon prolonged incubation growth was observed in some 
flasks. At 0.970 A w mannose was less inhibitory to growth (Fig. 2) than 
NaCI. 

Effect of A w on Extracellular PL Production 
Lowering the Aw of thu NaPP-YS medium with either sorbitol (Fig. 3)or 

D-arabinose (Fig. 4) resulted in a significant decline in PL levels although 
the final cell concentration was similar (Table 3). A similar trend was 
observed in galacturonic acid-YS medium adjusted with NaCI (Fig. 5). 

Effect of A W on Enzyme Stability 
Pectate lyase was unstable in cell-free shaken media (Fig. 6A) but not 

under still conditions (Fig. 6C). Theenzymewas moststable inthe medium 
containing NaCI (0.990 Aw) and least stable in the medium containing 
mannose (0.980 Aw ) and lactose (0.990 Aw )(Fig. 6A, C). Addition of these 
A w adjusters to an early stationary phase culture resulted in a similar 
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pattern of enzyme inactivation (Fig. 6B). When E. chrysanthemiwas grown
to an absorbance of 0.25 in shake culture and subsequently incubated in
still culture, extracellular PL production declined with a lowering of the Aw
(Fig. 7). 

Table 2. Evaluation of solutes for adjusting the Aw of growth media for Erwinia 
chrysanthemi. 

Aw adjuster Growth rate as ao/o Remarks 
of the rate on NaPP 

NaCl 0 NaPP but not gali cturonic acid 

precipitates below 0.990 Aw 

Lactose 55 Poorly soluble at 0.985 Aw 
PL not repressed 

PEG 400 0 Toxic 

Sucrose 57 Metabolized 

PL repressed 

Mannose 29 Slowly metabolized 

PL not repressed 

D-arabinose 0 Not metabolized 

PL not repressed 

Glycerol 71 Rapidly metabolized 

Sorbitol 0 PL not repressed 
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Fig. 1. Effect of Aw (NaCI) on growth of Erwinia chrysanthemi in 
glucose-YS medium at 0.998 Aw,0.990 Aw,and 0.970 Aw.Each point 
represents the mean of six determinations. The specific growth rates 
(h-1) at each A were 0.63, 0.58, 0.35, and 0.24, respectively.w 


Table 3. Maximum specific activities of extracellular pectate lyase attained by E. 
chrysanlhcmi during exponential growth at various water activities. 

Water activity 
Adjuster 

0.998 0.995 0.993 0.990 0.985 0.980 

Lactosea 7.40 7.48 3.06 NDd ND 

Mannosea 5.98 1.66 ND 0.37 ND 0.43 

D-arabinosea 5,52 0.83 ND 0.27 0.24 0.14 

Sorbitola 5.46 1.08 ND 0.47 ND ND 
Sodium chloridea 13.81 5.29 '.60 20.44 ND ND 

Sodium chlorideb 1.76 ND ND 1.32 0.70 0.70 

1 1.0 5c 

aSodium polypectate as principal carbon source 

bSodium galacturonate as principal carbon source 

cSpecific activity expressed as micromol unsaturated uronide released per min per mg cell protein 

dNot determined. 

240
 



1.0 

0.5 

z 
0 
0 

z 

-J 
< 0.1 *0.998 Aw 
P A0.990 Aw 
o 3 0.980 Aw 

00.970 Aw 

0.05 

0 2 4 	 8 10 12 14 16 
TIME (h) 

Fig. 2. Effect of Aw (mannose) on Erwinia chrysanthemi in glucose-YS
medium at 0.998 Aw, 0.990 Aw, 0.980 Aw, 0.970 Aw. Each point
represents the mean of three determinations. The specific growth rates 
(h-') at each Aw were 0.55, 0.32, and 0. 24, respectively. 
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Fig. 3. Relation of growth (0) to pectate lyase production (A) by Erwinia 
chrysanthemi in NaPP-YS medium at various Aw's adjusted with sorbitol. 
Each point represents the mean of three determinations. 
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Fig. 4. Relation of growth (0) to pectate lyase production (A) 1-!Erwinia 
chrysanthemi in NaPP-YS medium at various Aw's adjusted with D
arabinose. Each point represents the mean of three determinations. 
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Fig. 5. Relation of growth (@) to pectate lyase production (A) by Erwinia
chrysanthemi in galacturonic acid-YS medium at various Aw's adjusted with
NaCI. Each point represents the mean of three determinations. 
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Fig. 6. Stability of pectate lyase of Erwinia chrysanthemi at 0x998 Aw, 0.990 A
(NaCI), 0.990 Aw (lactose), and 0.980 Aw (mannose). A=cell-free shake medium;
B=organism grown to early stationary phase, adjuster added to desired Aw, and
culture shaken; C=cell-free still medium. 
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Fig. 7. Effect of agitation on growth (0)and pectate iyase production (a) byErwinia 
chrysanthemi at various Aws. Arrows indicate when shaking of cultures ceased. 

Discussion 

Growth and extracellular PL production by E. chrysanthemi are 

profoundly influenced by lowering the Awof the medium. The specific 
growth rate (n) was similar at 0.998 Aw and 0.990A w but further lowering 
of Aw resulted in a rapid decrease of n. A decline in PL production was 

of both the NaFP-YS medium,associated with the lowering of the A w 

adjusted with either sorbitol or D-arabinose (Figs. 3 and 4) and the 

galacturonic acid-YS medium adjusted with NaCI (Fig. 5). Similar results 
adjusterswere obtained when either mannose or lactose was used as Aw 

of the NaPP-YS medium (8). An anomaly of these results was the higher 
levels of PL observed in the NaPP-YS medium adjusted with NaCI (Table 3). 
Because NaC! precipitated NaPP atAw'S less than 0.990 (Ta. 'a2),wewere 

unable to investiyate this effect at lower Aw's. 
The data pre:.nted in Figs. 6 and 7 may be interpreted as, ,'lows:First, 

the addition of NaCI (0.990 A W )to the NaPP-YS medium stabilizes the 
enzyme (Fig. 6). Sec:nd, organic solutes inactivate the enzyme in shaken 

media (Fig. 6A, B) but not in still media (Fig. 6C). Similarly, other enzymes 

are inactivated by shaking in viscous media (12). Third, the decrease in PL 
production associated with lowered A, When the organism was grown in 

still culture (Fig. 7) suggests that the results obtained in shake culture (Figs. 

3 and 4) are not solely due to enzyme inactivation from shaking but also to 

an Aweffect. 
These studies, however, do not explain whether the lowering of the A w 

affected the synthesis or the excretion of PL. Previous studies have shown 

that A affects the intracellular levels of enzymes in Pseudomonas 
w 


and membrane permeability in Staphylococcus aureusfluorescens (11) 

(5). Elucidation of the mechanism whereby Aw affects PL production
 
demands further study.
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Shaw (15) found the Erwinia amylovora failed to grow in vitro below 97%
RH, both in liquid and on solid media. Pear fruits and shoots maintained in
environments of different RH's failed to develop disease below 97% RH
when inoculated with E. amylovora. Therefore the minimum RH at which 
growth 	 occurred in vitro corresponded to the minimum RH in which
disease developed. Studies on the infection of maize at different RH's byE.
chrysanthemi are in progress. 
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Potato Tubers to Pectic Enzyme 
Maceration of Tissue 
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Abstract 

Whole potato tubers were injected with sterile culture filtrates containing 
pectolytic enzymes from Erwinia carotovora (EC) and with viable suspensions 
of EC and incubated at low and ambient oxygen levels. With both types of 

injections, tuber tissue decayed readily under low oxygen conditions, but 

was resistant to decay under aerobic conditions. Culture filtrates contained 
pectate lyaso and polygalacturonase; those enzymes were not inactivated 
aerobically in vitro. A host-mediated response affecting pectic enzyme 
substrates or activity rather than direct inhibition of bacterial growth maybe 
involved in rosistance of potato tubers to bacterial soft rot under aerobic 
conditions. 

Introduction 

Bacterial soft rot caused by Erwinia carotovora has been more severe 

when infected potato tubers were held under conditions of reduced oxygen 
(17, 19, 20, 22). Low oxygen conditions evolve in storage when potatoes 
are covered with a film of water as the result of condensation or in transit 

when freshly washed potatoes are not dried before they are packaged (5). 

The numbers of cells required to elicit a soft rot lesion in potato tubers 

increase from 105 to 109 cells as oxygen concentration increases from 5% 
On the basis of these and related studies, tests forto 20% oxygen (8). 


susceptibility of potatoes to bacterial soft rot are now completed under
 

conditions of reduced oxygen (8, 13, 18).
 
The objective of this study was to examine the relationship of oxygen 

status to maceration of potato tuber tissues by pectolytic enzyme of Erwinia 

carotovora.
 

Materials and Methods 

Bacterial Strains and Media 

Erwinia c .rotovora subsp. atroseptica (Eca) (SR 8) and Erwinia 
carotovora subsp. carotovora (Ecc) (SR 16, SR 318, SR 319) were the 

strains used in this study. 
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Cultureswere maintained in test tubes of sterile water and cultured on a 
casamino acid-peptone-glucose medium (CPG) (6). Cu;tures of Eca or Ecc 
that had been incubated at 22 0 C for 48 to 72 h were transferred from CPG
plates to 500 ml of a sodium pectate broth. To maintain lowoxygen levels in 
cultures, freshly autoclaved or freshly steamed and cooled pectate-based
broth in rubber-stoppered flasks was sparged with nitrogen gas for several
minutes. Aerobic flasks had cotton plugs. Flasks were incubated at 241C on 
a rotary shaker for four days. After four days, cultures were centrifuged and 
standard procedures were followed to obtain partially purified enzyme
preparations. Following centrifugation, ammonium sulphate precipitation,
and dialysis, the partially purified culture filtrates were stored frozen. 
Injection Technique 

Potato tubers (cv Russet Burbank) were removed from storage at 40 C,
immersed twice in 10% sodium hypochlorite for 20 minute periods, rinsed 
with sterile distilled water, and allowed to air dry. Sterile micropipets
(Pipetman, Rainin Instrument Co., Woburn, MA, 01801) containing
injection volumes of 0. 1 to 1.0 ml were pushed into the potato and the tips 
were left in place at a depth of 7 to 10 mm. Injected potatoes were 
incubated anaerobically either in a 190 1 drum that was flushed 
continuously with nitrogen or in anaerobe jars with catalyst (BBL,
Cockeysville, MD, 21030) and 80% (vol/vol) nitrogen, 10% (vol/vol)
hydrogen, and 10% (vol/vol) carbon dioxide at 20 0 C. In each test, one 
series was incubated under aerobic conditions. Prior to injection, culture 
filtrates were filter-sterilized. Most of the macerating activitywas observed 
in the resuspended precipitate from a 90% ammonium sulfate fraction and 
this was the portion used routinely in injections. 
Enzyme Assays 

In assays for pectolytic enzyme activity, culture filtrates that had been 
heat-treated for 15 minutes at 1000 C were used as controls. Pectolytic 
enzyme activity was determined using rotating spindle viscometry (23).

Polygalacturonic acid transeliminase (PATE) activity was measured by
recording the increase in absorbance at 230 nm (25) using a Varian DB 
spectrophotometer. Hydrolytic activity (polygalacturonase) was measured 
by the viscometric technique described above and by testing levels of 
reducing sugars (21). Proteolytic enzymes were assayed using the 
technique outlined by Tseng and Mount (27). Protein concentrations in 
culture preparations, tuber extractions, and ammonium sulphate fractions 
were determined using the Lowry method (16). 
Growth Curves 

Growth curves were completed on CPG broth cultures under aerated and 
low oxygen conditions by measuring turbidity with a Klett-Summerson 
colorimeter. 

Results 
Growth and Pectic Enzyme Production Under Low Oxygen Conditions 
In Vitro 

Growth under conditions of reduced oxygen was inhibited in cultures of 
Eca and Ecc compared to growth measured under aerated culture 
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conditions. Both growth rate and yield were affected, as observed in the 

change of Klett units per hour and the final Klett reading at 22 hours (Table 
1). Total specific activity of pectate lyase was less when produced under 

non-aerated than aerated conditions (Table 1). 

Table 1. Growth and PATE activity of Erwinia carotovora subsp. carotovora grown 

in aerated and non-aerated broth cultures. 

Aerated Non-aerated 

Growth (Klett Units)a 222 55 

PATE activity
b 

(nmoles product/mg protein) 6930 826 

aFinal turbidity measurements made ztt 22 h on CPG broth cultures using a Klett-Summerson 

photoelectric colorimeter. 
bPATE production determined by increase in absorbance at 230 nm in a culture filtrate from a 

pectate-based broth after 900/o AmSO 4 saturation, resuspension, and dialysis. 

In Vivo Tissue Maceration 

When tubers were injected with either viable suspensions of Ecc or with 
a sterile culture filtrated and maintained under conditions of reduced 
oxygen, tissue was macerated. In contrast, under aerobic conditions, a dry, 
necrotic lesion similar to that caused by simple mechanical injury formed at 
the injection point with cells of Ecc or sterile culture filtrate. Injection of a 
heat treated culture filtrate caused no tissue maceration under anaerobic 
conditions (Table 2). 

Table 2. Tissue maceration in potato tubars after 96 h incubation under aerobic 

and anaerobic conditions induced by cells and sterile culture filtrates of Erwinia 

carotovora subsp. carotoora. 

Preparation Injecteda Average Weight of 
Tissue Macerated (gm)b 

Aerobic Anaerobic 

Cell suspension of K carorovora 0 0.42 

0 0.39Culture filtrate 


Heat-treated culture filtratec 
 0 0 

alnjection volumes were 0.1 ml.
 

bAverage wet weight of tissue macerated/injection site.
 

CCulture filtrates were heat-treated in a water bath at 1000C for 15 minutes.
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Activity of Culture Filtrate In Vitro 
Viscometric assays of pectolytic enzyme activity were completed at both 

pH 8.5 and pH 4.5 using culture filtrates that had been sparged with airor 
nitrogen for three hours. PATE and hydrolase activity were not altered 
significantly by either treatment. 

Discussion 

The use of whole potato tubers in assays for the macerating activity of 
pectolytic enzymes has not been reported previously. In general, 
macerating activity in enzyme preparations has been studied using tuber 
disks or slices (2, 12, 15). Since resistance to tissue maceration is oxygen
related when either viable EC cells or sterile pectic enzyme preparations 
are injected into whole tubers, the significance of assays using tissue 
slices in relation to in vivo conditions needs to be re-evalua:ed. 

As a facultative anaerobe, Erwinia carotovora is able to grow when 
oxygen is limited, but our data and others (28) clearly demonstrate that 
optimal growth occurs in vitro under aerobic rather than anaerobic 
conditions. In contrast, in vivo growth and tissue maceration is greater 
under low than ambient oxygen levels (8). The high resistance of potato 
tubers to bacterial soft rot under ambient oxygen conditions has been 
attributed mainly to a host response resulting in formation of compounds 
that directly inhibit bacterial growth. The data obtained in these studies 
using whole tubers injected with sterile pectolytic culture filtrates indicate 
that resistance to tissue maceration under ambient oxygen conditions may
involve a host-mediated response to extracellularenzymes produced by the 
bacterium rather than direct inhibition of bacterial growth. 

The stability of pectolytic enzyme activity of the culture filtrate in vitro 
following sparging with air indicates that the loss of effectiveness of the 
filtrate under aerobic conditions in vivo is not attributable to exposure to 
oxygen.
 

Although the precise mechanism of cell death caused by pectolytic 
enzymes has not been determined (2, 3), maceration of plant tissues by 
filtrates with polygalacturonic acid trans-eliminase (PATE) activity from 
wild type and mutant strains indicate that this enzyme is the primary 
moieiy involved in tissue degradation by Erwinia chrysanthemi (9). Both 
polygalacturonase and PATE were associated with tissue maceration by 
virulent strains of Ecc (4). The PATE enzyme has not been separated from 
hydrolytic activity in purified preparations from Ecc culture filtrates (24), 
although two distinct proteins may be present. 

Rishitin is toxic to Ecc at concentrations that are formed in infected tissue 
under aerobic conditions (20); under low oxygen conditions production of 
the phytoalexin rishitin decreases. Although these observations can be 
correlated with the pattern of resistance under different oxygen levels, 
induction of a resistant response in whole tubers apparently does not 
require the presence of the bacterium. Furthermore, rishitin does not affect 
the activity of pectolytic enzymes (17). 

Resistance to bacterial soft rot in ptotatoes under ambient air has been 
correlated also with the inhibition of bacterial growth by toxic quinones 
formed by the oxidation of phenolic compounds (15) and to increased 

249 



phenolic concentrations in tuber tissue (26). However, a direct inhibitory 
effect by a toxic compound on the bacterium may not be the primary basis 
for resistance under aerobic conditions if sterile extracellular pectolytic 
enzymes 	lose effectiveness under these same conditions. 

Mechanisms for potato tuber resistance to soft rot under aerobic 
conditions also may include inactivation of pectic enzymes involved in 
tissue maceration (1). The i7 vitro polymerization of proteins byquinones 
or tree radicals generated by oxidative enzymes from plant tissue may 
provide a mechanism for pectic enzyme inactivation under oxidative 
conditions (14). 

Resistance to bacterial soft rot under aerobic conditions can be explained 
on the basis that the pectate substrates in the middle lamella are protected 
in some manner from pectic enzymes produced by the bacterium. The roles 

asof suberization and wound cork formation have been investigated 
barriers to infection (10, 11). Lignification of cell walls may also interfere 
with the action of pectic enzymes. Since these processes a re blocked under 
low oxygen conditions (29), they may be involved in resistance to tissue 
maceration under aerobic conditions by making the pectate substrates less 
accessible to pectolytic enzymes. 
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Abstract 

In Erwinia carotovora, polygalacturonase (PG) was produced constitutively. 
On the other hand, polygalacturonic acid trans-eliminase (PATE) in E. 
carotovora and both PATE and PG in E. chrysanthemi were inducible. PATE 
production in E. carotovora stopped in the presence of chloramphenical and 

inducer(s), suggesting that the stimulation of the enzymatic activity resulted 
from de novo protein synthesis. In E.carotovora, the differential rates of PATE 
synthesis were the same with polygalacturonete (PGT) and saturated 

but higher compared to the rate with unsaturateddigalacturonate (SDG), 

digalacturonate (UDG). On the other hand, in E. chrysanthemi the rate with
 

SDG was much higher than that with PGT or UDG. In E. carotovora and E. 
synthesis was markedly stimulated withchrysanthemi, the rate of PATE 

cAMP and UDG and only moderately stimulated with PGT and cAMP. Such 
stimulation was not detected with SDG and the nucleotide. PATE synthesis 
in E. chrysanthemi occurred without an apparent lag in the presence of UDG 
or UDG +cAMP. However, in E.carotovora the lag period was abolished in the 

presence of UDG + cAMP, but not in the presence of UDG alone. Our results 
suggest that acommon metabolic derived from either SDG or UDG induces 
PATE synthesis in these bacterial species. 

Introduction 

Most members of the "soft rot" group of the genus Erwinia produce 
enzymes, such as polygalacturonic acid trans-eliminase (PATE) and 
polygalacturonase (PG), which cause deploymerization of pectate 
(polygalacturonic acid). There is genetic and biochemical evidence for an 
essential role of PATE in tissue-maceration caused by E. carotovora and E. 
chrysanthemi(1, 2, 6, 7, 12, 18, 27). Comparative studies with pathogenic 
and nonpathogenic pectolytic bacteria (5, 31) have suggested that 
differences in the rates of synthesis and excretion of pectolytic enzymes 
might be critical in the elicitation of tissue-macerating diseases. Thus, in 
understanding the expression of virulence of soft rot bacteria, it is essential 
to consider genetic and physiological factors that control the synthesis of 
these enzymes as well as the mechanism(s) underlying transport of these 
proteins across the bacterial cell envelope. 

Although the effects of certain substrates on PATE production in E. 
carotovora and E. chrysanthemi have been examined to some extent, the 
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knowledge of PATE regulation largely remains incomplete. For example, 
Tsuyumu (29) reported that in E. carotovora unsaturated digalacturonate 
(UDG), a catabolic product of polygalacturonate (PGT) (Fig. 1; 16), induced 
intracellular PATE synthesis earlier and at a higher differential rate than 
did PGT or galacturonate, and cAMP further stimulated the UDG effect. 

POLYGALACTURONATE 
(PGT) 

UNSATURATED SATURATED 1 
OLIGOGALACTURONATE 2 OLIGOGALACTURONATE 

(UOG) (SOGI 

4 3 
UNSATURATED SATURATED4 


DIGALACTURONATE DIGALACTURONATE 3 
(UDG) (SDG) 

4 4341 
4-DEOXY-L-threo-5- -GALACTURONATE 

HEXOSEULOSE URONATE (GTU) 
(DTH) P 

D-TAGATURONATE 
(TGT) 

3-DEOXY-D-GLYCERO- D-ALTRONATE 
2.5-HEXODIULOSONATE (ALT) 

(DGH)
 

\9 7 

2-KETO-3-DEOXY-D-GLUCONATE 
(KDG)
011 


2-KETO-3-DEOXY-6-PHOSPHOGLUCONATE 

(KDPG)
 

PYRUVATE+TRIOSE-3-PHOSPHATE 

Fig. 1. Major pathways of polygalacturonate catabolism in bacteria. 
Enzymes for the catabolic steps are: (1)polygalacturonase; (2) polygalac
turonic acid trans-eliminase (pectate lyase); (3)ct-galacturonidase or 
oligogalacturonate hydrolase; (4) oligogalacturonatetrans-eliminase; (5)
D-glucuronate-ketol-isomerase; (6) D-altronate oxidoreductase; (7) D
altronate hydrolyase; (8) 4-deoxy-L-threo-5-hexoseulose uronic acid 
isomerase; (9) 2-keto-3-deoxy-D-gluconate (3-deoxy-D-glycero-2, 5
hexodiulosonic acid) dehydrogenase; (10) ketodeoxygluconate kinase; 
(11) ketodeoxyphosphogluconate aldolase. D-galacturonate (GTU)
pathway consists of steps 5, 6, 7; 5-deoxy-L-threo-5-hexoseulose 
uronate (DTH) pathway follows the sequence 8, 9; 2-keto-3-deoxy-D
gluconate (KDG) pathway consists of steps 10, 11. 
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Unfortunately, the effect of saturated digalacturonate (SDG), a product of 
both PATE and PG activities (Fig. 1; 16), was not examined nor was the 
effect of these substrates on extracellular enzyme(s). Stack et al. (25) 
recently reported that most of the induced PATE activity was extracellular 
in a strain (EC14) of E. carotovora. Since the quantity of secreted PATE 
might vary between bacterial strains (5), in comparing inducer efficiency of 
substrPtds it is desirable to examine the effects of the total (i. e., both intra
and extracellular) enzymatic activity. 

PATE synthesis in E. carotovora and E. chrysanthemi was glucose 
(catabolite) repressible (5, 17, 30). Cyclic adenosine monophosphate 
(cAMP) apparently relieved glucose repression and induced PATE 
syrthesis in a cAMP -deficient mutant of E. carotovora (14, 19). In E. 
chrysanthemi, we (11, M. W. Ferguson andA. K. Chatterjee, unpublished 
data) and others (9) found that UDG or SDG, compared to PGT, was a more 
effective inducer of extracellular PATE and that cAMP potentiated the 
effects of UDG. While these findings collectively implicated cAMP in 
regulation of PATE production, the mechanism(s) underlying the effect 
remained unclear. 

In contrast to PATE of these Erwinia spp., much less is known of 
polygalacturonase, the pectolytic enzyme that causes depolymerization by 
hydrolytic cleavage of the polymeric substrate (21). Consequently, the role 
of this enzyme in bacterial pathogenicity or in the catabolism of polyga
lacturonate largely remains unknown. 

With the development of genetic systems in such soft rot pathogens as E. 
carotovora (23, A. K. Chatterjee and K. K. Thurn, In progress) and E. 
chrysanthemi (3, 4, 6; also see Chatterjee et aL, these proceedings,) it 
became feasible to examine the organization and expression of genes that 
spes;fy pect , .tic enzymes and the polygalacturonate catabolic pathway. 
Knowledge of metabolic pathways and their physiological regulation is 
helpful in designing genetic experiments, particularly in the isolation of 
mutants. As a prelude to genetic analysis of pectolytic enzymes and 
catabolism of polygalacturonate, we compared the effects of variour 
substrates on the production of PATE and PG in E. carotovora and E. 
chrysanthemi. In this report we discuss our findings on the effects of 
polygalacturonate and its catabolic products, UDG and SDG, on pectolytic 
enzyme production, and the stimulation of enzyme synthesis by cAMP. 

Materials and Methods 

Wild-type strains of E. carotovora(EC, ECI 5)and E. chrysanthemi(EC1 6) 
were used. Cultural conditions were as described earlier (5). 

Polygalacturonic acid trans-eliminase (PATE) was assayed using the 
procedure of Starr et al. (26) in a 0.6 ml reaction mixture. The rate of 
reaction at 301C was measured using a Gilford recording spec
trophotometer. One unit of PATE activity is defined as the amount of 
enzyme that produced a change in absorbance of 1.0 at 235 nm. 

Polygalacturonase (PG) was assayed according to Starr etaL (26), except 
that the reaction mixture (3 ml) contained 0.8% (w/v) polygalacturonic 
acid. One unit of PG activity is the amount of enxyme that liberated 1.0 
nmole of aldehyde equivalent at pH 5.2 and 300 C. 
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Unsaturated digalacturonate (UDG) was prepared using an E. 
chrysanthemi (EC16) enzyme preparation (M. W. Ferguson and A. K. 
Chatterjee, unpublished data) and purified by the method of Dav6 et al. 
(10). Saturated digalacturonate (SDG) was produced using yeast en
dopolygalacturonase prepared according to the method of Phaff (24), 
except that the ammonium sulfate precipitation step was omitted. The 
products were precipitated as their strontium salts as described by Luh and 
Phaff (15) and purified SDG was obtained by a modified method of Nagel 
and Wilson (20) (Chatterjee et al., manuscript in preparation). Column 
fractions were assayed using the arsenomolybdate assay (22) and the 
diuronides were identified using paper chromotography on Whatman #1 
paper using the solvent system of Dav6 et al. (10). 

Results and Discussion 

Polygalacturonaso (PG) production. The differential rates of PG 
synthesis in E. carotovora (EC) in cultures grown in the presence of glycerol
and polygalacturonate (PGT) were 75 units/Klett unit and 55 units/Klett
unit, respectively. The bacterium grew better with glycerol and produced a 
higher level of PG after 4 h incubation than with PGT or glucose. To 
determine if this feature was common to another wild-type strain of this 
bacterial species, the production of PG in strain EC1 5 was examined. 
Although the levels of PG varied to some extent depending upon bacterial 
strain tested, in each instance PG synthesis occurred in cells grown with 
glycerol, and the level of e- izymatic activity was not stimulated furtherwith 
polygalacturonate. Thes,,; results indicated that PG was produced 
constitutively in E. carotcvora tirains EC and ECi 5. It is noteworthy that 
constitutive production of PG occurs in at least one other pectolytic 
microorganism (24). 

In contrast to the strain.; of E. carotovora, E. chrysanthemi(EC1 6)grown 
with glycerol or glucose produced low amounts of PG activity and PGT 
stimulated the production ,f PG (Table 1). After 4 h the level was 2-fold 
higher than detected with gi !cerol. The amount of PG in induced cells of E. 
chrysanthemi was considerably lower than that detected with E. 
carotovora (Table 1). Consistent with the findings of others (8), we have 
noted that PG of E. chrysanthemi was of the exo-type whereas that of E. 
carotovora was predominantly o the endo-type.

Polygalacturonic acid trans-Oiminase production. In E. carotovora 
(EC), the differential rate of PATE synthesis was higher with SDG and PGT 
than with UDG or glycerol (Table 2). Maximal rate of PATE synthesis in E. 
carotovora usually commenced after 90 to 180 min of growth, and the 
substrates (PGT, SDG, UDG, or glycerol) did not alter the lag period
significantly (detailed data not presented). Our data do not support the 
finding of Tsuyumu (28, 29) that higher levels of PATE production 
commenced sooner with UDG than with PGT. Whether this apparent
discrepancy resulted from strain differences or differences in the 
composition of growth medium remains to be determined. It should be 
noted, however, that we have determined the total PATE activity whereas 
Tsuyumu (1979) investigated substrate effects on intracellular activity. 
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Effects of carbohydrates on the production of polygalacturonase (PG) andTable 1. a 

polygalacturonic acid trans-eliminase (PATE) inErwinia spp. 

Activity (units/min/ml/100 Klett units) after 4 hr with 
Bacterial 

glycerol polygalatturonateSpecies glucose 

PG PATE PG
PATE PG PATE 


2.3 3.6 1.4
E.carotovora 0.35 1.1 1.8 


E.chrsanthemi 2.7 <0.02 2.7 0.03 25 0.07 

grown at 300C in minimal salts casamino acids medium (6)in the presence of the a 8 acteria were 
desired carbohydrate (final concentration 0.10/o WI/V). After 4 h incubation, samples of cultu

res were removed, sonicated, and assayed for enzymatic activity. See Materials and Methods 

for the assay conditions and the definition of units of activity. 

Thus, an alternative explanation might be a preferential stimulation of the 
intracellular PATE by UDG. 

In E. carotovora, the addition of cAMP tu PGT, SDG, or glycerol grown 
cultures did not appreciably alter the differential rate of PATE synthesis 
(Table 2) or the lag period, when compared to cultures grown in the 
absence of cAMP. In contrast, UDG used in conjunction with cAMP caused 
a two-fold higher ;ate of PATE synthesis (Table 2) and abolished the lag 
period. A similar response of E. carotovora with cAMP and UDG was noted 
by Tsuyumu (29). Our data also .ndicated that while the differential rate 
with SDG or PGT without cAMP was not significantly differentfrom thatof 
cells growing in the presence of cAMP, the total amount of PATE produced 
was consistently higher in the cAMP containing cultures. Therefore, we 
concluded that cAMP stimulated production of PATE with these substrates. 

To determine if the stimulation of PATE synthesis in the presence of 

inducer(s) was due to de novo protein synthesis, chloramphenicol, an 

inhibitor of protein synthesis, was added to cultures of E. carotovora (EC) 

growing exponentially in the presence of SDG and oligogalacturonides. 
The growth and enzymatic activities were then measured at various time 

intervals. In the absence of the drug (Fig. 2) the culture grew and produced 
PATE at constant rate. The rate of secretion of the enzyme also remained 
constant up to 90 min incubation and then declined slightly. The synthesis 
of PATE stopped within 30 min of the addition of the drug, although the 
turbidity of the culture slowly increase' jp to 120 min, the duration of the 
experiment. In the c' :oramphenicol ieated culture, secretion of PATE 
occurred, albeit at a slower rate, up to 30 min and then stopped. Judging 
from the mode of action of cloramphenicol (13), it is safe to conclude that 
the stimulatory effect of the substrates was exerted at the level of gene 
expression, i.e., stimulation of the formation of pat gene(s) product(s). Our 
data 3lso suggest a partial uncoupling of PATE synthesis and excretion in 
the presence of chloramphenicol. 
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Table 2. Differential rates of polygalacturonic acid trans-eliminase synthesis in 
Erwinia carotovora (EC) and E. chrysanthemi fEC16) with various substrates in the 
presence or absence of cAMPa. 

Differential rate with. 

Substrate cAMP E. carotovora E. chrysanthemi 

PGT 108 147 
+ 131 424 

UDG 51 86 
+ 103 1273 

SDG 105 1217 
+ 108 1231 

Gly 79 48 
+ 88 58 

aBacterial cultures in mid log phase of growth at 300C in aminimal salts casamino acids medium, 
(6) with glycerol were centrifuged, resuspended in 55 mM phosphate buffer, pH 7.2, Inoculated 
to minimal salts casamino acids medium containing appropriate substrates (final concentration 
= 0.1o/o) to a Klett value of approximately 30, and incubation continued at 300C. When 
cAMP was added, a final concentration of 5 mM was used. At desired time intervals (usually
30 to 60 min), culture turbidity was measured using a Klett Summerson colorimeter, and sam
ples for enzymatic assays were removed and frozen. Enzymatic activity was measured after 
sonication of the thawed culture samples. To obtain differential rates, units of activity/min/ml 
were plotted against bacterial growth (Klett units) and the values were calculated from seg
ments of tile urves showing the maximal enzymatic activity. Differential rate - unts of acti
vity/ml Ix 10. ) synhhesized by bacterial population in a Klett unit. 
Klett unit = 5 x 10 cell/ml. 

PATE synthesis in E. chrysanthemi(EC1 6)was stimulated by SDG, UDG,
and PGT in that higher rates of enzyme synthesis commenced sooner with 
these substrates than with glycerol (Fig. 3). SDG caused a dramatic 
increase in PATE synthesis as evidenced by a differential rate 8-fold higher
than that of PGT grown cultures and by a shorter lag period. Although PATE 
synthesis in the presence of UDG commenced withoutan apparent lag, the 
rate of synthesis remained low throughout the duration of the experiment
(Fig. 3). cAMP stimulated the effects of PGT and UDG in EC16 by
stimulating the rate of PATE synthesis (Fig. 4; Table 2). The effect was most 
striking with UDG where cAMP caused a 1 5-fold higher rate of synthesis
than noted with UDG in the absence of the nucleotide. The hiqh differential 
rate of PATE synthesis with SDG was not stimulated further by the addition 
of cAMP (Table 2). We might note that this differential rate is similar to that 
of UDG + cAMP grown cultures. Moran et al. (16) have shown that 
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oligogalacturonide trans-eliminase 	(OGTE) of E. carotovora produced 4
deoxy-5-hexoseulose uronate (DTH; Fig. 1) from SDG or UDG. Recen: 
findings (9) suggest that DTH is an apparent inducer of PATE. Our results 
are also consistent with the view that PATE synthesis is induced by a 
common metabolite derived from diuronides. 

Investigations seeking clarification of the role of cAMP in the expression 
of pat are under way. It has been suggested that cAMP effect could have 
resulted from the relief of "self catabolite" repression caused by UDG or its 
catabolic products (9, 29). However, other possibilities such as enhanced 
inducer transport or interaction with cAMP of a regulator molecule 
(protein) must be considered in assessing the effect of the nucleotide in the 
regulation of PATE in E. carotovora and E. chrysanthemi. 
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Fig. 2. Effect of chloramphenicol on growth and PATE synthesis in E. .a.otovora 
(EC). Bacterial cultures were treated as described in Table 2 (footnote a). N',inimal 
salts casamino amino acids medium containing inducers (final concentration = 
0.1% w/vl w-s inoculated to a Klett value of approximately 30 and incubation 
continued at 301'C Aliquots of the culture were removed at 30 min intervals, frozen, 
sonicated and assayed for PATE (as described in the Materials and Methods). After 
induction had occurred (usually following 120 to 150 min incubation), the culture 
was divided into 2 parts, andchloramphenicol (final concentration = 185 ng ml- 1 ) 
was added to one culture at 0 time and the othe culture served as a control. 
Samples of both cultures were removed at 30 min intervals and divided into 2 parts. 
One such sample was frozen, sonicated and assayed for PATE activity (total lysate). 
The other sample was centrifuged and the supernatant assayed for PATE activity. 
Fig. 2A illustrates the growth of EC in the absence (0) or presence (+) of 
chloramphenicol. Fig 2B illustrates the rate of PATE synthesis and the quantity of 
excreted PATE in the presence or abse.nce of chloramphenicol. 
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Fig. 3. PATE synthesis in E. chrysanthemi (EC16) in the presence ofvarious substrates. Cultures were treated as described in Table 2 (footnote 
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Abstract 
In isolate of low virulence was obtained from a highly virulent isolate of 

Pseudomonas solanacearum, after plating on tetrazolium chloride agar and 
selection from still cultures. Both isolates were grown on a basal medium 
supplemented with sucrose, a potato extract, or with one of various 
polysaccharides of types found in cell walls of higher plants. The virulent 
wild type isolate produced, in culture, enzymes which degraded the 
polysaccharides of types found in cell walls of higher plants. The virulent 
media containing particular substrates, with few exceptions, the activity of 
an enzyme was highest when the medium contained its substrate. The isolate 
of low virulence either did not produce these enzymes or produced much 
less. Loss of virulence was, therefore, closely related to loss in the capacity to 
produce anumber of enzymes that degrade certain polysaccharides of types 
found in cell walls. 

Introduction 
Many plant pathogens produce in culture extracellular enzymes which 

degrade one or other of the polysaccharides of types found in the cell walls 
of higher plants (1, 2). In some of the diseases caused by these pathogens,
the importance of one or more of the enzymes has been established (1, 2).
But in vascular wilts caused by fungi and bacteria, the role of the enzymes 
is still uncertain. 

Pseudomonassolanacearum is a well known and important vascular wilt 
pathogen of many crops. There is evidence that certain characteristic 
symptoms of the disease are caused by an extracellular polysaccharide
slime whidh is readily and abundantly produced by virulent strains in 
culture (5). The pathogen also produces in culture a number of 
polysaccharidases which, if produced and active in infected plants, could 
account for some of the symptoms. A cellulasa has been studied in this way
(6). Another approach in assessing the role of enzymes is to compare the 
virulence of different isolates of a vascular wilt pathogen with their 
capacity to produce one or more of the enzymes in cultures (4, 11, 12).
Results from this type of work have been contradictory and inconclusive, 
partly because culture media and other conditions were probably riot 
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always suitable for production of the enzymes in vitro, particularly in light 

of recent work on induction of synthesis of various polysaccharidases by 

certain vascular wilt fungi (3). 
This paper summarizes work with isolates of P. solanacearum of high 

and low virulence to tomato grown in media and in conditions suitable for 

the production and accumulation of various polysaccharide degrading 
enzymes. 

Materials and Methods 

Bacteria 

Isolate 115 of P. solanacearum was isolated originally from a wilting 

tomato plant in Ibadan (Nigeria). After it was re-isolated from bacterial ooze 

on an inoculated, infected tomato plant, isolate 115 of P. solanacearum 
was stored in sterile distilled water and, as needed, grown on a glycerol 

peptone agar (10). This isolate was highly virulent to tomato. An isolate 

115-A, of much lower virulence, was produced after plating on tetrazolium 
chloride agar and selection from still cultures (7). 

Production of Extracellular Polysaccharidaues 
Bacteria were grown in rotary shaken cultures at 280 C on E. medium 

containing 0.24% KH2PO 4 , 0.08% NaHPO 4, 0.02% MgSO4 . 7H 20, 0.3% 

(NH )2S04 , 0.1% yeast extract, 0.1% ferric citrate, 1.0% peptone, 1.0% 

main carbon source, in distilled water. The following carbon sources were 

used: sodium poly pectate (Sunkist Growers Inc.), citrus pectin (Sunkist 

Growers Inc.), dehydrated potato extract (Difco Clarified, desiccated water 

soluble extractives from potatoes), carboxymethyl cellulose (sodium salt, 
high viscosity, degree of substitution 0.7 - 0.8 BDH), purified wood 
cellulose (solka floc), xylan (larchwood, Sigma Chemical Company), 

arabinan, galactan (larchwood, Kock-Light Laboratories), and sucrose. 
Pectic substrates, arabinan, galactan, and xylan were washed in acidified 
70% ethanol, (hen in 90% ethanol, until free from chloride, dried at 700 C 
and stored at room temperature. Media were autoclaved at 121°C for 10 

min. Fifty ml in 250 ml flasks were inoculated with 1 ml of bacterial 
suspension from 24 h cultures in E-medium +sucrose. After incubation for 

48 h, cultures were centrifuged at 10,000 x g for 10 -nin to remove bacterial 

cells and insoluble substrates. Culture filtrates were dialyzed against 
distilled wate, at 41C overnight and were used immediately or after storage 

at -20 0 C which had little or no effect on enzyme activity. 

Numbers of Bacteria 

Total bacteria in cultures were estimated by the viable count technique 

described elsewhere (10). 

Enzyme Assays 

Enzymes which degrade sodium polypectate, carboxymethyl cellulose, 

arabinan, galactan, xylan, and wood cellulose, were assayed by measuring 

the release 6f reducing groups (9). Samples containing 1.0 ml of culture 

filtrate were added to 1 ml 0.5% solutions or suspensions of the substrate 

in 0.1 M citrate buffer, pH 5.0 to 5.5, or 0.1 M Tris-HC1 buffer, pH 8.5, 
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before incubation at 30°C for 0.5 h or 1 h. Zero-time reaction mixture or 
mixtures containing boiled enzyme solutions were used as controls. 
Standard curves for solutions of 10 - 500 ng glucose, arabinose, and 
xylose, were used to estimate reducing groups formed after enzymes had 
acted on substrates. 

Virulence 
Five 6-week old tomato plants, cv. Money-maker, were inoculated by root 

injury technique (13). After 7 days at 30 0 C,wilting was scored on a scale of 
0 to 5, in which 0 represented no symptoms and 5 represented complete 
wilting and death of plants. 

Results 

Virulence 
All plants inoculated with suspensions containing c. 4 x 10' viable cells 

m1- 1 of the virulent isolate 115 were almost completely wilted within 7 to 
10 days with extensive degradation of stems and petioles. Symptomswere 
somewhat less pronounced after this period with inocula containing c. 3.5 
x 105 viable cells ml-' and still less pronounced when c. 2 x 104viable cells 
ml-' were used. In contrast, inoculation with the avirulent isolate 115-A 
caused only very slight symptoms within 7 days at c. 2.4 x 108 viable cells 
ml-I and no symptoms at lower concentrations. 

With further incubation all plants inoculated with the virulent isolate 
became still more severely wilted or were killed. In contrast, symptoms 
developed little if at all in plants inoculated with isolate 11 5-A. 
Polysaccharidases in Cultures 

The activities of polysaccharidases in cell-free liquid from cultures of 
virulent and avirulent strains of P. solanacearum on media containing 1 % 
substrate are summarized in Tables 1 and 2. 

The virulent strain (115) produced a wide range of extracellylar 
polysaccharidases which degraded polysaccharide other than wood 
cellulose (Table 1). Pectic enzymes were the most active: both polygalac
turonase and pectate lyase were produced. Arabinanase in cultures on 
arabinan was of lower but comparable activity. Cellulase (Cx), galactanase 
and xylanase activities were considerably lower. 

The activities of pectic and cellulolytic enzymes in filtrates from cultures 
containing potato extract were as high or higher than in cultures 
containing substrates for these enzymes. For arabinanase and xylanase, 
activities were about a half and activity of galactanase was very much less. 

For cultures on media containing particular substrates, with few 
exceptions the activity of an enzyme was highest when the medium 
contained its substrata. A striking exception was xylanase, for which 
cultures on media containing pectin were about twice as active as were 
those on media containing xylan. 

Growth of the bacterium was of the same order in most of the cultures 
but it was substantially lower in cultures on pectin, possibly because of the 
decrease in pH. Initial pH of E medium was c. 6.8. Growth was also lower in 
cultures containing wood cellulose for which the final pH was higher than 
in other cultures. 
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Table 1. Virulent Pseudomonassolanacearum isolate 115- Polysaccharidases and growth in culture. 

Enzyme Activitiesa (Units m1-1) 

Growth Medium Final Bacteriald PGe PL Cx C1 AR GAL XYLANASE 
pH Numbers (NaPP)C (NjPP) (CMC) (Wood cellulose) (Arabinan) (Galactan) (Xylan) 

EMb + Sucrosc 7.2 3.2 x 106 0.4 0.0 0.9 0.0 0.2 0.0 0.0 
EM + NaPP 5 7.4 1.6 x 106 15.2 16.9 0.0 0.0 0.0 0.0 0.0 

EM + Pectin 5.1 5 x 105 9.3 12.8 4.8 0.0 2.2 0.4 9.3 

EM + Potato 7.1 1.6 x 106 15.0 17.2 6.1 0.9 5.0 0.2 2.2 

Extract 

EM + CMC 6.8 1.3 x 1Or 3.0 0.0 3.4 0.0 0.0 0.0 0.0 

EM + Wood 7.8 7.9 x 10 5 0.0 0.0 4.1 0.0 0.0 0.0 3.7 

cellulose 

EM + Arabinan 7.3 2.0 x 106 0.0 0.0 0.0 0.0 12.7 0.1 0.6 

EM + Galactan 7.5 1.2 x 106 0.0 0.0 0.0 0.0 0.9 2.1 0.2 

10 6EM + Xylan 7.1 2.0 x 2.0 0.0 0.0 0.0 0.0 0.0 5.9 

aEnzyme activities as units m1- 1 were means for two determinations. Units = ug product min- 1 m1- 1 in the assay mixture. bEM 
1E-medium (Materials and Methods). CSubstrates for assay. dViable cells ml " eNaPP sodium polypectate, CMC carboxymethyl

cellulose, PG polygalacturonase, PL Pectate lyase, Cx Cellulase C1 Cellulase, AR Arabinanase, GAL Galactanase. Initial pH of media was 
c. 6.8. 



Table 2. Avirulent PseudomonassolanacearumIsolate 115-A. Polysaccharidases and growth in culture. 

Enzyme Activitiesa (Units ml-1) 

Growth Medium Final Bacteriald PGe PL Cx C1 AR GAL XYLANASE 
pH Numbers (NaPP)c (NaPP) (CMC) (Wood cellulose) (Arabinan) (Galactan) (Xylan) 

EMb + Sucrose 7.2 2.5 x 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0EM + NaPP 5 6.4 1.6 x 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EM + Pectin 4.8 1.6 x 10 5 0.0 0.0 1.9 0.0 0.9 0.0 3.7
EM -f Potato 7.4 2.5 x 106 0.0 0.0 1.9 0.0 0.0 0.0 2.7 

Extract 

EM + CMC 6.8 1.3 x 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10 5EM + Wood 7.8 5 x 0.0 0.0 3.3 0.0 0.0 0.0 0.0 

cellulose 

EM + Arabinan 6.2 2.0 x 106 0.0 0.0 0.0 0.0 4.2 0.0 0.0
EM + Galactan 7.6 2.5 x 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
EM + Xylan 7.1 2.5 x 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

aEnzyme activities as units m1- 1 
were means for two determinations. Units = ug product min-1 

ml -1 
in the assay mixture. bEM 

E-medium (Materials and Methods). CSubstrates for assay. dViable cells m1-1 
eNaPP sodium polypectate, CMC carboxymethyl

cellulose, PG polygalacturonase, PL Pectate lyase, Cx Cellulase C1 Cellulase, AR Arabinanase, GAL Galactanase. Initial pH of media was 
c. 6.8. 



In contrast, under similar conditions, the avirulent isolate either did r Jt 

produce these extracellular enzymes or produced much less. None of the 

culture filtrates had pectic enzymes, C1, or galactanase activity. Activities 

of Cx , arabinanase and xylanase were, with a few exceptions much less 

than in corresponding cultures of the virulent isolate. 
Growth of the avirulent isolate differed from that of the virulent isolate in 

most cultures on media containing the different substrates. It was 

substantially less in media containing pectin, possibly because of the 

decrease in pH. 

Discussion 

The original highly virulent isolate of Pseudomonas solanacearum and 

the isolate of very low virulence (avirulent)to tomato plants obtained from it 

grew at different rates in cultures of a basal medium supplemented with 

sucrose, a potato extract, or with one of a group of polysaccharidesof types 

found in cell walls of higher plants. Enzymes that degrade each of the 

polysaccharides, except a wood cellulose, accumulated in cultures of the 

virulent isolate in a pattern largely determined, although with a number of 

exceptions, by the presence in the culture of the substrate of the enzyme. In 

striking contrast, cultures of the avirulent isolate did not contain enzymes 

that degrade pectic polysaccharides, a soluble cellulose, or galactan, and 

much less of enzymes that degrade arabinan and xylan. Because of high 

activity in cultures of the virulent isolate, the differences for polygalac

turonase and pectate lyase were, perhaps, especially pronounced. This 

type of evidence has been used to support claims that pectic enzymes and 

possibly other polysaccharidases, are important in causing certain 

wilts. Thus pathogenic species have beensymptoms of vascular 
distinguished from non-pathogenic species of Verticillium by theirability to 

produce pectic enzymes (4) Also, mutants of Fusarium oxysporum f. sp. 

lycopersici, which did not produce polygalacturonase in culture, were less 

plants than the parent isolate which produced thisvirulent to tomato 
enzyme freely (8). 

Similar type of evidence has been used to argue that peptic enzymes are 

not important in vascular wilts. Thus mutants of V. dahliae which were 

much less virulent than the parent strain nevertheless produced pectic 

enzymes in culture (11). 
This study provides a good experimental basis for virulence because the 

results show a direct correlation between the production of extracellular 

enzymes or increased synthesis of these enzymes and virulence of P. 

solanacearum. But the evidence is by no means conclusive because the 

type of low virulence isolate used in this study was experimentally 

produced. Thus, conclusions may differ from those of a study of wild type 

strains. 
Arguments for or against a role for pectic, and possibly, other enzymes in 

pathogenesis face the difficulty that isolates differ in other ways besides 

to produce these enzymes. Usually it will be difficult totheir capacity 
or by geneticestablish the pectic role one way the other, except 

manipulatio'. A later paper will describe attempts to do so. 
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Abstract 

Naturally occurring, low virulence isolates of Pseudomonas solanacearum 
did not produce polysaccharidases that dograded tomato cell walls in vitro. 
Such enzymes were produced by virulent isolates; those degrading pectic 
polysaccharides were particularly activeAvirulent isolateq obtained from 
virulent isolates did not produce cell wall degrading polysaccharidases. 
When extrachromosomal DNA from cell. of avirulent isolate was incubated 
with cells of an avirulent isolate, isolate. were obtained which produced the 
cell wall degrading enzymes. Virulence to tomato plants was also restored 
but not to the level of that of the virulent wild type isolate. The 
extrachromosomal DNA was resolved into three paaks in 6 to 30% (w/v) 
alkaline sucrose gradients. The results suggest that virulent isolates of 
Pseudomonas so/anacearum contain extrachromosomal DNA which codes 
for synthesis of a range of cell w~ll degrading enzymes and this synthesis 
is I closely vqlated to virulence. 

Introduction 

Previous research with Pseudomonas solanacearum has indicated 
virulence and ability to kill young succulent tomato plants rapidly is an 
anstable character because isolates appearing spontaneously and 
frequently from cultures of a virulent isolate have shown far less virulence. 
The viru- nt isolate, when grown culture with each of a number of 
polymers of types found in cell walls of higher plants, produced enzymes 
which degraded these polymers, with the excepti -n of wood cellulose, in 
vitro. The avirulent isolate derived from the virulent isolate produced little if 
any of these enzymes under similar conditions (15). This was taken as 
evidence that virulence, as the ability to cause severe symptoms to develop 
rapidly in inoculated tomato , :aints, depended at least in part, on the 
production by the pathogen of one or more of these polysaccharide 
degrading enzymes. 
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This paper describes further work on the relation between svnthesis of 
these enzymes and virulence, especially as these may be controlled by DNA 
associated with extrachromosomal elements of the pathogen. 

Materials and Methods 
Origin ar,d Growth of Bacteria 

All strains of Pseudomonas solanacearum except one were obtained 
from diseased tomato plants in Nigeria GM1 1000 was supplied by Dr. C. 
Boucher, INRA, Station Pathologie Vdg6tale, Versailles, France. Bacteria 
were grown routinely on a glycerol peptone agar (14). Cultures from which 
DNA was to be extracted were grown as follows. One ml water containing 
c. 105 bacteria from agar cultures of virulent isolate 1 15 were placed in 250 
ml flasks containing 50 ml of P-medium containing K2HPO 4 , 0.05%; 
MgSO 4.7H 20, 0.025%; yeast extract, 0.1%; peptone, 0.5%; sucrose, 1.0% 
in glass distilled water. Cultures were grown for 24 h on a rotary shaker at 
281C. The contents of one flask were then transferred to5OmI P-medium 
in a 1 I flask and incubated at 28 0 C for 48 h. Cells were harvested by 
centrifugation at 10,000 x g for 10 min in pre-weighed ethanol sterilized 
centrifuge tubes. The pellets were washed and suspended in saline-EDTA 
(0.15 M NaC1,0.01 M EDTA pH 8.0) which was then kept at - 200 C.Within 
24 h of freezing, cells were thawed at room temperature and then refrozen 
at -20 0 C for a further 24 h to predispose to lysis with sodium lauryl 
sulphate. 

Isolation of DNA from Bacteria 

The procedure was based on the techniques of Hirt (8) as modified by 
Guerry et al. (7). Bacterial cells obtained as described above were lysed at 
371C in 1% sodium lauryl sulphate containing 400 ng m1- 1 protease (type 
V, Sigma Chemical Company, U.S.A.). When lysis was complete afterc. 40 
min, flasks were cooled and NaCI was added to a final concentration of 1 M 
to enhance separatian of DNA from RNA and polysaccharides. (DNA is 
soluble in high salt concentration.) 

Lysates were stored overnight at 41C and then centrifuged at 17,000 xg 
for 30 min at 40 C. This precipiated chromosomal DNA, leaving any lower 
molecular weight extrachromosomal DNA in the supernatant, which was 
then removed and mixed with an equal volume of saline-EDTA pH 8.0 to 
lower the salt concentration. 

The supernatant fluid was treated with 2 volumes of cold 95% ethanol 
and kept at -20 0C overnight to precipitate the extrachromosomal DNA. The 
mixture was centrifuged at 41C, 8,000 x g for 3 min and the precipitate was 
dissolved in 5 ml saline citrate (0.015 M trisodium citrate pH 7.0, 0.15 M 
NaCI.) The ethanol precipitated DNA was purified by Marmur's procedures 
11). The precipitate was dissolved in c. 5 ml of dilute saline citrate (0.15 M 
NaCI, 0.0015 M trisodium citrate) by gently shaking or pipetting. Ten ml of 
concentrated saline citrate (1.5 M NaCI, 0.15 M trisodium citrate pH 7.0) 
was added to maintain the ionic strength of the dissolved DNA, which was 
deproteinized by shaking with an equal volume of chloroform-isoamyl 
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alcohol (24:1) for 10 min and centrifuged. The supernatant was removed 
with a 10 ml wide bore syringe. 

The supernatant obtained after a series of deproteinization was 
precipitated with cold 95% ethanol and dispersed in saline citrate as 
described above. One ml of acetate - EDTA(3.0 M sodium acetate, 0.001 M 
EDTA pH 7.) was added to the solution, to give a suitable ionic environment 
in the selective precipitation of DNA from RNA, by adding, slowly, 0.54 
volumes of isopropanol. The gel which formed was centrifuged at 8,000 xg 
for 3 min at 40C. 

The final precipitate was washed free of acetate and salt by gently 
stirring in progressively increasing 70 to 90% portions of cold ethanol. It 
was then dissolved in saline citrate pH 7.0. 

Alkaline Sucrose Gradients 

DNA is denatured at high pH. Sedimentation through alkali is often used 
to distinguish the various conformations of extra-chromosomal DNA. This 
techniaue was theiefore used as an additional detection procedure for 
extrachromosomal DNA. 

Samples of 0.5 ml of supernatant from lysates were layered onto 5 to 
30% (w/v)sucrose gradient solutions containing 0.3 M NaOH and 0.001 M 
EDTA p1 12.5. Gradients were prepared by a gradient mixer and tubes 
were placed in SW 27 rotor, certrifuged at 86,400 x g for 24 h at 40C in a 
Beckman L2-65B ultracentrifuge. 

Gradients were analyzed and 1.3 ml fractions were collected from the 
tubes using an Inco gradient analyser. The gradients were stabilised 
against convection by using 50% sucrose during elution. Two and one-half 
ml of saline citrate (0.15 M NaCI, 0.0015 M trisodium citrate)was added to 
each fraction and absorbance at 260 nm was measured. 

Fractions under peaks were pooled and concentrated by dialysis against 
polyethylene glycol 6000 in dialysis tubing pretreated before use by boiling 
successively in 0.1 EDTA and 0.1 M sodium bicarbonate and thoroughly 
rinsing in water to reduce pore size and remove plasticiser. After overnight 
dialysis the solution containing DNA was stored under toluene at -20 0 C. 

Incorporation of Extrachromosomal DNA 

This involved the preparation of competent cultures of recipient cells 
(Isolate 11 5-A), and the transfer of the DNA from isolate 115. 

Competent Cultures of Isolate 115-A 

Twenty ml of P-medium in a 250 ml flask was inoculated with cell 
suspensions of a single colony of isolate 115-A from a 24 h agar culture. 
This was incubated at '81C for 24 h. The culture was then placed in a 50 ml 
fresh medium and incthated for 3 h and diluted againwithan equal volume 
of starvation medium (S-medium), to predispose the cells for absorption of 
the DNA. S-medium contained 1% triptone, 0.1% yeast extract, and 1% 
glucose in glass distilled water. 

The cultures were shaken for 1.5 h. Then 1.5 ml of 15% glycerol were 
added per 9 ml of culture beforoJispensing in 0.9 ml aliquots in 5 ml bottles 
and quickly freezing at -200C. Cells were used within 4 days of storage. 
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Transfer of DNA 
An aliquot (0.4 ml) of DNA solution c. 40 ng was added to 0.9 ml 

competent culture c. 4.8 x 104 viable bacteria and incubatad at 280 Cfor 45 
min. Four tenths ml of sterile saline citrate replaced the DNA solution in the 
controls. Also, 0.4 ml DNA solution was treated for 15 min with 0.4 ml 
DNase solution (RNase free, 400 ng ml- I in 0.2 M MgSO4) before 
incubation with 0.9 ml competent culture. 

Characteristics of Bacteria in Relation to Virulence 
Thesewere colony shape and color on tetrazolium chloride agar (1.0), rate 

of degradation of isolated tomato cell walls, and severity of symptoms in 
inoculated tomato plants. 

Isolation of Tomato Cell-Walls 
Cell walls were prepared from 6-week old tomato plants, cv. Money-

Maker. Plants were destarched by placing them in the dark for 20 h.They 
were then cut immediately below the cotyledons and laminae of leaves 
were removed; stems and petioles were then plunged into liquid nitrogen
.,nd ground to fine power (6). The powder was mixed at high speed in 10 vol. 
(v/w) of 0.1 m potassium phosphate buffer, pH 7.0. The suspension was 
centrifuged at 10,000 x g for 15 min. The pellet was resuspended in fresh 
buffer and the procedure repeated tWice. The insoluble residue was 
washed in distilled water then mixed at high speed in 10 vol. chloroform
methanol (1:1,v/v). Insoluble material was collected on sintered glass,
washed three times in the chloroform-methanol mixture and finally in 
several changes of acetone. All extractions were done in an ice-bath. The 
finely divided walls were handled aseptically after the acetone extraction. 
They were dried and then stored. 

Enzyme Production and Assay 
Bacterial cultures were grown on a rotary shaker for48 h on E-medium 

(15) containing 0.2% isolated tomato cell walls or 1% of a number of 
polymeric substrates. At the end of incubation, cultures were centrifuged 
at 10,000 x g for 10 mi to remove bacterial cells and insoluble substrate. 
Culture filtrates were dialysed against distilled water at 40 Covernight and 
were used immediately for assays. 

The activity of cells wall degrading polysaccharidases in cell-free fluids 
from cultures in the medium containing 0.2% cell walls was measured 
against 0.5% (w/v) suspension of susceptible tomato cell walls in 0.1 M
citrate buffer pH 5.0, and in 0.1 M Tris-HC1 pH 8.5. Assay mixtures 
contained 1 ml suspension of substrate and 1 ml culture filtrate at 300 C. 
After 0.5 h and 1 h, the reaction mixture was centrifuged at 8,000 x gfor 5 
min and then supernatant was analysed for reducing groups (12).

Polygalacturonase, pectase lyase, cellulase (C.), arabinase, galactanase,
and xylanase were assayed by following the release of reducing groups
from solutions or suspensions of the following: 0.5% sodium polypectate
(pH 5, and 8.5), carboxymethyl cellulose, arabinan, galactan and xylan (12).

Protease was assayed on congocoll in 0.1 M Tris-HCI buffer pH 8.5 at 
371C for 0.5 h (13). Assay mixtures contained 1 ml culture filtrate, 5 mg 
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congocoll, and 1 ml 0.1 M Tris-HC1 buffer pH 8.5. After incubation, tubes 
were removed and 4 ml of water was added to the mixture, and 
undergraded substrate was removed by filtration. Concentration of the 
released dye was measured at 495 nm. 

Virulence 

Virulence was determined by a root injury technique on 6-week old 
tomato plants, cv. Money-Maker (14). Lateral roots of plants in pots were 
cut with a scalpel along one side of the plant and 10 ml suspensions of 
inoculum containing c. 2.4 x 106 cells mi- 1 were poured over the severed 
roots bordering the slit which was then closed with displaced soil. Disease 
was measured on a 0 to 5 scale where 0= no symptoms; and 5- complete 
wilting arid death. 

Results 

Extraction of Extrachromosomal DNA from Virulent 
Pseudomonas solanacearum 

Extrachromosomal DNA was extracted as described in Materials and 
Methods. The presence of deoxyribose in the supernatant of lysate of 
virulent cells (isolate 115) was detected by the Dische reaction using 
diphenylamine reagent (5). A blue color specific for deoxyribose developed 
in the sample which was obtained from the supernatant of lysate of virulent 
cells. About 500 ng ml-' of extrachromosomal DNA was extracted from c. 
2.52 g, wet weight, of virulent bacteria cells. The absorption ratios of the 
extracted DNA at 260/230 nm and 260/280 nm were 1.7 and 1.2, 
respectively. The results of the sedimentation of the DNA in the 
supernatant of lysates of virulent isolate 1 15 through alkaline sucrose 
gradients are shown in Fig. 1. Three peaks, a, b, c, were obtained, which 
may correspond to thre forms of the extrachromosomal ')NA which 
differed in their sedimentation rates. Peaks a and b, occurring in the slowl[, 
sedimenting fraction of the gradients, represent linear fragments and open 
circles, respectively. Peak c, occurring in the radpidly sedimenting fraction 
of the gradients represent covalent circles, which are c. 2.7% of the total 
DNA. 

Growth on Tetrazolium Chloride Agar 

Before transfer of the extrachromosomal DNA, competent cultures of the 
avirulent isolate (115-A) produced colonies which, when isolated on the 
tetrazolium chloride agar, were butyrous with red centers (mean diameter 
c. 	3.0 mm). After the extrachromosomal DNA isolated from the parent 

incubated and plated on tetrazolium chloridevirulent isolate (115) was 
agar. c. 1.2% of the colonies which developed were pink, round, and small. 
Their mean diameter was c. 1.4 mm. The colonies differed from those of 

isolate 115, 115-A in size, appearance, and growth rate and they showed a 
much reduced growth rate on the tetrazolium chloride agar after 2 or 3 
generations. Cultures of the avirulent isolate (115-A) treated for 15 min 
with sterile saline citrate (0.015 M trisodium citrate pH 7.0,0.15 M NaCI)or 
with a mixture of DNase and extrachromosomal DNA solution, produced on 
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Fig. 1. Elution profile of 5-30% (w/v)alkaline sucrose gradients of supernatant
from lysates of virulent Pseudomonas solanacearum(Isolate 115). Cells of virulent 
isolate 115 were lysed at 37°C in 1%sodium lauryl sulphate containing 400 ng ml-' 
protease. After lysis, NaCI was added to a final concentration of 1M. Lysates were
stored at 41C, centrifuged at 17,000 x g for 30 min at 41C. Samples of 0.5 ml of 
supernatant were centrifuged at 86,400x g through 5 to 30T(w/v) alkaline sucrose
gradients. After 24 h, the gradients were analyzed. Three peaks, a, b, and c, were
obtained which correspond to three forms of the DNA, which differed in their
dissemination rates. The a may represent linear fragments; b, open circles; and c,
covalent circles. 

tetrazolium chloride agar, colonies of unchanged appearance with 

characteristic red centers. 

Enzyme Activityof Culture Filtrates 
Results for the parent wild type virulent isolate (115), isolate derived

from it, and for a number of other wild type isolates are shown in Table 1.
Cell wall degrading polysaccharidases had little or no activity at pH 8.5 so,
data show., are for activity at pH 5.0. In contrast, protease was inactive at 
pH 5.0 and data shown are for activity at pH 8.5. 

As assessed by release of reducing groups, tomato cell walls were
degraded by filtrates from cultures of wild type virulent isolate 115 and
GM1 1000 but not by those from cultures of wild type isolates 82 and 93 of
low virulence. Filtrates from cultures of isolate 11 5-A, of low virulence 
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Table 1. Characteristics of virulent and avirulent isolates of Pseudomonassolanacearum. 

Enzyme Activities (Units ml - 1)be 

Isolates 	 Origin Virulence Diseasea PTCW Protease PG PL Cx AR GAL WYL 
Index 

115 c 	 Wild type High 4.5 1.8 0.5 3.3 6.1 0.6 1.5 1.5 0.0 

0.0 0.0 0.0 0.3 0.0 0.7 0.4 0.0115-A 	 Derived Very low 0.5 

from 115
 

115-B 	 115-A + Intermediate 2.0 3.3 1.2 1.1 7.3 2.3 1.6 1.0 0.6 

DNA(E) 
8.3 2.3 	 4.8 2.2 0.6115-Bd 	 115-A + Intermediate 2.0 - 0.6 6.2 

DNA(E) 
0.8 1.3 0.2 0.0115-C 	 115-A + Very low 0.0 0.0 0.6 f. ) 0.0 


DNA(E) +
 
DNase
 

0.6 0.3GM1 1000 Wild type High 3.2 1.3 0.3 3.7 4.6 2.5 1.2 

82 Wild type Low 1.0 0.0 0.7 0.7 3.8 1.1 0.0 0.0 0.3 

1.9 3.3 	 1.2 0.0 0.0 1.493 	 Wild type Low 1.0 0.0 0.1 

a Disease index for tomato plants 0 to 5, 0 = no symptoms, 5 = plants completely wilted. bEnzyme activities were rmeans for two 

= ng equivalent glucosedeterminations: (1) for enzymes acting on cell walls and on substrates other than protein, enzyme activity 

min and (2) One unit of protease activity = increase in absorbance per unit time. Clsolates grown in tomato cell wall media- 1 m-1, 
except d1 15-B, which was grown in media containing enzyme substrates/gelatin. 

e PTCW = polysaccharidases on tomato cell wall, PG = polygalacturonase, PL = pectate lyase, Cx = cellulase, AR = arabina

nase, GAL = galactanase, XYL = xylanase. DNA(E) = Extrachromosomal DNA, DNase = Deoxyribo-rnuclease. 



obtained from isolate 115, also did not degrade cell walls. But filtrates from 
cultures of isolate 115-B, i.e. isolate 115-A treated with extrachromosomal 
DNA from isolate 11 5, did degrade cell walls. Treatment of the DN with 
DNase nullified this effect. 

For the DNA treatment, similar results were obtained for polygalac
turonase, pectate lyase, arabinanase and galactanase. Results for protease
and cellulase (Cx) were less clear because treatment of isolate 11 5-A with
extrachromosomal DNA enhanced activity beyond that of the parent isolate 
115 and treatment of the extrachromosomal DNAwith DNase gave isolates 
about as active as the parent isolate. Also, results for xylanase were 
anomalous in that only isolate 11 5-A treated with extrachromosomal DNA 
produced active culture filtrates. Again, however, treatment of the DNA 
with DNase nullified this effect. 

After isolate 11 5-A had been treated with extrachromosomai DNA and 
then grown in media containing one or other of a number of 
polysaccharidases that degrade polymers of types found in cell walls of
higher than in cultures of the original 115 on tomatocell walls. This may be 
due to a disproportionate number of bacterial cells in the two cultures. 

In comparing wild type isolates of high and low virulence, the differences 
in enzyme activities were striking for enzymes collectively degrading cell 
walls, and for arabinanase and galactanase. Differences were somewhat 
less striking for polygalacturonase, still less so for pectate lyase
Differences for protease, cellulase (C,), and xylanase did not conform to 
virulence. 

Virulence of Isolates 
Isolate 115-A, obtained from virulent isolate 115 was of very low 

virulence to tomato plants and caused no more than mild symptoms, some 
two weeks after inoculation when most plants inoculated with isolate 11 5 
were dead. Treatment of isolate 11 5-A with extra chromosomal DNA from 
isolate 11 5 gave 11 5-B of intermediate virulence which caused pronounc
ed symptoms in plants but did not kill them within two weeks as usually
happened when the parent isolate 115 was used. Extrachromosomal
 
DNA treated with DNase did not restore virulence to isolate 115-A.
 

Discussion 

Many plant pathogens produce, in vitro and in vivo, one or more of the 
polysaccharidases that degrade polymers of types found in cell walls of
higher plants (1, 2, 3, 4). But other than in soft rots evidence that these 
enzymes are important in pathogenesis either is lacking or is inconclusive,
especially in the vascular wilts for which direct evidence is difficult to 
obtain. In these diseases, arguments for anor against important role
depend largely on indirect evidence of the type presented elsewhere (15)
for Pseudomonas solanacearum and tomato plants iin which virulence of 
different isolates was found to be reasonably well related to production in 
vitro of certain polysaccharidases, especially those acting pecticon 
substrates. 

The data given above show that an isolate of very lowvirulence obtained 
from a highly virulent isolate became moderately virulent after it had been 
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treated with extrachromosomal DNA, obtained from wild type virulent 

isolate and that this did not occur if the DNA were first treated with DNase. 
DNA but not with DNase-treatedTreatment with extrachromosomal 

DNA also restored the characteristic ability of theextrachromosomal 
virulent wild type strain to produce in culture enzymes that degrade tomato 

cell walls and, more specifically, certain polysaccharidases (especially 

polygalacturonase, arabinanase, and galactanase) but not others and also 

not protease. Because of the heterogeneity of the extrachromosomal DNA 

and because of probable fragmentation during extraction and purification, 

those cells which received the functional portions of the DNAonly 
produced these enzymes. 

The production of certain enzymes by the avirulent isolate derived from 
be due 	to the development of anthe wild type virulent isolate may 

activated upon loss of thealternative system of production which was 
may control the synthesis of theseextrachromosomal DNA which 

enzymes. 
We believe that the work reported in this paper goes some way toward 

establishing that factors for virulence of P. solanacearum are carried on the 

DNA associated with extrachromosomal elements which may be lost from 

cells which lose virulence in culture, and that the factors for virulence 

include 	one or more of the enzymes that degrade polysaccharides in cell 

walls. 
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Abstract 

Extracts of tomato plants infected by isolates of Pseudomonas 
solanacearum contain extracellular polysaccharidases. Extracts of low 
enzyme activity were obtained from plants which were infected by low 
virulence isolates whereas plants infected by a highly virulent isolate 
contained extracts of high enzyme activity. 

Both polygelacturcnase and pectate lyase were produced in vivo. The 

activity of pectic enzymes was particularly high during the early stages of 
infection. The first disease symptoms of epinasty and drooping of leaves 
appeared when polygalacturonase had reached its maximum activity. As the 
infection progressed to an advanced state activity of polygalacturonase 
decreased. Increased synthesis of pectate lyase was detected in the early 
stages of infection but decreased signiticantly when all plants had wilted. 
Activity of -1,4 endoglucanase was very low at the early stages of infection 
but increased later at advanced stage of wilting. The results suggest aclose 
association between the development of symptoms, synthesis, and activity 
of extracellular polysaccharidases. 

Introduction 

The pathogenesis of wilts caused by Pseudomonas solanacearum has 
been studied extensively (4, 7, 8, 9). However, despite the many 
approaches that have been used to study the development of the disease, 
the ways in which symptoms of the disease are produced after the 
pathogen is established in vascular tissues is not fully understood. Little is 
known about the first stages of infection during which bacteria become 
established in xylem elements. One suggestion is, that in vascular wilts 
caused by bacteria and fungi, certain substances such as slime, enzymes, 
and growth regulators secreted by the pathogen in the tracheal fluids may 
damage the plant one way or the other (6, 14). 

P. solanacearum produces one or more extracellular polysaccharidases 
in infected plants (7, 8). But the role of these enzymes in pathogenesis is 
not certain. A study of the enzymic responses of infected plants should help 
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clarify some of the subtle components involved in the development of 
disease in susceptible plants infected by virulent Pseudomonas 
solanacearum. This study describes work on cell wall degrading enzymes
which are produced during pathogenesis of bacterial wilt of tomato. 

Materials and Methods 
Bacterial Cultures 

Three isolates of P. solariacearum were used in this study. Isolates 98 
and 115 were originally isolated in 1977 from wilting sweet pepper and 
tomato plants. Isolate 1049 was obtained from the National Collection of 
Plant Pathogenic Bacteria, Harpenden, England. The isolates were 
routinely grown in glycerol peptone agar and maintained in 10 ml sterile 
distilled water in 25 ml bottles (12). 

Plants 
Seeds were first treated in a 5% solution of sodium hypochlorite for 5 

min, washed several times in sterile distilled water, then planted in Fisons 
Lexington compost. Seedlings were grown at 26 to 280 C in a 12 h 
photoperiod. When well developed cotyledons had appeared (c. 10 to 15 
days), seedlings were transplanted to individual pots (7 x 8 cm diameter)
containing fresh compost. Seven days after transplanting, they were fed at 
intervals with a liquid manure. Plants were used six weeks after sowing
when they were about 14 cm high, with six expanded leaves. 
Inoculation of Plants 

Cell suspensions prepared from growth on tetrazolium chloride agar 
were usually introduced into the plants by the stem puncture technique. A 
drop of inoculum was placed in the axil of the second or third leaf from the 
top. A sterile needle was carefully inserted through the drop into the stem 
without piercing the opposite side. 

Inoculum levels of c. 106 bacterial cells mi- 1 were used. The tetrazolium 
chloride agar contained 0.5% glycerol, 1% peptone, 0.1% casamino acids,
0.05% 2,3,5-triphenyl tetrazolium chloride, 1.8% agar. 

Disease Scale 
Inoculated plants were kept in a growth cabinet at c. 300 C.Five plants per

isolate were usually inoculated. Wilting of plants was rated at intervals 
after inoculation on a 0 to 5 scale for plants with six expanded leaves. Zero = 
no symptom, 5 = plant and terminal shoot completely wilted. 

Bacterial Population in Infected Plants 
Bacteria numbers were estimated on the top 3 cm of stem.About0.8 g of 

stem tissues were cut from the stem under aseptic conditions and placed in 
5 ml sterile distilled water for 5 to 10 min. The presence of bacteria was 
indicated by the turbidity of the water. Bacteria numbers were determined 
by the viable plate technique on tetrazolium chloride agar. 

Extraction of Enzymes From Infected Tissue 
Shoots of infected plants were cut at soil level, washed with the leaves 

and epidermal layers removed, then stored at -201C. Frozen tissue was 
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ground in an ice cooled mortar and was taken up in cold 0.1 M phosphate 
buffer pH 6.0, containing 0.2 M NaCl, 1 mM dithiothreitol, and 5% insoluble 
polyvinypolypyrrolidone (PVP), in the proportion of 1 g tissue per 4 ml 
buffer. NaCI was used to deabsorb protein (3), and PVP and dithiothreitol 
were used to adsorb phenols and prevent oxidation by phenol oxidases (1). 

Extraction was at 1°C in a sorvall omnimixer, for 2 min at lowest speed, 
followed by 10 min at high speed, and 5 min at low speed. The extract was 
filtered through a layer of cheese cloth and was then spun down at 20,000 
x g for 15 min. The extract was dialysed and then used immediately for 
enzyme assay or kept at -20 0C. Extracts were also prepared from healthy 
uninoculated tomato plants by a similar procedure. 

Determination of Enzyme Activity 
lyase (PL). The activities ofPolygalacturonase (PG) and Pectate 

polygalacturonase and pectate lyase were determined by the thiobarbituric 
acid technique as used by Ayers, Papavizas, and Diem (2). Ten ml of 

reaction mixture contained the following, 8 ml of 1% polygalacturonic acid 
(PGA) or sodium polypectate (NaPP); 1 ml enzyme (extract), 0.7 ml of 0.1 M 

citrate buffer, pH 5.0 or 0.7 ml 0.1 M Tris-HCI, pH 8.5; and 0.3 ml of 0.1 M 

CaCl 2 .2H 2 0, incubated at 30 0 C. After 1 or 4 h, enzyme action was stopped 
by removing tubes from incubation and adding 0.6 ml of 9% ZnS04 and 0.6 

ml 0.5 N Na0H, successively. The mixture was shaken vigorously in capped 

centrifuge tubes, and then centrifuged at 16,000 x g for 15 min. 

Five ml of clarified reaction mixture was added to tubes containing 3 ml 

of 0.04 M TBA(thiobarbituric acid), 1.5 ml of 1 N HCI, and 0.5 mlof distilled 

water. The tubes were placed in a boiling water bath for 0.5 h and cooled; 

absorbance of the solutions was determined at 515 nm todetect PG activity 

and 550 nm for products of lyase activity. Zero = time reaction mixtures 

containing active enzyme were used as controls. Enzyme activity is 

expressed as ng product min-'ml-1 based on calibration curves for 
unsaturated digalac-turonic acid and galacturonic acid. 

Pectinmethylesterase (PME) 

The activity of pectinmethylesterase was determined by the continuous 
titration technique of Kertesz, 1937 (10) by measuring the methoxyl 
released during the reaction period. One ml enzyme was added to 5 ml of 

1% washed pectin solution, previously adjusted to pH 7.0. The mixturewas 
incubated at 301C and at intervals the mixture was adjusted topH 7.0 with 
0.1N NaOH. Reaction mixture containing boiled enzyme was used as 
controls. The alkali was added at the rate required to keep the mixtureatpH 
7.0. (Usuallyfor about 5 to 7 min). The total volume of base usedduring 1 h 
reaction period was equivalent to PME activity, since it neutralized carboxyl 
groups freed on hydrolysis of ester linkages in pectin. Enzyme activity is 
expressed as units ml-', one unit COO-h- =mg methoxyl released per h 
under the conditions of the assay. 

B-1,4 endoglucanase (Cellulase Cx ) 
The activity of cellulase (C,) was determined by viscometry. Ten ml of 

reaction mixture contained 8 ml of 1% carboxymethylcellulose, 1 ml of 
buffer (0.1 M citrate buffer pH 5.0- 5.5), and 1 ml of enzyme (extract) in size 
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200 viscometer. Incubation was at 30 0 C. Enzyme activity is expressed as 
relative viscometric units (RVU), which is equivalent to 1000/t 5 0 where 
t 5 0 is the time (min) for 50% reduction in viscosity of the substrate. 

Results 
Extracellular Polysaccharidases in Infected Tomato Plants 

In preliminary experiments, six-week tomato plants were inoculated 
with 1 x 106 cell suspensions of isolates 98 (low virulence), 1049 
(moderately virulent) and 11 5 (highly virulent), by stem puncture described 
in Materials and Methods. One week after inoculation, plants were 
harvested and extracts from stem tissues were assayed for pectic enzyme 
activity (Table 1). 

Table 1. The effect of extract from tomato plants infected by Pseudomonas 

solanacearum on viscosity of 10/o sodium polypectate. 

Isolate Virulence Enzyme activity (RVU)a 

pH 5.5 pH 8.5 

98 Low 2.0 0.0
 
1049 Moderate 5.0 0.2
 
115 High 76.9 22.2
 
Healthy plants 0.0 
 0.0 

a Enzyme activity was assayed by viscometry. Ten ml of assay mixture contained 8 ml substrate,
1 ml enzyme, 0.7 ml buffer, and 0.3 ml of 0.1 M CaC12.2H 0. RVU Relativ& viscometric 
units = 1000/ti5, t is the time required for 50 /0 reguction in the viscosity of 10/o
NaPP. Values are means or two determinations. 

The results show that extract from infected tomato plants contained 
pectic enzymes, which were more active at pH 5 than at pH 8.5. Enzyme
activity was correlated with virulence, because activity was highest in 
extracts from severely wilted plants infected by isolate 115, and lowest in 
plants infected by isolate 98, which caused very mild symptoms. Extracts 
from healthy plants were inactive. The pH of plants infected by the highly
virulent isolate 11 5 (water extract) was c. 6.4. 

Changes in Enzyme Activities During Pathogenesis 
To show the relationship between wilt symptoms and the activities of 

extracellular polysaccharidases, tomato plants were inoculated with 
isolate 115 and then harvested at intervals during the course of 
pathogenesis. The results are shown in Fig. 1. 

The first evidence of infection was the detection of pectic enzymes
activity, which was particularly high during the early stages of infection. By
the second day, the first disease symptoms of spinasty and drooping of 
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Fig. 1. Activities of extracellular polysaccharidases during infection of tomato 
plants by Pseudomonas solanacearum, Isolate 115. (1) Polygalacturonase (TAB 
assay). (2)Pectate lyase (TBP assay). (3) Pectinmethylesterase (continuous titration 
test ). (4) Cellulase C (Viscometry). (5) Disease index (0-5 scale). Units of enzyme 
activity; PG = ng galacturonic acid min-'ml-1; PL = ng unsaiurated galacturonic 
acid min-Iml-'; Cx = relative viscometric units (100/50), t50 = time required for 
50% reduction in the viscosity of 1% NaPP; Pectinmethylesterase - equivalent to 
COO-released h-1. 

leaves appeared. Polygalacturonase reached its maximum activity. As the 

infection progressed to an advanced state (i. f, by the fourth day), activity of 

PG decreased. 
Pectate lyase was also detected in infected plants. Its activity increased 

gradually as the infection progressed, reaching its maximum on the third 
day when most of the disease symptoms had appeared, but decreased 
significantly when all plants had wilted. Decreased enzyme activity at 

advanced vwiting may be due to the effects of inhibitors such as phenols 
which are known to increase during infection. Decrease in the activity of 

PG is probabi7,' due to enzyme inhibitors, too. Pectinmethylesterase PME, 

increased steaa!y as symptoms developed. 
Cellulase C, activity vvas very low at the early stages of infection, much 

lower than activity of pectic enzymes. High activity appeared later at an 
by the fourth day after infection).advanced stage of wilting (i. e. 
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The development of disease symptoms correlated with growth of 
bacteria (Fig. 2). Bacterial numbers per top 3 cm of stem (i.e 0.8 g of stem 
tissues) increased sharply at first, reaching a maximum on the third day
and then decreased slightly when the plants had fully wilted. 

0 
0 

U E 

Om0 

.J
 

z 

_ _,__ _ _ Fig. 2. Growth of virulent 
1 2 3 4 Pseudomonas solanacearum inINFECTION PERIOD(DAYS) tomato plants, cv. Moneyrnaker. 

Discussion 
Extracellular polysaccharidases were detected in tomato plants follow

ing infection by Pseudomonas solanacearum. Both PG and PL were 
produced. They were highly active during the initial stages of infection, but 
appeared to be less active as infection advanced to the terminal death 
stage. This may indicate a possible inhibition as suggested by Deveralland 
Wood, 1961 (5), who studied the relationship between phenolasebf bean 
(Vicia faba) and pectic enzymes of Botrytis faba and B. cinerea. Phenols and 
phenol oxidases are said to accumulate as infection progresses, and these 
substances may inactivate the enzymes.

Pectinmethylesterase was present in infected tissue but in relatively
small amounts. Cellulase (C,) reached its maximum activity at the 
advanced stages of infection. The appearance and activity of these 
enzymes in infected plants may suggest a role for them in the disease 
process. Cellulase had been studied in this connection (9).

The advance of disease symptoms was closely related to growth of 
bacteria and synthesis of extracellular polysaccharidases. A rapid increase 
in disease symptoms occurred at a time corresponding to a rise of enzyme
synthesis. This suggests an association between bacterial metabolism in 
plant tissues and severity of disease. A similar association between 
symptoms of Fusarium wilt and quantity of fungus and enzyme activity in 
tomato stems has been reported (11). 
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The early production and high activity of the pectic enzymes secreted by 
the pathogen during pathogenesis would influence tissue susceptibility or 
the rate of tissue disintegration. A direct consequence of the enzymic 
activity of the pathogen is the modification of the cell wall of the vascular 
tissues. This activity may release certain sugars which serve as inducersof 
other wall degrading enzymes such as cellulase C., which appeared later 
in pathogenesis. The establishment and growth of the pathogen in the 
tissue are highly influenced by these biochemical events. Talmadge etal., 
1973 (15) have suggested that endopectic hydrolases and lyases increase 
the susceptibility of cell walls to non-uronide degradation. Recent 
ultrastructural studies (13, 16) have shown that breakdown of walls of 
vessels occurs during pathogenesis of wilts caused by P. solanacearum. It 
is suggested that this phenomenon is associated with the activities of 
pectic enzymes and possibly other polysaccharidases secreted during 
pathogenesis. 
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Abstract 

Pseudomona -;syringae pv. phasgolicola, the casual agent of the halo blight 
of beans produces an extracelifjlar non-specific toxin in culture and in 
inoculated plants. Both toxigenir and non-toxigenic strains of the pathogen 
multiply in inoculated tissues of young plants of susceptible cultivars and 
induce watersoaking, but only toxigenic strains induce systemic chlorosis 
and stunting, indicating that the toxin is avirulence factor and isnot required 
for pathogenicity of the bacterium in such tissues. However, in previous 
studies which have been extended in this report, toxin has been shown to 
specifically suppress hypersensitive resistance to pv. phaseolicola in 
"genetically" resistant bean cultivars, suggesting a role for the toxin in the 
pathogenicity of the bacterium. Additional data support the role of the toxin 
in pathogenic establishment. Tissues of a susceptible cultivar Red Kidney 
IRK), which are susceptible to certain of both toxigenic and nontoxigenic 
strains of pv. phaseolicola gradually become resistant to them as they mature 
and eventually react to the pathogen in amanner similar to that of tissues of a 
resistant cultivar, GN Nebraska # 27. In mature tissues, bacterial prolifera
tion is severely restricted, and instead o7 watersoaking, an HR-like response 
is produced. Further, as in the reaction of "genetically" resistant tissues, 
toxin content of inoculated mature jissues is drastically reduced as compared 
to young tissues of the same sus;epti ble cultivar.Thus the manifestations of 
the resistance reaction of mature susceptible tissues are similar to those of 
tissues of "genetically" resistant cultivars. 

It is proposed that the reason why nontoxigenic strains of pv. phaseolicola 
grow in young RKtissues is that the specific resistance of RK to the pathogen 
is not expressed in such tissues, and bacteria grow passively. It appears that 
when toxigenic strains are used to inoculate young RK tissues, the toxin 
produced during the passive growth prevents subsequent expression of 
resistance as the tissues mature. A model to explain the role of the toxin in 
pathogenic establishment in the host is presented. 
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I ntroduction 

When susceptible cultivars of bean (Phaseolus vulgaris L. )are infected 
with Pseudomonas syringae pv. phaseolicola,the causal agent of the halo 
blight of beans, the affected tissues show watersoaking, stunting, syste mic 
chlorosis, and accumulation of ornithine (4, 5, 11, 19). The stunting,
systemic chlorosis, and ornithine accumulation are caused by an 
extracellular toxin(s) produced by the pathogen (4, 11,18, 19). The toxin(s),
which is referred to as phaseotoxin (8) or phaseolotoxin (12), is a potent and 
specific inhibitor of ornithine carbamoyltransferase (OCT) of bean (20). The 
first step in the induction of chlorosis in bean leaves treated with the 
toxin(s) appears to be the inhibition of OCT by the toxin(s) (14).

Other studies indicate that in addition to its role as a specific inhibitor of 
OCT, the toxin(s) may be involved in the establishment of the pathogen in 
the host. When plants of resistant cultivars are inoculated with pv
phaseolicola, they respond with the production of hypersensitivity (HR).
Bacterial growth is sharply curtailed and no toxin(s) is detected in tissues of 
such plants (1). However, when plants of the same resistant cultivars are 
treated with the toxin(s) prior to inoculation with the pathogen, the HR is 
suppressed, bacterial multiplication increased, and typical susceptible
symptoms are observed (2). Furthermore, preliminary studies (3), showed 
that thetoxin(s) suppresses HR induced by only pv.phaseolicola, but notby
several other phytobacteria. These data indicate that in hypersensitively
responding plants, the production of toxin(s) may be suppressed, and 
normal expression of the resistance mechanism occurs in such plants.
That large quantities of toxin(s) are detected (1) in inoculated susceptible
tissues lends further support to the idea that the toxin(s) may help the 
bacteria to establish themselves in the host. 

One way to test this hypothesis would be to determine if non-toxigenic
mutants and naturally occurring nontoxigenic strains of the pathogen are
able to establish themselves in bean tissues. An ultraviolet light-induced
mutant of a toxigenic strain (G50) was isolated. When it is inoculated in 
young primary leaves of a susceptible cultivar (Red Kidney, RK), it
multiplies as well as its toxigenic parent and produces watersoaking, but 
no systemic chlorosis (13), indicating that unlike in resistant bean tissue, in
susceptible tissues toxin(s) is not necessary for pathogenic establishment. 

However, we often observed that unless primary leaves of RK seedlings 
are inoculated soon after unfolding, typical symptoms are not observed.
Indeed, it later developed (10) that if fully expanded mature (14 days)
primary leaves were inoculated with either toxigenic or non-toxigenic pv.
phaseolicola strains, the leaf tissues would produce an HR-like response.
This means that even in susceptible cultivars, resistance expression can 
occur. If the manifestations of the mature tissue resistance of susceptible
cultivars are qualitatively the same as those of the "genetically" resistant
tissues, it would give further credence to the proposed role of the toxin(s) in
pathogenic establishment in bean tissues. 

We report here studies on mature tissue resistance of susceptible RK
plants to pv. phaseolicola. Also presented are further results on the
specificity of HR suppression of the toxin(s) of pv. phaseolicola. Based on
these results we have constructed a model to explain the role of the toxin(s)
in pathogenic establishment. 
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Materials and Methods 

Bacterial Isolate 
Pseudomonas syringae pv. phaseolicola isolates used in these studies 

were, HB-36, G50 (toxigenic); HB-20, G50 TOX-(nontoxigenic). Other 
phytobacteria used were P. syringae pv. tabaci (ICPB PT5), P. syringae pv. 
tomato (ICPB PT 111) and P. syringae pv. lachrymans.The bacterial isolates 

maintained as glycerol stocks at -20 0 C and revived by transferringwere 
them on to plates of yeast extract, dextrose, and calcium carbonate agar 
(YDC). Growing of inoculum, which was adjusted to 107 cells/ml, 
inoculation of bean primary leaves, and determination of bacterial 
populations in ininoculated leaves have been described elsewhere (1, 2, 
3). 

Bean Cultivars 
Bean cultivars used in these studies were Red Kidney (RK), Resistant 

Cherokee Wax (RCW), which are susceptible to pv. phaseolicola, and GN 
Nebraska #27 (GN) and PI 150514 (PI), which are resistant. Red Mexican 
UI-3 (RM) was used as a differential cultivar which is resistant to race 1of 
pv. phaseolicola but susceptible to race 2. Plant culture and growth 
conditions have been described previously (1, 3). 

Toxin Preparation, its Determination, Enzyme Assays, and Toxin 
Treatment of Plants 

Toxin was isolated from primary leaves of RK inoculated with pv. 
phaseolicola. Watersoaked leaves from inoculated plants were ground in 
70% methanol. The slurry was filtered through Whatman no. 1filter and 
the methanol extract evaporated to a small volume. This was filtered 
through a UM-2 (amicon) membrane. The concentrated ultrafiltrates were 
Chromatographed on a 1.5 x 102 cm. column of Sephadex LH-20 
developed with deionized water. Toxin concentration of inoculated tissues 
was determined as before (1). 

The ornithine carbamoyltransferase (OCT) assay has been described 
previously (7, 20). The amount of OCT in healthy bean leaf tissues was 
determined by grinding 1 gof primary leaves in 1.2 ml of HEPES (pH 7.0), 
centrifuged, and the supernatent dialyzed against the same buffer. Bean 
plants of the reistant cultivars were treated with the toxin as described 
before (3). The toxin concentration was 4000 n/ml. Metabolic inhibitors, 
cyclohexamide and blasticidin S (kindly supplied by Professor Nishimura, 
Tottori University, Japan), were added to the inocula to achieve final 
concentrations of 0.5 ng/ml and 10 ng/ml, respectively, when the effect of 
these inhibitors on bacterial multiplication in GN leaves was studied. 

Results and Discussion 

Specificity of Phaseotoxin-induced Suppression of Hypersensitive 
Response 

Both the no-toxin control plants and plantstreated with inactivated toxin 
produced HR when inoculated with pv. phaseolicola (HB-36) and three 
other phytobacteria, pv. tabaci, pv. tomato and pv. lachrymans. Bacterial 
populations increased in all cases from 104-105/1.13 cm 2 by about two 
orders of magnitude within 24 h. In toxin treated plants only pv. 
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phaseolicola multiplied to a higher level (four orders of magnitude in 24 h);
other bacteria multiplied to roughly the same extentas in untreated plants.
At 48 h after inoculation, pv. phaseolicola population in toxin treated 
tissues was over 100-fold greater than in those treated with inactivated 
toxin or in no-toxin controls. Only in toxin-treated plants inoculated with 
pv. phaseolicola did HR fail to appear; instead, typical watersoaking was 
noted; other combinations showed HR. These results confirm and extend 
the previous findings (3). 
Nonspecific Suppression of HR Resistance to Phytobacteria by
Translation Inhibitors 

Both blasticidin S and cycloheximide blocked the HR of GN plants when 
inoculated with pv. phaseolicola (HB-36). The inhibitors also neutralized 
the HR of GN against three other phytobacteria, pv. tabaci, pv. tomato, and 
pv. Iachrymans. Twenty-four hours after inoculation, populations of all four 
bacteria increased from 104-105 cells/1.13 cm 2 leaf area to 108-109
cells/1.13 cm 2 leaf area. Concomitantly, visible HR of inoculated tissues 
was suppressed by both inhibitors in all four cases, and leaves developed 
watersoaking. 

The above results clearly distinguish between nonspecific suppression
of HR in beans to phytobacteria and the specific suppressions caused by
toxin against pv. phaseolicola. Cycloheximide, a potent inhibitor of protein
synthesis in plants, but not in bacteria, has been shown to suppress HR 
induced by bacterial pathogens (15). Recently, blasticidin S, which also 
inhibits protein synthesis at the translational level, was used to block HR in
soybeans induced by Pseudomonas spp. (6). It is not known how the toxin 
affects the specific neutralization of the host defense mechanism. 
Nevertheless, the data indicate that in addition to its known role, as an 
inducer of chlorosis, the toxin plays a role on another level, i.e. the 
suppression of host resistance. In contrast to the specific effect of toxin in
beans, in tobacco the toxin was reported to suppress visible HR against
several phytobacteria (17). However, induction of susceptibility was 
apparently not observed. 
Effect of Tissue Age of Bean Cultivars on pv. phaseolicola Bean 
Interaction 

Primary leaves of 5 to 6 day old bean cultivar RK showed typical
watersoaking symptoms 48 to 72 h after inoculation with pv. phaseolicola
(HB-36). On the other hand, primary leaves of 14-day old RK, when 
inoculated, produced no watersoaking. Instead, an HR-like reaction 
(silvering of the lower leaf surface) was observed within 24 to 36 h. We
conducted a detailed time course study in which symptomatology, bacterial 
growth, and toxin levels in primary leaves of RK beans of different ages
inoculated with pv. phaseolicola were compared. When bacterial growth in 
6-day old plants was compared to that in 14-day old plants, itwas seen that
in spite of the larger initial bacterial numbers in the 14-day old plants (due
to thicker leaves), both the rate of multiplication and final level of the 
bacterial population were lower (roughly 100 fold less) in older plants than
in younger ones. The toxin level of the two groups of inoculated leaves also 
showed the same relationship; there was roughly 100 fold less toxin 
present in older tissues, compared to younger ones. 
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Symptoms in 7 and 8-day old plants were mixed; both watersoaking and 

silvering were seen. Bacterial growth in these tissues was about the same 

as in 5 to 6 day old plants and toxin level was somewhat less. In primary 

leaves of plants 11 to 15 days old, there was no watersoaking (only 
silvering), lower population of bacteria as compared to 6-day old leaves, 

and drastically reduced levels of toxin. 
levels of toxin in older inoculatedOne explanation for the reduced 

tissues could be that such tissues contain larger amounts of OCT than 
known that the toxin binds OCT covalently (7).younger tissues. It is 

However, we found that as the primary leaves mature, there is progressive 

decrease in the amount of OCT/mg protein in these tissues. Thus in older 

tissues either the toxin is degraded more rapidly than younger tissues, or 

its synthesis is suppressed. 
In inoculated tissues, toxin induces accumulation of ornithine (12). We 

determined ornithine levels in the first trifoliate leaves of young and old 

inoculated plants. The data on ornithine accumulation was consistent with 

toxin content of leaves. That is, in young tissues where large amounts of 
leaves also accumulated largetoxin accumulated, their first trifoliate 

amounts of ornithine. In older tissues the reverse was true. We determined 
whether or not the development of mature tissue resistance to pv. 

phaseolicola seen in RK was a general phenomenon that applied to various 
Two additionalbean cultivars and various strains of the pathogen. 

cultivars, one "genetically" resistant (PI) and one susceptible (RCW) were 
used. Also, a differential cultivar (RM) which distinguishes between race 1 
and race 2 of the pathogen was used. 

When plants were 5 to 6 days old, all cultivars showed a susceptible 
response to appropriate strains and a resistant response when 12 to 14 

days old. Further our work has shown that plants of even the "genetically" 
resistant GN cultivar respond in a susceptible manner if inoculated with 
the pathogen within 24 h after unfolding. These results suggest that in the 

bean, resistance or susceptibility to pv. phaseolicola is a function of tissue 
age. Although differences in individual cultivars exist with respect to the 

period of time (after unfolding of primary leaves) for which they are devoid 
the basis of these studies it can be concluded thatof resistance, on 

eventually tissues of all cultivars react to pv. phaseolicola in a 

hypersensitive-like manner. 
The results of studies on the suppression of HR.in GN tissues by the 

toxin(s) show that in this cultivar toxin(s) can neutralize its resistance 
specifically to pv. phaseolicola, indicating that the tissues of'this cultivar 

possess more than one type of resistance mechanism; one for the 
pathogen, and one or more for other phytobacteria. The fact that 
nontoxigenic mutants of the pathogen or naturally occurring nontoxigenic 
strains are able to grow in young tissues of RK, a susceptible cultivar, may 

is not necessary for pathogenicindicate that in this cultivar toxin(s) 
establishment. 

An explanation as to why the toxin(s) seems to be involved in bacterial 
establishment in the resistant but not the susceptible cultivars may be that 
whereas tissues of resistant cultivars are able to express specific 
resistance to pv. phaseolicola, tissues of susceptible cultivar cannot 
express this resistance and bacteria grow passively in such tissues. That 
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tissues of susceptible cultivars develop the ability to react to pv. 
phaseolicola in a manner similar to tissues of GN gives strong support to 
this contention. Among the manifestations of mature tissue resistance is 
the drastic reduction in the amount of toxin(s) present in inoculated tissues 
and reduced bacterial multiplication. Thus it appears that toxin(s) is 
implicated in pathogenic establishment. 

Although the behavior of all bean cultivars studied conforms to the above 
observation there are what appear to be, at least at first glance, some 
exceptions. Prominent among them is the behavior of the cultivar RM with 
respect to pathogenic strains HB-33 and HB-36. Both of these stra;ns 
produce toxin in culture, and cause systemic chlorosis in young RK plants. 
When inoculated in young RM tissues only HB-36 produces watersoaking 
and systemic chlorosis; HB-33 causes HR. Since mature tissues of RM are 
resistant to both of these strains it appears that only HB-36 produces 
enough toxin to neutralize RM's defense mechanisms. It has been shown 
that when RM plants inoculated with HB-33 are incubated at a lower 
temperature (160 C) than used in these studies, typical susceptible 
symptoms, including systemic chlorosis, are produced by the plants (9). 
Thus, it appears that the major factor in pathogenic establishment is 
production and maintenance of high enough levels of toxin(s) to suppress 
expression of host resistance mechanisms. 

Based on our studies we propose the following generalized model to 
explain the possible basis of pathogenic establishment in beans. When 
tissues of bean cultivars are inoculated with pv. phaseolicola strains when 
they are relatively young, they allow the pathogen to grow passively
because such tissues cannut express their specific resistance to the 
pathogen. During the passive growth phase, toxigenic strains of the 
pathogen produce the toxin(s) which prevents the subsequent expression
of resistance as the tissues mature. Nontoxigenic strains also grow 
passively but cannot suppress subsequent expression of resistance. The 
final outcome of a specific host-pathogen combination depends upon the 
dynamic relationship between the ability of the host to express resistance 
and the ability of the pathogen to maintain toxin(s)concentration above the 
critical level for suppression of resistance of host tissues in that particular 
combination. 

Literature Cited 

1. 	 Gnanamanickam, S. S., and S. S. Patil. 1976. Bacterial growth, toxin 
production, and levels of ornithine carbamoyltransferase in resistant 
and susceptible cultivars of bean inoculated with Pseudomonas 
phaseolicola.Phytopathology 66:290-294. 

2. 	 Gnanamanickam, S. S., and S. S. Patil. 1977. Phaseotoxin suppresses
bacterially induced hypersensitive reaction and phytoalexin synthesis in 
bean cultivars. Physiol. Plant Pathol. 10:169-179. 

3. 	 Gnanarnanickam, S. S., and S. S. Patil. 1977. Specificity of phaseotoxin

induced suppression of resistance in bean tophytobacteria. Proc. Amer.
 
Phytopath. Soc. 4.163 (Abstr.).


4. 	 Hoitink, H. A. J., R. L. Pelletier, and J. G. Coulson. 1966. Toxemia of halo 
blight of bean. Phytopathology 56:1062-1065. 

293 



5. 	 Jensen, J. H., and J. E. Livingston. 1944. Variation in symptoms produced by 
isolates of Phytomonas medicaginis var phaseolicola. Phytopathology 
34:471-480. 

6. Keen, 	 N. T., T. Ersek, M. Long. B. Bruegger, and M. Holliday. 1981. 
Inhibition of the hypersensitive reaction of soybean leaves to incompati
ble Pseudomonas spp. by blasticidin S, streptomycin or elevated 
temperature. Physiol. Plant Pathol. 18:325-337. 

7. Kwok, O. C. H., H. Ako, andS. S. Patil. 1979.1nactivationofbeanornithine 
carbamoyltransferase by Phaseotoxin: Effect of phosphate. Biochem. 
Biophys. Res. Comm. 89:1361-1368. 

8. 	 Mitchell, R. E., 1976. Isolation and structure of a chlorosis-inducing toxin of 
Pseudomonas phaseolicola.Phytochemistry 15:1 941 -1947. 

9. 	 O'Brien, F. L., and R. K. S. Wood. The hypersensitive reaction and other 
responses of bean leaves to bacteria. Ann. Bot. 40:479-491. 

10. 	 Oguchi, T., and S. S. Patil. 1979. Mature tissue resistance in bean to 
Pseudomonas phaseolicola. Proc. IX Intl. Congress of Plant Protection. 
(abstr. 641 ). 

11. 	 Patel, P. N., and J. C. Walker. 1963. Changes in free amino acids and amide 
content of resistant and susceptible beans after infection with the halo 
blight organism. Phytopathology 53:522-528. 

12. 	 Patil, S. S., 1974. Toxins produced by phytopathogenic bacteria. Annu. Rev. 
Phytopathol. 12:259-279. 

13. Patil, S. S A. C. Hayward, And R. Emmons. 1974. An ultraviolet-induced 
nontoxigenic mutant of Pseudomonas phaseolicola of altered 
pathogenicity. Phytopathology 64:590-595. 

14. Patil, S. S., L. Q. Tam, and W. S. Sakai. 1972. Mode of action of the toxin 
from Pseudonionas phaseolicola. I. Toxin specificity, chlorosis, and 
ornithine accumulation. Plant Physiol. 49:803-807. 

15. Pinkas, Y., and A. Novacky. 1971. The differentiation between bacterial 
hypersensitive reaction and pathogenesis by the use of cycloheximide. 
Phytopathology 61:906-907 (Abstr.). 

J. W. Mansfield. 1978. Ultrastructural16. 	 Roebuck, P., R. Sexton, and 
observations on the development of the hypersensitive reaction in 
leaves of Phaseolus vulgaris cv. Red Mexican inoculated with 
Pseudomonas phaseolicola( race 1). Physiol. Plant Pathol. 12:151-157. 

17. Rose, E., and K. Rudolph. 1976. Einfluss des Pseudomonas phaseolicola. 
Toxins auf (lie Hypersensitivitatsreaktion von Tabak gegenuber 
Pseudomonas la'.hrymans und anderen Pseudomonaden. Phytopathol. 
Z. 87:241-254. 

18. Rudolph, K., and M. A. Stahmann. 1966. The accumulation of L-ornithine in 
halo-blight infected bean plants (Phaseolus vulgaris L.) induced by the 
toxin of the pathogen Pseudotnonasphaseolicola (Burkh.). Phytopathol. 
Z. 57 29-46. 

19. 	 Skoog, H. A., 1952. Studies on host-parasite relations of bean varieties 
resistant and susceptible to Pseudomonas phaseolicola and toxin 
production by the parasite. Phytopathology 42:475 (Abstr.). 

20. 	 Tam, L. Q., and S. S. Patil. 1972. Mode of action of the toxin from 
Pseudomonas phaseolicola. II. Mechanism of inhibition of bean 
ornithine carbamoyl-transferase. Plant Physiol. 49:808-812. 

294 



Proc. Fifth Int. Coni Pialit Path ict. Cjh 1981. 

Crown-gall Tumor Stimulation or
 
Inhibition: Correlation with
 
Strand Separation
 

L. Le Goff, M. Beljanski 
Laboratorie de Pharmacodynamie

Facult6 des Sciences Biologiques at Pharmaceutiques
 
Chatenay-Malabry, France
 

Abstract 

The effects of the carcinogen dimethylbenz (a)anthracene, of antimitotic 
drugs (cyclophosphamide and daunorubicin), of the plant hormone (auxin 
IAA) and the antibiotic mitomycin Cwere investigated in vitro on cancer and 
healthy DNA from pea seedlings, inoculated and not, with oncogenic
Agrobacterium tumefaciens. These substances stimulate in vitro both 
synthesis and strand separation of crown-gall DNA as well asoncogenic A. 
tume faciens DNA, while they have little effect on normal plant DNA as in the 
case with E.co/iand non-oncogenic A. tumefaciensDNA. This correlates with 
the substance-enhancing-power on in vivo crown-gall cell multiplication. 
Growth-stimulatory or inhibitory-effects are antagonized by the tumorless 
action of E. co/i small size RNA-fragments. Plant ribonuclease is under 
control of all these compounds and the RNA-fragments compensate for 
increased or decreased ribonuclease activity induced by cyclophosphamide, 
daunorubicin, dimethylbenz(a) anthracene or auxin. There appears to be a 
correlation between ribonuclease activity and crown-gall cell development. 

Introduction 

A relatively close relationship exists between the carcinogenic 
processes in the animal and vegetable kingdoms. Chemical carcinogens 
induce mammalian (1) and plant (3, 15) tumors and when used at low doses 
they stimulate cancer cell multiplication in both cases (2, 24).
Chemotherapeutic agents (cyclophosphamide (CP), daunorubicin) inhibit 
human cancers (16) but their carcinogenic potency established in vitro (5) 
and in vivo in mammals (26), has been extended to plants. We have shown 
(24) that once the tumor process was started the in vivo multiplication of 
pea cancer cells induced byA. tumefaciensB 6 could be either substantially 
accelerated or inhibited by CP, daunorubicin and DMBA [(IAA has exhibited 
a similar action (13)]. The effects obtained are dose-dependent. Car
cinogens, antimitotics, which behave as carcinogens, and steroids 
preferentially stimulate mammalian cancer cell in vitro DNA synthesis and 
induce the strand separation of the DNA (12). We show here that CP, 
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daunorubicin, DMBA, mitomycin C and IAA also stimulate crown-gall cell 
and A. tumefaciens in vitro DNA synthesis through a destabilisation of 

these DNA but have little effect on DNA from healthy plant cells. 

In addition, a correlation exists between CP, daunorubicin, DMBA, and 
IAA effects and RNase activity in plant tumor cells. Nucleases may produce 
a large range of biologically active RNA-fragments; primers for DNA 
replication (9), tumor-inducing RNA (active exclusively in the presence of 

IAA) (8, 10, 22), tumor-inhibiting RNA (whose effect may be overcome by 
IAA) (23), or RNA-fragments used here. These last have no direct effect on 
animal and plant tumor inhibition or evolution butare capable of binding to 
some sites on DNA which thereafter are no longer accessible to other 
substances (11). 

The influence of endogenous or exogenous substances on RNase activity 
may lead to the liberation of ribooligomers in the cell which are either 
purin-rich, in which case they generally activate protein synthesis (19), or 

pyrimidin-rich, in which case they inhibit it (19). Furthermore, we show 

here that each of the drugs used (carcinogen, antimitotic, hormone, and 

RNA) acts on the plant cell RNase activity and that there appears to b a 

correlation between RNase activity and plant tumor development. 

Materials and Methods 

Reagents 

Pancreatic RNase 4 x crystalized: I. C. N. Pharmaceuticals Inc., 

Cleveland, USA. Deoxyribonucleoside-5'-triphosphates (d-XTP) 12C and 
3H-lithium salt (sp. act. 24-27 Ci/mmol): Schwarz Bioresearch, USA. 
Indolacetic acid (IAA): Prolabo, France. Mitomycin C: Sigma Co., St. Louis, 
USA. Daunorubicin- Rhane-Poulenc, France. Cyclophosphamide (CP): 
Lab. Lucien, France. 9, 10-dimethyl-1,2-benzanthracene (DMBA):N. B. C., 
Cleveland, USA. Phenol: Backer Chemicals, Holland. 8-hydroxychinolin: 
Merck, France. 

Plant Material 

Two-day-old etiolated decapitated epicotyls of Pisum sativum L. cv 
Annonay were used as already described (20). The oncogenic agent was 
Agrobacterium tumefaciens B6 (about 108 cells per wound), aerobically 
grown overnight at 28 0 C (20). IAA, DMBA, daunorubicin, CP, and RNA
fragments tested here were dissolved in a buffered physiological saline 
solution, pH 7.0 and filtered through millipore prior to use. 

In some instances, the wounds were infected (time 0) with a mixture of 
bacteria-drugs and in other experiments the drugs were introduced into 
bacteria-preinfected wounds (time 24 or 48 h) after gentle tissue 
scarification. The sterile saline solution was applied to control plants. The 
treated seedlings (30 plants) continued to grow in darkness for 12 days, 

then the fresh weight of the excised tumors was determined, and mean 
weights were compared by the Student's t-test. The tumors were used to 
prepare cancerous DNA and crude extracts for RNase activity detection. In 
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yet other experiments, the drugs were applied immediately to the cut 
subapical region and the segments were cut after 1 or 2 days and used for 
the preparation of crude extracts. 

Isolation of DNA 
Crown-gall cells from peas were placed in a pH 8 Lerman buffer(25)and 

DNA was extracted with water-saturated phenol containing 0.2% 8
hydroxychinolin as described previously (28). Light-grown pea shoots 
(about 2 weeks old) were used for healthy DNA extraction. DNA from A. 
tumefaciens was prepared in the same way except that lysis was 
performed in sterile distilled water. The integrity of DNA was controlled 
before use (12). The hyperchromic effect on DNA in the presence of the 
different substances was determined by UV absorbance in Tris-bufferO.01 
M pH 7.65 as described for mammalian DNA (12). 

Isolation of DNA-dependent DNA Polymerase 
The preparation of a partly purified enzyme from E. co/i and incubation 

conditions for DNA synthesis have been described (12). All experiments 
were performed in the absence or presence of compounds to be tested. 

Sources and Isolation of 3H-labelled RNA and RNA-fragments 
Bacteria E. co/iT3000 aerobically grown at 371C in a synthetic medium 

(6) supplemented with 3H-adenine (500 nc/1) and 3H-guanine (500 nc/1) 
were harvested during the exponental growth phase. Ribosomal RNA was 
isolated from washed cells as described(6). RNA-fragments were obtained 
by mild degradation of E. co/i ribosomal RNA (r-RNA) using pancreatic 
RNase (11). Purin-rich RNA-fragments (about 25-50 nucleotides) are 
devoid of DNA. Their analysis and characteristics have been described 
(11). 

Plant Ribonuclease 
Healthy and cancerous tissues, drugtreated or not (from 50 plants), were 

homogenized in a cold mortar with sterile distilled water. The homogenate 
was twice centrifuged (5000 g for 10 min) and the dialysed supernatant 
(crude extract) was used as the enzyme source. Proteins were determined 
by Folin's method. Five to 10 ng of proteins were added to the assay 
solution (final vol. 0.1 nil) containing 100 ng of 3H-r-RNA (15000-20000 
CPM). After 10 min of incubation at 361C the reaction was stopped by the 
addition of 5% TCA solution and the acid-precipitable product was filtered 
on a GF/C glass filter. It was then washed (TCA 5% dried, and its 
radioactivity was measured in a Prias Liquid spectrometer. 

Results 

Crown-gall and Healthy Cell DNA in Vitro Synthesis 
Fast development of crown-gall tumors implies an accelerated replica

tion of DNA from these cells compared to that of healthy cells. DNA 
replication and cell division are interdependent. Using template DNA 
purified from the healthy or tumorous cells of pea seedlings and DNA
dependent DNA polymerase, we compared template activities of both 
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during DNA in vitro synthesis. Tumorous DNA exhibits a higher template 
activity compared with that of DNA from normal plant cells (Fig. 1, see 
origin of curves). From this first observation it appeared that cancer DNA 
contained a large number of single-stranded DNA regions required for 
DNA-dependent DNA ;)olymerase activity. DNA synthesis, which requires 
all four d-XTP, is strongly inhibited in the presence of DNase (Table 1). 

To parallel numerous observations on human cancer therapy and 
because of their effects on mammalian DNA synthesis, we investiga'ed ',he 
in vitro synthesis of DNA from crown-gall and healthy pea cells in (he 
presence of CP, daunorubicin, DMBA, mitomycin C or IAA. At low 
concentrations every one of these substances substantially stimulated the 
synthesis of tumorous DNA while they slightly enhance normal cell DNA 
synthesis (Fig. 1 ). High concentrations were inhibitory. It thus appears that 
crown-gall cell DNA is very susceptible to the extremely diversified 
molecules used. It is remarkable that A. tumefaciens DNA in vitro synthesis 
is greatly stimulated by the above compounds while that of DNAfrom E. co/i 
or the non-oncogenic A. tumefaciens B 6-Trl (7) is not (Fig. 1). In this 
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Fig. 1. Effects of vri(itis compounds on cancer and normal in vitro DNA synthesis of 
healthy pea cells DNA (HP DNA), crown gall DNA (CG DNA), and A. tumefaciens (B6 
DNA). 

298 



Table 1. Effect of DNase on crown-gall DNA in vitro synthesis. 

Incubation medium (11) 3 H-TTP incorporated into DAN Inhibition 
(CPM) 0/0 

Complete (0.5 ng of DNA) 6420 
+ DNase 0.1 ng 643 90 
+ DNase 1 ng 274 95 

- d-ATP, d-CTP, d-GTP 447 93
 
heated enzyme at 1000 for 5 min. 163 97
 

respect, crown-gall cell and A. tumefaciens DNA behave as do DNA 
purified from different mammalian cancerous tissues, i.e. carcinogens and 
several antimitotic drugs exhibit a considerable stimulatory effect on 
cancer DNA in vitro synthesis and a slight effect on that of DNA from 
healthy tissues (5). 

Crown-gall Cells in vivo Multiplication 
The particular in vitro stimulation of crown-gall DNA synthesis by the 

various substances used should be correlated byan in vivo acceleration of 
cancer cell multiplication. Thus, a range of concentrations of CP,
daunorubicin or DMBA were introduced into preinfected wounds 24 or48 
h following bacterial infection (only a few hours are required for the 
transformation of normal pea cells into tumor cells). It is interesting that at 
low concentrations, these substances act as tumor-stimulants and
increase tumor weight while at high concentrations they have a strong
tumor-inhibiting action but do not disturb normal plant growth (Fig. 2).
When drugs and bacteria are applied together on wounds (time 0), the 
same low concentrations have no effect on tumor development, whereas,
high concentrations have a drastic inhibitory effect (Fig. 2) Thenonaction 
of low concentrations at time 0 must be the consequence of the dilution or 
elimination of these substances unretained by healthy cells during the first 
hour followi ng wounding. These results correlate the stimulation of in vitro 
crown-gall DNA synthesis and the absence of onstimulation DNA 
synthesis from healthy cells. 

In Vitro DNA Strand Separation 
The substantial and selective stimulation of in vitro crown-gall DNA 

synthesis and the significant increase of pea tumor cell multiplication
under the influence of each of these compounds suggested that cancer
DNA was "relaxed" compared to normal DNA and many undergo further 
destabilization in presence these substances. To thisthe of verify
hypothesis, we studied the hyperchromic effect of these substances on 
healthy and cancer DNA. It is known that UV absorbance (260 nm)
increases when DNA strands are separated. Maximum hyperchromicity
obtained from both types of DNA on incubation with 0.1 M KOH ranges 
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Fig. 2. Effect of daunorubicin on crown-gall tumor 
development. Drug was applied to the wounds either 
mixed with B(6 bacteria (to) or separately 24 hours 
(t24) or 48 hours (t48) after bacterial infection. Each 
point represents mean tumor weight value for 30 
plants and vertical bars indicate ± SE of the mean. 
Similar responses were obtained with CP and DMBA. 

between 35 and 42%, which confirms that both DNA are well polymerized. 
Now, Fig. 3 shows that in the presence of each of the substances used, UV 
absorbance increases considerably forcrown-gall DNAbut notatall oronly 
slightly for control cells DNA. There are optimal concentrations for DNA 
strand separation which vary according to the drug used (Fig. 3). Theyalso 
locally separate the strands of DNA from ,4.tumefaciens B6 but not from E. 
co/i or non-oncogenic B 6 -Trl. It is important to note that plant hormone 
IAA, daunorubicin, CP, and mitomycin C behave as carcinogens on cancer 
cell DNA but act very poorly on normal cell DNA. We should recall that 
tumorogenesis requires IAA for tumor induction with RNA(8, 10,22). This 
hormone exhibits a small but detectable hyperchromic effect on plant 
DNA. DNA strand separation may explain both the stimulation of in vitro 
DNA synthesis and the in vivo acceleration of cancer ce'l multiplication. 
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Fig. 3. Effects of drugs on crown-gall tumor and healthy pea cells DNA strand 
separation. UV absorbance (260 nm) of DNA was measured in the absence or 
presence of each compound tested at the indicated concentrations (see text). 

Ribonuclease Activity in Healthy Crown-Gall Drug Treated Cells 
It is well known that in vitro replication of DNA by DNA-dependent DNA 

polymerase requires the presence of RNA primers (oligoribonucleotides)
whose origin may be multiple (9, 27). RNase may provide these primers and 
we have shown that non-oncogenic long chain RNA may be degraded into 
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more or less purin-rich RNA-fragments, some of which inhibit preformed 
cancer cells (23). Others initiate DNA in vitro replication with a relatively 
high specificity towards DNA (4, 11). Plant cancer cells can be induced 
with RNA only in the presence of IAA (10). Thus, one should expect that, 
depending upon the nature of the cell and the speed of its divis;')n, RNA 
primers would differ and RNase activity would be modified. We therefore 
attempted to establish a possible correlation between in vivo increase or 
decrease in weight of tumors and RNase activity in plant and tumor extracts 
according to various treatments. 

The crude pea extracts for the RNase activity detection were prepared 
with 24 h following application of the different drugs on healthy wounds 
(normal tissues) or at the 12th day following bacterial infection of wounds 
which have been post-treated 24 or 48 h after B 6 infection (tumorous 
tissues). Enzyme activity was measured by observing the degradation of 
3H-labelled r-RNA. Results are expressed as TCA-precipitated RNA (Table 
2). Two important observations may be made: 1) CP, daunorubicin and 
DMBA after a 24 or 48 h aging period in the healthy wounded cells, 
decrease RNase activity, with low and high drugs doses. 2) Small doses of 
drugs present in the crown-gall cells lead to a considerable increase in 
RNase activity, while high doses greatly depress this activity. 

An increase of RNase activity corresponds to an increase of tumor 
weight; both appear in the presence of small concentrations of drugs (Table 
2). High doses decrease the tumor weight as well as RNase activity. Small 

Table 2. RNase activity in the extracts from healthy pea cells and crown-gall 
tumors, both untreated or treated with different drugs. 

Per cent of degraded radioactive RNA 

Extracts from healthy plants Extracts from tumor tissues 

Extract, no drug 32 Extract, no drug 42 

" CP 0.1 ng 32 " CPO.1 ng 55 

" CP 1 ng 10 " CP 1 ng 70 

" CP 10 ng 8 " CP 10 ng 21 

CP 50 ng 1 " CP 50 ng 1 

daunorub. 0.005 ng 30 " daunorub. 0.005 ng 76 

daunorub. 1 ng 20 " daunorub. 1 ng 16 

daunorub. 2 ng 14 " daunorub. 2 ng 8 

daunorub. 5 ng 8 " daunorub. 5 ng 11 

DMBA 0.02 ng 33 " DMBA 0.02 ng 49 

DMBA 0.2 ng 32 " DMBA 0.2 ng 63 

" DMBA 1 ng 30 " DMBA 1 ng 35 

,DMBA 10 ng 28 " DMBA 10 ng 28 

No extract 100 No extract 100 
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doses of RNA-fragments introduced into infected wounds treated with 
small doses of drugs suppress the increase in tumor weight (Fig. 4) and 
decrease the enhanced RNase acivity (Table 3). In the presence of high
doses of drugs, large doses of RI\A-fragments increase the RNase activity
and practically suppress the tumor inhibitory effect of drugs (Fig. 4 and 5).
Over a limit in concentration of drugs, RNA-fragments cannot reverse the 
effects observed. Thus, the amount of exogenous RNA-fragments may well 
modulate RNase activity in tumorous cells and thus bring the weight of 
tumors and RNase activity back to values found in untreated cancer cells. It 
should be stressed that RNA-fragments introduced into the wounds of 
decapitated epicotyls increase RNase activity (measured 24 h after 
administration), which is suppressed by low or large doses of drugs. 

Table 3. RNase activity in the extract from crown-gall tumors treated with different 
drugs and RNA fragments. 

Treatment Per cent of degraded 
radioactive RNA 

Extract without drug 42
 
Extract ,CP 0.1 ng 55
 

CP 0.1 ng + RNA-fragts 0.005 ng 38
 
daunorub. 0.005 ng 76
 

" ,*daunorub. 0.005 ng + RNA-fragts 0.1 ng 40
 
DMBA 0.02 ng 63 
DMBA 0.02 ng + RNA-fragts 0.4 ng 41 

No extract 100 

Conclusions 
We used crown-gall tumors as a model to estallish a correlation 

between in vitro DNA synthesis, DNA local strand separation, and 
multiplication of cancerous plant cells, with differential susceptibility to 
low and high doses of CP, daunorubicin, DMBA, or IAA. At low 
concentrations, these compounds (also mitomycin C) strongly stimulate 
crown-gall and A. tumefaciens B6 DNA in vitro synthesis and DNA strand 
separation measured as a UV absorbence increase, and enhance tumorous 
cells development. Used at low or high concentrations, they have
practically no effect on DNA from healthy pea cells, DNA from E. colior from 
B 6 -Tr-1 A. tumefaciens non-oncogenic strain. The action of IAA in these 
events is of particular interest. This plant hormone is required to increase 
the size of healthy cells (14) and is needed for tumor induction with tumor
inducing RNA (8, 10, 22). In vitro, it strongly stimulates the synthesis of 
crown-gall and B6 DNA and induces DNA strand separation of both. In this 
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respect it has a detectable, although low, effect on DNA from healthy pea
cells. Its contribution in tumor induction appears to be similar to that of 
carcinogenic compounds since its in vitro behavior is similar to theirs. 

rhe interaction of hormones and ribonuclease was considered in plant
cells (29). RNase activity is in our experiments of fundamental interest 
since this enzyme may provide RNA primers without which there is no 
possible DNA synthesis (9, 27) and, consequently, no cell division process.
We have already demonstrated that, depending on the RNase, inert r-RNA 
may be 	used to provide either tumor-inducing RNA (8, 10, 22), tumor
necrosing RNA (23) or specific primers for this or that DNA template (4, 11).
Thus, all modifications of RNase activity interfere with the endogeneous
primers 	which this enzyme provides for cell multiplication. 

It is worthwhile noting that a given cell DNA requires different RNA 
primers, according to its normal or cancerous origin (unpublished results).
Here we aw that in healthy plant cells, low and high concenrations of 
these substances inhibit RNase activity while at low doses !.I crown-gall
they strongly stimulate RNase activity. High doses are inhibitory and 
decrease tumor weight. 

There appears to be a correlation between crown-gall tumor weight
increment and the increased RNase activity of these cells. This correlation 
is observed only if small doses are introduced into wounded plants 24 h 
after infection with B6 . This indicated that these compounds act 
preferentially on tumorous cells whose tormation requires at least 6 h 
following infection (18). Exogenously introduced RNA-fragments regulate
RNase activity and suppress either the stimulating or inhibiting effects of 
the substances active in plant tumor development. It was reported that 
mitomycin C used at low concentration stimulated the multiplication of A. 
tumefaciens and consequently substantially increases tumor initiation 
(17). Moreover multiplication of A. tumefaciens inside tumorous cells 
does not appear to be essential for tumor weight increase (21). Here we 
have shown that mitomycin Cat low doses induces crown-gall and 1D6 DNA 
in vitro strand separation and strongly enhances DNA synthesis without 
affecting DNA from healthy pea cells. DNA local strand separation, as a part
of the gene activation process in healthy cells and particu larlyi n tumorous 
cells, provides single-stranded DNA regions required by DNA and RNA 
polymerases to accomplish their action necessary for cell growth and 
division. 

Data presented here and other data obtained with mammalian cancer 
cells DNA (12) demonstrate the existence of a common denominator for 
cancer DNA i.e. that these DNA are destabilized and then become 
susceptible to the action of various compounds and may exhibit a high
template activity in comparison to DNA from healthy cells. 
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Abstract 

Cultural and environmental factors influence the ability of Erwinia 
amylovora to move by flagellar motion. Synthesis of flagella, the organ of 

locomotion, is dependent on temperature with an optimum at 18-23 0 C. 
Bacterial movement is also dependent on pH with an optimum of between 6 
and 8, and on the presence of a chelating agent in the motility medium. The 
energy for flagellar movement is derived from oxygen-dependent 
metabolism of an endogenous energy source, but motility will occur under 
anaerobic conditions if an energy source iu provided which can be 
metabolized under anaerobic conditions. Erwinia amylovora is not motile 
when inside host tissue, but cells rapidly become motile when in contact with 
free water. Temperature, pH, and chemical factors also influence the 
directional movement (chemotaxis) of Erwinia amylovora. The bacterium is 
strongly attracted only to four carbon dicarboxylic organic acids such as 
malate, succinate, and oxaloacetate. Attraction to this entire class of 
compounds is uniformly inhibited by the presence of any member of the class 
suggesting a single chemoreceptor for all attractants. 

Introduction 

Most plant pathogenic bacteria are motile by means of flagella. It has 
been proposed that motility may be of survival value when nutrients 
become limiting (23, 9) and may increase the pathogen's infection potential 
by allowing movement toward sites of entry (16). Panopoulos and Schroth 
(16) demonstrated that motile strains of Pseudomonas phaseolicola were 
more infective than nonmotile strains. 

Motility by bacteria may be a directed motion, and when it is in response 
to a chemical gradient, it is termed chemotaxis. Chemotaxis has been 
demonstrated in a variety of bacterial genera (10). Among plant pathogenic 
genera, chemotaxis studies have been limited to studies with 
Xanthomonas oryzae (8) and Pseudomonas lachrymans (6). Additional 
studies on chemotaxis in plant pathogenic bacteria are needed if 
generalizations concerning bacterial chemotaxis are to be made. 

Erwinia amylovora (Burr.) Winslow et al, a peritrichously flagellated 
bacterium and the causal agent of fire blight of rosaceous plants could 
serve as a model system to examine the role of motility and chemotaxis 
among plant pathogenic bacteria. Such studies may eventually aid in 
elucidation of th i role of chemotaxis in plant pathogenesis. 

This report sunmarizes our findings concerning the factors which affect 
movement and cl emotaxis of E. amylovora (18, 19). 
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Materials and Methods 
Bacterial Strains and Growth Conditions 

The bacterial strains of E. amylovora used were a single cell isolate
obtained from an infected apple shoot (A1 ),and an American Type Culture
Collection isolate #19382. E. amylovora was grown on modified Emerson 
medium (MEM) (20) and maintained in sterile water stock cultures. 

Factors Affecting Motility 
Effect of growth temperature, pH, chelating agent, energy source, and 

oxygen on motility were studied through microscopic examination and 
motility assay.

Motility was observed directly under a phase contrast microscope at 256 
x magnification by focusing on the bottom of a drop of the bacterial 
suspension.

Motility assays were carried out by Adler's technique (1). In this method, 
a capillary tube containing a test chemical is inserted into a bacterial
suspension. Bacteria swim to and accumulate in the capillary if they are 
attracted to the chemical. In the absence of a test chemical in the capillary,
this technique becomes a motility assay (1). Bacteria move randomly but
the number ,..f bacteria in the capillary at the end of the assay period is a
function or the rate of movement. The more vigorously motile the cells are,
the more bacteria enter into the capillary.

Slight modifications were made with Adler's technique (1). Glass petri
dishes were used instead of microscope slides. All materials used
including one nI micropipets (Drummond Scientific Co., Bromall, Penn
sylvania) were rinsed thoroughly with glass distilled water and sterilized.
An assay chamber was formed by laying a U-shaped capillary tube with
sealed ends between a glass petri dish and cover slip. The chamber was
filled with 0.2 ml of bacterial suspension in motility medium into which a 
one nI capillary tube containing motility medium and sealed at one end was 
inserted. 

Bacteria used in the assay were prepared from MEM broth. Cells from
MEM plates were transferred to MEM broth and incubated overnight at 
23 0 C, unless mentioned otherwise, on a shaker bath at 120-140
oscillations/min. These cultures were used to inoculate fresh broth and
allowed to grow to an optical density of 0.2 to 0.4at 660 mn. Cultures were
harvested at 3400 g in a refrigerated centrifuge at 23 to 261C and
resuspended in motility medium to a final concentration of 4 x 107 cells/ml.
Motility medium consisted of 10- 3M or 10-4M ethylenedia-minetetraacetic 
acid (EDTA) in 10-2M phosphate buffer.

The effect of growth temperature on motility was studied by growing
cells at temperatures of 18 to 331C. The cells were preparGd as above,
examined under the microscope and assayed for motility. For the effect of
pH, E. amylovora was grown on MEM, adjusted to different pH values, and
motility of resulting cells was determined by microscopic examination. The 
effect of pH on motility itself was determined by assays in motility medium
with varying pH values using potassium phosphate buffer. The effects of
EDTA (achelating agent) and of different energy sources on motility were
studied by adding either EDTA at 10- 1-10- 6M concentrations or energy 
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sources at differing concentrations to the motility medium. The effect of 
oxygen was determined by examining motility of cells in a drop on a slide 
with the cover slip sealed with paraffin or nail polish or unsealed. 

Assays were done at 230 C for 45 minutes. At the end of the incubation 
period, the capillaries were removed and the exteriors rinsed with water. 
The sealed ends were broken and the contents squirted into MEM broth. 
Appropriate dilutions were made, plated onto MEM, and resulting colonies 
counted after 24 to 48 h. All assays were replicated three ames and 
number of bacteria per capillary was based on duplicate plate counts. The 
average percent standard deviation was 21% based on replicate deter
minations of the different treatments in the experiments. 

Factors Affecting Chemotaxis 

The modified Adler's capillary technique described above was also used 
to assess the effects of different factors affecting chemotaxis. A capillary 
tube containing a test chemical was inserted into a bacterial suspension. 
Bacteria accumulate in the capillary if they are attracted to the chemical. 
Temperature effects were studied by performing chemotaxis assays on 
slide warmers adjusted to the assay temperature and placed in a 
refrigerated room. The effects of pH, incubation time, MgCI 2 , chemotaxis 
medium and bacterial concentration on rhemotaxis were also investigated 
by varying each parameter. 

Apple nectar extract served as the natural chemoattractant. Nectar 
extracts were obtained from flowers at full bloom of cultivars Jonathan 
and Golden Delicious at the University of Illinois apple orchard. Glass 
distilled water (10 nl) was deposited on flower nectaries exposed by 
manually removing other flower parts for 10 to 15 sec and then removed 
with an Eppendorf pipet. The nectar extracts were filter sterilized and either 
lyophilized or stored at -20'C. One ml of the extract was obtained from 130 
flowers; it weighed 3.1 mg after freeze drying. 

Fractionation of nectar extract into basic, neutral and amino acid, and 
organic acid fractions was performed with an anionic resin (Dowex 2-X8
chloride form, 74-38 nm) and a cationic exchanger (Dowex 50W-X8
hydrogen form, 74-38 nm). A vial of the freeze dried nectar extract 
containing 3.1 mg was rehydrated with 5 ml of glass distilled water and 
added to 5 ml of Dowex-X8 (wet volume) mixed, filtered, and the resin 
washed with 0.1 N HCI and refiltered. To the latter filtrate, Dowex 50W-X8 
was added, and the same process was repeated asabove. All filtrates were 
evaporated to dryness, dissolved in 10 ml of the chemotaxis medium 

-
(equivalent to a 10 1dilution of the crude nectar extract) consisting of 10
3M ethylenediamin tetraacetic acid (EDTA), 10-3M mannitol, 10- 2M 

MgCI 2 and 10-2M notassium phosphate buffer at pH 7. The pH was 
adjusted to 7 with KOH and the solutions assayed by the capillary 
technique. 

The capillary tube assay was used to test various amino acids, sugars, 
and organic acid to determine if they were chemoattractants. The different 
test chemicals at 10-'-1 0-1M, depending upon solubility,were dissolved in 
the chemotaxis medium described previously.The solutionswere adjusted 
to pH 7 with KOH as necessary. Assays were run for 30 minutes using a 
bacterial population of 8 x 106 cells/ml suspended in the chemotaxis 
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medium. In assays of sugar compounds, the bacteria were grown onModified Miller Schroth Medium (MMS) (13) with a 10-2M concentration ofthe sugar being assayed. Cysteine solutions were prepared just before 
assay.


All sugars used were D-form and all 
 amino acids L-form (SigmaChemical Co., St. Louis, MO.). All organic acids were reagent grade,
obtained from various commercial sources.

Terms commonly used to describe chemotaxis responses ars adopted (1,11). A concentration response curve is a plot of responses vs. logarithm ofconcentration in the capillary. Peak concentration is defined as theconcentration that causes the greatest accumulation of bacteria in a seriesof dilutions. Peak response is that number of bacteria that accumulate inthe capillary containing the peak concentration. Threshold is theconcentration which gives a detectable increase over the blank or controlvalue (response to zero concentration of the compound) plus the standarddeviation for replicate determination for the value. The threshold may beextrapolated from a concentration response curve on a double logarithmicplot. The blank value is the bacterial accumulation in the absence of anattractant. Relative response is the ratio of the number of bacteria percapillary to that of blank value (14). Any chemical with a relative responseless than five at peak concentration is considered a weak attractant in thisstudy. Threshold values of weak and non-attractants are not computed. 

Results 
Factors Affecting Motility 

Effect ofTemperature. Examination of cultures grown at temperatures
of 18 to 23 0 C revealed more vigorously motile cells than those grown at30 0 C or higher. Temperature effects on motility were confirmed byAdler'smotility assay (Fig. 1). There were no significant differences between responses of cells grown at 18, 20, and 23 0 C but cells grown at thosetemperatures were significantly more motile than cells grown at 27,30,or33 0 C(P= .01). At 331C, lessthan 1%of the cells were motile and those that were motile were sluggish, Cells were more vigorously motile whengrown below 23 0 C, but growth was not as good as when bacteria were 
cultured at higher temperatures (Fig. 1).When cells grown at 23 0 C were transferred to fresh broth with one setincubated at 23 and the other at 331C, only cells incubated at 230 C werevigorously motile after 24 h When weakly motile cells (grown at 330 C)were the source of inoculum, cultures incubated at 231C became fullymotile after five generations (generation time of E. amylovora on MEM at23 0C is 81 minutes). Cells incubated at 330 C remained at a very low levelof motility. When washed cells grown at 23 and 330 C were maintained inmotility medium and incubated at either 23 or 330 C, 231C grown cellsremained motile for about 2 H while cells grown at 330 C, regardless oftemperature of incubation, remained weakly motile. Cells grown attemperatures of 23 0 C had abundant flagella as determined by electronmicroscopy (19) while cells from cult-res grown at 33 0 Chad very few or no 

flagella. 
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Fig. 1. Effect of incubation temperature on motility and on growth of 
Erwinia amylovora. The data are a composition of several experiments in 
which responses are adjusted to 100%with respect to the results obtained 
at 231C. Motility assays were performed at 230C for 45 min usi,,u 4 x 108 
cells/ml suspended in 10-4M EDTA and 10-2M potassium phosphate 
buffer at pH 7. Growth responses were estimated by dilution plating. 
FLSD 0 5 = 14.4% for motility and 32.28% for growth. 

Effect of Chelating Agents. The addition of EDTA to the motility medium 

enhances motility of E. amylovora as determined by Adler's method (Fig. 

2). Maximum stimulation by EDTAwas observed at 10-3M and inhibition at 
10-2M or higher concentrations. Motility of cells in phosphate buffer plus 
10-4M EDTAwas more vigorous than that of cells in buffer or distilled water 

alone. Addition of other reported chelating agents (1), including 1% 

peptone, 10- 3M L-glutamine, 10-3M L-arginine or a drop of MEM broth 

enhanced motility. 
Effect of pH. Active motility was observed through microscopic 

MEM at pH values of 6 to 8, while pHexamination of cells cultured on 
values of 5 and 9 caused reduced motility and growth. The effect of pH on 

assayed by adjusting the pH of motility medium tomotility itself was 
different pH values. Motility as reflected in numbers of cells per capillary 

was unaffected within the pH range of 6 to 9 (Fig. 2). 
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Fig. 2. Effect of EDTA concentration and pH on motility of Erwinia 
amylovora. Assays were performed at 23 C for 45 mir using 4 x 10 cells 
per ml suspended in 10-2M potassium phosphpc buffer for EDTA
experiments and 10-2M potassium phosphate buffe ,luseIMEDTDfor
pH experiments. FLSD 05 525.03 for EDTA; 748.z5,) for pH. 

Effect of Energy Sources. Motility was enhanced when certain energy 
sources were added to the motility medium as judged by microscopic
examination. In this experiment the Miller and Schroth medium (13) minus
the selective agents was used as the growth medium. Mannitol and
glucose at 10-:1M gave the best stimulation as compared to cells in motility
medium without an outside energy source. Glutamine, asparagine,
galactose, fructose, and sucrose at 10-3 M also enhanced motility but not as
well as mannitol and glucose. Glycerol at 0. 1 or 0.05%or sodium lactate at10-3M and 104M or inositol at 10-3M did not stimulate motility. 
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Effect of Oxygen. Motility of cells (107 cells/ml) washed with and 

suspended in motility medium ceased after 30to45 min in a drop on a slide 

with the cover slip sealed. When the seal was broken, good motility was 
motile for up to 2 to 3 hrs.restored. Cells in the unsealed controls were 

With an added energy source, mannitol, in the medium, motility was 
2 h and 8 h in the sealed and unsealed slides,maintained for 1 1/2 to 

respectively. 

Factors Affecting Chemotaxis 

Chemotaxis Medium Composition. Both an energy source and EDTA 

are essential for chemotaxis of E. amylovora toward nectar extract. The use 
of chemotaxis medium consisting of 10-3M (NH4 )2S0 4 , 10-M MGCI 2 , 10
7M mannitol, 10- 3M EDTA, and 10-2M potassium phosphate buffer at pH 7 

resulted in an accumulation of 6400 bacteria/capillary. The removal of 
and mgCI 2 from the chemotaxisEDTA or mannitol but not (NH4 )2S0 4 

medium resulted in statistically fewer bacteria/capillary. Increasing 
concentration of MgCI 2 to 10- 2M increased the accumulation to 30,000 
bacteria/capillary (Fig. 3). Based on these results, the chemotaxis medium 
used in our studies consisted of 10- 2M potassium phosphate buffer (pH 7), 
10-3 M EDTA, 10-3M mannitol, and 10- 2M MgCI 2 . 

Effect of Incubation Period. Accumulation of bacteria in the capillary 

attracted by 10-1 dilution of nectar extract reached a maximum after 30 

minutes (Fig. 4). The responses obtained after 30 minutes did not vary 

significantly (P = 0.05) from responses at 45, 60, 75, and 90 minutes. 
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Accumulation in the absence of an attractant increased linearly with time 
to about 830 bacteria in the capillary after 90 min of incubation. Therefore, 
an incubation period of 30 min was adopted.

Effect of pH. Chemotaxis towards 10 -' dilution of nectar extract was 
unaffected by pH within a range of 6 to 8. Values of pH 4 and 10 caused an 
almost complete inhibition of chemotaxis. Responses at pH 5 and 9 were 
also significantly (P = 0.05) lower than those at pH 6 to 8. 

Effect of temperature. Chemotaxis toward 10-1 dilution of nectar 
extract was insensitive to incubation temperature within the range of 2Oto 
28°C(Fig. 5). Responsesat 18 and 30 0C were significantly(P = 0.05)lower
than those at 20 to 28 0C, and lowest at 4 and 330C. The assay temperature 
used in subsequent experiments was 230 C. 
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Fig. 4. Rate of accumulation of Erwinia Fig. 5. Effect of temperature on taxis
 
amylovora in capillaries containing 10-' toward nectar extract. Capillaries con
dilution of nectar extract or chemotaxis tained 10- 1 dilution nectar extract or

medium alone. Assays were run for 30 chemotaxis medium alone. Assays

min at 230C. were run for 30 min.
 

Effect of Bacterial Concentration. The accumulation of bacteria within 
the capillary containing 10-i dilution of nectar extract increased linearly
with increasing bacterial concentration outside the capillary up to about 4x 
107 cells/ml. At higher cell concentrations no additional accumulation 
occurred and a plateau was reached. Accumulation in the absence of an 
attractant increased linearly with increasing bacterial concentration up to 
7.9 x 107 cells/ml, the highest concentration tested. The bacterial 
population used in all other experiments was 8 x 106 cells/mi. 
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Chemotactic Response Toward Different Compounds 

Taxis toward Nectar Extract and its Components. The responses of E. 
amylovora to nectar extracts of Jonathan and Golden Delicious apple 
cultivars were identical. Peak concentration occurred at the undiluted form 
of the nectar extracts and the threshold was <1 x 10 -8 dilution. 

Chemotaxis toward the different Dowex fractions of nectar extract of 
Golden Delicious varied (Table 1). The organic acid fraction was the best 
attractant among the different fractions but was not as good an attractant 
as the unfractionated nectar extract. Response to the neutral and basic 
iraction and the amino acid fraction was significantly(P = 0.05) lower than 
the organic acid fraction and not significantly different from the control. No 
fractionation was performed on the Jonathan nectar extract. 

Table 1. Response of Erviniaainylo'ora to the different fractions of nectar ex

tract of apple cultivar Golden Delicious. 

Bacteria/capillarybFractiona 

175wcNo attractant 
Neutral and basic 945w 

Amino acidd 1,385w 

Organic acidd 16,915x 

Unfractionated nectar extract 25,025y 

aFractionated by ion exchange chromatography.
 
bAssay run at 230C for 30 min with 8 x 106 cells/ml outside the capillary.
 

CMeans followed by the same letters are not significantly different at 50/o level of probability
 

according to Fisher's least significant difference test.
 
dAdjusted to pH 7 with KOH. Accumulation in capillary containing 1 M KCl was 240 thus va

lues reported are due to the acids themselves. 

Taxis Toward Amino Acids. Among the amino acids giving positive 
significant (P = 0.05) response, only aspartate induced high response with 
an accumulation of 13,520 bacteria at peak concentration compared with 
210 to 1,475 bacteria for the others. The relative responses at peak 
concentrations were 80.5 for aspartate and 1.5 to 4.8 for the other amino 
acids. The threshold value for aspartate is less than 10..7M, the lowest 
concentration tested (Fig. 6). No significant responses (P = 0.05) were 
obtained with alanine, asparagine, L-carbamyl aspartate, glutamine, 
glycine, hydroxyproline, isoleucine, and lysine. 

Taxis Toward Organic Acids. Erwinia amylovora demonstrated positive 
chemotaxis toward 8 of 15 organic acids tested (Table 2). Galacturonate 
and tartarate are weak attractants with peak relative responses of only 3.4 

aand 2.3, respectively. The peak relative response of maleate was 5.1, 
much lower value than those of the other organic acid attractants. It has 
also a low threshold value of 8 x 10-3M (Table 2 and Fig. 6). Fumarate has 
high peak and relative responses but a low threshold of 2 x 10-3M. 
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Table 2. Comparison of responses of Erwiniaamylovora to certain organic acids. 

Peak Response 

Organic Acida Concentration Calculated Relativec Threshold 
(M) number of response 

bacteria per 
capillaryb 

DL-Tartarate 10-3 575 2.3 
D-Galacturonate 10-1 708 3.4 
Maleate 10.1 2230 5.1 8 x 10- 3 

DL-Malate 10- 3 25693 161.6 8 x 10-' 
Fumarate 10.1 24915 56.4 2 x 10-3 

Succinate 10.1 33295 334.0 2 x 10.' 
Malonate 10.1 34164 214.5 3 x 10_5 

Oxaloacetate 10- 1 20720 57.0 1 x 10

aOrganic acids which showed significant responses.
 
bBlank values (no attractant in the caoillary) were subtrated. Assays were run for 30 min at 230C
 
with 8 x 106 cells/ ml outside the capillary.

CRatio of number of bacteria/capillary of peak response to that of blank value. 

Oxaloacetate, succinate, malate, and malonate are good attractants by all 
criteria. AlIt he attractants had peak concentrations of 10- M except malate 
and tartarate at 10-3M (Table 2). However, reduced motility ofE. amylovora 
was observed in the presence of 10-1 M concentrations of the above 
compounds. 

Concentrations of citrate, isocitrate, oxalate, lactate, pyruvate, c 
ketoglutarate and cis-aconitate at 10- 1M to 1O- 7M concentration did not 
induce significant (P = 0.05) positive responses of E. amylovora. Induction 
of chemotaxis toward citrate was attempted by adding 10-2M citrate to the 
growth medium. However, poorly motile cells resulted. At 10- 3M, cells 
were motile but not as vigorous as cells grown in the absence of citrate. No 
additional assays were done on citrate. 

Taxis Toward Sugars. Sucrose, glucose, and fructose, which are 
present in nectar extract, did not elicit chemotactic response from E. 
amylovora. The same was true with galactose, mannitol, sorbitol, ribose,
lactose, and raffinose. In this set of assays, glutamine previously
established to a non-attractant (unpublished data), was used as energy 
source. 
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Fig. 6. Concentration response curves for aspartate, fumarate, malate, 
and maleate. The response at threshold (accumulation value in the 
absence of attractant plus standard deviation) was 30 for fumarate, 67 for 
malate, and 141 for maleate based on linear portions of the curves. 

Inhibition of Chemotaxis by Other Attractants 

Malate, an attractant, when present at 10 3M (peakconcentration) in the 
capillaries containing other attractants and in the cell suspension, 
inhibited chemotaxis toward all the other attractants tested (Table 3). 

Comparison of Chemotaxis Between Two Strains of E. amylovora 

The pattern of responses of our strain used in this study and ATTC strain 
#19382 to two sugars, three organic acids, and two amino acids was 
similar (Table 4). Neither strain responded to asparagine, fructose, glucose, 
or c-ketoglutarate. Strong taxis was observed in both strains toward 
aspartate, malate, nectar extract, and succinate. 
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Table 3. Inhibition of Erwinia amylovora chemotaxis by malatea. 

Bacteria/capillaryc 
Attractantb 

No malate 

Fumarate 32100 
Malate 31000 
Succinate 33800 
Maleate 3600 
Oxaloacetate 28300 
Malonate 23150 
Galacturonate 1090 
Aspartate 20525 
Nectar extract 17000 

o/o Inhibition 
Malate present 

2765 91 
0 100 

2495 93 
0 100 

1650 94 
1050 95 

0 100 
1196 94 
360 98 

aMalate at 10-3 M present both in the capillaries and In bacterial suspension.-bTested at 10 1 M except malate at 10-3 M and nectar extract at 101dilution. 
cAssays were run for 30 min at 230C. A background accumulation of 420 was subtracted from 

each value. 

Table 4. Response of two isolate: of Erwinia ainylovora to a variety of compounds. 

Bacteria/capillary
Compounda 

ATTC isolate no. 19328 A1 b 

D-Fructose 175 185 
D-Glucose 360 180 
L-Asparagine 210 260 
L-Aspartate 24700 26183 
Succinate 38566 32250 

-Ketoglutarate 140 130 
DL-Malate 33450 31400 
Nectar extract 16917 19600 
No attractant 160 255 

-aTested at 101 M concentrations except malate at 10_3 M and nectar extract at 10.1 dilution. 
pH adjusted to pH 7when necessary.blsolated from University of Illinois apple orchard and used in all other experiments. 
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Discussion 

Erwinia amylovora is peritrichously flagellated (5) and the synthesis of its 

flagella is dependent upon growth temperature. At the optimum 

temperature for motility (23 0C or lower), E. bmylovora produces abundant 

flagella (19). This temperature is not optimal for growth which in this study 
minimum for occurrence of blossomis 300C. The temperature cited as 


blight is 180C (17). This is of interest since motility is optimal at 180C for E.
 
vigorous motility can enhance the

amylovora. It is conceivable that 
infection process, but motility is not an absolute necessity for either entry 

(16) or for pathogenesis becauses non motile E. amylovora cells cultured at 

330 C are still pathogenic. 
Environmental conditiuns and cultural factors influence motility of 

bacteria. Motility of E. amylovora is enhanced by EDTA, possibly because of 
an

its chelating ability (4). Motility of E. amylovora can occur without 

outside energy source although a chelating agent is needed to demonstrate 

this. In E. colithis was shown to be due to an endogenous energy source (4). 

Motility of both E. amylovora and E. coil (4), however, is ,timulated by 

exogenous energy sources. 
Oxygen is required for motility of E. amylovora unless an energy source 

like mannitol, which is utilized anaerobically, is present. In E. co/i, oxygen is 
sources (4). However,required for utilization of endogenous energy 

motility occurred under anaerobic conditions in the presence of serine, an 

energy source which the bacteria can metabolize in the absence of oxygen. 

A similar result was obtained with Pseudomonas viscosa (22) which 

utilized arginine as energy source for motility in the absence of oxygen. 

The optimum pH for motility varieswith the bacterium studied (4, 7). The 

effect of pH on flagella synthesis may not parallel the effect on mGtility 

itself. Flagella synthesis of E. amylovora is inhibited at pH 9 as shown by the 

poorly motile cells resulting from cultures grown on medium at pH 9. 

However, motility is unaffected at pH 9 since motility response was 

identical to that at pH 7. 
Erwinia amylovora also exhibits chemotaxis. Medium components, 

source, the presence of chelating agent, and
including the energy 
magnesium chloride, and environmental factors including temperature 

and pH, influence its response. Erwinia amylovora is attracted strongly to 
of the 

aspartate, and to several Kreb's cycle organic acids but to none 

sugars tested. This pattern of responses is different from other bacteria (3, 

12, 15, 24). 
Erwinia amylovora attractants studies appear to be detected by only one 

chemoreceptor site. This site appears highly specific. The substitutions of a 
of malate, changes malate, a strong

hydroxyl group for a hydrogen on C3 
a weak attractant. The substitution of aii amide 

attractant, to tartarate, 
group for a carboxyl group changes aspartate, a strong attractant to 

of a carbon atom between
asparagine, a non-attractant. The addition 
carboxyl groups, i.e., aspartate to glutamate, also changes a strong 

to all the 
attractant to a weak attractant. Responses of E. amylovora 

attractants were uniformly inhibited by malate by 91 to 100%. Inhibition of 

taxis occurs if the attractants share a common receptor site (2). Similarity 
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of chemical structure, all of attractants being three or four carbon,
dicarboxylic acids, lends further support for one receptor site. 

The responsiveness of E. amylovora to organic acids and aspartate but 
not to sugars or to the other amino acids appears unique to this organism.
Taxis toward organic acids has not been reported in any plant pathogenic
bacterium. Such responses are not due to the uniqueness of our strain 
since the same pattern of taxis was observed with the ATTC strain. The 
limited range of response of E. amylovora may have evolutionary and 
ecological significance. Erwvinia amylovora may have had receptor sites for 
sugars and the other amino acids, but through evolution and due to an 
ecological need to be different from sapropiytes, it has lost these receptor
sites. Perhaps it has developed unique chemoreceptors for dicarboxylic
acids. All the strong attractants, except maleate, are reportedly present in 
plants, and malate, the strongest attractant, accumulates in cell vacuoles 
of apples (21). Conceivably, this compound or a similar one is the "chemical 
odor" which E. amylovora follows to the portal of entry. 
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Abstract 
Response of four rice cultivars that have different major genes for 

resistance to isolates of Xanthomonas campestris pv. oryzae varied. All
isolates were virulent to IR8 but differed in vertical virulence to IR20, Cas 
209, and IR1545. According to adisease scale of 1 to 9, based on leaf area 
affected, interaction between cultivar-isclate combination was shown at 14
day: after inoculation (DAI). Unless the rice-isolate combination was 
compatible, there was no significant change at 21 DAI. Random selections 
of isolates either virulent or not virulent to IR20, but all virulent to IR8 and not
virulent to IR1545 were evaluated for their variation in virulence on the three 
cultivars. Ranking of the isolate based on lesion length indicated that the
ranking order was not consistent for any isolate on IR8 and IR1545, which 
are susceptible and resistant, respectively, to these isolates. Significant
difference between isolates that were virulent and not virulent to IR20 was
noted both on high and low Inoculum densities. Vertical virulence of these 
isolates was also distinguished on IR20 at various'plant ages. 

Introduction 

Bacterial blight of rice caused by Xanthomonascampestris pv. oryzae is 
one of the most widespread rice diseases in Asia. Since the major
epidemics in the 1960s, breeding for bacterial blight resistance has
become an integral part of rice improvement in Asia. In breeding for
resistance to bacterial blight, as with other diseases, two independent
variables are important, the host (rice cultivars) and the pathogen (pv.
oryzae). Many rice cultivars were identified that were resistant in one 
country but not in another (1, 2, 3, 7, 10, 11). Whether this was due to a
pathogenic specialization of pv. oryzae was not certain until fairly recently.
Controversial results were reported previously, in tropical Asia. Some
studies indicated, the variation pattern in virulence was continuous (2, 9,
10). Others showed a vertical rice-bacterium relationship (3, 7, 12). Our
,esearch in the past 5 years has shown that the bacteria may have 
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specialization in pathogenicity on rice cultivars that differ in major genes 

for resistance (7). Similar findings were observed in Japan after a resistant 

rice cultivar, Asakase, became susceptible to bacterial blight in a farmer's 

field (6). 
This study was an attempt to further elucidate the differential response 

of the resistance of rice cultivars to virulence of the bacterial isolates. 

Materials and Methods 

Isolates of pv. oryzae and Reaction of Rice Differentials 
in 1980 were used to test theirTwenty-five isolates collected at IRRI 

variation on four rice cultivars differing in resistance-susceptibility. Except 

for Cas 209, cultivars IR8, IR20, and IR1 545-339 (hereafter referred to as 
functionalIR1545) were used throughout the study. IR8, which has no 

resistance in the Philippines, was 
gene known for bacterial blight 
susceptible to isolates of all race groups (7). IR20, which is homozygous for 

Xa-4, was resistant to race 1 but susceptible to race 2 while IR 1545-339, 

which is homozygous for Xa-5, was resistant to both races 1 and 2. Cas 
1 but resistant to209, a new differential cultivar, was susceptible to race 

race 2. 
To further characterize the virulence, five isolates of two groups were 

selected. Random selection of five isolates of each group was based on a 

previously studied (10). Therefore, PX061, PX052,lesion distribution 
PX084, PX085, and PX080 of group 1 and PX063, PX079, PX082, PX087, 

and PX088 of group 2 were selected as a result of lesion length induced on 

IR8 for group 1 and IR8 and IR20 for group 2. PX082 was not included in the 

test involving plant ages. 
The growth rate of these isolates in peptone sucrose broth at 28 to 30 0C 

on the Coleman Nepho-colorimeterwas not different by turbidity reading 
from 1 to 4 days after incubation. 

Growth of the Plants 

Seed of each cultivar were pregerminated for 4 days in petri dishes in a 

seed-germinator maintained at 300 C and 90% R.H. Three pregerminated 

seeds of each cultivar were transplanted in the greenhouse in a 15-cm 

diameter clay pot filled with sieved soil fertilized with a rate of 90-60-60 of 

N-P-K fertilizer. Additional ammonium sulfate was applied at 30 kg N/ha. 1 

week before inoculation. 
usually used. For the experiment involvingForty-day-old plants were 

seeds were sown 3 times at 10-day-intervals so thatdifferent ages, 
inoculation could be done at the same time. 

Inoculum Preparation and Inoculation 

The stock culture of each isolate was maintained on slants of peptone 
-100 C. Reisolation from artificially infected IR8 sucrose agar (PSA) at 

leaves was done to preserve the virulence of the isolates. Inoculum was 

prepared by culturing the isolates of PSA medium for 72 hours. The 

growths were each suspended in 10 ml of distilled water and shaken 
The density of the resulting suspension wasvigorously in a mixer. 
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determined in a Coleman Nepho-colorimeter with a 590 nm filter. The 
original concentration had an absorbance reading of 1.0 (ca. 108 cells/ml).
Serial dilution was then prepared from the initial concentration to make
106 cells/ml. 

Inoculation was done by clipping the leaves 1 to 2 cm from the tips of the 
differentials. 

Experimental Design and Disease Measurement 
All experiments were in a greenhouse. The split-plot design for two

factors and split-split plot design for more than two factors were used. The 
treatments were replicated 3 times. 

Inoculated leaves were observed daily for symptom development.
Disease reactions were assessed visually at 2 weeks after inoculation 
using the Standard Evaluation System (SES) (5) for rice on percent leaf area 
affected. 

Results 
Differential Response of Rice Cultivatz t,3 Bacterial Isolates 

When 25 isolates of pv. oryzae from IRRI were tested for their virulence,
the 4 rice cultivars responded differentially to them (Fig. 1). Distinct 
differential response was observed at 14 and 21 DAI; the difference of the 
latter was not significant from 14 DAI. When IR8 and IR20 were compared 
at 14 DAI, 24 of the 25 isolates were virulent to IR8 and two race groups of 
the bacterial isolates were noted to infect IR20; one causeda disease score 
(SES) of more than 7 and the other less than 3. Similar comparisons were 
made between IR20 and IR1545, IR20 and Cas 209, and IR1545 and Cas 
209. There appeared to be only one isolate (BB903) that was virulent to 
IR1 545. 

Interactions between the four rice cultivars and the representative
isolates are shown in Table 1. Isolate BB903 virulent to all thewas 
cultivars, BB909 to IRP, and Cas 209, and BB904 to IR8 and IR20. 

Comparison of Selected Isolates From Race 1 and Race 2 on Infection 
of IR8, IR20, and IR1545. 

Variability of the isolates on lesion production was shown in the above 
data. Random -election of 5 isolates from race 1 and 4 from race 2 were 
further compared for their virulence. 

Inoculum Density. On 1R8, the ranking order of the isolates on lesion 
.ength was not consistent to any isolate (Table 2). At a high inoculum 
density (ca. 108 cells/ml), PX088 of race 2 was the top ranking isolate while 
at a lower inoculum density, PX061 of race 1 had the highest ranking. The 
ranking order on both inoculum densities was not significant except for 
PX080 of race 1, which had consistently shown the lowest ranking order. 

The rank against IR20, however, showed that the isolates in race 2 had a 
consistently higher ranking order than those in race 1 at both inoculum 
levels (Table 2). IR20 was resistant to all isolates of race 1. The rank of the 
isolates of the two races was inconsistent at the two inoculim levels. There 
was no significant difference among the ranking orders of the isolates in 
either race 1 or race 2. 
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Fig. 1. Comparisons of four rice cultivars' responses to isolates of Xanthomonas 
campestris pv. oryzae on adisease scale from 1 to 9 on leaf area affected. 0 = 7 days 
after inoculation; X = 14 days; andV =21 days. 
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Table 1. Response of rice cultivars that have different resistance to selected isolates 
of Xanthomonascampestrispv. oryzae at IRRI1 farm in 1980. 

Bacterial blight scores 

Cultivar BB 903 BB 909 BB 904 

7 DI 14 DI 21 Di 7 DI 14 DI 21 DI 7 DI 14 DI 21 DI 

IR 8 5.0 9.0 9.0 4.9 9.0 9.0 5.0 8.7 9.0 
1R20 5.0 8.6 9.0 2.1 3.0 3.0 5.0 8.6 8.7 
Cas209 3.0 7.9 8.3 5.0 8.4 9.0 1.0 1.0 1.0 
IR1545 5.3 9.0 9.0 1.1 2.0 2.0 1.0 1.0 1.7 
1 

The International Rice Research Institute at Los Balos, Laguna, Phiilippines. 

Based on the Standard Evaluation Systems for Rice (IRRI). 1 = less than l/o leaf area affected, and 
3

9 = over 500/0 leaf area affected.
 
DI = days after inoculation.
 

When the isolates were evaluated on IR1545, which is resistant to
isolates of both races, variable ranking of the isolates was noted (Table 2).
Although there was a significant difference in the ranking sequence of 
isolates, the rank was not consistent to any specific isolate and the reaction 
was nevertheless resistant. 

Plant Age. When 1R8 plants were 45 days old, PX080 of race 1 was
observed to be in the lowest ranking sequence and became significantly
different from other strains of the two races in 55-day-old plants (Table 3).
A similar trend was observed on 35-day-old 1R8 plants, except with PX080o. 
On IR20, significant difference between race 1 and race 2 isolates was
noted on all three ages of the rice plants (Table 3). IR1545, however,
responded inconsistently to none of the isolates of the two races at the 
three ages of plant growth as did the ranking order (Table 3). 

Discussion 
For many years, pathogenic specialization of Xanthomonas campestris 

pv. oryzae has not been well understood. Controversial results were 
reported on whether there was such a phenomenon of the rice bacterial 
blight pathogen in tropical Asia. Available information has suggested that
variation in virulence from one country to another, and from one localityto
another in the same country, was based on the test of some rice cultivar (2,
10, 11, 12). Early, Mew and Vera Cruz (6) showed a weak interaction
between rice cultivars and the bacteria. Later, a strong interaction was 
demonstrated when Cas 209 was identified (7).

A comprehensive study compared the two sets of rice differential 
cultivars developed independently in Japan and at IRRI in response to the
bacterial isolates from Japan and the Philippines (4). Vertical virulence of
the bacterial isolates was shown. As each of the cultivars has major gene(s) 
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Table 2. Ranking of isolates of the two race groups of Xanthomonas campestris 

pv. oryzae according to lesion length on three cultivars 

Inoculurn dosage 

10"i cfu/ml108 cfu/mlCultival 

b 	 Lesion(cm)Isolate Rankc Lesion(cm) Isolateb RankC 

1 a 26.8 PX061 (1) 1 a 22.8
PX088 (2) 

PX087 (2) 2 a 25.6 
 PXOB7 (2) 2 a 	 21.7 

PX082 (2) 3 a 	 24.8 PX085 (1) 3 a 21.4 

24,6 PX082 (2) 4 a 21.1PX084 (1) 4 a 
23.8 PX052 (1) 5 a 20.9

IRS 	 PX061 (1) 5 a 

PX079 (2) 6 
 a 23.9 PX084 (1) 6 a 19.9 

7 a 23.5 PX079 (2) 7 a 19.2PX085 (1) 
8 a 22.1 PX088 (2) 8 a 19.3PX052 (1) 
9 a 	 22.1 PX063 (2) 9 a 17.3

PX063 (21 
10 1 15.1 	 PX080(1) 10 b 0.0PX080(1) 

PX088 (2) 1 a 	 18.6PXOH8 (2) 1 a 	 22.5 
PX082 (2) 2 a 	 16.2PXOH2 (2) 2 a 	 22 4 
PX079 (2) 3 a 	 16.0PX087 (2) 3 a 	 21.2 

20.0 PX063 (2) 4 a 15.9PX079 (2) 4 a 
18.0 PX087 (2) 5 a 15.5

1R20 PX063 (2) 	 5 at 
PX080 (1) 6 ) 40 PX061 (1) 6 1 3.2 

PX084 1) 7 h) 3.4 PX052 (1) 7 1) 2.9 

PX085 (11 8 h 3.3 PX085 (1) 8 1 3.0 

(1) 9 1) 3.2 PX084 (1) 9 1) 2.5PX061 
10 ht 2.9 	 PX080) 10 b 2.1PX052(1) 

PX061 (1) 1 a 2.4PX082 (2) 1 a 3.6 


PX061 (1) 2 a 36 
 PX079 (2) 2 a 2.2 

PX088 (2) 3 ah 30 PX088 12) 3 a 2.2 

PX080 (1) 4 al) 3.0 PX087 (2) 4 a 2.1 

at) 3.0 PX082 (2) 5 a 2.0
IR1545 PX052 (1) 	 5 

6 a 1.9PX079 (2) 6 abt 2.6 PX052 (1) 

PX063 (2) 7 at 2.5 PX063 (2) 7 ab 1.7 

PX087 (2) 8 alt) 2.5 PX080 (1) 8 ab 1.6 

PX084 (1) 9 at 2.3 PX085 (1) 	 9 ab 1.4 

1.7 	 PX084 (1) 10 b 0.4PX085 (1) 10 h 

1 S to hath (IfOUts O olateS, IR20. susceptile to grL .ut resistant to group 1, and 
IRB, tLISCeollt 
IR 1545, ,-ss ,It ) bo(th 

Fa),,.IV11 t ,IIl ll S " Oil!t,rItt lgl (IfOLj1)ItI , 

byt a t(trrrt , 	 'tlV aretot stnlfiCaltly diltferit at the 501o level by the Duncan
L lnt!, ,,gtgsfollofv(I hy 

different from the others for vertical resistance, the results appear to 

indicate a gene-for-gene relationship of the resistance in rice and of the 
virulence in the bacterial pathogen. 

Our results further confirmed that there is a strong interaction between 
pv. oryzae isolates and the rice cultivars that have different resistance 

(Table 1). The number of isolates in the present study may be too small to 

show the actual distribution, yet those that were virulent to IR20 were 

slightly dominant over other isolates. Only one isolate was virulent to all 
cultivars (Fig. 1). 
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Table 3. Effect of plant age on ranking the isolates in two race groups of Xanthomonascampestris pv. oryzae according to lesion 

caused by the infecvton. 

Plant Age 

Cultivar 35 DSa 
45 DS 55 DS 

Isolateb Rankc Lesion (cm) Isolateb Rankc Lesion (cm) Isolateb Rankc Lesion (cm) 

IR8 

PX052 (1) 

PX084 (1) 

PX063 (2) 

PX085 (1) 

PX088 (2) 

PX061 (1? 

PX080 (1) 
PX079 (2) 

PX087 (2) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

a 

ab 

abc 

abc 

abc 

abc 

bc 

bc 

c 

23.5 

22.9 

22.4 

21.0 

21.0 

20.0 

20.0 

19.4 

18.5 

PX085 

PX088 

PX079 

PX084 

PX061 

PX052 

PX063 

PX087 

PX080 

(1) 

(2) 

(2) 

(1) 

(1) 

(1) 

(2) 

(2) 

(1) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

a 

a 

a 

a 

a 

a 

ab 

b 

b 

27.9 

27.7 

27.4 

27.3 

26.6 

26.0 

23.4 

21.8 

20.0 

PX084 

PX061 

PX085 

PX052 

PX063 

PX079 

PX088 

PX087 

PX080 

(1) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2) 

(2) 

(1) 

1 a 

2 a 

3 a 

4 a 

5 a 

6 j 

7 a 

8 b 

9 b 

26.4 

26.1 

24.6 

23.8 

23.4 

23.4 

23.3 

14.9 

14.3 

1R20 

PX088 

PX079 

PX063 

PX087 

PX061 

PX085 

(2) 

(2) 

(2) 

(2) 

(1) 

(1) 

1 

2 

3 

4 

5 

6 

a 

a 

a 

a 

b 

b 

17.4 

16.5 
16.2 

15.1 

4.3 

4.0 

PX079 

PX088 

PX063 

PX087 

PX061 

PX084 

(2) 

(2) 

(2) 

(2) 

(1) 

(1) 

1 

2 

3 

4 

5 

6 

a 

a 

a 

a 

b 

bc 

15.6 

14.8 

12.9 

12.4 

5.3 

4.3 

PX079 

PX088 
PX063 

PX087 

PX061 

PX085 

(2) 

(2) 

(2) 

(2) 

(1) 

(1) 

1 

2 

3 

4 

5 

6 

a 

a 

a 

a 

b 

bc 

18.7 

18.6 
15.6 

10.3 

5.4 

4.2 

CD 
Continued 



C Table 3, continued 

0 

Plant Age 

35 DS aCultivar 45 DS 55 DS 

Isolateb Rankc Lesion (cm) Isolateb Rankc Lesion (cm) Isolateb Rankc Lesion (cm) 

PX084 (1) 7 b 3.8 PX080 (1) 7 bc 3.9 PX084 (1) 7 c 3.9 

PX052 (1) 8 b 3.8 PX052 (1) 8 c 3.5 PX052 (1) 8 c 3.5 

PX080 (1) 9 b 3.2 PX085 (1) 9 c 3.4 PXO8O (1) 9 c 3.9 

PX061 (1) 1 a 3.4 PX088 (2) 1 a 3.5 PX063 (2) 1 a 3.5 

PX085 (1) 2 ab 3.2 PX080 (1) 2 a 3.4 PX080 (1) 2 a 3.2 

PX084 (1) 3 ab 2.9 PX063 (2) 3 a 3.2 PX084 (1) 3 a 3.1 

PX079 (2) 4 ab 2.9 PX079 (2) 4 a 3.2 PX088 (2) 4 a 3.0 

1R1545 PX080 (1) 5 abc 2.8 PX061 (1) 5 ab 3.1 PX061 (1) 5 a 3.0 

PX063 (2) 6 abc 2.6 PX084 (1) 6 abc 2.8 PX079 (2) 6 a 2.9 

PX088 (2) 7 abc 2.5 PX085 (1) 7 bc 2.3 PX052 (1) 7 a 2.8 

PX087 (2) 8 bc 2.2 PX052 (1) 8 c 2.1 PX087 (2) 8 a 2.5 

PX052 (1) 9 c 2.0 PX087 (2) 9 c 2.1 PX085 (1) 9 b 2.7 

aDays after sowing. bFigure in parenthesis denotes race group. cRanking order followed by a common letter are not significantly different at 

the 50/o level by the Duncan multiple range test. 



The specificity of the bacterial isolates to infect compatible cultivars,
although it was not rlearcut as to presence-or-absence of the lesions, wasnevertheless demonstrated. The differential response of the rice cultivars was not 	influenced by plant age and inoculum density at 14 DAI. The
pathogenic specialization of pv. oryzae on rice cultivars that have different
major genes for resistance is therefore further confirmed. 
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Bacterial wilt is a tracheobacteriosis of forage grasses that was first 
investigated and described in the mid 1970s(1). The disease is widespread 
in Europe, and has also been observed in New Zealand (5, 6). The 
pathogen, for which the designation Xanthomonas campestris pv. 
graminis has been proposed (7), has been shown to be differentiated into 
various formae speciales. To date, four such formae speciales - or 

- have been found which can be clearly differentiated by theirpathotypes 
host-specific pathogenicity. 

The Lolium pathotype, which occurs widely in nature, has a broad 
spectrum of host plants. These include the genera Lolium, Festuca, 
Dactylis, and Trisetum, from which the pathogen has repeatedly been 
isolated. It is possible that the host spectrum is even wider, since certain 
species of Phleum, Poa, Deschampsia, Phalaris, and Alopecurus can also 

be infected artificially with bacteria of this pathotype (3). 
The host plant spectrum is more narrow for the three other pathotypes of 

X. campestris pv. graminis, namely the Phleum, Poa, and Arrhenatherum 
pathotypes. In principle, the host spectrum covers only the grass genus 
from which the bacterium has been isolated. The Phleum genus appearsto 
be in general very susceptible to the Phleum pathotype; all the Phleum 
species tested were found to be highly sensitive to isolates of Phleum 
pratense. In the case of Poa, there are considerable differences at the 
species level regarding susceptibility to the Poa pathotype (isolates from 
Poa trivia/is). For the Arrhenatherum pathotype (isolates from 
Arrhenatherum elatius), species-relevant differentiation has not yet been 
clarified since so far it has been possible to conduct infection tests with 
only one species (A. elatius). 

After several host passages, it was not possible to see any adaptation of 
the bacteria to grasses outside their own true host spectrum. This suggests 
that the host specificity of the pathotypes of X. campestris pv. graminis is a 
stabe characteristic. 

It was observed also that all strains of the Lolium pathotype showed the 
same pathogenicity pattern independently of the host species from which 
they had been isolated and independently of their geographic origin. 

In principle, bacterial plant diseases can be controlled in various ways 
In the case of bacterial wilt of forage grasses breeding for resistance is(2). 

undoubtedly the control method of choice (4). The findings reported herein 
on the pathogenic variability of X. campestris pv. graminis may be useful for 
breeding programs designed to develop resistance against bacterial wilt in 
forage grass varieties. 
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Abstract 

Three strains of Xanthomonas campestris pv. citri have been identified in 
South America. The three strains (A, B, and C) were distinguished 
pathogenically by infiltration of 14-day-old leaves of grapefruit seedlings 
with mocula of 103-104 cells ml -1 . The A strain was the most aggressive. With 
equal colony forming units in inocula, 6 times more lesions occurred with the 
A strain than the B strain. The B strain bacteria were much more difficult to 
isolate than those of the A strain. The C strain did not cause lesions in 
grapefruit leaves, but did cause small collapsed areas, typically of a 
hypersensitive reaction. Identification of the strains is important in citrus 
canker eradication programs. 

introduction 

Citrus canker is caused by the bacterium, Xanthomonas campestris pv. 
citri(Hasse) Young et al. and is one of the most feared diseases of citrus (7). 
The causal bacterium was first described by Clara Hasse (9) after canker 
was brought to the United States in 1911 (4). Early workers (7) could not 
control canker copper sprays, and consequently, eradication of X. camp. pv. 
citri was advocated. Eradication was executed successfully in the United 
States, South Africa, Australia, and New Zealand (3, 4, 6). 

Eradication of citrus canker was attempted in Sao Paulo Province, Brazil 
after it was introduced there in 1957 (17). Other outbreaks have occurred 
there since the first one. The organism has become endemic in some other 
provinces of Brazil and in Paraguay. Citrus canker is presently epidemic in 
Argentina. The bacterium causing this infestation is aggressive on 

grapefruit and certain sweet orange trees and is thought to be the same 
strain of the pathogen that occurred in the Unites States. The organism 
was thought to originate in Asia and is called the Asiatic, or A strain. 

Another form of citrus canker existed in South America manyyears prior 
to 1957. It is restricted to Argentina, Paraguay, and Uruguay. Although 
most citrus types are susceptible to the causal strain, the bacterium is 
thought to be less aggressive than the A strain. In the field the disease is 
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only a problem on lemon and lime trees. The pathogen of this disease is
called the B strain ot X. camp. pv. citri (5).

A third form of citrus canker was reported in Brazil by Nemakata (14).
The bacterium of this form is pathogenic primarily on Mexican lime. Based 
on physiological, serological, and pathological differences from the Astrain, Nemakata and de Oliveira (15) suggested theabacterium be namedX. 
cirri f. sp. aurantifolia. It is commonly called the C strain.

Differentiation of these strains in the field is nearly impossible because 
symptoms are nearly identical and host ranges overlap. Confusion
associated with identification of the strains has caused much uncertainty
of the need for eradication campaigns to stop the spread of the aggressive
form of citrus canker. The purpose of this paper is to report pathogenic
differences of the three strains on grapefruit seedlings. The results may be 
useful in identification of the strains. 

Materials and Methods 

Isolation 
Many attempts to isolate X. camp. pv. citriwere made with lesions from

grapefruit (A strain) and lemon (B strain). The isolation procedure was to
crush a lesion in 1 ml of sterile tap water and to make 3 serial 10-fold
dilutions. From each dilution 0.05 ml was transferred to nutrient agar
plates. The liquid was spread over the plate with a sterile glass rod. The 
puncture method of Goth (8) also was used for some isolations. Plates were 
incubated at 280 C. 

Source of Isolates 
A culture (B-43) from a grapefruit tree in Corrientes Province in


Argentina was selected as representative of the A strain. A culture (XC-5)

of the B strain was obtained from a lemon tree in Entre Rios Province in

Argentina. This culture was of the large colony type. A lyophilized culture of
X. citri f. sp. aurantifolia (XC-512) was obtained from Dr. Victoria Rossetti,
Biological Institute, Sao Paulo, Brazil and was used as the C. strain. All

bacteria were maintained in nutrient broth at 40C.
 

Host Plants 
Seedlings of Duncan grapefruit were used as host plants. Theseseedlings were growing in pots 12 cm in diameter and were from 30 to 45 

cm tall at inoculation. The plants were kept before and after inoculation in a
growth room with artificial lighting and a temperature of 28 0C. 

Inoculations 
Bacteria were cultured on nutrient agar plates for 24 h and then washed

from the surface and suspended in sterile tap water. Each suspension was 
adjusted to an OD of 0.3 at 600 nm with spectrophotometer. The density of
bacteria was determined to be about 5 x 108 cells mI- 1 . Lower
concentrations were prepared by appropriate dilutions. Half-leaves were
inoculated by infiltration of inoculum into the mesophyll by the method of 
Klement et al. (10). 
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Data 
Quantitative levels of pathogenicity were estimated from the number of 

2of leaf. Lesions were counted about 4 weekslesions that developed per cm 
after inoculation and the area of leaf inoculated was determined by the dot 

method (12). 

Results 

Isolations 
The A strain was isolated consistently from leaves of grapefruit and 

other citrus types, including lemon. Yellow colonies of X. camp. pv. citri 

were easily distinguished from saprophytic bacteria within 3 to 5 days after 

placing bacterial suspensions on nutrient agar plates. 
The B strain was not easily isolated on nutrient agar. No colonies were 

obtained from over 75 isolations attempted from field lesions. Saprophytic 

bacteria were abundant on the plates. Suspensions of some crushed 

lesions were diluted 1 per 100 and infiltrated intoyoung grapefruit leaves. 

Numerous lesions always developed which was evidence that many viable 

cells existed in suspensions from the lesions. 
Isolations were subsequently made from the grapefruit leaves in

oculated with the B strain. Competition from saprophytic bacteria was 

minimal in these isolations. Numerous small coloniesof bacteria appeared 

on the plates 10-14 days after suspensions were placed on them. A few 

large colonies also developed and appeared to be Xanthomonas (Fig. 1). 

The large colonies grew rapidly when subcultured on nutrient agar. These 

large colonies were pathogenic and one of them (XC-5) was used in 

subsequent comparisons of aggressiveness of A and B strains. 
Isolations of the Cstrain were not possible because diseased tissue was 

not available. 

Comparison of Strains A and B 

Five grapefruit seedlings which had 4 flushes of growth were selected 

when apical buds were just beginning to open. Fourteen days later, one

half of the oldest leaf of each flush, separated by the midvein, was 

infiltrated with inocula consisting of 6.Ox 103 cells mI- 1 of B-43(A-strain). 
The other half of each leaf was infiltrated with inocula of 6.3 x 103 cells ml- I 

of XC-5 (B-strain). 
The number of lesions that developed with B-43 was greater than the 

The number of lesions in the youngest leafnumber with XC-5 (Table 1). 

inoculated with strain A was 6 times more than the number that developed
 

with the B strain. No lesions formed in old leaves inoculated with strain B, 

a few lesions did form in old leaves inoculated with strain A. Thebut 
number of lesions was inversely correlated with age of leaves. 

Comparison of Strains A and C 

Two-week-old leaves of grapefruit seedlings were inoculated with B-43 

(strain A), or XC-51 2 (strain C). Suspensions of both bacteria were about 
. Typical lesions of canker formed in leaves inoculated with

104 cells ml- 1 

the A strain about 7 days after inoculation, but no lesions formed in leaves 
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Fig. 1. Illustration of growth of Xanthomonas citri 
strain B on plates of nutrient agar. Numerous small 
colonies form a streak over plates with a few large
colonies distributed among the slow-growing small 
colonies. 

Table 1. The number of lesions per cm 2 in grapefruit leaves of different ages after 
inoculation with strain A and B of Xanthomonas camp. pv. citri. 

Pathogenic strains
 
Flush
 

no. 
 A B 

Lesions/cm 2 Lesions/cm 2 

5 a 
17 .5b 2,9 

4 6.8 0.0 
3 2.4 0.0 
2 2.4 0.0 
1 1.0 0.0 

a Leaves of the fifth flush were the youngest.
b Mean of five leaves. 
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inoculated with the C-strain. Small collapsed areas were noted with a 1OX 
hand lens in leaves inoculated with XC-512. The number of collapsed areas 
was about the same as the number of lesions in leaves inoculated with B
43. The collapsed areas were thought to be the result of a hypersensitive 
reaction (HR) (10). The culture of the C strain caused typical lesions of 
canker on seedlings of Mexican lime and Sour orange. 

Leaves of grapefruit seedlings were inoculated with high numbers of 
bacteria of B-43, XC-5, and XC-51 2 to test for HR. In addition, a suspension 
of X. camp. pv. vesicatoria from tomato was injected into grapefruit leaves 
as an HR check. The suspensions of all bacteria were adjusted to about 5 x 

108 cells mi- 1. Confluent necrosis of leaf tissues inoculated with the C 
strain and X. camp. pv. vesicatoria began 2 days after inoculation and 
complete necrosis occurred by 4 days. This was considered evidence for 
HR. Necrosis in grapefruit leaves did not begin until seven days after 
inoculation with the A and B strains. 

Discussion 
Identification of strains of Xanthomonas campestris pv. ciri is essential 

for citrus producers in South America. Strain B is not a serious problem and 
is controlled with copper sprays (5). Therefore, eradication of tr ges infested 
with strain B is not necessary. Strain C is serious onlyon Mexican lime, and 
there is no fear of spread to other citrus types. However, the A strain is very 

range among citrus types. Controlaggressive and has a wide host 
programs for the A strain on susceptible citrus trees have not been 
determined at this time. Therefore, removal of trees infested with the A 
strain is still being practiced. Before removal of trees, citrus producers 
want an accurate identification of the strain of X. camp. pv. citri that is 
present. 

Nemakata and de Oliveira (15) reported serological differences between 
strains A and C. Serological tests have been used in Brazil to identify 
strains. Serological differences between A and B strains have also been 
reported (13). Serological determinations of strains, however, must be 
made with reservations. Serotypes are not always related to pathotypes in 
studies involving large numbers of isolates (1, 11, 16). 

The difference in pathogenicity between A and B in our test was 
quantitative and is consistent with observations of the diseases in the field. 
However, the differences between other isolates of A and B may not be the 
same as found with the two isolates used in this work. The culture of the B 
strain used here may not be typical of cells of the B strain in the field. The 
isolate grew well on nutrient agar in contrast to a predominance of cells 
from nature that did not grow well on nutrient agar. A comparison of the 
natural populations of the A and B strains must await successful culture of 
all cells of the B strain. Culturing is necessary to determine inoculum 
levels. 

Identification of the B strain possibly can be made by testing for growth 
on nutrient agar. This method was used in a survey of strains of canker of 
lemon in Corrientes Province, Argentina, where the A strain has become 
endemic and in Entre Rios Province, Argentina, where that A strain is 
limited in distribution. Xanthomonas camp. pv. citri was isolated on 
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nutrient agar from all samples of lemonfrom Corrientes and only 2 of 55
samples of lemon canker from Entre Rios. It was concluded that cancrosis
of lemon was caused by the A strain in Corrientes and by the B strain inEntre Rios. The A strain predominated over the B strain when introduced 
into an area. 

The difference in pathogenicity between the A and C strains was
qualitative. The qualitative difference was great and easy to determine.
With qualitative differences in pathogenicity, however, mutants for change
of strain occur in high numbers. For example, change from tomato 	to 
pepper strains of X. camp. pv. vesicatoria occurred at 4 x 10- 4 mutants percell per division. The difference between those strains also was qualitative.
Mutants for change of strain would best be detected by pathogenicity tests. 
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Abstract 
Thirty isolates of Pseudomonas syringae pv. phaseolicola (Burkholder,

1926) Young, Dye, and Wilkie, 1978 (ISPP List 1980), from Colombia were
separated into race 1 and 2 on the basis of their pathogenicity for Phaseolus
vulgaris cv. Red Mexican UI-3. Race determination was based on both leaf
and pod reaction. Standard isolates of race 1 and 2 were used for
comparison. Twenty Pasto isolates were classified as race 2, whereas 7
isolates from Popaydn,1 from Palmira, and 2 from Tenerife were identified as 
race 1. 

The isolates were also classified in their order of virulence, bythe diameter 
of watersoaking lesions caused on pods during aperiod of 5 days on cultivars
Seminole, G. N. Nebraska #1 Sal 27, and Wisc HBR -;,upon inoculationusing a needle. The most virulent isolates were from Pasto. Cultivar Wisc
HBR 72 (with high foliar resistance) had a susceptible pod reaction (mean
lesion diameter 3.1 mm; dispersion 0.6-6.3 mm) comparable to the
susceptible cultivar Seminole (mean lesion diameter 2.8 mm; dispersion 0.6
4.8 mm). G. N. Nebraska #1Sel 27 had a mean lesion diameter of 1.8 mm
and a dispersion between 0.4 and 2.8 mm. The order of the isolates invirulence was similar in all three cultivars and gave a correlation coefficient of 
0.87 between the 3 cultivars. 

Introduction 
Halo blight of beans (P'iaseolus vulgaris L.) incited by Pseudomonas

syringae pv. phaseolicola (Burkholder, 1926) Young, Dye and Wilkie, 1978
(ISPP List 1980), is one of the bacterial diseases responsible for low bean
yields in some of the bean growing regions (4). Occurrence of the disease
has been reported in Africa, Australia, Canada, Europe, Latin America,
New Zealand and United States (23, 24, 32). In Latin America the disease 
occurs in bean growing areas with moderate temperatures such as in some
regions of Brazil (2), Chile (7), Colombia (31) and Guatemala (31).

Pathogenic variation in Ps. syringae pv. phaseolicola was for the first
time demonstrated by Jensen and Livingstone (12). In 1964, Walker and
Patel (29) reported the existence of 2 races (race 1and race 2) in the United
States. Their race distinction was based on bean cultivar 'Red Mexican UI
3' which is resistant to race 1 but susceptible to race 2. Since then, reports 
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in different countries have beenon the occurrence of the two races 
documented (1, 8, 10, 17, 21,30). Coyne et al. (5) in 1979 reported a more 
virulent strain than the previously reported race 2 of Walker and Patel (29). 

However, Schroth et at (19) in 1971, suggested that, there exist many 

strains of Ps. syringae pv. phaseolicola with varying degrees of virulence. 

They also found that isolates of neither race 1 nor race 2 were homogenous 
with respect to virulence when tested on certain varieties. In 1979, Szarka 

and Velich (26) also observed that, Ps. syringae pv. phaseolicola does not 

consist of two races only but of a series of strains which can be ranged by 

their increasing pathogenicity. 
The aim of this study was to determine the pathogenic variation and 

virulence of Ps. syringae pv. phaseolicola collected from selected bean 

growing regions of Colombia. 

Materials and Methods 

Sources, Isolation, and Verification of Isolates 

Thirty isolates collected from some region.' (Palmira, Pasto, Popayn, 
and Tenerife) of Colombia were used in these studies. In addition, race I 
and 2 isolates received from Dr. D. Hagedorn (University of Wisconsin), 
isolates HB 16 from Dr. M. L. Schuster (University of Nebraska), and 
isolate OHB from Dr. S. V. Beer (Cornell University) were included for 
comparison (Table 1). 

To isolate bacteria from the host, lesions and parts bordering them were 
cut from leaves of naturally infected plants. They were surface sterilized 
with 0.5% sodium hypochloride for 2 min rinsed twice with sterile distilled 
water and comminuted in a test tube containing sterile distilled water. The 
bacteria suspension was streaked on nutrient agar (beef extract, 3 g; 

peptone (Difco), 3 g; agar (Difco) 15 g; and distilled water, 1000 ml), and 

incubated at 271C. 
Cultures were purified by a series of single colony transfers and then 

verified as Pseudomonas syringae pv. phaseolicola by biochemical and 
pathogenicity tests (14). These included colony morphology, fluorescent 
pigment production on King's medium B (13), oxidate test, levan 
production, catalase reaction, production of .,drogen sulphide, arginine 
cihydrolase test, and pathogunicity test on suscoptible been cultivar 'Red 
Kidney'. The isolates were maintained on nutri, -t agar slants at 40 C and 
also in lyophilized form. 

Seed Source 
Seed of all bean cultivars and lines used were obtained from the Bean 

Pathology and the Genetic Resources Sections of Centro Internacional de 
Agricultura Tropical (CIAT). Seed increase was made from single plant 
selection. Plants were grown in the greenhouse in 15 cm pots containing a 
mixture of soil and sand (5:1) which had been sterilzed previously. Twoto 
three plants were grown per pot. 

Inoculation Procedures 

In all inoculations, bacterial suspensions were prepared from 48 h old 

cultures, grown on yeast dextrose calcium carbonate agar (YDC) medium 
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Table 1. Source, host, and identifications of the Pseudomonassyringae pv. phaseo. 

licola isolates. 

Source Host Identification 

Popaydn (Colombia) Phaseolus coccineus CBP-177, PC-2, PC-3 
PC-4, PC-5, PC-6 

Popaydn (Colombia) P. vulgaris CBP-178 
Tenerife (Colombia) P. vulgaris CBP-172, CBP-173 
Palmira (Colombia) P. vulgaris CBP-176 
Pasto (Colombia P. vulgaris PPP-1, PPP-2, PPP-3 

PPP-4, PPP-5, PPP-6 
PPP-7, PPP-8, PPP-11 
PPP-12, PPP-13, PPP-14 
PPP-15, PPP-16, PPP-17 
PPP-18, PPP-19, PPP-20 

Dr. Hagedorn (Univ. of 
Wisc. USA) 

P. vulgaris 
PPP-21, PPP-22 
CBP-196 (Race 1), 
CBP-197 (Race 2) 

Dr. Schuster (Univ. of P. vulgaris HB-16 
Nebraska, USA) 

Dr. S.V. Beer (Cornell P. vulgaris CBP-198 (OHB) 
Univ. USA) 

(yeast extract (Difco), 10g; dextrose (Difco), 20g; CaCo , , 3.5 g; agar (Difco),
20 g; and distilled water, 1000 ml). The suspension was then adjusted
turbidimetrically using a spectronic 20 calorimeter (Bausch and Lomb Co.)to a concentration of 5 x 107 colony forming units (CFU) per milliliters.

Leaf reaction of bean cultivars was determined by using the watersoaking method as described by Schuster (20). The abaxial surface of either young unifoliate leaves or half-expanded first trifoliate leaves was sprayedwith the bacterial suspension using a de Vilbiss atomizer attached to acompressed airline at 15 psi, until water-soaking appeared. Plants werekept in the cool part of the greenhouse where temperatures averaged
220C. 

Pod reaction was determined using the needle inoculation method (11,18, 25, 28). Young growing green pods were used. A sterile needle wasdipped into the bacterial suspension and then inserted at different points(3-5) along the pod's legth. The latter were placed in 250 ml Erlenmeyerflasks containing a small amount of distilled water and loosely plugged atthe mouth with cotton wool to create a humid condition. The contents wereleft at room temperature (22 to 250C) for 5 days. The diameter of water
soaking reaction around the point of inoculation was measured with the use of a stereoscope. Re, i.tance was defined as the appearance of necrotic 

343 



spot at the point of inoculation. Fifteen to 30 readings were made for each 
isolate per cultivar. The experiment was repeated twice. 

Seed inoculation was made by partial vacuum using a modification of 
Goth's method (9). Seeds in muslin bags were submerged in a bacterial 
suspension in a glass dessicator connected to a vacuum suction pump. 
They were then exposed to a partial vacuum of 415 mm of mercury for 5 
minutes, after which, the negative pressure was released suddenly. The 
seeds were air-dried at room temperature for 3 days and then planted and 
grown in the growth chamber wheretemperature was maintained at20°C. 

Results 

Biochemical Tests 

On the basis of biochemical and pathogenicity tests, the isolates 
collected and isolated, were identified as Pseudomonas syringae pv. 
phaseolicola. On King's medium B, the cultures produced a diffusible 
fluorescent pigment, they caused levan formation on nutrient agar 
containing 5% (W/V) sucrose, gave positive catalase test, negative oxidase 
test, negative arginine dihydrolase test and did not produce hydrogen 
sulphide gas from nutrient broth. All the isolates were pathogenic when 
inoculated on to susceptible bean cultivar Red Kidney. 

Race Determination and Pathogenicity Tests 

Race determination was performed by inoculation of individual isolates 
on leaves and excised pods of cultivar Red Mexican U13, which is resistant 
to race 1 but susceptible to race 2 (15). Cultivar Seminole was used as a 
susceptible (10) control and lines G. N. Nebraska #1 Sel 27 andWisc HBR 
72 resistant and highly resistant respectively to race 1and 2 (16)were also 
included. Seed inoculation by partial vacuum was also used for 
comparison. A large amount of water-soaking at the site of inoculation 
indicated a susceptible reaction. Systemic chlorosis caused by toxin 
translocation was noted. Plants were rated as resistant if they showed 
brown necrotic lesions with some traces of water-soaking at the site of 
inoculation. This is the type of resistance referred to as tolerance by Patel 
and Walker (15). A highly resistant reaction was one where plants showed 
a brown necrotic (hypersensitive) reaction on the point of inoculation with 
no water-soaking. 

All isolates except CBP 176 were pathogenic to cultivar Seminole. Large 
amount of water-soaking appeared on inoculated leaves 5 to 7 days after 
inoculation and some of the plants developed systemic chlorosis. The 
isolates that induced brown necrotic lesions on Red Mexican UI 3 were 
classified as race 1, but those that incited water-soaking were regarded as 
race 2. Twenty Pasto isolates were found to be race 2 whereas 7 isolates 
from Popay~n, 1 from Palmira, and 2 from Tenerife belonged to race 1 
(Table 2). Corresponding pod inoculation gave similar results of race 
characterization. However, isolate CBP 172 reacted as race 1 on plant 
inoculation but race 2 on pod inoculation. 

The line G. N. Nebraska #1 Sel 27 was resistant (tolerant) to all race 1 
isolates and most of the race 2 isolates. However, some Pasto isolates (PPP 
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Table 2. Race determination of 30 isolates of Pseudomonas syringae pv. phaseoli
cola from Colombia based on their pathogenicity to bean (Phaseolus vulgaris L.)
cultivar "RED MEXICAN UI-3". 

Isolates Origin Host Race determination 

Plant Pod 

CBP-177, PC-2 Popayan P. coccmeus 1 1 
PC-3, PC-4, PC-5, PC-6 Popayan P. coccineus 1 _a 
CBP-178 Popayan I.Pulgaris 1 1 
CBP-172 Tenerife P. vulgaris 1 2 
CBP-173 1 1 
CBP-176 Palmira P. jiulgaris 1 1 
PPP-1, 2, 3, 4, 5, 6,7, 8,
11, 12, 13, 14, 15, 16 
17; 18, 19, 20, 21, 22 

Pasto P. i'ulgaris 2 2 

a = not tested 

7, PPP 18, PPP 20) incited a susceptible water-soaking reaction without 
any sustemic chlorosis. The line Wisc HBR 72 showed the highest degree
of resistance for leaf reaction to all isolates tested. However, the line 
showed a susceptible pod reaction. 

Most of the seeds of the cultivar Seminole inoculated by partial vacuum 
disintegrated in the soil whereas the controls (seeds inoculated with 
distilled water) germinated and grew normally. Cultivar Red Mexican Ul 3 
was resistant to race 1 isolates. Most of the race 2 isolates caused water
soaked lesions on the cotyledons, stems, and leaves. Plants were stunted 
and some of them showed systemic chlorosis. 

Virulence Determination 
Szarka and Velich (26) observed that virulence of Pseudomonas syringae 

pv. phaseolicola can be characterized by the diameter of water-soaked 
spots around the point of inoculation. In our studies, cultivar Seminole was
used to determine the variation in virulence among the collected isolates. 
The lines G. N. Nebraska #1 Sel. 27, Wisc HBR 72, and Red Mexican UI 3 
were also used for comparison.

The mean diameter and range of the water-soaked spots for each cultivar 
are presented on Table 3. The line Wisc HBR 72 (with high foliar resistance)
had susceptibility as comparable to that of Seminole. The frequency
distribution of the isolates on the basis of mean diameter of water-soaked 
spots of the 4 lines is shown in Figure 1. Isolate PPP 20, had the highest 
mean diameter value, followed by PPP 18, PPP 16 and PPP 22. The order
(high to low) for most of the isolates in virulence was similar in the lines 
G.N. Nebraska #1 Sel 27, Wisc HBR 72 and Seminole. A high correlation 
coefficient (r) between the lines on the order of isolates virulence with 
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Table 3. Average diameter and range !mm) of watersoaked spots induced by 30 

isolates of Pseudomonassyringae pv. phaseolicola on pods of 3 tested bean (Phaseo

/us vulgaris L.) lines. 

Wisc HBR 72Line G. N. Nebraska No. 1 Seminole 
Sel 27 

3.1Average 1.9 	 2.8 

0.5 -4.8 0.5 - 5.3Range 0.4 - 2.8 

12 

11 

10 

9 

8 

>7

3C 
9 

Lt. 
5 

4 

3 

2 

-0 
0.1 	 1.0 1.1 1.5 1.6 2.0 2.1 2.5 2.6 3.0 3.1 3.5 3.6 4.5 

Mean diameter (mm) of water-soaked spots 

Fig. 1. Histogram showing frequency distribution Cf 30 isolates of P. syringae pv. 

phaseolicola in relation to diameter of watersoaked spots caused on 4 bean 
(Phaseolus vulgaris L.) lines. 

respect to the means of the diameter of water-soaked spots was observed 

(Table 5). 
The virulence of the isolates varied in two ways. Some of the isolates 

were more (or less) virulent than others on the 3 lines; isolate PPP 20 was 

consistently more virulent than isolates PPP 12 (Figure 2). This type of 
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variation was observed with most of the isolates. But, virulence of other
isolates depended on the cultivar, isolate PPP 22 was less virulent that
isolate PPP 18 on the line G. N. Nebraska #1 Sel 27 but was more virulent 
on Wisc HBR 72. These types of variations were observed both within and 
between the isolates of the 2 races identified (Figure 2). 

1 - PPP 205 - 1 2= PPP22 
3=2 PPP 16 

0/ 4= PPP 18
//=3 5"- PPP1 2 

4- / ""46= 6- CBP 177 

7= PC 2
5 8 = CBP 197 

6 9= CBP 198 
3s' -". 7 PC 3S10= 

09 

E 

010 

E 

o=Race 1 
*=Race 2 

G.N. Nebraska Seminole Wisc HBR-72 
#1 Sel 27 

Fig. 2. Variation in diameter of watersoaked spots on pods of 3 bean (Phaseolus
vulgaris L) lines inoculated with isolates of P. syringae pv. phaseolicola. 

Discussion 
The resistance of the line G. N. Nebraska #1 Sel 27 to races 1 and 2 of

Pseudomonas syringae pv. phaseolicoia was previously reported by Coyne
and others (6). But the water-soaking reaction incited bysome of the Pasto 
strains in our studies suggested that they were able to overcome some of
the genes' controlling resistance to race 2. Similar observations have been
made by Coyne and others (5)in U.S.A. and Poryazos(1 6) in Bulgaria. The
line, however, showed some degree of pod resistance (Table 3).

Line Wisc HBR 72 was highly resistant to all isolates and gave a
hypersensitive leaf reaction, a form of induced resistance (4). The
independent reactions of the plant components observed stress the
importance of evaluating and selecting plants with both leaf and pod
resistance. 
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The race studies showed that both race 1and 2 occur in Colombia. There 

was a close correlation between the leaf and pod methods used to 
cultivar Red Mexican UI 3. The designation of isolatedetermine races on 

CBP 172 as race 1 by leaf reaction and 2 by pod reaction may be due to an 

intermediary character of the isolate's virulence, which is not uncommon 

(10). 
Goth (9) observed that seed inoculation by partial vacuum was superior 

to soaking them in a bacterial suspension. He found, however, that heavily 

infested seed disintegrated in the soil. Lack of germination observed with 

Seminole and poor germination caused by some race 2 strains on cultivar 
due to similar effects. The higherRed Mexican UI 3, may have been 

an early age (15) may have also played asusceptibility of bean plants at 
role. 

Virulence studies showed that a number of the Colombian isolates were 

more virulent than the standard isolates used for comparison (Tables 3 and 

4). The pod reaction of the lines used gave a good correlation in rating 

Table 4. Average diameter (mm) of the watersoaked spots induced by standard 

isolates of Pseudomonas syringae pv. phaseolicola on pods of 3 bean (Phaseolus 

PulgarisL.) lines.a 

Line G. N. Nebraska No. 1 Seminole Wisc HBR 72 
Sel 27 

Race 1 0.6 1.0 0.9 

1.9 3.0Race 2 1.9 
2.0 2.1HB-16 1.6 

CBP 198 (OHB) 2.0 1.9 2.7 

a Average of no less than 20 values 

Table 5. The correlation coefficients (r) between 4 bean (Phaseolusvulgaris L.) 

lines on the order of isolates in virulence with respect to the mean diameters of 
water-soaked spots on pods. 

Correlation coefficients (r)Lines/Cultivars 

Red Mexican U13: Seminole 1 0.53 

Red Mexican U13 G.N. Nebraska No. 1Sel 27 0.57 

Red Mexican U13 Wisc HBR 72 0.53 
0.86Seminole : G. N. Nebraska No. 1Sel 27 
0.87Seminole: Wisc HBR 72 
0.87G. N. Nebraska No. 1Sel 27 : Wisc HBR 72 
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isolates in their order of virulence although some reactions with some of
the isolates showed to be host dependent. The data obtained indicated that
differentiated race 1 and 2 consisted of isdlates 	 which were not
homogeneous when tested with different lines. These results agree with
those obtained by previous workers (19, 26). It may suffice to develop and
standardize a method that can determine the whole range of virulence
variability among the isolates or strains of Pseudomonas syringae pv.phaseolicola. This is important, because the information obtained thereof
is essential for a successful breeding program. 
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Abstract 

Halo blight of beans caused by Pseudomonas phaseolicola (Burk.) Dows is 

one of the most important diseases of beans in Kenya. It is widely distributed, 

resulting in very low yields from early infected beans. Thirty isolates of P. 

phaseolicola were obtained f-om 12 bean growing districts. Seven belonged 

to Race 1 while 23 belonged to Race 2. The predominating Race 2 caused 

severe drooping of primary leaves in Red Mexican UI 3 seedlings. Two lines 

GLP 16 and GLP x92 resistant to Race 2 were crossed with susceptible lines 

and their F.2 progeny analyzed for resistance of susceptibility reactions. 

Resistant bean seedlings reacted mainly with necrotic spots and partial 

chlorosis to P.phaseolicola Race 2. Large water soaked lesiona and entire 

chlorosis constituted the major symptoms on leaves of susceptible seedlings. 

Resistance to P.phaseolicola Race 2 in GLP 16 and GLP x92 was founJ to be 

governed by one recessive gene. A ratio of 1 (Resistant) to 3 (Susceptible) 

was obtained in the F2 seedlings. 

Introduction 

Halo blight of beans caused by Pseudomonas phaseolicola (Burk.) Dows 

is one of the most important diseases of beans. It is widely distributed in 

Kenya and its attack on beans in the early stages results in very low yields. 

P. phaseolicola has been known to occur intwo Races(2). Race 2 has been 

especially virulent, causing stunting and systemic chlorosis. Race Icauses 

mild symptoms and occurs in lower frequency than Race 2. In Romania, 
A similar64% of P. phaseolicola isolates tested belonged to Race 2 (3). 

study in Quebec showed that 26 isolates out of 30 belonged to Race 2(13). 

While these two races are well documented (3, 4, 5, 7, 12), opinions 

differ as to the existence of other races of P. phaseolicola. Schroth, 

Vintanza, and Hilderbrand, as cited by Hubbeling (5), concluded that there 

was an indefinite number of races within P. phaseolicola. They stated that 

neither Race I nor 2 was homogeneous with regard to virulence when 

tested on a number of bean cultivars. In 1977 and 1978 Schuster et al. 

found a new Race 3 which attacked GN UI 59 and California Pink, both of 

which are resistant to Race I and 2 (8). 
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Genetic resistance in beans to halo blight has been studied extensively
(4, 5, 6, 11). Genetic resistance to the different races of P. phaseolicolahave been identified and incorporated in bean cultivars. Complications dueto existence of races do arise since many genes reported are recessive and
confer resistance to only ode race.

The present investigation comprises differentiation of different isolates
of P. phaseolicola collected in Kenya and apreliminary study of resistance 
to two local cultivars with respect to the more virulent Race 2. 

Materials and Methods 
Collection of Isolation of P. phaseolicola 

Infected bean plants were collected from 12 different bean growingdistricts in Kenya. Pure cultures of P. phas.iolicola were obtained asfollows. A portion of an infected leaf or pod was cut into small pieces and one piece placed in a test tube containing sterilized water for five minutes.This allowed the bacterium to ooze out of infected tissue into the water. Thesuspension was then plated on nutrient agar in a Petri dish. Four plates per
sample were prepared and kept in an incubator set at 201C.

After incubation, a Petri dish without much contamination was selected
and a single colony from wasthe plate transferred into a test tube
containing sterilized water, resuspended, and plated on nutrient agar.After incubation for 48 h, a single colony was picked from this plate andinoculated into two test tubes containing nutrient agar. Aftergrowth for48
h the test tubes were stored in a refrigerator as stock cultures. All cultures 
were labelled for identification of location and date of collection,
Pathogenicity studies on a susceptible cultivar, GLP 4 seedlings, andproduction of livern colonies on 5% sucrose nutrient agar confirmed 
isolates to be P. phaseolicola. 
Differentiation of Races 

The differentiation of P. phaseolicola isolates into Race 1 and 2 was
based on the reaction of Red Mexican UI 3. Peeled seeds were dipped in a
bacterial suspension corrected at 101 cells/ml and planted in sand trays
placed on a laboratory bench. Isolates were classified as Race 1if none or
 
very small necrotic lesions developed on cotyledons and leaves or Race 2 if

large lesions, stunting, and systemic chlorosis were observed.
 
Testing for Resistance 

Many cultivars were inocu!ated for their reactions to P. phaseolicola inthe greenhouse using the peeled seed method. Using a scale of 0-6 (0=noreaction, 6 =severe reaction and system chlorosis) to differentiate thereactions obtained at the primary leaf stage, five cultivars were selected for
genetic studies. GLP 2,GLP 3, and GLP 4were found to be very susceptible
to Race 2 but GLP 16 and GLP x 92 were found to be resistant. Crosses
between the three susceptible and the two resistant cultivars were made
using the rubbing method with emasculation as described by Buishand (1).Reciprocal crosses were also obtained, except for those with GLP 16 as the
female parent whose progeny did not set seed. F2 seeds were obtained
from testing genetic inheritance of resistance in GLP 2 and GLP x92. 
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l 3 seeds were inoculated asThe F, parental and Red Mexican 
described above with a Race 2 isolate and planted in tin pots placed on a 
laboratory bench. Scores were taken one week after inoculation. 

Results 

Races of P. phaseolicola 

Thirty different isolates of P. phaseolicola were obtained from different 
bean growing districts in Kenya (Table 1), indicating the widespread nature 
of the pathogen. Seven of these isolates were unable to attack Red Mexican 
UI 3 and were therefc re d, 3ignated as Race 1. These isolates caused very 
small necrotic lesions on leaves of the differential Red Mexican Ul 3. The 
other isolates attacked Red Mexican UI 3, causing severe drooping of the 
primary leaves, usually followed by rotting of the entire seedlings. These 
were therefore classified as belonging to Race 2. 

Race 2 was more frequent than Race 1. Race 2 was obtained from all the 
districts surveyed. Race 1 was found in five districts, Nyeri, Kirinyaga, 
Bungoma, Kiambu, and Kisii. 

Table 1. Reactions of Red Mexican Ul 3 to Pseudomonas phaseolicola isolates 
from different parts of Kenya 

District Isolates Reaction a Race 

Muranga 1 S 2 

Embu 2 S/S 2 

Nyeri 2 S/R 2/1 

Bungoma 2 S/R 2/1 

Wundanyi 1 S 2 

Meru 1 S 2 

Kakamega 1 S 2 

Naivasha 1 S 2 

Kirinyaga 8 7S/I R 2/1 

Kiambu 6 5S/IR 2/1 

Kisii 5 2S/3R 2/1 

aR " Resistance; S = Susceptible. 

Genetic Studies 
All susceptible parents, GLP 2, GLP 3, and GLP4, produced large lesions 

on cotyledons immediately after germination of inoculated seeds. The 
inner side of the cotyledons turned black, followed by a rapid multiplication 
of the bacterium at the cotyledonary node. A few seedlings broke at this 
node. On the stem, lesions with bacterial ooze developed. Halos typical of 
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leaf symptoms in susceptible beans were also formed on leaves. Drooping,
rotting, and death of some seedlings occurred and those that survived 
developed systemic chlorosis and greasy lesions on leaves. Severe 
symptoms included pre-emergence damping off and production of 
abundant bacterial ooze from leaves and stems of seedlings. 

The resistant parents, GLP 16 and GLP x92, produced very tiny necrotic 
lesions on leaves immediately after germination. Some partial chlorosis 
was seen on the leaves. Most seedlings of the resistant cultivar GLP x92 
harJ no visible symptoms. 

The F2 progenies tested showed a broad spectrum of reactions from 
resistant to susceptible types. With the 0-6 scale, plants placed between 0
2 were rated resistant while plants showing 3-6 severity i'eading, were 
considered susceptible. These readings were compared with those of 
parents for ease of interpretation. 

Analysis of parental and F. progenies are summarized in Table 2. It was 
observed that most progeny from the crosses of resistant x susceptible
bean lines were susceptible. This indicated that genes responsible for 
resistance in GLP 16 and GLP x92 were recessive. Calculations to 

Table 2. Summary of Parental and F2 seedling reaction to Pseudomonasphaseolicola 
Race 2. 

Cross or parent Resistant Susceptible Ratio x 2 P 
Expected 

GLP 2 0 905 
GLP 3 0 986 
GLP 4 0 888 
GLP 16 984 0 
GLP x 92 938 0 

GLP2 x GLP 16 262 742 1:3 0.64 44.70 
GLP3 x GLP 16 273 666 1:3 8.31 0.46* 
GLP4 x GLP 16 260 767 1:3 0.06 85.72 

GLP2 x GLP x92 176 512 1:3 0.12 70.40 
GLP3 x GLP x92 211 362 1:3 42.72 0.00"* 
GLP4 x GLP x92 213 567 1:3 2.22 14.98 

GLP x92 x GLP2 73 213 1:3 0.04 89.60 
GLP x92 x GLP3 123 286 1:3 5.61 2.98 
GLP x92 x GLP4 138 342 1:3 3.60 6.58 

Significant at 50/0 level
 
Significant at 1 /o level
 

355 



determine the number of genes involved (16) indicated that a ratio of 1:3 is 

highly probable for six of the crosses, thus indicating presence of a single 

gene pair for resistance in the respective lines. 

Discussion 
On the basis of Red Mexican UI 3 reaction, P. phaseolicola was found to 

exist in Kenya as Race 1 and Race 2. The high frequency (75%) reported in 

Kenya for Race 2 agrees with other reports (3, 13). Probability of other 

races existing in Kenya cannot be ruled out as other dIfferentials used by 

other workers (5, 8) were not available for testing. 
The segregation of F2 seedlings from crosses of GLP 2 xGLP 16, GLP 3 x 

GLP 16, GLP 4 x GLP 16, GLP2 xGLPx92, GLP3x GLPx92, GLP4xGLP 
and their reciprocals (Table 2) showed that susceptibility to P.x92, 

Race 2 was dominant over resistance. The susceptiblephaseolicola 
seedling were more frequent than the resistant ones. Other workers in 

beans have found recessive genes governing resistance to P. phaseolicola 

(4, 6). These similar results show that resistance in GLP 16 and GLP x92to 

P. phaseolicola Race 2 could be governed by one gene since a ratio of 1 

(Resistant) to 3 (Susceptible) was obtained in their F2 seedling reactions. 
found one gene governing resistance to P.Other workers have 

phaseolicola (7. 8,11, 17.) 
.3sGLP 3 x GLP 16, GLP 3 x CLP x92, and GLP x92xGLP3,In three cros 

the ratios for F2 seedlings could not be fitted into any hypothesis giving a 

definite number of genes for resistance. This lack of fit could be attributed 

to variation in the environmental factors and also epistasis. In all the F2 

data that did not fit 1:3 ratio, there was excess of resist.: ' 3eedlings. The 
sogenes for susceptibility could have been masked that an excess of 

resistant seedlings was obtained. Disease escape also could have 

contributed to the deviation of observed ratios from the expected ones. This 

would have resulted in a higher number of resistant seedlings as in the 

case of 	unclear crosses mentioned. However, disease escape would only 

have had a negligible effect because the inoculation method was very 

effective and guaranteed maximum infection. 
The conclusion that resistance in GLP 16 and GLPx92 is governed byone 

gene is interesting from the standpoint of breering for halo blight 

resistance in local dry beans in Kenya. Most popular iocal varieties are very 

susceptible to halo blight and any type of resistance genes would be very 

useful. As the resistance has not proven stable nor been tested with other 

races of the pathogen, caution should be exercised iin any breeding 

program 	using this source of resistance. 
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Abstract 

A collection of 53 X. campestris pv. manihotis strains from Brazil, 

Cameroon, Colombia, Ivory Coast, Java, Kenya, Mauritius, Nigeria, South 

Africa, Sumatra, Taiwan, and Uganda was built up and analyzed. All strains 

showed gelatin hydrolysis, protein hydrolysis, formation of acid from D (-) 

arabinose, glucose, and mannose, but not from rhamnose and ribose. 

Pectate gel was not hydrolysed. Variations among the strains, but without 

relation to the geographical origin, were observed concerning sodium 

chloride tolerance, H2S production, and production of acid from glycerol, 

maltose, and raffinose. All 39 tested African strains showed a low amylase 

activity, while among the 8 South American ones, only a strain from Bahia 

and a strain -from Rio de Janeiro did so. Strong amylase activity was related 

with growth on SX agar and formation of acid from dextrin. 

Five strains were inoculated in an air conditioned glasshouse to 13 cassava 

cultivars from Africa, Asia, and South America, with various degrees of field 

resistance. Significant differences in virulence were observed among the 

the other hand, were particularly virulent on specific
strains. Some, on 
cultivars and less on others, suggesting some pathogenic specialization. 

Smooth colonial variants occurring occasionally during subculturing may 

show reduced virulence compared to the parental strain. 

Introduction 

Cassava (Manihot esculenta (Crantz) bacterial blight (CBB), caused by 
Xanthomonas campestris pv. manihotis (Berthet & Bondar) Dye, is 

characterized by the production on the leaves of angular spots evolving into 

blight areas and by a systemic infection of the stem leading to necrosis of 

vasular tissues, exudation of bacterial ooze, wilt, and tip die-back (13, 15). 
Since its report in 1912 from Brazil (2), the bacteria has been detected in 

most of the cassava growing countries in the tropics (4), especially during 

the last decade, when the disease caused extensive losses leading to food 
shortage in areas such as the Bandundu province in Zaire (15). Cassava 

improvement programs were initiated in several countries. 
The widespread occurrence of the pathogen at the time of first 

identification, suggests that it had been present for at least several years 
prior to its detection (23). 

358 



In view of this wide distribution, it is not surprising that discrepancies are 
noted in the descriptions of the physiological characteristics of the 
pathogen (1, 6, 9, 13, 14). By comparing strains from distinct geographical 
areas, Lozano and Sequeira (13) observed differences in the serological 
relationships and carbohydrate utilization and Maraite and Weyns (16) in
the amylase activity. Differences in virulence among strains have also been 
noted (7, 15, 22), but distinct pathogenic races were not yet identified. 

Disease control is mainly based on the use of resistant cultivars. It is thus 
important to know the limits of variation of the pathogen in order to select 
cultivars with resistance against the most virulent strains and also for the 
choice of resistant germplasm to control eventually one particular strain. 
With this in view we are building up a collection of strains from various 
geographical origins, characterizing these strains in a set of laboratory
tests and studying their reaction to cassava cultivars with various degrees
of field resistance. Herein we report the most significant results obtained 
up to now. 

Material and Methods 
Culture Collection 

The origins of the strains are given in Table 1. Dilute suspensions of 
single colonies appearing on isolation plates, or of the cultures provided by
donors, were streaked out on nutrient agar (Difco) and checked for purity.
Subcultures of typical single colonies from these streaks were transferred 
for storage for up to 6 months on Dye's GYCA (10) slopes at roum 
temperature in the dark, or lyophilized for longer preservation. Standard 
bacteriological (3) and pathogenicity tests were performed as identification 
checks. 

Physiological Characteristics 
Stock cultures were revived on GYS plate (glucose, 5 g; yeast extract

(Difco), 5 g; NH4H2PO4, 0.5 g; K- HPO 4 , 1.5 g; MgSO 4. 7H20, 0.2 g; NaCI, 5 
g; agar (Difco Bacto), 20 g; water 1 IJand 4 typical colonies transferred to 
GYCA. The tests were made within 2 weeks from subcultures of these
 
colonies. Incubation temperature was 270 C.
 

Tests on 
solid media were performed by a replica plating technique,

using 10 x 10 x 2 cm high sterile plastic boxes divided in 25 compartments

(Sterilin, U.K.) allowing the comparison of 6 sirains in 4 repetitions on one

plate. Each compartment received 2 ml of medium, giving e layer about 6
 
mm thick. Master plates on GYS were incubated for 3 days before

replication to the test medium. For in liquid medium, 3-day-oldtests 

subcultures on 
GYS slopes were washd with sterile water and diluted. 
One drop of the suspension was added to 2 ml of test medium in 15 mm 
diameter test tubes, giving a final concentration of about 10o cells mI- 1. 

Gelatin hydrolysis and protein digestion were studied by the agar plate
techniques (21, p 33 and -, 48, respectively); pectate hydrolysis on 
Bradbury's modification (5) oi the Paton pectate gel medium; tolerance to 
sodium chloride; and H2 S production according to Dye's (10) methods. For 
the latter test the cultures were not shaken in order to avoid splashes on 
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Table 1. Origin of the X. campestris pv. manihotis strains. 

HMBa Territory of 
no origin 

3 Zah'e, Kasai 

6 Zai're, Bandundu 

9 Zai're, Haut Za(re 

10 Za(re, Bas Zai're 

23 Brazil, Sao Paulo 

25 Nigeria 

27,34 Cameroon 

36 Nigeria 

55 Brazil, Rio de Janeiro 

58 Nigeria 

60,61 Taiwan 

68 Brazil 

70 Brazil 

71 Mauritius 

72 Colombia 

78 Brazil Goias 

79 Brazil, Bahia 

80 Brazil, Brasilia 

81-94 Uganda 

174 Java 


175 Sumatra 


176 Sumatra 


177 Sumatra 


192-199 Uganda 

200 South Africa 

201 South Africa 

202,210 Zal're 

203,204 Ivory Coast 

205,206 Kenya 

208 Nigeria 


209 Cameroon 


Date of 
isolation 

1973 


1973 


1973 


1973 


1973 


1976 


1977 


1977 


1965 


1978 


1978 


1941 


1941 


1946 


1970 


1979 


1979 


1979 


1979 


1979 


1980 


1981 


1981 


1981 


1981 


1981 


1981 


1981 


Other references or do,torsb 

Z 39 (15)
 

Z 273 (15)
 

Z 284 (15), NCPFB 3058
 

Z 291 (15), NCPPB 3051
 

A.L.G. Pereira BM 12 (15), ICPBXM147
 

N 578 (16), NCPPB 3060
 

C 631, C 671 (16)
 

From a leaf collected in 1977
 

NCPPB 1834, Robbs ENA-300 (20)
 

From a leaf collected in 1978
 

From stems sent by L.S.Leu
 

NCPPB 1159, Burkholder SM 1 (6)
 

NCPPB 1160, Drumond & Hipoli^.o (9)
 

NCFPPB 1161, Orian M 3 (18)
 

NCPPB 2443, Lozano 23 L (13)
 

Takatsu 35 (22)
 

Takatsu 6 (22)
 

Takatsu 7 (22)
 

From leaves sent by Otim Nape William
 

UQM 1883, Persley I 8
 

UQM 1884, Persley 1 10
 

UQM 1881, Persley I 1
 

UQM 1892, Persley I 5
 

From leaves sent by Otim Nape William
 

Strain sent by Manicom (14)
 

From a leaf sent by Manicom
 

From leaves collected in 1981
 

From leaves provided by Notteghem
 

From leaves provided by Onyango
 

From a leaf collected in 1981
 

From a leaf collected in 1980
 

Collection of the senior author, Laboratoire de Phytopathologie, U.C.L. 

b 	 Isolation number by the authors mentioned in previous publications, donor's or culture collection's 

reference number. 
NCPPB, National Collection of Plant Pathogenic Bacteria, U.K. 

ICPB, International Collection of Phytopathogenic Bacteria, U.S.A.
 
UQM, University of Queensland, Dep. of Microbiology, Australia.
 

a 
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the lead acetate strips. Acid production from carbohydrate was tested on 
Dye's medium C (10) with, as carbon source: D (-) arabinose, dextrin, D (+) 
glucose, glycerol, lactose, maltose, mannose, raffinose, L(+) rhamnose or D 
(-) ribose. Hydrolysis of starch was assessed on medium C supplemented
with 0.2 or 2% soluble starch. After 4 days incubation, the bacterial 
colonies were washed off the agar surface before flooding the medium 
with iodine solution for 1 min. rinsing with water and measuring the 
diameter of the clear area after 30 minutes. 

Growth on SX agar (21) was measured after 2 weeks incubation. 

Pathogenicity Testing 
The origin of the cassava cultivars received as cuttings is given in Table 2. 

Cassava plants were established in an air-conditioned glasshouse with a 
day temperature of 28 to 306C and a night temperature of 25 to 260C, by 
propagation of green cuttings in sterilized water and transplanted toa light 
compost. Vigorous, 50 to 70 cm high plants were used for inoculation. Two 
leaflets of the 3rd leaf from the top were inoculated at 10 points by means 
of a multipin inoculator, contaminated by a bacterial suspension of about 
109 cells mi- 1. The stem was inoculated at the internode between the 3rd 
and the 4th leaf by pucture with a needle contaminated by passing it 
through a 48 h-old-bacterial culture on GYS. Generally, 6 plants per 
cultivar and per strain were inoculated. 

Table 2. Origin of the cassava cultivars 

Cultivar Origina Field characteristics 

Amer 6 mois INERA, Zaire moderately susceptible

5733 tolerant (15)
 

Isunikakiyan IITA, Nigeria susceptible 
30211 resistant 
30395 resistant 
30555 resistant 
58308 resistant 
60444 highly susceptible (19) 

M.Col 638 CIAT, Colombia tolerant 
M. Ecu 82 resistant 
M. Pan 12B resistant 
M. Mex 59 susceptible (Lozano, personal

communication)Yi-chu-shian PPC, Taiwan resistant (12) 

a abbreviations: 

INERA = Institut National pour I'Etude et la Recherche Agronomique;
 
IITA = International Institute of Tropical Agriculture;
 
CIAT Centro Internacional de Agricultura Tropical;
 
PPC = Plant Protection Center.
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The disease severity on the inoculated leaves was rated as follows: 0, no 
symptoms; 1, angular watersoaked spots; 2, some blight areas; 3, blight of 
the leaflet; 4, blight of the whole leaf; 5, inoculated leaf shed. For stem 
infection, the following scale was used: 0, cicatrization, no brown areas 
around the inoculation point; 1, areas of browning or exudation around the 

arid/or up to 2 uninoculatedinoculation point<40 mm; 2, area >40 mm 
leaves showing wilt symptoms; 3, more than 2 wilted leaves; 4, tip die

back; 5, whole plant dead. 

Results and Discussion 

Physiological Characteristics 

All strains showed gelatin hydrolysis after 6 days, protein digestion after 
4 days, but no pectate hydrolysis, even after 2 weeks of incubation Thc 
major differences detected among strains, concerning physiological 
characteristics, are presented in Table 3 for 15 representative strains. 

Maximum concentration of sodium chloride permitting growth varied 
between 3 and 5% without any relation to geographical origin of the 
strains. These figures are higher than those previously (16) reported, 
because of the higher bacterial inoculum. Turbidity similar to the 
inoculated control YS broth was generally observed at salt concentrations 
of 1 to 2% lower than the figure quoted. 

Intensity and speed of H2S production also varied greatly among the 
tested strains, the first signs of darkening of the lead acetate strips being 
generally observed only after 4 days of incubation, although turbidity was 
already high after 2 days. Blackening increased rapidly afterwards up to the 
end of the test on the 14th day. 

The differences in H 2S production may explain the discrepancies noted 
in the literature concerning the H2S production by pv. manihotis (13, 14). 

All strains produced acid from arabinose, glucose, and mannose. A slight 
and delayed acid production was observed for some strains on dextrin, 
glycerol, maltose, and raffinose, without any relation to geographical 
origin. No acid production was detected on rhamnose and ribose. By using 
the replica plating technique on medium C, we noticed for some 
carbohydrates an alkalization of the medium, after a more or less 
pronounced acidification. This may account for discrepancies observed 
when the results were compared to those obtained in test tubes by a 
modification of the Hugh and Leifson 0. F. test (3). 

Starch hydrolysis was demonstrated for all strains on the 0.2% starch 
medium. The diameter of the clear area after iodine flooding of the plates 
varied, however, from 2 mm (strain 9) to more than 20 mm (for instance, 
strain 72). The clear area is larger on a thinner medium layer. Clearcut 
differences were evident on 2% starch, all the African strains being 
negative, while the South American ones, except 55 from Rio de Janeiro 
and 79 from Bahia, were positive (Table 4). The strains from Java and 
Sumatra showed a low amylase activity. The strains from Taiwan were by 
mistake reported as similar to those from Africa (17). The amylase activity 
most probably determined the growth on SX agar containing 1% starch. 
Growth on this medium is thus not a good criterion for the identification of 
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Table 3. Characteristics of 15 strains of X. campestrispv. nmnihotis. 

Strains 
NaCI 

tolerance 
H2 S production 

from 
(a) 

Production of acid from 

1b) 

Starch hydrolysis. 
detected at 

(c) 

Grown on 
SX agar 
(d) 

Origin No. 
HMB 

g/t00 ml Z, 

+ 

20 
(0 

Z 
+ 

0 

CL 
+ 

a 0 
0 

2 
o0 

g/100 ml 
0.2 2 

> u E -

Africa 
Cameroon 
Nigeria 
South Africa 

Uganda 

Zaire 

34 
25 

200 

93 

195 
6 
9 

5 
3 
4 

4 

4 
4 

4 

1 
1 
3 

3 

1 
2 

1 

1 
1 
3 

3 

1 
3 

1 

1 
2 
3 

2 

1 
3 

1 

2 
1 
3 

3 

2 
2 

1 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

-
-
-

-

-
-

-

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

-

-

-

-

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
± 
+ 

_ 

_ 
_ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

-

-

-

_ 

_ 
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slight acidification within 1 month. 

W 

0) 
CA) 

CWith a 4 days incubation on a 6 mm thick medium, diameter of clear area after iodine staining. - = no clear area. + = 1 to 5 mm. 
d oiameter of the colonies after 2 weeks incubation: - = <3mm, 1 = 3to5mm, 2 = 5to9 mm, 3 = > 9mm. 

+ => than 5 mm. 



Table 4. Distribution of strains with strong amylase activity 

Number of strains 
Origin tested with strong amylase activitya 

Africa 
0Cameroon 3 

Ivory Coast 2 0 
Kenya 2 0

0Mauritius 1 
0Nigeria 4 
0South Africa 2 

Uganda 19 0 
0Zaire 6 
039 

Asia 
01Java 
0Sumatra 3 
22 
2 

Taiwan 
6 

a Hydrolytic area visible after iodine flooding of 4-day-old cultures on Dye's medium 

South America 
Brasil 
Colombia 

7 
1 

5 
1 

8 6 

Ccon

taining 20/o soluble starch. 

pv. manihotis. The strains with high amylase activity were those which 

showed acid production from dextrin. It must be noted that strains 68 and 

70 demonstrated high amylase activity, while Burkholder (6) and Drumond 
not observe starchand Hipolito (9), who isolated these strains, did 

hydrolysis in their tests. 
Cassava originated in South America and it is plausible that pv. 

manihotis has also been distributed from there to the other continents. 

Because of its systemic colonization of the stem, this bacteria can indeed 
be propagated with the cuttings used as planting material (23). It is 
remarkable that all inalyzed African strains showed a low amylase activity 

similar to that fou' d up to now only for the strains from Bahia and Rio de 

Janeiro on the East Coast of South America, Further comparative studies 
with a still wider range of origins and test methods may,possibly allow the 

determination of the origin of the pv. manihotis strains and perhaps other 

pathogens and pests imported into Africa. 

Variations in Pathogenicity 

On all tested cultivar-straincombinations, angular watersoaked leaf spot 

were observed within 6 days after inoculation and these had evolved into 
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blight areas on the 13th day. The distribution around the mean of the blight
severity indices observed for the 5 strains on the 8th day after inoculation is 
shown in Fig. 1A. The highest severity index was recorded with strain 78 on 
the highly susceptible cultivar 60444, but the differences in disease 
severity induced by the various strains on the range of cultivars were small 
and generally made up on the 13th day after inoculation, allowing, under 
our conditions, no sure identification of the cultivars with high field 
resistance. 

On stem inoculation, clearer differences among cultivars and strains 
became evident. The IITA selections 30555, 30211, and the CIAT M. Ecu 
83, with fair resistance in the field, appeared also as the most resistant in 
these glasshouse tests: while M. Mex 59, Isunikakiyan, Amer 6 mois and 
60444, reported as susceptible, showed severe CBB symptoms (Fig. 1B).
The virulence of the strains, expressed by the mean disease index induced 
on the 13 cultivars, decreases in the following order: 78>60 >10>25>72. 
Strains 9 and 68 showed an even lower virulence in other experiments. In 
screening for resistance, it is thus wise to use the most virulent strains 
occurring in a country (7). 

Besides the mean disease index on a cultivar, the amplitude of variation 
around the mean of the indices induced by the various strains must be 
considered. On Amer 6 mois, strains 78 and 72 induced similar symptoms,
but on Isunikakiyan they induced severe and mild ones, respectively.
Inversions in the mean virulence sequence were detected on some 
cultivars. Strain 10 induced on cultivar 30555 the lowest disease index, 
and on 5733 the highest one. The latter reaction was already observed in
inoculation experiments done in 1973 (15). Cultivars selected for 
resistance against one particular strain in a country, may thus show severe 
symptoms when exposed to a still more virulent or different foreign strain. 
The results also suggest that besides differences in virulence (7, 15, 22), 
some pathogenic specialization exists. Further studies on a larger number 
of plants per cultivar and a wider range of strains are needed to confirm this 
point. The clear distinction of races appears, however, to be difficult. CBB 
resistance is indeed believed to be due to polygenes, mainly with additive 
effects but to some extent alsowith non-additive effects(1 1). Thegenotype
of the actual improved cultivars is largely unknown. Cultivars with a low 
mean disease index on stem inoculation and with a narrow amplitude of 
variation of disease susceptibility to a set of isolates, should be safest for 
CBB control. 

In general, the virulence of the tested strains was not altered during 
storage and subculturing for several years. During purity checks at 
transfers of pv. manihotis stock cultures, colonial variants similar to the 
rough and smooth colonies reported by Corey and Starr (8) for X.phaseoli, 
were detected for some strains (Maraite, unpublished). These colonial 
variants generally became clearly visible only after4 to 7 days of incubation 
of L diluted streak on GYS and were easily overlooked in young and dense 
cultures used for iroculation. 

In comparative leaf and stem inoculations, a subculture of a smooth 
colony of strain 23 showed a strongly reduced virulence, compared to the 
subculture of a typical mucoid one. The virulence of a subculture of a rough 
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Fig. 1. Interaction of five strains of Xanthomonas campestris pv. manihotis 
with a set of cassava cultivars of different degrees of field resistance. (A) 
Blight severity on leaves, 8 days after inoculation. (B) Severity of blight 
symptoms on stems, 32 days after inoculation. Means of generally 5-6 
plants/cultivar/strain, except for values in brackets. 
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colony of stTain 83 had, nevertheless, an unaltered virulence. Starch
hydrolysis by both variants was similar to the parental strains. In
transfers of strains for virulence studies, it is thus important to choose the 
typical mucoid colonial type. 
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Abstract 
Studies were undertaken to detect the possible presence of species of 

pathogenic bacteria belonging to the Carotovora group of Erwinia affecting
either potato plants in the field or potato tubers during storage. Thirteen
isolates out of 130 cultures assayed were soft rot Erwinia. Sixwere Eca and
five Ecc. Two isolates remain uncertain and they may be considered as "low 
temperature" isolates of Ecc due to their particular biochemical and growth 
characteristics. 

Introduction 
The taxonomic status of the genus Erwinia has greatly improved in 

recent years. Three grouF-, make up the genus Erwinia: the amylovora, 
carotovora, and herbicola groups. Among them, species belonging to the 
carotovora groups are referred to as the soft-rot bacteria, namely E. 
carotovora var. carotovora (Ecc); E. carotovora var. atroseptica (Eca), andE.
chrysanthemi (Echr). Geographic distribution, specific host range, and
biochemical features are important characteristics for the identification of 
species belonging to the carotovora groups (Perombelom and Kelman,
1980). 

In Southern Chile soft rdt of potato tubers during storage and black leg,of 
potato plants in the field are important diseases caused bypectinolitic soft
rot coliform bacteria. Early studies on identification of species was based 
on disease symptoms (Mujica, 1941). Only in 1973 was Erwinia 
carotovora (Jones) Holland fully described as affecting potato plants and
tubers in Southern Chile (Ciampi, 1972; Ciampi, 1973). However, no 
studies have been made to fully identify subspecies of the carotovora 
group.

The objective of this work was to detect the possible presence of species
of pathogenic bacteria belonging to the carotovora group affecting either 
potato plants in the field or potato tubers during storage. 

Materials and Methods 
Isolations of virulent strains were -made from 18 potato plants with 

typical black leg symptoms; 6 plants with brown spots along the stem and 
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17 tubers with soft rot decay. The isolations from plant materials were 
performed using methods described by Ciampi (1972 b). 

Pure cultures obtained from the isolations were tested for pectinolitic 
activity on Beraha (1968) semi-solid agar medium, using sodium 
polypectate (Sigma Chemical Co.) as pectic base. All the isolates that 

rot in moistshowed pectinolitic activity were tested for potato soft 
chambers using methods described by Ciampi (1972b). 

The strains that showed pectinolitic activity and caused soft rot of potato 
tubers in moist chambers were used for biochemical identification tests 
used in distinguishing the soft rot Erwinias (P6rombelom and Kelman, 
1980). The following tests were performed: Sensitivity to erythromycin; 
reducing substances from sucrose; gas from d-glucose; acid from lactose; 
palatinose and cc methyl-glucoside and growth at 37 and 400 C. 

Type cultures were also used as known controls. The isolates were 
obtained from the culture collection of the Plant Pathology Department, 
Univ. of Wisconsin, Madison (Dr. A. Kelman collection). The isolates used 
were: Echr SR 120; EccSR44, and Eca SR44. 

Results 

Symptoriatology of Collected Diseased Plants and Tubers 

Under field conditions potato plants affected with black leg showed 
typical blackening of the basal part of the stem. The rot involved also 
stolons and mother tubers. In some cases th6 rot extended to aerial parts of 
the plant and the foliage showed wilt symptoms and yellowing of the 
leaflets. Depending upon the stage of the disease, stem rot occurred along 
and up the stem, with blackening of the edges of the stem. 

Tubers collectea in vegetable stores and farmer's markets showed two 
kinds of rot. In most cases the tubers showed a hard dark rot, with little 
odor. The rot extended to the interior with black-brown and white cream 
zones. This rot was observed especially in those tubers affected by physical 
damage (e. g. harvesting tools). The second kind of rot was a more typical 
soft-rot. Interior tissues were soft, slimy, clear colored and foul smelling. In 

all cases the cuticule was not affected. 

Pectinolitic Activity on Beraha Semi-solid Pectate Medium 

The cultures tested showed two kinds of reactions. First, the non
pectinolitic organisms grew on the medium but no liquefaction occurred; 
also a change from green to blue color was observed around the colonies. 
On the other hand, pectinolitic organisms caused a liquefaction of the 
medium and a change from green to yellow.This was observed after 24 h of 
growth at rr:m temperature 201C t 20 C. 

Symptoms of Inoculated Sliced Potato Tubers 

All the cultures tested in moist chambers under laboratory conditions 
showed similar symptoms. The center of the rot was white and cream 
colored with black margins. The tissues were changed to a soft mass by 
pectic enzymes. Starch was not affected and the cuticule remained 
unchanged. Along the margins of the rot it was possible to detect a black 
strip which marked the boundary between healthy and diseased tissues. 
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Biochemical Characteristics of Erwinia Isolates 
Ten biochemical reactions and growth characteristics of 16 isolates 

tested are presented in Table 1. Type cultures (Echr 120; Eca SR44 and Ecc 
SR100) are presented in italics; Erwinias isolated from Chilean material 
are presented in numbers. 

Discussion 
Field data indicates that potato plants affected by soft rot Erwinia at the 

base of the stem showed classical black leg symptoms. Among other 
characteristics, blackening of the stem and destruction of roots and stolons 
indicated the presence of soft rot Erwinia. However, plant symptoms are 
insufficient for species separation since Eca and Ecc may be found 
affecting potato plants in the field (P6rombelom and Kelman, 1980).
Among the virulent strains isolated, three were obtained from plants
affected with black-leg symptoms; one was identified as Ecc and two as Eca 
(Table 1). Therefore, this finding corroborates the observations published
by Stanghellini and Meneley (1975) that both Ecc and Eca can cause black
leg on potato plants. 

Tuber rot symptoms were recorded during recolection of diseased 
tubers. Evidence indicates that tubers wounded by harvesting tools 
develop a dark semi-hard rot. Tissues under these conditions are affected 
by large amounts of aerobic baGterial species. On the other hand, the foul
smelling rot accompanied by slime affected tissues was observed in 
undamaged tubers. This more classical Erwinia rot indicated few bacterial 
saprophytic species expressing a more anaerobic kind of rot. 

All the isolates obtained (Eca and Ecc) showed identical symptoms when 
inoculated as pure cultures on potato slices in moist chambers. This 
confirms the concept that potato soft rot symptoms caused by pure cultures 
are important characteristics for diagnosis of genera, but not relevant for 
species differentiation. Eca was isolated four times from tubers as well as 
Ecc. This fact indicated that Eca and Ecc isolated from Chilean potato parts 
can cause disease on either potato plants or tubers. 

Beraha semi-solid pectate medium proved to be adequate fo- the 
purposes of this research. Pure cultures were tested for pectin degradation 
on this semi-solid base (Echr, Ecc, and Eca grew in similar ways on this 
medium.) The characteristics of the cultures growing on this rich pectate
medium are an excellent system for discarding the non-pectinolitic
cultures. Some Bacillus isolates did not cause liquefaction of this medium;
however, they were able to grow on potato slices in moist chambers. Also, 
some green fluorescent Pseudomonads were isolated, causing some 
degree of pectate degradation. Therefore, this medium worked in a semi
selective way, making it possible to obtain all Erwinia isolates and some 
Pseudomonas. 

Moist chambers are excellent systems to detect virulent soft rotting 
potato bacterial pathogens. Furthermore, they give the possibility of 
separating Erwinia isolates from other soft rot causing bacteria (e.g. strains 
of Bacillus and Pseudomonas). The particular look of the rot produced by
virulent Erwinia makes this task very easy. Thus, after pure cultures are 
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Tablc 1. Cultural and biochemical characteristics of thirteen Erwinia isolates obtained from potato plants and tubers in 
Southern Chile. 

(a) (b) (c) 
Echr Eca E6 E14 E15 E16 E18 E21 E12 E17 Ecc E8 E9 El0 Ell E13 

G ram stain .. . . . . . .. . . 

Growth at 37C + - - - - - - - - - + + + + + + 

Growth at 400C + - - - - - - - - - + + + + 

Anaerobic growth + + + + + + + + + + + + + + + + 

Growth on pectate + + + + + + + + + + + + + + + + 

Tuber rot + + + + + + + + + + + + + + + + 

Sensitivity to erythromycin + . . . . . . .. . . 

G as from glucose -. . . . . .. .. . 

Acid from lactose - + + + + + + + + + + + + + + + 

Acid from palatinose - + + + + + + + + + - - -

Acid o-Methil-Glucoside - + + + + + + + - -. 

Reducing substances from sucrose - + + + + + + + - -. 

Isolated from (d) P P T T T P T T T T P T T T T 

(a) Ech = Erwinia chrysanthemic SR 120 
(b) Eca = Erwinia caratovora var. atroseptica SR 100 
(c) Ecc = Erwinik caratovora var. caratovora SR 44 
(d) P = plant; T= tuber. 



made from isolations, growth on Beraha medium is determined. Then, soft 
rot in moist chambers provide the next step, which leads to the elimination 
of undesirable isolates and to keeping virulent strains of pectinolitic
organisms belonging to the carotovora group of the genus Erwinia (Echr, 
Eca, and Ecc).

Thirteen isolates were soft rot Erwinia from about 130 pure cultures 
tested. Our soft rot Erwinias were isolated from potato plants with typical
black leg symptoms and potato tubers with soft rot decay. No Erwinias or 
other plant pathogenic bacteria were isolated from plants with brown spots
along the stem. Our soft rot Erwinias were Eca (six) and Ecc (five) sensu 
P6rombelon and Kelman (1980). Two isolates remain uncertain (El 2 and 
E17 in Table 1). They may be considered as intermediate strains in 
observation since "the different kinds of bacteria are not separated by
sharp divisions but by slight and subtle differences in characters so that 
they seem to blend into each other and resemble a spectrum" (Gordon etal. 
1977).

Therefore, strains El 2 and El 7 may be considered close to Eca because 
they use palatinose and failed to grow at 37 and 400 C. On the other hand,
they may be considered close to Ecc because they did not produce acid 
fromcx- methyl-glucoside and no reducing substances from sucrose were 
detected. However, considering the particular climate characteristics of 
Southern Chile (rainy winters and cool summers) and biochemical features 
as well as the fact that they were isolated only from potato tubers, these 
two isolates may be considered as "low temperature strains of Ecc." 

Finally, this is the first report for Chile of Eca causing both black leg and 
soft rot in potato stems and tubers; also, it is the first report of Ecc causing
black leg in potato plants. There is no evidence at this moment of the 
presence of Echr. This research is the starting point of a broader and more 
detailed taxonomic study, especially to investigate the importance of low 
temperature strains of Ecc in Southern Chile. 
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Abstract 

During a study of soft-rot of potato tubers and potato black leg, Bacillus 
species were quite often isolated. These species of pectolytic spore-formers 
are normally found as part of the soil bacterial flora. They cannot degrade 
starch, a compound also not degraded by Erwin/a plant pathogens. High 
temperatures and wounds from potato harvesting tools allow infection by 
Bacillus spp. These findings suggest that pectolytic species of Bacillus are 
opportunistic rather than true pathogens. 

Introduction 

During the study of potato soft-rot and black leg, Bacillus species were 
isolated quite often. Early reports indicate that healthy potato tubers may 
carry Bacillus species in their vascular tissues (Hollies, 1951). In Chile, 
Bacillus is normally found with potato tubers and plants affected by soft-rot 
bacteria (Ciampi, 1972). 

A study was conducted to identify the pectolitic Bacillus species 
associated with soft decay of potato tubers and plants, and to clarify the 
plant pathogenic role of these bacteria. 

Materials and Methods 

A culture collection was obtained from diseased plants and tubers, 
including: 48 isolates from potato plants with black leg symptoms, 14 
isolates from six rotted tubers (from diseased plants), and 14 isolates from 
six plants with brown lesions along the stem. 

All 67 isolates, stored as pure cultures, were tested on potato slices 
inside moist chambers. The sliced tubers used measured 4cm in diameter 
by 2 cm thick. The pectinolitic Gram positive and sporeforming bacteria 
were grouped and kept on soil extract agar slant for species determination. 

Identification of the isolates was made using material and methods 
described by Gordon et al. (4). For further details of isolation and test on 
potato slices see paper on Erwinia by the same author. 

Results 

Symptomatology of Diseased Tubers and Plants 

Most potato plants and tubers collected under field hot conditions 
showed typical black leg and soft rot symptoms. A few plants presented 
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brown lesions at the end of the main root measuring 1 to 2cm long by 0.5 to
1 cm wide. Other plants presented black lesions along the stem, most of
them 10 to 15 cm from the stem end. These lesions were 5 to 10 cm long by
1 cm wide. 

Symptoms of Inoculated Sliced Potato Tubers 
All 67 isolates were tested on potato slices inside moist chambers. Rot 

caused by Bacillus spp. was easily differentiated from the soft rot caused by
Erwinia spp. (Fig. 1). The endospore forming isolates showed a brown rot
which spread on the surface of the potato up to the edges after 48 h at 
25 0 C. 

Under the conditions used for inoculation, potato starch was not affected 
and only pectic substances seem to be affected. 

After three days at 25 0 C all the tubers were 50% rotted. Older inoculated 
tubers have a tendency to become dark and black in the surface. 
Pectinolitic Activity of Bacillus Isolates on Beraha Semi-solid Pectate 
Medium 

All the Bacillus isolated showed superficial growth on this medium. The 
pectate-rich base was not liquified and no acidification of it occurred. On
the other hand, Erwinia isolates developed a deep digestion of the pectin
with strong acidification of the medium (yellow color). All the Bacillus
isolates also showed an alcalinization (blue color) during growth on this 
medium. 

Biochemical and Cultural Characteristics of Isolates of Bacillus 
All the Bacillus isolated were Gram positive motile rods with cylindrical

and central endospores. The sporangia were not definitely swollen and
globules were absent in protoplasm of stained cells. All the cultures 
showed growth at pH 5.7; produced a positive Voges-Proskauer reaction 
and fermented glucose, maltose, and xylose. The pH in the Voges-
Proskauer broth was 4.9 to 5.2. Arabinose was not fermented, starch 
tested on plates was not hydrolized, and the cultures did not grow
anaerobically. Reduction of nitrates to nitrites was not detected. According
to these characteristics, the isolates were identified as Bacillus pumilus
Meyer and Gottheil, 1901. 

Discussion 
Diseased plants and tubers under field conditions may have been

invaded by other pectinolitic bacteria besides Erwinia soft-rotters. The 
isolation of Bacillus pumilus from diseased potato tubers and stems with
black-leg symptoms is an indication that this species may play an important
plant pathogenic role. 

From 18 plants with typical black-leg symptoms, three E carotovora and 
B. pumilus were isolated. The greater abundance of Bacillus over Erwinia is 
not explained at this time. Probably, work with a specific medium for
isolation of Erwinia such as CVP medium (Cuppells and Kelman, 1974),
could lead to detection of more Erwinia isolates. However, the lack of 
proper chemicals made this impossible. Another explanation of the low 
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Fig. 1. Potato tubers inoculated with Bacilluspumilus (a) and Erwinia cartevora (b) 

kept inside moist chambers during 48 h at 250C. 
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numbers of Erwinia could be the advanced stages of the potato stems with 
black-leg symptoms. The wilted stems of the plants were 50% rotted and 
affected by many different species of microorganisms. Under these 
conditions, decayed tissue is mostly invaded by saprophytes. Probably, in 
early stages of the disease, Erwinia members are more numerous than 
Bacillus 	and secondary invaders. 

An important step in separating pectinolitic species isto inoculate potato
slices inside moist chambers. Symptoms on the surface of sliced potatoes 
usually provide an excellent means of grouping the different genera of 
organisms involved in black-leg and potato soft-rot. This is evident in Figure
1. E. carotovora rot is typical and very different from B. pumilus rot. 

Another way to differentiate pectinolitic organisms is by inoculating 
young cultures with Beraha semisolid pectate medium. B. pumilus isolates 
are unable to cause liquefaction of this medium under our laboratory
ccr,ditions. On the other hand, E. carotovora isolates caused a deep crater 
and acidification when gruwing on this medium. 

Microscopic preparations showed that growth of B. pumilus isolates 
occurred in intercellular spaces and in collapsed cells of potato tissue. 
Potato cells were loose, indicating that the pectic components of the middle 
lamella were liquified. Also, under these conditions, starch was not 
hydrolized and remained unaffected. Even though B. pumilus represen
tatives caused rot of potato tissue by degrading pectic substances, they 
were unable to liquify sodium polypectate (polygalacturamic acid-sodium 
salt from SIGMA) on plates. This could indicate that Bacillus species have 
particular and different pectic en,:ymes from those of Erwinia. 

B. pumilus species were isolated only from plants with typical black-leg 
lesions during warm days in summer time. No plant pathogenic bacteria 
were isolated from eight potato stems with brown lesions at the base of 
stem and roots. This clearly indicates that tissues of potato stems and 
tubers, after a soft-rot process initiated by Erwinia species, harbor a 
particular flora which has a role in degradation and mineralization of 
organic matter from plant tissues (Ciampi, 1981 ).

The advanced stages of rotted potato stems and the warm weather 
conditions suggest that B. pumilus is an important organism involved in the 
degradation or organic matter, and is not a true plant pathogen. However, 
the question whether Bacillus species are capable of indicating per se a 
plant pathogenic process remains uncertain. 
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Abstract 

Plasmids in 39 strains of Erwinia stewarti were examined by agarose gel
electrophoresis. Most virulent strains had 11 to 13 plasmids ranging in 
molecular mass from 2.8 to 210 megadaltons (Mdsl) and contained plasmida
of 2.8,8.8,18.8,29.5,43,49,70,and 210 Mdal. BamHI restrictionpatterns
of total plasmid DNA from six virulent strains were almost identical, 
inidicating that many of the same plasmids were present in these strains. 
Avirulent strains tended to have fewer plasmids than virulent strains. 
Bacteriophage Mu pf7701, a kanr kil-derivative of Mu cts62 was inserted 
into pDC1 90, the 68 Mdal plasmid of SS104. Transfer of the Mu pf7701 
hybrid plasmid, designated pDC191, to two virulent strains, produced a 
class of weakly virulent transconjungants. These transconjugants contained 
pDC1 91 and a new 51 Mdal plasmid and were missing the 68 and 21.6 Mdal 
resident plasmids. Our results suggest that a mutation in pDC190 can 
decrease the virulence of E. stewartii. 

Introduction 
Stewart's wilt of corn caused by Erwinia stewarti is an excellent model 

system for studying the genetics of pathogenicity. We have previously
shown than E. stewartii has a complex plasmid system which comprises as 
much as 25% of its genome (5). Plasmids in virulent strains SW2 and 
SS104 have been characterized by agarose gel electrophoresis (AGE) and 
electron microscopy. Strain SS104, which we have been using for most of 
our genetic studies, harbors plasmids with mean molecular masses of 2.7,
2.8, 8.8, 16.7, 21.6, 29.5, 41.5, 43, 48, 68, and 210 Mdal. Some of the 
plasmids in this strain are conjugative (4). The purpose of this studywas to 
compare the size classes of plasmids in virulent and avirulent strains and,
in addition, we present preliminary data that a mutation in the 68 Mdal 
plasmid of SS104, pDC190, can decrease virulence. 

Materials and Methods 
Culture media, growth conditions, storage of bacteria, and procedures

for filter matings have been described previously (2). Some of the E. 
stewartii strains used in this study are given in Table 1. Other virulent 
strains (with prefix SW) were isolated from diseased corn plants collected 
throughout the midwestern, southern, and northeastern states in 1974 
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Table 1. Origin of Erwinia stewartii strains 

Strain Phenotype Source 

DC211 Wild type D. Coplin 

GC6, LC 

SS104 

Wild.type 
Wild type 

A. Karr 
ICPBa 

DC150 Avirulent M.Turner 

ES-4 
SS10 to SS13 

Avirulent, nonencapsulated 

Avirulent, nonencapsulated 

T. Woods 
ICPB (Lindstrom, 1940) 

DC283-19A SS104 Nal R (Mu pf770 1) S. McCammon (8) 

DC336 SS104 Nal R (Mu cts62) D. Coplin (3) 

DC350 Avirulent, non pigmented, 
RifR variant of SS104 L. N. Gibbins (6) 

ICPB denotes the international Collection of Phytopathogenic Bacteria, M. P.Starr, curator.a 

and 1975. Bacteriophage Mu pf7701, a temperature-inducible, kanamycin 

resistant (KmR), kil - derivative of Mu cts62, was obtained from Martha 

Howe (11 ). 
the rapid alkaline lysis technique of 

Plasmid DNA was isolated by 
Birnboim and Doly (1) and electrophoresed on 0.5% agarose (Seakem ME) 

gels in Tris-acetic acid buffer at 5.0 V/cm, as described previously (5). 

and SS104 plasmid were used as 
Plasmid RA1 (86 Mdal) and SW2 

DNA was 
mass standards. For restriction digests, plasmid

molecular 
above, phenol extracted once, and ethanol precipitated twice. 

isolated as 
Restricted DNA was electrophoresed in 0.7% agarose gels at 1.5 V/cm. 

Restriction endonucleases and bacteriophage XDNA were obtained from 

Inc. and used according to theirLaboratories,Bethesda Research 
recommendations. 

Virulence of E. stewartii was determined on 8-day-old Earliking sweet 

corn seedlings. Plants were grown in a controlled environment chamber at 

a mixture of cool white fluorescent and incandescent lights
301C under 
(23,000 lux) with a 16 h daylength. Toothpicks were dipped in agar cultures 

to wound the seedling 1 cm above the soil line. 
of bacteria and used 
Symptoms were rated at 5 and 15 days after inoculation, on a scale from 1 

to 5 (1= no symptoms, 2=scattered lesions, 3=slight wilting, 4=severe wilt, 

5=dead). 

Results 

Distribution of Plasmids in Erwinia stewartii 

To identify those plasmids most frequently found in virulent strains, we 

screened 31 virulent and 8 avirulent strains for plasmids by AGE (Fig. 1, 

Table 2). These strains represented different geographic areas and times 
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A B C D E F G H I J K L M N 

Fig. 1. Agarose gel electrophoresis of plasmid DNA from E. stewartii strains (A) 
SW1 8,(B)SS 104, (C)SW2, DSW1 4, (E)SW1 3, (F)SW3, (G)GC6, (H)LC, (I)DC1 50, 
(J) ES-4, (K) SS10, (L)SS12, (M) SS11, and (N)SS13.Strains in lanes A-H are 
virulent and those in lanes I-N are avirulent. The arrow indicates the 68-70 Mdal 
plasmids and C denotes chromosomal DNA. 

of isolation. All strains contained multiple plasmids. Twenty-nine of 31 
virulent strains had from 11 to 13 plasmids; the fewestwas8 in one strain. 
In each case the plasmid profiles were very similar (Fig. 1). Eight size 
classes of plasmids (2.8, 8.8, 16.8, 29.5, 43, 49, 70, and 210 Mdal) were 
found in 87% or more of the virulent strains (Table 2). In cases where one of 
these "common" plasmids was missing, a unique plasmid, which could 
have been derived from the missing plasmids, was often present. For 
example, three of four strains missing the 8.8 Mdal plasmid had a 10.2 
Mdal plasmid; SWII was missing the 43 Mdal plasmid and had a 28 Mdal 
plasmid; and SW3 was missing the 210 Mdal plasmid and had a 130 Mdal 
plasmid. Other si:e classes of plasmids were also quite frequent; 23, 33, 
34.5, and 51 Mdal plasmids were found in 29 to 65% of the strains. 

Avirulent strains (SS10through SS13),which have been in culture over 
40 years, had fewer plasmids but those present were typical of the size 
classes found in contemporary strains. In regard to the "common" 
plasmids, 6 of 8 avirulent strains were lacking the 70 Mdal plasmid and 5of 
8 were either missing the 29.5 Mdal plasmid or it appeared to have a small 
deletion. 
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and avirulent strains of Erwinia 
of plasmids in virulent

Table 2. Distribution 
stewartii 

Size class °/o Strains with plasmid 
0/o Strains with plasmida iuet AvirulentMdal 


Mdal Virulent 


Size class Mda 

i
Virulent Avirulen 

126534-357597205-215 250 33-34 653130 
030 31377 389429-30259767-70 38328252951-52 384862 23-242350-51 121621-22888748-50 033 12 2046 

100100 16-17 1(,0
9743-44 01310-11122641-43 62878-901638-40 10010012 2.7-2.81036-37 


a Thirty-one virulent strains and eight avirulent strain , were examined by agarose gel electro

phoresis using SW2 plasmids as standards. 

The fragments generated by BamHI digestion of total plasmid DNA from 

six virulent stral, is (Fig. 2) were almost identical. Virulent strains shared 21 
different

though they contained several evenof 23 fragment bands, 

plasmids. Digests of avirulent strains contained fewer bands but almost all
 

of them were present in the digests of plasmids from virulent strains.
 

of Plasmid pDC1 91 
Isolation and Characterization Mu pf7701

label plasmids in SS104, by inducing
We attempted to 

which has Mu pf7701 on its 
in strain ')C283-19A,replication 

and then selecting 'or conjugal transfer of KmR to strain 

DC350, which is an avirulent derivative of SS104 lacking the 210,48,41.5, 

and 21.6 Mdal plasmids. We expected to find Mu pf770 1 transpositions 

into those plasmids missing in DC350. DC283-19A was induced at 420C 

chromosome, 

for 60 min, followed by 370C for 60 min and then mated with DC350 on 

were selected. None of the 
KmR RifR transconjugantsh.filters for 3 

transconjugants became virulent but one harbored an 89 Mdal plasmid and 
and 

had lost pDC1 90 (Fig. 3). This new plasmid was designated pDC191 

possibly represents insertion of Mu pf7.701 (24 Mdal) into PdC19O (68 

Mdal) accompanied by a small deletion (3 Mdal). 
68 to 70 Mdalwere missingour avirulent isolates

Since many of to virulence. 
we decided to study the relationship of pDC1 91 

plasmids, 
was transferred by conjugation from DC350 to avirulent strains 

pDC191 DC21 1 and DC336. In our first 
and ES-4 and virulent strains

DC1 50 
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A B C D E F G H I J K L M N 

Fig. 2. Agarose gel electrophoresis of BamHI digested total plasmid DNA from E.
stewartii strains (B)SS104, (C)SW2, (D)SWl 1,(E)SW3, (F)GC6, (G)LC, (H)DC1 50,(I)ES-4, (J) SS1 0, (K)SS1 2, (L)SS1 1, and (M) SSl 3. Lane A contains a mixture ofEcoRI and Hindlll fragments. Strains in lanes A-G are virulent and those in lanes H-
M are avirulent. 

experiments, KmR transferred at 1-6 X 10 - 7transconjugants/input donor
cell in 2 h matings. However, only 7/18 DC336 and 3/12 DC211
transconjugants contained an autonomous pDC191 plasmid when
examined bVAGE. In addition to pDC 191, these transconjugants also had a 
new 51 Mdal plasmid and were missing pDC190 and the 21.6 Mdal
plasmid (Fig. 3). The virulence of transconjugants was decreased when
they harbored pDC1 91 and lost pDC1 90(Fig. 4). The KmR transconjugants
which did not have pDC1 91 probably have Mu pf7701 insertions on the 
chromosome. 
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pDC191 

pDC190 

A B C D E 

Fig. 3. Agarose gel electrophoresis of plasmid DNA from E. 
stewartii strains (A) DC350, (B) DC350 (pDC191), (C) 
SS104, (D) DC336 (pDC191), and (E)a DC336 (pDC191) 
transconjugant, which has been cured of pDC191. C 
denotes the chromosome. SS104 has a 41.5 Mdal plasmid 
which is missing in DC 336. 

Acquisition of Mu pf7701 alone had no effect on virulence. Thedisease 
index for the seven DC336 (pDC191) transconjugants was 1.2 t 0.1, 
whereas that for the 11 DC336 (pf7701) strains was 4.7 t 0.2 and DC336 

was 4.8. The pDC1 91 transconjugants formed occasional lesions but did 

not cause extensive leaf blight or systemic wilting. Bacteria reisolated from 

the lesions incited by each of the weakly virulent transconjugants 
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Fig. 4. Earliking sweet corn inoculated with DC336 (pDC1 91) transconjugants: (A)DC336; (B) i DC336 (pDC1 91) transconjugant which has (pDC1 91) and a 51 Mdalplasmid, and is missing pDC190; (C) a spontaneous KmS segregant of 336(pDC191); and (D)a "revertant" of the segregant strain in Cwhich has lost the 51
Mdal plasmid and reacquired pDC1 90. 

contained the expected plasmid and were still weakly virulent when
reinoculated. Similar results were obtained with DC21 1. The virulence of
DCl 50 and ES-4 was not restored by acquisition of pDCi 91.

In subsequent experiments, transfer of pDCl 91 from DC350 to DC336
produced transconjugants which contained 1)a now 63 Mdal plasmid butnot pDC1 91 and were not missing any resident plasmidsor 2) pDC1 91 and 
a new 36 Mdal plasmid and were missing pDC190. Both types of
transconjugants were virulent. 

Spontaneous loss of pDC1 91 was about 0.3% per cell and several KmSsegregants were obtained. In addition, a culture of DC336 (pDC1 91) was
enriched for cured strains by heat induction of Mu pf7701 as described
above. Twelve citred strains were obtained by screening 700 survivors forKmS. All of the cured strains were missing pDC1 91 and had retained the51 Mdal plasmid. Spontaneous segregants remained weakly virulent.
Concommitant loss of pDC191 and KmR indicates that Mu pf7701 ispresent only on pDC1 91 and the avirulence of the transconjugants is not
due to pf7701 insertions at other sites.

All pDC1 91 transconjugants and their cured derivations were purifiedseveral times by streaking and selecting single colonies. However, after 
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storage for several months in glycerol at -20 0 C,we found that some of the 
DC336 (pDC191) clones and their cured derivatives had regained 

werevirulence. "Revertants" were obtained from these stocks which 
and had either 1) gained a 63 Mdal plasmid andvirulent, had lost pDC1 91, 


retained the 51 Mdal plasmid or 2) had gained a 68 Mdal plasmid and lost
 

the 51 Mdal plasmid. Some of the latter had aiso gained a 36 Mdal plasmid.
 

Discussion 

Plasmids have been reported in other Erwinia species (7, 9, 10) but none 
share as many plasmids as E. stewartii nor do the plasmids appear to be 
related to pathogenicity. The presence of an unusually large number of 
plasmids was characteristic of all E. stewartii strains studied. Plasmid 
profiles showed remarkable similarities among isolates from diverse 
geographic and temporal origins. Eight size classes of plasmids (2.8, 8.8, 
16.8, 20.5, 43, 49, 70, and 210 Mdal) were found in over 87% of our 
virulent strains. The fragment sizes produced by digestion of total plasmid 
DNA with Pam,'l were likewise very similar even when the strains differed 
in plasmld content. Although our gels did not resolve all of the larger 
fragments, the finding that differences in BamHI fragments do not account 
for all of the plasmid DNA that differs between strains suggests that some 
of the "variable" plasmids may be part of larger "common" cointegrate 
plasmids. DNA hybridization studies are needed to confirm our notions on 
the identity of similar-sized plasmids in different strains. 

The 68 to 70 Mdal plasmid size class was frequently missing in avirulent 
strains. By BamHl digestion of pDC1 90 DNA recovered from agarose gels, 
we have tentatively assigned the 1.9,2.6,4.0,4.4,5.5, 13.6 and 15.3 Mdal 
fragments to this plasmid (data not shown). It is significant that all of these 
fragments are present in the BamHl digest of GC6 which is the only virulent 
strain missing the 68 to 70 Mdal plasmid. 

Results of this study demonstrate that pDC1 91 can modify the virulence 
of its host strains. The most probable interpretation of our results is that 
pDC1 91 is defective and upon introduction into a new host displaces the 
corresponding wild-type resident plasmid, resulting in loss of virulence. At 

this point the nature of the mutation in pDC191 and how this plasmid 
affects virulence is not clear. To explain our results we propose the 
following tentative hypotheses: 1) pDC1 91 is derived from and incompati
ble with pDC190 and it contains a mutation that affects virulence. 2) 
pDC1 90 is a cointegrate of several or more plasmids. 3) To resolve 
incompatibility between pDC190 and pDC191 either plasmid may 
dissociate, integrate into the chromosome, or both. 4)The virulence genes 
of pDC190 must be on an autonomous plasmid to be expressed. 

The site of Mu pf7701 insertion in pDC1 91 may or may not be related to 
its effect on virulence. If the insertion occurred in DC283-19A, then Mu 
pf7701 may have directly inactivated a virulence gene. Alternatively, the 
recipient DC350 may have a mutation in pDC190 which is partially 
responsible for its avirulence. Thus, if pDC191 was formed by zygotic 
induction and transposition of Mu pf7701 after transfer of the prophage to 
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DC350, 	then it could contain this mutation and the site of Mu pf7701
insertion would not be related to virulence. 

Introduction of pDC191 into a strain that contains pDC1 90 with selection 
for pDC1 91 does not require that the pDC1 90 be displaced. Instead, either 
plasmid 	could dissociate into component plasmids that are compatible,
integrate into the chromosome, or both. The latter possibility would explain
the formation of new plasmids in DC336 (pDC191) transconjugants.
Likewise, integration of pDC190 into the chromosome and its subsequent
excision would account for the observed "reversion" of several transcon
jugants and their cured derivatives and the appearance of new plasmids in 
these strains. Thus, the effect of pDC1 91 on virulence appeared to depend 
on how the incompatibility between it and pDC190 was resolved. Strains
with a 68 Mdal plasmid were always virulent. IfpDC1 90was missing, then 
strains with the 63 or 36 Mdal plasmids were virulent and those with the 
51 Mdal plasmid were avirulent. Loss of the 21.6 Mdal plasmid was not 
considered important because we have other derivatives of SS104 that are 
missing this plasmid but still virulent. 

Since our DC336 transconjugants which have been cured of pDC191 are
still weakly virulent, our assumption that they contain an integrated
pDC1 90 plasmid also implies that the putative virulence gene is not 
expressed while the plasmid is integrated. 
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Abstract 
As adjuncts to the existing Hfr mating system in E. chrysanthemi, we have 

sought and detected chromosome transfer by various R and Fplasmids and 
by ageneralized transducing temperate bacteriophage, Erch-1 2, originating
in a Dieffanbachia strain of E. chrysanthemi. Generalized chromosome 
mobilization was obtained with R plasmids R68.45 and RlOOdrd56. In 
contrast, the R plasmid, RP4::Tn7 mobilized a limited number of 
chromosomal markers. The bacteriophage Erch-1 2 transduced ade, arg,his,
idg (a locus that specifies pigment (indigoidine) production), i/v, leu, rif,ser,

thr, trp and ura. The transfer of markers unlinked on the chromosome of E. 
chrysanthemi indicated that the bacteriophage mediated generalized
transduction. By performing two-factor conjugational and transductional 
crosses, linkage was detected between various markers. Based upon the 
linkage data we have revised the partial chromosomal linkage map of E. 
chrysanthemi. 

We have obtained mutations promoting temperature-dependent segrega
tion of a broad host range plasmid, pUT 13 which carrirs transposons Tn402 
(trimethroprim-resistance) and Tn406 (carbenicillin ! distance). The host 
range of the plasmids includes Erwin/a amylovora, E. carotovora, E. 
chrysanthemi, Escherichia coi, Pseudomonas savastanoL P. syringee, and 
Salmonella typhimurium. Our preliminary findings suggest that the mutant 
plasmid could serve as a transpositional vehicle in phytopathogenic Erwin/a.
In addition, both pUT 13 and its thermosensitive mutant mobilized 
chromosomal markers in E. chiysanthemi. Apparent transposition of Tn5 
(Kim r) from the plasmid, pJB4J1 to the genome(s) ofE. chrysanthemi(EC1 6)
occurred at ahigh frequency and produced mutations resulting in auxotrophy 
or non-utilization of carbohydrates. Thus, these plasmids are potentially
useful tools in genetics of E. chrysanthemi and other Erwinia app. 

Introduction 
Erwinia chrysanthemi infects at least 27 different plant species

worldwide (14, 1 5). Although the pectolytic enzyme, polygalacturonic acid 
trans-eliminase, appears to play a crucial role in bacterial maceration of 
plant tissues (2, 9, 10, 16, 25), the identity of other pathogenic factor(s) 
largely remains unknown. 

Recognizing the potential advantages of genetic approaches in probing
pathogenic mechanisms of E. chrysanthemi, we developed an Hfr-type
mating system (9) which allowed mapping of an assortment of 
chromosomal loci including a gene (pat) that specifies production of 
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polygalacturonic acid trans-eliminase. A partial chromosomal linkage map 

for this bacterial species was depicted (3) based upon gradient of gene 

transfer, times of entry of gene loci, and linkage between markers. Our 

susbsequent studies revealed that the formation of Hfr-type donors in E. 

chrysanthemi was a rare event. In the absence of Hfr strains with different 

directions of chromosome transfer, we could not precisely map gene loci 

that were distal to the origin and hence transferred infrequently. Moreover, 

until recently, it was not possible in E. chrysanthemito perform reciprocal 

crosses using donor strains of desired genotype. 
We have resolved these problems by mobilizing chromosomal segments 

temperate bacterioof E. chrysanthemi using various R plasmids and a 

phage. These genetic systems now allow fine structure gene mapping in E. 
We briefly discuss here some of those findings andchrysanthemi (11). 

summarize the properties of a mutant R plasmid potentially useful in 

genetic studies on Erwinia spp. and other Grmm negative phytopathogenic 

bacteria. 

Table 1. Chromosome mobilization ability (Cma) of R plasmids in Erwinia chry

santhemi strains ECI6 and EC183.a 

h'. chrvsanthemi 
Gene loci transferredcR plasmid strainb 

ade, gal, _tu, his, Ieu, lys, thr, trpR68.45 EC16 

R68.45 EC183 ade, rifr 

R100 drd-56 EC183 arg, ilv, leu, ser, thr 

arg, idgRP4::Tn7 EC183 

pUT 13 EC183 ser, trp 

pUT 13 ts-1 EC183 ser, trp 

a Matings were done on membranes for 5-6 h using the procedure of Chatterjee (4). 

b Wild-type strains and their derivatives were used.
 

10 4 
 per input donor cell depending-c Frequency of transfer generally ranged from 10 -

upon the marker and the plasmid. 

Materials and Methods 

The details of bacterial strains, cultural conditions, and genetic 

techniques can be found in Chatterjee (4); Chatterjee and Brown (5, 6) and 

Chatterjee and Starr (8, 9). The following plasmids were used: F'ts 
and pJB4Jl::Tn5 (T. C. Currier);lac+::TnlO (John Roth); RP4::Tn7 


R1OOdrd-56 (International Collection of Phytopathogenic Bacteria, Davis;
 

7), and pUT 13 (R. Meyer; 20). 

Unkage Between Chromosomal Markers 

The data presented in Figs. 1 and 2 and Table 2 show linkage between 

various oairs of markers on the chromosomes of E. chrysanthemi strains 
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trp-1 his-1 pat-1 ade-2 lys-1 thr-1 leu-1 

ii i, i A .. 

S 2 
(20) 

. '<1
 
I(6 )

0< 

0---b(9)

(63) 

Fig. 1. Linkage between chromosomal loci of Erwinia chrysanthemi EC16.
Numbers above the arrow are percent coinheritance values in recombinants 
derived from crosses between R68.45 donor and appropriate recipient strains (4).
Those shown parenthetically below the arrow are from recombinants of Hfr crosses
(9). The same sets of recipients were used in both types of crosses. Arrowheads 
represent unselected markers and tails represent selected markers. 

-(R100drd56; 1.0 2.3 x 10 6) 

1.0 0.7 0.6 0.2 0.1 
leu ser thr ilv arg 

vvo I I I _ V 

45 (8) 

34(0) 

4.5(0) 8(0) 

2(0) 

Fig. 2. Cma of R100drd-56 in Erwinia chrysanthemi strain EC 183 and linkage
between chromosomal gene loci. Numbers above the gene loci are the frequencies
of transfer normalized with respect to the frequencyof the transfer of leu. Numbers
above arrows are average percent coinheritance values between markers. Those 
shown parenthetically are from transductional crosses. 

ECl 6 and ECI 83. Preliminary findings tentativelysuggest a high homology
in gene order on chromosomes of these strains. Based upon that 
assumption and our present and earlier findings (3, 9, 11), we show in Fig.
5 a composite chromosomal linkage map of E. chrysanthemi strains EC16 
and ECI 83. Our recent findings are consistent with the earlier prediction
(3) that the chromosomal linkage map of E. chrysanthemi was probably 
very similar to those of other enterobacteria such as Escherichia co/i or 
Salmonella typhimurium. By establishing overlapping transductional 
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a 

Linkage between chromosomal markers in Erwiniachrysanthemistrain EC183 by transductional and conjugational crosses. 
Table 2. 

Gene loci 
(Mode of gene 

transfer) 

Donor 
(relevant property) 

Recipient 
(relevant property) Selection No. tested 

Coinheritance 
Inherited 0/o 
marker Coinheritance 

thr-ser AC6016 AC6018 

(Transduction) (Thr +, Ser) (Thr , Ser +) Thr + 200 Ser" 3.5 

AC6018 AC6016 

(Thr-, Ser +) (Thr +, Ser) Ser + 199 Thr" 5.0 

II. thr-leu 

(Conjugation) EC183 (R 1O0drd-56) 

(Thr + Leu +, Strs ) 

AC6048 

(Thr" Leu , Strr) 

Thr + 

Leu + 
50 

50 

Leu + 

Thr + 
34.0 

33.0 

III. ade-rif 

(Transduction) EC183 AC6033 Ade + 236 Rifs 3.3 

(Ade + , Rif s) (Ade-, Rifr ) 

(Conjugation) AC6051 (R68. 45) AC6033 Ade + 98 Rif s 50.0 

(Ade +., Arg", Leu", Rif s ) (Ade-, Arg +, Leu +, Rifr) 

IV. arg-idg 

(Transduction) EC183 AC6055 
+ 

Arg 100 Idg" 72 

(Arg , Idg) (Arg-, Idg 

Arg 135 Idg" 93
AC6059 (RP4:: Tn7) AC6062(Conjugation) 


(Arg + , Idg-, Nal s ) (Arg', Idg 1, Nal r )
 

for the details of transductional and conjugational crosses 
and conditions for the selection 
a Refer toChatterjee (4) and Chatterjee and Brown (5) 

of various recombinant classes. Idg + = pigment (indigoidine) production; Rifr = Rifampin resistance. 



linkages between additional markers we now are assessing the extent of 
the genetic homology between these phytopathogenic and non
phytopathogenic enterobacteria. 

Construction of a Temperature-Sensitive (ts) Plasmid Vehicle 
To use drug-resistant translocatable (Tn) elements in genetic studies of

E. chrysanthemi, we attempted introducing R(RP4::Tn7, pJB4J1 ::Tn5)and
F (F'ts lac+::Tnl) plasmids into the strains EC16 and EC183 of this 
bacterial species. While all of these plasmids were readily transferred from 
E. coli to E. chrysanthemi strain EC1 6, only the R plasmid, RP4::Tn7 was 
received by strain EC1 83. In preliminary trials, we detected the occurrence 
of KmrGms clones of EC16 (pJB4J1) and Strr TprKms clones of EC16 
(RP4::Tn7), suggesting instability of the plasmid vehicle and translocation 
of Tn5 (Km r) and Tn7 (Strrrpr) in this bacterial host. Subsequently, by using
the plasmid, pJB4Jl::Tn5, we obtained auxotrophic or carbohydrate
fermentation mutants in strain EC1 6 that also were Km rand Gm s . Genetic 
analysis of such presumptive insertion mutations is in progress. In E. 
chrysanthemi(EC1 83), RP4::Tn7 was stable since segregants carrying Tn7 
markers (StrrTpr) were not obtained. 

Although F'ts lac*::Tn1O was normally expressed in E. chrysanthemi
strain EC16, the inability of the bacterium to grow well at 370 C or higher
prevented us from exploiting the temperature-sensitive replication of the 
blasmid in generating transpositional mutations. It became apparent that
for efficient transpositional mutagenesis in E. chrysanthemi strain EC183, 
we needed a vehicle that was unstable under physiological conditions. 

In contrast to F plasmid or bacteriophages ( as A or P22), R plasmids
belonging to the P incompatibility group, because of their broad host range, 
are potentially useful in genetic studies on Erwinia spp. and other Gram 
negative phytopathogenic bacteria. We therefore attempted the isolation of 
a temperature-sensitive mutant of the R plasmid, pUT 13 (20) which is 
derived from R751 and carries transposons Tn402 (trimetroprim
resistance) and Tn406 (carbenicillin-resistance). Following
nitrosoguanidine mutagenesis and D-cycloserine selection in the presence
of drugs at 401C, we obtained a mutant (pUT 13 ts-1) that segregated at 
high frequency upon growth of several bacterial hosts at 30 0 C or higher
(see below). The host range of pUT 13 and pUT 13 ts-1 included E. 
amylovora, E. carotovora, E. chrysanthemi, Escherichia coli,Pseudomonas 
savastanoi, P. syringae, and Salmonella typhimurium (Table 3).

A temperature-dependent segregation of the mutant plasmid (pUT 13 ts
1) occurred in E. chrysanthemi (EC183) and E. coli (2492) hosts (Table 4;
Fig. 6). The frequency of drug-sensitive (CbSTps) segregants at 30 0 C 
ranged from 11% to 45%, depending upon bacterial species employed; 
upon growth at 37 0 C, 99.9% of the clones of these bacterial strains were 
Cb sand Tps. Under similar growth conditions the parent plasmid, pUT 13 
was stable in these hosts (Table 4; Fig. 6). 

Results and Discussion 

Chromosome Mobilization by R Plasmids 
To complement the Hfr mating system, we examined R plasmid
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13 and pUT 13 ts-1 from E. coil (2492) to Erwinia,Table 3. Transfer of pUT a 
Pseudomonas and Salmonella spp. 

Frequency of transfer (per input donor cell) 
Recipient pUT 13 pUT 13 ts-1 

s xE. amynlora (EA178) 1.4 x 10" 3.1 10.5 

2.2 x 10.5 3.3 x 10-8E. carotovora (EC) -2 
10- 5 1.6 x 105.6 xL'. chrysanthend (EC16) 

4.0 x 10-1E. coli (K12) 3.4 x 10-2 

1.3 x 10- 7 4.6 x 10.6 
P. smastanoi (2009) 

10 5 6.2 x 10- 4 
5.2 xP. syringae (179) 

s 
S. typhinurn (LT2) 2.1 x 10 "5 3.6 x 10"

a Crosses were done according to Chatterjee (4) on membranes at 30 
0 C. pUT 13 ts-J is a tem

perature sensitive mutant of pUT 13 (see text for the details). 

mediated chromosome mobilization in strains EC16 and EC183 of E. 

chrysanthemi. The data summarized in Table 1 show that the R plasmid, 

R68.45 transferred an array of chromosomal markers in the strain EC1 6; 

the frequency of gene transfer did not vary enough to suggest polarity in 

chromosome transfer. Comparison of the data on coinheritance (linkage) 

between markers in recombinants derived from R68.45 donor to those 

from Hfr donors (Fig. 1), suggested that R68.45-carrying strains, as 

opposed to the Hfr strain, transferred smaller chromosomal segments. 

Nevertheless, our data indicated a generalized chromosome transfer by 
use of this plasmid in geneticR68.45 and consequently, a potential 

analysis of the strain ECI 6 of E. chrysanthemi. 
In contrast, in the strain ECI 83, the frequency of the transfer of R68.45 

was low (about 5 x 10 -1tr ansconjugants per input donor cell) from an E. co/i 

strain. Thus far, using EC183/R68.45 transconjugants as donors, we have 

detected transfer of two closely linked markers (Tables 1 and 2). Moreover, 
chromosome mobilization ability (Cma) of R68.45 in the strain EC183 was 

markedly unstable since a progressive loss of Cma occurred upon 
containing drugs (ampicilin,cultivation on a complex (L) medium 

kanamycin, and tetracycline). Recent studies with R68.45 have shown that 

the plasmid carries a DNA duplication (approximately 2.1 kb) near the gene 

that confers Km r( 12 , 13, 19, 23). Moreover, the finding of Currier and 

Morgan (12, 13) with naturally occurring deletions of R68.45 in various 

Erwinia spp. suggested that the duplicated region of the R68.45 genome 

probably was responsible for the Cma of the plasmid. Thus, the variability in 

in strains EC16 and EC183 could be ascribed to relativeCma of R68.45 
stabilities of the duplicated DNA segments (perhaps an IS sequence; 27) in 

these bacterial hosts. 
In contrast to R68.45, other R plasmids such as R100ckd-56, RP4::Tn7, 

or pUT 13 were readily transferred from E. co/i donors to E. chrysanthemi 
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(EC183). These plasmids as well as pUT 13 ts-1 (a temperature-sensitive
mutant of pUT 13; see below) mobilized chromosomal markers (Tables 1
and 2). The R plasmid, R100drd-56mobilized several chromosomal genes;
the gradient in transfer frequency (Fig. 2) suggested a polarized
chromosome transfer. It remains to be determined if this apparent polarity
resulted from a transient site-specific interaction of the R plasmid with the
chromosome of the strain EC183 or from chromosome transfer by a
minority of Hfr cells present in the population of plasmid-containing
bacteria. This uncertainty notwithstanding, the system can be used to
estimate linkage between markers on the chromosome of E. chrysanthemi
strain EC183 (Fig. 2).

Our data as well as those of others (17, 18) on Cma of R plasmids in E.
chrysanthemi reveal two different patterns: (i) generalized Cma, i.e.,
transfer of a number of chromosomal markers as with R68.45 in ECi 6 or 
R1 OOdrd-56 in EC1 83; and (ii) specialized Cma, i.e., transfer of few(linked)
markers as with RP4::Tn7 and pUT 13 in ECi 83. These differential patterns
probably reflect the occurrence on the host chromosome of sites at which
plasmids can interact, albeit transiently, promoting chromosome transfer. 

Generalized Transduction 
Transduction, i.e., bacteriophage-mediated transfer of bacterial genes, is 

a powerful tool in fine structure gene mapping. Bacteriophages infect 
many phytopathogenic bacteria (21, 26). Lysogeny also is prevalent in
various phytopathogenic species. Despite that, until recently, gene transfer 
by transduction was not reported in any such bacterial species. Our
approach (5) in developing a transducing system in E. chrysanthemi
involved inducing a temperate bacteriophage in a wild-type strain of E.
chrysanthemi propagating the virus in a susceptible strain (EC183), and
testing the transfer of chromosomal markers by UV irradiated and non
irradiated bacteriophage lysates. Since this approach might also be
applicable to other phytopathogenic bacterial species, we briefly consider 
here some of the salient features. 

Paulin and Nassan (22) reported lysogeny in wild-type strains of E.
chrysanthemi. We confirmed that observation, by treating cultures of wild
type strains (obtained from Dr. R. S. Dickey, Cornell University) with the
drug, mitomycin C. While all of the 15 strains tested lysed in the presence
of the drug (Fig. 3), we detected plaque formation with lysates of three
strains. The bacteriophage (Erch- 12) that plaqued on the strain ECi 83 was 
investigated further. 

The UV irradiated lysate produced various classes of prototrophic (ade+, 
argt leu , his+, ser , thr +, trp+, ura +) and drug-resistant (rifr) recom
binants. With urirradiated lysate most of those recombinant classes were 
obtained, but compared to irradiated lysates the frequency of transfer was
5 to 50 fold lower, depending upon the marker (Fig. 4; also see Chatterjee
and Brown, 5). A relationship existed between the extent of viral
inactivation and the frequency of transduction (Fig. 4); highest transduc
tional frequency was generally noted at a UV dosage that inactivated 50 to
99.9% of the input phage particles. That the bacteriophage mediated 
generalized transduction was indicated by the transfer of an assortment of 
unlinked markers in the presence or absence of DNase. 
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Fig. 3. Effect of mitomycin Con growth of Erwinia 
chrysanthemi strain KS612. Mitomycin C (5 
ng/ml, final concentration) was added to an 
exponentially growing culture (dashed line) at the 
indicated time (ai row) and incubation was con
tinued at 3OC in dark. Untreated culture(solid line) 
served as a control. 

In E. amylovora(EA1 78) and E. coli(K1 2), loss of the mutant plasmid, but 

not of the parent plasmid, occurred at a high frequency upon growth at 

30 0C. In contrast to the remarkable instability of the mutant plasmid in 

those hosts, in Salmonella typhimurium (LT2) both the mutant and parent 

plasmids were stable at 301C or 371C (Table 4). Although the basis for this 

stability is at present unclear, the following two possibilities might be 

considered: .(i) host factor(s) allow replication (maintenance) of 'he 

temperature-sensitive plasmid, thereby phenotypically suppr-sing the 

temperature-sensitive (Ts) phenotype; or (ii) the ts mutation on the plasmid 

genome reverts at a high frequency in this host. Investigations in progress 

should allow us to distinguish between these possibilities. 
To determine if Tn402 (Tp r)or Tn406 (Cbr ) transposed into genomes of 

Tp r segregantsvarious bacterial species, we first looked for Cbr Tps or Cb 

of the plasmid, pUT 13 ts- 1,and then tested such segregants for changes in 

phenotypic properties. The data (Table 4) show the occurrence of CbrTps 

(but not of CbSTpr) clones in E. amylovora (EA178), E. carotovora (EC), 
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Table 4. Segregation of drug-resistance markers upon growth at 300 C or higher in bacteria harboring the plasmid pUT 13 or pUT 
13 ts-l.a 

Segregation pattern of 

Growth pUT 13 pUT 13 ts-1 
Bacterial species Strain Temperature C tested CbrTpr CbrTps CbSTpr CbsTp s tested CbrTpr CbrTps CbSTpr CbSl'p s 

Er 'iniaamylovora EA 178 30 90 90 0 0 0 180 1 16 0 16332 90 90 0 0 0 180 0 4 0 176E. carotro'ora EC 30 90 90 0 0 0 90 86 3 b 0 1 
E.chrysanthemi EC 183 30 180 176 0 0 4 180 102 0 0 7837 180 180 0 0 0 180 0 0 0 180
Escherichiacoli K 12 30 90 90 0 0 0 180 45 1 0 13437 90 90 0 0 0 130 1 2 0 177 

2492 30 90 90 0 0 0 100 62 0 0 3837 90 90 0 0 0 90 0 0 0 90Salmonella LT2 30 90 90 0 0 0 90 86 4 bc 0typhimurium 37 090 90 0 0 0 90 78 12 b,c 0 0 

a Bacteria (about 105 cells~ml) were inoculated to L broth and grown to saturation (about 5 x 109cells/ml) at indicated temperature. Dilutions were spread on Lagar and incubated at p10 C. Individual colonies were patched on L agar, L agar + carbenicilin (200 ng/ml) and L agar + trimethoprim (200 ng/ml). Flollowing24 hr incubation at 30 C, growth was scored. TprCb s 
segregants were detected in none of these bacterial species.
 

b CbrTps clones of these species were also transfer-deficient.
 

c CbrTps segregants of S. tYp/iurium were insensitive to the bacteriophage PRD1, while the parent (LT2/pUT 13 ts-)) was sensitive to the bacteriophage. 
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Fig. 4. Effects of U'/ irradiation on inactivation of 

the bacteriophage Erch-1 2 and the frequency of 
transduction of ser+ and arg.+ For the details of UV 
irradiation and transductional crosses refer to 
Chatterjee and Brown (5). 

Escherichia coli (K12), and Salmonella typhimurium (LT2) upon growth at 

300C or higher. However, at higher growth temperature (i.e., 370 C as 

opposed to 301C), Cb'Tp S segregants occurred more frequently in S. 
typhimurium but not in other bacterial species tested. None of the Cb rTp' 
clones thus far examined are auxotrophic. However, such segregants of E. 

carotovora (EC) and S. typhimurium (LT2) were transfer-deficient. 
Moreover, the segregants of S. typhimurium (LT2) were insensitive to the 

bacteriophage PRD1, although transfer-proficient cells on this bacterial 
strain harboring pUT 13 or pUT 13 ts- 1were sensitive to the bacteriophage. 
These findings tentatively suggest that the CbrTp Sphenotype of the 

segregants of E. carotovora and S. typhimurium probably resulted from 

transposition of Tn406 into the genomes of these bacterial species. 
In E. chrysanthemi (EC183/pUT 13 ts- 1), despite the loss of the plasmid 

at high frequency upon growth at 350C or 370C, we did not detect CbrTps or 

CbsTp r segregants when cells were grown at these temperatures on a 
medium (viz. L broth). We then examined the effect ofnon-selective 

carbenicillin selection on cells grown at 350 Con the occurrence of Cb rTp s 

clones. In such an experiment, of 350 clones tested, 100 were CbrTps. 
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Fig. 5. Comparative linkage maps of Erwinia chrysanthemi and Escherichia coli
K1 2 (1). E. coli map is shown as a closed circle. The numbers represent the mappositions of E. coi markers. Circularity of the E. chrysanthemi chromosome
remains to be established. Lines above gene loci indicate transductional linkage
between markers. Designation of uncommon markers: gtu+ = utilization of Dgalacturonate; idg+ = production of the blue pigment (in digoidine); pat+polygalacturonic acid trans-eliminase production; mcu+ = utilization of carbohydrates (glycerol, arabinose, ribose, xylose, galacturonic acid, polygalacturonic
acid). 

None of those segregants, however, were either auxotrophic or deficientin any of the extracellular enzymes. We currentlyare examining the effects
of D-cycloserine enrichment on the recovery of insertion mutations thateither are auxotrophic or are unable to utilize various carbohydrates.

In summary, our data show that the broad host range plasmid, pUT 13and its Ts mutant can be introduced into several Gram-negative
phytopathogenic bacterial species. The mutant plasmid (pUT 13 ts-1)may
prove useful in transpositional mutagenesis in the temperature range of 30to 350 C. In this context it is noteworthy that Robinson et at (24) obtained atemperature-sensitive mutant (pMR5) of the broad host range R plasmid, 
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Fig. 6. Segregation of pUT 13 and its thermosensitive mutant, pUT 13 ts-1 in 

Erwinia chrysanthemi strain EC 183 upon growth at various temperatures. Cells of 

or pUT 13 ts-1 grown for 16 h at 30 C on L agar + 
EC1 83 carrying either pUT 13 

carbenicillin (200 ng/ml) +trimethoprim (200 ng/ml) were suspended in L broth.
 

to yield an approximateinoculated to fresh L brothAppropriate dilutions were 
were grown at indicated

bacterial population of 104-101 cells/ml. Cultures 

temperature for about 16 h. Serial dilutions were spread on Lagar, and incubated at 

300C. Colonies that developed in 24 to 36 h were then replicated onto L agar, L agar 

+ carbenicillin (200 ng/ml), and L agar + trimethoprim (200 Ng/ml). Growth was 

scored after 24 h incubation at 301C. 

an E. co/i host, the frequency of the segregation of the mutant
RP1. In 
plasmid (pMR5) was about 77% at 370 C and about 99.9% at 420 C (24). In 

13 ts-1 was 99.9% at 35 or 
contrast, the segregation frequency of pUT 

most 
370 C (Fig. 6; table 4). Since temperature maxima for growth of 

we 
phytopathogenic bacteria are considerably lower than that of E. co/i, 

on these
predict greater usefulness of pUT 13 ts-1 in genetic studies 

we have detected
bacteria. Moreover, in E. chrysanthemi (EC183), 

chromosome mobilization by pUT 13 and pUT 13 ts-1 (Table 1) indicating 

interaction(s) of these plasmids with the host chromosome. We currently 

are exploring the possibility of isolating Hfr-type donors in E. amylovora and 

E. chrysanthemi by integrative suppression of Ts phenotype of the mutant 

plasmid. 
like to briefly reflect upon the

In concluding this article, we would 

progress that has occurred in genetics of E. chrysanthemiduring the past 
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four years since the last Conference at Angers, France, and outline some ofthe tasks that lie ahead. In terms of genetic system among phytopathogenic
bacteria, E. chrysanthe;niis by far the most developed. A new Hf r strain has
been obtained by inserting F'ts lac'::TnlO into the chromosome of E.
chrysanthemi strain pathogenic on Saintpaulia ionantha (A. Kotoujansky,
Institut National Agronomique, Paris-Grignon, France; personal com
munication). An assortment of R plasmids are known to mobilize 
chromosomal markers. 

Generalized transduction now allows fine structure mapping of
chromosomal genes. Knowledge has been acquired of the location of about18 different gene loci on the chromosome. A plasmid vehicle is now
available which should allow transpositional mutagenesis, construction of
additional Hfr strains, and gene isolation. These developments now pave
the way for genetic analysis of such pathogenic determinants as cell
surface components and pectolytic enzyme. We predict that future
developments will occur in those areas as well as in our understanding of
factors that determine host-compatibility of this important pathogen. 
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Abstract 
The phytopathogenic bacterium Pseudomonas syringae pv. phaseolicola

strain LR700 harbors a single indigenous 98 x 106 dalton (Mdal) cryptic
plasmid, pMC7105. A "plasmidless" derivative of this strain, LR719, has
been shown to have pMC7105 integrated into the bacterial chromosome
(Curiale, M.S., Ph.D. Thesis, Oregon State University). Preliminary results 
indicated that pMC71 05 could be partially excised from the chromosome of
LR719 when three colonies bearing excision plasmids of 35, 50, and 58 Mdal 
were detected. EcoRI and BamHl fingerprint analyses confirm that these
plaesmids are essentially comprised of a subset of fragments from pMC71 05.
More recently, we have isolated 11 additional colonies from LR719 which 
harbor a single excision plasmid. These plAsmids vary in size from
approximately 20 to 180 Mdal. A BamHl restriction analysis of a 145 Mdal
excision plasmid, pEx805O, revealed that it contains essentially all ofpMC7105 and an additional 47 Mdal of DNA which is chromosoi -, in
origin. The episomal nature of pMC7105 may be exploited in developing a
genetic system for plytopathogenic pseudomonads analog.ous to the Hfr 
system of Escherichia coli. 

Introduction 
The discovery of naturally occurring plasmid in isoiates of plant

pathogenic pseudomonads (2, 4, 7, 8, 9) has stimulated interest inidentifying functions that are associated with particular plasmids. Thatcertain plasmids have a role in determining disease expression wasrecently demonstrated for P. syringae pv. savastanoi(2). A 34 x 10 dalton
(Mdal) plasmid, plAA, was shown to encode for two enzymes essential for
indoleacetic acid production and gall formation on olive. A35 Mdal plasmid
of P. syringae pv. syringae also may encode virulence functions since cells
cured of this plasmid become avirulent (7, 8). The genetic properties of aplasmid isolated from P. syringae pv. phaseolicola indicate that it may playan important role in studying both chromosomal and plasmid-encoded
functions. This 98 Mdal plasmid, pMC7105, was recently shown to beintegrated into the bacterial chromosome in strain LR719 (3). Since LR719
Nas obtained following treatment with mitomycin C, it is not known
Nhether integration occurred naturally or was induced. 
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detected among randomlyInitially, three excision plasmids were 
selected colonies of this strain and their molecular sizes are 38, 50, and 58 

resulted in the formation ofMdal (3). Since imprecise excision 
miniplasmids that were 40 to 60 percent smaller than pMC7105, it was 

reasoned that other excision events could lead to the formation of plasmid

chromosome hybrids, analogous perhaps, to the F-prime (F') plasmids of 

F'-Iike plasmids would provide an excellent geneticEscherichia co/i. 
system for studying both chromosomal and plasmid encoded functions. 

This paper presents preliminary results on the frequency of excision of 

pMC7105 from the chromosome of P. syringae pv. phaseolicola and 

biochemical properties of a large excision plasmid, pEX8050. 

Materials and Methods 

Bacterial Strains and Media
 

Three strains of Pseudomonas syringae pv.phaseolicola, LR719, LR721,
 
used in this study. A 98 Mdal cryptic plasmid, pMC7105
and PP805 were 

(3), used as a reference standard in this study, was isolated from strain 

LR721. A closely related strain, LR719, which has pMC7105 integrated in
 

was used to screen for excision plasmids. Strain PP805
its chromosome, 

was derived from LR719 and it contains a single 145 Mdal excision
 

plasmid, pEX8050.
 
All cultures were grown and maintained on MaNY medium, a modified
 

MaSNY (4) medium which lacks sucrose. Liquid cultures were grown at
 

26 0 C on a gyratory shaker at 200 rpm.
 

Extraction and Isolation of Plasmid DNA 

Screening for excision plasmids from LR71 9 was accomplished using a 

modified procedure of Kado and Liu (10). Cells were grown in 10 ml of 

liquid medium to stationary phase, harvested, and washed once in E buffer 

[40 mM tris (hydroxymethyl) aminomethane, 40mM acetate,- 2mM 
pellet was resuspendedethylenediaminetetraacetic acid, pH 7.9]. The 

with 0.5 ml of E buffer, and lysed by the addition of 1 ml of lysis solution [3% 

(w/v)sodium dodecylsulfate, 50 mM rris (hydroxymethyl) aminomethane, 

solution pH 11.6] and gentle agitation. The lysate was then extracted with 

a phenol/rhloroform solution previously described (10). Samples ofas 
approximately 50 nl were analyzed for plasmid content by gel elec

trophoresis. 
DNA for restriction enzyme analysis was prepared from 0.5 I aliauots of 

bacteria grown in MaNY medium to an absorbance at 600 nm of0.6 to 0.8. 

The cells were lysed and DNA extracted by a modified Currier and Nester (5) 
step was omitted. Covalently closedprocedure in Which the shearing 

circular DNA was isolated on CsCI-ethidium bromide gradients containing 

51% CsCI (w/v). Equilibrium centrifugation was carried out at 201C in a 

Beckman VTi65 vertical rotor (Beckman Instruments, Fullerton, CA 

92632), for 16 to 18 h at 50,000 rpm. Plasmid DNA was removed with a 

syringe from the side of the gradient tube through a 22 gauge needle. The 

plasmid DNA was further purified by recentrifugation in a second ethidium 
removed by severalbromide-CsCI gradient. The ethidium bromide was 
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extractions with ice cold isopropanol and the DNA samples were dialyzed
against T buffer [20 mM Tris (hydroxymethyl) - aminomethane, 1 mM
ethylenediaminetetraacetic acid, pH 8.0]. 

Endonuclease Restriction Analysis 
Plasmid DNA was cleaved in a 150 nl reaction mixture, containing 2 ng of

appropriate (6) 20DNA, the buffer and 10 to units of restriction 
endonuclease. After 2 h at 370C, the reaction was stopped by the addition 
of 15 nl of a solution containing 3M NaCI, 0.2M
ethylenediaminetetraacetic acid. The DNA was precipitated by adding 400 
nl of absolute ethanol and incubating at -10C for 2 to 12h. The precipitate 
was collected by centrifugation at 10,000 rpm for 20 min at -10OC in a
Sorvall SS34 rotor, resuspended in 30 nl of T buffer and heated for5 min at 
700C. 

Gel Electrophoresis 
DNA samples were analysed by electrophoresis in a horizontal slab gel

containing 0.7% agarose (Grade II, Sigma, St. Louis, Mo 63178) dissolved
in running buffer [40mM Tris (hydroxymethyl) aminomethane, 20mM 
acetate, 1mM ethylenediaminetetraacetic acid, pH 8.1] (6), at 3V/cm, for 
10 h. The gels were illuminated with 302 nm light (Transilluminator, Model
C-63, Ultra-Violet Products, 5100 Walnut Grove, San Gabriel, CA91778)
and photographed with Polaroid type 55 film (Polaroid Corporation, 575
Technology Square, Cambridge, MA 02139). The number and molecular 
masses of the DNA fragments were determined from densitometer 
tracings of negatives a Gel Scanner Model 2520on Gilford (Gilford
Instrument Laboratories Inc., Oberlin, OH 44074). HindIll and Xhol digests
of XDNA were used as molecular weight standards. 

DNA-DNA Hybridization 
DNA fragments were transferred to diazobenzyloxymethyl (DBM) paper

and hybridization conditions were performed as described by Alwine et a.
(1). pMC7105 probe DNA was 32 [P] labeled with 0, dCTP to a specific
activity of 14 x 106 cpm/ng using the nick translation kit manufactured by
New England Nuclear (549 Albany Street, Boston, MA 02118).
Autoradiography was performed using Kodak (Polaroid Corporation, 575
Technology Square, Cambridge, MA 02139) no-Screen-X-Ray film NS-2T, 
at -801C for 40 to 90 h. 

Results 
One hundred colonies of LR719 were screened by agarose gelelectrophoresis and 11 were shown to contain a single excision plasmid. In 

only one experiment has it been difficult to demonstrate that the plasmids
were generated by independent excision events. In that experiment each of
the three colonies which were randomly selected from a single petri dish
harbored a plasmid approximately 145 megadaltons (Mdal) in size. The
remaining eight excision plasmids differ significantly in size, ranging from
20 to 180 Mdal. The extreme difference in size of some of these plasmids 
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relative to the integrated indigenous plasmid (98 Mdal) indicated that 
excision events could generate both miniplasmids and F-prime-like 
plasmids which carry chromosomal sequences. 

Restriction Endonuclease Analysis of pEX8050 

The large excision plasmid pEXB050 (FiC 1) was selected for further 

analysis because its size (145 Mdal which is nearly 1.5 fold larger than 

pMC7105), suggested that it may carry a significant amount of 

a b 

pEX8050
 

pMC7105 

Fig. 1. Agarose gel electrophoresis of plasmid DNA 
from P. syringae pv. phaseolicola. (a) pMC7105, 98 
Mdal; (b) pEX8050, 145 Mdal. 

406 



chromosomal DNA. Furthermore, if the excision event occurred in
chromosomal DNA outside of the site of integration, a plasmid restriction
fragment which was involved in the integration event may be readily
identified by its disappearance from the fingerprint pattern of pMC7105.

The BarHIl, Bgl II, and EcoRI fingerprints of pMC7105 and pEX8050 are
presented in Figure 2. The wild-type plasmid was cut into 18, 22, and 38
fragments by BamHl1, Bgl II,and EcoRI, respectively, whereas these same
restriction enzymes cleaved pEX8050 into 32, 32, and 48 fragments,
respectively. For each digest of pEX8050, all of the fragments of pMC7105
could be discerned except for one, which is presumed to have been
involved in the integration of pMC7105. The fragments which were not
detected are BamHl fragment 8, Bglll fragment 6, and EcoRI fragment 7(Fig. 2). Although a BamHI fragment of pEX8050 was detected which had a 
molecular mass approximately the size of fragment 8 of pMC7105, it was 
determined from tracings of the negatives to slightlybe smaller. A
summation of the molecular weights of the fragments of pEX8050 was
used as the basis for determining its molecular size (Table 1). 
Sequence Homology Between pMC7105 and pEX8050 

The DNA fragments from the gel shown in Fig. 2 were blot transferred to
DBM paper and hybridized with 32P-labeled pMC7105 probe DNA (Fig. 3).
The probe hybridizes to all of the fragments of pMC7105 contained within
pEX8050 and one new fragment in each digest. The new fragments are
presumed to be plasmid-chromosome juncture fragments. In the BamHl
digest, the probe hybridized to fragments B and weakly hybridized to C and
F. In the Bgl IIand EcoRI digests, pMC7105 hybridized to fragments C and
F, respectively. None of the other fragments of pEX8050 hybridized to 
pMC7105 probe DNA. 

Discussion 
The stable integration of pMC7105 into the chromosome in strain LR719

has provided a unique opportunity to develop a genetic system for 

Table 1. Approximate molecular weights of P. syringae pv. phaseolicola plasmids. 

Plasmid Enzyme Number of Calculated total 
fragments molecular weight (Mdal) a 

pMC7105 BamHI 18 98.02 
pMC7105 Pstl 34 98.58 
pEX8050 BamHl 
 32 144.27 
pEX8050 Bgl II 32 143.90 
pEX8050 EcoRI 
 48 146.54 
a Molecular weights were calculated by comparison with X phage DNA fragments produced by 

Hindill and Xhol (6). 
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Fig. 2. Fingerprint analysis of P. syringae pv. 
phaseolicola plasmid DNA by agarose gel elec
trophoresis. (a) BamHI digested pMC7105; (b) BamHI 
digested pEX8050; (c)Bgl Ildigested pMC7105; (d)Bglll 
digested pEX8050; (e) EcoRI digested pMC7105; (f) 
EcoRI digested pEX8050. Numbers indicate pertinent 
wild-type fragments. Capital letters indicate possible 
plasmid-chromosome juncture fragments in pEX8050. 

408 



Fig. 3. Autoradiogram of pMC7105 e2P-labeledDNA 

hybridized to a DNA blot of P. syringae pv. phaseo/ico/a 
plasmid DNA digested with restriction endonucleases. 
pMC7105 a, c, e; pEX8O50 b, d, f; BamHl a, b; Bg1 11c, d; 
EcoRl e. f. Numbers indicate pertinent wild-type 
fragments Capital letters indicate possible plaimid
ch~romosome juncture fragments in pEX8050. 
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analyzing plasmid-encoded gene functions, and also those encoded by 
certain chromosomal genes. Partial or total excision of pMC7105 occurs at 
a frequency of approximately one in 10 randomly selected colonies. This 

frequency will permit the recovery of numerous independently derived 
excision plasmids for future studies. 

The large excision plasmid, pEX8050, apparently was formed by excision 
of chromosomal DNA on either side of the site of insertion of pMC7105. 
This mode' -would account for the identification of all except one of the 
restriction endonuclease fragments of pMC7105 when pEX8050 is 
cleaved with any of three restriction endonucleases. The integration 
apparently involved recombinations between the chromosome and 

plasmid sequences on BamHI fragment 8, BglIl fragment 6 and EcoRI 
fragment 7, since these were the only fragments of pMC7105 not present 
in the respective digests of pEX8050. 

Only one of the two predicted plasmid-chromose juncture fragments 
was positively identified in each digest. BamHI fragments C and F show 
very weak hybridization to pMC7105 probes. It is possible that F,which is 

present as a doublet with fragment 11 of pMC7105 may have caused a 
more efficient transfer of pMC7105 fragment 11 from the gel resulting in a 
stronger hybridization signal. BamHl-digested whole cell DNA generates a 
fragment which migrates in the region of fragment C of pEX8050 which 
also shows weak hybridization to pMC7105 (3). If this is the second 
juncture fragment, recombination of pMC7105 appears to have involved 

sequences close to one end of fragment 8, since fragment C of pEX8050 
appears to be comprised primarily of chromosomal sequences. Our 
inability to identify the second juncture fragment in Bgl IIand EcoRI digests 
of pEX8050 by hybridization also may be due to insufficient plasmid DNA in 
the fragment. Alternatively, this fragment could have comigrated with a 
fragment from pMC7105 or migrated off the gel if its size was less than 
0.25 	Mdal. 

The amount of chromosomal DNA in pEX8050 is approximately 47 Mdal. 
If the average gene is assumed to be 1.5 kilobase pairs in length, the 
chromosomal DNA in pEX8050 would be comprised of about 45 genes. 
Conversely, the smallest excision plasmid detected thus far is 20 Mdal, 
large enough to be comprised uf about 20 genes. 

Whether pMC7105 is unique among plasmids of P. syringae pathogens 
in its ability to integrate remains to be determined. Certainly this property 
can be exploited in developing genetic systems. among these pathovars. 
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Abstract 

Pseudomonas syringae pv. phaseolicola is the bacterial agent responsible 

for halo blight on beans. Five strains of P. syringae pv. phaseolicola, isolated 

from region.; of the United States as far removed as Idaho and New York, 

were analyzed for plasmid number, size, and relatedness. EcoRI and BamHI 

restriction digests of total plasmid DNA suggest that a large degree of 

homology exists among these plasmids. Strain PP612 harbors two plasmids 

which are 1.4 and 96 megadaltons in size. Restriction analysis of total 

plasmid DNA revealed that 36 of 39 EcoRI bands and 16 of 22 BamHI bands 

were in common with those of a single 97 megadalton plasmid present in 

strain PP622. The EcoRI fingerprints indicate that the plasmids of thesetwo 

strains have at least 90% sequence homology. Two other strains, designated 

PP601 and PP631, contain in addition to a 73 megadalton plasmid, a 29 and 

a 27 megadalton plasmid, respectively. EcoRI digests indicate thatthere is at 

least 93 percent sequence homology between total plasmid DNA of these 

strains. Strain PP652 contains two plasmids that are 70 and 33 megadaltons 

in size. EcoRI fingerprints indicate that PP652 has at least 62 percent 

sequence homology with PP601 and 58% sequence homology with PP631. 

Thirty-four percent sequence homology is seen in EcoRI digests among all 

five strains. Solution hybridization has also confirmed a high level of 

sequence homology among these plasmids. 

Introduction 

Naturally occurring plasmids are frequently found among isolates of 

plant pathogenic pseudomonads (1, 3, 4, 7, 8, 9). The plasmids have varied 

in size from approximately 3 to 109 megadaltons (Mdal). Indeed, one 

plasmid of Pseudomonas syringae pv. savastanoi has been shown to carry 
for disease expression (1) and an association has beendeterminants 

suggested of virulence properties with the presence of a 35 Mdal plasmid, 

pCG131, in P. syringae pv. syringae (8, 9) and a 22 Mdal plasmid in P. 

syringae pv. phaseolicola (7). 
The presence of plasmids of similar size in pathovars of P. syringae is a 

relatively common occurrence. However, when restriction endonuclease 

fingerprints were used as a criterion for establishing homology between 

pCG131 of P. syringae pv. syringae and two other similar sized plasmids 

from strains of this pathovar, little homology was detected (10). Similar 
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results were obtained when the fingerprints of total plasmid DNA from six
strains of P. syringae pv. glycinea were analyzed (3). Although thefingerprints revealed apparent homology between certain plasmids, the
digests lacked a single fragment which was common to total plasmid DNA
of these six strains. However, hybridization analyses of the plasmid DNAfrom these six strains revealed homology that was not apparent from the 
fingerprints alone. 

The purpose of this work was to obtain numerical, physical, andbiochemical information about the plasmids carried by five strains of P.syringae pv. phaseolicola. We have determined by two criteria that the
plasmids of these strains share extensive homology. 

Materials and Methods 
Bacterial Strains and Culture Conditions 

The bacterial strains used in this study are listed in Table 1. All strains 
were cultured on modified MaSNY medium (4) which lacked sucrose,hereafter referred to as MaNY medium. Cultures were stored at room 
temperature on solid medium (1.5% agar) and shake cultures were grown 
at room temperatures or 241C. 

Plasmid DNA Isolation
 
Plasmid DNA was extracted according to 
the method described byHansen and Olsen (11) as modified by Curiale (3), or by a modified Currier

and Nester technique (5) in which the shearing stepwas omitted. The DNA 
was purified by two cesium chloride-ethidium bromide (816.5 mg/ml and 

Table 1. P. syringae pv. phaseolicolastrains. 

Strain Genotype a Approximate Previous StrainPlasmid MW (x 106dal) Designation Source 

PP601 strr pPP6010 29 HB-20 A. Andersonb 
pPP6015 73
 

PP612 rifr pPP6120 1.4 R1L A. Vidaverc 
pPP6125 96 

PP622 rifr pPP6220 97 R1LD A. Vidaver 
PP631 strr pPP6310 27 HB10Y A. Vidaver 

pPP6315 73
 
PP652 rifr pPP6520 33 HB-36 A. Anderson 

pPP6525 70 
LR721 ser, rifr pMC7105 LR70098 (3) 

r, str streptomycin resistance; rif , rifampicin resistance; ser, serine auxotroph.
b Biology Department, Utah State University, Logan, Utah. 

C Department of Plant Pathology, University of Nebraska, Lincoln, Nebraska. 
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100 ng/ml, respectively) gradient centrifugations at 50,000 or 55,000 rpm 
in a Beckman Type VTi65 rotor for 12 to 16 h at 200C. The plasmid band 

was removed through the side of the tube with a 22-gauge needle and the 

ethidium bromide was removed after four extractions with one-half volume 

of ice-cold isopropanol. The plasmid DNA was either dialyzed against 

T,o E 1 buffer (10 mM Tris, pH 7.2, 1mM Na 2 EDTA) to remove the cesium 

chloride or diluted with TES buffer (50 mM Tris, pH 8.0,50 mM NaCl, 5 mM 

Na2 EDTA) and centrifuged at 50,000 rpm for 12 to 16 h in a Beckman Type 

S\A160 rotor at 200 C to pellet the plasmid DNA. Purified plasmid DNA was 

stored frozen at -200C in T1o E 1 buffer. 

Restriction Endonuclease Digestion 

BamHI (Bethesda Research Laboratories, Inc.) and EcoRI (prepared in our 

laboratory) were used to restrict plasmid DNA. Two micrograms of DNA 
were digested with a four-fold excess of enzyme for 2 h at 370C in 20 nI of 

the appropriate digestion buffer (6). Following the digestion, the sample 

was heated at 70 0C for 5 min to inactivate the enzyme. 

Gel Electrophoresis 
Gel electrophoresis was carried out on a horizontal slab gel (Model HI; 

Bethesda Research Laboratories, Inc.), using 0.7% agarose (Sigma) and a 
running buffer of 40 mM Tris, pH 7.9, 40 mM sodium acetate, 2 mM 
Na 2 EDTA. The buffer was circulated during electrophoresis and the gel 
was run submersed in buffer. Whole plasmid DNA and restriction 
fragments were electrophoresed for 10 hours at 3V/cm. Lambda DNA (32 
Mdal) and plasmids pMC7114 (50 Mdal), pMC7115 (58 Mdal) (3), RP4 (36 
Mdal), pBR322 (2.65 Mdal), and JHC1 1 (16.6 Mdal) (2) were used as 
molecular weight standards. Gels were stained in 5.0 ng/ml ethidium 
bromide for at least 30 min and the DNA bands were visualized on a UV 
transilluminator (Model C-63B; Ultra-Violet Products, Inc.) The gels were 
photographed using a Polaroid MP-3 Land camera equipped with an 
orange filter and using Polaroid Type 55 Land film. 

Nick Translation of Plasmid DNA and Solution Hybridization 

Plasmid DNA was nick translated with [32p]-dCTP and a nick-translation 
kit (New England Nuclear) to a specific activity of 2.3 - 16 x 101 cpm/ng 
DNA using the protocol outlined for the kit. The proteins were removed 
from the reaction mixture by a single phenol extraction, which was 
followed by three extractions with ethyl ether to remove traces of phenol. 
The plasmid DNA was fractionated from unincorporated nucleotides by 
Sephadex G-100 (Sigma) column chromatography and precipitated with 
the addition of three volumes of absolute ethanol after the concentrations 
of sodium acetate and carrier Escherichia coli transfer RNA (Sigma) were 
adjusted to 0.2 M and 50 ng/ml, respectively. The DNA solution was 
incubated overnight at -200C, and the precipitated DNA was collected by 
centrifugation at 17,400 g and suspended in 0.12 M sodium phosphate. 

Driver DNA was shared and precipitated according to White and Nester 
-(15). Labelled probe DNA (1 x 10 - 3 to 5 x 10 3 ng) and sheared driver DNA 

(1 to 3.5 ng) were hybridized in 0.12 M sodium phosphate buffer (20 ni total 
volume) in 500 nl microfuge tubes. DNA was denatured for 10 min, quick 

414 



cooled in an ice bath, overlaid with parafin oil, and incubated at 68 0 C.Five nI aliquots were removed at 0, 24,48,or 62 h, treated with SI nuclease
(12), and assayed for Si-resistant [32p] -DNA (13). 

Results 

Plasmid Content of Pseudomonas syringae pv. phaseolicola 
Analysis of five strains of Pseudomonas syringae pv. phaseolicola byagarose gel electrophoresis revealed that each contains one or two plasmid

species (Fig. 1 and Table 1). A sixth strain, LR721 ,known to contain a single98 Mdal plasmid, pMC7105 (3), was used as a standard of comparison. Asingle plasmid with a molecular weight of 97 Mdal was detected in PP622
but all other strains contain two plasmids. Strains PP601 and PP631 eachcontain a 73 Mdal plasmid and a 29 and 27 Mdal plasmid, respectively.
Plasmids of similar size were also detected in PP652. The most strikingdifference in plasmid size was observed upon analysis of PP612, which
contains plasmids of 96 and 1.4 Mdal. 

Analysis of Restriction Endonuclease Cleavage Patterns 
Total plasmid DNA from each strain was cleaved with EcoRI and BamHIrestriction endonucleases to determine the degree of homology among

plasmids from the six strains. The fingerprints generated by digestion with
EcoRI are presented in Fig. 2. It is apparent upon inspection that theseplasmids have many bands in common and that some of the plasmids may
be nearly identical. All digests had 15 bands in common, accounting forapproximately 28 to 34% homology. The plasmids in PP612 and PP622have 32 bands in common with the 38 EcoRI bands of pMC7105,
representing at least 90% homology.


All of the digests contain 
a 1.4 Mdal fragment. The small 1.4 Mdal
plasmid seen in PP612 apparently contains more than one 
 EcoRI
restriction site since an additional fragment of this size was not detected(Fig. 2, lane B). PP612 contains a 4.5 Mdal fragment present as a triplet
band which is not present in any of the other digests (Fig. 2, lane B-arrow).
Fragment 11 of pMC7105 (lane F-arrow) is not present in the digests of the
plasmids in PP612 and PP622 but is present in the digests of total plasmidDNA of the other strains. The plasmids from strain PP601 have41 bands in 
common with the 43 bands of PP631 representing approximately 94percent homology (Fig. 2, lanes A and D). The plasmid species in PP652
have an apparent lower percent homology (60-70%) with all other plasmid
species, primarily because the five largest fragments are different in size
from any other fragments (Fig. 2, lane E).

The BamHI fingerprints of these plasmids corroborate the homology
detected by the EcoRI fingerprints. The plasmids in strains PP612 andPP622 also show a large number of BamHI bands in common with
pMC7105 (Fig. 3, lanes B, C, and F). Since fewer bands are generated byBamHI, differences in the number and position of BamHI cut sites have
resulted in greater apparent differences in the degree of homology. PP601
and PP631 differ by only two bands, which may have resulted from a minor 
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A B C D E F
 

Fig. 1. Agarose gel electrophoresis of 
purified plasmid DNA from six strains of 
P. syringae pv. phaseolicola. Lane (A) 
PP601, (B)PP612, (C)PP622, (D)PP631, 
(E)PP652, (F)PP721. It indicates linear 
fragments. 

change in the location of one restriction site. The plasmids in PP652, which 
plasmids upon digestion withappeared most different from the other 


EcoRI, also show the greatest differences when digested with BamHl.
 

Solution Hybridrization of Total Plasmid DNA 

Solution hybridizations were carried out to determine more precisely the 

degree of homology among the plasmids of these strains. The 97 Mdal 

plasmid, pPP6220, was used as probe DNA because it was present alone in 

strain PP622 and required no further purification from other plasmids. The 
and PP612 and pMC7105 have greater thanplasmids in strains PP601 

The plasmid species in PP652,90% homology with pPP6220 (Table 2). 
which showed a lower percent homology with any of these plasmids by 

fingerprint analysis, also showed a lower percent homology by hybridiza

tion. The plasmids in strain PP631 showed a lower percent homologythan 

expected from the fingerprint patterns. 
Some of the plasmids in these strains may be identical. However, until it 

can be shown that they are, each has been assigned a different plasmid 

designation (Table 1). 
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MW 
x1o 6 

9.2-

4.5 

Fig. 2. Fingerprint patterns
generated by digestion of 
total plasmid DNA from six 
strains of P. syringae pv.
phaseolicola with the restric-
tion enzyme EcoRi. Lane (A)
PP6O1, (B)PP61 2, (C)PP622,
(D) PP631, (E) PP652, (F)
PP721 . Arrows point to major 
differences in the banding 
patterns discussed in text. 
Molecular weights (Mdal) are 
listed on the left. 

A B C D E F 

MW 
X06 

23

.4 -

Fig. 3. Fingerprint patterns
generated by digestion of total 
plasmid DNA from six strains of 
P. syringae pv. phaseolicola with 
the restriction enzyme BamHl. 
Lane (A) PP6O1, (B) PP612, (C)
PP622, (D)PP631, (E)PP652, (F)
PP721. Molecular weights
(Mdal) are listed on the left. 

Discussion 
Five isolates of P.syringae pv. phaseolicola were shown to contain one or 

two plasmid species ranging in size from 1.4 to 97 Mdal. Site-specific
endonuclease analysis of plasmids; of similar size from PA syringae pv.
syringae revealed little homology (10). The plasmids analyzed in this study
showed extensive homology by fingerprint analysis and DNA solution 
,iybridization. 
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Table 2. 	 Plasmid homologies. 

Percent Homology
with pPP 62 20aPlasmidsStrain 

100
PP622 pPP6220 

92
PP601 pPP6010, pPP6015 


PP612 pPP6120, pPP6125 100
 

PP631 pPP6310, pPP6315 81
 

PP652 pPP6520, pPP6525 76
 

LR721 pMC7105 	 92 

a Normalized percentages based on the homologous control hybridization (690/0) adjusted to 

100 percent 

Total plasmid DNA from strain PP601, which contains plasmids of 29 and 

73 Mdal, shows more than 90% homology with a single 97 Mdal plasmid, 

pPP6220, by DNA hybridization but only 31% homology when analyzed by 

restriction endonuclease digestion. If one assumes that the hybridization 
experiments provide a more accurate determination of the extent of 

homology (14), these plasmids could have a common origin. The sum of the 

molecular weights of the two plasmids in PP601 is approximately equal to 

the size of pPP6220. 
Presently, no functions have been ascribed to the plasmids of these 

strains. A 22 Mdal plasmid which is thought to be associated with virulence 

properties in another strain of P. syringae pv. phaseolicola (7) was not 

detected in these six strains. It is of interest, however, that pMC7105, a 

plasmid which is known to integrate into the bacterial chromosome of this 

pathovar (3), shows greater than 90% homology with pPP6220 (Table 2). 

Whether integration, and subsequent excision, is unique to pMC7105 or a 

property of all the plasmid which show extensive homology with pMC7105, 

remains to be determined. 
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Abstract 

produce large fluidal colonies in
Virulent strains of P. solanacearum 

media that contain glucose. Small, compect, nonfluidalcomplex ager 
colonies are virulent and arise spontaneously from laboratory cultures which 

are transferred infrequently. In strain K60, the B1 nonfluidal. avirulent strain 

has been shown to be lacking extracallular polysaccharide produced by the 

virulent strain. The B1 srain is extremely stable; its reversion to th., virulent 

type has not been reported. Because of the extreme stability of strain K60-B1 

it is po tible that genetic formation has been lost during its formation. This 

deletion might occur by the loss of aplasmid. To test this hypothesis we have 

attempted to isolate plasmids from strain K60, K60(RP4), and K60-B1 by 

four procedures. Only in the case of K60(RP4) could a plasmid be isolated. 

In addition we have attempted to isolate plasmids from 20 strains of P. 

solanacearum,13 of which were fluidal and produced nonfluidal variants. In 
fluidal and

only six of these strains were plasmids detected and where 

nonfluidal pairs of strains were available, their plasmid compositions were 

identical. Taken together these results indicate that nonfluidal strains do not 

arise as the result of the loss of aplasmid from the fluidal strains used in this 

study. Therefore, oth6r genetic mechanisms such as site specific recombina

tion might be responsible for the production of nonfluidal isolates of P. 

solanacearum. 

Introduction 

The vascular wilt caused by Pseudomonas solanacearum is one of the 

important pathogens of solanaceous crops. On 
most economically 
appropriate agar media virulent isolates are characteristically non-motile 

and produce large amounts of extracellular polysaccharide (EPS). By the 

use of a tetrazolium containing medium, the differences between virulent, 
be accentuated (10).

fluidal, and the avirulent, nonfluidal type can 
culture is sometimes a problem because

Maintenance of a virulent 
avirulent cells are readily produced. In the case of strain K60, its avirulent 

B1 derivative is highly motile, non-capsulated, and aerotatic (11). Thus 

limiting amounts of oxygen the avirulent form has a selective
under 

advantage.
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The reason for the difference in motility between the virulent andavirulent forms of strain K60 appears to be due to the lack of flagellae onmost of the virulent cells (11). Furthermore, the flagellae that are presenton a few of the virulent cells are straight and generally shorter than the ones present on the avirulent cells. In contrast, 80 to 85% of the avirulent
cells of the strain K60-B1 have one or more long wavy flagellae.The differences between the virulent and avirulent cell typesrepresent major 

must
differences in gene expression. The mechanism(s)responsible for these changes are not known. However, it is known that theavirulent types are extremely stable (10, 12). This stability might be due totheir constant selection in cultures of limiting oxygen concentration.Another possibility is that genetic information might be lost from thevirulent types thus preventing the reversion of the avirulent to the virulentcell type. In the present study we have attempted to determine if loss ofgenetic information, in the form of a plasmid, is associated with formationof avirulent, nonfluidal variants. Several strains from the three races (3) ofP. solanacearum have been analyzed for the presence of plasmids. Whereplasmids were found an attempt was made to isolate nonfluidal variants,which were then analyzed for the presence of plasmids. 

Materials and Methodr, 

Bacterial Strains, Media and Culture Conditions 
The bacterial strains used in this study are listed in Table 1. Theseisolates were obtained from W. C. Nesmith, Department of PlantPathology, University of Kentucky, Lexington, KY 40546. Strains from this

collection were streaked from cell suspensions stored in distilled water atroom temperature onto TZC medium containing in g/l, glucose, 10;
peptone, 10; casamino acids, 1; 2 ,3,5-triphenyl tetrazolium chloride (TZC)

0.05 and agar, 15. For some of the strains only nonfluidal colony types wererecovered (Table 1). Strains K60, K60-B1 and those without analphabetical prefix were originally from the collection of phytopathogenicbacteria at the Department of Plant Pathology, University of Wisconsin,Madison, WI 53706. Those strains with an S prefix were isolated by L.
Sequeira and those KS prefixes were derived in this study.

For plasmid isolation, cells were grown in nutrient broth (Difco). Plasmidisolation from K60 and K60-B1 strains was also attempted with cellsgrown in the following media: NBY broth (14), L broth (6) and minimalmedium (1). Growth on plates or in broth was at 291C and broth cultures 
were shaken at 200 rpm. 

Isolation of Nonfluidal Strains 
For isolation of nonfluidal types, 10 milliliters of TZC medium withoutagar and TZC were placed in 13 x 150 mm screw cap tubes. Tubes wereinoculated with virulent cells and incubated without shaking. At intervals up to 2 weeks, cells were streaked from the surface pellicle to TZC agar for

identification of avirulent types. 

421 



Table 1. Descriptions and plasmid contents of bacterial strains. 

IsolationPlasmidsbColony 

methodc 
typea Origin or derivation (mw X 106 daltons)

Strain Race 

5,5.5 I, II
1 nfld 	 Potato, Israel23 

ND I, II1 i 	 Zebrina, Puerto Rico39 
ND I, II1 fl 	 Potato, Ceylon 

Tomato, Climax, GA, USA 105,250 II 
74 

87 1 fl 

199 1 nfld Tobacco, Philippines ND II 

ND
203 1 nfid Tobacco, Georgia, USA 

ND IIfi Tomato, Taiwan 


KS2671 1 nfil Nonfluidal variant of strain 267 ND
 

ND I, I
 

267 1 

1 fl Tomato, NC, USA 
ND I, II, Ill, IV

K25 
1 fl 	 Tomato, NC, USAK60 

ND I, II, IVNonfluidal variant of strain K60K60.B1 1 nfl 

A K60 strain harboring plasmid 38(6) II


CB.14 1 fl 

RP4, constructed by C. Boucher
 

1 2 f Banana, Costa Rica ND II 

Banana, Honduras ND I, II 

Banana, Honduras ND 
16 2 fl 

I,
17 2 fl 


ND
nfl Nonfluidal variant of strain 17 

ND I, II, IlI 
KS171 2 

2 fl Banana, Honduras 
ND I, II, IV

53 
2 fl Nonfluidal variant of strain 53 

I, II 
KS531 

70 2 fl Plantain, Colombia 	 ND 

ND
Nonfluidal variant of strain 70 

105 I, II 
KS701 2 nfl 

Plantain, Peru 


KS1311 2 nfl Nonfluidal variant of strain 131 105 I, II
 
131 2 fl 

2 nfld Plantain, Peru 3.5 II
 

170 2 i Heliconia, Colombia ND Il
 

S135 2 fl Heliconia, Costa Rica ND I, II
 

I, II 

157 

S160 2 fl Heliconia, Costa Rica 	 105 

105 II
Nonfluidal variant of S160 


19 3 nflc Potato, Colombia j II
 
KS1601 2 nfl 

all, fluidal; nl, nonf:uidal; i, intermediate.
 
bND, nol detected.
 
CNumbers refer to isolation procedures.
 

Hansen andOlsen procedure. 
I. Currier and Nester procedure, II. Alkline lysis procedure, III, Cleared lysate procedure, IV. 

donly non-fluidal isolates were recovered from water stocks. 

Plasmid Isolation Procedures 

Bacterial cultures were grown in 100 ml of broth in a liter flask at 29 0C 

with shaking at 200 rpm. Cells were harvested by centrifugation at a cell 

density between 4 x 108 and 6 x 10 cells per milliliter. This was important 

because cells harvested at higher cell densities were incompletely lysed. 

The plasmid isolation procedures developed by Currier and Nester (7), 

Casse et al. (4), Clewel and Helinski, (5) and Hansen and Olsen (8) were 
as methods, I, II, Ill, and IV,

used. Hereafter, these will be referred to 

respectively. These procedures utilize different methods of cell lysis and 
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chromosomal DNA removal. Briefly, procedure I involved cell lysis undernon-denaturing conditions followed by an alkaline treatment, a'neutralization" step, and a phenol treatment to remove chromosomalDNA. Procedure II is very similar to Procedure I except that the cells arelysed under denaturing conditions. Procedure III involves a gentle andincomplete cell lysis which allows plasmids but not chromosomal DNA to escape from the cells, and procedure IV involves a lysozyme treatmentfollowed by a detergent lysis and an alkaline treatment. Followingneutralization chromosomal DNA is removed by coprecipitation with
sodium dodecyl sulfate in the cold.

For routine screening, procedures I and II were used. The latter waspreferred because, in general, better cell lysis and higher plasmid yieldswere obtained. Plasmids were routinely detected by analyzing the DNAprepared in the above procedures in 0.6% agrose gels at 5 V/cm aspreviously described (6). For K60 and K60-B1 cesium chloride gradientscontaining ethidium bromide (7) were also used for piasmid detection. 

Results 
Most of the bacterial strains listed in Table 1 were analyzed for thepresence of plasmids by procedure Ior IIor both land II. Strains 53, KS531,K60, and K60-B1, were analyzed by additional methods. Where plasmidswere detected, all methods used were successful in their isolation. Of the20 strains from natural sources six contained plasmids (Fig. 1). Themolecular weights of these plasmids ranged from 3.5 to 106 to 250 x 106(Table 1). With respect to races, 2 out of 9, 3 out of 10and 1out of 1 strainstested from races 1, 2, and 3, respectively, had plasmids.

To determine if loss of a plasmid was associated with production ofnonfluidal types an attempt was made to isolate nonfluidal strains from thesurface of 1 to 3 week old stagnant tube cultures of three plasmidcontaining strains (87, 131, and S1 60). Non-fluidal variants were isolatedfrom strains 131 and S160. These avirulent variants had plasmidcompositions that were the same as their respective virulent parents.Because strain K60 is used in many studies and can be considered theneotype strain of race 1 organisms (9), special effort has been taken to
detect plasmids in this strain and in K60-B1. 
 Agrose gel electrophoresis
and cesium chloride gradients containing ethidium bromide were used in
various combinations with four different plasmid isolation procedures for
this pair of strains. In addition several cell treatments preceding lysis wereused. These included a high salt (1 M NaCI) wash, a lysozyme treatmentand a brief penicillin treatment. The latter treatment lasted for the timerequired for one cell doubling to occur and was performed immediatelybefore harvesting the cells. Plasmids were not isolated from K60 or K60-B1in any of the above procedures. Furthermore, when strain K60 contains theplasmid RP4, it is easily isolated (strain CB-14, Table 1). Therefore,plasmids in K60 are not difficult to isolate because of nuclease problems orsome other difficulty intrinsic to the stra;.t. Similarly, nonfluidal variantswere isolated from the following plasmidless strains: 267, 17, 53 and 70
(Table 1). 
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Fig. 1. Agarose gel electrophoresis of plasmid DNA
 

from P. solanacearum strains. Lanes A and B contained
 

the same marker plasmids as lanes I and J. DNA from
 

Agrobacterium tumefaciens C58 (RP4) was present in
 

lanes A and J. Plasmids of 300 x 106, 120x 106, and 38
 

are present. Lanes B and I conta..,edx 1 0 b daltons 

and PBR322 whose molecularplasmids R6K, PCR1, 


weights are 24 x 106, 8.7 x 106, and 2.6 x 108,
 
respectively. DNA from P. solanacearum strains 19, 23,
 

87,131,157, andS1 60were present in lanes C, D, E, F,
 

G, and H, respectively. Chromosomal fragments
 

(arrow) are present in all lanes except B and I.
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Discussion 
In this study strains from each of the three races of P. solanacearum were analyzed for plasmids. At least one strain from each race contained aplasmid. Although this is not a particularly large study it shows that strains

from all three races may frequently contain plasmids.
Intensive analyses of strains K60 and K60-Bl indicated that neither ofthese strains contained a plasmid. This result supports data recentlyreported (2). Although it is impossible to prove that a strain does not harbor a plasmid, we feel confident that this is true for this virulent and avirulentpair of strains. Similarly other fluidal race 1 (267)and 2 (17. 5 3, 70)strainsdid not contain plasmids but still produced nonfluidal variants during thecourse of this study. Together these results strongly suggest that the fluidalto nonfluidal transition is not plasmid mediated in these strains. The lack ofplasmid involvement in this transition is further supported by results withtwo plasmid-containing strains. Two fluidal race 2 strains, (131, S160),which contained plasmid, gave rise,to nonfluidal variants which containedthe same plasmids that were present in their respective fluidal parents.This limited survey suggests that in the P. solanacearm strains tested,the conversion from fluidal to nonfluidal cell types is not associated withthe loss of a plasmid. However, the possibility exists that in some, as yetundiscovered, strain(s) plasmid loss will result in loss of pathogenicity

and/or the loss of EPS production. Because our results suggest thatplasmid loss is not associated with the conversion to the nonfluidal form,we feel that other genetic mechanisms need to be investigated as possiblesources of this variability. Site specific recombination as exemplified byphase variation in Salmonella (13) would be a possible mechanism. Such amechanism seems attractive because it allows for the alternate expression

of sets of genes. Such a mechanism could explain the loss of capsule and
the simultaneous gain of flagellae 
which has occurred during the
formation of the avirulent B1 derivative of strain K60. The fact that the
conversion back to the virulent form does not seem to occur, does not
necessarily argue against such a switch mechanism. It may simply be a
reflection of the strong selective advantage of the avirulent forms under

microaerophilic conditions and our inability to create conditions that would

select the virulent forms out of an avirulent culture. 

Addendum 
Recent data obtained by C.Boucher (see these proceedings) indicate thatK60, K60-B1 and most other strains tested contain a plasmid whosemolecular weight is greater than 300 x 106. Because the plasmid content ofK60 and K60-B1 is indistinguishable, the conclusions from our studyremain unchanged. His success in the isolation of these very largeplasmids is probably due to the very gentle isolation method. Since there are very few strains common to both studies, whether or not the very large

plasmids are present in most of our strains is not known. 
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Abstract 
A megaplasmid of molecular weight clearly over 300 megadaltons was 

present in 11 out of 12 Pseudomonas solanacearum strains tested and chosen 
because of their variety of geographical and host plant origins. Transposon
Tn5 has been selectively inserted in these megaplasmids. The plasmid of one 
strain was transferred into Escherichia coli. 

Introduction 
Investigators have shown plasmids to be present among various species

of plant pathogenic bacteria (16). Their molecular weights(mol. wt) spread
over a wide range of values from the very small plasmids of a few
megadaltons (Mdal) (21) to plasmids of more than 300 Mdal (5).

In the case of Pseudomonas solanacearum the ability of the bacterium to
lose its pathogenic properties either spontaneously (14) or after treatment
with acridines (19), suggested that these properties could be partly
encoded by a plasmid. Several attempts were made to physicallydemonstrate the presence of a plasmid in this bacterium (3). All the
methods used involved an enrichment in supercoiled DNA and a DNA
concentration step. Such methods are likely to cause significant damage to 
very large covalently closed circular (CCC) DNA molecules and lead to 
negative results. 

Here we report that by using procedures where handling of DNA is

minimized prior to the plasmid resolution step (either on agarose gels or in
CsCI ethidium bromide gradients), it was possible to detect and isolate an

extremely large plasmid, of mol. wt clearly higher than 300 Mdal from all
but one of the P. solanacearum strains tested. Genetic tools were devised 
to study these plasmids. 

Materials and Methods 
Bacteria and Culture Media 

Bacterial strains used are listed in Table 1. BG and BGT media (2) were
used for growth of P. solanacearum, Escherichia co/i and P. putida; for
Agrobacterium tumefaciens and Rhizobium meliloti,C broth was used (2). 
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Table 1. List of bacterial strains used. 

Strain 

Pseudomonassolanaceanim 

wild type 

8 
19 
40 
70 
82 
85 

145 
170 
199 
203 
K60 

GMI1000 

mutants 

B1 

GM11178 

GM11224 
GM12000 

Agrobacteriumrumefaciens 

C58 

Rhizobium meliloti 

Pseudomonasputida 

PpS1239 (pMG1) 

Escherichia coli 

HB101 

J5-3 (RP4) 


C600 (pACYC184) 


Relevant characters 

Isolated from 

Eupatorium odorarum 
Potato 
Banana 
Plantain 
Pctato 
Tomato 
Potato 
Heliconia 
Tobacco 
Tobacco 
Tomato 
Tomato 

Geographical origin 

Costa Rica
 
Columbia
 
Honduras 

Columbia 

Columbia 

Canada ? 
Australia 
Columbia 
Philippines 
U.S.A. 
U.S.A. 
Guyana 

spontaneous avirulent mutant derived from K60 
acridine orange induced avirulent mutant derived from 
GMI1000 insertion of Tn5 in the megaplasmid of GMI100 
spontaneous avirulent mutant derived from GMI1000 

Ti and pAtC58 plasmids 

L5-30 

pMG1 plasmid 

rec A, rK-. strA 
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DNA Isolation Procedures 
Analytical procedure for detection and characterization of CCC DNA by

agarose gel electrophoresis was as described by Eckhardt (10) with apre
wash of the cells in 0.1%Sarkosyl and use of 2% SDS in both the lysing and
the overlay mixtures (23). Preparative extractions of megaplasmids were
essentially as described by Schwinghamer (26) except that CCC DNA wasfurther purified by a second run in a dye-buoyant density gradient. The
cleared lysate procedure (6) was used for isolation of pACYC1 84 and RP4
from E. coli. Total DNA was prepared according to Roussel and Chabbei
(24) except that the proteinase K treatment was omitted. 

Transformation Procedures 
For E. colithe recipient calls were calcium-treated according to Cohen et

al. (8). For P. solanacearum the transformation procedure and the 
preparation of transforming lysates were described previously (17). 
Matings 

Matings were performed between 108 donor and 108 recipient cells on 
filter membranes placed on BG plates and incubated at 300 C. 
In Vitro Recombination 

Cloning restriction fragments of P. solanacearum plasmids into
pACYC1 84 and RP4 was performed as described by Julliot and Boistard
(13). Construction and use of recombinant DNA molecules were done in 
accordance with the guidelines of the French D.G.R. S.T. commission for 
the control of recombinant DNA experiments. 
Restriction Patterns 

These were obtained using an EcoRl digest of 2ng of DNA in UREB buffer 
(25). 

Colony Hybridization on Nitrocellulose Filters
 
This was done according to Grunstein and Hogness (11).
 

Results 
Physical Evidence for the Presence of Plasmids 

The analytical method devised by Eckhardt (10), which involves alimited
number of steps in the handling of the lysate prior to electrophoresis, is
likely to be suitable for the search of plasmids of -high molecular weight
particularly sensitive to physical manipulations. In addition, resolution ofCCC DNA is straightforward for large plasmids in agarosegels becausethe 
open circular form cannot enter the gel and CCC DNA migrates much more
slowly than the smear of linear DNA. When this method, with slight
modifications, was first applied to P. solanacearum strains K60 and
GMI2000, in each case a molecular species banded in the region of the gelcorresponding to CCC DNA. Fig. 1shows that the electrophoretic mobility
of the P. solanacearum CCC DNA band is clearly less than that of known
large plasmids used as markers: pAtC58 and pMG1 reported to have 
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A B C D E F
 

Figure 1. Agarose gel electrophoreis of lysates 
from: Paseudomonas solanacearum strains 
GM12000 (A) and K60 (F); Agrobacterium 
tumefaciens strain C58 (B); the lower band is the 
130 Mdal Ti plasmid and the upper one is the 
cryptic pAtC58 plasmid of 273 Mdal; Rhizobium 
meliloti strain L5-30 (E): showing a megaplasmid 
and a smaller one of 90 Mdal, in track (C) is L530 
cured of the smaller plasmid; Pseudomonasputida 
strain PpS1239 (D) harbouring the 312 Mdal 
plasmid pGMI. 

Van Montagu,respective mol. wts of 273 x 106 (R. Villarroel and M. 
(12). A negative logarithmicpersonal communication) and 312 x 106 

correlation has been demonstrated between electrophoretic mobility and 
180 Mdal (5, 20). As extrapolation of thismol. wt for CCC DNA up to 


equation for large molecules gives underestimation of the mol. wt (5), the P.
 

solanacearum slow migrating bands must correspond to plasmids much
 

greater than 300 Mdal which we will further refer to as megaplasmids.
 
Those megaplasmids have electrophoretic mobilities which are similar to
 

that of the megaplasmids recently discovered in Rhizobiummeliloti(Fig. 1 

lanes C and G) (9, 15). 
The presence of a megaplasmid in strains GM12000and B1 (an avirulent 

when lysates prepared according toderivative of K60) was confirmed 
Schwinghamer were run on a CsCI-ethidium bromide gradient. After 

a major band of DNA, a faint denser additionalcentrifugation, apart from 
fluorescent band was visible in the gradients. That faintband was shown to 

consist of CCC DNA since (i)when rerun in a second gradient it dissociated 

in two bands, one corresponding tothe original CCC band, the other having 

the lower density of the linear DNA and (ii) if prior to the second round of 
on a vortex it was completelycentrifugation the DNA was sheared 

converted to the light species corresponding to linear DNA. The question 
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then arose as to whether this CCC DNA corresponded to a plasmid or to theentire chromosome in a CCC form. To solve this problem CCC DNAfractions from several gradients of strain B1 were pooled and submitted toa second round of centrifugation. The purified CCC DNA band of the secondgradient was phenol extracted and digested with EcoRl and the restrictionpattern was compared to the EcoRl restriction pattern of the total DNAextracted from the same strain (Fig. 2). The two patterns were clearlydistinct, showing that the CCC DNA isolated on a dye-buoyant densitygradient did not correspond to the total genome. In addition, the restrictionpattern of the plasmid preparation shows a large number of bands; this is inagreement with the presumed large size of the plasmid as determined by
agarose gel electrophoresis. 

Presence of a Megaplasmid in Other P. solanacearum Strains 
The question then was whether the presence of such megaplasmids wasa common feature among P. solanacearum strains. To answer thisquestion, the Eckhardt procedure was used to screen acollection of strainsisolated from a variety of host-plant and geographical origins. From the 12wild type strains studied (Table 1) only one, strain 19, failed to show anyplasmid. For this particular strain, no plasmid could be detected in CsCIethidium bromide gradient. All the other strains tested had a megaplasmid 

A B C D 

Fig. 2. EcoRi restriction patterns
from Phage ADNA (A and D),
strain 81 total DNA (C)and CCC
DNA extracted from strain B1 
(B). 
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The megaplasmid was 
with roughly the same relative mobility (Fig. 3). 

always the only CCC DNA band which could be seen except in the case of 

strain 145 where two smaller additional plasmids were present (Fig. 3, lane 

was also present in the various avirulent mutants 
I). The megaplasmid 
studied. Several of the strains showing a megaplasmid were submitted to a 

dye-buoyant density gradient. In all the cases studied the presence of CCC 

DNA was confirmed. 
To confirm the designation used by Sc~aky et al (27) and Casse et al (5) 

for large cryptic plasmids, we designated the naturally occurring P. 

solanacearum plasmid pPso followed by the strain number in which the 

plasmid was found. 

Insertion of Transposon Tn5 into Megaplasmids 

investigate the biological significance of these plasmids, genetic
To 

experiments such as curing, transfer, and mutagenesis are required. Since 

no genetic markers are known on megaplasmids, transposons could be 

inserted to tag them. In addition, because of the ability of transposons to 

genes in which they insert, they could offer a way to 
inactivate the 
mutagenize the megaplasmids and thus identify plasmid encoded genes. 

which encodes resistance to kanamycin (Km) and 
Transposon Tn5, 

neomycin, was used in such experiments because of its low specificity for 
way to introduce Tn5 into P. 

insertion sites (1). Recently, we devised a 

solanacearum GMI1 000 and its derivatives (3) but this procedure does not 

allow site specific mutagenesis. On the contrary, methods for site specific 
(25) and A. 

mutagenesis have recently been used for R. meliloti 

tumefaciens (18). The rationale of such methods consists in cloning the 

vector plasmid, mutagenesis of that 
fragment to be mutagenized on a 

specific fragment in E. coli and reintroduction of the mutagenized gene in 

bacteria through homologous recombination. This was 
the wild type 
achieved for P. solanacearum GMI1000 and K60 by in vitro cloning of a 

Hind III fragment of the purified megaplasmid, into the Hind III site of 

plasmid pACYC184 (7). The hybrid plasmids were then used to transform 

an E. co/i K1 2 strain harboring a chromosomal insertion of Tn5. 

Selection of derivatives having an insertion of Tn5 in the hybrid plasmid 

was performed according to PLhler and Klipp (22), using their ability to 

grow in the presence of high concentration of neomycin. A population of E. 

co/icells harboring an insertion of Tn5 in the hybrid plasmid was lysed and 
cannot replicate

used to transform P. solanacearum. Since pACYC184 
obtainedKmr transformantsin P. solanacearum, theautonomously 

occurred through insertion of the transposon in a resident-replicon. This 

be achieved either by recombination between the cloned pPso
could 
fragment and its homologous region of the resident megaplasmid, or by 

transposition. Since the frequency of transposition is 100 to 1000 times 

less than the frequency of hornologous recombination, practically all the 

Kmr transformants obtained corresponded to bacteria which should have 

acquired the transposon in the megaplasmid. In addition, around 50% of 

the clones had simultaneously acquired the pACYCi 84 vector as shown by 

their ability to hybridize on nitrocellulose sheet with a pACYC184 

CCC DNA other than the megaplasmid was 
radioactive probe. Since no 
detected in these clones, they probably result from the insertion by one 
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Fig. 3. Agarose gel electrophoresis of lysates from P. solanacearum strains: 8 (A);203 (B); 40 (C); 85 (D); 70 (E); GM12,000 (F); 82 (G); K60 (H); and 145 (I). 



single crossing over, of the vector plasmid in between two copies of the 

cloned pPso fragment. It is interesting that in these conditions the 

pACYC1 84 encoded chloramphenicol resistance was not expressed. 

Mobilization of Megaplasmid 

Tofacilitatethe study of the plasmid encoded functions it could be helpful 

to transfer the plasmid into other strains. A suitable recipient could be a 

cured derivative of P. solanacearum. Since no such strain was available, 

we used E. coli as recipient. To avoid restriction of the incoming pPso DNA 

and possible recombination of pPso DNA in the recipient, we used strain 

which is deficient for restriction and recombination.HB1I01, 
It has been shown that cloning of a piece of a replicon into the wide host

range conjugative plasmid RP4, increases the ability of RP4to mobilize the 

genetic markers carried on the rest of the replicon (12). We used a similar 

strategy to facilitate the mobilization of the megaplasmid. The donor strain 

was strain GMI1224, a derivative of GMII1000. The sex factor used was 

RP4'-103 a Kms hybrid plasmid formed by insertion of Hind ilN restriction 

fragment of pPsoGMl2000 into the Hind III site of RP4. 

When strain GMI1 224(RP4'-1 03) was mated for 24 h with strain HB101, 
-6 among the

Kmr transconjugants occurred with the frequency of 10

bacteria which had received the RP4 encoded ampicillin resistance. When 

the sex factor used was a Kms derivative of RP4 	 without cloned 
among E. coli

megaplasmid DNA, the frequency of Kmr bacteria 

transconjugants was 10-8, corresponding to bacteria which had received a 

Tn5 following its transposition on RP4 in P. solanacearum prior to or during 

the mating. The increased frequency of transfer of Tn5 when RP4'-103 was 
was

used, suggested that the megaplasmid has been mobilized. This 

confirmed by the presence of a DNA band with relative mobility similar to 

the one found for GMI1 224 megaplasmid (Fig. 4) as demonstrated by an 

A B 

Fig. 4. Agarose gel elec
trophoresis of lysates from P. 
solanacearum strain 
GMI1224 (RP'4-103) (B)and 
HB101 kanamycin resistant 
transconjugant (A). 
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Eckhardt extraction of the E. coli traisconjuqant clones grown on the
selective plates. However, after several subculturings without Km the 
megaplasmids could not be detected by ajgarcse electrophoresis,
suggesting that it is highly unstable in E. co/i. Incidenally, thi os is evidence 
for the insertion of Tn5 in pPsoGMIlO00. 

Discussion 
It is clear that P. solanacearum strains, whatever their geographical

origin and their host source, usually harbor a plasmid of uniquely large
molecular weight with a similar relative mobility. It is not certain whether
the negative results obtained with strain 19 reflect the actual lack of a
plasmid 	or a limit of the extraction procedures for this strain. In all the
strains studied but one, the megaplasmid was the only plasmid present in
P. solanacearum. In this respect, P. solanacearum differs from otlher
phytopathogenic Pseudomonas where several plasmids are usually
present in each strain (16 for references). The question raised now is
whether these megaplasmids may be involved in the control of the
pathogenic properties of the species. In Agrobacterium where, in addition 
to the Ti plasmid, a larger plasmid is present, it is not known whether this
laige plasmid controls the relationship between the bacteria and the plant.
In the case of R. meliloti, where megaplasmids have been found, they have 
been shown to be involved in the control of symbiotic properties such as 
formation of nodules and nitrogen fixation (9, 15).

It is interesting that a megaplasmid was detected in the spontaneous
avirulent derivatives (B1 and GMI2000) as well as in the acridine orange
induced one (19) (data not shown). Thus, in these cases the avirulent
phenotype observed is not due to the loss of the entire plasmid. In R. 
meliloti where no strain cured of the megaplasmid has been obtained, it
has been shown that spontaneous deletions of the megaplasmid occur,
leading to alteration of the symbiotic properties. The question of the
involvement of megaplasmid in the control of pathogenic properties in P. 
solanacearunis presently under investigation. 
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Abstracts
 

CHARACTERIZATION OF PLANT COMPLEXES THATAGGLUTINATE 
SAPROPHYTIC PSEUDOMONADS. Anderson, A. J., and P. Walzer. 

Dept. of Biology, UMC 45, Utah State University, Logan, Utah 84322, 
U.S.A. 

involve immobilization of theResistance of plants to bacteria may 
bacteria challenge through a process requiring recognition between 
bacterial and plant cell surfaces. Ext acts were obtained from several 
species and cultivars of bean and alfalfa agglutinate containing cells of 

saprophytic pseudomonads. All tissues examined possessed this activity. 
One agglutinin isolated from red kidney bean leaves was a glycoprotein 
complex (6:1 carbohydrate: protein) of molecular size greater than 108 

daltons. Arabinose (18%), galactose (49%), and galacturonic acid (33%) 
were the major carbohydrate components and 10-15% of the protein was 

hydrozyproline. Agglutinin activity was destroyed by prolonged treatments 
with alkali that cause P elimination of sugars from serine and threonine. 
Linkage of arabinose to hydroxyproline may also be involved since 

treatments at pH 1for 1 hour at 1000 removed about 50% of this residue 
was also lost by thisfrom the original complex. Agglutinin activity 

treatment. Periodate oxidation reduced agglutinin activity and decreased 

the proportion of galactose and uronic acid. A second lower molecular 
weight class of agglutinins has been isolated from the same bean extract. 

These complexes contain neutral sugars and protein although hydrox
the highyproline isabsent. The agglutinin activity is distinct from 

molecular weight complexes in that no divalent cation is required. 

VIRULENCE OF Xanthomonas campestris pv. manihotis DETECTED BY 
J. T. Athayde, Laboratorio de Fitopatologla - EMCAPA,TETRAZOLIUM. 

Vitoria, Espirito Santo, Brazil, and R. S. Romeiro, Universidade Federal de 

Vi(osa, Vicosa, Minas Gerais, Brazil. 

Colonies aspects of Xanthononas campestris pv. manihotis (Berth & 

Bondar 1915) Dye 1978, were studied on KADO's medium, containing 
in order to attempt to0.005% of Tryphenyl Tetrazolium Chloride (TTC) 


correlate it with virulence, utilizing cultures stored during 12 months in
 

mineral oil.
 
medium had variable dimension andColonies obtained on the TTC 

variable red/white color proportion, characterizing, principally, two types: 

one with big colonies, with reddish center and large colorless margins 

occurring in large percentage and another with small reddish colonieswith 

thin colorless margins. The others were variable from completely white to 

various red/white color proportion. 
Evaluation of colony pathogenicity was accomplished, by three 

center and largeinoculation methods. The big colonies, with reddish 
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colorless margins, showed high virulence; the small reddish colonies, with
thin colorless margins showed low or no virulence; while the other types
showed little virulence variation related to the high virulence observed. All
the colonies were related serologically. 

BIOLOGICAL ACTIVITY OF EXTRACELLULAR POLYSACCHARIDE 
OF Xanthomonas campestris pv. manihotis. J. T. Athayde, Laboratorio deFitopatologia - EMCAPA, Vit6ria, Espirito Santo, Brazil, and R. S. Romeiro,
Universidade Federal de Vigosa, Vigosa, Minas Gerais, Brazil. 

The Biological Activity of Extracellular Polysaccharide (EPS) present in
Xanthomonas campestrispv. manihotis (Berthet & Bondar 1915) Dye 1978 
was investigated by using the capsule virulent strain UFV-6a. It was
obtained from medium containing 0.005% of Triphenyl Tetrazolium 
chloride and cultivated in KADO's medium. The bacterial suspension
obtained in phosphate buffer was precipitated in ethanol, after centrifuga
tion. The extracellular polysaccharide from the precipitate was suspended
again in distilled water, and submitted to dialysis. Th ,iological activity of
the EPS crude preparation was tested in cassava (cv. chagas) by immersing
the bases of young plants sprouting in tubes containing 5 ml of EPS in
distilled water, whose concentrations were variable from 8 to 1000 ng/ml
equivalent galactose. The wilt duration iriclined with increase in EPS
concentration. At 1.000 ng/ml equivalent galactose, 100% wilt occurred 
after 30 minutes of immersion. 

When 0.5 cm of the wilted sprouting base was removed and the
remaining part was immediately immersed in distilled water; turgescence
recuperation was observed. 

MULTIPLICATION OF Pseudononas solanacearum IN RESISTANT

POTATO PLANTS AND THE ESTABLISHMENT OF LATENT INFEC-

TIONS. Ciampi, L., and L. Sequeira. Instituto de Microbiologia. Facultad

de Ciencias, Universidad Austral de Chile. Valdivia, Chile, and Dept. of

Plant Pathology, University of Wisconsin-Madison, Madison 53706,

U.S.A., respectively.
 

When 1 -month- old plants of a wilt-resistant clone of Solanumphureja
(1386.15) were stem-inoculated with three strains of Pseudomonas 
solanacearum( K60, S123, and S206), the bacteria muidpiied rapidly at the
point of inoculation and then moved in the vascular system toother parts of
the stem. Resistant plants showed a remarkable ability to support relatively
high populations of the bacterium in the absence of disease symptoms.
Although multiplication in this resistant clone was substantially less than 
in susceptible Russet Burbank potato plants, large numbers of bacteria (up
to 624 x 104 cells of K60 per 5 cm stem segment) reached the base of the 
stem of plants maintained at high temperature (28 0C) for 20 days after 
stem inoculation. From the base of the stem, the bacteria moved rapidly 

439 



into the roots and tubers. Strains of P. solanacearum differed in their abiIity 

to cause latent tuber infection in different resistant potato clones. When 11 

S. phureja x S. tuberosum hybrids were stem-inoculated, maintained at 
most of the clones 

280C for 3 wk and then grown to maturity at 200C, 

yielded tubers infected by one or more strains. The race 1 strain (K60) was 

all tubers harvested from all plants
the most infectious; 53,8% of 
inoculated with this isolate carried latent infections. Because one clone 

(BR 53.1) never yielded infected tubers there appear to be genetic factors 

which may be useful in breeding programs aimed at eliminating latent 

tuber infection. 

LEAVES BY PseudomonasOF BEANSPECIFIC WATER-SOAKING 
ITS ROLE IN BACTERIAL MULTIPLICATION AND 

phaseofico/a, 
INVOLVED IN SPECIFICITY. EI-Banoby,

POSSIBLE MECHANISMS 
F.E., and K. Rudolph. Plant Pathology Department, Faculty nf Agriculture, 

University, Cairo, Egypt and Institut fur Pflanzenpathologie und 
AI-Azhr 

Gottingen, Federal Republic of 
Pflanzenschutz der Universitat, 3400 


Germany, respectively.
 

Multiplication of Pseudomonas phaseolicola in susceptible and resistant 
on the stages of 

tissues was studied concomitantly with observations 

water-soaking. In susceptible leaves, the first small water-soaked spots 

appeared 4 days after inoculation, when the bacterial concentration within 

the leaf was less than 1/10 of the final one (1.1 x 107 cells/1.5 cm 2 leaf). 

Seven days after inoculation, the maximum bacterial concentration was 

nearly reached (1.6 x 108) and the water-soaked spots also reached their 
visible water-soaking and the 

final size. Resistant leaves showed no 
and 4.7 x 106 at 4 and 7 days afterx 10bacterial concentrations were 7 

inoculation, respectively. It was concluded, therefore, that water-soaking 

a necessity for bacterial multiplication and not a secondary symptom. 
areis 

that ex,. cellular polysaccharides (EPS)
The hypothesis bacterial 

could be further substantiated.for sl-ecific water-soaki-igresponsible 
IFl of 15 different bean cultivars was 

When the intercellular washing fluic 

tested, a considerable degradation of E;-3 was observed in the resistant but 
IF-preparations of the the bean 

not in the susceptible cultivars. When 
1 and34 and Opal, which are resistant to race

cultivars, Red Mexican more were tested, EPS from race 1 was much
susceptible to race 2, 

EPS from race 2. These experiments indicated that the 
degraded than 

1 and 2 differ. Both EPS
chemical structures of EPS from race race 

preparations could be characterized as levans, that is polyfructosans with 
106 daltons. Small differences

(2 6)-linkages and a MW around 6 to 

between the two EPS-preparations were observed, such as a higher degree 

in EPS of race 2, aswell as quantitative and 
of branching [ (2 1)-linkages 

rare 
qualitative differences in content of some common and some and 

amino acids. Further experiments have to show 
partly unidentified 
whether these differences are responsible for the different degrees of 

degradation by the plant extracts. 
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REACTION OF EXOTIC "RESISTANT" TOMATO CULTIVARS TO 
BACTERIAL WILT IN NIGERIA. Erinle, I. D. Inst. for Agriculture
Research, Ahmadu Bello University, Zaria, Nigeria. 

The reaction of tomato cultivars/selections with alleged resistance to 
bacterial wilt was assessed using local isolates of P. solanacearum 
obtained from infected tomato and potato (Solanum tuberosuro) in the 
forest of the southern Guinea and northern Guinea zones of Nigeria. Many
of the cultivars/selections were either resistant or moderately so to the 
tomato strains of P. solanacearum. Some of the selections, especially those 
from the Asian Vegetable Research and Development Center 
(A. V. R. D. C.) possessed desirable agronomic characteristics in addition 
to resistance to the tomato strain. All cultivars/selections except NC 1965
51 were susceptible or only moderately resistant to the potato strain of the 
pathogen. 

Erwinias AFFECTING POTATOES IN THE HUMID TROPICS OF PERU. 
E. R. French and Lilliam de Lindo, International Potato Center, Lima, Per6. 

At San Ramon, PerO (850 m altitude) Erwinia carotovora var. carotovora 
(Ecc) and E. chrysanthelni(Ecy) have been determined to cause soft rot of 
tubers and a soft rotting or blackleg of stems of potato plants grown from 
either tubers or true potato seed, especially during the period of heaviest 
rains. The pathogenicity of isolates of Ecc and Ecy were tested on tubers 
and plants. Tubers of potato varieties Revolucion and Yungay (Tbr x Adg) 
were tested by infectivity titration with five levels of inoculum. Tubers were 
injected with 0.01 ml to a depth of 5 mm, avoiding lenticels. They were then 
incubated anaerobically for 3 days at 26 0C. Two isolates caused a 
significantly greater cylindrical rot than two Ecc isolates. Revolution plants,
10 to 15 cm tall, were inoculated by soil infestation with three isolates of 
each erwinia, by three methods of inoculation, in a greenhouse at nearly 
constant 301C. Stab inoculations at a leaf axil in the top of plants and at the 
crown gave similar high infection rates; whereas infestation of soil 
resulted in few plants developing symptoms. Ecy and Eca gave similar 
symptoms and infection rates. 

TRANSFER OF THE DRUG-RESISTANCE TRANSPOSON Tn5 TO 
Erwinia herbicola. B. V. Gantotti, K. L. Kindle, and S. V. Beer. 
Department of Plant Pathology, Cornell University, Ithaca, NY, U.S.A. 

The translocatable drug-resistance element (transposon) Tn5 was 
transferred from its carrier "suicidal" plasmid pJB4JI, harbored by
Escherichia co/i strain 1830, to Erwinia herbicola strain 112Y through
conjugation. Transposons are sequences of DNA that code for resistance to 
antibiotics and have the ability to be translocated from carrier plasmids into 
other seque ces of DNA. As a consequence of insertion, the gene into 
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which the transposon is inserted is altered or becomes nonfunctional. 
part of studies on theTransposon mutagenesis was attempted as 

inheritance of bacteriocin production in E. herbicola, strain 112Y. This 
low molecular weight bacteriocinstrain produces herbicolacin 1 12Y, a 

highly specific for E. amylovora. An exponential phase culture of the Tn5 

donor, E. coli 1830, harboring plasmid pJB4JI, was mixed with a similar 

culture of the recipient, E. herbicola 11 2Y, under conditions that favored 
selected based on theirconjugation. Mutants of E. herbicola were 

acquisition of resistance to the antibiotics kanamycin and neomycin, which 

is coded for Tn5. The frequencies of transfer of Tn5 to E. herbicola 1 12Y 

ranged from 0.4 x 10-8 to 26 x 10 - 8per recipient cell. Matings carried out on 

membrane filters yielded more transconjugants than those done directly 

on plates of permissive agar medium. 
Three hundred transconjugants were tested for ability to produce 

herbicolacin 112Y. Ten of the transconjugants failed to produce the 
of Tn5 had destroyed thebacteriocin, suggesting that the insertion 

in thebacteriocinogenic capacity of E. herbicola. The location of Tn5 

nonbacteriocinogenic mutant genomes was determined by Southern blot 
asfollowed by hybridization with Tn5 containing 32 P-labelled plasmid 

probe. Using this technique, the Tn5 insertion site was detected in a 96 

megadalton plasmid of E. herbicola, indicating that genes on that plasmid 

may have a role in bacteriocin production by E. herbicola. 

work, presented at the 5th International(A complete report of this 
Conference on Plant Pathogenic Bacteria, is being published in Current 

Microbiology.) 

IN THE RESEARCH OF BACTERIAL DISEASES INCONFUSION 
H. P. M. Research Institute forPOTATO CROPS. Maas Geesteranus, 

Plant Protection (IPO), Wageningen, The Netherlands. 

Bacterial wilt, caused by Pseudomonas solanacearum E. F. Si. ith, and 

blackleg, caused by Erwinia carotovora subsp. atroseptica (Hellmers & 

Dowson) Dye have both been known as bacterial diseases of potato since 

the beginning of the twentieth century. The field symptoms may resemble 

the original description of the disease, or may slightly differ, presumably 

due to potato variety or environmental conditions. The symptoms of both 

so well known in the areas where they occur that furtherdiseases are 

diagnostic investigations are usually omitted. But even then,
 

selective mediadiagnosticians try to isolate both pathogens directly on 

specific for the supposed pathogen and they often find them due to their 

presence as epiphytes. Only in cases where infestations were considered 

to be impossible, have investigators discovered another pathogen, Erwinia 

chrysanthemi Burk. et al. Only recently, the symptoms developed by this 
described in Japan (Tominaga, 1979). Thepathogen on potato were 

species was also isolated in the past few years in Australia (Cother, 1979), 

South America (de Lindo, 1 978), Europe and Northern Africa (pers. comm. 

1978). Symptom expression may vary with climatic conditions. Under dry 
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and warm conditions the haulms may wilt, resembling the symptoms of 
bacterial wilt. Under cool and humid conditions infected plants produced 
symptoms that may resemble those of both Erwinia carotovorasubspecies
infections. Hyper-colonization of the symptoms by the ever present Erwinia 
carotovora ssp. carotovora (Jones) Bergey et al. makes the confusion 
complete. E. chrysanthemi has bean overlooked in the past, since this 
pathogen may grow very poorly on the commonly used nutrient or peptone
media. It is easily overgrown on described selective pectate media and does 
not grow on TZC-media. Better results may be obtained with a double layer 
pectate medium with yeast and malonate, but since most of the other 
Erwinia's, and other contaminants grow faster, isolation is not always
successful. Serological diagnostic techniques might demonstrate that E. 
chrysanthemi is more widespread in the potato crop all over the world than 
expected at present. There is great need for a description of the specific 
symptoms caused by the three Erwinia pathogens under various conditions 
in the field in order to be able to distinguish E. chrysanthemiinfection from 
that of Ps. solanacearum or E. carotovora. 

GROWTH INHIBITION OF Xanthomonas campestris pv. citri AND ITS 
REVERSAL BY AMINO ACIDS FOUND IN THE INTERCELLULAR 
FLUIDS OF THE DISEASED CITRUS LEAVES. Goto, M., and K. 
Yamanaka. Faculty of Agriculture, Shizuoka University, 836 Ohya, 
Shizuoka 422, Japan. 

Twenty-one amino acids were identified in the intercellular fluids taken 
from healthy citrus leaves. Quantitative analysis was made on changes in 
the concentration of these amino acids after inoculation of Xanthomonas 
carnpestrispv. citri. The amino acids detectable in significant amount in 
citrus leaf tissues were tested for their role in bacterial growth. Met was an 
essential factor needed for growth of the bacterium and the optimum
concentration was in the range of 0.05 to 0.1 umol per ml which 
corresponded with the amount detected in the intercellular fluids. In the 
prese.,ce of met, several amino acids such as asp, asn, glu, val, leu, and pro 
were utilized by the bacterium as nutrients. Pro was particularly important
because it was the major amino acid found in the intercellular fluid of citrus 
leaves, and it increased rapidly after infection of citrus trees with the 
bacterium. The concentration several days after inoculation became 10 
times higher than that of non-inoculated healthy leaves. On the other 
hand, ser and hylys were also important because of their ability to inhibit 
growth of the bacterium. This activity, however, was prevented by the 
presence of two amino acids, met and pro, at concentrations equivalent to 
those in the intercellular fluids. Sensitivity to ser and hylys was higher in 
the virulent isolate than that in the avirulent isolate. Pro prevented more 
effectively the growth inhibition of the virulent isolate than that of the 
avirulent isolate. The activity of pro synergistically increased by the 
coexistence of ala although ala itself did not have such an effect. The 
concentradon of pro in the leaves of Fortunellajaponica, resistant to citrus 
canker, was lower than that of susceptible Natsudiadia leaves, but the 
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reverse phenomenon was observed with ser. The higher ratio of ser: pro 

may be responsible for induction of the strong resistance of this plant to 

citrus canker. 

STUDIES OF BACTERIAL WILT OF STRAWBERRY PLANTS CAUSED 

BY Pseudomonas solanacearum. 1.A-D-GLUCOGALLIN, THE AN-
DETECTED IN THE TISSUES OF

TIBACTERIAL SUBSTANCE 
K. Ohta, and M. Goto. Fac. ofSTRAWBERRY PLANTS. Kawaguchi, K., 

Agriculture of Shizuoka and Nagoya Universities, Shizuoka and Chikusa-

Ku, Nagoya, Japan, respectively. 

An antibacterial substance inducing growth inhibition of Pseudomonas 
isolated from strawberry leaves bysolanacearum on agar plates was 

Sephadex G-25 and Avicel column chromatography. This substance was 

identified as 13-D-glucogallin ( -1-Ogalloyl-D-glucose) by paper 

chromatography, UV adsorption spectrum patterns, and acid hydrolysis for 

of the components. The f-D-glucogallin contents ofdetermination 
strawberry plants positively correlated with the antibacterial activity in 

terms of inhibition zone. In assays during the period of one month after 
was observed in the content of -Dinoculation, no detectable change 

glucogallin as well as the antibacterial activity. Extracts taken from 

younger leaves inhibited the growth of Ps. solanacearum most effectively, 

those from petioles being next. Extracts from stems and roots showed a 

lower inhibitory activity. Antibacterial activity of the tissues varied 

depending on the plant age and growing seasons. The crude extracts from 

strawberry leaves inhibited not only the growth of Ps. solanacearum but 

also that of some other bacteria such as Ps. meliae, Ps. syrl,.jaepv.pisi,Ps. 
from Ficus erecta, Ps.syringae pv. Iachrymans, Pseudomonas sp. 
pv. oryzae. No growthandropogonis and Xanthomonas campestris 

observed against the other pathovars of X. campestris,inhibition was 
However, production of extra-cellularerwiniae and corynebacteria. 


polysaccharides was significantly depressed in most of the pathovars of X.
 

campestris. 

AN AGGLUTINATION FACTOR PRESENT IN APPLE SEEDS. Romeiro, 

R. da S. Dept. de Fitopatologla, Universidade Federal de Vigosa, Vigosa, 

Minas Gerais, Brazil. 

An agglutination factor (AF) found in seeds of Malus sylvestrisX.ranetka 

was able to agglutinate in vitro cells of the avirulent (E8) strain of Erwinia 

amylovora but no cells of other bacterial species. Cells of the virulent (E9) 

strain are only weakly agglutinated by the AF. The AF is also able to 

interact in agarose gel with LPS extracted from E8 giving rise to precipitin 

bands. Some additional properties of the AF are: heat stability, high 

mobility (0.51 mm/minute) in electrophoretic fields, pH optimum for 

activity between 2 and 4, apparent molecular weight around 12,000 

444 



daltons, activity destroyed by protease and trypsin, activity not inhibited by
simple sugars, activity inhibited by E9 EPS, binding to negatively charged
polymers. Elution of the AF preparation from a Bio-Gel P-100 column 
generates two peaks of activity: AF-l and AF-Il. AF-l is not retained by the 
column and it presents poor mobility in agarose gel whereas AF-Il is 
retained by the column and has good motility in this medium. AF-Il strongly 
reacts with LPS prepared from E8 cells. Fractionation of E8 LPS by acid 
hydrolysis followed by differential centrifugation and gel filtration showed 
that the AF-Il is R-core specific. AF-II possibly interacts with bacterial cells,
bacterial extracts, and other negatively charged polymers via a charge
charge interaction. An agglutination factor was also detected in leaves and 
shoots of apple that appears similar to the seed AF. The AF may play a role 
in the immobilization of incompatible bacteria by plants in situ. 

COMPARISON OF METHODS FOR EXTRACTING 
LIPOPOLYSACCHARIDES FROM Xanthomonas campestris pv.
manihotis. Romeiro, R. da S.,J. T. Athayde, C. Fukuda, and U. G. Batista. 
Dept. de Fitopatologia, Universidade Federal de Vicosa, Vicosa, Minas 
Gerais, Brazil. 

The efficiencies of five methods of extracting lipopolysaccharides (LPS)
from cells of an avirulent strain of X. campestris pv. manihotis were 
compared. The methods were: phenol extraction, boiling, boiling followed 
by phenol extraction, freezing-thawing, and freezing-thawing followed by
phenol extraction. After extraction, the samples were dialyzed against
distilled water and the dialysates were tested for the amount of LPS, 
antigenic purity, and contamination with other substances. The amount of 
LPS was assayed either directly by the KDO method or indirectly by the 
drop-precipitation technique and by agarose gel immunoelectrophoresis
(rochet assay). Antigenic purity was also verified by immunoelec
trophoresis. The method of boiling the bacterial cell suspension for 30 
minutes followed by phenol extraction was the best for extracting high 
amounts of LPS; the level of contamination was lower and the antigenic 
purity was acceptable. 

F'LAC+ PLASMID IN Salmonella typhimurium TRANSFERRED FROM 
Erwinia amylovora. Wu, W.C., and J. H. Fann. Dept. of Plant Pathology,
National Chung Hsing University, Taichung, Taiwan 400, Republic of 
China. 

The F'ac+ plasmid of Eschrichia coli origin harbored in Erwinia 
amylovora was transferred by conjugation into trp mutants of Salmonella 
typhimurium LT2 and coexisted autonomously with a resident plasmid. The 
resulting S. typhimurium trp /F' Iac+ heterogenates showed biochemical 
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and pathological reactions, except lactose fermentation, identical to their 
female parents. These phenotypic properties showed that the 

chromosomal genes of E. amylovora were not transferred. The F'ac+ 
plasmid cured spontaneously from the S. typhimurium cellsat frequencies 
of 0.48-1.70% after overnight incubation. Similar frequencies of the F'lac+ 

plasmid curing were also observed after 7 years of lyophilized preservation; 
F'Iac+ plasmid curing were increasedhowever, frequencies of the 

approximately 10 to 90-fold after 6 years of soft-agar stab preservation and 

by treatment of acridine orange, respectively. The F'Iac+ plasmid in S. 
mutants was then transferred by conjugation at thetyphimurium trp 

frequencies of 2-4 x 10-1 into a wild-type strain of S. typhimurium and it 
mediated mobilization of hisF+ and pyrF+ chromosomal genes at the 

frequencies of 10 - 7 into hisF and cysBpyrF mutants. 
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Summary Comments: Advances, 
Future Needs 
K. Rudolph, Chairman 

The contributions for session IV were grouped under 3 topics. The large
majority (24 papers) fell under the first topic, Pathogenicity. Only 2 papers 
were presented in the group, Host Responses to Infection, and 7 papers
dealt with the third group, Bacterial Genetics. Although some of the papers
could not 	be grouped precisely into one of the 3 topics, the dominant 
interest of phytobacteriologists in the field of pathogenicity and pathotypes 
was well 	documented. This became even more evident in that the 
contributions under bacterial genetics dealt mainly with studies to 
understand the genetics of pathogenicity factors. 

Traditionally, phytopathologists have always tried to describe and 
differentiate the pathogenic organisms, and to understand the 
mechanisms by which diseases are caused. A better understanding of the 
factors for pathogenicity and virulence, on a genetic and molecular level,
will probably only be possible when pathotypes differing only in one 
defined genetic and pathogenic character are available. In this respect, the 
contributions on pathogenicity and pathotypes reported here can be 
regarded as a valuable basis for further studies. 

The fast development in the field of bacterial genetics in the past years
has also stimulated the interest in the genetics of phytopathogenic bacteria 
in several iaboratories. Pathogenicity could not be easily correlated with 
the occurrence of certain plasmids in most of the cases studied, but 
interesting results have been obtained, which may finally lead to a 
genetical localization of pathogenicity and virulence factors. 

Although many contributions dealt with pathogenicity of virulence 
factors, as extracellular enzymes, toxins, polysaccharides, mobility, DNA 
and water congestion, interesting observations were also reported for 
some possible factors involved in the resistant reaction, such as water 
potential, oxygen content, inhibiting compounds, balance of amino acids,
and leaf age. No contributions on agglutination of bacteria were made in 
this session, although this aspect seems to be of major interest at present.

Compared with pathogenicity factors of bacteria, it seems to be more 
difficult to analyze resistance mechanisms in the host plant aon 
physiological or biochemical level. This should be a field of further research
in the future, especially where isogenic lines or cultivars, differing only in 
one gene for resistance, are available. 

Further research on host-pathogen interactions in phytobacteriology 
should, therefore, concentrate on the following species: 
1. Explanation of host-specificity.
2. Virulence factors of the bacteria: mode of action and genetical basis 
3. 	 Resistant reaction of the host cultivar: physiological and/or

biochemical mechanisms involved, triggering principle. 
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Session V
 

Disease Management of Bacteria and
 
Other Procaryotic Pathogens
 

Eduardo R. French, Chairman 



Disease Management of Bacteria and 
Other Procaryotic Pathogens 

Introductory Remarks
 
by E. R. French, Chairman, Session V
 

Managing the diseases that are damaging to a crop requires that the 
most appropriate combination of control measures be employed. Ap
propriateness should not be established on the basis of the short term 
benefit but rather on the basis of ensuring stability of production over 
decades to come. 

Stability is achieved if durable resistance is incorporated into breeding 
programs rather than "vulnerable" genes. On the other hand, systemic
bactericides may give false security, permit an increase of area sown toa 
crop, and then encounter sudden susceptibilityand economic collapse; the 
sudden spread of a bactericide resistant pathogen strain would onlyoccur,
however, with organisms for which a rapid spread mechanism exists, so 
that there should be instances for which the calculated risk is worth taking.

Good maragemet reuKs i tegration .fcbnt rneasureq such asuseof cultivars incorpag resistancgenes ' biological cantrol, 
chemical control, co~tr.1,of.o h roi'gihis that predispose the hostor act 
as vectors, cultural practi6es that make the envirbnment for the crop less 
favorable to the pathogens (good drainage, alternate host coritrol), and crop
rotation with non-susceptible crops.

The papers presented include the following topics (number for each 
given in parenthesis): Resistance (Q0,.chemical control (3), use of 
antibiotics (3), cultural practices(t), in6culum studies (2),.blblogi~al control 
(3), production of diseage free cjones:' 3), and plant griowth.,omoting 
rhizobacteria (1) 
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Ingress of Suspensions of Erwinia 
carotovora subsp.carotovora 
into Tomato Fruit 

Jerry A. Bartz 

University of Florida 
Gainesville, FL, U.S.A. 

Abstract 

Tomato fruit immersed in suspensions of Erwinia carotovora subsp. 

carotovora can be inoculated by a mass flow (infiltration) of suspension 

through the stem scar. Fruit inoculated in this mannor typically have a very 

short shelf-life. Lesions originate inside the fruit: bacterial ooze may emanate 

from the stem scar before water-soaked areas are visible externally. 
are responsible for the infiltration ofIntuitively, two physical phenomena 

submersed tomatoes, reduced internal gas pressures associated with cooling 

and water-head forces from immer3ion. Three other physical phenomena, 

fruit temperature, liquid surface tension, and water temperature influence 

the potential for infiltration. Fruit at 40 0 C immersed to 122 cm for 5 min in 

water at 20, 30, or 400C increaRed in weight six times more than did 20 0 C 

fruit, Fruits inmmersed in 0.1% solutions of the nonionic surfactant 

Tergitol- NPX increased in weight over five times more than those treated in 

water only. The effect of fruit temperature and liquid surface tension appear 

additive. Fruit stem scars exposed to surfactant-amended suspensions may 

absorb the fluid spontaneously rather than from external-internal pressure 

imbalances. 

Introduction 
wasAn infiltration of contaminated dump tank water into tomato fruit 

implicated in the loss of a shipment to bacterial soft rot (1). Sixty percent of 

the fruit developed bacterial soft rot within 4 days of harvest. Most lesions 
seemed to originate inside rather than at wounds on the surface of the 

diseased fruit. Although six different plant pathogenic organisms were 
isolated, three pectolytic Erwinia spp. [Erwinia carotovora subsp. 
carotovora (Jones, 1901) Bergey et al. 1923 (Ecc.), E. carotovora subsp. 
atroseptica (van Hall, 1902), Dye 1969, and E. chrysanthemi Burkholder, 
McFadden, and Dimock,"1953] were responsible for most of the lesions. 

Two different phenomena were associated with infiltration of fruits 
are cooled while submersed in suspensions ofimmersed in water. If fruit 

Ecc, they may increase in weight and subsequently decay (4). If fruits 
increase in weight by at least 0.1 g, they invariably decay. The portal for 
flow of water and microbes into fruit was the stem scar. This region of the 
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fruit surface was previously shown to be the major pathway for gasexchange (5, 6). Hydrostatic forces which accompany immersion alsocaused infiltration (2, 4). With both phenomena, gas pressures inside th:Jfruit are lower than the fluid pressures on the surface of the stem scar if asufficient external-internal pressure imbalance exists, fluid is forced intothe pores. Fortunately, tomato stem scar tissues appear to be hydrophobic,not only at the surface but below the surface as well (2). The net movementof water and microbes into fruit did not accompany immersion unless
depths were excessive (greater than 122 cm). At moderate depths,infiltration did not occur unless exposure was longer than from 2 to 15 min,depending on the actual depth used and the fruit lot. Thus, tomatoes aresafely handled in water in most circumstances. However, under certain
environmental conditions infiltration occurs with only moderate pressureimbalances and relatively short exposures. In the following, conditions thatlead to infiltration of submersed tomatoes are described and illustrated. 

Materials and Methods 
Tomato Fruit 

Tomato fruit of various ripeness were hand-harvested or werepurchased from commercial packinghouses in Florida. Fruit used for eachtest were of the same cultivar, those in each treatment of the sameripeness. Often fruit were harvested by clipping the pedicle with a pruningshears so that part of the stem remained on the fruit. The stems were
removed just prior to treatment because fresh stem scars are more porous

that old ones (4).
 

Inocula
 
Bacterial suspensions used were prepared from 24-h 
nutrient brothshake cultures of Ecc, Florida isolate SR-1 2, as described previously (3).Two inoculum concentrations, 1 x 106 and 1 x 107 colony forming units(CFU) per mililiter were used. Temperatures of bacterial suspension, water,

and fruit were measured to within 0.50C. 

Treatments 
In the immersion treatment individual fruit were weighed, treated,rinsed in 50 ppm NaOCI, wiped free of surface moisture with a cottontowel, reweighed, and stored at 20 to 300C depending on the test. In sometests the NaOCI rinse was omitted. Fruit weights were measured to thenearest 0.01 g but are expressed here as a percentage of the final fruit 

weight.
Temperatures of fruit and water or suspensions are those occurring priorto immersion. For temperature differential tests, fruit were held just underthe surface of the test liquid for the indicated time interval. Immersion

depths were simulated in a 22 qt pressure cooker-canner ("Presto"Aluminum 'Pressure Cooker, National Presto Industries, Inc. Eau Claire, W54791). Tomatoes were placed in the test liquid in the canner, a slotted
:)ottom-plate was placed on the fruit and weighted down so that the fruit 
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unit was sealed and were completely submerged (1-4 cm). The 
compressed air was applied to create the desired water-head. Air pressure 

in the chamber was monitored continuouslywitha manometer. Treatment 

pressures were expressed as cm of water. The air r ressure was released 

and the fruit immediately removed from the licuid when the desired 

exposure was achieved. 
In some tests a nonionic surfactant, Tergitol-NPX (TNPX) (Union Carbide 

Corp.) was added to the fluid and expressed as a percentage, w/v, of the 

final liquid. The air-water interface surface tension of these surfactant 
was measured with a Model 21, Fisher Surface 	Tensiomatsolutions 

(Fisher Scienific k.., 711 Forbes Ave, Pittsburgh, PA 	15219). The apparent 

surface tension was expressed as dynes/cm. 
During storage the treated fruit were observed daily. Diseased fruit 

were discarded immediately in order to reduce the likelihood of fruit-to

fruit spread of disease. Disease resulting from such spread or from 
omitted from the tabular data on thecontamined surface wounds were 

disease. As a result, the latter accuratelypercentage of fruit with 
inoculated during the treatments.represented fruit that were 

Statistical comparisons of treatments were made by the one-way 

analysis of variance, linear regression, correlation coefficient, and 

multiway factorial analysis of variance tests. The latter were done using 

the SAS system at the facilities of the Northeast Regional Data Center at 

the State University System o; Florida, Gainesville. 

Results 

As reported by Bartz and Showalter (4), warm fruit immersed in cool 

suspensions of Ecc for at least 10 min not only increased in weight but also 

decayed during storage (Table 1). However, warm fruit immersed in warm 

Table 1. Weight increase and bacterial soft rot that resulted from immersion of 

mature green tomatoes at 370 C in suspensicns of Erwiniacarotopora subsp. caroto

'ora at two temperatures C.a d 

/o Decaye at temp. (0C) 
Time Weight increase (0/o) at temp. (0C) 


20 37
20 37 


95 15
10 	 0.25 0.00 
60 155 0.01 0.00 

2 0.00 0.00 	 15 5 

a Weight increase of fruit = final weight - initial weight) x (final weight)'1 x 100. 

of 20 fruit --10 fruit for each of two replicates.b Average 

Fruit held just under the surface of suspension, rPnsed in 50 ppm NaOCl ,dried with a towel, 

750/o RH. 
c 

weighed to nearest 10mg, and then stored at 26 C and over 


d Florida SR-12 at 1 x 107 CFU/ml.
 

e Percentage of fruit with bacterial soft rot after 8 days storage. 
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suspensions for the same time interval did not increase in weight and most 
did not decay during storage. Most of the lesions began inside the fruit;
water-soaking was oizen first observed on the shoulder of diseased fruits. 
An appreciable weight increase led to early appearance of bacterial soft rot. 
The incidence of decay among fruits that increased in weight by at least 0.1 
g was 24, 52, and 66% at48, 72, and 96 h after treatment, respectively. All 
of the fruit that gained O.1 g o,more were diseased bythe end of tho 8-day 
storage. 

With some fruit, inoculation occurred in the absence of a detectable 
weight increase. However, only 12% of these fruit were diseased; 
symptom development was nearly identical with that which occurred 
among the fruit that gained at least 0.1 g. Attheend ofthestorageperiod,
the fruits were cut open to observe possible lesions thqt were not yet visible 
externally. Some discoloration and dry necrosis was fund in over 50% of 
the fruits in the 371C fruit, 20 0 Csuspension treatment. None of fruit in the 
37 0 C fruit, 37°C suspension treatment were affected in that manner. The 
dry necrosis and discoloration may be regarded as incipient lesions,
evidence that some inoculum ingress had occurred. This illustrates the 
time-dependent nature of infiltration caused by a negative Temperature
differential. Vacuums do not develop inside fruit until they cool. 

In commercial practice, infiltration by temperature differential can be 
prevented by either warming the water or reducing the length of exposure.
The effect of warm water on the second physical phenomenon that can 
cause mass flow inoculation, hydrostatic forces, was examined. This 
phenomenon is nearly time independent (2). The exposure of fruit to 
water was limited to 5 min to minimize forces arising from temperature 
differentials. 

Fruit at 400 C when immersed increased in weight approximately six
fold more than did those at 200 C (Table 2). This result appeared 

Table 2. Weight increase that resulted from imn"-rsionef mature green tomatoes in
 
water to a depth of 122 cm for 5 min. I. Fruit stored at 200 Cwere warmed to
 
30 or 400 C.a-c
 

Water temp. (C) Fruit temp. (C) 
20 30 40 Avg.e 

20 0.3 0.9 1.8 1.0 
30 0.2 0.8 2.0 1.0 
40 0.3 0.6 1.3 0.7 

Avg.d 0.3 0.8 1.7 

a Weight increase of fruit (final weight - initial weight) x (final weight)r 1 X 100. 
b Values are the average of 10 fruits. 

c Five fruits at each temperature were treated in the pressure chamber containing water at indi
cated temperature. 

d Effect of fruit temp., F = 70.0, Probability of greater F = 0.0001 

e Effect of water temperature, F = 6.01, Probability of greater F = 0.0164. 
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independent of water temperature. However, increased water temperature 

significantly reduced the average weight increase of the immersed fruits. 

Increased fluid uptake associated with warmer fruit temperatures was a 

reversable phenomenon. Fruit stored at 400C and then cooled to 20 or 

300C before immersion gained less weight than did those held at 400 C 

(Table 3). Once again water temperature had a significant impact of 

infiltration although of less importance than that of fruit temperature. 

In these immersion depth tests, fruit were infiltrated by water because 

of hydrostatic forces that accompanied immersion. The average amount of 

•gater absorbed was considerably greater than that absorbed in the 

temperature differential test. This was probably due to greater fluid forces 
For example, in the first experiment on temperatureon the fruit. 

were cooled the full 170 Ctemperature difference,differentials, if the fruit 
force imbalance on the fruit would be equivalent tothe resulting 

approximately half of that existing in the immersion depth treatments. 
One other physical phenomenon that might affect ingress of water into 

weretomato fruit is the surface tension of the fluid in which the fruit 

immersed. Hartman and Kelman (7) found that a reduced surface tension 

resulted in increased penetration of bacterial inoculum in corn stem 

tissues after whorl inoculations. Bartz (2) reported that a wax used 

commercially for treating tomato fruits was readily absorbed by stem scar 

tissues. 
Wh, i a surfactant was added to the test fluid in an immersion depth 

each fruit in two separate tests w,treatment, the average uptake fo 
correlated, r = 0.96 and 0.99, respectively, with the concentration of
 

surfactant, TNPX, unless the concentration was increased to about 1.0%
 

(Table 4). The TNPX in the 1.0% treatment was not completely dissolved;
 

Table 3. Weight increase that resulted from immersion of mature green tomatoes
 
I1. Fruit stored at400 Cwere cooled to
in water to a depth of 152cm for 5 min. 

20 or 300 C. a-c 

Fruit temp. (C) 
Water temp. (C) 20 30 40 Avg. ee 

20 0.6 1.5 1.5 1,2 
1.030 0.3 0.9 1.8 

40 0.1 0.3 1.1 0.5 

avg.d 0.3 0.9 1.5 
= a Weight increase of fruit (fine[weight -initial weight) x (final weight)" 1 x 100. 

b Values are the average of 10 fruits. 

c Five fruits at each temperature were treated in a pressure chamber containing water at indicated 

temperature. = 

d Effect of fruit temperature, F = 25.4, Probability of greater F 0.001.
 

= e Effect of water temperature, F = 8.6, Probability of greater F 0.0044. 
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Table 4. Weight increase and disease that resulted from immersion of mature 
green tomatoes in various concentrations of Tergital-NPX (TNPX). a-d. 

Weight increase
 
o/o (w/v) TNPX (0/0) 
 Decay (0/o) 

Test 1 Test 2 Test 1 Test 2 

water 0.23 NTe 0 NT 
0.001 0.46 0.23 0 13 
0.01 0.53 0.23 0 21 
0.1 1.31 0.73 90 29 
1.0 0.85 0.50 100 100 

aVleight increase of fruit = (final weight - initial weight) x (final weight)-' x 100. 
bTest 1 - Average of 10 fruit held 4 ft. below surface of solution for 10 min. 
Test 2 - Average of 24 fruit; eight fruit per treatment held 4 ft. below surface of solution for 
5 min. Each treatment repeated 3 times. 

cApparent surface tensions of increasing concentrations of TNPX were 76, 59, 36, and 36 
dynes/cm, respectively, that of water was 77.

dlncidence of fruit decay resulting from naturally occuring inocula at 3 days after treatments. 
CNT - not tested. 

the undissolved particles may have clogged some of the pores in the stem 
scar. This would result in partial anaerobiosis which would explain the 
increased decay but reduced uptake associated with the 1.0% TNPX 
treatment. Bacterial inoculum was not added to the water used in these 
treatments. The decay resulted from naturally occurring inoculum. The 
disease was mostly sour rot caused by Geotrichum candidum Link ex Pers. 
emend Carmichael. Lesion contents were quite acidic, pH 4.0 to 4.4, 
a characteristic of sour rot (1). 

The difference in uptake between the control and the 0.001% TNPX 
treatment was not statistically significant when analyzed by the one way
analysis of variance test. The lack of a significant difference m-y have been 
due to fruit-to-fruit variation within the treatments. For example, the range
of weight increases in the control treatmentwasno increase(0.OOg)to 0.8 
g. In the 0.001% TPNX treatment the range was 0.00 g to 1.& g. Such 
variation was observed in nearly every test. 

When a surfactant was added to suspensions of Ecc, a weight increase 
and inoculation occurred within seconds even though relatively shallow
depth treatment wds used (Table 5). Most bacterial soft rot appeared
within 48 h after treatment; by that storage interval 100, 100, 90, and 40% 
of the fruit in the 91 cm 60 sec, 91 cm 30 sec, 61 cm 60 sec, and 61 cm 30 
sec treatments, respectively, were diseased. The 10 sec treatment 
represented the time required to apply the indicated pressure and then 
release it. With that exposure, fruit were inoculated but did not increase in 
weight when the depth was equivalent to 91 cm. 

In a subsequent test, warm (401C) fruits were exposed to surfactant 
solutions. Fruit at 201C immersed in water without surfactantto a depth of 
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Table 5. Bacterial soft rot and weight increase associated with immersion to four 
depths for three time intervals of mature green tomatoes in asuspension of Erwinia 
carotovora subsp. carolopora.ac 

Length of exposure (sec)
Depth of 
immersion 10 30 60 

(cm) 
wt. ine. 0/o decay wt. inc. 0/o decay wt. inc. 0/o decay 

2 0.0 0 0.0 0 0.0 0 

31 0.0 0 0.0 0 0.0 0 

61 0.0 0 0.2 80 0.3 100 

91 0.0 40 0.5 100 0.6 100 

a Incidence of bacterial soft rot among treated fruit after 6 days storage at 200 C. 
b Weight increase of fruit = (final weight - initial weight) x (final weight) "1 x 100. 
c Florida isolate SR-12 at 1 x 106 CFU/ml buffered saline plus 0.1o/o Tergitol-NPX. 

61 cm for 4 min did not increase in weight, whereas, those similarly treated 
with surfactant increased by an average of over 0.2 g per fruit. Fruit at 

401C treated without surfactant increased by about 0.3 g; those treated 
with surfactant increased in weight by over 1.3 g per fruit. The presence of 
a surfactant increased the potential for infiltration more than did elevated 
fruit temperatures. 

The surface tension of the fluid from bacterial soft rot lesions in tomato 

fruits was 37 dyne/cm; juice from a mechanically macerated (blended) 
healthy fruit was 49 and that of a 0.1% solution of TNPX was 36. Some 
tomatoes at equilibrium with room temperature spontaneously (no 
external force) absorbed 0.1 % TNPX-India ink suspensions within a 10 min 
exposure. Positive absorption was confirmed bythe presence of the ink in a 
large portion of the central core of the fruit. Other tomatoes were observed 
to spontaneously absorb the fluid that oozed from rotted fruit. Infiltration 
can occur in the absence of negative temperature differentials or 
substantial hydrostatic forces. 

Discussion 

The potential for infiltration or the mass flow of bacterial suspensions 
into tomatoes was demonstrated. Infiltration was caused by two physical 
phenomena. Both are predictable from the general gas law as has been 
discussed previously (2, 4). The potential for infiltration is greatly affected 
by two other physical phenomena, the surface tension of the fluid outside 
immersed fruit and the temperature of the fruit. When either the surface 
tension of the fluid is low or the fruit are warm, infiltration may occur 
spontaneously. Decreased surface tensions and increased fruit 
temperatures appear additive. Warm fruit exposed to suspensions 
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containing surfactants are very likely to be infiltrated, inoculated, and later 
decay. 

An infiltration of even small percentages of the total volume of tomatoes 
that move through a commercial packinghouse is likely to lead to 
substantial post-harvest losses. The infiltration may involve amassflowof 
literally milliliter volumes of inocula into fruit. The inocula are deposited in 
an enviroment that seems ideal for an infection court. Bacterial soft rot 
resulting from mass flow inoculation develops and spreads quickly.A sign
of disease, bacterial ooze, often emanates from diseased fruit before 
external symptoms are evident. This ooze has a low surface tension and 
consequently, may be quickly absorbed by the tissues of adjacent fruit. A 
truck load of tomatoes may be destroyed by bacterial soft rot within days,
especially at temperatures ideal for the pathogen (25-35°C).

Infiltration with the potential for mass flow inoculation is not just a
problem for commercial handlers of fresh market tomatoes. For example,
bell pepper fruit (Capsicum annuum L.) are readily inoculated in stem and 
calyx tissues when fruit are immersed in suspensions of Ecc (Bartz,
unpublished).Furthermore, mass flow inoculations are not unique to post
harvest handling. Tomato fruit with attached stems are infiltrated almost 
as readily as those without stems (Bartz, unpublished). Thus, tomatoes may
be inoculated with Ecc or other microbes by mass flow around the sepals of 
the fruit prior to harvest. Samish and Etinger- Tulczynka (8) found various 
types of bacteria distributed throughout the interior of freshly harvested,

healthy tomato fruit. The greatest concentrations were located in the
 
tissues beneath the stem scar.
 

Certain steps can be taken to reduce the potential for infiltration during

postharvest handling. Produce should be kept shaded during the interval
 
between harvest and packing; exposure to direct sunlight leads 
 to
increased fruit temperatures, especially among those on the surface of the 
load. Dump tanks and fruit washers should be designed to keep fruit from 
being immersed too deeply (below ca. 31 mm) or in the water too long (more
than 5 min). Soaps, detergents or other surfactant materials should not be
added to wash or dur.'t'ank water. Water in washers or dump tanks should 
be changed whenever foaming occurs as the latter is an indication of a 
buildup of surfactants in the water. Finally, fruits that are wetted by the 
oose from diseased fruits should either be discarded or at least handled 
separately from non-contaminated fruits. 
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Abstract 
A broad variety of carboxylic acids was found to be a new group ofpectinase Inhibitors. The inhibition of this group apparently depends on thecarboxyl group, and the remaining structure affects the efficiency and thespecificityof inhibition of each pectinase. Mostof thz acids tested could alloinhibitboth the maceration and the disease development (soft rot)caused byErwinia carotovora subsp. carotovora. Especially, the acids like sodium

malonate and gluconic acid 6 lactone were shown to inhibitthe macerationand soft rot without any inhibition of the growth of the pathogen. Therefore,
the pectinase was confirmed to be one of the important factors causingmaceration and soft rot. This finding immediately suggests the possibilitythat the specific pectinase inhibitors may be used as non-toxic control of
other diseases, especially post-harvest diseases. 

Introduction 
Pectic substances are composed primarily of linear polymeric chains ofD-galacturonic acid linked by a -1, 4 giycosidic bonds and containingcarboxyl groups either rtot esterified (pectic acid) or esterified to differentdegrees with methanol (pectin). These pectic substances are regardedgenerally as the main constituents cf the "inter-cellular cement" or middle

lamellar structure in plant tissues '5).
Pectinase is the general term of the enzymes which degrade these pecticsubstances. The involvement of pectinase in the degradation of planttissues has been reported for such diverse types of diseases as soft rots, dryrots, wilts, blights, a nd leaf spots and for such diverse types of pathogenic

agents as fungi, bacteria, and nematodes. 
Thus, pectinase has been considered to play an essential role in theestablishment of pathogenicity (5,26). Therefore, if the specific inhibitionof the pectinase is possible, the cellular toxicity may not be required for thepurpose of the control of these plant diseases. In fact, Grossman showedexperimentally that rufianic acid, a pectinase inhibitor, was an effectivecontrol agent of Fusarium wilt (14). However, there have not been manyreports on this subject since then. I report here that carboxylic acids are anew group of pectinase inhibitors and that many of them can prevent thesoft rot diseases of the vegetables caused by Erwinia carotovora subsp.

carotovora without depending on cellular toxicity. 
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Materials and Methods 

Enzymes 
Endo-pectic acid lyase (EC. 4.2.2.2., endo-PALY) from sonicated extract 

of E.c. subsp. carotovora (strain EC-1 )was partially purified by ammonium 

sulfate fractionation, dialysis, a,,d chromatography on diethyl aminoethyl 

and phospho-cell ulose. Purified endo-polygalacturonase (EC. 4.2.3.15., 

endo-PG) which had been shown to be homogenous upon ultracentrifuga-
Endotion and disc electrophoreses was supplied from Dr. S. Ishii (16). 

PALY activity was assayed mostly by the measurement of changes in 

extinction at 235 nm in reaction mixture (15). The reaction mixture 
0.04MTris-HCIconsisted of enzyme, 0.08% sodium pectate, 1 mM CaCI 2 , 

buffer, pH 8.7, and test compound in a total volume of 2.5 ml. 2 

was employed when UVThe periodate-thiobarbiturate method (20) 
absorption method was not applicable. Endo-PG activity was measured by 

the loss in viscosity of 0.43% (w./Vol.) sodium pectate in Oswald-Fenske 
Other components in the reactionviscometers (Hario No. 3) at pH 5.6 (16). 

mixture were 0.02 M Na 2-HPO 4-KH2 PO 4 buffer (pH 5.6), purified endo-

PG, and test compound. 

Chemicals 
were obtained from commercialMost of the carboxylic acids tested 

source in the form of sodium - or potassium-salt. The pH of free acids was 

adjusted to 7.0. The galacturonides were synthesized by specific oxidation 

of carbonyl group of various galactose derivatives using platinum black as a 

catalyst (2). 

Maceration Test 
The maceration test was performed by immersing the radish disks(4mm 

diameter, 2 mm thick) in atest tube where either purified enzyme solution 
or of endo-PG (0.53 units/ml), or theof endo-PALY (0.15 units/ml) 


suspension of EC-1 strain which has been grown in minimal +2% glycerol
 

medium was mixed with the same volume of test solution (final 50 mM).
 

Next day, the maceration was scored after vigorous agitation by Vortex for
 

20 seconds. Minimal medium contains 0.1% (NH4 )2 S04, 0.01% MgSO 4.7
 

H20, 0.7% K2 HP0 4 and 0.3% KH2 PO4.
 

Inhibition of Soft Rot 
Scoring of the soft rot was perfo:wied by placing filter paper immersed in 

a suspension of EC-1 strain onto aplant disk in apetri dish. The plant disk 

had been placed on the filter paper which absorbed 1 ml of test compound 

solution (50mM). The plant disks were reversed on the filter paper 30 
strain. After 1 day incubation at 280C,minutes before inoculation of EC-1 


the results were scored.
 

Growth Inhibition 
strain in YP broth (1% peptone, 0.5% yeastOvernight culture of EC-1 

extract, pH 6.8) was washed twice by centrifugation and resuspended in 

minimal medium with or without carbon source either in the presence or 

absence of the test compounds. The growth recorded by biowas 

photorecorder (Toyo Co.) at 28°C.
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Results 
Inhibition of Pectinase 

a -D-galacturonic acid, the main building block of pectic substance, 
inhibited the activities of both endo-PALY and endo-PG (Table 1). Thus, it 
was suspected that analogues of a -D-galacturonic acid would have an 
inhibitory effect on these enzymes. Among the tested analogues, sugar 
acids other than galacturonic acid could inhibit these enzymes while Cx-D
galactose and its derivatives did not inhibit these enzymes (Table 1). These 
data seem to indicate that the carboxyl group may be the most important 
structure required for inhibition of this group. To test this interpretation and 
to study the constituent required for inhibition, broad variety of carboxylic
acids other than sugar acids were tested for their inhibitory activities. Salts, 
ester, and lactones of many carboxylic acids tested inhibited both endo-
PALY and endo-PG or at least one of the enzymes (Table 2). Aliphatic
monocarboxylic acids inhibited endo-PALY strongly but did not affect endo-
PG. However, sodium pyruvate did inhibit both activities. 

Aliphatic dicarboxylic acids and the class of carbocyclic compounds
showed a diverse inhibitory effect on each enzyme. Sodium citrate, an 
aliphatic tricarboxylic acid, showed the highest level of inhibition of endo-
PALY activity among the tested carboxylic acids, but it inhibited endo-PG 
activity poorly. However, D, L-isocitrate lactone showed high inhibition of 
endo-PG only. These data seem to indicate presence of the carboxyl group
is the minimum required for the inhibition and that the remaining structure 
determines the specificity of the inhibition. 

Comparison of the inhibition by sodium salts of oxalate, citrate, 
galactarate, gluconate, and D-saccharate to the inhibition by their methyl 
esters or lactones indicates that methylation or lactonization of the 
carboxyl group influences the specificity of inhibition. Since the mode of 
inhibition by these acids was shown to be non-competitive, allosteric sites 
of these enzymes may be distinct (Tsuyumu and Endo, unpublished). Also,
since the non-competitive type of inhibition is not affected by the 
concentration of substrate, these acids should be effective inhibitors even 
in the enviroments such as plants where fairly high concentration of the 
substrate (pectic substance) exists. 

Inhibition of Maceration and of Soft Rot 
The pectinase of plant pathogens is best known in relation to soft rot 

diseases during which a relatively large mass of parenchyma is rapidly
invaded to give a mass of watersoaked tissue generally soft in texture and 
with little coherence (i. e. maceration) (26). The most common and the 
most destructive soft rots are caused by bacteria in ihe genus Erwinia. Of 
these, Erwinia carotovora subsp. carotovora seems to be most prevalent
(1). Also, since main pectinase excreted by E. c. subs. carotovora are endo-
PALY and endo-PG, the regulations of which have been well characterized 
(7, 8, 23, 24), the effects of the pectinase inhibition by these acids on the 
pathogenesis of E. c. subsp. carotovora were tested. 

This was done by the observation of the maceration and of the soft rot 
symptom in the presence and absence of these acids. When plant tissue 
discs were immersed either in the proper concentration of purified enzyme 
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Table 1. Inhibition of endo-PALY and endo-PG by the analogues of galacturonic acid. 

Compouno 

(X-D-Galacturonate 

cX-D-Galactose 

p-Nitrophenyl- a-D-Galacturonate 

p-Nitrophenyl- X-D-Galactose 

D-Galactone- Y-lactone 

Y -D-Galactonolactone 

Galactarate (Na) 

Heated, Galactarate 


Galactarate (methyl ester) 


D-Saccharate (K) 


D-Saccharic acid-1,4-lactone 


Gluconate (Na) 


Gluconic acid- S-lactone 


L-Ascorbate 

endo-PALY 


Concentration Inhibitiona 


11.0 (MM) 26 (0/o) 

4.4 0 

0.6 45 

2.0 0 

4.4 0 

87.0 88 

4.4 0 

87.0 89 

2.5 56 

25.0 100 

2.5 29 


ND 


4.4 65 

4.4 9 


20 90
 

4.4 69 

4.4 25 

1.8 68 

2.3 100 

endo-PG 

Concentration Inhibition 

22.0 (mM) 67 (0/o) 

22 6 

4.5 37 

22 5 

22 20 

22 95 

22 0 

9.1 83 

22 33 

22 10 

22 56 

22 33 

22 60 

22 40 

a The inhibition at various concentrations of the test compound was expressed in terms of per cent of the uninhibited 

control. The pH of the free acids was adjusted to 7 with NaOH. Symbol: ND, not done. 



Table 2. Inhibition of endo-PALY and endo-PG by carboxylic acids. 

endo-PALY endo-PGCompound 

Concentration Inhibition Inhibition at 22 mM 
(mM) (0/0) (0/0) 

Aliphatic Monocarboxylic acids: 
Formate (Na) 	 4.4 64 20 
Acetate (Na) 4.4 66 20 
Dehydroacetate (Na) ND 20 
n-Butyrate (Na) 4.4 71 0 
n-Capronate (Na) 4.4 66 20 
n-Caprylate (Na) 4.4 65 0 
Peralgonate (Na) 4.4 67 20 
Glycolate (Na) 3.3 5 20 
Thioglycolate (Na) 2.2 58 20 
Methyl Lactate 3.3 63 20 
Pyruvate (Na) 4.4 68 60 

II. 	 Aliphatic Dicarboxylic acids:
 
Oxalate (Na) 4.4 45 60
 
Methyl Oxalate 4.4 13 
 82 
Succinate (Na) 4.4 71 50 
Fumarate (Na) .3.3 32 20 
Maleate (Na) 3.3 13 56 
D, L-Malate (Na) 3.3 58 43 
Malonate (Na) 4.4 70 79 
L-(+ ) -Tartarate (Na) 4.4 70 79 
meso-Tartarate 3.3 69 85 
2-keto Glutarate 3.3 34 83 
cis-Aconitate (anhydryde) 3.3 34 0 

IlI. 	 Aliphatic tricarboxylic acids: 
Citrate (Na) 0.65 78 20 
D,L-Isocitrate lactone 4.4 0 69 

IV. 	 Carbocyclic Carboxylic acids: 

Cirnamate (Na) 3.3 66 0 
Berzoate (Na) 3.3 8 20 
Sulfo Salicylate (Na) 3.3 71 73 
Hippurate (Na) 3.3 0 43 
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or in thq suspension of E. c. subsp.
solution of endo-PALY or of endo-PG, 

carotovora,the maceration oft he tissues could be observed within a day.
 

When tissue discs of radish or carrot were inoculated with a suspension of
 

E. c. subsp. carotovora, soft rot symptoms appeared in a day or so. Most of 

the acids tested inhibited the maceration induced bypurified enzyme (Table 

3, Fig. 1). Though the inhibitors of the maceration induced by endo-PALY 

usually prevented the maceration induced by pathogen, the inhibitors of 
not always show this result.

the maceration induced by endo-PG did 
though both enzymes have the capabilities of causing

Therefore, 

maceration of plant tissues, endo-PALY seems to have the primary role in
 

this particular combination of host-pathogen.
 
The inhibitory efficiencies against the maceration induced by pathogen 

and the ones against the soft rot induced by pathogen were almost parallel 

Fig. 1. Photograph of soft rots in the presence and absence of carboxylic acids. Top 

left petri dish is the treatment with Na-thioglycollate; top right, Na-n-caprylate; 

bottom left, dehydroacetic acid; bottom right, control. Two carrot discs (top) and two 

radish discs (bottom) were placed in each petri dish and were inoculatedwith 5 x 109 

(right) (cells/ml) of E. c. subs. carotovora.(left) or 5 x 10 
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Table 3. The effects of carboxylic acids on the maceration and soft rot caused by 
enzyme solution of endo-PALY and endo-PG or by the suspension of Erwinia cc, oto
vora subsp. carotovora. 

Carboxylic acids Maceration by Soft rot by 
purified pectinase Maceration by F.(. stbp. (arotorora

I:.*t. 8uhy). 
endo-PALY endo.PG carolorora Radish Carrot 

Control + a ++ -4+ + b 44
 
C -D-Galacturonate + + + 
 - _ 
p-Nitrophenyl ,. D... 

Galacturonate
 
D -G alac to n e Y.-l ac to n e - ....
 
Y.D .G alactonolactone - ....
 
Galactarate ND ND + 
 - -
D Saccharate ND ND + + +
 
D.Saccharic acid - ++ - _ 

1-4.1aclone
 
Gluconate (Na) + - + 
 + 44
 
Gluconic acid- - -....
 

lactone
 
L-Ascorbate (Na) 4 
 - + + +
 
Formate (Na)  + - + "4
 
Acetate (Na)  - - + 44
 
Dehydroacetate (Na)  - -

n-Butyrate (Na) -  -

2 Hy(doxy-iso-Butyrate  - -

n-Capronate (Na) -  -

n-Caprylate (Na) - -..
 
Peralijonate (Na) ...
 
Thioglycolate (Na) - + - _ -

Glycolate (Na) + +  + +
 
Pyruvate (Na) + 
 ... 
Oxalate (Na) - + 44 -4
 
Methyl Oxalale - -H  -
Succinate (Na)  - + + 44 
fumarate (Na) - - + + +
 
Maleate (Na) - - 4- + +
 
D.L.Malate (Na)  - - 44 4-#-

Malonate (Na)  -.
 
Tartarate (Na) + +4 + 
 + +
 
meso-Tartarate H- + + 
 _ 
2-keto Glutarate ND ND + - -


Citrate (Na) - " ++ + 4+ 
(H)
 

D,L-Isocitric acid. ND ND -  _ 
lactone 

Cis-Aconitate (anhy. ND ND - - _ 
dryde) 

Cinnamate (Na) - -
Benzoate (Na) -
Sulfosalicylate (Na) -



- + _ + 
Hippurate (Na) - _ 

'The results of maceration test +4+. complete iraceratiron. +-, severe maceration hut rernaninq 
tisue blocks, ,, titermte mas.cerattion, ± shlhft maceratioi. - no maceration. ND, not (lone.

i'The results of soft rot test I+1-, soft rot sy ipuItoirlof who le disk, +, soft rot roundl the filter 
tll)~,,,: . vry sihlht soft rot underneitfh of the ier iper; , ro symitorm. 
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Thus, it seems that maceration is the mandatory step which eventually 
leads to soft rot. However, sodium salts of several acids, especiallyacids of 
tricarboxylic acid cycle, failed to prevent the maceration and the soft rot 

induced by pathogen while they could prevent the maceration induced by 
purified enzyme. The reason for this may be rapid metabolism of these 
acids during respiration of the pathogen and/or plant. An interpretation 
was seen in the experiment that the acids in the tricarboxylic acid cycle 
such as citric acid could serve as a sole source of carbon for the growth of E. 
c. subso. carotovora (Table 4). In these cases the devices such as chemical 

the dismodification of these acids should be required to minimize 
appearance of these acids. In the case of bactericidal acid,, as observed for 
sodium carprylate and sodium n-butyrate (Table 4), their disappearance 
may not need be considered. However, one should be 	aware that the 

not only to thepreventing effects observed in this case may be due 
pectinase inhibition but also to their bactericidal activities. 

Table 4. Effects of carboxylic acids on the growth of L. c. subsp. carotovora. 

Min. +GlycerolaMin.Carboxylic acid 

b 	 +Control 
Gluconate (Na)c 	 + + 

Gluconic acid- (S-lactone + 	 + 

n-Butyrate (Na) 	 -

Caprylate (Na) 

Methyl Oxalate 	 + 

Maleate (Na) 	 + + 

D, L-Malate (Na) 	 + + 

Malonate (Na) 	 + 

Citrate (Na) 	 + + 

Tricarballylic acid 	 + 

a The components in minimal medium are described in text Glycerol was added after separate 

autoclave (final 20/0)
 
b , noirnal growth; +, growth at inhibited rate; no growth.
 

c The concentrations of the acidswere 20 mg/ml (final). 

Discussion 

It was shown here that the maceration and soft rot could be prevented by 
the application of pectinase-inhibitor jithout depending on cellular toxicity 
on the pathogen. Since many ph'! diseases, especially postharvest 
diseases, show the maceration at their infected site, they may be controlled 
by the same mechanism. Postharvest diseases cause serious and rapid 
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loss of crops, but they are controlled with difficulty by fungicide treatment 
because of toxic residue on the crops (1, 5). Therefore, the possibility of 
non-toxic control of the postharvest diseases shown in this study may be 
especially noteworthy. In fact, some shownof these acids were to be 
effective for the control of the diseases caused by Botrytis cinerea and by
Rhizopus spp. (Tsuyumu and Endo, unpublished). 

The choice of the acids to be used for the control should be done after 
careful corsideration of the efficiency of pectinase inhibition and of the 
stability,especially the loss due to the metabolism of the microorganisms
and/or of the plant. Mixing these acids should be an effectiveway, because 
the selection of the acids which showthe highest inhibition for each type of 
pectinase is possible. And, there will be more chance that some acids in the 
mixture remain intact. 

Some acids are safe enough to humans yet retain the bactericidal 
activities against the pathogens. These acids may be added either singlyor
in the mixture. For example, although short and medium-chain fatty acids 
can inhibit the growth of microorganisms, it has been known that they are 
ingested in significant quantities but do not grossly interfere with human 
organ function as judged by toxicity test (12, 13). In fact, their bacterial 
activities have been suggested aven as one of important hosf-resistant 
factors of human milk for the infants, and they have been permitted as 
antimicrobial food additives (17). The carbocyclic acids such as 
dehydroacetic acid, sodium benzoate, and sodium sulfosalicylate belong to 
another group of bactericidal agents, and they also have been permitted as 
antimicrobial food additives (18). :n this case, however, the total intake 
should be carefully considered due to toxicity to humans at high 
concentration. 

Since the pectinase has been known to distribute in plants and play
essential roles in many plant physiological aspects such as ripening,
releasing seed, and defoliation (19), these acids may also be used for the 
control of these responses. Thus, if these acids or their derivatives are used
for the control of the diseases in field, the effects on the physiological 
response by inhibiting plant-pectinase should be considered. 

The cells of higher plants often contain one or a combination of these 
acids at a concentration higher than the one required for the inhibition of 
these enzymes (21, 25). Therefore, it became conceivable that a high
concentration of a particular combination of these acids could inhibit the
pectinase of pathogen. Defense mechanisms of the plants against the 
pathogen due to the resistance of pectinase either by changing their 
substrate or by the appearance of their inhibitors (mostly oxidized phenolic
compounds) have been suggested (2, 3, 4, 9, 10, 11). These carboxylic
acids may also contribute to such defense mechanisms. Since they are 
concentrated mostly in cytoplasm, particularly in the vacuole (21, 25), this 
type of defense mechanisms may be effective after the cells are disrupted
either by the initial attack of the pathogen or by other means such as 
mechanical injury. Thus, inoculation of the pathogen onto the plant should 
be done after consideration of the concentration and kind of the acids at the 
infection site when pectinase is suspected to be involved in their 
pathogenicity. 
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The broad variety of inhibitors includes the acids the effects of which are 
immediately obvious in the experimental system of many pectinase 
studies. For example, some of these acids, like citrate and acetate, have 
been commonly used for the preparation of the buffers to study these 
enzymes. One should be aware of the inhibition. 
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Abstract 

Germplasm of Lycopersicon esculentum, L. peruvianum, L. glandulosurn, 

and L. pimpinellifofium was evaluated for its level of resistance to bacterial 

soft rot (Erwinia chrysanthemi). Most of the varieties of L. esculentum were 

found highly susceptible to E. chrysanthemi except for 'Ronita', 'Luisiana', 

and 'VF 105-2', which graded as moderately resistant; accessions of L. 

and L. hirsutum were graded as moderately susceptible.pimpine/li folium 
Highly resistant accessions we, a found in L. peruvianum (PI 126431 and P1 

128653) and L. glandulosum (PI 126440 and PI 126448). F3 progeny of L. 

esculentum x L. peruvianum supplied by Dr. N. G. Hogenboom (IVT) was 

similarly found highly resistant. A breeding program has been started with 

this material to introduce this resistance into commercial tomato varieties. 

Introduction 

Tomato crop (Lycopersicon esculentum Mill.) is affected by several 

diseases in the Cauca Valley(Colombia). One of those iscalled huequera or 

bacterial rot, induced by Erwinia chrysanthemi pv. zeae (1)which 3howed 
up for the first time in 1977. Since then this bacterial disease has increased 

its incidence and severity, occasionally causing up to 60% losses. It is 

mainly observed under moderate temperature (200 C) and high precipita

tion. 
Main symptoms are characterized by soft rot of petioles, branches, and 

prematurestems, with desintegration of pith, followed by wilting, 

yellowing and death of affected plants. This bacterial disease appears in
 

general during the flowering stage of tomato plants.
 
disease has become very important and mostSince this bacterial 

common commercial ,arieties are susceptible, it was considered 

necessary to determine levels of resistance of commercial varieties and 

start a breeding program to develop resistance in susceptible ones. 

Materials and Methods 

Inoculation Method 
Tomato plants (L. esculentum) cv. chonto, were inoculated with a 

bacterial suspension (5 x 108 cells/ml) by injection into the stem; by 

depositing a drop of bacterial suspension on the petiole base of third leaf 
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and wounding the stem through the drop; and by depositing bacterial 
growth and wounding the stem at 5 cm from th-e soil level. Once the 
inoculation system was determined, effect of relative humidity was studied 
in the disease development; inoculated plants were incubated under 72 or 
100% relative humidity environments for 48 h. Thereafter, tomato plants 
were inoculated with several bacterial concentrations (5 x 101 - 5 x 108 
cells/ml) arid finally optimum inoculation age was evaluated by testing 
tomato plants 15, 25, 35, 45, 55, and 65 days old. To compare each of the 
previous treatments, 10 cultivars (KT 278, L 274, 8029-4-9, Chonto D, Bon 
Set, Indian River, Chonto Mejorado, Bonny Best, Chonto Mataverde, and 
Floradel) were evaluated. Five plants per variety were inocula.ed each 
time. 

Evaluation of Cultivars 
The following 56 cultivars of L. esculentum were evaluated: KT 278, L 

274, 8029-4-9, Chonto D, Bon Set, Indian River, Chonto Mejorado, Bonny
Best, RT 046, Chonto Mataverde, Floradel ARO 149, Lucy TMV, Gevas, 
Gloriana, Hebros, C6rdoba 2 SM-3, VF 145-B 8, Panaset, C 5, Potomac,
Walter, Australia 2, Napoli VF, Mecano VF, Luisiana, Linda VF, Ronita, VF 
105-2, Perlita 73, Homestead Elite, ES 58-FR, Droplet, Roma VF, Heinz 
1439 VF, Step 413, Platense, Brazil SM-2, Glamour, Marette-4, VE-1,
Cavalier, Marmande, Nuova.Super Roma, Orot47, VE-3, CVF-27, Marette,
L 3000-R, 8021-2-2, 8020-4-1, 8047-1-10, 8029-4-9, Chonto Buga, PI 
92863, PI 99782, and PI 127802. Seed of L. esculentum different from 
seed obtained from Plant Introduction was taken from the tomato 
germplasm of the vegetable program of the Instituto Colombiano 
Agropecuario. 

Several Plant Introductions also were evaluated: P1 126445 and PI 
127826 of L. hirsutum; PI 126440 and PI 126448 of L. glandulosum; PI 
79532, PI 112215, and PI 126932 of L. pimpinellifolium and PI 126431, PI 
128653 and 128657 of L. peruvianum. Seed from Plant Introduction (PI) 
was supplied by the Regional Plant Introduction Station in Ames, Iowa. 

Six plants per variety were inoculated each time. 

Results 

Inoculation Mathod 
Among the three inoculation systems, the most variable results were 

found with injection of bacterial suspension into the stem. Depositing
bacterial growth and wounding the stem induced a very severe reaction;
probably the best and most consistent results were found by depositing a 
drop of bacterial suspension on the petiole base of the third leaf and 
wounding the stem through it. 

Inoculation of tomato plants by depositing a drop of bacterial suspension 
on the stem and wounding the stem through it and incubating the plants at 
72% R. H. induced very little infection in comparison to incubation for 48 h 
at 100% R. H. Combination of the best previous results in evaluation of 12 
cultivars by using different inoculum concentrations produced the average 

473 

http:inocula.ed


reaction given in "Table 1. Based on the previous results, incubation of 6 
plants of 10 varieties and six different ages produced reactions given in 
Table 2. 

Table 1. Reaction of L. esculentum cultivars to different concentrations of Erwinia 

chrysanthemi. 

Reactionab
Concentration 

3.6 ± 0.985 x 106 cells/ml 
4.0 ± 1.125 x 108 cells/ml 

a Average of 12 cultivars 

b Scale 1 to 5 

Table 2. Reaction of L. esculenrum cultivars of different ages to Erwiniachry

santhemi. 
Reactionab

Age 

(Days)
 

15 4.5 ± 0.57 

25 4.7 ± 0.40 

35 3.9 ± 0.61 

4.4 ± 0.4845 
4.4 ± 0.6355 

65 4.1 ± 0.57 

a Average of 10 cultivars 

b Scale 1 to 5 

From these results, the inoculation method developed to evaluate levels 
of resistance consisted of depositing a drop of bacterial suspension (5 x 106 

cells/ml) on the axile of third leaf and wounding the stem through it, on 
plants 15 days old. Once inoculated they were incubated at 100% R. H. for 
48 h. 

Evaluation of Cultivars 

Six plants from different cultivars of Lycopersicon species were 
evaluated by using the system developed previously. Results obtained are 
given in Table 3. Most of the L. esculentum cultivars were higly susceptible 
to E. chrysanthemi but Ronita, Luisiana, and VF 105-2 were moderately 
resistant. Cultivars from L. pimpinellifolium and L. hirsutum were 
moderately susceptible. 

Highly resistant cultivars were found inL. peruvianum(PI 126431 and PI 
128653) and L. glandulosum (PI 126440 and PI 126448). L. peruvianum 
cultivars produced high numbers of flowers although it was not possibleto 
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Table 3. Reaction of Lycopersicon species to Erwinia chrysanthemi. 

Species Reactiona 

L. esculenntn 3.40 ± 0.87 
56 accessions 
L. penvianurn 1.33 ± 0.34 
4 accessions 
L. glandulosum 1.20 ± 0 
2 accessions 
L. pimpinellijblium 2.53 ± 0.64 
3 accessions 
L. hirsutun 2.70 ± 0.71 
2 accessions 

aScale 1to 5 

set down an interspecific crossing with L. escolentum cv. Chonto
mejorado. L. glandulosum plants did not produce flowers under our 
conditions. 

F3 progeny of L. esculentum x L. peruvianum was kindly supplied by Dr.
N. G. Hogenboom (IVT). These plants showed similar results of high
resistance, but crossing to L. esculentum cv. Chonto L. 21 only induced 
production of parthenocarpic fruits. 

Discussion 
The evaluation method that showed the most consistent results in

determination of levels of resistance in Lycopersicon cultivars consisted of
depositing a drop of bacterial suspension (5 x 106 cells/ml) on the third
axile and wounding the stem through it in plants 15 days old which were 
incubated at 100% R. H. for 48 h. 

The best sources of resistance to E. chrysanthemipv.zeae were found in 
PI 126431 and PI 128653 of L. peruvianum and PI 126440 and PI 126448
of L. glandulosum. Progeny F3 of interspecific cross between L. esculentum 
x L. peruvianum produced plants that were highly resistant to infection bythe bacteria. At present a breeding program is underwaywith this material 
to produce commercial tomato varieties that are resistant to the bacterial 
soft rot of tomato. 
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Abstract 

In 1969 several bean varieties were evaluated for their level of resistence to 

artificial inoculation of Xanthomonas campestris pv. phaseoli, bean common 

mosaic virus (BCMV), and Uromyces phaseoli var. typica, main diseases of 

dry-beans in the Cauca Valley (Colombia). Sources of resistance were 

selected end included in a bean breeding program of commercial varieties 
ICA Tui, and ICADiacol Calima, Diacol Nima, ICA Guali, ICA Duva, 

Huasan6. In 1974 several progenies were evaluated for agronomic 
blight, BCMV,characteristics and level of resistance to bacterial common 

bean rust, and some other constraints of beans. Since 1977, selected lines 

have been included in yield experiments in comparison to commercial 

varieties in different sites of the Cauca Valley, Colombia, and Caribbean 

a line (ICA L-23) has been selected and will soon becountries. Finally 
released as a new commercial variety. Level of resistance of L-23 has recently 

been increased by crossing to Jules variety and backcrossing to the original 

line. 

Introduction 
in the Cauca ValleyDry bean is one of the main legumes grown 

(Colombia), but it has lost importance in this area in recent years. One of the 

main reasons for the decrease has been the incidence of several insects 

and diseases, such as bacterial common blight (Xanthomonas campestris 
mosaicpv. phaseolh), rust (Uromyces phaseoli var. typica), bean common 

virus (BCMV), and Empoasca kraemeri. 
Main commercial varieties grown in the area are susceptible to these 

constraints. This work was carried out to select good sources of resistance 
breeding program to produce improved varieties withto be included in a 


resistance to these limiting factors.
 

Materials and Methods 

Method of Inoculation 

Evaluation of levels of resistance of bean plants was done by using two 

inoculation procedures: 1. The scissor method, developed by Correa et al. 
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(1), which consists in dipping the scissor in a bacterial suspension (5 x 107 
cells/ml) and cutting twice, the three leaflets per bean plant. 2. High 
pressure spraying method developed by Coyne and Schuster (2), which 
consists of spraying a bacterial suspension (5 x 107 cells/ml) at high 
pressure (120 pounds/sq. in.). The scissor method was used mainly in 
inoculations in the greenhouse and the pressure spraying method, in the 
field evaluations. 

Evaluation of Cultivars 
In 1969, a" initial study was conducted to select from the bean 

germplasm of the Instituto Colombiano Agropecuario, those cultivars with 
reaction to natural infection byX. campestris pv.phaseolilower than 3.0, in 
a scale 1 to 5. Selected cultivars were sown in the field in four replicates, 
row per replicate, and inoculated by spraying a bacterial suspension (5 x
107 cells/ml) at high pressure. Cultivars with reactiin lower than 3.0 were 
sown arid evaluated again in a similar way. The samE materials were sown 
in another experiment to be evaluated under field conditions for resistance 
to bean rust (U. phaseoli var. typica). Plants vwere powdered with 
uredospores of the fungus. A third group of the same cultivars was grown
in the greenhouse and inoculated with sap from infected plants by bean 
common mosaic virus (BCMV). 

Breeding Program 
Cultivars selected as resistant to the three diseases mentioned above 

were included in a crossing program with the commercial varieties present
at that time. Once crosses were made, they were left to segregate for five 
generations, selecting each time for agronomic characteristics, such as 
plant architecture, number of pods, number of grains per pod, size, and 
color of seed. 

Table 1. Reaction of bean cultivars to different diseases. 

Cultivar Afiublo bacterial Roya Virus 
(X. phaseoli) (Uromy'ces phaseoli (CBMV) 

var. typica) 
Diacol Calima MSa MS S 
ICA Guali S MR S 
ICA Nima MS MR S 
ICA Tui S HS S 
ICA Duva HS S 
50987 - C MR HS S 
Nicaragua 90 MR HS S 
Pintado MR MS S 
Red Kote R MR R 
a R = resistant; MR = moderately resistant; MS moderately susceptible; S = susceptible; 

HS = highly susceptible. 
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Starting with the sixth generation, selected materials were evaluated for 
resistance under field conditions by artificially inoculating plants with X. 
campestris pv. phaseoli and U. phaseolivar. typica and under greenhouse 
conditions with X. campestris pv. phaseoli and BCMV. Materials found as 
resistant to the three diseases were evaluated in similar way in the three 
following generations. 

Regional Trials 

Materials in the ninth generation that were resistant to the three 
diseases, X. campestris pv. phaseoli, U. phaseoli var. typica, and BCMV, 
were included in yield trials in comparison to commercial varieties in 
experimental plots at the Experimental Center of ICA at Palmira and in 
regional trials with farmers. 

Results 

Method of Inoculation 

Both methods of inoculation were found reliable in differentiating levels 
of resistance to the bacterial common blight (X. campestris pv. phaseolh). 

Evaluation of Cultivars 

In the bean germplasm of the Instituto ColombianoAgropecuario, which 
includes 870 entries, only 25 cultivars showed a reaction lower than 3.0to 
bacterial blight. From these, only 11 cultivars were selected to be evaluated 
in level of resistance to bean rust (U. phaseolivar. typica) and BCMV; some 
of the results are given in Table 2. The best materials were Pintadoand Red 
Kote. 

Table 2. Reaction of advanced bean lines to bacterial blight (Xanthomonas cam
pestis pv. phaseoli). 

Lines (77-B) Experiments 

Field Greenhouse 

10204 3 .5 a 1.0 

10211 2.0 3.2 

10203 2.5 4.1 

10219 2.0 2.6 

L 22 2.0 1.8 

L 23 2.0 1.9 

L24 2.0 2.8 

Diacol Calima 3.5 3.4 

ICA Palmar 3.5 4.6 

ICA Duva 5.0 4.8 
a Scale ito 5 
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Breeding Program 
Pintado and Red Kote were in a breeding program with commercialvarieties Diacol Calima, Diacol Nima, ICA Guali, ICA Duva, and others. Inthe fifth generation of segregation, 16 lines were selected as havingsuitable agronomic characteristics, to be evaluated for level of resistance tobean bacterial blight, rust, and BCMV under field and greenhouseconditions. Some of the results are shown in Tables 2 and 3. The bestresistance was obtained with bean lines L 22, L 23, and L24 from the crossDiacol NINA x Red Kote. Some selected cultivars were evaluatedfor level ofresistance to several isolates of X. campestris pv. phaseoli, from different

places with the results shown in Table 4. 

Table 3. Reaction of advanced bean lines to different diseases. 

Bacterial Blight Rust 
(Xanthomonas campestris pv. (Uromyces phaseolivar. 

phaseoli) typica) 

Number Type of VirusCultivar Foliage Pods of pustules pustules (CBMV) 

L22 1.9 a 3.0 1.0 2.0 0
 
L23 1.4 3.0 1.0 1.0 0
 
L24 2.5 3.0 1.0 1.3 0
 
ICA Duva 4.9 4.3 
 5
 
ICA Bunsi 
 4.2 4.8 5
 
Diacol Calima 
 3.3 3.0 5 
a Scale 0 to 5 

Table 4. Reaction of bean cultivars to different isolates of Xanthomonas campestris 

pv. phaseoli. 

Isolatesa 

Cultivars Xp 5 Xp U2 Xp 123 Xp S Xp Br
(ICA Colombia) Uganda (CIAT Colombia) (Nebraska) (Brasil) 

ICA Palmar 5.0 2.7 4.1 2.4 3.8 
L22 3.1 1.9 2.7 1.5 2.2 
L23 3.1 1.9 3.0 2.3 2.6 
L24 2.7 2.1 2.5 2.4 2.6 
Jules 1.1 1.4 1.6 1.1 2.0 
aScale ito 5 
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Regional Trials 
Bean lines L 22, L 23, and L 24, selected for their resistance to bacterial 

blight (X. campestris pv. phaseoh), rust (U. phaseoli var. typica) and BCMV, 

were included in a program of yield t ;als in comparison to the commercial 
Palmar. Trials were planted at the

varieties Diacol Calima and ICA 
and in regional trials with several

Experimental Center of ICA-Palmira 
farmers. Some results are shown in Table 5, where the best results were 

obtained with the lines L 22, L 23, and L 24, which out-yielded commercial 

varieties Diacol Calima and ICA Palmar by 13.5 to 16.2% in experimental 

plots and 32.0 to 38 % in farmers fields. 

Table 5. Yield of commercial varieties and promisory lines of bean. 

FarmersCentro Experimental 
ICA-Palmira 

kg/ha Percent kg/ha Percent 

± 98.195.0 19 1 0.0 b 212Line 22 1653 .7a ± 307 
± 440 100.0Line 23 1741.2 ± 286 100.0 1946.3 

90.9
Line 24 1676.2 ± 273 96.3 1769.4 + 431 

Diacol Calima 1458.9 ± 242 83.8 1207.3 ± 664 62.0 

86.5 1324.3 ± 424 68.0
ICA Palmar 1505.4 ± 234 

aAverage of nine semesters of plantings
 

b Average of crops in five different places In Colombia: Huila, Candelaria (Valle),
 

Fresno (Tolima), Miranda (Cauca). 

Discussion 

Methods of inoculation developed by several authors to detect levels of 

resistance to X. campestris pv. phaseoli were found reliable in selection of 

resistant materials. Some materials were eliminated during evaluation of 

resistance to bean rust (U. phaseoli var. typica) and BCMV. Only Pintado 

and Red Kote presented an acceptable reaction to the three diseases. 
in a breeding program with

These two varieties, once included 
commercial varieties, produced the bean lines L 22, L 23, and L 24 with 

excellent level of resistance to X. campestris pv. phaseoli, U. phaseolivar. 
as well as against Empoasca kraemeri(CIAT, 1979 VEF).typica, and BCMV, 


They out-yielded Diacol Calima, the main commercial variety of this area,
 

by 16.2% in experimental plots and 38% at farmer levels. Most
 

outstanding in agronomic characteristics, resistance to diseases, and yield
 

of the three was L 23. It has been suggested that this line be distributed as a
 

new commercial variety for the Cauca Valley(Colombia). Line L 23 resulted
 

from crossing Diacol Nina x Red Kote.
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In spite of the good performance of the three lines, a new program has 
been started to increase level of resistance to bacterial blight (X. campestris
pv. phaseolh) and keep the other good characteristics by crossing to Jules 
variety and backcrossing to original lines. At present, material is in the 
fourth backcrossing, with high level of resistance to the three diseases.
This material will enable selection of still better materials in the near 
future.
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Abstrect 

Tobacco seedlings were protected from bacterial wilt caused by 
Pseudomonas solanacearum with avirulent bacteriocin-producing strains 

(ABPS) of P.solanaceatum in the greenhouse and in an infested field. One 

hundred forty-nine strains of P. solanacearum from 9 different hosts were 
assayed for bacteriocin activity. All strains were assayed as bactoriocin 
producers against 22 bacteriocin indicator strains. Strains with the most 

bacteriocin activity were selected and aviruleni strains obtained from each. 
Four ABPS inhibited over 90% of the 149 strains tested. Disease control was 
investigated in the greenhouse and field by first dipping the roots of tobacco 
seedlings in water suspensio sof ABPS containing 2 x 109 colony forming 
units (CFU)/ml for 30 min prior to transplanting to infested so;!. Selected 
ABPS protected tobacco seedlings from bacterial wilt in the greenhouse; 
however, the level of protection was altered by the population level of the 

virulent strain. Most disease control resulted when the population of the 
virulent strain in soil was at or below 106 CFU/g of oven dried soil. Three 

ABPS significantly protected a susceptible tobacco cultivar for 80 days in a 
infested field in which the inoculum potential was artificiallynaturally 


augmented with a virulent strain of P. -olanacearum.
 

Introduction 

Bacterial wilt, caused by Pseudomonas solanacearum E. F. Smith, is a 
serious diseage of tobacco. In North Carolina, losses to bacterial wilt were 
3.5 and 8.0 million dollars in 1979 and 1980, respectively (1). 

Bacterial diseases of plants have been controlled by the application of 
avirulent bacteriocin-producing strains (ABPS) of bacteria. Crown gall 

(Agrobacterium tunefaciens) of apples and stone fruits was controlled by 
dipping the root system of seedlings in water suspension of the avirulent 
bacterium-producing strains 84 of A. radiobacter before planting them in 
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infested soil (9). Bacterial canker of tomato was also controlled in thegreenhouse by spraying tomato plants with 3n ABPS of Corynebacterium
michiganense (3).

Bacteriocin-like activity in P. solanacearum was first reported by Okabein 1954 (10). In 1976, Cuppels (2) reported that 48 strains of P.solanacearum from 11 different hosts and 9 different regions of the worldproduced bacteriocins that selectively inhibited other strains of the samespecies; these strains were bacteriocinogenic for at least one of the 53 
indicator strains tested. 

This work reports on selection and isolation of avirulent bacteriocin
producing strains of P. solanacearum and their application to tobacco 
seedlings to control bacterial wilt. 

Materials and Methods 
Bacterial Strains 

One hundred and forty-nine strains of P. solanacearum (tobacco, 61;tomato, 29; banana, 39; potato, 8; pepper, 5; eggplant, 4; peanut, 3) from acollection maintained in the Department of Plant Pathology at NorthCarolina State University were used. When needed, strains were grown ontetrazolium chloride (TZC) agar (6) plates at 30 0C for 48 h. 

Selection of Bacteriocin-Producing Strains 
Bacteriocin-producing strains of P. solanacearum were selected by amodification of the procedure of Echandi (4). Twenty-two strains of P.solanacearumwere used as indicators (Table 1). A 20 ml layer of casaminoacid-peptone-glucose (CPG) agar (2) in a 9-cm petri dish was spot-seeded

on the surface with 12 different test strains and incubated at 300 C for4O h.
Colonies were transferred from these master plates using a multipoint
replicator with diameter rods4-mm aluminum to fresh CPG platespreviously dried for 3 to 5 days at room temperature. After incubation at30 0 C for 40 h, bacterial cells were killed by inverting the plates andexposing them for 60 min to the vapor from 3 ml of chloroform in aMicrovoid transfer chamber with continuous air circulation. 

Two-tenths ml of indicator strain (107 cells/ml) was added to 4 ml of0.7% melted water agar and poured over the bottom layer of agar. After the agar solidified, the plates were inverted and reincubated at 301C for 24 h.Inhibition zones were measured. Strains with activity against the greatestnumber of P. solanacearum strains were selected. These were tested forlysogenicity by the procedure of Gratia (8). Twenty-four hour CPG brothcultures with bacteriocin-like activity were subjected to a ten-fold serialdilution and spotted (0.02 ml) on plates previously seeded with an indicatorstrain. Plates were incubated at 301C for 24 h and observed for plaque
formation. 

Isolation of Avirulent Strains from Bacteriocin-producing Strains 
Avirulent bacteriocin-producing strains of P. solanacearum were

obtained by the procedure of Kelman and Hruschka (7). Selectedbacteriocin-producing strains were cultured in glucose-proteose peptone



Strains of Pseudononas solainaceanim used to detect bacteriocinogenicTable 1. 

strains. 

OriginStrain 

LocationHost 

North CarolinaPotato 
North Carolina 

121 
Tobacco 

Tomato Georgia 
124 

128 
North CarolinaPeanut 
North Carolina 

129 

137 Potato 
North Carolina139 Tomato 
North Carolina155 Marigold 
North Carolina156 Eggplant 
North Carolina166 Tobacco 


169 Tobacco 
 Florida 

180 Banana Costa Rica
 

183 Tobacco 
 North Carolina 

Costa RicaBanana 
Costa Rica 

197 

Ileliconia212 
Banana 	 La Lima, PerO 

Colombia 
245 

lteliconia249 


286 Sunflower 
 North Carolina 

Taiwan
 

C 34 Tobacco Taiwan
 

C 61 Tomato Taiwan
 

C 75 Tomato Taiwan
 

C 107 Tobacco Taiwan
 

C 12 	 Tobacco 

yeast extract broth at 25 0 C for 5 to 10 days, streaked on TZC plates and 

incubated at 301C for 48 h. Avirulent strains appeared as small butyrous 

colonies. A single butyrous colony was transferred to sterile water, shaken 
plates. This procedure was repeated atthoroughly and streaked on TZC 


least three times with each strain.
 

Strains were then inoculated in 4 to 6-week-old tobacco (Nicotiana 

tabacum L., cv. Hicks). tomato (Lycopersicon esculentum Mill., cv., 
annuum L., cv. Bull nose), eggplantHomestead-24), pepper (Capsicum 


(Solanum melongena L., cv. Duksy), and potato (Solanum tuberosum L., cv.
 

Red Pontiac); root systems of tobacco, tomato, eggplant, and pepper
 

seedlings were dipped for 30 min in a water suspension of each strain
 

containing 5 x 108 colony forming units (CFU)/ml and planted in a mixture
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of soil and sand (2: 1, v/v) contained in 1O-cm clay pots. Potato seedlings
were inoculated by the method of Winstead and Kelman (11) using a
bacterial suspension containing 5 x 108 CFU/ml. Inoculated plants were
placed in a greenhouse at 28 to40°C and observed for 4 weeks. If avirulent,
the strains were retested in vitro against the original 149 strains of P.
solanacearum to confirm their bacteriocinogenic activity range. 

Application of ABPS for Disease Control 
Avirulent bacteriocin-producing strain 121 and the virulent strains K-60 

were grown separately in CPG broth on a shaker at 28 0 C for 48 h. A watersuspension from each straini was prepared by centrifuging the culture at
16.000 x g for 15 min, resuspensing the pellet in sterile distilled water and 
adjusting the suspension to 2 x 109 CFU/ml.

Treatments consisted of: 1)dipping the root systems of tobacco seedlings
in a suspension of ABPS 121 containing 2 x 109 CFU/ml for 30 min and
transplanting them to pots containing soil mixture incorporated with the
virulent strain K-60 at a concentration of 1.1 x 106 CFU/g oven dried soil, 2)
dipping the root systems of tobacco seedlings in sterile water for 30 min
and transplanting them to pots containing soil mixture incorporated with
the virulent strain K-60 at a concentration of 1.3 x 106 CFU/g of oven dried
soil, respectively, 3) the same as 2, but the soil mixture was incorporated
with ABPS 121 at a concentration of 1.3 to 108 CFU/g of oven dried soil
instead of 1.3 to 106 CFU/g of oven dried soil; 4) dipping the root systems of
tobacco seedlings in a suspension of ABPS 121 containing 2 x 109 CFU/ml
for 30 min and transplanting them to pots containing soil mixtureincorporated with the virulent strain K-60 and the ABPS 121 at 
concentrations of 1.1 to 106 and 1.3 to 106 CFU/g of oven dried soil,
respectively; 5) the same as 4 but the soil mixture was incorporated with 
the ABPS 121 at a concentration of 1.3 to 108 CFU/g of oven dried soil,
instead of 1.3 to 106 CFU/g oven dried soil; 6) dipping the root systems of
tobacco seedlings in sterile water for 30 min and transplanting them to pots
containing soil mixture incorporated with the virulent strain K-60 at a
concentration of 1.1 x 10' CFU/g of oven dried soil. 

Sixteen 5-week-old tobacco seedlings of the cultivar Hicks were used in
each treatment. All plants were placed in a greenhouse at 28 to 400C.
Disease development was recorded at 5-day intervals for 30 days using the 
following index: 0 =no visible wilt; 1= 1-15% leaves wilted; 2 =16-30%
leaves wilted; 3 =31-60% leaves wilted; 4= more than 60% leaves wilted; 5 = 

all leaves wilted or plant dead. 

Protection Efficacy of ABPS for Granville Wilt 
An aqueous suspension of virulent strain K-60was incorporated into the

soil mixture to provide inoculum levels of 2 x 108 to 2 x 103 CFU/g of oven
dried soil at ten-fold intervals. Also, water suspensions of ABPS 121 and
ABPS 237 containing 2 x 10 CFU/ml were prepared as described above.
The root systems of eight 5-week-old tobacco plants of cultivar Hicks were
dipped in each suspension of ABPS 121 and ABPS 237 for 30 min and
planted in 10-cm clay pots containing soil mixture incorporated with K-60. 
Untreated control plants were dipped in sterile distilled water. Disease 
development was recorded as described above. 
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Greenhouse EvaluatiAn of ABPS for Disease Control 

ABPS and the avirulent K-60 BI strain were evaluated forSeven 
greenhouse.protection of tobacco seedlings against bacterial wilt in the 

The root systems of twelve 5-week-old Hicks tobacco plants were dipped in 

one of the suspensions of ABPS or K-60 BI (2 x i 09 CFU/ml)for 30 mn, and 

a sandy loam soil from Oxford, NC, in 10-cm clay potstransplanted into 
infested with the virulent strains K-60 at a concentration of 2 x 106 CFU/g 

of oven dried soil. Disease development was recorded for 30 days as 

described above. 

Field Evaluation of ABPS lrisease Control 

in a sandy loam at Oxford, NC, infestedA field experiment was coi i'.u.. 
assure sufficient3 years previously with the virulent strain K-60. To 

inoculum, K-60 was grown in shake-culture in a semi-synthetic medium 

(5) at 28 0 Cfor 72 h, diluted 1:40 with sterile distilled water (1 x 108 CFU/ml) 

and sprayed (3200 ml/1 O0 feet) in a band 20 cm wide on an open furrow. 

The furrow was closed immediately after spraying. Oneweek later, the root 

system of 50-day-old tobacco seedlings of the cultivar NC 2326 were 

dipped as described above in ABPS 121,146, 149, 153, 175, and K-60B1. 

The experiment was dosigned as a completely randomized block with 4 
a single of 22 tobacco plants.replications. Each replication was row 

Disease development was recorded at 15-day intervals for 80 days using 

the scale described above. 

Results 

Selection of ABPS 

One hundred twenty-one of 149 strains of P. solanacearum tested had 

bacteriocin activity against the 22 indicator strains of P. solanacearum. Ten 
a wide spectrum of activity and 6bacteriocin-producing strains with 

bacteriocin-producing strains isolated from North Carolina and Georgia 

were selected for activity against the virulent strain K-60. When serial 

dilutions of bacteriocin-containing supernatants were spotted onto plates 
no individual plaques werepreviously seeded with the indicator strain, 

strains and proved
observed. Selections were obtained from the 16 

avirulent on tobacco, tomato, eggplant, pepper, and potato. The selected 

ABPS were retested for bacteriocin activity against the149 strains of P. 

solanacearum and ABPS 199,237,238, and 274 retained a wide spectrum 

of activity (Table 2 

Application of ABPS for Disease Control 

ABPS protected tobacco seedlings from bacterial wilt when applied as a 

root dip or when incorporated in the soil. Dipping the root systems of 

tobacco seedlings in asuspension of ABPS 121 containing 2 x 109 CFU/ml 

protected tobacco seedlings from bacterial wilt for 20 days when planted in 

soil incorporated with the virulent strain K-60 at a concentration of 1.1 to 

106 CFU/g of oven dried soil; incorporating the ABPS 121 in soil at a 

concentration of 1.3 to 106 did not increase protection from bacterial wilt. 
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Table 2. Sensitivity of virulent Pseudomonas solanacearum strains to avirulent 
bacteriocinogenic strains of the same bacterium. 

No. of ba-,teriocin-sensitive strains in 
indicator group

Bacteriocin 
producing Tobacco Tomato Banana Potato Pepper

strains (6 1)z (29) (39) (8) (5) 

121 48 21 27 7 4 

146 14 7 22 5 1 

149 48 21 32 
 6 3 

175 42 14 29 7 3 

180 54 22 10 7 3 

199 57 23 
 15 7 3 

237 57 
 28 38 7 4 

238 59 29 38 7 4 

274 56 
 28 38 7 3 

ZNumbers in parentheses indicate the number of strains in each indicator group tested for bacte
riocin sensitivity. 

Eggplant Peanut 
(4) (3) 

4 3 

0 0 
4 3 
1 1 

4 3 
4 3 

4 3 
4 3 
4 3 



When the concentration of ABPS 121 was increased to 1.3 x 108, complete 
protection of tobacco seedlings was obtained for the duration of the 
experiment. Similar protection from bacterial wilt, resulted when tobacco 
seedlings were dipped in water and planted in soil incorporated with ABPS 
121 at 1.3 x 108 CFU/g of oven dried soil (Table 3). Although complete 
protection of tobacco seedlings from bacterial wilt resulted when ABPS 
121 was incorporated in soil at a concentration of 1.3 x 10, root dip was 

used in most other experiments, because it was easy to perform and 

required less inoculum. 

Protection Efficacy by ABPS 

Protection of tobacco seedlings from bacterial wilt with ABPS was 
influenced by the inoculum density of pathogen in soil. When roots of 
tobacco seedlings were dipped in ABPS 121 orABPS 237 and transplanted 
into soil infested with the pathogen at various densities (103 - 108 CFU /g of 

oven dried soil of virulent strains of P. solanacearum), symptom expression 
was delayed and the infection was reduced except with 108 CFU/g of oven 
dried soil (Fig. 1). Infection was related to pathogen concentration in soil. 
The smaller the pathogen population, the smaller the disease incidence 
and severity. However, more protection from bacterial wilt resulted when 
the pathogen population in soil was at or below 106 CFU/g of oven dried 
soil (Fig. 1). 

Table 3. Comparison of root dip and soil incorporation of avirulent bacteriocin

producing strain (ABPS) 121 of Pseudomonas solanacearum for protection of 

tobacco from bacterial wilt.x 

Concentration of ABPS 121 at 

Root dipy Soil incorporation Disease indexz 
Treatment 


(CFU/ml) (CFU/g of oven
 
dried soil)
 

109 - 0.9Root dip 2 x 

Soil incorporation water 1.3 x 106 2.2 

Soil incorporation water 1.3 x 108 0.0 

Root dip + soil 
incorporation 2 x 109 1.3 x 106 0.9
 

Root dip + soil 9
 
incorporation 2 x 10 1.3 x 108 0.0
 

Untreated control water 3.5
-

LSD (P = 0.05) 1.0 

x Soil infested with virulent strain K-60 at the concentration of 1.1 x 106 CFU/g of oven dried 

soil. 

Y Root systems of seedlings dipped in a suspension of ABPS or water for 30 min before trans

planting into soil-sand mix with K-60 or K-60 plus ABPS 121. 

z Disease index ranged from 0 = no visible symptom to 5 = completely wilted or dead, 

Figures listed are the average of 16 plants 20 days after transplanting. 
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CONC OF PATHOGEN (CFU/G OF OVEN DRIED SOIL) 

Fig. 1 . Efficacy of protection of tobacco from bacterialwilt 
by avirulent bacteriocin-producing strain (ABPS) in 
relation to inoculum density of pathogen at 10 and 20 days
after transplanting. Index ranged from O=no visible wilt to 
5 = entire plant wilted or dead. 
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Evaluation of ABPS for Disease Control in Greenhouse 

Avirulent bacteriocin-prodJcing strains 121, 146,175, 180,237 and 274 
plants from bacterial wilt; symptom expression wasprotected tobacco 

delayed and disease incidence was reduced as compared to untreated 
seedlings planted in either non-autoclaved soil or autocalved soil. Plants 
treated with K-60 BI were as affected as the untreated control. None of the 
ABPS treatments gave complete protection from bacterial wilt (Table 4). 

Table 4. Effect of avirulent bacteriocin-producing strains (ABPS) of Pseudomonas 
solanaceaumon bacterial wilt of tobacco in the greenhousex 

Disease indexz 
Avirulent bacteriocin-

Days after treatmentproducing strains (ABPS) y 

20 30 

0.3 1.7121 
0.2 1.9146 
0.5 3.3149 
0.4 2.8175 
0.0 0.9180 
0.0 1.6237 
0.7 1.3274 
1.7 3.8K-60 B1 
2.2 3.9Nonautoclaved soil, untreated 
3.8 5.0Autoclaved soil, untreated 


LSD (P = 0.05) 1.2 1.7
 

Natural sandy loam soil was infested with pathogenic strain K-60 at thle conc of 1.6 x 106x 

All treatments except one of untreated were nonautoclaved soil.CFU/g of oven dried soil. 

Y 40-day-old Hicks tobacco plants were dipped in a suspension of 2 x 10 9 CFU/ml of ABPS
 

for 30 min prior to transplanting. Untreated plants were dipped in water.
 
z Disease index ranged from 0 = no visible wilt to 5 = completely wilted or dead. Figures
 

listed are the average of 12 plants. 

Field Evaluation of ABPS for Disease Control 

Ina field experiment in which the root systems of tobacco seedlings were 
dipped in ABPS, most ABPS protected tobacco plants from bacterial wilt. 
Water-treated control plants had wilt symptoms 20 days after transplan
ting. At 80 days K-60 BI and all ABPS treatments except ABPS 149 showed 
significant protection of tobacco plants from bacterial wilt (Table 5). 
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Table 5. Effect of avirulent bacteriocin-producing strains of Pseudomonassolana
cearum on bacterial wilt of tobacco in the field. 

Avirulent bacteriocin- Disease indexz 
producing strains 

121 0.9 
146 0.9 
149 2.8 
153 1.7 
175 0.8 
K-60 B1 1.5 

Untreated control 3.3 
LSD (P = 	 0.05) 1.5 

z Disease index ranged from 0 =no visible wilt to 5 = completely wilted. Figures listed are
the average of 88 plants at 80 days after transplanting. 

Discussion 
Bacterial 	wilt was controlled with ABPS of P. solanacearum in the 

greenhouse and in one field experiment. Avirulent bacteriocin-producing
strains gave better control than the avirulent strain K-60 BI of P.
solanacearum; however, the level of control with ABPS varied with
individual strains. None gave complete control. It is possible that the ABPS
did not colonize the new roots in sufficient numbers or that they did not

produce enough bacteriocins to protect them from infection by the
 
pathogen.


Although the mechanism of protection of ABPS has not been elucidated,
it seems unlikely that competition for root infection sites will be the only
mechanism involved in protection of tobacco plants from bacterial wilt. It is
possible that ABPS may not only attach to root infection sites; but may also
produce bacteriocins that will kill the pathogen and grant additional 
protection to the plants.

Avirulent bacteriocin-producing strains to be effective in biological
control should have a wide spectrum within P. solanacearum, multiply
profusely in the root system of the treated plants, and produce sufficient
bacteriocins to protect the roots from infection by the pathogen. We have 
obtained some information on the effectiveness and possibilties of ABPS 
as biological control agents for bacterial wilt, but many questions must be
answered before ABPS can be used for control of bacterial wilt. 
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Abstract 

Two inoculation techniques were compared for efficacy in screening 
resistance to common bacterial blight (CBB) caused by Xanthomonas 
campestris pv. phaseoli (Xp). Bean cultivars Jules, BAT 93, ICA L24, BAT 
47, BAT 76, and Porrillo Sintetico, with known reactions to the blight in 
Colombia were inoculated in the field and in the greenhouse with Colombian 
isolate Xp-123, A razor blade procedure and a modification of it using
surgical blades were compared. In all cases plants were inoculated in the first 
trifoliate 31 days after planting and evaluated 8 and 12 days after 
inoculation. In the field and greenhouse, the ranking of the cultivars based on 
their CBB reactions was the same with both inoculation techniques.
However, the surgical blade was less effective in eliciting the expected CBB 
reaction from cultivars ranked as intermediate. The uniformity of CBB 
reaction was greatur with the surgical blade procedure. It was also easier to 
ur.i and faster. Both procedures are excellent methods for the evaluation of 
CBB resistance in beans in the field and both allow the simultaneous 
evaluations of other characters such as adaptation, architecture, and 
resistance to other diseases. 

Introduction 

Common bacterial blight (CBB) caused by Xanthomonas campestris pv.
phaseoli (Smith 1897) Dye and Wilkie 1978b (ISPP List 1980)
tXanthomonas phaseoli(Smith) Dowson) is a major disease of dry beans.

The disease is widely distributed in both temperate and tropical bean
growing regions where it can cause considerable reductions in yield and in 
seed quality (13). The pathogen is seed transmitted and can attack leaves,
stems, pods, and seeds. In the U.S.A., the use of clean seed produced in
the semiarid regions of the west and other cultural practices and chemical 
controls are important components of the disease management strategy
(13, 14). In the tropics, particularly where subsistence agriculture may
prevail, such practices are difficult to utilize, thus the use of resistant 
cultivars provides the most adequate and practical method of CBB control 
(10). 
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An important initial step in the generation of disease resistant cultivars 

is the development of a reliable procedure for inoculating plants with 

pathogens artificially. Some of the criteria for choosing the inoculation 

procedure should be effectiveness in inducing distinct responses in 

resistant and susceptible cultivars, repeatability, and ease of using in the 

field where large numbers of plants may be evaluated. In addition, the 

procedure should be rapid, uniform, and easy to learn and implement. 

In the past, several procedures have been utilized, including: A, the 

pricking of the stem with a needle (4) or a scapel (2) previously immersed in 
a bacterial suspensiona bacterial suspension; (B) rubbinig leaves with 

bacteriummixed with carborundum (3); C, spraying entire leaves with a 

at high pressure (2, 8); D, vacuum leaf infiltration (9); E,suspension 
perforation of leaves with a multiple needle inoculator (1, 7); and F,clipping 

of leaves with contaminated scissors (6, 10). 
asAt ClAT, a modification of the scissors leaf-clipping procedure 

reported by Webster (10) was used initially. Webster inoculated half 

primary or trifoliate leaves by cutting about 1.5 cm into the leaf with 

scissors previously dipped in inoculate. A second cut was also made about 

2 cm toward the tip of the leaf (10). 
In a modified procedure, two razor blades were mounted 2 cm apart and 

a wooden handle. Trifoliate leaves were thenparallel to each other on 
bacterial cell suspension and cut in twoplaced on a sponge soaked in a 

areas as shown in Fig. 1.A modification of this "razor blade method" called 

"the surgical blade" procedure, was developed later at ClAT. 

The objectives of the present study were: To report the surgical blade 

method as a new inoculation procedure; and to compare the eff icacy of the 

razor blade and surgical blade procedures, the two inoculation techniques 

utilized at CIAT for the evaluation of common bacterial blight resistance in 

beans. 

Materials and Methods 

A randomized block design with five replications was employed. The field 

experiment was conducted at the CIAT experimental fields near Palmira in 

1981. Six bean cultivars, representing a cross section of the different host 
used (Table 1). The six included 2werereactions to the CBB pathogen 

resistant materials, Jules (P698) and BAT 93; 2 intermediates, ICA Line 24 

and BAT 47; and 2 susceptibles, Porrillo Sint6tico (P566) and BAT 76. 
row plots with rows spaced 60 cmTwenty seeds were planted per 2 m 


apart. The field was isolated from other bean plots.
 

The experiment was also conducted in the greenhouse and in a growth 

room. In the last two locations 2 plants per pot constituted a plot. Field plots 

were planted January 13, 1981 and greenhouse and growth room planting 

was conducted the next day. Inoculation was done on February 6. 

Inoculation with the razor blade has been described previously (5). In the 

surgical blade procedure, a bacterial cell suspension was placed in a plastic 

bottle equipped with a rubber stopper with two small round perforations in 

which pieces of sponge were placed to allow the inoculum to pass slowly. 

494 



Fig. 1. Razor blade equipment used to inoculate bean plants with the 
common bacterial blight pathogen. 

Two steel surgical blades were placed in the rubber stopper next to the
perforations. Both the rubber stopper and blades were enveloped in apiece
of cheese cloth to holdthem in place. Leaves were placed on asponge in a 
tray and stabbed with the blades; inoculum flowed through the holes in the 
Table 1. Known reaction of selected bean cultivars to Xanthomonas campestris pv. 

phaseoli. 

Cultivar Origin Reactiona 

Jules (P698) U.S.A. R 
BAT 93 CIAT R 
ICA Linea 24 ICA-Colombia R- I 
BAT 47 CIAT I 
Porrillo Sintetico El Salvador S 
BAT 76 CIAT S 

aDisease (Common bacterial blight) reaction; R = resistant; I = intermediate; S = suscepti
= =ble; based on 1-5 scale, 1-2 resistant; 3 intermediate; 4 and 5 = susceptible. 
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stopper, saturating the cheesecloth and blades (Fig. 2). In all cases, the 
inoculum potential consisted of 5 x 10? bacterial cells/ml of water. One 
trifoliate leaf was inoculated per plant. All plants in the row were 
inoculated. Rows of control plants were inoculated separately with both 
procedures using sterile distilled water. IsolateXP 123 collected in Palmira 
was used. 

The maximum and minimum temperatures were: field, 301 anrj 190; 
greenhouse, 30.8 and 19.90; growth room, 22.3 and 18.20. The ma) in.-m 
and minimum relative humidities were: field, 91.5 and 460; greenhouse, 
98 and 460; growth room, 93 and 44.21. In another treatment, plantswere 
placed in a greenhouse bench until inoculation time; subsequently, they 
were placed in a humidity chamber with 100% RH for two days. Plants were 
evaluated 8 and 12 days later in the field and growth room. Only one 
evaluation, 10 days after the inoculation, was possible in the greenhouse, 
due to early senescence of some of the trifoliates. Bacterial blight severity 
was rated using a 1.5 scale (Fig. 2 and Fig. 3). 

Fig. 2. Surgical blade inoculation eqJuipmnent. Leaves are placed on a 
sponge saturated with irnocutinum. The olastic bottle also contains 
inOCLUItM. The leaf is pmtu(:trod with two blades. Inoc ulm flows 
throtugh two holes it) the ,tl)D(!r next toi the blades. The holes are fitted 
with sponges. Flow fromi Itu botleh keeps the blades and cheese cloth 
holding sponges in place saturated with inoculumn. 
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Fig. 3. Common bacterial hlight severity scale used for razor blade 
innculation proC((eti r 

Results and Discussion 
The objective was to compare two inoculation procedures for the 

evaluation of CBB resistance in beans. One criteria was that the procedure
should eliminate the possibility of selecting scapes as resistant. In addition,
the procedure should be rapid, to allow the inoculation and evaluation of 
large populations in the field. It should be easy to use, uniform, and should 
allow simultaneous evaluation in the field for CBB resistance and other 
characters such as pod load, architecture, and reaction to other diseases 
such as rust and bean common mosaic virus. 

During the first field evaluation, ranking of the cultivars based on their 
CBB reaction was the same with both inoculation methods (Fig. 4);
however, the CBB reaction was lower than the expected disease reaction 
from these cultivars under local conditions for both inoculation methods. 
Differences in CBB scores were not significant during the first evaluation 
between the two procedures. During the second field evaluation, however,
there were significant differences in CBB scores between the razor blade 
and surgical blade procedures. The razor blade plus bacteria treatment 
induced a wider range of reactions and distinguished better between 
intermediate BAT 47 and resistant cultivars (Fig. 5). The surgical blade 
procedure was less effective in eliciting the expected reaction from 
cultivars ranked as intermediate. 
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Fig. 4. Common bacterial blight severity scale used for the surgical 
blade inoculation procedure. 

The separation of the cultivars into resistant, intermediate, and 
susceptible categories was more definite and clear with the razor blade 
procedure. A second evaluation 13 days after inoculation, was necessary 
before the known reaction to the bacteria by the cultivars used could be 
observed. The controls, where water rather than a bacterial cell 
suspension was used as the inoculum, did not cause any reaction. 

The evaluation in the greenhouse yielded results similar to those 
observed during the second evaluation in the field. There were significant 
differences in CBB scores between the two procedures (Fig. 6). Even 
though the ranking of the cultivars based on their CBB reaction was similar 
with both procedures, the segregation of the cultivars into their known 
resistant, intermediate, and susceptible field reaction groups was much 
wider with the razor blade procedure than with the surgical blade. ICA Line 
24 generally has an intermediate to resistant CBB reaction in the field; 
however, under greenhouse conditions, when inoculated with either 
procedure, its reaction is relatively more susceptible (Fig. 5 and 6). We have 
observed that many determinate cultivars (CIAT Type I) have similar CBB 
field reaction to that of ICA L 24, possibly due to the foliage type. The 
foliage, characterized by larger and thicker leaves, may be altered under 
greenhouse conditions, causing the difference in CBB reaction between 
the field and greenhouse. 
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Fig. 5. Common bacterial blight reaction of six bean cultivars inoculated in the field 
with the razor blade and suigical blade procedures and evaluated eight days after 
inoculation. 
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Fig. 6. Common bacterial blight reaction of six bean cultivars inoculated in the field 

with the razor blade and surgical blade procedures and evaluated eight days after 

inoculation. 
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Fig. 7. Common bacterial blight reaction of six bean cultivars inoculated in the
greenhouse with the razor blade and surgical blade procedures and evaluated ten 
days after inoculation, 
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The treatment in which cultivars maintained in a greenhouse were 

submitted to a 48 h period of high humidity in a humidity chamber after 

inoculation yielded similar results to those in which the cultivars were 
chambermaintained continually in the greenhouse. In the humidity 

treatment ICA Line 24 had a susceptible reaction, contrary to results found 

in the field. In general, the disease severity in this treatment was lower for 
the lower temperature of the humidityall cultivars due, perhaps, to 

chamber. For methods of inoculation which introduce the pathogen into a 

wound, the pathogen need not survive externally on the host, hence a 

humidity treatment is probably not necessary. 
In the growth room disease symptoms were very slow to develop. Here 

the temperature during the entire period was lower than in the greenhouse 

and field. The ranking of the cultivars based on their CBB reaction was 

similar to that of the field and greenhouse. The growth room and humidity 

chamber treatments offered conditions less adequate than the field and 

greenhouse for CBB screenings. 
blade method of CBB inoculation elicited higherIn general, the razor 

disease severity in the susceptible cultivars than the surgical blade 

procedure. With the surgical blade procedure, the discrimination between 

the resistant and intermediate cultivars was lower than with the razor 

blade procedure. It may be possible to increase severity and discrimination 
blade procedure by increasing inoculum concentration.of the surgical 

However, uniformity of CBB reaction on a given cultivar was greater with 
as evidenced by lower standard deviationsthe surgical blade method, 

on ratings of individual plants within a genetically uniformcalculated 
cultivar. Applications also were more uniform between field workers when 

they used the surgical blade procedure. 
The razor blade and surgical blade procedures are both excellent 

methods for the evaluation of resistance in bean to CBB. Both methodsare 

easy to learn and utilize in the field when screening large populations; 

however, with the surgical blade it is possible to inoculate a larger number 

of plants in the same time period. Both procedures permit the evaluation in 

the field of other characters such as other diseases and architecture. This is 
that handle largean important factor for bean improvement programs 


populations.
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Abstract 

Bacterial blight of rice caused by Xanthomonas campestrispv. oryzae is one 
of the major rice diseases in Asi' Major epidemics were reported in the 
1960s, after the introduction of improved high yielding varieties such as 
Taichung Native 1, IR8, and Jaya that do not have adequate resistance to 
disease. Since then, breeding for resistance to bacterial blight has become a 
major component of varietal improvement in many national programs. In 
Japan, effort to breed resistant varieties has increased since the variety 
Asakase became susceptible to a new strain of the pathogens. The 1980 
bacterial blight epidemic in Punjab, India showed the threatening nature of 
the disease to rice production. Disease control measures should follow an 
integrated approach, where resistance serves as a base for alternatives to fit 
into the developed disease control and management system. This appears to 

be the most logical approach when we consider the climate and the diverse 
cropping systems of rice culture in Asia. Other national programs and the 
Intemational Rice Research Institute have identified resistance sources and 
utilized them in hybridization. These efforts may provide a foundation to 
manage and control the rice bacterial blight in Asia. 

Introduction 

Bacterial blight has occurred throughout Asia, in northern Australia, and 
Malagasy. The disease was reported in Latin America in 1977 (7) and in 
mainland Africa in 1979, first in Mali and then in Cameroon (Notteghem, 
personal communication). 

In Asian regions where resistant varieties are grown, the disease 

damage has been minimal with no major economic importance. In other 

areas, however, the disease continues to be a threat to rice production. 

In the Punjab, India, a severe outbreak of bacterial blight occurred in 

1980. Three widely grown varieties, IR8, Jaya, and PR 106, were 
susceptible and affected by the disease. Several thousand hectares ol 

severely blighted fields were plowed under by farmers (9). 

This epidemic demonstrates the potential danger from bacterial blight in 

Asia. The deployment of resistant cultivars appears to be the most effective 

and economical method of controlling the disease. Recent findings ol 

pathogen specialization for rice varieties with specific genes for resistance 

(8, 10), show there is need not only for resistant cultivars but also for 

cultivars differing in resistance. 
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IRRI continues to identify new resistance sources from its vast 
germplasm collection and to utilize them in a crossing program. IRRI's 
progress and the prospect in breeding for bacterial blight resistance are 
reported and discussed in this paper. 

Identification and Evaluation of Resistance Sources 
Since 1975, more than 40,000 accessions from IRRI's germplasm bank 

have been evaluated in the field for resistance to bacterial blight using a 
common strain of Xanthomonas campestris pv. oryzae. The strain, PX061,
is virulent on varieties without genes for resistance. Varieties and breeding
lines with resistance carry theXa..7 gene (Mew, unpublished data). About 
3,000 entries have been identified and confirmed as resistant in the 
Bacterial Blight General Screening Nursery (BBSN) in the field (scored 1 to 
3 on a 1 to 9 system based on %leaf area infected). These were then tested 
against different bacterial strains in the greenhouse or in the field by
artificial inoculation. Table 1 shows the result of this screening. Varieties 
were evaluated for adult plant resistance (resistance at reproductive stage)
and for overall resistance (tillering, maximum tillering, and reproductive
stages). Selected entries would be further screened for inheritance study 
to identify the genes controlling resistance. Figure 1 shows the flow of the 
materials and the general operation of the program.

In the breeding program, hybrid populations in the segregating
generations are screened in the field using the clipping method of 
inoculation. Bacterial strain PX061 at an inoculum density ca. 109 cells/ml
is used. The susceptible F2 and F3 plants are rogued. Selections will 
continue to be screened until they are homozygous and resistance to 
bacterial blight is fixed (4). 

Utilization of Resistance Sources 
More than 100 varieties are used as sources of resistance to bacterial 

blight. Table 2 shows the seven known genes controlling resistance to 
bacterial blight; one (Xa-3) was identified in Japan (11) and the other six at 
IRRI (5). All have been utilized in the crosses (Table 2). Thirty-six of the 
donors are known to carry theXa-4 gene for resistance, which is the most 

Table 1. Evaluation of rice germplasm accession for resistance to bacterial blight, 

1975 to 1980, at IRRI. 

Disease scorea Entry (no.)b 

1 to 3 2,274 
5 198 

7 to 9 46,390 
Total 48,862 

a Scale 0-9 SES. 

b There were repetitions in the total, but those with 1 to 3 and 5 were sorted out 

individually and filed. 
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widely used source, contributing to about 55% of the total 33,898 crosses 

made. There are two allelic genes at the Xa-4 locus, Xa-4a and Xa-4b. The 

resistance expression conditioned by Xa-4a is effective against bacterial 

strain PX061 and others belonging to the group I of the Philippines at both 

vegetative and reproductive stages, while Xa-4 bis effective against PXO61 

only at the reproductive stage. The resistance conditioned by these genes is 

not, however, effective against strain PX063 of group IIand PX079 of group 

III (Mew, unpublished data). Among the 36 varieties having Xa-4 ,for 

10 that carry Xa-4a and 26 Xa-4b(Table 3).resistance, there are 

Evaluation of germplasm 
for 

BB Resistance 

sTypes of Resf gtancers 

Resistance atisunce o 
different growth stagespeistathotypes 

specinetipSthotype 

SImproved Sources 

Differential Hybridization 

varieties block / 

Virulence of IResistance 
Pathotype~s Breeding 

Fig. 1. Systematic utili2zation of genetic resistance to bacterial blight (BB) of rice. 
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Table 2. Sources of different genes for resistance to bacterial blight of rice used in 
the IRRI crossing program, 198Q 

Genes for Donor No. of Frequencya 
resistance variety crosses (0/0) 

(no.) 

Xa-3 1 49 0.14 
Xa-4 36 18,576 54.80 
xa-5 19 3,099 9.16 
Xa-6 1 883 2.60 
Xa-7 1 95 0.28 
xa-8 1 3 0.09 
xa-9 1 1 0.03 
Unknown 54 1,688 4.97 
Total 114 24,394 71.96 

a Based on a total nf 33,898 crosses, 

The second large group of 17 resistance donors involved in IRRI's 
crossing program carries the recessive gene at the Xa-5 locus (Table 3).
These varieties are involved in 9% of the total crosses. The other genetic 
sources of bacterial blight resistance includeXa-6,Xa-7, xa-8 andxa-9, but 
they are used less often. The recessive gene xa-9 in the variety Sateng,
recently identified from Laos, has been used only once in the crossing 
program. The origin and IRRI accession number donor varities and the gene
for resistance they carry are listed in Table 3. 

Potential Combination of Genetic Sources for Resistance 
Sources of resistance channeled into the hybridization program are 

utilized in single as well as complex, crosses. The mass crossing and 
screening work at IRRI allows recombination of different genes for 
resistance in the progenies (Table 4). Of the 33,898 crosses performed by
1980 at IRRI, 24,307 (or 67%) involved known genes of bacterial blight
resistance. Many crosses have been performed involving more than one 
gene for resistance. Xa-4, involving both allelic genes, is the major source 
employed in crosses to combine with other genes for resistance (Table 4). 

Prospects 

The 1980 bacterial blight epidemic in India should serve as awarning on 
the potential danger from the disease. The factors relating to the 
development of an epidemic may not be as simple as described by scientists 
(9). However, planting very susceptible cultivars in wide acreages has 
played a significant role in epidemics. Despite continuous efforts at IRRI 
and many national programs for over a decade, the need for resistance 
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Table 3. Parental donors having specific gene(s) for resistance to bacterial blight of 

rice used in the IRRI crossing program. 

Gene(s) Acc. no. Origin Gent;(s) Acc. no. Origin 

NU-.)Xa-3 
ARC 5756 20200 IndiaWase Aikoku 525 Japan 
Aus 32 28895 Bangladesh 
Aus 251 29043 BangladeshXa.4U 

CO 10 3691 India Aus 449 29206 Bangladesh 

CO 22 6400 India Bageri 16193 Bangladesh 
3711 NepalNam-sagui 19 11462 Thailand BJ1 

Pelita I/1 14560 Indonesia Chinsurah Boro II 11484 India 
14561 Indonesia DD 48 8620 BangladeshPelita 1/2 

Sigadis 6525 Indonesia Dharial 3396 Surinam 
PakistanTaothabi 13746 India DL 5 8593 

237 India Dular 636 IndiaTKM 6 
19745 Korea DV 29 8816 BangladeshGui Do 

DV139 BangladeshPakheng 30154 Laos 8870 
DZ192 8518 Bangladesh 

,'Xa.4h Hashikalmi 3397 Surinam
 
Indonesia Kaliboro 600 29367 Pangladesh
Baiang 17183 

Beak Ganggap 17253 Indonesia Kele 25881 Bangladesh 
Bulu Putih 17350 Indonesia 
Bulu Sampang 17352 Indonesia va-.5. Xa-7 
Camor 17366 Indonesia 
Cropak Gede 17687 Indonesia DV85 8839 Bangladesh 
Kentjana 9224 Indonesia DV86 8840 Bangladesh 
Ketan Bas 17830 Indonesia 
Ketan Gondel 17834 Indonesia
 
Ketan Gondopuro 17859 Indonesia ,.'a-r,
 
Ketan Pandan 17932 Indonesia
 
Ketan Temon 17967 Indonesia Zenith 131 U.S.A. 
Lenggang Genuk Bulu 18119 Indonesia M. Sungsong 38794 Philippines 
Padi Tomat 18408 1ndone. a 
Palotan Melati 18426 Indonesia .vci-
Pare Djerah 18458 Indonesia 
Pulo Banrakaja 20073 Indonesia PI 231129 11113 U.S.A. 

Pulut Banda Kaya 27391 Indonesia 
Pulut Bongo 27397 Indonesia Nu-9 
Pulut Kemandi 24621 Indonesia 
Rante 18609 Indonesia Sateng 30193 Laos 
Rathu Heenati 15609 Sri Lanka 
Rengesi 18628 Indonesia 
Remadja 679 Indonesia 
Sintawati 18863 Indonesia 

against a destructive disease like bacterial blight has not always been 
should follow an integratedappreciated. Disease control measures 

where resistance serves as a base for alternative controlapproach, 
measures to fit into the developed disease control and management 
system. This appears to bethe most logical approach when we consider the 

climate and the diverse cropping systems of rice culture in Asia. High rates 
of nitrogen fertilizer application are critical because they favor bacterial 
blight epidemics (9), but with resistance incorporated into the rice cultivars, 
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Table 4. Some selected crosses made at IRRI involving two or more genes for 

resistance. 

Cross no. Cross Genes involved 

IR4475B TKM 6/BJ1 Xa-4/xa-5 
IR4985B I R22//M.S./BJ1 Xa-4/Xa-6/xa-5 
IR9623 DZ192/TKM 6 xa-5/Xa-4 
IR 10950 IR30/Zenith Xa-4/Xa-6 
IR14093 DV85/IR28 Xa-5, Xa-7/Xa-4 
I R25875 DV85/1 R36//l R36 Xa-5, Xa-7/Xa-4//Xa-4 

Table 5. Different known genes for bacterial blight resistance used in various 
combinations in IRRI's crossing program. 1980 

Potential gene combination Cross 

Number Frequency (o/o)a 

Xa-3, Xa-4 2 0.008
 
Xa-3, Xa-6 
 3 0.012
 
Xa-4, xa-5 698 
 2.873
 
Xa-4, Xa-6 
 261 1.073
 
Xa-4, 
 Cas 209 43 0.177
 
xa-5, Xa-6 
 20 0.082
 
xa-5, Xa-7 
 2 0.008
 
Xa-4, xa-5, Cas 209 1 
 0.004
 
Xa-4, xa-5, Xa-7 
 35 0.144
 
Xa-4, xa-5, Xa-6 
 12 0.049
 
Xa-4, xa-5, Xa-6, Xa-7 1 
 0.004 

Total 1,078 4.435 

a Of 24,307 crosses potentially having genes for bacterial blight resistance. 

farmers could manage the crop better in striving for high yield and low 
disease damage. 

The hybridization program at IRRI, utilizing diverse resistance donors, 
pyramids the independently segregating genes for resistance. Results of 
this effort have to be confirmed by genetic analysis. Recent investigations
indicate there are distinct pathotypes (races) present in different rice 
growing countries or even within countries (1, 2, 3, 6). Breeding lines with 
several genes for resistance should oe evaluated through collaboration 
between scientists from IRRI and national programs. 
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Abstract 
Fewer lesions formed in leaves of pepper plants of P. I. 271322 than of 

Early Calwonder after infiltrationwith inocula ofXanthomonas campestris pv. 
vesicatoria containing 105 cells ml-, or less. However, confluent necrosis 
occurred in leaves of both pepper types with inocula of 107 to 106 cells m -1. 
A plant of P. I. 271322 was crossed with a plant of Early Calwonder and the 
F1 , F2 , and bcF1 progenies were obtained. Half-leaves of plants of each 
progeny were infiltrated with about 2.6 x 103 cells ml-I of X. camp. pv. 
vesicatoria. The number of lesions per cm 2 (NL) was determined foreach leaf. 
Segregation for NL occurred in the F2 population. Low NL was recessive to 
high NL and appeared to be controlled by 2 genes. Thus, selection for the low 
NL component of horizontal resistance is possible. 

Introduction 
Two types of resistance to pathogens have been identified in plants and 

have been named vertical and horizontal types (10). Vertical resistance is 
very desirable for use in breeding programs because it is usually simply
inherited and is a very high level. However, vertical resistance has the 
disadvantage of being nullifed by development of r--as of the pathogen.
This is exemplified with a vertical resistance ger for bacterial spot of 
pepper (1). Change of race in populations of Xanti '-7onascampestris pv.
vesicatoria(Doidge) Young et al. occurred at the rate of 4 x 10 - 4mutants per
cell division (3). This high rate of mutation for change of race prevented the 
commercial use of the vertical resistance gene for control of bacterial spot. 

Horizontal resistance is usually not nullified by development of races 
(10). This type of resistance has not been used in breeding programs for 
control of bacterial spot even though Sowell and Dempsey (9) identified 
many pepper lines with degrees of resistance to bacterial spot. The primary 
reasons are the complicated inheritance of genes for horizontal resistance 
and the difficulty in detecting genetically resistant individuals in the 
progeny of crosses of susceptible and resistant plants.

Horizontal resistance to fungal plant pathogens has been associated 
with several components (10). Components for bacterial diseases might be 
stomatal size and frequency, number of lesions per leaf, length of latent 
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period, size of lesions, and number of cells in lesions. The use of horizontal 
resistance in a breeding program for bacterial spot control might be 
simplified if an important component of horizontal resistance to bacterial 
spot could be identified. Emphasis could then be directed toward that 
component. 

The purpose of this paper is to report the existence of a component of 
horizontal resistance that determines the number of lesions ot bacterial 
spot per unit of leaf area. This component exists in the pepper line, P.I. 
271322. A method for selection of the component and evidence for 
heritability of the component are also included. 

Materials and Methods 

Seeds of P. I. 271322 were obtained from Dr. G. Sowell, Plant 
Introduction Station, Experiment, Georgia. This line was reported to be 
highly resistant to X. camp. pv. vesicatoria (9). Three plants of the line were 
selfed and plants from the resulting seeds were tested for resistance. A 

resistant plant of one of the progenies was selected for crossing with a 
random plant of the susceptible cultivar, Early Calwonder (ECW). Pollen 
from the resistant plant was transferred to emasculated flowers of ECW. 
The plant of each parent was selfed and plants from the resulting seeds 
were used as populations of resistant and susceptible parents. A random 
plant in the F 1 generation was selected for self ing and backcrossing to a 
plant of ECW. Pollinations were made in a greenhouse andthe seeds from 
each cross, or self were kept separately. 

Seeds of each line were planted in flats and the seedlings in the 
cotyledonary stage were transplanted to 10-cm clay pots. Fifty of each 
parent, F 1, and bcF 1 generations and 150 plants of the F 2 generation were 
planted. The third leaf of each plant was inoculated when the sixth leaf was 
in the bud stage. The fourth and fifth leaves were inoculated, respectively, 
3 and 7 days later. The temperature in the greenhouse during the 
incubation period fluctuated between 22 and 32 0 C. 

An isolate (80-5) of race 1 of the pepper strain (2) of X. camp. pv. 
vesicatoria was used as inoculum. A colony of the bacterium was 
transferred to 5 ml of nutrient broth and allowed to grow for 24 h at 301C. 
The cells were pelleted, resuspended in sterile tap water, and adjusted to 
0.3 A in a Spectronic 20 colorimeter at 600 nm wavelength. The 
concentration of bacteria in the standardized suspension was determined 
to be 5 x 106 cells ml -1. Inocula of other concentrations were obtained by 
dilutions from the standardized suspension. The inocula were always 
suspended in sterile tap water. Suspensions of about 2.5 x 103 cells ml -1 
were used to inoculate the progenies. The actual numbers of viable cells in 
those inocula were determined by transferring 0.05 ml to a nutrient agar 
plate. The mean number of colonies in three plates was considered as the 
concentration of cells in the inoculum. 

Inoculations were made by the infiltration method of Klement etal. (7). 
One half of a leaf, separated by the midvein, was infiltrated. The inoculated 
area was determined by the dot method (8). Lesions were first noted 7 days 
after inoculation and were counted near 14 days. Since the number of 
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viable cells in inocula varied slightly from test to test, the number of lesions 
per cm 2 (NL) with each leaf was adjusted to correspond to inoculum of 2.5 x 
103 cells m1-'.The adjustment was based on the proportion of the number 
of cells in the inoculum over 2500. This was thought to be valid because of 
a very high correlation between NL and numbers of bacteria in inocula 
(R. E. Stall, unpublished). The mean NL of three determinations for a plant 
was used in the analysis of the inheritance. 

Results 
Confluent necrosis occurred in leaves of ECW with inocula of 107-105 

cells ml1- and distinct lesions developed with inocula of 104-102 cells ml- 1. 
About 10 lesions per cm 2 occurred in leaves inoculated with 103 cells ml 1 . 
Confluent necrosis occurred in leaves of P. I. 271322 with inocula of 107
106 cells ml-I and the necrosis occurred at the same time as in leaves of 
ECW with each concentration. Fewer lesions developed with inocula of 
105-102 cells ml-I in leaves of P. I. 271322 than in leaves of ECW. The 

2average number of lesions in leaves of P.I. 271322 was less than 1 per cm 
when 101 inoculum was used. 

The frequency distributions of plants of P.I. 271322 and ECW according 
to the NL in leaves after inoculation with 2.5 x 103 cells ml -1are presented
in Fig. 1. The range, mean, and variance of the NL for each parental
population are in Table 1. The range of lesions per cm 2 in leaves of the two 
populations did not overlap. The means of NL for the progeny of each parent 
were significantly different (P = 0.01). The variance for the NL for the 
population of resistant plants was equal to the mean which is presumptive
evidence tor a Poisson distribution of the frequencies (5). The variance for 
the NL for the population of susceptible plants was less than the mean 
which is presumptive evidence for a binomial distribution of the 
frequencies. The frequency distributions for the NL of plants of the F1 and 
bcF 1 populations (Fig. 2-3) were similar to those of the susceptible parent.
The variances for the NL of these populations were less than the means, 

2Table 1. The range, mean, and variance of bacterial spot lesions per cm of leaf 
among populations of pepper plants inoculated with 2.5 x 103 cells ml of " 


Xanihonionas campestris pv. vesicaloria. 

Lesions per cm 2 of leaf 
Population 

Range Mean Variance 

Early Calwonder (ECW) 5.7 - 13.2 9.0 1.8 
PI 271322-3 (P,) 0.b - 4.8 1.3 1.3 
F1 (ECW x P1 271322) 7.1 - 13.7 10.7 2.3 
F2 [(ECW x P1 271322) x self] 1.3- 15.3 8.4 10.3 
bcF, [(ECW x P1 ) x ECW] 8.1- 14.8 10.4 1.96 
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which was the same result as for the susceptible parent. The frequency 
distribution for the NLof plants of the F2 population (Fig. 4)was much wider 
than that for other populations. The variance for the NL for the population of 
F2 plants was greater than the mean. Presumably, the frequency 

as a negative binomial.distribution for the F 2population was arranged 
Ten plants among the population of 150 F2 plants were clumped toward 

the low range of NL. The ratio of those plants to the rest of the F 2 

population fits a 15:1 ratio (P>0.95 as determined with the chi square 
test). 

Discussion 

A working hypothesis regarding the inheritance of low NL in P.I. 271322 
awas formulated. The factors for low NL are apparently inherited in 

recessive manner, since the NL among populations of F1 plants was 
similar to that among popula'tions of the susceptible parent. The non
random frequency distribution of F2 plants arranged according to NL 
supports the conclusion that only a few genes are involved in determining 
the low NL. The number of plants with low NL among the F2 population 
was that expected for 2 recessive genes, but this needs corroboration. 

The component of low NL was detected with low inoculum (103 cells 
ml-), but not with high inoLulum (106 cells ml-1). A susceptible-site 
hypothesis can be used to explain the different reactions with different 
inoculum levels (4). The chances are greater that a bacterium will contact a 
susceptible site on a cell surface if the inoculum is high in numbers of cells. 
Presumably, fewer susceptible sites exist on cells in leaves of P.1. 271322, 
therefore a high inoculum level is needed for a bacterium to come in 
contact with a susceptible site by chance. A susceptible site may only 
determine if a bacterium can obtain nutrition for growth. 

The importance of the component of low NL in field resistance has not 
been determined. A test to determine importance of low NL should await 
the development of near isogenic lines with and without the component so 
that other influencing components are removed (6). Such isogenic lines 
are under development. 

A second component of horizontal resistance apparently is present in 
P.I. 271322. Different types of lesions were noted among the F2 

population inoculated withX. camp. pv. vesicatoria. Lesions in some leaves 
were sunken and watersoaked, whereas lesions in others were raised and 
appeared as pustules. The former were like the susceptible parent and the 
latter were like the resistant parent. The two lesion types appeared to be 
discrete and independent of the component that determines the number of 
lesions per cm2 . 

A combination of horizontal components may be necessary for field 
resistance to bacterial spot of pepper. However, if inheritance of other 
components is as simple as inheritance of the NL component seems to be, 
use of horizontal resistance in breeding programs may be common in the 
future. Transfer of the genes for the NL component to horticulturally 
desirable pepper plants should be possible with standard backcrossing. 
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National Plant Pathology Institute 
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Abstract 

A program for the production of healthy plants is in use in Denmark. 
two methods are used, theConcerning the tests for bacterial diseases 

immunofluorescence and ELISA. The sensitivities of the methods are equal, 

but the ELISA-method is easier to read. Positive and negative controls are 

necessary for both of the methods, especially for the ELISA where the values 

are different from time to time. Plant material is prepared for testing by 

shaking it in sterile water for 16 hours. After that, the suspension is 
evencentrifuged to concentrate the bacteria. The results are easy to read, 

when the plants are weakly attacked. 

Introduction 

In Denmark the production of pot plants under glass is increasing. The 
is rather low, and it is necessary to heat thetemperature in Denmark 

greenhouses. With the increasing oil prices it is very important to have a 

safe production. For this reason a program called DGP-production has been 
"Plants with defined genetic properties and free ofstarted. DGP means: 


defined pathogens." Testing for bacterial diseases is carried out as part of
 

the program. The procedure is:
 

1.Healthy plants are selected visually from those that are growing best. 

2.Cuttings are taken from these plants. 

of the cuttings are used for testing for pathogenic3.The lower 3 cm 
bacteria. 

Every time new cuttings are taken the procedure under 3 is carried out 

until plants are handed over to the Plant Propagation Station. 
Examples of cultures are Dieffenbachia sp. tested for Erwinia 

chrysanthemi (Burk et al) Bergey, Kalanchoe blossfeldiana (Erwinia 
and Pelargonium x hortorum (Xanthomonas pelargoniichrysantheml), 

(Brown) Starr and Burkholder).
 

Testing of Kalanchoe blossfeldiana for Erwinia Chrysanthemi and a
 
Comparison of Methods.
 

In 1976 many growers in Denmark experienced severe attack of E. 

chrysanthemi on K. blossfeldiana. The general symptoms were strongly 
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retarded plants with permanently wilted greyish-mat leaves. The first sign
of an attack was leaf wilt. Cross sections of stems which were badly
attacked revealed a very brown necrotic pith.

Investigations (Dinesen, 1979) showed that this bacterium can be
disseminated by cuttings from diseased motherplants. The greatest risk for 
dissemination is with cuttings where only a few xylem cells have a 
brownish discoloration and no other symptoms. For that reason it is 
necessary to find a testing method which is safe and very sensitive. 

Materials and Methods 

Preparation of Plant Material 
As mentioned earlier, the lower 3 cm of the cuttings are tested. Theso 3 

cm are cut in small pieces and transferred to a bottle with 100 ml of sterile 
water. The bottle is shaken (130 R.P.M.) for 16 hours. 

Naturally infected plants are used as positive contols. "Badly attacked" 
means plants with clear symptoms. "Weakly attacked" means the only 
signs of attack are brown colored xylem cells. The test is carried out with 
undiluted liquid from the bottles, and dilutions of 1:10 and 1:100. Prior to 
use, the liquid is centrifuged twice. The first time, 180 x g for 10 minutes. 
The second time the supernatant is centrifuged by 6900 x g for 20 minutes. 
The sediment is resuspended in a phosphate buffer and used for the 
different serological testing methods. Healthy looking plants without 
discoloration of the xylem cells were used as negative samples. A pure
culture of danish isolate (no. 109) from K. blossfeldiana was also included. 
The dilution was 109 cells/ml measured nephelometrically. 

Production of Antiserum 
Erwinia chrysanthemi (no. 109) was grown for 3 days on nutrient agar

(Difco). The cells were washed from the tubes with 0.01 M phosphate (pH
7.2) plus 0.85% sodium chloride (PBS). Cells were washed three times by
centrifugation at 6900 x g for 20 minutes and resuspended in PBS. After 
washing the cells were dialyzed against 2% glutaraldehyd in PBS for 16 
hours and then dialysed against PBS at 40 C for 16 hours. A rabbit was 
given intramuscular injections in the hind legs at weekly intervals for 5 
weeks. The injections consisted of 1.5 ml of bacterial suspension (109
cells/ml) emulsified 1:1 with Freunds incomplete adjuvant. The injections 
were given in each of the hind legs. Two weeks after the fifth injection a 
booster injection was given. Twelve days after the initial injection the 
bleeding started. 

The Immunofluorescence Method 
The indirect immunofluorescence method was used. 

The procedure was: 
1.Add drops of suspension on the glass slide. 
2.Air dry. 
3.Flood with 95% alcohol - let stand for 10 minutes - flame off and cool. 
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4.Add middle layer antiserum (anti Erwinia chrysanthemi serum diluted 
1:200).
 

5.Incubate for 30 minutes at room temperature and in dark.
 

6.Rinse carefully with phosphate buffer. 

7.Wash 3 times for 5 minutes in a phosphate buffer. 

8.Add fluorescein isothiocyanate (FITC)-labeled swine anti-rabbit serum 

(DAKO-laboratories Copenhagen) diluted 1:100. 

9. Incubate for 30 minutes as 5. Repeat 6 and 7.
 

10.Add mountant and cover slip.
 

The phosphate buffer was composed of: 80 g NaCI, 2 g KH 2 P04 , 29 g 
Na 2HPO 4 x 12 H20 2 gKCI, 2 g NaNO 3 in 1000 ml distilled water. The slides 
were examined by Nikon epi fluorescence equipment. A filter of main 

wavelength of 495 nm and oil-immersion lens was used. 

The ELISA-method 

The methods described by Clark and Adams (1977) were used. The 
fractionated 'Yglobulin showed an E2 ,,of 1.4. When itwas prepared for the 
testing it was diluted 1:160. The dilution of the conjugated Y-globulin was 
1:400. Reading of the microtiterplate was done photometrically on a 
Titertek multiskan at a wavelength of 405 nm. 

Results 

In Table 1 the lowest and highest values in five trials, using ELISA, are 

given. The level of the absorbance values (E405) measured by the Titertek 

are different from one trial to another. Table 2 shows values from a single 
trial with badly attacked, weakly attacked, and healthy plants. 

The weakly attacked plant is negative when tested without certifugation 
(E405 =0.060) by the ELISA method, but positive (E 405 =1.054) when 
centrifugation was used. With immunofluorescence, the bacteria fluoresc
ed much more clearly following centrifugation. 

Discussion 

By shaking the plant material in sterile water instead of grinding it, the 
intensity of the fluorescence is improved. The reason is that a lot of tissue 
debris is avoided. Keeping in mind that the testing of the plants should 
result in healthy plants, it is very important that all infected plants be 
identified. If there are plants containing only a few bacteria, these bacteria 
will multiply during the 16 hours shaking at room temperature so that the 
chances of finding all infected plants are increased. 

As mentioned, the values obtained from the Titertek are different from 
time to time. Therefore when using the ELISA method it is essential to have 
a positive and a negative control. 
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Table 1. Comparisons of the ELISA and immunofluoiescence methods, for detection of bacteria in Kalanchod blossfeldiana. 

Weakly attacked 

Centrifuged 

Badly attacked 

Centrifuged 

Healthy plants 

With symptoms but no 
discoloration of xylem 

Centrifuged 

Erwinia chrysanthemi no. 109 

109 cells/ml 

ELISA Immu nofluorescence 
absorbance (E 4 0 5 ) numbers of bacteria per microscope field 

undiluted 1:10 1:100 undiluted 1:10 1:100 

0.060-0.171 0.036-0.131 0.029-0.105 10-50 5-10 0-2 
0.247-1.054 0.230-0.937 0.124-0.131 50 5-20 0-2 
0.186-1.894 0.147-... 0.114-1.161 50 5-20 0-5 
0.273-- . a 0.215---. 0.150-0.853 50 10-20 0-2 
0.078-0.139 neg. 

0.003-0.096 0.030-0.107 0.033-0.103 neg. neg. neg. 
0.100-0.106 0.040-0.07 0.032-0.106 neg. neg. neg. 
0.200-.. 50 

a ... means the absorbence value exceeds 2.000 

http:0.040-0.07


Table 2. The ELISA and immunofluorescence methods in a single trial with 
different plant material. 

Immunofluorescence 
ELISA numbers of bacteria per 

absorbance (E405) microscope field 

undiluted 1:10 1:100 undiluted 1:10 1:100 

Weakly attacked 0.060 0.036 0.029 10-50 >50 0-2 

Centrifuged 1.054 0.937 0.131 >50 10-20 0-2 

Badly attacked 0.433 0.225 0.149 25-50 10-20 2-5 

Centrifuged 1.465 1.997 0.853 >50 10-20 0-1 

Healthy plants 0.019 0.016 0.028 neg. neg. neg. 

Centrifuged 0.048 0.034 0.028 neg. neg. neg. 

The investigations also show that with weakly attacked plants it is 
necessary to use centrifugation in order to concentrate the bacteria. When 
this is done, the value becomes sufficiently high that there is no doubt 
about the result (see Table 2) and the reaction is so intense that the reading 
can be done visually. 

When using undiluted material or a dilution of 1:10 from weakly attacked 
plants the immunofluorescence method is as good as the ELISA method. At 
a dilution of 1 100 from weakly attacked plants 0-2 bacteria are usually 
found per microscope field, thus it is necessary to be very careful with the 
examination because many fields are without bacteria. Keeping that in 
mind and that it is very tiring and time consuming to look in the microscope 
in the darkroom, the ELISA method is preferable because it is possible todo 
the reading automatically. However, ELISA is not faster than im
munofluorescerce, neither is it more sensitive (see Table 1). With the 
ELISA and immunofluorescence, one has tools to test material in a safe and 
sensitive way. To be sure that the plants are completely free of pathogens it 
is necessary to test plant material several times before it goes to the 
growers. In Denmark the DGP-plants are tested every time the material is 
renewed. This means at least four times, before it is handed over to the 
Plant Propagation Station. 
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Production of Danish Seed Potatoes
 
Free of Corynebacterium
 
sepedonicum 
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Lyngby, Denmark 

The production of seed potatoes in Denmark is going to be based on 
meristem plants or stem cuttings, just to eliminate the virus diseases and 
be sure that no ringrot is found in the Danish potato production. 

The 	testing procedure for Corynebacterium sepedonicum is: 

Preparation of the Material 

a. 	 Heel ends or stem parts are cut in small pieces.
b. 	 This material is transferred to 100 mlof sterile water and shaken for 18 

hours. 
c. 	 The fluid is centrifugated twice. 

I. 180 x g in 10 minutes, 
II.The supernatant by 7000 x g for 20 minutes. 

d. 	 The sediment is shaken with only a few ml of phosphate buffer. 
e. 	 Immunofluorescence testing is done on the sediment. 

The 	Immunofluorescence Procedure 

a. 	 Add drops of suspension on the object glass. 

b. 	 Air dry. 
c. 	 Flood with 95% alcohol; let stand for 10 minutes; flame off and cool. 
d. 	 Add middle layer antiserum (anti C. sepedonicum serum diluted 

1:200). 
e. 	 Incubate for 30 minutes at room temperature and in the dark. 
f. 	 Rinse carefully with phosphate buffer. 
g. 	 Wash 3 times for 5 minutes in a phosphate buffer. 
h. 	 Add fluorescein isothiocyanate (FITC)labeled swine anti-rabbit serum 

(DAKO-laboratories, Copenhagen) diluted 1: 100. 
i. 	 Incubate for 30 minutes same as e. Repeat f and g. 
j. 	 Add mountant and cover slip. 
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Testing for ring rot ICorynebacterium sepedonicum) in potato 

I P 

I > The heel end is tested for ring rot 

about 10 p c of the tubers in each sample are tested for ring rot 

" -- Segments of the stem used for 
production of seed potatoes 

This stem part is : 7= 
tested for ring rot1 

Fig. 1. Testing for ring rot (Corynebacterium sepedonicum) in potato. 
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Abstract 
Resistance to bacterial canker in cherry and plum (P. avium and P. 

domestica) is not consistent at the seedling stage and local variation in soil 
conditions can markedly affect susceptibility. The pl, siological state of the 
tree, influenced by prevailing environmental coniditions, affects both 
susceptibility to infection and its subsequent development. An interaction 
between plum rootstocks and the scions grnted on them affects rootstock 
response to infection. 

Inoculum composition and the timing of its application are also important
factors. There are great differences in the susceptibility of some cherry
rootstocks and cultivars to different races of the pathogen Pseudomonas 
syringae pv. morsprunorum. 

Introduction 
The absence of effective and cheap bactericides to control plant diseases 

caused by bacteria puts pressure on plant breeders to produce resistant 
cultivars. The problem of how to assess resistance to a pathogen most
effectively has confronted many workers and has no easy solution. 
Optimum conditions for testing cannot always be ensured and, since most
selection programs aim to reduce considerably the number of seedlings to
be carried through for further tests, inocula of higher concentration and 
purity than are normally encountered in the field are used. Screening in
this way can readily eliminate the most susceptible material but a valid 
assessment of resistance can be made only after several years of field 
observation. 

A search for new stone fruit rootstocks and cultivars was prorn.pted by
the demand from growers for dwarf trees, which are essential for intensive 
systems of fruit growing; there is also a need for new high quality cultivars 
as well as for a means of reducing losses from bacterial canker. Breeding 
programs were therefore initiated at East Mailing to produce rootstocks 
with the desired cultural characteristics and bacterial canker resistance. 

Some of the problems encountered in screening for resistance to 
bacterial canker of stone fruits are described. 

A prime requisite if screening for resistance is to be successful is a
knowledge of the disease in question. Bacterial canker caused by
Pseudomonas syringae pv. morsprunorum is one of the factors limiting the
successful production of cherry (Prunus avium) and plum (P. domestica) in 
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southeast England. The pathogen lives as an epiphyte on leaf surfaces 
throughout the growing season. In autumn the leaf scars of cherry become 
infected when the pathogen is washed into them during rain and, in 
addition, branch and trunk wounas may become infected. On plum, leaf 
scars are not susceptible; on this host, wounds on the trunks of young trees 
are the major avenues of infection. On both hosts, resultant cankers may 
girdle the branch or trunk and cause die-back. 
. Autumn sprays of Bordeaux Mixture will virtually eliminate the epiphytic 
population and thus give a good control of the disease on cherry (1). No 
comparable chemical control has been found for trunk cankers on plum or 
cherry. 

Methods 

A standard technique was used in which a -shaped scalpel wound was 
made in the stem into which a few drops of inoculum at a concentration of 
ca 108 cells ml I were inserted; humidity was maintained by binding the 
wound with polythene tape (2). Inoculations were carried out during the 
optimum period for infection, December to January (10). 

Results 
Some of the factors that affected the results of the series of tests are 

reported on below, 

Plant Age 
Initially, 1200 cherry seedlings were lined out for screening. Any which 

became cankered were discarded (Table 1). Many seedlings which 
survived in the first 2 yr of inoculations were subsequently recorded as 
susceptible. However, there was a correlation between the results 
obtained on 3-yr-old rootstocks and the same stocks when reinoculated at 
6 yr old (6). No such effect of plant age was detected in screening plum 
rootstocks. Trajkorski and Lernius (12) in Swaden also found an effect of 
plant age when they tested cherry for field res',itc 'e to bacterial canker 
without inoculation and assessed performance at ;. .nd 4 yr. They found 

Table 1. Resistance of P. avium cherry clones of different ages to bacterial canker. 

No.clones 
tested 

age 
(yr) 

No. 
discarded as 

No. 
resistant 

0/0 
resistant 

susceptible 

1200 1 794 406 33.8 

406 2 274 132 32.5 

132 3 116 16 12.4 

5 + 10 hybrids 3 0 15 100.0 

5 + 10 hybrids 6 0 15 100.0 
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that although 24% were resistant at the earlier assessment, less than one
fifth of these were still recorded as resistant at 4 yr (Table 2).

Assessment should therefore be made on cherry on trees that are at least 
3 yr old. 

Table 2. Field resistance of cherry (P. avium) to bacterial canker. 

Resistant Resistant 
at 2 yrs at 4 yrs 

No. seedlings 
No. 0/0 No. 0/o 

7857 1904 24.23 
1904 371 19.48 

'Napoleon' cross 18.5 0.6 

Data from Trajkorski nnd Le.::us, 1977 

Soil Factorx 
Replicate trees of 132 clones for inoculation at-3 yr were lined out, with 

two sets of F1 2/1 a,-.d F 1/3 as standards. Cankers on the two standards 
toward the south end of the double row were only 47% and 77%the length
of the samle standards near the north end, so the categories denoting high,
medium or low resistance of the tests clones had to be adjusted along the 
rows (6). The differences were not attributable to tree vigor since, although
grafted trees of each clone were smaller than nongrafted, there was no 
consistent difference in canker length. All the clones were derivatives of a 
single cross. This positional effect has been reported elsewhere (3,4)and is 
believed to be due to differences in soil factors and consequent differences 
in concentration of minor nutrients in host tissues. 

Physiological State 
The physiological state of the tree is closely bound with the prevailing

environmental conditions. It has been established that the trees are 
immune to infection during most of the growing season. Although cankers 
will result from inoculation from August to March it is those from 
December and January inoculations, in the middle of the dormant season, 
toht are ultimately longest (10). Even in the dormant season an interval of 4 
weeks between inoculations can make a significant difference to final 
canker length (6), probably because of changes in host physiological and 
environmental conditions. An interval of only 3 days between inoculation 
has resulted in a marked decrease in susceptibility of new cherry cultivars 
following inoculation with both races of P. s. pv. morsprunorum and P. s.pv. 
syringae (Matthews, pers. comm.).

Cherry rootstock susceptibility was not affected by a susceptible scion 
grafted on it. In contrast, when a range of plum rootstocks were grafted
with the susceptible cultivar 'Victoria' they were significantly more 

527 



susceptible than when grafted with the more resistant 'Early Laxton'. 
There was no reverse effect of rootstock on the susceptibility of the two 

scion cultivars to inoculation (11). 

Inoculum 
Clearly the response to a pathogen is dependent upon the inoculum with 

which it is challenged. The choice of test isolates is always a difficult one to 

make. A single highly virulent isolate may be selected or a pooled inoculum 

of isolates of differing virulence, but repre:;entative of those which the host 

might encounter naturally, may be preferred. 
It is possible that some of the differences between the results from 

screening the cherry rootstocks at 2 and again at 3 yr old (Table 1) might 

have been due to a change in the inoculum used, but the age of the trees 

was of greater importance. 
A variant form of the pathogen, discovered in southeast England in 1970 

and designated race 2 (4), differs from the typical race 1 of P. s. pv. 

morsprunorum in a number of characteristics, including virulence (Table 

3). Its presence was discovered when trees of the canker resistant cultivar 

'Roundel' became badly infected and a survey showed that the organism 

was already quite widely distributed (4). It was therefore necessary to 

screen for resistance to the new race the selected rootstocks which had 

been carried through to the 6 yr test and also newcherrycultivars from the 

breeding program at the John Innes Institute, Norwich. The rootstocks 

were equally resistant to race 2, with the exception of one P. avium cross 

which was highlysusceptible (5). However, many of the new cultivarswere 

susceptible to race 2 and only one-fifth of those selected for the National 
the new race (7). The screening of 46Fruit Trials were resistant to 

Table 3. Distinguishing characters for Pseudomonas syringae pv. morsprunorum 

races 1 and 2 and P. syringae pv. syringae. 

P. syringae pv.Character 	 P. syringae pv. 
morsprunorum syringae 

race 1 race 2 

Colony on nutrient 
sucrose agar at 48 h striated 'fried egg' striated 

Growth in nutrient 	 White, 
sucrose broth white yellow/white yellow 

Hydrolysis arbutin 	 + 

Tyrosinase activity + 	 + 

Use of tartrate + 	 (+) 
+Use of lactate 

Sensitivity to A7 + 	 + 

Sensitivity to B1 	 - + 
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established varieties showed that 32 were susceptible, two-thirds of these 
being very susceptible, and only 13 (28.3%) were resistant (8). 

Although P. s. pv. morspruriorum is the dominant organism on cherry in 
southeast England, the pathogen P. s. pv. syringae has been isolated from 
the cultivar 'Van'. Inoculations with these isolates have shown that they 
are much less virulent through leaf scars than P. s. pv. morsprunorum but 
are equally virulent through wound inoculation (Garrett, unpublished).

The new cultivars from John Innes have now been screened with P. s. pv. 
syringae and some of them are susceptible to this pathogen though
resistant to both races of P. s. pv. morsprunorum. Thus their potentialfor 
release to N. America has been reduced. 

I have recently made a survey of the fluorescent pseudomonads on plum
in England so that representative types can be included in the inoculum 
when selections of new plum cultivars arise from the current breeding 
program of Long Ashton Research Station, Bristol. But, however carefully 
inoculum is selected, the future emergence of a new form or race of the 
pathogen with altered pathogenicity or host range can threaten new or 
established resistant cultivars. 

Discussion 

In breeding resistant cultivars of tree fruits there is inevitably a long lag
phase from the initial cross to the release of a new cultivar. In screening for 
resistance to disease the conditions are weighted in favour of infection and 
only about 1% of seedlings will be expected to survive the rigorous 
selection procedures. When the host plants are perennial trees one needs 
to recognize that response to inoculation at a juvenile stage is not 
necessarily correlated with that on older trees. In field testing at a single 
location the variation in soils and environmental conditions from one year 
to the next or during one season can influence the result of screening tests. 
In one year conditions were so unfavorable for infection that a screen of 
plum rootstock was totally valueless. The differences in soil, environment, 
and strains of pathogen between one locality and another may account 
for the fact that a cultivar may be recorded as resistant in one and as 
susceptible in another. A compilation of the rating of pear cultivars for their 
resistance to fireblight illustrates this clearly (13) although the very
susceptible or near immune cultivars perform more consistently than those 
of moderate resistance. 

Greater standardization of conditions could be obtained by use of potted 
trees in a controlled environment greenhouse. This method is often used 
for initial testing for fireblight resistance of pear where young growing
shoots are inoculated and the results recorded a few days later. 
Development of bacterial canker takes 4 to 6 mo and, difficulties in the 
practical application, reliability, and correlation with field performance 
would need to be overcome before such a screening method could be 
established. 

Unless new bactericides are forthcoming, and the prospects for this are 
not encouraging, the use of resistant cultivars must increase. The 
development of reliable and more rapid screening procedures is therefore 
desirable. 
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Cooperation between plant breeders and crop protection scientists of all 
disciplines is needed to avoid such catastrophes as the release of mosaic 
resistant cassava which was highly susceptible to, and decimated by, 
cassava bacterial blight. The causal organism Xanthomonas manihotis 
was an indigenous but, until then, very minor bacterial pathogen (9). The 
screening of new cultivars for pest and disease resistance can only be 
carried out effectively in an integrated program. 
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Abstract 
Crown gall (Agrobacterium tumefaciens Smith and Townsend) in nurseriesis a problem not to be underestimated. Consequent to in vitro experimentsand observations in the greenhouse, the possibilities of fighting crown gallwere investigated in nurseries with the help of adipping and dusting method.Seventy-eight thousand rootstocks were examined. They were: apple M4,MM1 06, M9; Quince, Mirabolan; Wildpeach; and Wildcherry. Thee ,4iciencyof fighting pathogenic strains ofA. tumefacienswith the antagonis ic strainA. radiobacter K84 (Kerr) (100 cells/ml) was tesled, This was compared withthe effect of treatments with streptomycin-sulphate (0.025%) as a standardand with the bactericide CGA 78039 (CIBA-GEIGY, Basle, Switzerland; 1%or 5000 ppm A. 1.). The effects of methoxyethyl.Hg (0.012 Hg A. I. insolution) and a slurry of methoxyethyl-Hg (1.76% A. I.total slurry) have beencompared. The phytotoxicity of these chemicals was high. It seems that theantagonism between A. radiobacter and A. tumefaciensIs much more efficientin stone fruits (peach and cherries) than in apple rootstocks. After treatmentwith the antagonist, rootstocks of M9 even showed significantly higherlevels of tumors. After double treatment of the same rootstocks (M9,December and April/May 1980/81) with the bactericide CGA 78039,

remarkable effects were found. 

Introduction
 
Crown gall (Agrobacterium tumefaciens Smith 
and Townsend) is aphytopathological problem in Switzerland and Hungary. This concernsmainly the rootstock production in nurseries for stonefruits, apples, pears,quinL-4. and the production of berries, not grapewine (3).No exac, data are available for estimating the losses caused by crowngall. It is astonishing that in the USA the loss in plant production byA.tumefaciens is one of the most serious plant bacteriological problems (4).In Hungary, the loss of A. tumefaciens in nurseries has been estimated tobe 10% (Sule, 1981 personal communication). 
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So far, chemical control of the disease in nurseries has been mostly 

ineffective (4). Added to this are toxicological problems and problems with 

buildup of resistance of pathogenic bacteria against antibiotics. 
Biological control discovered and developed in Australia (11), however, 

appeared to be very promising. In the middle of the seventies, a series of 

experiments fighting the pathogen was started in Hungary, and two years 

later, in Switzerland. Investigations were made by in vitro experiments to 

test the antagonism between 25"strains of A. tumafeciens [isolated in 

Switzerland, 3 received from A. Kerr, and 3 bought from NCPPP (No. 396

1001, 2270)] and A. radiobacter K84, also received from A. Kerr. The tests 

have been escalated in the greenhouse with tobacco and tomato (3, 8). 
It was hoped a practical way could be found for controlling crown gall in 

nurseries, without treatments of antibiotics or chemicals incorporating 
mercury. 

Materials and Methods 

In January, 1980 dipping treatments were made in three Swiss 

nurseries; 3,271 rootstocks were treated to fight crown gall. All the 

rootstocks were suspected to be infected with the pathogen. They were one 
year old and had a diameter of 4 to 5 mm. 

The dipping treatment was made with a bacterial suspension of the 

antagonistic bacteria strain A. radiobacter K84 Kerr [ (108 cells/ml); the 

other dipping treatments were made with streptomycin-sulphate (0.025%), 

Pfitzer] as a standard and with the bactericide CGA 78039 (1% or 5000 
ppm A. I., CIBA-GEIGY, Basle, Switzerland). The results of these 
treatments have been compared with the effect of the occasional (but not 
allowed) dipping treatments of mercury chemicals in nurseries. 

aAfter the treatments, the rootstocks were stored separately in 
refrigerated chamber, kept there to be planted in May, 1980. Part of the 
rootstocks (1278 plants) were treated a second time with the same 
treatment, on the day of planting out in the nurseries (May, 1980). For 
statistical reasons, it is only possible to present the treatment results of two 
nurseries (total 2199 rootstocks M9, 717 plants of which were treated 
twice as described, Table 1). 

The plants were evaluated in January, 1981. During the first treatment 
at the time of harvest of the rootstocks in the nurseries in January, 1980 no 
roots of the rootstocks were cut. The plants which have been treated a 
second time had their roots cut one day before the second treatment to a 
lenght of 1 cm or less. 

made only examinedObservations were not to determine if thq 
rootstocks showed tumors or not; the applied evaluating system also gave 
the location of the tumors on the plant and how big they were (8). 

In Hungary a total of 69,330 plants have been tested by a dipping and 
pulverizing method (16). The plants were: apple rootstocks M4 (20,830 
plant-) and MM106 (10,000 plants); quince (4,000 plants), myrobolan 
(4,000 plants), wild peach (10,000 plants) and wild cherry (10,000 plants). 

The dipping method was made in a bacterial suspension ofA. radiobacter 
(K84, Kerr; 108 cells/ml) during 15 minutes. The treatment was made in 
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Table 1. Treatments of 2199 one year old rootstocks M9 and their effect in reducing crown gall in two 

Swiss nurseriesa 

Nursey la Nursey 2a 

Treatment evaluated O/o of plants evaluated °/o of plants 
plants with galls plants with galls 

Untreated 276 25.75 231 21.9 
A. radiobacter K84 1 tr.b 140 9.3 110 40.0 
A. radiobacter K84 2 tr.C - _ 120 41.4 
Streptomycit sulphate 1 tr. 138 20.4 105 8.6 
Streptomycin -. lphate 2 tr. 136 15.8 123 12.1 
CGA 78039 1 tr. 136 16.9 106 13.2 
CGA 78039 2 tr. 135 9.6 122 8.2 
Methoxyethyl-Hg 1 tr. 138 12.6 102 7.1 
Methoxyethyl-Hg 2 tr. -  81 0 

Total 1099 Total 1100 

a Nursery No. 1 : Hessen, Widenswil; No. 2 : Dickenmann, Ellighausen.
b 1 tr. one treatment (January 1980). 

c 2 tr. treatments (January and May 1980). 



March/April before planting. The plants were evaluated 18 months later, 
classified as plants with and without galls. 

The pulverizing method was done by a sprayer apparatus. The roots were 
sprayed for total wetness with a bacterial suspension of 108 cells/ml and 
the treated plants were evaluated 18 months later. The tested plant 
materials and their treatments are listed in Table 2, including the results. 

Results 

The efficiency of the various treatments to control A. tumefaciens in 
Swiss and Hungarian nurseries is shown in Tables 1 and 2 and Figures 1 
and 2. 

Almost 26% of the untreated rootstocks M9 in the Swiss nursery 1 
(Hessen) were attacked; 21.9% in nursery 2 (Dickenmann). In both cases,a 
second treatment with the bactericide CGA 78039 (at the time of harvest of 
the rootstocks M9 in January, 1980 and at the time of planting in May) 
showed a very good effect; in nursery 2 at a nearly significant level (LSD 
0.05; 15, 2), in nursery 1 at a significant level (LSD 0.05; 11.7) (Fig. 1 and 
2). The efficiency of treatments of the rootstocks with the bacterial 
antagonist strain A. radiobacter K84 (Kerr) had a significant effect in 
nursery 1. 

Similar and also not homogenous results were found on apple rootstock 
treatments in Hungarian nurseries (Table 2). In two cases (M4/Idared and 
M4,'Starking) the number of galls from rootstocks M4, treated with the 
antagonist bacterial strain K84 (Kerr) (dipping treatment), was twice and 
three times as high as untreated rootstocks. 

Treating wildpeach/peach Jerseyland and wildcherry/cherry Bigarreau 
Burlett with the dipping method showed good efficacy. 

4
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Fig. 1. Results of one treatment of the 1 2 1 2 1 2 1 2 
rootstocks when harvested in January, 
1981. 	 Fig. 2. Results, two treatments of the 

rootstocks, one when harvested in 
January, 1980, and one in May, 1980, 
when they were planted. 
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Table 2. Treatments to control A. tumefaciens and their effect in Hungarian nurseries. 

Year of 

experiment 

1979/80 

1979/80 

1976/77 

1978/79 

1975/76 

1977/78 

1977/78 

Method 

Dipping 

Dipping 

Pulverizing 

Dipping 

Pulverizing 

Pulverizing 

Pulverizing 

Plants 

incubated 

M4/ldared 

M4/Starking 

M4/Starkrimson 

M4/Jonathan 

MM106/ldared 

M4/Redspur 

quince/pear 

No. of plants 

treated untreated 

5,000 5,000 
2,000 2,000 

500 500 

2,000 2,000 
5,000 51000 
1,165 1,165 
2,000 2,000 

treated 

710 

410 

82 

46 

360 

35 

84 

Plants with galls 

0/o untreated 

14.2 321 
20.5 122 
16.4 59 

2.3 58 
7.2 392 
3 35 
4.2 92 

0/o 

6.42 

6.1 

11.8 

2.9 

7.84 

3 

4.6 

1977/78 Pulverizing 
Yellow Williams 
myrabolan/apricot 2,000 2,000 0 0 38 1.9 

1978/79 Dipping 
Rakowsky 
wildpeach/peach 10,000 10,000 0 0 942 9.42 

1979/80 Dipping 
Jerseyland 
wildcherry/cherry 5,000 5.000 42 0.84 412 8.24 
Bigarreau Burlet 

C. 

al 



Discussion 
Until now, young apple rootstocks in some Swiss nurseriesweretreated 

to fight A. tumefaciens with a solution of methoxyethyl-Hg (0.012 Hg A.I.) 
or by a slurry of methoxyethyl-Hg (1.75% A. I. total slurry). The objective of 
these four years of work was to give the nurserymen an alternative control 
for crown gall, fighting with biological control (1, 2, 6,7, 9, 10, 11,1 2, 13, 
14, 15), and to show that a possibility exists for chemical treatment of 
bacterial plant diseases, not based on Mercury or antibiotics (8, 5). 

The results of the experiments fightingA. tumefaciens in Swiss and 
Hungarian nurseries are similar. It is well-known that the control of the 
pathogen in apple and pear nurseries is much more difficult by the 
discussed biological method than in stone fruit nurseries. 

The reason could be that the bacterial antagonist strain A. radiobacter 
K84 (Kerr) was not isolated from apple or pear nurseries, but from stone 
fruits. For example, after treatments of rootstocks M9 and M4 with the 
antagonist K84, the significant inverse effect was found in the cases of 
nursery 2 (Switzerland, Table 1, Figure 2, and in Hungary, Table 2: 
M4/ldared and M4 Starking). 

It is interesting to see that here the number of diseased rootstocks has 
doubled or more. It is not clear if the reason for this fact isto be understood 
as a synergism. 
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Abstract 

Successful application of biological control for Agrobacterium tumefaciens 
was carried out in acommercial rose nursery in Spain during 1979. In spite of 
the low number of galled plants in untreated plots, 0.1% during the year, 
plants treated with strain K84 in peat preparations had fewer galls, 0.11%. 
Previous isolations made from galled plants in this geographical area showed 
the presence of biotypes I and 2. Both Agrocin 84 sensitive and resistant 
isolates were observed, however, the sensitive isolates were predominant. 

A field trial in naturally contaminated soil was initiated, using amixture of 
Fredica, Indica, and Manetti rootstock cuttings totalling 40,000. Test 
treatment included K94, K84 plus captan and captan alone in addition to 
untreated checks. All K84 inoculum was prepared in peat at aconcentration 
of 5 x 108 viable cells per gram of peat. Inoculations were performed by either 
amending the field soil with inoculum where the cuttings were placed, or 
by dipping 7,500 cuttings into a solution of 2 kg of inoculum in 3 liters of 
water prior to field planting. 

A significant reduction of tumors was observed in K84 treated cuttings and 
captan treatment appeared to favor tumor development. When in vitro 
compatibility was studied, growth of K84 on solid and in liquid media was 
inhibited by the addition of captan and TMTD but not benomyl, iprodione and 
methyl thiophanate. Agrobacterim tumefaciens isolates recovered from 
tumors were characterized as to biotype and sensitivity to Agrocin 84. 
Results of these laboratory tests will be discussed. 

Introduction 

var.Agrobacterium radiobacter (Beijerinch & Van Delden) Conn, 
tumefaciens(Smith & Townsend) Keane et al. causal agent of crown gall, 
produces important economic losses in fruit and rose nurseries in Spain 
(L6pez and Salcedo, 1979). 

Biological control of crown gall on rose has beei successfully used in 
Australia, New Zealand, U.S.A. (Moore, 1979) and Italy (Garibaldi and 
Raimondo, 1977). Occasionally the method has not been fullyeffective and 
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in an experiment carried out in Texas by Lyle (Moore, 1979), 10% moretumors were found in rose plants treated with strain K84 than in controlplants inoculated with A. r. var tumefaciens. The causes of those failures 
have not been studied. 

In Spain, peat inoculum of strain 84, has been prepared from 1979 at theInstituto Nacional de Investigaciones Agrarias (INIA) by mixing broth
culture of K84 and peat moss.

Biological control of crown gall on fruit trees has not yet been usedcommercially, due to the high number of Agrobacterium isolates resistantto Agrocin 84 that were obtained in a preliminary survey (L6pez and 
Salcedo, 1979).

On rose, biological control was first commercially applied in 1979 in animportant nursery. In a previous work (Orive et al., 1980)we had studied 66virulent isolates from 29 rose plants sampled at that nursery. Thirty-three
of those isolates belonged to biotype I and the rest of them to biotype 2.Forty-nine isolates were sensitive to Agrocin 84, 12 of them were resistant,
and 5 were slightly sensitive. No relationship between biotypes andsensitivity to Agrocin 84 was observed. Our results were in agreement withpreliminary data obtained by Faivre-Amiot (Faivre-Amiot, personal
communication). Treatment of rose cuttings with K84 was successful inspite of the low incidence of crown gall in 1980. In untreated plots 0.1% ofthe plants were infected whereas only 0.01% of galled plants werefound in 
treated plots.

The need for standard fungicide treatment at the rose nurseriesprompted us to study the in vitro and in vivo compatibility betweenbiological control of crown gall with strain K84 and the usual fungicide
applications. Preliminary data seemed to indicate that K84 was sensitive to 
some fungicides in vitro (Faivre-Amiot, personal communication). 

Materials and Methods 
Preparation of K84 Inoculum
 

A 60-liter stainless steel fermenter proveJed with 
an aeration systemwas used to prepare K84 inoculum. The medium used contains: 1.0 g.
K2 HPO 4, 0.15 g MgSO 4 . 7 H20, 0.1g CaC12, 0.7 g KNO 3, 0.3 g (NHn)2 ,PO 4H, 0.005 g MnSO4 .7 H20,O.005g FeCl 3, 10g sucrose, 1 g yeastextract 
per liter water. 

Sterile medium was inoculated by adding 1% of the final volume of 24 hshaken culture of the strain K84 grown in the same medium. Fermentation 
was carried out at 27-30'C for 60-72 hours. After checking purity andconcentration of the broth culture it was throughly mixed with Fddul peatmoss at 1:1 proportion. The mixture was packed in polyethylene bags and
brought to maturity for 10 days at 40 C.

Several storage conditions were assayed and periodical controls of themixture were carried out by counting viable cells in Petri dishes at anadequate dilution. The data obtained were the average of 3 replications. 
Field Trial 

An 8836 m 2 unifcrm plot infested with Agrobacterium radiobacter var. 
tumefaciens was selected for the experiment; of which, 6472 m 2 were 
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used for treatments and the rest of the surface was planted with roses and 
left as a surrounding border. The plot was provided with adequate drainage 

among different treatments.to minimize possibilities of contamination 
Three rootstocks (Fredica, Indica, and Manetti) and two varieties (Visa and 
Sonia) were used in the experiment. 

Three inoculation treatments with K84 were tried (cutting inoculation, 
wassoil inoculation, and uninoculated control) and every combination 

done with and without application of Captan. A randomized design with 36 

treatments and 4 replications distributed in two blocks was used for 

statistical analysis of results. 
Rose cuttings were prepared in the standard form for commercial 

culture. They were de-eyed 24 to 72 h before planting and stored at 40C. 

Treatment with Captan was done by dipping cuttings in a 2 g/l aqueous 
solution of the fungicide 16 h before planting and storing them at 4°C. 
Treatments with K84 were performed as follows: 

- Cutting inoculation: Two kg of peat preparation mixedwith 3 I water 

were used to inoculate 7500 cuttings.The mixture was prepared in a 

shadowed area and cuttings were dipped immediately before 

planting. 

- Soil inoculation: Two kg of peat preparation mixed with 50 I water 

were used to inoculate 1 ha. Suspension was carefully distributed in 

furrows immediately before planting. 

- Uninoculated control: Cuttings were dipped in a suspension of 2 kg 

peat moss in 3 I water. 

Planting was carried out in December, 1979. During spring, 1980 half of 

the plants were budded with var. Sonia and the otner half were budded 

with var. Visa. The plants in the border were budded with var. Red Success. 

The plants were lifted in january 1981. 
Analysis of variance was used for statistical interpretation of results. 

Data were transformed in --I for counting data and in arc sen "for 

percentage data. 

Bacterloicgical methods 

lsolatmon of A.r. var tumefaciens. The media use, 'or isolation from 

tumors were the selective media of Schroth, Thomson and Hildebrand 

(1965), those of New and Kerr (1971), and PYGA medium. 

Biotype Characterization. The following tests were used for biotype 
characterization. 3 Ketolactose, growth in 2% NaCI, Litmus milk, acid 
prduction from erythritol and melezitose, alkali production from malonate 
and growth in selective media, according to the techniques described by 
Kerr and Panagopoulos (1977). 

Sensitivity to Agrocin 84. The Stonier's method (Stonier, 1960) with 

the rodifications introduced by L6pez (1978) was used. 
Pathogenicity Tests. Pathogenicity of Agrobacterium isolates was 

tested in tomato plants according to the technique described by L6pez 

(1978). 
Sensitivity of K84 to Fungicides in vitro. Tubes containing 4.5 ml liquid 

medium were added with 1 ml of an aqueous solution of fungicide and then 
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inoculated with one drop of a bacterial suspension prepared by resuspen
ding a 48 h old culture of K84 in 5 ml of sterile distilled water. The following
liquid media were used: Nutrient Broth Difco, PYG, and LPG medium with 
two replications per tube. 

The following fungicides and final concentrations were used: Captan,
3000 ppm; iprodione and TMTD 1500 ppm; and methylthiophanate and 
benomyl 1000 ppm. Cultures were incubated at 25 0 Cin a shaking bath and 
viable cells were counted in New and Kerr medium at 24, 48, 72, 96 and 
168 h. Data obtained were the average of 2 replications per treatment. 

Effect of Fungicides on Avirulence and Agrocin 84 Production of 
Strain K84. Bacteriocin production by K84 was tested by the method 
described by Stonier (1960). One ml of fungicide solution was put into each 
Petri dish and then the culture medium, kept at 500C, was added and 
throughly mixed with the fungicide. Final concentrations were those 
previously indicated. Immediately after it solidified, the medium was 
treated with chloroform by the tecnique described by Stonier (1960), and 
then inoculated with K84. 

Three pathogenic strains of Agrobacterium isolated from rose tumors 
were used to test bacteriocin production, two of them belonged to biotype 1 
and were Agrocin 84 sensitive and the third one belonged to biotype 2 and 
was Agrocin resistant. 

Avirulence of K84 after fungicide treatment was tested by inoculation of 
tomato plants with 5 colonies reisolated from broth cultures that had been 
added with fungicides as previously described. Avirulence could not be 
tested in culture treated with captan orTMTD because those fungicides 
inhibited growth of K84 in shaken cultures. 

Results 
Quality of K84 Inoculum 

The average concentration of viable cells in the broth culture was 5.28 x 
109 cells/ml and final pH of the medium was 6.43. Twenty-five batches of 
peat inoculum stored at 40C for 10 days gave an average concentration of 
4.2 x 109 viable cells/g, that we considered adequate for K84 inoculation. 

Survival of K84 in Padul Peat Inoculum 
Variation in the number of viable cells in peat inoculum along a 22-week 

storage period at 40C and at 30 0C is shown in Fig. 1. At 40C, the number of 
viable cells after 22 weeks was higher than 108 cells/g of peat inoculum,
whereas at 301C concentration was only 106 bacteria/g. 

Effects of Inoculation with K84 and/or Treatment with Captan on 
Incidence of Crown Gall 

A high number of cuttings died, probably due to late planting and 
inadequate rooting conditions. A total of 16,037 plants survived. No 
significant difference was found between percentage of galled plants of the 
Visa and Sonia varieties .' the different treatments. Thus, data from both 
varieties were grouped. 

541 



(108-136 x 106) 
rnS 

0 

6 

""' (1.8-2.3 x 108) 

II i I 
4 8 12 17 22 Weeks 

( ---)40C, (o-----.e) 30°C 

Fig. 1. Survival of strain 84 in Padul peat sterilized by dry heat (90*C, 24 h). 

The effect of the different treatments on the number of galled plants is 
shown in Table 1. Significant differences (P =0.01) were found between 
percentage of galled plants on Fredica rootstock and plants on the other 
two rootstocks, the higher incidence being on Fredica. No significant 
difference could be detected between percentage of galled plants on Indica 
and Manetti rootstocks. 

A higher incidence of crown gall was found on uninoculated plants than 
in plants treated with K84, the difference being significant at P=0.01. Soil 
inoculation with K84 resulted in a higher percentage of galled plants than 
cutting inoculation, the difference being significant at P= 0.05. No 
significant difference in crown gall incidence was observed between 
inoculated and uninoculated plants when the treatment with captan was 
omitted but in plants treated with captan, inoculation with K84 produced a 
significant (P =001) reduction in percentage of galled plants. 

No significant effect of captan treatment on the crown gall incidence was 
observed on plants inoculated with K84. Higher incidence of crown gall 
was observed on uninoculated control plants treated with captan than on 
untreated plants, the difference being significant at P= 0.01. 
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Table 1. Effect of inoculation with strain 84 and/or treatment with or without 
captan, on crown gall incidence on three rose rootstoc's.a 

Treatment Rootstockb No. healthy No. galled plants 
plants 

Cutting inoculation with F 978 3strain 84 1 984 0 
M 811 0 

Soil inoculation with F 1015 6strain 84 1 358 0 
M 721 0 
F 890 12Control 1 975 1 
M 822 0 

Treatment of cuttings F 841 0

with captan and inocu- 1 1040 0
lation with strain 84 M 799 0 
Soil inoculation with F 998 34
strain 84 and treatment 1 1219 2of'cuttings with captan M 782 0
 
Treatment of cuttings F 
 776 127with captan 1 877 5 

M 961 0 

Total 15847 190 

a Cuttings were planted on December 1979 in soil naturally infected with A.r. var tunefaciens
 
and disease incidence was assessed on January 1980.
 

b F: Fredica; I: Indica; M: Manetti.
 

Statistical analysis of mean weight ot tumors per plant on Fredica
rootstock confirmed the results obtained when che percentage of galled
plants was considered, the only difference being the level of significance in 
some of the factors studied. Results are shown in Table 2.
Number, Size, and Distribution of Tumors in Individual Rose Plants 

A total of 221 tumors were counted in the 190 galled plants obtained in
the experiment. Most of the plants had a single tumor (86.7%), but some ofthem had 2 tumors (10.9%), 3 tumors (1.9%), or even 4 tumors (0.5%).

Size distribution of tumors was as follows: less than 2 cm diameter
25.6%, 2 to 5 cm 54%, 5 to 10 cm 19.9% and more than 10 cm 0.5%.

The most frequent situations of tumors on affected plants were at the 
crown and the base of the cuttings (Fig. 2). 
Biotype and Sensitivityto Agrocin 84 ofA. r. var tumefaciens Reisolated 
from Tumors 

Forty out of the 65 isolates studied belonged to biotype 1 and were 
sensitive to Agrocin 84 and 13 of them were biotype 1 but resistant to 
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Dry weight (g) of gall tissue in Fredica rootstock after treatment with orTable 2. 

without captan and/or inoculation with strain 84.
 

Treatment 

Cutting inoculation 
with strain 84 

Soil inoculation with 
strain 84 

Control 

Treatment of cuttings 
with captan pnd inocu-
lation with strain 84 

Soil inoculation with 
strain 84 and treatment 
of cuttings with captan 

Treatment of cuttings 
with captan 

Total 

• 


Wt (g) of 
gall tissue 

1'13 

59'52 

416'80 

0'00 

290'80 

2562'90 

3330'55 

/7/
 
." " 

~2.6% 

No.of galled 
plants 

3 

6 

12 

0 

34 

127 

172 

Mean of dry wt(g) 
of gall tissue in 

living piants 

0'0012 

0'0583 

0'4621 

0 

0'2810 

2'83 

11.3% 

49.7% _ 

Fig. 2. Distribution of tumors on the rose plants. 
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Agrocin 84. Twelve isolates of the biotype 2 were obtained;8 of them were 
sensitive to Agrocin 84 and 4 of them were resistant (Table 3).

Bacteriocin production was tested on 10 isolates resistant to Agrocin 84.
Six of them were bacteriocin producers, of which 5 were biotype 1 and 1 
was biotype 2. Three of the 6 isolates came from plants treated with captan
and inoculated with K84, and the other three from uninoculated control
plants (2 from plants treated with captan and 1 from an untreated plant).
Comparative studies on those bacteriocins and Agrocin 84 are now in 
course. 

No relationship was observed between the treatments of the plants and
the characteristics of Agrobacterium reisolated from tumors. Strains ofdifferent biotype and different sensitivity to Agrocin 84, were isolated from 
a single tumor. Characteristics of Agrobacterium reisolated were not
related to the external aspect of the tumor (smooth or rough surface). 

Effect of Fungicides on Growth of K84 
The effect of several fungicides on the number of viable cells of K84 is

shown in Fig. 3. Captan (3000 ppm) and TMTD (1500 ppm) completely
inhibited growth of K84. Only slight inhibition was observed with iprodione
(1500 ppm),methylthiophanate(1000 ppm) and benomyl (1000 ppm). 

Effect of Fungicides on Avirulence and Bacteriocin Production of K84 
Addition of iprodione, methylthiophanate or benomyl to the Stonier 

medium did not change the ability of K84 to produce Agrocin 84. Captan 

Table 3. Characteristics of A.r i'ar tumefacicns isolated from tumors after treatment 
of rose cuttings with or without captan and/or inoculation with strain 84. 

Treatment 
No. of 

studied 
isolates 

Biotype I 
Agrocin 84 Agrocin 84 

sensitive resistant 

Biotype 2 
Agrocin 84 Agrocin 84 

sensitive resistant 

Cutting inoculation 
with strain 84 - -

Soil inoculation with 
strain 84 7 6 1 - -

Control 9 2 2 5 -

Treatment of cuttings
with captan and inocu- - - - - -
lation with strain 84 

Soil inoculation with 
strain 84 and treatment 
of cuttings with captan 

19 10 4 2 3 

Control 
with captan 30 22 6 1 1 

Total 65 40 13 8 4 
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Fig. 3. Effect of different fungicides on the growth of strain 84. 

and TMTD ,,,y inkited growth of K84 in Stonier medium, but no 

change ih .,cterioL;m production was observed. Avirulence and 

bacteriocin production of K84 were not affected when grown in a broth 

culture added with those fungicides. 

Discussion 

Results obtained on Fredica, that is an extremely sensitive rootstock, 

show that biological control of crown gall can be successfully used in 

Spain, despite the relatively high frequency of Agrobacterium isolates 

resistant to Agrocin 84 (L6pez and Salcedo, 1979; Orive et al., 1980). 

In our experiment, rose varieties did not affect rootstock susceptibility to 

crown gall. 
Inoculation of cuttings with K84 gave better results than soil inoculation 

in the field experiment. 

When a fungicide treatment was not applied, no significant difference in 

crown gall incidence could be detected between plants inoculated and not 

inoculated with K84. This could be due to the extremely low incidence of 

crown gall in plants not treated with captan. Field experiments to confirm 

the effect of fungicides in biological control by K84 are now in course. 
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The inhibiting effect of captan on K84in vitro could not be confirmed by 
field results. 

This can be partially due to dilution of fungicide when cuttings are dipped
in the suspension of K84 as well as to the different environmental 
conditions. Nevertheless a breakdown of biological control on tomato 
plants was observed when captan was added to a mixture of K84 and one 
Agrocin 84 sensitive strain and inoculated on tomato stem (L6pez, 
unpublished data). 

The higher incidence of crown gall observed in uninoculated plants
treated with captan compared with non treated plants, could be explained
by inhibition of Agrobacterium competitiors by this fungicide. Thus, care 
should be taken in applying this fungicide in soils heavily infested with 
Agrobacterium. 

Since avirulence and bacteriocin production of K84 were not altered in 
vitro by any of the fungicides tested, biological control with K84 could be 
compatible with fungicide application. Nevertheless, field tests with K84 
inoculated and uninoculated plants should be done before K84 is used 
extensively.

The presence of Agrobacterium isolates sensitive to K84 in most tumors, 
suggests an incomplete colonization of cuttings by K84. 

Isolation of some Agrobacterium producing bacteriocin in plants
inoculated with K84 as well as in uninoculated plants indicates that 
bacteriocin-producing isolates were present naturally in the field. The 
possibility of some gene transfer from K84 to natural isolates as described 
by Panagopoulos, Psallidas, and Alivizatos (1979) cannot be excluded. 
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Abstract 
Plant chemicals or crude extracts occasionally have been tested for control 

of bacterial diseases of crops. But not much is available in the way of good
and recomrr "ndablechemicals for such purposes. Antibiotics recommended 
are costly besides having other disqualifications. In this context we tested 
crude extracts of 25 selected plants, screened at different concentrations 
against two plant pathogens, Xanthomonas campestris and Erwinia 
carotovoracarotovora, following standardized methods, and identified some 
plant oils and crudes that have potentialities. Selected inhibitors have been 
tested against black rot of cabbage (X campestris)and soft rot of potato (E.
carotovora)as post-inoculation spray. Plant oils from Taaraktogenos kurziiand 
Elacis quineensis seed and water and ethanol extracts of Casuarina 
equisetifolia leaves and Cortandrum sativum seeds successfully protected
plants from their respective pathogens to agreat extent. Tubers were equally
protected by oils of Cybopogen nardus and Madhuca indica and extracts of 
seeds of C.sativum and leaves of C.equisetifolia and Piper betle. The oils and 
crudes have been equally succesaful in field trials on control of black rot of 
cabbage and citrus canker (X.campestris citri)so far. Repeated applications at 
lower doses, both individually and in mixture with others, have given better 
or similar results. 

Necessity of using a higher dose (2-5%) of such oils appears to be the first 
problem to be overcome. Considering all other aspects, however, the 
prospect of using such plant oils and crudes appears to be bright. 

Introduction 
Plant chemicals and crude extracts of plants have been reported to have 

antibacterial properties against a number of plant pathogenic bacteria in
vitro. The literature in this area has revealed that inhibitorsdetected in vitro 
have not resulted in identification of usable products. Actually, few have so 
far been tried for controlling bacterial diseases of plants.

Plant crudes from over 300 plant species appear to have been screened 
and reported to have antibacterial principles (1,2, 3,4, 5, 10, 11,1 2, 13, 16, 
17, 21, 22, 23, 24, 26).

Most of these plant chemicals and extracts remain to be tried for disease 
control. Elaborate studies with extracts from Ailium sativum (18) have 
revealed that a 15% solution of instant garlic powder can prevent the decay 
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of carrot due to E. carotovora var. carotovora. In another studyAzadirachta 
cake solution prepared at 12 lb per 4 gal and sprinkle-sprayed on citrus 
nurseries suffering from canker (X. citrl) checked the disease (27). 
Extraction from the cake, however, required soaking in water for a week 
and 10 to 12 sprays/year were recommended. The work was later 
confirmed (6) and an Azadirachta cake solution (I kg/20 I) was used 
successfully by another group of workers (20). The results seem to be 

safe thisconsistent and suggest a good and control measure for 
widespread disease on the Indian continent. 

The reported control of vascular bacteriosis of crucifers due to X. 
campestris with crude plant extracts termed "phytoncides" prepared from 
Cochlearia armoracia, Allium sativumn, and Brassica napus (8) is another 
such achievement showing definite yield increase. Accounts of different 
"phytoncides" and their uses in agriculture and particularly in plant 
protection have been compiled (7, 25). Use of a purified plant chemical 
named citrinin for treating cabbage seeds to make them free of X. 
campestris (19) is noteworthy. 

Further attempts to control bacterial diseases of plants with plant crudes 
have been scanty. Present work is a continuation of some previous work 
with plant chemicals (4, 13,15) in a changed direction, considering the fact 
that attempts for using purified plant chemicals for plant disease control 
have been difficult and highly uneconomic for most of the agricultural 
crops. The present program is aimed at the use of plant crudes for 
economically practical controls. 

Materials and Methods 

In iitroassays of the sensitivity of the bacteria to plant crudes have been 
conducted mainly with X. campestris and E. carotovora carotovora 
following standardized fishspine method of assay of antibacterial activity 
(14). Among the large number of plants screened the following are 
important for such purposes: Eichhornia crassipes (Pontedertaceae), 
Allium cepa (Liliaceae), Raphanus sativus and Brassica napus (Cruciferae), 
Piper betle (Piperaceae), Casuarina equisetifolin (Casuarinaceae), Corian
drum sativum (Umbelliferae), Lantana camara (Verbenaceae), Areca 
catechu cocos nucifera, and Elacis quineensis (Palmae), Bamboosa 
aurandinaceae (Graminae), Azadirachta indica (Maliaceae), 
Taaraktogenos kurzi (Flacortiaceae),Cymbopogon nardus and Trigonella 
foenum-graecum (Leguminosae), Sapindus saponaria (Sapindaceae), 
Ricinus communis (Euphorbiaceae) and Madhuca indica (Sapataceae). 
Extraction of oils was accomplished through pressing methods ina country 
pressing-mill operated electrically. Other extracts have been prepared by 
crushing fresh plant materials in a blender mixing with water in 1:1 wt/wt 
ratio. The preparation was strained and a volume made up to be used fresh 
in an assay program. Cold alcohol extracts of crushed plant tissues were 
prepared, dipping crushed plant matorial in absolute ethyl alcohol for at 
least 72 h. Alcohol extracts were brought into water by drying out of alcohol 
and were used fresh for assay. Solutions of plant oils and extracts were 
prepared in water by addition of a wetting agent at 0.1 to 1% by weight. 
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In vivo assays were conducted at the first stage with 2 months old 
cabbage plants grown in 8" diameter earthenware pots. Plants were 
inoculated by pin-pricking and spraying with plant crude preparations with 
a hand sprayer 24 h after inoculation. The plants were incubated for 24 h;;, 
a humid cabinet and thereafter in an incubator (301C ±1.0) to allow disease 
development. Necessary uninoculated and inoculated unprotected con
trols were maintained. 

Disease intensities were measured with standard score charts, 
developed for the purpose and converted to percentage control of disease 
using the following formula: 

% disease control total number of plants - no. of plants killed 
X 100

total number of plants inoculated 

In the case of soft rot, the whole tubers were inoculated following a 
method developed from Harris (9). Plant crudes were spray applied in 
polythene bags, sealed air-tight and incubated at 30 + 1°C for disease 
development. Disease intensity was measured with the help of a score 
card, developed for the purpose. Percent disease control was calculated in 
the same way, counting number of tubers rotten. 

Dust formulations of the crudes were prepared in clay and talc, taking 5 
ml crudes in absolute alcohol, impregnating in 15 g clay, and finally mixing 
with 80 g of talc. The inoculated tubers were dusted and incubated as 
usual. 

The trial for control of citrus cankers was conducted in a 5-year-old 
sweet orange orchard at the Mondouri Farm on the University following a 
randomized block trial with 6 treatments and 4 replications. An antibiotic 
mixture containing streptomycin sulfate, terramycin hydrochloride, and 
carrier material in the 16:1:83 ratio (wt./wt) was used as standard. 

Results 

Sensitivity In Vitro of Plant Bacteria to Plant Crudes 

Among the larpe number of plant oils and extracts screened against two 
plant pathogenic bacteria, X. campestris and E. carotovora (Table 1), oils 
from the seeds of Taaraktogenos kurzii and the leaves of Cymbopogon 
nardus are quite inhibitory to both bacteria. Oils from the seeds of 
Azadirachta indica, Pongamia glabra, and Elacis quineensis are quite 
inhibitory to X. campestris, while those from seeds of Madhuca indica, 
Ricinus communis, and Brasica napus are more or less similarly inhibitory 
to E. carotovora. However, the inhibition by these oils generally required a 
higher concentration i. e., 3-20%. 

The crude extracts of plants prepared either in water or ethyl alcohol 
were comparatively less inhibitory. Among them, nuts of Areca, seeds from 
Casuarina and Trigonella, and leaves of Casuarina have been inhibitory to 
X. campestris. E. carotovora was inhibited by seeds of Trigonella, Areca nut 
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Table 1. In ritro sensitivity of two plant pathogenic bacteria to plant oils and 
extracts. (Average of 6 replicates.) 

Inhibitory concentration (0/o) 
Plant crudes Plant part 

X campestris 1. caroto'ora 

Oils Azadirachta seed 10 -a 

('vlbopogon leaf 5 10 

Taaraktogen6., seed 3 3 

Cocos seed 25 -

Pongaunia seed 10 -

Madhulca seed 30 5 
Brassica seed 35 20 
l:laeis seed 15 -

Riinus seed - 10 
Extracts : 

Areca nut 20 20 
Areca shell 25 15 
Sapindus fruit - 20 

Piper leaf 30 15 
Casuarina leaf 20 20 

Casuarina seed 20 -
Coriladnn seed 25 20 

Lantana leaf 35 25 
Trigonella seed 20 15 
A l11m bulb 35 20 

Raphantis root 30 5 
l'ichhornia leaf - 15 

a no inhibition. 

shell, bulb of Allium, modified roots of Raphanus, fruits of Sapindus, and 
ieaves of Piper, Casuarina, and Eichhornia. 

Concentration of Crudes and Control of Bacterial Diseases 

Plant crudes were fir.st tested jiinst that two plant disebses caused by 
two bacteria at three different roncentrations, 3, 5 and 10%, with a low 
percentage of detergent (0.1%) being mixed with them. The results 
appeared promising. Black rot causing bacterium was more or less checked 
by the plant oils from Taraaktogenos and Elacis and by the extracts from 
Coriandrum, Casuarina, and Sapindus even at 3% concentrations (Table 2). 
Bacterial soft rot was generally checked by the plant oils tried but not bythe 
extracts (Table 3). 
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Table 2. Control of black rot of cabbage with different dosages of plant crudes. 
(Average of 8 replicates) 

Percent disease control at dosages 
Plant crudes 

30/o 5/o 100/0 

Initial Final Initial Final Initial Final 

Oils: 
Azadirachta pa p p p p p 
Cymbopogon P P p p p p 
Taaraktogenos 60 20 70 40 100 50 
Pongamia P P p p p p 
Elaeis 50 0 70 10 90 40 

Extracts: 
Areca nut 40 5 60 5 70 20 
Sapindus 50 20 70 20 80 40 
Casuarina leaf 60 30 80 40 100 50 
Corianddrum 50 35 60 20 90 40 
Lantana 50 70 70 20 80 20
 
Trigonella 40 10 50 10 60 20 

ap = Phytotoxic. 

Table 3. Control of bacterial soft rot of potato with different dosages of plant 
crudes. (Average of 8 replicates.) 

Percent disease control at dosages 
Plant crudes 

30/o 50/o 100/0 

Initial Final Initial Final Initial Final 

Oils:
 
Cymbopogon 70 20 100 50 100 50
 
Taaraktogenos 60 10 70 10 100 50
 
Madhuca 70 10 100 30 100 30
 
Brassica 40 0 60 30 70 30
 

Extracts:
 
Piper 50 10 60 10 70 45
 
Casuarina leaf 70 0 90 30 100 50 
Coriandrum 40 0 50 0 80 50 
Trigonella 45 0 60 0 70 10 
Allium 60 10 70 10 90 10 
Eichharnia 40 0 50 0 60 5 
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Successful Plant Crudes 
Successful plant crudes were tested further, generally at 5% concen

trations, in a comparatively large scale taking at least 25 plants/tubers per 
replication. The crudes were prepared by mixing them with a higher 
percentage (1%) oi the detergent to improve upon performance, particular
ly of the oils. The results, in Table 4, were better than the in vitro 
performances of the crudes. Oils of Taaraktogenos and extracts from seeds 
of Coriandrum and Trigonella and leaves of Casuarina successfully 

Table 4. In vivo sensitivity of X. campestris and . carotovora to some plant 

crudes at 50/0 conc. (Average of 4 replicates). 

Percent protection of hosta time against 

Plant crudes X. campestris E. carotovora 

Initialb Finalc Initial Final 

Oils: 
Azadirachta pd p _e _ 

Cymbopogc P r 100 50 
Taaraktogenos 100 50 100 50 
Pongamia P P - -

Madhuca - - 100 30 

Brassica - - 100 0 

Elacis 90 40 - -

Extracts: 

Areca nut 70 0 -

Sapindus 80 30 - -

Piper - - 90 50 

Casuarina leaf 100 50 100 60 
Coriandrum 90 30 100 50 
Lantana 80 0 --

Trigonella 60 10 70 10 

Allium - - 100 

a Cabbage for X. canpestris and potato for : carorovora
 
b Initial 2 days after treatment.
 

C Final 15 days after treatment.
 

d P - phytotoxic.
 

e_ = not tried.
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checked both the diseases. Black rot was also checked by Elacis oil and 
Sapindus extracts in addition. On the other hand, soft rot was also 
controlled by Cymbopogon and Midhuca oils. At the dosage used the oils 
from Azadirachta, Pongamia, and Cymbopogon were phytotoxic to cabbage 
plants. 

Number of Applications of Crudes and Disease Control 
The lowest possible dose (3%) was tried in the next stage of trials by

repeated applications. Results (Table 5) indicated that application at lower 
concentration of the crudes required no less than 2 or 3 applications at 5
day intervals for successful disease control. 

Table 5. Control of black rot of cabbage and soft rot of potato with plant crudes 

in different number of applications (Average of 6 replicates). 

Percent disease control by number of applications 

Plant crudes Black rot Soft rot 

1 2 3 1 2 3 

Oils: Cymbopogon -a _ - 30 50 80 
Taaraktogenos 10 80 95 - - -
Madhuca - - - 30 70 90 
Elacis 0 60 100 - - -
Streptocycline 30 80 100 20 70 80 
Control 0 0 0 0 0 0 
(inoculated) 

a- = not tried. 

Further Trials on Control of 4 Bacterial Diseases with Plant Crudes 
These 4 trials also were conducted in a larger scale in fields or godown

floors. Trials on black rot and citrus canker with 7 and 5 treatments, 
respectively, were conducted at the University farm on UP-sweet orange 
varieties, replicated four times. The trials on soft rot diseases were 
conducted with kufri chaandramukhi (potato) and local (zinger) varieties in 
pucca stores under natural conditions of storage in gunny bags. Results as 
presented in Table 6 showed that plant oils successfully checked soft rot of 
both zinger and potato though not as well as the antibiotic mixture. 
Mixtures of oils with "antibiotic M" at half dosages were also successful in 
cases of Cymbopogon, Taaraktogenos, and Elacis. Mixture of Cymbopogon
and Madhuca also could check zinger soft rot. Spraying of oils of 
Taaraktogenos, Elacis and a mixture of the two successfully checked buth 
black rot and citrus canker. 
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Table 6. Further studies on bacterial disease control with plant crudes. (Average 

of 4 replicates). 

Percent control of diseases 

Plant crudes etc. Black rot Soft rot of Citrus Zinger soft 
potato canker rot 

40 	 60Cymbopogon spray -a 
-Taaraktogenos spray 	 90 31 -

Madhuca spray - 40 - 85 

- -Elacis spray 	 60 54 

- 30 - -Cymbopogon dust 
- 20 - -Madhuca dust 

Streptocycline spray 70 100 57 100 

- 100  -Streptocycline dust 

Cymbopogon + Ms:dhuca - 30 - 80 

- -Taaraktogenos + Elacis 70 29 

Cynab + Streptocycline - 100 - 100 

-Taaraktogenos + Streptocycline 	 70 40 -

Madhuca + Streptocycline - 100 - 100 

- 58 -Elacis + Streptocycline 65 

0 0Untreated control 0 	 0 

a_ = not tried. 

Discussion 

Two plant pathogenic bacteria 	 seemed sensitive to many oils and 
extracts from plants belonging to the families Graminae, Flacourtiaceae, 
Leguminosae, Sapindacae, Maliaceae, Palmae, Piperaceae, 
Casuarinaceae, Umbelliferae, Sapotaceae, e-ic. at higher concentrations. 
Besides identification of these plant bacteriostats, the diversity of sources 
of such inhibitors opened up wide possibilities. Antibacterial activities of 
the essential oils from Cymbopogon nardus (17) and extracts from 
Casuarina, Allium, Ficus, and Areca against X. oryzae (13) were reported 
earlier. They have been confirmed and in addition tried successfully for 
control of bacterial diseases. In fact, good sources of plant crudes, that can 
be tried for disease control have 	been located. 

The preliminary exploration of possibilities of using plant oils have met 
with encouraging success. Plant species Taaraktogenos,Elacis, Sapindus 
casuarina, and Coriandrum for black rot of crucifers or canker of citrus and 
Cymbopogon, Taaraktogenos, madhuca, Piper, Casuarina and Coriandrum 
for soft rot of zinger or potato have been well identified. They need 
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extensive trials now because being biogenic and biodegradable, they have 
an edge over commercial bactericides or antibiotics. The crudes that have 
been tried, are rurally produced and may be cheap. The requirement of 
higher concentrations of such crudes seemed to be a problem. Relatively 
poorer performance of such crudes compared to standard antibiotics 
seemed 	 to be another problem. However, the merits overcome the 
shortcoming in the particular contexts of large farm areas in countries like 
ours, with small farm units, poor economic conditions of the farmers, low 
value of 	the crops concerned, and lack of sufficient standard antibiotics. 
Plant crudes thus stand a chance for trial in control of bacterial diseases of 
plants. 
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Introduction 
The major problems caused by aerial bacteria on pome fruits in Spain lie 

in the presence of Pseudomonas syringae and geographical proximity of 
Erwinia amylovora. 

Efficiency of streptomycin, mainly against E. amylovora, is well known 
but its use, as the use of other antibiotics, has legal restrictions in Europe. 
Since little information is available on the application of other bactericides 
in agricultural practices (Van der Zwet and Keil, 1979), active ingredients 
that have less efficiency such as copper derivates and some fungicides, are 
used. 

In our weather conditions, March an April are the months of highest risk 
of infection by both bacteria. Later in the year, dry weather and high 
temperatures should prevent their development. Trees need treatment at 
blossom time and this work investigates possible adverse effects on the 
flowers and young leaves. The toxicity of several fungicides to pollen has 
been widely examined (3). Information is lacking, however, on the toxicity 
of bactericides to the flower, except for the work of McDaniels etal. (8)and 
Ries (11), using apple pollen. 

This paper deals with the efficiency of a range of bactericides against 
Pseudomonas spp. and Erwinia spp. Toxicity of these products to leaves 
and flowers of pear trees also is studied. 

Materials and Methods 

Efficiency of the Products 
Most microorganisms used were isolated from Pyrus communis (pear 

tree), except for Erwinia chrysanthemi which proceeds from Zea mays 
(maize). They came from France (J. A. Paulin, INRA), except Pseudomonas 
syringae H 012 P, which came from Huesca, Spain. According to Paulin 
(1980), E. amylovora has a sensibility to bactericides comparable with E. 
chrysanthemi. Thus a rather accurate idea of efficiency of these products 
for eventual use against 'Fire Blight' may be obtained from this work. 

These bacteria were tested with bactericides at constant concentrations 
according to the type of product. Thus, in the efficiency test, all the copper
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based products (copper sulphate, Bordeaux mixture simple or with oil, 
copper oxide, oxichloride and oxiquinoleate, and Tri-Miltox) were used at 
concentrations of 5 g, 2 g, 0.5 g, 0.05 g and 0.005 g of copper metal per liter 
of medium; the antibiotics (streptomycin, kasugamycin and polyoxin) at 
concentrations of 64, 3 2, 16, 8, 4, 2, 1 and 0.5 pom; disinfection products 
(sodium hypochloride, QuatexR and Catigene-), Z 0.8, 0.2, 0.02 and 
0.002 percent a.i., and the other products at 2, 1,0.5, 0.01 and 0.005 g a.i. 
per liter of medium. 

These products were aseptically incorporated into an LPGA medium, 
then placed in Petri dishes. They were inoculated with a Stirs replicator 
system with 0.01 ml of 108 and 106 cells/ml of bacterial suspension 
according to MacFarlands levels. Two repetitions were made for each 
concentration of product and bacterium. After incubation during 48 to 72 h, 
according to the type of product, bacterial growth was observed in 
inoculated spots. 

Phytotoxicity on Leaves 
A phytotoxicity test was conducted at concentrations different from the 

ones listed later, which had been used in an attempt fo find out the 
consequences of excess concentrations of the products on the leaves. 
Thus, for example, the concentrations tested for the copper products were 
1 g, 2 g,and 5 g of copper metal per liter (except for Tri-MiltoxE , 0.48, 1.44, 
and 2.4 g/l, as it contains another active agent). In general, the amounts 
used were the recommended concentration plus two higher values 
equivalent to that concentration times 2 to 5. 

The plant material tested consisted of pear tree branches of different 
cultivars, Passe Crassane, Williams, and Blanquilla. These branches were 
sprayed on April 9 arid May 7. 

The observations were made 24 h, 48 h and 7 days after each treatment 
and were based on discolorations and burns on leaves. 

Phytotoxicity to Flowers 
To evaluate phytotoxicitytothe pistil, flowers from cultivars Passe 

Crassane, Williams and Beurrd Hardy, were picked one day before 
anthesis. The flowers were emasculated and placed on moist florists'foam 
(Savanna, Steekterweg 92, Alphen a.d. Rijn Holland). Twenty-four hours 
later, five flowers of each cultivar were sprayed to run off with one of the 
rangt of bactericides listed in Table 6. Two hours after spraying (3)stigmas 
were pollinated with a pollen mixture from untreated cultivars. The pollen 
tube was allowed to grow for 4 days at room temperature (20 - 23 0 C) and 
subsequently pistils and receptacles were preserved in 5% sodium 
sulphite, softened by autoclaving, stained in 0.1% aniline blue in 0.1 N 
P041K3 and examined by fluorescent microscopy (6). 

To estimate phytotoxicity to pollen in the anther, flowers with 
undehisced anthers were depetalled, placed in moist florists' foam and 
sprayed as before: 30 flowers per cultivar and per treatment were used. 
Twenty hours later the anthers were collected in Petri dishes and left to 
complete dehiscence for 24 hours. The Petri dishes were then sealed and 
deep freeze stored (-20 0 C). Pollen was sown on a medium containing 15% 
sucrose, 1% agar, and 10 ppm boric acid. 
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Results
 
Efficiency of the Products
 

The efficiency of the products was measured by the lowest amount of a. i. 
(C.M.I.) which, when incorporated to a medium, prevented bacterial 
growth. For security purposes this test was repeated at least twice and 
every concentration of product and bacterium was placed on two dishes 
each time. 

Antibiotics. Kasugamycin and polyoxin gave disappointing results, for 
they were not efficient before the concentration of 64 ng of a.i./ml was 
applied, which excludes their use for these bacteria. On the other hand,
streptomycin seemed to act against tested germs; it killed at concentrations 
close to 4 to 8 ng/ml. That explains its widespread use as farming
bactericide against Erwinia amylovora for example.

Copper Products. As shown in Table 2, copper products present a great
homogeneity in their efficiency against bacteria. Most of them were active 
at a concentration ranging between 0.5 and 2 g of copper metal per liter,
which represents an average efficiency. On the other hand, Copper
oxyquinolate seemed completely inefficient even at the highest concentra
tion used (5 gof copper metal per liter) as it did not prevent the growth of the
colonies. Two other products seemed to be more efficient: copper sulphate,
which was active on all germs between 0.05 and 0.25 g of copper metal/I
and especially Tri-Miltox Rwhich killed bacteria between 0.005 and 0.05 
(except for E. chrysanthemi from 0.05 to 0.25). It must be noticed,
however, that Tri-MiltoxR not only contains copper but also mancozeb. 

Disinfection Products and Others. Among these products, three appear
to give interesting results. These are experimental products not commer
cialized yet. CGA 78039, of Ciba-Geigy, responded positively at all tested 
concentrations. Coll 0411-1/80, of the firm Jos6 Collado S.A., was 
efficient at 1 g/hi. As for MCST 7938, of Merck, Sharp, and Dohme, it was 
usually efficient at 5 g/hi, that its action is-stillis, interesting.
Unfortunately, it is difficult to dissolve in water, even at small concen
trations. To solve this problem dilutions were made in a small quantity of 
alcohol, which improved solubility. 

Phytotoxicity on Leaves 
The phytotoxicity on leaves of some products is closely related to climatic 

data. Thus, the following results must be interpreted in connection with 
temperature and rain data of April and May in Zaragoza, Spain (see Table 
5). 

As for the copper products, the sprayed leaves were very sensitive to 
weather influences. Thus, after the first spray, temperature was high and 
the rainfall very low, and there was no phytotoxicity on copper sprayed
leaves. But the three days following the second spray were rainy and cold, 
so burns appeared. For copper compounds, the worst burns occurred with 
copper sulphate. However, Bordeaux mixture, either prepared in commer
cial firms or in the field, seemed to cause little or no toxicity, like in the case 
of oxyquinolate. On Passe Crassanethe cultivars and Williams, Tri-
Miltox can be used but Blanquilla had a very negative response to being 
sprayed with this product. 
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Table 1. Efficiency in vitro of three antibiotics against some bacterial species. x : lower dose in ng/ml of a.i. 
killing 108 bacteria/ml. 

1147 4012 P 1592 1500 B 983
 
P syringae P. si'ringae P. i'iridiflara L chrisanthemi E. herbicola 

Streptomycin 4< x< 8 4< x< 8 2 <x< 4 4< x <8 2 <x< 4 

Kasugamycin 32< x< 64 32< x< 64 32 < x< 64 16< x <32 16 <x< 32 

Polyoxin 64 < x 64 < x 64 < x 64< x 64 <x 

Table 2. Efficiency in vitro of copper compounds against some bacterial species. x: lower dose of Cu metal (g/i) Killing 108 bacteria/ml. 

1147 H 012 P 1592 1500 B 983 
Ps. syringae Ps. syringae Ps. viridflaia E chry'santhemi E. herbicola 

copper sulfate 0,05 <x <0,25 0,05 <x <0,25 0,05 <x <0,25 0,05 <x <0,25 0,05 <x <0,25 

bordeaux mixture 0,5 <x <2 0,5 <x <2 0,5 <x <2 0,25 <x <0,5 0,25 <x< 0,5 

bordeaux mixture "in situ" 0,5 <x <2 0,5 <x < 2 0,5 <x < 2 0,5< x < 2 0,25 < x < 0,5 

bordeaux mixture + oil 0,5 <x <2 0,5 <x <2 0,5 <x <2 0,5 <x <2 0,25 <x <0,5 

copper oxychloride 0,5 <x <2 0,5 <x <2 0,5 <x <2 0,25 < x < 0,5 0,25 <x <0,5 

copper oxide 0,5 < x < 2 0,5 <x <2 0,5 <x <2 0,25 < x< 0,5 0,5 <x <2 

copper oxiquinoleate 5 < x 5 < x 5 < x 5 < x 5 < x 

Trimiltox(R) 0,005 < x < 0,05 0,005 < x < 0,05 0,005 < x < 0,05 0,05 < x < 0,25 0,005 < x < 0,05 



Table 3. Efficiency in vitro of some bactericides against some bacterial species. x: lower dose in g a.i./Il Killing 10 8 bacteria/ml. 

1500 B 9831147 4012 P 1592 
Ps. svringae Ps. syringae Ps. viridiflava E. chrysanthemi E. herbicola 

10 <x< 2010 <x <20 10 <x <20 10 <x <20Terlai(R) 10 <x (20 
x < 1 x< 1

CGA 78039 x < 1 x < 1 x < 1 

1 <x <2 1 <x <2 1 <x< 2
Sodium hypochloride* 1 <x <2 1 <x <2 

0,02 <x <0,1 0,2< x <0,8 0,2 <x <0,8 0,2< x <0,8Quatex(R)* 0,02 <x <0,1 
0,2 <x <0,8 0,2 <x <0,8Catigene(R) 0,2 <x <0,8 0,2 <x <0,8 0,2< x <0,8 


5<x<10 1<x<5 1<x< 5

MSCT7938 5<x<10 1<x<5 

1 1 1
Coil 0411-1/80 1 1 

20 <x <5010 <x <20 10 <x <20 20 <x <50 10 <x <20Mancozeb 

in O/o. 

0)CA3 



Table 4. Threshold of phytotoxicity of some bacteria on leaves of Pear. 

Streptomycin 

Kasugamycin 

Polyoxin. 

Terlai (R) 

CGA 78039 
Sodium hypochloride 

Quatex (R) 

Catigene (R) 50 

Catigene (R) 70 

Catigene (R) 70-S 

MSCT 7938 

Coil 0411-1/80 

Tri-Miltox (R) 

Bordeaux mixture 

Bordeaux mixture "in situ" 
Bordeaux mixture + oil 

Copper sulphate 

Copper oxychloride 

Copper oxide 

Copper oxyquinoleate 

Strong phytotoxicity at all doses. 

Passe Crassane 

-


> 0.5 0 /o 


* 

* 

* 

* 

-

-

-

-

-

* 

-

-

Cultivar 

Williams Blanquilla 

_ 

> 0.50/0 > 0.5O/o 
* * 

* * 

* * 

* * 

_ 

* 

- >200 g.Cu/HI 

_ 

> 200 g.Cu/HI * 

* . 

> 200 g.Cu/HI >200 g.Cu/HI 
> 100 g.Cu/HI > 200 g.Cu/HI 

- > 100 g.Cu/HI 

The antibiotics did not result in damages on pear leaves. Leaves sprayed
with CatigeneR and QuatexA presented a strong phytotoxicity at all 
concentrations, as did the sodium hypocloride. The remaining products did 
not cause any damage. 

Phytotoxicity on Flowers 
The 'in vitro' germination of pollen from sprayed undehisced anthers is 

recorded in Table 6. Passe Crassane has been the most affected cultivar; all 
copper treatments but Tri-MiltoxiR reduced germination of its undehisced 
pollen. On the other hand, copper oxyquinolate and Catigene reduced 
germination in all cultivars and no significant effect was observed after 
treatment with Tri-Miltoxl, streptomycin, kasugamycin, CGA 78039, and 

.Quate. 1q
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Table 5. Climatic dataa in Zaragoza, Spain, in April and May 1981. 

APRIL MAY 

Day TemperatureDay 
Max. Min. 

Rain 

mm 
D ay Temperature 

Max. Min. 

Rain 

mm 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

23.6 

16.4 

15.2 

21.4 

24.2 

25.2 

22.0 

22.8 

24.6 

19.0 

6.0 

5.2 

8.4 

5.6 

6.0 

9.0 

8.6 

8.2 

13.0 

10.2 

1.1 

3.6 

3.0 

1.9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

20.4 

19.0 

13.8 

17.0 

21.4 

27.4 

22.0 

22.6 

15.8 

17.2 

8.8 

9.6 

9.0 

5.2 

9.8 
6.8 

10.6 

8.0 

12.0 

5.6 

1.5 

8.0 

9.7 

10.0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

24.6 

25.0 

21.6 

20.6 

22.0 

21.0 

20.0 

19.0 

20.6 

14.8 

8.0 

8.8 

12.2 

11.6 

6.0 

10.6 

11.4 

7.0 

2.8 

5.0 

4.5 

6.8 

0.4 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

17.6 

21.2 

20.6 

20.8 

23.0 

23.2 

22.8 

29.4 

30.0 

24.0 

7.0 

6.6 

8.8 

9.0 

7.4 

13.2 

7.6 

7.8 

11.2 

13.2 0.9 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

12.8 

10.6 

17.4 

15.6 

20.4 

13.0 

15.6 

19.6 

21.0 

19.2 

3.4 

7.0 

8.6 

7.4 

3.0 

4.0 

2.0 

6.2 

4.0 

5.0 

20.7 

49.3 

1.6 

1.1 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

24.6 

25.0 

29.6 

28.6 

18.8 

19.6 

21.4 

27.0 

24.0 

30.8 

11.4 

8.6 

9.0 

13.6 

14.8 

9.4 

').6 

9.4 

11.8 

8.6 

4.0 

1.4 

31 30.0 15.2 0.2 
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Table 6. 'In vitro' germination of pollen from sprayed undehisced anthers. 

Cultivar 
Bactericide 

Passe Williams Beurrd 
Crassane Hardy 

Bordeaux mixture (0.5 g Cu/I) 24** 73 76 
Bordeaux mixture 'in situ' (id.) 31* 77 6. 
Copper oxychloi ide (id.) 33* 65 6 
Copper oxyde (id.) 24* 72 61 
Bordeaux mixture + oil (id.) 16*** 76 75 
Copper oxyquinolate (id.)a 34* 36** 55 
Tri-Miltox (R) (0.05 g Cu/I) 61 74 84 
Streptomycin (200 ppm) 70 73 77 
Kasugamycin (40 ppm) 50 57 73 
Polyoxin (20 ppm) 60 49* 90 
Coil 0411-1/80 (10 g/h) 56 50* 75 
CGA 78039 (10 g/hi) 61 68 68 
Quatex (R) (0.20/o) 59 57 66 
Catigene (R) (0.20/o) 40 54 42** 
Unsprayed control 61 75 73 

signilfcantly different from pooled for cultivar 5°/o, 10/o and 0.10/o levels respec
tively. 

a Average of all cultivars significantly lower (at 50/o level) than control average. 

Changes in anther appearances could be noticed 20 hours after 
spraying, when dehiscense had already begun. Some anthers looked 
brown, especially after treatment with polyoxin and Quatexih, others 
appeared wet and translucent, mainly after treatmentwith Catigene , and 
some showed a gray coloration when treated with Catigenen , Coil 0411 
1/80 and Bordeaux mixture. 

Burning of petals occurred on treated flowers. This happened in all 
cultivars but especially in Beurre Hardy. Although this was a general 
response after using these 'bactericides, symptoms were more severe after 
treatment with cupric oxide and especially with QuatexR and Catigenel, , 
when necrotic lesions in pistils could also be detected. 

A reduction of pollen germination on sprayed stigmas could be observed 
after treatment with some bactericides. Stigmas with less than the 
minimum number of pollen tubes usually found on untreated stigmas were 
considered to have been adversely affected by t: , bactericide (4). In this 
experiment the number of pollen tubes in hand po inated stigmas varied 
between 50-150 and results are given as percentage of stigmaswith more 
than 50 pollen tubes (Table 7). In situ Bordeaux mixture, copper oxide, 
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Table 7. Percentage of hand pollinated stigmas with more than 50 pollen tubes. 

Cultivar 
Bactericide 

Passe Williams Beurrd 
Crassane Hardy 

Bordeaux mixture (0.5 gCu/l) 40** 80 62 
Bordeaux mixture 'in situ' (id.)b 33** 46** 25** 
Copper oxychloride (id.) 83 37** 88 
Copper oxyde (id.)a 57* 33** 46* 
Bordeaux mixture  oil (id.)b 46* 32** 37** 
Copper oxyquinolate (id,) 85 24** 83* 
Tri-Miltox (0.05 gCu/l)b 83 0*** 21** 
Streptomycin (0.2 ppm) 39** 58* 92 
Kasugamycin (40 ppm) 55* 72 83 
Polyoxin (20 ppm)a 33** 43** 67 
Coll 0411-1/80 (10 g/hi) 67 50** 76 
CGA 78039 (10 g/hi) 96 72 100 
Quatex (0.20/o) 52* 68 90 
Catigene (0 .20/o)b 24** 44** 21** 
Water control 92 96 91 

significantly different from pooled control for cultivar, at 50/o, 1°/o and 0.1/o 
levels respectively. 

a. b Average of all cultivars significantly lower, at 5/o aad 1°/o levels, than control average. 

Bordeaux mixture plus oil, and Catigene nreduced pollen germination in all 
cultivars; however, no significant effect could be detected after spraying 
with CGA 78039. 

In all control pistils examined an average of 3 to 6 pollen tubes reached 
the base of the style. However, after treatment with some bactericides, a 
decrease in the number of pistils containing pollen tubes (Table 8) and in 
the mean number of tubes per pistil (Table 9) could be observed. Passe 
Crassane seemed the most sensitive cultivar and Quatex -randCatigeneP. 
most deletereous treatments, impairing the arrival of pollen tubes to the 
ovary in all pistils. This was probably due to necrotic lesions produced in the 
pistils, since pollen tubes were stopped upon arrival at a necrotic area. 

Discussion 
As the efficiency tests have been done in vitro the results must be 

modulated for field use. It is likely that the bacterial resistance is more 
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Table 8. Percentage of hand pollinated pistils with pollen tubes reaching the base 
of the style. 

Cultivar 
Bactericide 

Passe Williams Beurrd 
Crassane Hardy 

Bordeaux mixture (0.5 gCu/l) 100 96 100 
Bordeaux mixture 'in situ' (id.)b 66** 96 32** 
Copper oxychloride (id.) 58** 91 100 
Copper oxyde (id.) 77* 91 100 
Bordeaux mixture + oil (id.) 20** 100 96 
Copper oxyquinolate (id.) 91 84 72* 
Tri-Miltox (R) (0.05 gCu/l) 65** 79* 96 
Stroptomycin (200 ppm) 71* 83 100 

Kasugamycin (40 ppm) 86 72* 100 
Polyox in (20 ppm) 92 76* 92 
Coll 041,1-1/80 (10 g/hl) 60** 76* 100 
CGA 78039 (10 g/hl)a 50** 88 96 
Quatex (R) (0 .20/ o )c 0 0 0 

Catigene (R) (0 .20/ o )c 0 0 0 

water control 100 100 100 

* *, Significantly different from pooled control for cultivar at 50/0 and l/o levels respec
tively. 

a,b Average of all cultivars significantly lower, at 50/o and l/o levels, than control average.
 
c Not included in statis-tical analysis.
 

important and efficiency of products less important in the field. So the 
concentrations to use would be a little higher to reduce thiseventuality and 
to palliate spray irregularity. 

Only six products have shown a good efficiency against bacteria tested: 
streptomycin, copper sulphate, Tri-Miltoxl, Coil 0411-1/80, MSCT 7938, 
and CGA 78039, the latter in spite of our references of little action against 
Pseudomonas syringae (5). 

Unfortunately the phytotoxicity is important for some of these products. 
Streptomycin, CGA 78039, Coil 041- -1/80, and MSCT 7938 are not 
phytotoxic on leaves but copper sulphate on all cultivars tested and Tri-
Miltoxn on Blanquilla have shown strong phytotoxicity, the last probably 
because of presence of mancozeb in its composition. Neutralization with 
lime of copper sulphate in the Bordeaux mixture reduces greatly its 
phytotoxicity on leaves but decreases its bactericide activity. We must 
remember the increasing of 'russeting' if copper products are used in 
blossom after 'stade B-C" (1). 
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Table 9. Mean number of pollen tubes per pistil reaching the base of the style after 

hand pollination. 

Bactericide Cultivar 

Passe Beurrd 
Crassane Williams Hardy 

Bordeaux mixture (0.5gCu/I) 1.7 2.4 
Bordeaux mixture 'in situ' (id.) 1.2 1.9 0.9 

copper oxychloride (id.) 0.8 1.2 3.9 
copper oxyde (id.) 1.2 3.1 5.2 

Bordeaux mixture +oil (id.) 0.2 3.6 5.1 
copper oxyquinolate (id.) 1.9 1.9 2.4 

Tri-MiltoxR (0.05gCu/Il) 1.1 1.8 6.2 
streptomycin (0.2 ppm) 1.2 6.1 4.3 
kasugamycin (40 ppm) 2.3 1.6 6.3 
polyoxin (20 ppm) 2.6 2.7 6.1 
Coil 0411-1/80 (10g/hi) 1.4 3.1 4.2 
CGA 78039 (10g/hI) 0.5 3.4 10.4 
QuatexR (0.2o/o) 0 0 0 
CatigeneR (0.2o/o) 0 0 0 
water control 3.5 3.9 5.4 

,The worst products are sodium hypochloride, Quatexl and Catigene , 
which have shown poor efficiency and strong phytotoxicity on leaves and 
flowers. 

Generally, the incidence of all products on pollination is negative. Passe 
Crassane has proven the most susceptible cultivar to bactericides used in 
the blossom period. This fact associated with the great susceptibility of this 
cultivar to fire blight (12) should be taken into consideration. 

The number of pistils with pollen tubes in the ovary was reduced to 29, 
35, 40, and 50 percent for streptomycin, Tri-Miltox 'Coll 0411-1/80, and 
CGA 78039, respectively. IViSCT 7938 has not been tested in this way. 
However, it is necessary to work further on the practical influence of this 
negative effect. 

The present survey shows that development of necrotic lesions in the 
pistil, caused by Quatex IN and CatigeneX , is the most important factor 
preventing fertilization. Church and Williams (3) pointed out that although 
pollen germination on the stigma gave a good guide on the crop limitin9 
potential of a fungicide, a more comprehensive investigation was needed 
since, besides germination, pollen tube growth and fertilization could be 
affected too. This proves to bethe case when treating with Quatex19. Under 
this neatment, while pollen germination on the stigma is little affected, 
pollen tube growth is stopped due to necrotic lesions in the style. 
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On the other hand, a poor germination at the stigma does not necessarily 
mean a reduction in the number of pollen grains reaching the ovary, as is 
the case in Williams and Beurrd Hardy after treatment with copper oxyde, 
Bordeaux mixture +oil, and Tri-MiltoxR. This is in agreement with the lack 
of correlation found by some authors (10) between low pollen germination 
and low fruit set when using some fungicides. 

These results should be interpreted in terms of potential damage since 
more product is deposited on the flowers than in the field (3) and in the 
orchard more flowers and pollen are available (11). However, an indication 
may be drawn on which proJucts are more harmful to the fertilization 
process as well as on the varietal susceptibility to the different products. 
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Abstract 
Data on the time of harvest and the incidence of capsule rot in atrial at Sri 

Lanka suggested that the time of crop maturity is an important determinant 
or capsule disease losses. Late maturing selections, in which most of the crop 
was harvested after mid October, showed a lower incidence of capsule rot 
Bacillus megatherium than those in which more of the hahvesting took place 
during the perind June io mid October. 

Introduction 
Cardamom (Elettaria cardamomum L. Maton. Fam. Zingiberaceae) is a 

spice that is grown in Sri Lanka which has a potential for expansion and 
intensification in the minor export crops diversification program (De Silva,
1978). Diseases such as capsule rot have led to a loss of about the whole 
crop in certain cardamom plantations (1).

The primary symptoms of the disease appear as watersoaked spots on 
affected capsules. These spots enlarge rapidly imparting a dull greenish
brown color to the infected capsules. In the later stages, the diseased 
capsules decay, emitting a foul smell, and fall off. Under field conditions 
capsules are infected at al! stages of maturity.

The present paper emphasizes the incidence of the disease in relation to 
crop maturity. This experiment was conducted at the Illumbakanda 
Cardamom Plantation, Deniyaya, and at Department of Agronomy, Faculty
of Agriculture, Ruhuna University, Mapalana, Kamburupitiya, Sri Lanka 
during 1980-81. 

Materials and Methods 
Capsule rot losses are high during two periods in the southern region of 

Sri Lanka. The first is in June and July and the second, in late September
and early October. The exact period of capsule rot epidemic depends on the 
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distribution of the main periods of rainfall and this varies from year to year. 
In the present study the period of high capsule rot incidence has been 

taken as July 1 to October 15. In the field trials, losses were classified into 
two categories, diseased capsules and pest-damaged capsules. Most of the 
diseased capsules were affected by capsule rot and the pest damage was of 
minor significance. 

The first trial at Deniyaya consisted of 20 selections of the cultivar 
Malabar of cardamom, planted in different states in the district. These 
selections differ in vegetative habit, in capsule size and number, and in the 
distribution of capsules. All these characters influence the level of capsule 
rot losses. 

Three areas of mature cardamom were studied. In one area, the Malabar 
cultivar had been planted in 1972 from seeds collected from Matale 

Table 1. Pattern of cropping and incidence of pod disease at Deniyaya 1980 - 1981 
July. 

Selection Overall o/o April-June June-Mid 

diseased October Mid October-February 

o/o pods o/o pods 0/o diseased o/o pods o/o diseased 

1 117 6.2 13.0 25.5 80.8 8.9 

2 13.9 6.5 22.3 24.0 71.2 10.4 

3 15.6 6.4 19.9 32.2 73.7 11.6 

4 15,7 4.1 9.2 44.9 86.7 12.3 

5 21.3 9.9 19.7 39.6 70.4 16.9 

6 21.6 9.2 27.6 35.4 63.2 15.9 

7 21.6 11.8 23.6 40.7 64.6 15.3 

8 22.9 8.6 18.7 46.5 72.7 17.2 

9 23.1 11.2 18.2 40.1 70.6 19.0 

10 23.5 9.8 21.4 43.7 68.8 17.9 

11 24.4 7.9 22.9 43.2 69.2 19.2 

12 25.0 11.5 22.8 43.3 65.7 20.1 

13 25.0 11.4 18.6 51.0 70.0 18.4 

14 25.0 3.9 20.8 50.5 75.3 17.8 

15 25.8 9.0 13.2 54.1 77.8 19.8 

16 27,0 10.9 19.3 62.5 69.8 17.2 

17 27.7 15.1 20.7 69.5 64.2 16.8 

18 27.9 15.8 21.9 49.2 62.3 20.5 

19 30.1 10.2 19.8 64.8 70.0 21.4 

20 30.6 8.9 21.1 65.7 70.0 20.6 
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Research Station. The other areas were planted in 1976 arid 1975 and 
included the Malabar and Mysore cultivars and their selections. 

Results 

In this experiment, disease losses ranged from 24.0% to 69.5% in the 
July and mid October period and from 8.9% to 21.4% in the mid October to 
February period (Table 1, Fig. 1 ). Generally, selections with low losses in 
the first period also had low losses in the second period. Certain selections 
such as SLS 1 and SLS 2 had low losses throughout the year; they bore a 
high proportion of their crop after mid October. All the selections which 
bore less than 70% of their crop after mid October had an overall disease 
level greater than 20%. In this trial, there was a clear relationship between 
cropping pattern and overall disease incidence (Fig. 1). 
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Fig. 1 .Relationship between pattern of cropping and incidence of capsule disease. 
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Discussion 

None of the selections in the trial was immune to capsule rot. Some had 
low overall losses, but it was not clear how much of this was due to direct 
genetic resistance. Disease losses on SLS 2 were low in relation to its 
cropping pattern, suggesting that it is less susceptible to capsule rot than 
the other selections in the trial. All the selections with a lowoverall level of 
disease losses produce most of their crop outside the main capsule rot 
epidemic period. 

Breeding for cropping pattern to reduce overall disease losses would 
avoid some of the difficulties of working with weak source of resistance to 
capsule rot of cardamom. The difficulties are increased because cultivars 
for farmers must be distributed as seed and not as selections. Plantswhich 
produced most of their crop after mid October would largely escape 
infection and if few capsules were carried through the dry season, the 
pests that attack the capsules, would be retarded. 

The period of maximum harvest varied in different areas in Sri Lanka. The 
results reported here apply only to one locality in the southern region and 
these selections may show somewhat different cropping patterns when 

moved out of that region. In the southern region ideal selections should 
crop late in the year with capsules maturing over a short period and have 
genetic resistance to capsule rot. 
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Abstract 
Field trials were conducted for three consecutive seasons to control 

bacterial wilt of tomato. Bleaching powder was most affective of substances 
tried in decreasing wilting of tomato plants. Percentages of wilting in 
bleaching powder treated plots for three seasons were 5.3, 13.9, and 11.5; 
while in untreated control plotsthu wilting percentages were 59.9,72.5, and 
82.8%. Average yield of tomato fruits in bleaching powder treated plots
(22.5g/15 iM

2 
) for three seasons was 24.45, 23.65, and 23.33 while in 

control plots it was 13.77, 14.05 and 13.45. The next most effective 
chemical for increasing the yield was Agrimycin-100. 

Introduction 
Bacterial wilt caused by Pseudomonas solanacearum Smith is one of the 

important diseases of tomato in temperate, subtropical, and tropical
countries of the world (4). The disease is serious in many states of India 
and sometimes it causes complete failure of the crop. At present, there are 
no effective controls except resistant varieties and cultural practices. Little 
information is available on control of bacterial wilt by chemicals under field 
conditions (1, 2, 7). In India no attempt has been made to control this 
serious disease with antibiotics and fungicides. Trials were conducted to 
find out their effectiveness. Results are presented in this paper. 

Materials and Methods 
Trials were conducted at the Indian Institute of Horticultural Research 

Farm, Bangalore, India, during the summers (March to June) of 1979 and 
1980 and in Kharif (Julyto September) of 1980. One month old seedlings of 
tomato cv. Pusa Ruby were transplanted in bacterial infected soil in 15 m 2 

(5 x 3 m) plots. The design of the experiments was a randomized block with 
three replications. The treatments were Agrimycin-100, Paushamycin,
potassium, penicillin (100 ppm), Bavistin (1000 ppm), Ceresan Wet (2000
ppm), bleaching powder (15 kg/ha), control-A (Agrimycin-100 spray) and 
control B (without treatment). All the chemicals were applied as seedling
dip before transplanting except bleaching powder which was incorporated
in the soil before transplanting. The tomato nursery was given one spray of 
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Agrimycin-lO0 within 15 days of sowing in the nursery bed. Data on 
wilting of plants and yield of tomato fruits were recorded and analyzed 
statistically. 

Results 

Among all the antibotics and fungicides tested, bleaching powder was 
significantly superior in reducing the disease in all experiments. 
Percentage of wilting in bleaching powder was 5.3, 13.9, and 11.5, 
compared to 59.9, 72.5, and 82.8 in the control during summer, 1979, 
1980, and Kharif season of 1980, respectively (Table 1). Next most 
effective chemical for reducing the disease was Agrimycin- 100 in both the 
seasons of 1980 (35.8 and 35.8%, respectively) but during 1979, second 
effective chemical was Plantomycin (19.1%). The least effective chemical 
was potassium penicillin in summer seasons of 1979 and 1980, whereas it 
was Plantomycin in Kharif, 1980. Percentage of disease control was 
maximum in bleaching powder treated plots (85.7%), followed by 
Agrimycin 100 seedling dip (52.5%). 

Yield of tomato fruits was higher in bleaching powder treated plots in all 
experiments. The average numbers of fruits per plot in bleaching powder 
treated plots were 492.6, 732.6, and 650.6 whereas in control plots the 
averages were 334, 419.3, and 317 during summer 1979, summer 1980, 
and Kharif 1980, respectively (Table 2). The number of fruits was lowest in 
ceresan wet treated plots during summer and Kharif seasons of 1980 but in 
summer, 1979, potassium penicilin treated plots yielded lowest. Percen
tage increase in number of fruits was more (75.27%)inbleachingpowder 
plots followed by Agrimycin-1 00 spray in nursery bed (control-A, 50.32%). 

The average weights of tomato fruits in bleaching powder treated plots 
were 24.45, 23.65, and 23.33 kg/plot (Table 2). This is significantly 
superior to control in summer 1979 and Kharif 1980. There was no 
significant difference between these two treatments in summer 1980. The 
average weight of tomato fruits was 13.77, 13.98, and 13.45 kg/plot in 
control plots, during the three seasons of testing. The next best effective 
chemical in respect to yield (weight), was Agrimycin-lO0 spray (control-A) 
as yield was 20.70 and 22.71 kg/plot, in the trials of 1980. Bavistin was 
ranked next to bleaching powder in only one season (1979). Minimum yield 
of tomato fruits was recorded in ceresan wet treated plots in both the 
experiments of 1980 but in 1979 lowest yield was in potassium penicillin 
treated plots. Percentage increase in weight of tomato fruits was maximum 
(73.41%) in bleaching powder followed by Agrimycin-QO0 (Control-A, 
54.47%). 

Discussion 

Bleaching powder was found most effective when incorporated into the 
soil before transplanting of tomato seedlings. So farthere is no report in the 
literature regarding the use of bleaching powder against bacterial wilt of 
tomato. However, bleaching powder is reported to be effective against 
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Table 1. Effect of antibiotics and fungicides on the incidence of bacterial wilt of tomato. 

SI. 
No. 

Treatment 1979 
Summer 

Per cent wilted plants 
1980 

Summer Kharif 
Average 

Per cent reduction 
in disease over 

control 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Potassium Penicillin 

Agrimycin-100 

Plantomycin 

Bavistin 

Ceresan Wet 

Bleaching Powder 

Control-A 

Control-B 

46.9 (43.22)* 

30.4 (33.47) 
19.1 (25.78) 

27.0 (31.32) 

37.4 (37.61) 

5.3 (13.07) 

41.1 (39.89) 

59.9 (50.78) 

60.7 (51.50) 

35.8 (36.94) 
50.1 (45.34) 

39.9 (39.42) 

50.0 (45.28) 

13.9 (22.27) 

45.9 (42.89) 

72.5 (58.76) 

50.1 (45.34) 

35.8 (36.94) 

60.7 (51.50) 

51.8 (46.33) 

41.7 (40.33) 

11.5 (20.23) 

38.7 (38.77) 

82.8 (65.95) 

52.5 

34.0 

43.3 

39.5 

43.0 

10.2 

41.9 

71.7 

26.7 

52.5 

39.6 

44.9 

40.0 

85.7 

41.5 

S.E.M. 

C.D. at So/o 

C.D. at lo/o 

(2.60) 

(7.89) 

(10.96) 

( 2.82) 

( 8.57) 

(11.90) 

( 2.86) 

( 8.69) 

(12.06) 

Figures in parenthesis are angular values. 
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Table 2. Effect of antibiotics and fungicides on yield of tomato in bacterial sick plots. 

Yield 

No. of fruits Weight in kg 
Per cent Per cent 

SI. Treatment 1979 1980 Aver- increase 1979 1980 Aver- increase 
No. age over age over 

Summer Summer Kharif control Summer Summer Kharif control 

1. Potassium 323.3 (2.49) 475.6 (2.50) 397.6 (2.58) 398.8 11.80 15.06 16.20 20.35 17.20 25.27 
Penicillin 

2. Agrimycin-100 406.6 (2.60) 586.0 (2.72) 492.3 (2.68) 494.9 38.74 18.94 15.20 18.41 17.51 27.60 
3. Plantomycin 417.3 (2.37) 523.0 (2.67) 461.3 (2.66) 467.2 30.97 18.18 14.77 18.20 17.05 24.18 

4. Bavistin 521.3 (2.70) 665.3 (2.80) 421.3 (2.62) 535.9 50.23 21.70 20.69 16.55 19.64 43.04 

5. Ceresan Wet 433.0 (2.61) 442.3 (2.58) 328.0 (2.49) 401.1 12.44 18.40 13.43 11.38 14.40 4.88 

6. Bleaching 492.6 (2.69) 732.6 (2.85) 650.6 (2.81) 625.2 75.27 24.45 23.65 23.33 23.81 73.41 
Powder 

7. Control-A 443.3 (2.63) 642.0 (2.74) 523.3 (2.71) 536.2 50.32 20.24 20.70 22.71 21.21 54.47 

8. Control-B 334.0 (2.49) 419.3 (2.52) 317.0 (2.48) 356.7 - 13.77 13.98 13.45 13.73 -

S.E.M. (0.05) (0.12) (0.05) 2.30 0.71 2.30 

C.D. at 5o/o (0.15) (0.38) (1.73) 6.97 13.66 8.37 
C.D. at lo/o (0.22) (0.53) (2.40) 9.68 18.95 11.62 

Figures in parenthesis are transformed values. 



bacterial leaf blight of rice (6), stalk-rot of maize (9, 10), soft-rot of 
cauliflower (3), and soft-rot and blackleg of potato (8). Other chemicals 
used in the present investigations were not tested earlier against bacterial 
wilt of tomato. However, Bavistin sprays (0.07%) have been reported
effective against Hooghly wilt of Jute caused by Macrophomina phaseoli,
Pseudomonas solanacearum, and Fusarium solani(5) but in our studies it 
was used as seedling dip. 
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Hissar, India 

Abstract 

The F1 , F2 and F3 progenies of crosses made between resistant and 
susceptible parents showed that the resistance in Jalgaon-781, ML-8, and 
ML-10 varieties was governed by a single recessive gene situated on the 
same locus. 

Introduction 

Bacterial leaf spot disease of mungbean (Vigna radiata L. Wilezek) 
caused by Xanthomonas phaseoli (E. F. Smith) Dowson mungbean strain 
is widely distributed in India (9) causing considerable loss. Several 
mungbean varieties which are i-elatively resistant to this disease (1, 3, 10) 
are low yielding and late in maturity. The present work on inheritance of 
resistance pattern is aimed at determining suitable breeding procedure for 
developing high yielding, early maturin , and bacterial leaf spot resistant 
varieties. 

Materials and Methods 

Culture of mungbean leaf spot organism (Xanthomonasphaseoli)used in 
the present studies was the same as identified a ;d employed in screening 
of nungbean varieties (1). Itwas maintained on nutrient dextrose agar at 6 
to 80 C in a refrigerator. For preparing the inoculum, the organism was 
grown on NDA at 25 to 301C for 48 h. The growth was scraped from the 
petri plates and the bacterial suspension (approximately 107 cells/ml)was 
prepared by diluting it in sterile water. 

The crosses were made following the technique of Boling ef al. (2). The 
emasculation was done in the evening and pollination on the next day, 
before 7 a.m. The mungbean lines, Jalgaon-781, ML-8, and ML-10 were 
used as resistant parents, and PS-7, PS-16, and Pusa Baisakhi, as 
susceptible ones. Crosses were also made between resistant and resistant 
parents as well as between susceptible and susceptibles (Table 1). F1 , F2 , 
and F3 progenies were tested in field at Haryana Agricultural University 
Farm, Hissar, India under epiphytotic conditions created according to 
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Table 1. Reaction of F, and F2 progenies of various mungbean- crosses to bacterial leaf 
spot organism Xanthomonas phaseol. 

Crosses Type of 
cross 

PS-7 X Jalgaon-781 S X R 
PS-7 X ML-8 S X R 
PS-7 X ML-10 S X R 
PS - 16X Jalgaon -781 S X R 
PS-16X ML-8 S X R 
PS- 16X ML- 10 S X R 
PB X Jalgaon -781 S X R 
PB X ML-8 S X R 
PB X ML-10 S X R 
PS-7 X PS-16 S X S 

PS-7 X PB S X S 
PS-16X PB S X S 
J-781X ML-8 RX R 
J-781X ML-10 R X R 
ML-8 X ML-10 R X R 

On R = = PBResistant; S Susceptible; = 

Reaction of no. 
of plants 

F 1 F 

R S 

S 54 157 
S 36 106 
S 30 108 

S 52 162 
S 64 218 

S 69 237 
S 25 88 

S 68 219 

S 38 120 

S - 192 

S - 188 
S - 238 

R 185 -

R 215 -

R 214 -

Pusa Baisakhi. 

Ratio 

1:3 

1:3 

1:3 

1:3 

1:3 

1:3 

1:3 

1:3 

1:3 

-

-

-

Or =Z -
E 

0.0339 

0.0094 

0.7525 

0.0560 

0.7989 

0.9802 

0.4984 

0.2612 

0.0749 

-

0 



Sundaram (12) on 20-day old plants having 2 or 3 leaves. Water was 
sprayed on the plants in the evening in order to have sufficient humidity the 
next morning to facilitate inoculation by bacterial cell suspension (107 

cells/ml). Both the lower and upper surfaces of the leaveswere inoculated 
using a knap-sack sprayer. The inoculated seedlings were sprayed with 
water twice a day for 4 days to maintain sufficient humidity on the leaf 
surface. Symptoms appeared within 7 to 15 days of inoculation. Disease 
reaction was recorded at an interval of one week till pod formation. 

Results and Discussion 

The F1 individuals of mungbean parents made between susceptible (PS
7, PS-16 and Pusa Baisakhi) and resistant varieties (Jalgaon-781, ML-8 
and ML-10) were susceptible, suggesting that the susceptibility was 
completely dominant over resistance. 

F 2 progenies of Susceptible x Resistant crosses segregated into 3S : 1 R 
(Table 1), indicating that the resistance in Jalgaon-781, ML-8, and ML-10 
was controlled by a single recessive gene. The F3 progenies (Table 2) 
segregated in accordance with 1 R:2 Seg: 15 ratiowhich further confirmed 
the conclusion. In the rest of the crosses viz., S x S and Rx R,no segregants 
in F2 individuals were observed. This suggests that the single recessive 
resistance gene in Jalgaon-781, ML-8, and ML-10 was situated on the 
same locus and did not overlap. 

Contrary to the above findings, Singh and Patel (11) found resistance in 
Jalgaon-781 governed by a single dominant gene. Such conflicting results 
are expected in the light of earlier findings (5, 7, 8) where the changes in 

Table 2. Reaction of F3 progenies of various crosses to bacterial leaf spot organism 
X. phaseoli. 

Cross Type of Reaction of No. of Ratio 
cross plants 

R Seg S 

PS-7 X Jalgaon-781 S X R 6 14 8 1:2:1 

PS-7 X ML-8 S X R 8 15 7 1:2:1 

PS-7 X ML-1O S X R 6 13 9 1:2:1 

PS-16XJalgaon-781 S X R 7 12 9 1:2:1 

PS-16XML-8 S X R 9 14 7 1:2:1 

PS-16X ML-10 S X R 5 14 8 1:2:1 

PB X Jalgaon-781 S X R 7 14 8 1:2:1 

PB X ML-8 S X R 7 14 9 1:2:1 

PB X ML-10 S X R 6 17 7 1:2:1 

= = R Resistant; S Susceptible; Seg = ?; PB = Pusa Baisakhi 
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the inheritance pattern were attributed to the influence of environment 
when screening was carried out in different agroclimatic conditions. 
Secondly (6), the influence of the differences in the physiological stages of 
the plant cannot totally be ruled out. Susceptibility or tolerance of beansto 
common bacterial blight caused by X. phaseoli depends greatly upon the 
stages of development of the plants, as plants are more susceptible in the 
reproductive stage than in the vegetative stage (4).

Therefore, in our studies it can be concluded that the inheritance of 
resistance to bacterial leaf spot in mungbean is governed by a single
recessive gene and there are no modifying genes. As the resistance 
character is inherited independently, so it is possible to breed mungbean
cultivars having a short duration, desired maturity period, and resistance 
against bacterial leaf spot disease. 
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Abstract 

To avoid the possible introductiQn of citrus canker (Xanthomonas cirri) 
(Hasse, Dowson) in citrus growing areas, it is important to have arapid and 
safe method for diagnosis. At present, pathogenicity tests are the only 
methods for diagnosis; specific biochemical teats are not available and 
serological detection lacks specificity. 

Inoculation of plants growing in vitro were evaluated as a method for 
detecting the bacteria. Twenty jay old Marsh grapefruit (Citrus paradisi 
Macf.) and Parson Brown sveet orange (C.sinensis (L.) Osbeck) seedlings 
growing under sterile cond,tions in Murashige and Skoog salt solutions were 
inoculated by placing a drop of bacterial suspension on wounded and 
unwounded leaves. Inoculawed seedlings were incubated at 270 C under 16 h 
daily exposure to 1,000 lux Olumination. 

Seven to ten dnys following inoculation, typical symptoms were observed 
in all inoculated plants. Disease expression appeared sooner and was more 
severe in wounded than in unwounded plants. No symptoms wvere observed 
in plants inoculated with d Pseudomonas syringae strain isolated from citrus 
or with a Xanthomonas spp. that was pathogenic to non-citrus hosts. 
Advantages and disadvantages of the method are discussed. 

Introduction 

Citrus canker, caused by Xanthomonas citri (Hasse) Dowson, is a very 
serious disease of citrus. It produces lesions on fruit, leaves, and twigs and 

causes defoliation, dieback, and fruit drop in most commercial varieties. 
(Fawcett, 1936; Rosetti, 1977). 

The disease is present in several countries of Asia, South America, 
Africa and Oceania (Garnsey et al., 1979). The areas free of X. citri are 
threatened by its introduction. To avoid this, a quick, specific, and safe 
method of diagnosis is needed, to be used in quarantine procedure or to 
identify suspicious symptoms in the field. 

At present, pathogenicity tests have to be used for diagnosis. 
Biochemical tests and accurate serological detection methods are not 
available. The standard pathogenicity tests, using plants growing in pots, 

of the require sophisticated security systems to avoid dissemination 
bacteria, especially in those countries where it is not present. 

In this study, inoculation of plants growing in vitro was evaluated as a 

method for diagnosis of citrus canker, because plants growing in test tubes 
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can be handled easily without danger of disseminating diseases. Routine 
diagnosis of Corynebacterium fascians is carried out by inoculation of 
plants growing ir vitro. Tissue cultures by in vitro methods have been used 
to study the effect of bacterial toxins in callus and cells (Bajaj and Saettler, 
1970; Kalil et al., 1971) and the production of toxins by suspension cultures 
(Hsu and Goodman, 1978). 

Materials and Methods 

Marsh grapefruit (CitrusparadisiMacf) and Parson Brown sweet orange 
(C. sinensis (L.) Osbeck) were used as indicator plants, because both 
species are very susceptible to citrus canker (Fawcett, 1936; Namekata and 
Balmer, 1973). 

Seeds were peeled (both seed coats were removed), disinfected by 
immersing them for 10 minutes in a 0.5% sodium hypochlorite solution 
containing 0.1% Tween 20 wetting agent, and rinsed three times with 
sterile distilled water. One seed was sown per tube of 25 x 150 mm 
containing 25 ml of the plant cell culture salt solution of Murashige and 
Skoog (1962) solidified with 1% Bacto-agar. Tubes were placed in a culture 
room at 271C under a 1 6 h daily illumination with 1000 ux Sylvania Gro 
Lux light, to allow seed germination. 

After 20 days the third fully expanded lead of eech seedling was 
inoculated under sterile conditions with a suspension of X. citri var. 
asiatica strain no. 1209 CNBP. The suspension was prepared from a 48 h 
culture grown at 251C on Difco Nutrient Agar supplemented with 0.5% 
yeast extract and 1% dextrose, and adjusted to 109 cells/ml with sterile 
distilled water. 

Inoculations were made by adding a drop of bacterial suspension on the 
main vein of wounded and unwounded leaves. The wound consisted of two 
incisions made on the main vein with a scalpel under sterile conditions. 
After inoculation, tubes were cupped and sealed with plastic tape (Fig. 1) 
and cultured again under the same conditions. 

Following the same procedure, seedlings were inoculated with sterile 
distilled water, Pseudomonas syringae Van hall, X. vesicatoria (Doidge) 
Dowson, X. ampelina Panagopoulos, Erwinia carotovora (Jones) Bergey, 
and Agrobacterium tumefaciens (Smith) Townsend. 

Results and Discussion 

Similar symptoms were observed on Marsh grapefruit and Parson Brown 
sweet orange seedlings inoculated with X. citri and grown in vitro. 
Symptoms appeared sooner and were more severe on wounded than on 
unwounded leaves (Fig. 2 and 3). On unwounded leaves of sweet orange, 
first symptoms appeared 1 week after inoculation, whereas on grapefruit 
they appeared after 2 weeks. In both cases, initial symptoms were light 
brown spots that slowly enlarged and became brownish yellow, corky 
lesions (Fig. 2). All seedlings of sweet orange showed symptoms 2 weeks 
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Fig. 1. Marsh grapefruit seedlings 14 days after wound inoculation. Left,
inoculated with sterile distilled water; right, inoculated with X. citri (arrow 
indicates lesion). 
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Fig. 2. (A). Symptoms of X. citri on Marsh grapefruit seedling one month after 
inoculation on unwounded leaf. (B) Symptoms of X. citri on Marsh grapefruit 
seedling one month after inoculation on wounded leaf (arrows indicate lesions). 
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Fig. 3. Systemic lesions on Parson Brown sweet orange 1 month after wound 

inoculation with X. citri (arrows indicate lesions). 
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Fig. 4. Symptoms of X. citri on Parson Brown seedling two months after 
inoculation on wounded leaf. 
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after inoculation, whereas all grape fruit seedlings had symptoms 3 weeks 
after inoculation. 

On wounded leaves of both varieties lesions appeared on all plants I 
week after inoculation, but symptoms were more severe on Parson Brown 
than on Marsh grapefruit. On the edges of the wounds a few small light
brown lesions were formed initially. Lesions quickly proliferated, covering 
the whole edge, and they became darker. 

In sweet orange, new systemic lesions appeared after one month of leaf 
blades, petioles and stem (Fig. 3) and some leaves died and dropped. Some 
plants infected for two months showed severe defoliation and dieback(Fig. 
4). These severe symptoms were not observed on plants inoculated on 
unwounded leaves. No symptoms were observed after 2 months in plants
inoculated with sterile distilled water or other phytopathogenic bacteria. 

These results show that X. citri induce symptoms on plants grown and 
inoculated in vitro and that this inoculation method isspecific for diagnosis 
of citrus canker, since no symptoms were observed on seedlings inoculated 
with other phytopathogenic bacteria. 

The incubation period and symptom expression on seedlings inoculated 
in vitro are similar to those described with conventional methods of 
inoculation (Koizumi, 1966; Namekata and Balmer, 1973). However, thein 
vitro method has several advantages. It is safer in countries whereX. citriis 
not present, because .est tubes can be tightly closed and easily handled 
without risk of bacteria dissemination. For this reason, it can be 
recommended for use in quarantine procedures for citrus, especially in 
connection with other in vitro methods for virus elimination (Navarro et al,
1975; Roistacher et al, 1977), that may make citrus introduction a safe 
operation. 

Another advantage of the in vitro method for X. citri diagnosis is that it 
requires very little space; greenhouses and growth chambers are not 
necessary. The method can be useful in study of host-parasite 
relationships because plants are grown under sterile conditions. Nutrition,
light and temperature can be easily controlled and humidity inside the test 
tube is practically 100%. 

The difference in symptom inten'sity of Parson Brown sweet orange and 
Marsh grapefruit indicate that this method can also be used to study 
sensitivity of citrus varieties to different pathotypes of X. citri. These 
studies could be carried out even in laboratories ;ocated outside growing 
areas and without facilities to grow citrus. 

It could be interesting to try similar in vitro inoculation mothods for other 
bacteria causing severe diseases and subject to quarantine regulations, 
such as Erwinia amylovora and Pseudomonas solanacearum. 
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Abstracts
 

RESISTANCE OF POTATO TO TUBER ROT INDUCED BY Erwinia 
chrysanthemiAS INFLUENCED BY TEMPERATURE AND LENGTH OF 
STORAGE. Hidalgo, O.A., and E. Echandi. Dept. of Plant Pathology, N.C. 
State University, Raleigh, N.C.,U.S.A. 

Tubers of 11 clones of Solanum tuberosum subsp. andigena (andigena) 
and 12 cultivars of S. tuberosum subsp. tuberosum (tuberosum) were 
inoculated with water suspensions (5.5 x 104, 105, 106, CFU/ml) of Erwinia 
chrysanthemi immediately after harvest and after 6 and 16 weeks of 
storage at 4 and 230 C.Tuber rot in andigena and tuberosum increased as 
inoculum concentration increased. Clones of andigena were classified as 
resistant, intermediate or susceptible and cultivars of tuberosum were 
classified as intermediate or susceptible based on tuber rot incidence. Rot 
increased in all tubers stored at 41C and only in tuberosum tubers stored at 
230 C.Electrolyte leakage (EL), total sugars (TS), reducing sugars (RS), non
reducing sugars (NRS) and dry matter (DM) were determined in non
inoculated tubers. There was a significant positive correlation between the 
rate of EL, concentration of RS and tuber rot in andigena and tuberosum. 
Tuber rot and DM were negatively correlated in andigena tubers but were 
not correlated in tuberosum. Andigena clones with low EL, TS, and RS, but 
high DM were resistant to tuber rot, and the incidence of tuber rot in these 
clones was influenced less by temperature and length of storage. The 
influence of temperature and length of storage on E. chrysanthemi 
susceptibility may be explained by increased membrane permeability; 
increased leakage of accumulated sugars in potatoes stored at 41C could 
favor bacterial proliferation resulting in more disease. 
(Paper pre~ented at the Conference; complete text being published elsewhere.) 

INFLUENCE OF POTATO CULTIVAR AND SOIL TYPE ON EFFEC-
TIVENESS OF PLANT GROWTH-PROMOTING RHIZOBACTERIA. 
Howie, W.J., and E. Echandi. Dept. of Plant Pathology, N.C. State 
University, Raleigh, N.C.,U.S.A. 

The influence of potato cultivar and soil type on effectiveness of plant 
growth-promoting rhizobacteria (PGPR) was examined. Rhizobacteria 
were isolated from potato roots and tubers from fields with ahistory of high 
potato yields. Fluorescent rhizobacteria were selected for antibiosir 
against Erwinia carotovora subsp. carotovora and growth-promct'ng 
activityon potatoes. These bactei ia were identified asPseudomonasputida 
and P. fluorescens. In greenhouse tests, PGPR treated potato seedpieces 
and stem cuttings increased shoot dry weight 23 - 100% and root dry 
weight 27 - 178%. Survival of PGPR in the rhizosphere was monitored 
using antibiotic resistant strains. Populations of these strains decreased 
from 3.6 x 109 colony forming units per g(CFU/g) dry root weight to 4.5 x 
105 CFU/g dry root weight 4 wk after treatment. In field trials, PGPR strains 
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were applied to seedpieces of cultivars Kennebec, Pungo, Red Pontiac, and 
Superior and planted in Cape Fear loam, Plymouth loamy sand, and 
Delanco sandy loam. Significant yield increases of 17 - 37%were obtained 
in two of three field trials. Variability in plant growth-promoting activity 
was observed between greenhouse and field trials, and no given treatment 
combination of PGPR, potato cultivar, and soil type was consistently better 
than another. 

(Paper presented at the Conference; complete text being published elsewhere.) 

POTENTIAL ROLE OF LECTINS IN RESISTANCE OF TOMATO TO 
Pseudomonas solanacearum. Lin, C. Y. Dept. of Agric ilture and Forestry,
Taiwan Provincial Government, Nantou, Taiwan, Republic of China. 

The titer of lectins elicited in tomato plants by the introduction of 
Pseudomonas solanacearum was related to the susceptibility of the host 
plant, virulence of the inoculated bacteria, incubation time after Inocula
tion, and the bacterial strains used to determine titer. The tomato plants
contained relatively low amounts of lectins, which agglutinated P. 
solanacearum prior to inoculation regardless of their susceptibility to this 
pathogen. Plants inoculated with incompatible strains of P. solanacearum, 
i. e., resistant VC-8 and susceptible C-28 plants inoculated with avirulent 
mutant #64-B or resistant plants inoculated with virulent strains #64, 
showed significant increase in lectin titer 48-72 h after inoculation. 
Susceptible C-28 plants inoculated with virulent strain #61 of this 
bacterium showed only slight increases in lectin titer even after prolonged 
incubation. Lectin titers of preparations from eight tomato lines inoculated 
with virulent strain #64 were higher in resistant than in susceptible lines 
and were slightly higher when lectins were combined with cells of 
avirulent mutant #64-B than with those of virulent strain #64. Agglutina
tion titers of lectin preparation from the same eight tomato lines inoculated 
with avirulent mutant #64-B were much higher regardless of susceptibility 
when lectins were combined with virulent strain. Titers of lectin 
preparations from the resistant VC-8 and susceptible C-28 tomato lines 
inoculated with avirulent #64-B mutant were similar and much higher
when lectins were combined with five P. solanacearum mutants avirulent 
to tomato than when combined with ten strains virulent to tomato. Titers 
were much higher for lectin preparations from resistant VC-8 than from 
susceptible C-28 plants inoculated with the virulent strain #64, regardless 
of the virulence of the strain used for lectin determination. 

(Paper presented at the Conference; complete text being published elsewhere.) 

BREEDING PEPPERS FOR RESISTANCE TO THE PEPPER STRAIN 
OF Xanthomonas campestris pv. vesicatoria. Ribeiro, R. de L.D., 0. 
Kimura, F. Akiba, S. Sudo, C. F. Robbs, P. S. T. Brioso, 0. C. deAlmeida, 
and J. P. Pimentel. Universidade Federal Rural do Rio de Janeiro, 
Seropedica, R.J., Brazil. 
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A distinct pathogenic group of Xanthomonas campestrispv. vesicatoria, 
causing bacterial blight on pepper but not on tomatoes, occurs in Brazil. 
Apparently this group has not been reported from other regions of the 
world. A breeding program was initiated in 1970 to develop new pepper 
cultivars with resistance to the pUahogen. A selection from Santaka, a 
small-fruited, "'hot" pepper originally from Japan, was used as source of 
resistance. Advanced breeding :ines are now available which are highly 
resistant tot he bacterium and which produce "sweet" fruits of commercial 
quality. Resistance is a recessive trait and appears to be poligenically 
inherited. The resistant reaction is expressed through: (i) a markedly 
reduced number and size of leaf lesions, and (ii) a delayed rate of 
defoliation. Stems and fruits of resistant :ines do not develop lesions under 
conditions of natural infection in the field. 
(Paper presented at the Conference; manuscript not received in time to publish.) 

NEW METHOD FOR PRODUCTION AND MULTIPLICATION OF 
BACTERIA-FREE PLANTS OF CASSAVA FROM PARTIALLY IN-
FECTED STEMS. Takatsu, A. Dept. of Biol. Vegetal 70910, Universidade 
de Brasilia, Brasilia, D.F., Brazil. 

A new method for production and multiplication of healthy cassava 
plants (Manihot esculenta .rantz) from stems partially infected by 
Xanthomonas manihotis was developed. Stem cuttings of 3 to 4 cm were 
sprouted in shade, in well moistened soil, in 1000 cc capacity plastic bags, 
covered with a plastic sheet for 8 to 10 days. Under these conditions the 
temperature varied from 20 to 231C at 2 cm below the soil surface. This 
gave better disease break-out in infected stem cuttings than direct sun 
light, in which the higher temperature allowed most of infected stem 
cuttings to produce shoots without disease symptoms. After the cuttings 
sprouted, they were moved in their bags to the plastic (polyethylene sheet) 
house and the plants were allowed to grow for 2 months. Plants were 
watered by hand to avoid bacterial contamination through water splash. All 
plants that showed disease symptoms were eliminated immediately. At 2 
months, plants were pruned at the ground, leaving only one bud. Infected 
plants that did not show external symptoms until after the 2 months were 
identified and eliminated after pruning when new shoots showed the 
disease symptoms. The remaining plants were considered healthy40days 
after pruning and transplanted to the field. Multiplication of healthy piants 
obtained after one year of observation under field conditions was done with 
short stem cuttings (3 or 4 cm) sprouted by the same method, but in direct 
sun light, covered with a black polyethylene sheet. Under these conditions 
the temperature varied from 22 to 401C, which allowed fast and uniform 
sprouting (5 to 6 days) even of immature stem cuttings. The polyethylene 
sheet was then removed and plants were allowed to grow for 20to3Odays, 
then transplanted to the field. From each adult plant it was possible to 
obtain 100 to 180 new plants instead of 20 to 30 by traditional field 
methods. The new method is simple and reliable and can be carried out by 
farmers without expensive materials and installations. 

(Abstract provided but paper was not presented at the Conference.) 
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COTTON LEAF.INTERACTION AMONG BACTERIA INHABITING 
Verma, J. P., P. P. Sinha, and R. P. Singh. Div. of Mycology and Plant 
Pathology, Indian Agricultural Research Institute, New Delhi 110012, 
India. 

Species of Aeromonas (2 spp), Flavobacterium( 3 spp) and Pseudomonas 
(2 spp) comprising 14.2% of the total phylloplane bacterial (P1 B)population 
of cotton (Gossypium hirsutum) leaf, on preinoculation (8-20 hr), protected 
the leaf from infection by avirulent isolate of Xanthomonas campestris pv. 
malvacearum (Xcm) not only in a highly susceptible cv., but also in 
differentials [isogenic lines with different bacterial blight resistant (BBR) 
genes I used for race characterization. The presence of BBRG did not alter 
significantly the preinoculation protective effect (PPE) of P1 B. Heat killed 
cells of P1 B and their Str r mutants (1000 ppm) afforded similar PPE (50
60%). At 20:1 (P1 B:Xcm) ratio, protection was complete on afew cvs, while 
on others it was 80-92%. Further, at this ratio a fair degree of protection 
(about 40%) was obtained at time of inoculation. The inhibitory effect of 
P1 B/its culture filtrate (CF) could be demonstrated by food poisoned 
technique but not by filter paper disc or cross streaking. Moreover, when 
Xcm and P1B were mixed in vitro the former could be recovered bydilution 
plating after 8 h of incubation even at 10:1 (Xcm:P1B) ratio, thereby 
indicating that the growth of Xcm could be inhibited by a fairly low 
concentration of P1B, which itself multiplied very rapidly in the mixture. 
However, P11B multiplied rapidly in the cotton leavesonly in the presence of 
Xcm. It was concluded that the latent phase of Xcm induces P1B 
multiplication which later inhibits the growth of Xcrn and development of 
bacterial blight (88) symptoms. Spraying of P18 reduced 88 disease 
severity on all 12 cvs tested. The CF of P1 B possessed PPE and 8-16 h CF 
afforded maximum protection at 8 h preinoculation. The CF was also 
inhibitory to the growth of Xcm in vitro. Heat inactivated CF retained its 
activity. Preliminary studies have indicated that of the two (?)main 
protection factors (elicitors?) at least one is a polypeptide, which is capable 
of inducing phytoalexin production in cotton leaves. 

was not presented at the Conference.)(Abstract provided but paper 

PLANT MYCOPLASMA CONTROL WITH ANTIBIOTICS. J. de la R. 
Garcia, Pfizer, S.A., Mexico 19, Mexico. 

Since the discovery of mycoplasma-like organisms (MLO's) in plants in 
1967 it has been established that many diseases which for more than 80 
years have been considered to have been of viral etiology were actually 
caused by mucoplasmas or spiroplasmas. 

A trial was conducted lasting 4 years, in different regions of Mexico, and 
in cultivars of tomato (Lycopersicum esculentum Mill.), Chile pepper 
(Capsicum frutescens L.), watermelon (Citrullus vulgaris Schrad.), melon 
(Cucumis melo L.), and papaya (Carica papaya L.) to determine effects of 
oxitetracycline on the mycoplasma-like organisms. The symptoms of 
yellowing and shrinking leaves, chlorosis, and stunting, disappeared 
temporarily after 3 to 4 sprayings with oxitetracycline at 100 ppm. Results 
indicate the symptoms and damage caused by these organisms can be 
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minimizedby spraying every five days, starting 20 to 30 days before 
flowering, with a minimum of four applications.

The typical symptomatology caused by these microorganisms in plants
and the action of tetracyclines on them is accepted as evidence at present
that the causal agent could be a mycoplasm instead of a virus. 
(Paper presented at the Conference; manuscript not received in time to publish.) 

BIOLOGICAL CONTROL OF FIRE BLIGHT BY Erwinia herbicola. S. V. 
Beer, J. R. Rundle, and J. L. Norelli, Department of Plant Pathology,
Cornell University, Ithaca and Geneva, NY, U.S.A. 

Fire blight, caused by Erwinia amylovora, is a devastating disease of 
pear, apple, and other rosaceous plants. Control measures available 
currently are insufficient to insure adeauate and economical disease 
control. The closely related nonpathogenic h):cterium, E. herbicola, often is 
isolated from the same niches where E. arr;yiovora is found. The possibility
that E. herbicola might be introduced into fire blight infection courts and 
thereby suppress the subsequent development of fire blight is being 
explored. 

Initially, a strain of E. herbicola was selected for trial based on its 
production, in vitro, of a bacteriocin that inhibitsE. amylovora, in vitro. This 
strain reduced the incidence of fire blight to the same extent as 
streptomycin (100 mg/1) when dilute suspensions (108 cfu/ml) of log
phase cultures were sprayed into apple (Malus purila) blossoms in a 
research orchard one andday before three days after inoculating the 
blossoms with E. amylovora. In a subsequent experiment, the importance
of in vitro bacteriocinogenicity to the suppressive ability of E. herbicola was 
tested. All combinations of the bacteriocinogenic strain and a non
bacteriocinogenic mutant of E. herbicola and strains of E. amylovora that 
were either sensitive or resistant to the bacteriocin resulted in the same 
degree of suppression of fire blight. These data suggested that 
bacteriocinogenicity, as detected in vitro, is unirportant to the suppressive*
ability of E. herbicola in the orchard. 

Therefore, a screening procedure that uses immature pear fruits to 
detect antagonism of nonpathogenic bacteria against E. arnylovora was 
developed. The ability of strains of E. herbicola to suppress the 
development of fire blight in poar fruit was correlated with the activity of 
the same strains in apple blossoms. 

The physiological state of E. herbicola, when introduced into host 
tissues, affects its ability to suppress the development of fire blight.
Application of reconstituted frozen concentrates of E. herbicola to pear
fruits was less effective in reducing the incidence of fire blight than 
application of suspensions of log-phase cultures of equivalent viable cell 
concentration. Reconstituted frozen concentrate of E. herbicola applied to 
apple blossoms in one season resulted in substantially less control of fire 
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blight than was realized in previous seasons when suspensions of log

phase cultures were used. The mechanism(s) involved in the suppression 

of fire blight by E. herbicola is under investigation. 

(Paper presented at the Conference; complete text being published elsewhere.) 

SCREENING FOR DURABLE RESISTANCE TO CASSAVA 
BACTERIAL BLIGHT, Xanthomonas campestri, pv. manihotis. Lozano, 
J.C., and R. Laberry, CIAT, Cali Colombia. 

Durable resistance to Xanthononas campestris pv. manihotis in cassava 
(Manihot esculenta Crantz) was identified during four cycles of field 
evaluation in a cassava bacterial blight endemic area. The durability of 
resistant genotypes was correlated to the resistant reaction to the 
pathogen and to the production and sanitary conditions of propagating 
material (cuttings) during each cycle. However, some genotypes rated 
resistant, based on foliar symptoms only under controlled conditions were 
eliminated by this bacterial pathogen after 2, 3 or 4 cycles of continuous 
cultivation. 

(Paper presented at the Conference; complete text being published elsewhere.) 
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Abstract 

A list of phytopathogenic bacteria occurring in Brazil is presented along 

with their geographical distribution in the Country, host range, and 

pathogenic races or strains. The list is organized on the basis of the 
- 1980" and in conformity with recent"Approved Lists of Bacterial Names 

proposals for nomenclature and classification of bacterial plant pathogens at 
pathovars arethe infra-subspecific level. Only recognized species and 


included.
 

Introduction 

Most of the records of phytopathogenic bacteria in Brazil are published in 
form of abstracts (in Portuguese) withinobscure journals or in the 

meetings of national scientific societies. Appropriateproceedings from 
identification, nomenclature, and information on the pathogenicityof plant 

bacteria, up to the infra-subspecific level, are important for pathologists, 

breeders, and for enforcement of legislation dealing with plant quarantine. 

Also, this information is essential for preparation of maps showing the 

geographical distribution of plant diseases. Recent developments concer

ning the characterization and naming of bacteria further increase the need 

for a review of the previously published lists of bacterial plant pathogens in 

Brazil (40, 41, 43). 

Materials and Methods 

The list of bacterial plant pathogens is organized on the basis of the 
Names" (56). The nomenclature system"Approved Lists of Bacterial 


adopted is in conformity with the recent proposals by Young et al.(62, 63).
 

All the pathovar names included are among those recognized by Dye et al.
 

601PAEVIOUS PAGE BLANK 



All pathogens have been examined in pure culture by authorities in
Phytobacteriology. Cultures of a number of the pathogens were deposited
in the National Collection of Plant Pathogenic Bacteria (NCPPB),Harpenden, United Kingdom and/or in the Culture Collection of the Plant
Disease Division (PDDCC), Auckland, New Zealand. Reference numbers of 
those cultures are given.


For identification purposes, the following 
 literature was consulted:
Bergey's manual of determinative bacteriology, 8th. edition (1) for general
uses: Keane et al. (17) and Panagopoulos et al. (28) for Agrobacterium
tumefaciens (Smith and Townsend) Conn.; Dickey (4) and Dye (6) for the"carotovora" group of Erwinias; Dye (7) for the "herbicola" group of
Erwinias; Dye and Kemp (9) for Corynebacterium spp.; Lelliott etal. (22) andHildebrand and Schroth (16) for the fluorescent pseudomonads; Hayward(15), Lozano and Sequeira (23), and French and Sequeira (12) for biovars
and races of Pseudomonas solanacearum E. F. Smith; Hale & Wilkie (14)for the "gramineous" non-fluorescent pseudomonads; Dye (5) and Dye & 
Lelliott (8) for the xanthomonads.
 

Klement's recommendations about inoculation procedures (21) 
 werefollowed. Natural plant hosts are listed sequentially in a decreasing orderof
economic importance of the diseases they suffer from each pathogen. The
literature involving reports of bacterial plant pathogen occurrence in Brazil,'.,vhich has been cited in previous reviews (40, 41, 43), is not cited here.
Mycoplasrna-and Rickettsia-like organisms that cause plant diseases were 
not included. 

Geographical distribution of the various pathogens relates to the Region
and, in certain cases, to the States of Brazil (Fig. 1) from which they havebeen reported. These are: North Region (N)- States of Amazonas (AM), ParA(PA), and Territories of Roraima (RR), Amap6 (AP), and Rondonia (RO);
Northeast Region (NE) - States of Maranhao (MA), Piaui(PI), Ceard (CE), RioGrande do Norte (RN), Paraiba (PS), Pernambuco (PE), Alagoas (AL),Sergipe (SE), and Bahia (BA); Southeast Region(SE),- States of EspfritoSanto (ES), Rio de Janeiro (RJ), Sao Paulo (SP), and Minas Gerais (MG);Midwest Region (MW)- States of Goi~s (GO), Mato Grosso do Norte (MT),Mato Grasso do Sul(MS), and Distrito Federal (DF); and South Region (S) -
States of Paran6 (PR), Santa Catarina (SC), and Rio Grande do Soul (RS). 

Results and Discussion 
Agrobacterium Conn. 

A. tumefaciens Smith & Townsend) Conn. - Crown and root galls ofcultivated roses (Rosa spp.), peach (Prunus persica (L.)Batsch), raspberry
(Rubus idaeus L.), chayote (Sechium edule (Jacq.) Sw.) (33), and lettuce(Lactuca sativa L.) (47). Occurs in the SE and S Regions. Strains isolatedfrom roses, peach, chayote, and lettuce belong to biotype 1, while the
raspberry strain shows characteristics common to biotypes 1 and 2 (35).
On lettuce the disease was found to be severe after soil fumigation with 
methyl bromide (44). 
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Fig. 1. Map of Brazil show~ngq RF.ions, States, and Territories. 

Corynebacterium Lehman & Neumann 

C. michiganense pv. rnichiganense (Smnith) Jensen.- Bacterial canker of 
tomato (Lycopersicon escuentum Mill.) Reported from the MW, SE, and S 
Regions. Severe outbreaks occur. An orange-pigmented strain was 

isolated from diseased specimen collected in Sao Paulo (45). The common,
yellow strain although pathogenic to eggplant (Solanum melongena L.) by 
artificial inoculation, has never been isolated from solanaceous species 
other than tomato. Deposited culture: PDDCC 2551 (orange strain). 

Erwinia Winslow et al. 
E. Ananas Serrano. -Bacterial watery fruit rot of pineapple (Ananas 

comosus(L.) Mer.) setum Mill.) Repgion. Severe outbreaks seem 
to be associated with stressed plants. Deposited culture: NCPPB 1845. E. 
carotovora subsp carotovora (Jones) Bergey et a.- Bacterial soft rot 
and/or hollow stalk of carrot (Daucus carota v. sativa DC), tomato, sweet 

pepper (Capsiurn annuum L..), lettuce, brassicas (Brassica oleracea L.), 
potato (Solanurntuberosum L.), tobacco (Nicotiana tabacum L. ),cucumber 
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(Cucumis sativus L.), muskmelon (Cucumis melo L.), sunflower 
(Helianthus annuus L.), and orchids (Cattleya spp., Laelia spp., and 
Phalaenopsis spp.). Occasionally found on spiny amaranth weed 
(Amaranthus spinosus L.). Reported from all regions. Heavy losses are 
associated with hot and rainy seasons. Infecti-, appears to be enhanced by 
insect pests (borers) and also by injuries. Deposited cultures: NCPPB 1740, 
NCPPB 1741, NCPPB 1742, and NCPPB 1848. 

E. carotovora sub .p. atroseptica (Van Hall) Dye.- Black leg and tuber rot 
of potato. Reported from the S Region. The disease occurs on crops 
originated from seed tubers imported from Europe. It tends to disappear on 
crops from second or third generation seed tubers produced in Brazil. Soil 
survival of the organisms under Brazilian conditions seems improbable. 

E. chrysanthemi Burk. et al.- Bacterial soft rot, black leg, and/or hollow 
stalk of potato, tomato, sweet pepper, welsh onion (Allium fistulosum L.) 
(46), chrysanthemum (Chrysanthemum morifolium (Ramat.) Hemsl.), corn 
(Zea mays L.) (37), and forage cactus (Nopalea sp.). Reported from the NE, 
MW, SE, and S Regions. Probably the pathogen has been formerly 
identified as E. carotovora and E. aroideae. Strains isolated from 
dicotyledoneous hosts did not infect either banana (Musa spp.), rice (Oryza 
sativa L.), sugar cane (Saccharum officinarum L.), or corn by artificial 
inoculation. Severe outbreaks occur particularly on crops subjected to 
sprinkle irrigation and heavy nitrogen fertilization. 

Pseudomonas Migula 
P. andropogonis( Smith Stapp).- Bacteria; leaf spot or blight of sorghum 

(Sorghum vulgare Pers.), triplaris (Triplaris filipensis Cham.), and coffee 
(Coffea arabicaL.) (53), causing diseases of minor economic importance. 
Reported from the MW, SE, and S Ragions. Probably the organism has a 
wider range of natural hosts. By artificial inoculation all strains were 
pathogenic to velvet bean (Mucuna spp.), sorghum (Sorghum spp.), and 
sweet corn. However, the coffee strain did not infect triplaris or 
bougainvillea (Bougainvillea spectabilis Willd.) and the triplaris strain did 
not infect coffee or bougainvillea. Deposited cultures: NCPPB 3132, NCPPB 
3133, PDDCC 6779, PDDCC 6780, and PDDCC 6781. 

P. caricapapayae Robbs. - Bacterial leaf spot of papaw (Carica papaya 
L.). Reported from Sao Paulo, Rio de Janeiro, Minas Gerais, and Distrito 
Federal. Deposited cultures: NCPPB 1872, NCPPB 1877, NCPPB 3080, and 
NCPPB 3081. 

P. caryophylli(Burk.) Starr & Burkholder. - Bacterial wilt of carnation 
(Dianthus caryophyllus L.). Reported from the SE Region. Very destructive 
in some growing areas. 

P. cepacia Burkholder.-- Sour skin and bacterial scale rot of onion 
(Allium cepa L.). Reported from the SE and S Regions. More frequently 
associated with a post-harvest disease of onion bulbs (51). 

P. cichorii (Swingle) Stapp.- Bacterial leaf and stem blights of lettuce, 
endive (Cichorium endivia L.), tobacco, chrysanthemum, dahlia (Dahlia 
variabilis (Willd.) Desf.), sunfk~wer, cabbage (Brassica oleracea var. 
capitata L.), castor bean (RicinuscOmmunis L.), coffee (48), eggplant, celery 
(Apium graveolens var. dulce DC), and okra (Hibiscus esculentus L.). 
Widespread in Brazil. A few strains strongly reduce nitrates to nitrites (42). 
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Under natural conditions, infection often takes place through lesions 
incited by other bacterial or fungal pathogens. Deposited cultures: NCPPB 
1039, NCPPB 1040, and NCPPB 3109. 

P. gladioli pv. gladioli Severini.- Bacterial corn scab, neck rot, and leaf 
spot of gladiolus (Gladiolus hortulanus Bailey). Reported from the SE 
Region. Occasionally very destructive. Symptoms may be confused with 
those of Fusarium rots. 

P. marginalis pv. marginalis (Brown) Stevens.- Bacterial blight and rot 
of onion, garlic (Allium sativum L.) chrysanthemum (20), mustard 
(Brassica nigra (L.) Koch), and lettuce. Reported from the SE and S Regions. 
Onion crops may be severely affected in Rio Grande do Sul, where the 
pathogen causes leaf scald symptoms (G. G. Luzzardi - personal 
communication). On chrysanthemum, the bacterium often penetrates 
through rust (Puccinia hori Henn.) sori. 

P. rubrilineans (Lee et al.) Stapp.- Red stripe and bacterial top rot of 
sugar cane, bacterial leaf blight of corn, and bacterial bud rot of ornamental 
canna (Cannaspp.). The corn strain was reported from Sao Paulo while the 
canna strain ocx,r3 in Rio de Janeiro. The sugar cane strains are 
widespread in .ao Paulo and Paran6. On corn, the pathogen was 
previously descriL d as P. alboprecipitans Rosen (13). Probably the 
disease of ornamental canna is the same that has been ascribed to 
Bacterium cannae (2), later classified as Xanthomonas cannae (Bryan) 
Savulescu. The sugar cane strains were not pathogenic to canna by 
artificial inoculation. High soil fertility seems to predispose host plants to 
severe disease conditions. Deposited cultures: NCPBB 921, NCPPB 3029, 
NCPPB 3108, NCPPB 3111, NCPPB 3112, NCPPB 3113, and NCPPB 3134. 

P. rubrisubalbicans (Christopher & Edgerton) Savulescu.- Mottle stripe 
of sugar cane and leaf spot of guaranS (Paulliniacupana var. sorbilis (Mart.) 
Ducke). On this latter host the bacterium occurs associated with a 
Xanthomonas sp. The sugar cane strains were reported from Pernambuco 
and the Guaran, strain from Bahia (50). 

P. solanacearum (Smith) Smith.- This highly variable species with 
many strains adapted to different hosts, regions, and soils, iswidespread in 
Brazil. The 3 known races of the pathogen occur in the country. Race 1 
(Biovars IIand Ill) - Bacterial wilt of potato, tomato, eggplant, jil6 (Solanum 
gilo Raddi), tobacco, sweet pepper, dahlia, cowpea, (Vigna unguiculata 
Walp.), bean (Phaseolus vulgaris L.), and water cress (Nasturtium 
officinale R. Br.). Among native weeds, the host range includes: bur
marigold (Bidens pilosa L.), black nightshade (Solanum nigrum L.), castor 
bean, and Blainvillea rhomboidea Cass. The bacterium has been isolated 
from the rhizosphere of other weeds without inducing symptoms. Reported 
from all the regions, causing heavy losses to cultivated solanaceous hosts. 
Potato tubers affected by the pathogen often bear simultaneous infection 
with E. carotovora and Bacillus polymyxa (Prazmowki) Migula. On cowpea 
the disease is prevalent in irrigated areas of Cear, and Paraiba (36); Race2 
(strains "SFR" and "A") - Moko disease of bananas. The pathogen was 
introduced and first described in the N Region (60). It represents a serious 
threat to banana production in other regions of Brazil. Isolates have been 
grouped into serovars Ill and IV (55). Serology was found useful for 
identifying strains ("SFR" or "A") under quarantine. Deposited culture: 
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PDDCC 6782; Race 3 (Biovar II)- Bacterial wilt of potato. Widely distributed 
in the potato growing areas of the SE Region, being more prevalent in Sao 
Paulo. 

P. syringae pv. garcae (Amaral, Teixeira & Pinheiro) Young etal.- Halo 
blight and dieback of coffee. Occurs throughout the coffee-producing 
highland areas of Minas Gerais, Sao Paulo, and ParanA. All strains are "ice 
nucleation" positive and a few produce fluorescent pigment on King's B. 
medium. Drifting winds and low temperature seent to predispose plants to 
severe dieback, when in presence of epiphytic populations of the pathogen. 
Deposited cultures: NCPPB 512, NCPPB 588, NCPPB 589, NCPPB 3030, 
and NCPPB 4655. 

P. syringae pv. glycinea (Coerper) Young et al.- Bacterial blight of 
soybean (Glycine max (L.) Merr.) Widely distributed in the MW, SE, and S 
Regions. Eleven races of the bacterium have been identified in Brazil (11). 

P. syringae pv. helianthi (Kawamura) Young et al.- Bacterial spot of 
sunflower. Distributed througout the MW, SE and S Regions. 

P. syringae pv. lachrymans (Smith & Bryan) Young et al.- Bacterial 
angular leaf spot and fruit spot of cucumber. Reported from the MW and SE 
Regions (59). Very important in certain areas. 

P. syringae pv. maculicola(McCulloch) Young et al. Bacterial leaf spot of 
cauliflower (Brassica olearacea var. botrytis L.). Reported from Sao Paulo 
(31). 

P. syringae pv. mori (Boyer & Lambert) Young et al.- Bacterial leaf and 
twig blights of mulberry (Morus spp.) Reported from the SE Region. 
Occasionally destructive. 

P. syringae pv. savastanoi (Smith) Young et al.- Bacterial knot of olive 
(Olea europaea L.) Reported from Rio Grande do Sul. 

P. syringae pv. sesami (Malkoff) Young et al.- Bacterial leaf spot of 
sesame (Sesamum indicum L.) Reported from Sao Paulo (30). 

P. syringae pv. syringae (van Hall) Young etal.- Bacterial blightof wheat 
(Triticum aestivum L.), bacterial brown spot of Phaseolus beans, and fruit 
rot of okra. The pathogen occurs on wheat in ParanA (24)and RioGrandedo 
Sul (G. G. Luzzardi - personal communication). It was reported on okra 
and bean in Rio deJaneiro, Minas Gerais, and Distrito Federal. On okra, the 
bacterium also infects leaves, penetrating through lesions of 
Xanthomonas campestris pv. esculenti (Rangaswami & Easwaran) Dys 
(18). On fruits of this host, infection appears to take place through flower 
scars, causing an internal rot that becomes a post-harvest problem. 
Deposited culture: NCPPB 2596. 

P. syringae pv. tabaci (Wolf & Foster) Young etal.- Wildfire of Phaseolus 
beans, soybean, tobacco, and poinsettia (Euphorbia pucherrima Wild.). 
The non-toxicogenic strain, formerly named P. angulata (Fromme & 
Murray) Stevens, causes the blackfire disease of tobacco. There is a high 
degree of pathogenic specialization among strains of this pathovar isolated 
from different hosts (38). The bean strain has been reported from Rio de 
Janeiro, Sao Paulo, and Distrito Federal. It also attacks garden pea (Pisum 
saiivim L.) and probably occurs in the S Region. The pathogen on beans 
has been iwiisidentified asP.syringae pv. phaseolicola (Burk.) Young etal., a 
bacterium still not characterized in Brazil. The soybean strain occurs in the 
NW, SE, and S Regions. The strains affecting tobacco have been reported 
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from the NE, SE, and S Regions. The poinsettia strain was found in Rio de 

Janeiro (39) and later in Rio Grande do Sul. Deposited cultures: NCPPB 
2617 and NCPPB 2618 (sent as toxicogenic strains of P. syringae from 

beans). 
P. syringae pv. tomato (Okabe) Young et al.- Bacterial speck of tomato. 

Distributed throughout the tomato growing areas of Sao Paulo (43). 
P. woodsii (Smith) Stevens - Bacterial spot of carnation. Reported from 

Sao Paulo (32). 
Xanthomonas Dowson 

Leaf scald of sugar cane. WidespreadX. albilineans (Ashby) Dowson.-
in the sugar cane growing areas oi Brazil. Susceptible cultivars are often 
seriously damaged. 

X. campestris pv. arracaciae (Pereira et al) Dye.- Bacterial blight of apio 
(Arracacia xanthorrhiza Bancr.). Reported from Sao Paulo (34). 

X. campestris pv. begoniae (Takimoto) Dye - Bacterial spot and stem 
blight of begonias (Begonia spp.). Occurs in all the Regions of Brazil. The 
systemic invasion of the pathogen, inducing vascular collapse, has never 
been observed. 

X. campestris pv. campestris(Pammel) Dowson.- Black rot of brassicas 
and radish (Raphanus sativus L.). Besides the vascular invasion (black rot 
syndrome), the pathogen also incites leaf spots and blight on kales 
(Brassica oleracea var. acephala L.), black mustard (B. nigra (L.) Koch), and 
radish. Widespread in Brazil. E. carotovora subsp. carotovora is commonly 
found in association with the back rot symptoms. 

X. campestris pv. carotae (Kendrick) Dye.- Bacterial blight of carrot. 
Recently identified in Distrito Federal (58). The organism has been found 
associated with Alternaria dauci (Kuehn.) Groves & Skolko and with 
Cercospora carotas (Pass.) Sohl. Penetration of the bacterium possibly 
occurs through lesions of these fungal pathogens. 

X. campestris pv. cassiae (Kulkarni et al.) Dye.- Bacterial leaf spot of 
Cassia (Cassia macranthera DC). Reported from Rio de Janeiro. The 
bacterium did not infect other species in the genus Cassia upon artificial 
inoculation, thus indicating the existence of pathogenic specialization with 
the pathovar. 

X. campestris pv. citri (Hasse) Dye. Citrus canker on cu Itivated rutaceous 
hosts. In South America 3 strains of the pathogen have been described. The 
Asiatic strain (causing cancrosis A) which is pathogenic to virtually all 
cultivated rutaceous species; the South American strain (causing 
cancrosis B), not yet found in Brazil, which attacks mainly sweet lemon 
(Citrus limon( L.) Burm.) and limos (C. aurantifolia (Christm.) Swing.); and 
the Mexican lime strain (causing cancrosis C) on Mexican lime (C. 
aurantifolia) in the State of Sao Paulo. This latter strain differs serologically 
from the cancrosis A strain (26) and shows a high degree of-pathogenic 
specialization. A comparative study of the pathogenicity of the 3 strains 
inciting citrus canker was carried out by Namekata & Balmer (27). The 
cancrosis A strain is present in non-commercial areas of Sao Paulo and 
also in Paran6, Mato Grosso do Norte, 4ato Grosso do Sul, and Rio Grande 
do Sul. Eradication of the pathogen is being attempted in all these States. A 
recent review of the disease situation in Latin America has been published 
(54). 
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X. campestris pv. cucurbitae (Bryan) Dye - Bacterial leaf spot and fruit 
rot of winter squash (Cucurbita maxima Dcne.), pumpkin (C.pepo L.), and
muskmelon. Reported from the SE Region and Distrito Federal. The
pathogen has a host range among cucurbits wider than that of P.
lacrymans. Pathogenic specialization is likely to occur. Under favorable
environmental conditions the bacterium may be very destructive to
muskmelon especially by impairinq fruit quality.

X. campestris pv. dieffenbachin. (McCulloch & Pirone) Dye - Bacterialleaf spot and blight of anthurium (Anthurium spp.) dieffenbachia 
(Dieffenbachia picta Schott), and Caladium bicolor Vent. Reported from theSE Region. The bacterium is probably pathogenic to other species in
Araceae. Deposited cultures: NCPPB 1833 and NCPPB 4656. 

X. campestris pv. esculenti(Rangaswami & Easwaran) Dye Bacterial-
angular leaf spot of okra. Occurs in the MW and SE Regions. Severeepiphytotics have been observed occasionally. In future, the pathogen may
be considered as a race of X. campestris pv. malvacearum. Deposited
culture: NCPPB 2190. 

X. campestris pv. glycines (Nakano) Dye Bacterial pustule of soybean.-
Widely distributed throughout all the soybean growing areas of Brazil.

X. campestris pv. hederae (Arnaud) Dye - Bacterial leaf spot of English ivy
(Hedera helix L.). Reported from Minas Gerais (49).

X. campestris pv. malvacearum (Smith) Dye - Angular leaf spot, black 
arm, and boll rot of cotton (Gossyium spp.) Widespread in the cotton
growing areas of the MW, SE, and S Regions. Three races of the pathogen
have been identified in Sao Paulo (3).

X. campestris pv. mangiferaeindicae (Patel, Moniz & Kulkarni) Robbs et
al - Bacterial leaf and fruit spots of mango(Mangifera indica L.). Lessfrequently observed on cashew (Anacardium occidentale L.). The white
(apigmented) strain is prevalent in the SE Region and the yellow colony
forming strain in the NE Region. Some mango cultivars are highlysusceptible whereas others show resistance to infection under natural
conditions. Pathogenic to mombin (Spondias spp.) by artificial inoculation.
Deposited cultures: NCPPB 3078 and NCPPB 3110 (yellow strains); PDDCC 
4087, PDDCC 4088, and PDDCC 4089 (white strains).

X. campestris pv. manihotis(Berti)et & Bondar) Dye - Bacterial wilt, leafspot, and blight of cassava (Manihot esculenta Crantz). Although reported
from all the Regions of Brazil, the pathogen is more destructive in areas of
relatively low temperatures and high rainfall (57). Deposited cultures:
NCPPB 1843, NCPPB 2550, PDDCC 4957, PDDCC 4958, and PDDCC 4960.

X. campestris pv. passiflorae (Pereira) Dye Bacterial grease leaf and-
fruit spots of passion fruit (Passiflora edulis Sims.). Reported from Sao

Paulo and Minas Gerais, causing heavy losses.
 

X. campestris pv. pelargonii (Brown) Dye - Bacterial leaf spot ofgeranium (Pelargonium spp.) Causes disease of minor economic 
importance in the SE and S regions.

X. campestris pv. phaseoli(Smith) Dye - Common bactorial blight and
fuscous blight of Phaseolus beans. Widespread in Brazil. The pathogen is of
economic importance on certain susceptible cultivars underhotand humid
conditions. The brown pigment-producing strain is less prevalent (29).

X. campestris pv. pruni (Smith) Dye - Bacterial leaf spot, black spot, and 
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bacterial canker of nectarine (Prunus persica v. nectarina (Ait.) Maxim.), 
plum (P. americana Marsh.), almond (P. amygdalus Batsch), and peach. 
Reported from the SE and S regions (25). Very important on certain 
cultivars of nectarine and plum. 
•X.campestris pv. ricini (Yoshi & Takimoto) Dye - Bacterial leaf spot of 

castor bean. The white (apigmented) strain of the pathogen occurs in the 
MW, SE, and S Regions. The yellow colony-forming strain has been 
isolated in Distrito Federal (A. Takatsu - personal communication). 

X. campestris pv. vesicatoria (Doidge) Dowson - Bacterial scab, leaf and 
fruit spots of sweet pepper, tomato, and eggplant. The sweet pepper strain 
( "Rio" strain) is present in all the regions of Brazil. It becomes very 
destructive under high humidity and mild temperature regimes. The 
tomato strain has been reported from the SE Region. The eggplant strain 
has been found in Sao Paulo(19) and constitutes a distinct serovar shown 
to be related to X. diefenbachiae (61). Deposited cultures: NCPPB 2593, 
NCPPB 2594, and NCPPB 2595. 

X. campestris pv. vitians (Brown) Dye - Bacterial leaf spot, bligh* and wilt 
of lettuce. Distributed throughout the MW, SE, and S Regions. .xtremely 
harmful on crops originating from contaminated seed. A dek brown 
pigment-producing strain has been described (43). Deposited cultures: 
NCPPB 	1839, NCPPB 1840, and NCPPB 1841. 

X. campestris pv. zinniae (Hopkins & Dowson) Dye - Bacterial leaf and 
petal spots of zinnia (Zinnia elegans Jacq.). Widespread in all the regions, 
mostly due to the use of contaminated seed. 

X. fragariae Kennedy & King - Angular leaf spot of strawberry (Fragaria 
chiloensis Duchesne var. ananassa Bailey). The pathogen was introduced 
in Sao Paulo and Minas Gerais where it causes heavy losses. Recently 
reported from Rio Grande do Sul. The systemic invasion of the bacterium, 
inducing vascular collapse, has never been observed. 
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Abstract 

The epiphytic survival of Xanthornonas manihorison aerial parts of cassava 
plant has been reported previously (1978). This study of bacterial microflora 
of flowers, fruits, fnd sexual seeds from cassava plants in diseased fields
provides demonstration of the pathogen's presence on these organs
thriughout the grcwing cycle of cassava plants.

The bacteria was consistently found on symptomless flowers, green
mature fruits, end seeds and in seed tissues (testa, caruncle, endosperm,
cotyledon and embryo.) Histological studies (paraffin embedding and L-erial 
sections) using immunofluorescence to detect the pathogen confirmed these 
results. 

The level of populations present on and within the seed may be high (106
bacteria/seed). The strains of X. mamhotis present internally are viable and
pathogenic. This result indicates that X. manihotisis aseed-borne pathogen.
The seed may assume its transport, its dissemination, and its conservation. 

However, in the case of low level of seed contamination, the classical 
technique of isolation on nutrient broth and the immunofluorescence 
method are unable to detect the pathogen. So, we propose a method of
concentration associated with fluorescent antibody technique to increase 
the threshold of detection. The schedule of operations for the detection of X. 
manihotis in seed is presented and illustrated. 

Introduction 
Cassava bacterial blight caused by Xanthomonas campestris pv.

manihotis is a widespread and damaging disease of cassava in Africa, Asia,
and South America. Most of available information in epidemiology of
this disease has been adquately defined, except the contamination of
flowers, fruits and seeds, by the cassava blight bacteria. The presence of X. 
c. pv. manihotis on cassava seed has been reported previously (5), but no
direct evidence has been presented to establish the internally borne 
bacterial infection of seed. 

This paper reports the results of investigation of the presence of cassava 
blight bacteria in association with flowers, fruits, and seeds. 
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Materials and Methods 

The experiments were conducted at the varietal collection of Odziba 
(Highlands region), where the cassava bacterial blight is endemic. Four 
susceptible cultivars were chosen (MB 17, MB 41, Mamanba 1, ODZ 12) 

and two analyses of the bacterial microflora were made at one month 
intervals during the flowering and fruit production periods. 

Flower and Fruit Samples 
For each analysis, freshly harvested flowers and mature fruits were 

collected from each cultivar that showed.systemic symptoms of cassava 
bacterial blight. Samples of 100 flowers (male and female mixed) and 50 
fruits were washed in sterile deionized water (500 ml for fruits, 100 ml for 
flowers) with one drop of Tween 80 (Difco) during 3 hours at 251C. The 
resulting suspensions were assayed for the detection of X. c. pv. manihotis. 

Seed Samples 
For each cultivar, samples of 100 seeds were taken from fruits proviously 

washed and from seeds which had been stored at 250 C and 60% r.h. for 
periods of 8 months. 

Detection of Surface-borne Bacteria 

Each sample of 100 seeds was washed as described above in 100 ml of 
sterile deionized water. The washing solution is tested for the presence of 
cassava blight bacteria. 

Detection of Internal-borne Bacteria 
The samples previously washed were immersed in 0.1% mercuric 

chloride solution for 20 minutes, and washed three times in sterile 
deionized water. The last washing water was assayed forX. c. pvmanihotis 
as a control to ensure the reliability of the surface sterilization technique. 
The seeds were dried at room temperature (25 0C). Samples of 100 seeds 
were ground in 200 ml of sterile deionized water with a Waring Blender for 
2 minutes. The resulting suspensions were allowed to stand overnight at 
51C. Aliquots of the supernatant were assayed directly for the presence of 
X. c. pv. manihotis. The remaining suspension was clarified by centrifuga
tion at low speed for 10 minutes. The supernatant was centrifuged at 
15000 g for 30 minutes. The pellet was resuspended in 5 ml of sterile 
deionized water. The resulting suspension was precipitated with acetone 
(50%, v/v) and centrifuged at 15000 g. The pellet was resuspended in 5 ml 
of sterile deionized water and passed through a 0.45 nm nonfluorescent 
black Millipore filter (HABG). 

Detection Methods 
Each suspension resulting from washing and grinding was checked for 

the presence of X c. pv. manihotis by the dilution plate methods of Y. P. D. 
A. medium (yeast extract (Difco) 5 g,bacto peptone (Difco)(g, dextrose 3 g, 
agar 15 g, H 20 1000 ml, pH 7.2) with cycloheximide (50 mg/ml), leaf 
infiltration method (5) on two months, susceptible cassava plant, and by the 
fluorescent aniibody technique. This last technique used the indirect 
method and was carried out on glass for aliquots from washing solution 
and on filters by the method of Bohlnnl et al. (1) for grinding suspension. 
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Pathogenicity Tests 
After being counted any isolates of similar appearance were purified and

tested for pathogenicity by leaf infiltration technique (5) and checked by
;ndirect immunofluorence method. 

Histological Methods 
Seeds without testa were fixed in formalin/acetic/ethanol solution

(FAA) and dehydrated jn an n-butyl alcohol series (4) and embedded in
paraffin. Sections (8 to 10 nm) of the seed were made with a rotary
microtoms. Transverse and longitudinal sections were mounted on
cleaned slides with adhesive (3) and stained by the indirect im
munofluorescence method (1). 

Results 
Results obtained by the dilution plate method, leaf infiltration technique,

and fluorescent antibody technique, demonstrated that during theflowering and fruit production period, X. c. pv. manihotis could be detected
from the mixed microflora of cassava flowerc, fruits, and seed. Levels of
population found during these analyses are listed in Table 1. The levels of
population might be high, especially on fruits (107-10 bacteria per fruit).
Populations of X. c. pv. manihotis recorded by the dilution plate 3nd leaf
infiltration method indicated external and internal presence of viable and 
pathogenic cassava blight bacteria in freshly harvested seed and in seeds
stored 8 months. In our analysis, the pathogen was more often detected on
the seed surface than internally. Levels of internal population of X. c. pv.
manihotis varied between 2.0 x 102 and 2.1 x 105 bacteria per seed and 
were lower than those monitored on the seed surface (3 x 103 to 3.3 xl 06).

The fluorescent antibody technique (1) applied to the detection of
internal seed-borne bacteria allowed moreus to detect the pathogen
frequently than the routine laboratory methods (isolation of agar medium
leaf infiltration). (Table 2). During analysis, the fluorescent antibody
technique could detect levels as low as 102 bacteria per seed. 

The histological observations in epifluorescence after antibody staining
of transverse and longitudinal sections of seeds of the cultivar MB 27 have
shown that the pathogen might be found in embryo, cotyledon, endosperm
and caruncle. However, the bacteria seemed to be preferentially localized 
in caruncle and in seed tissues localized under the testa. 

Discussion 
This study indicates that the cassava bacterial blight agent can

contaminate flowers, fruits, and seeds with high levels of population. Most
of the Xanthomonad are known to be seed-borne and to survive in or on
seed for varying periods of time. Previously, Persley (5) demonstrated that
X. c. pv. manihotis could be carried on the seed surface and suggested its
internal presence in seed. Our study confirms these results and gives direct
evidence of internally borne bacterial infection of cassava seed. The finding
of viable and pathogenic strains of X. c. pv. manihotis on and within seed 
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suggests that this bacteria is a seed-borne pathogen. The seed may sustain 

the diseases's transport, its dissemination, and also its conservation, since 

the pathogen could be detected after 8 months of storage. The presence of 

high levels of population of the pathogen on flowers might partially explain 

the contamination of fruits and seeds originating from these contaminated 

flowers. 
The histological observations confirm that X. c. pv. manihotis may occur 

within the cassava seed and suggest a preferential localization of the 

pathogen in caruncle and in tissues contiguous to testa. 
on black nonfluorescent filter (1)The fluorescent antibody technique 

applied to the detection of X. c. pv manihotis allows detection within seed at 

a low level of i01-103 bacteria per seed. This technique may be useful for 

seed stocks suspected of harboring the cassava blightcontrolling 
organisms and in establishing the relationship between seed infection and 

plant infection. 
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Report on proposal for 

An International Working Group 
on 

Bacterial Blight of Rice 

Bacterial blight of rice caused by Xanthomonas oryzae (Uyeda etIshiyama) Dowson, has been an important constraint to rice production in
Asia. Major epidemics were reported in the 1960s in tropical Asia afterintroduction of improved high yielding varieties such as Taichung Native 1,
IR8, and Jaya, which lacked adequate resistance. The bacterium infectsrice from seedling stage to mature plants. Infection of mature plants causes severe sterility and may result in more than 50% yield reduction. Thedisease is most widespread and damaging during the monsoon season. 
season.
 

Bacterial blight occurs in almost all rice growing countries in Asia,
northern parts of Australia, and Malagasy. The disease was reported inLatin America in 1977, and in mainland Africa in 1979, first in Mali andthen in Cameroor,. In Asia, the disease has increased in severity andimportance in recont years, from Korea and China to Southeast Asia and 
the 	Indian subcontiient. 

Despite an incredible amount of literature related to the disease and thebacterial pathogen, and considerable interest in research after theepidemics in the sixties, a gap of knowledge still exists and little successhas been achieved in control of the disease. This, perhaps, reveals thecomplexity of the disease and the diversity of cropping systems related torice. It also indicates a deficiency of coordinated program in research and
communication among scientists. Historically, rice may be considered anAsian crop, and for years, occurrence of bacterial blight of rice was limitedto Asia in economic importance. The gradual increase in rice production
and research and recent report of bacterial blight in other continents may
dissolve the boundary. The interest in research and in understanding of the

disease may also be extended to scientists outside of Asia.


Through extensive discussion and communication among scientists ondifferent occasions and through scientists participating in a recent
monitoring tour sponsored by the International Rice Research Institute toevaluate and review the bacterial blight situation in Bangladesh, India, andNepal, widespread interest has developed in organizing an "international
Working Group on Bacterial Blight of Rice." 

The objectives of this group would be: 

1. 	 To promote collaborative effort on research of the disease. 
2. 	 To strengthen communications between those interested in 

bacterial blight of rice 
3. 	 To identify genetic sources of resistance to bacterial blight in 

screening and in breeding programs. 
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to 	 study the4. 	 To establish international rice differentials 

virulence/pathogenicity of Xanthornonas oryzae.
 

5. 	 To organize workshops, symposia or conference to identify, and 

coordinate research in understanding and in developing effective 

controls against bacterial blight of rice. 

A 10-member committee has been identified to organize the working 

W. 	Mew has been named secretary of the committee until a group. Dr. T. 

workshop is organized and officials are elected.
 

Members of the organizing committee:. 

Dr. A. Ezuka, Japan 
Dr. C. T. Fang, People's Republic of China 

Dr. G. S. Khush, The International Rice Research Institute (IRRI) 
Philippines 

Dr. 	T. W. Mew, IRRI, Philippines 
Dr. 	S. A. Miah, Bangladesh 
Dr. 	J. L. Notteghem, France 
Dr. A. P. K. Reddy, India 
Dr. 	D. M. Tantera, Indonesia 
Dr. 	S. Wakimoto, Japan 
Dr. 	S. Z. Wu, People's Republic of China 

Secretary of the committee: Dr. T. W. Mew, IRRI 
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General Meeting Report 

The Bacteriology Section Committee of 	the International Society forPlant Pathology (ISPP) held its first general meeting on Friday, August 21
during the 5th International Conference on Plant Pathogenic Bacteria.In order of business, the Chairman's report by Dr. John Young was
summarized by Dr. Vidaver. She reviewed the decisions to hold the 5th
International Conference in 	 a year intermediate between the nextInternational Congresses of Plant Pathology and to focus attention on theproblems of tropical bacterial diseases. The latter decision resulted in theConference being held at the CIAT facilities in Cali, Colombia, South
America. Furthermore, the Section Committee proposed that the following
resolutions be submitted to the ISPP for governance of the Section. 

1. 	 The Bacteriology Section of the International Society for Plant
Pathology is constituted by those members of the Society who have an
interest in the research or teaching of topics related to bacterial plant
disease. 

2. 	 The Section shall meet from time-to-time in Conference. 
3. 	 (a) At the Conference, a Section Meeting shall be held at which a new 

committee shall be elected by a vote of those present.
(b) The committee of six should include one member of the old 

committee. 
(c) The responsibility of the Section Committee is to 	coordinate 

matters relevant to that Section's interests as they arise. The
Section Committee has overall responsibility for Conferences and
for any subcommittees formed in the Section for specific purposes. 

These resolutions were passed. 
The data and venue for the 6th International Conference were discussed.

It was recommended that the next Conference be in 1985. Voting for the
site resulted in selection of Beltsville, MD, U.S.A. 

The new Section Committee was elected by unanimous ballot. TheChairman had asked a Nominating Committee to assist in bringing
nominations to the assembly. The Nominating Committee consulted with 
present and past Section members, and took into account nominations 
received by Dr. Young. criteriaThe for nomination included: area of
expertise, geographic distribution 
 to 	 ensure reasonable international
representation, and active interest and participation in some area ofBacteriology. Furthermore, in accordance with resolution 3 (above), a
member of the immediate past Section was to be nominated to maintain

continuity. The Section members elected were: 
 Drs. Civerolo, Lozano,

Perombelon, Panagopoulos, Ribeiro, and Sequeira (Chairman).


In accord with the ISPP Taxonomy Committee's recommendation, the
Bacteriology Section voted affirmatively to ask that the ISPP Executive
Committee transfer responsibility for the Committee on Taxonomy of
Phytopathogenic Bacteria to the Bacteriology Section. The new Section 
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effect at the earliest
Chairman is to request that the transfer take 

convenience of the ISPP Executive Committee. 
Assuming that the transfer is endorsed, future elections of the Taxonomy 

Committee shall be conducted by,the Bacteriology Committee and held at 
on Bacteria. Interim

each International Conference Plant Pathogenic 

resignations are to be filled by a consensus of the Taxonomy Committee or 

at interim meetings organized by the Bacteriology Section. 
ISPP Executive Committee, the

Assuming favorable action by the 
Nominating Committee was requested to provide names for theTaxonomy 

to include interest and expertise in bacterialCommittee. Criteria were 
taxonomy. In order to maintain continuity, it was suggested that four 

received, amembers be retained. After nominations from the floor were 
taken for the two open positions. The new memberswritten ballot was 

elected were Drs. Dickey and Vidaver. The members re-elected were Drs. 

Dye (Chairman), Bradbury, Goto, and Hayward. 
In the absence of Dr. Dye, Dr. Bradbury reviewed tie activities of the ISPP 

Taxonomy Committee. These activities included sul.mission of 3 lists to the 
Systematic Bacteriology (ICSB) for inclusion inInternational Committee on 

the 1980 Approved Lists of Bacterial Names. Thesn were: 

Names of approved species for retention. These had been sent in and 

collected over the previous 2 or 3 years. This list was accepted. 
adequately differentiated inNames of species that could not be 

but were essential for plant pathologists, i.e.
laboratory tests 


This list was rejected.
nor;enspecies'. 
Names of plant pathogenic bacteria of uncertain generic position, 

proposed to retain the names. This list was accepted. 
Approved Lists contain some inadvertentIt was noted that the 

omissions, but that these should be corrected in due course. 

It had been decided at the 4th International Conference that should list 2 

be rejected, an alternative system using 'pathovars' be proposed to retain 

the names of bacteria that plant pathologists wished to differentiate. This 

was done and published in the Review of Plant Pathology 59:153-168, 

1980. The list includes numbers and locations of pathotype cultures, as 

well as a 'Set of Rules' called International Standards for guidance in the 

use of the system. 
Future work of the Taxonomy Committee will include drawing up 

minimum standards for the description of plant pathogenic taxa. This was 
Also, the Committee is to carry out suggestionsrequested by the ICSB. 

from the 5th International Conference to compile lists of new pathovars as 

they come out, to publish them periodically in the Review of Plant 

Pathology or possibly elsewhere, and to study and make recommendations 

on the correct use of terms covering infrasubspecific taxa, e. g. pathovars, 

pathotype, f. sp., strain, race, cultivar, isolate, culture, etc. 

In order to keep the pathovar register accurate, everyone who intends to 

publish a new pathovar name, is asked to advise the Chairman of the 

Taxonomy Committee; this should ensure that the name does not conflict 
is being published. An dxample ofwith another name that has been or 

possible duplication is E. chrysanthemi pv. dianthicola and E. chrysanthemi 

pv. dianthi both published in 1979. 
resolution: The ISPP Bacteriology SectionThe meeting closed with a 
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expressed its profound thanks to Dr. J. Carlos Lozano, Mr. Robert Zeigler,and their colleagues and support staff at CIAT for their herculean efforts inarranging for an outstanding 5th International Conference on Plant
Pathogenic Bacteria. 

Respectfully submitted, 
Anne Vidaver 
Chairman, pro-tern. 

622 



Group Reports
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LEFT BLANI
 



GROUP I. RECENT DEVELOPMENTS IN PSEUDOMONAS 
SOLANACEARUM RESEARCH. Chairman: Carlos Martin 

Originally, the discussion groups were organized in a free-speaking 
manner with no formal paper presentations. However, because of the 
limited time available for each session the discussions inthis group, as in 
others, were based on the informal presentation of five speakers in addition 
to the introduction to the topic presented by the chairman. 

More than explaining the recent findings on P. solanacearum research, 
the chairman focused his introduction on research problems that need 
prompt attention. He clearly emphasized the need for the scientists to get 
more involved in field-applied research. Needs were discussed for more 
research in areas such as plant resistance, agronomic practices, soil 
survival of the bacterium genetics, and better methods for screening for 
resistance, for example, the use of serology to determine latent infection in 
seed production programs in developing countries. 

The first presentation, "Survey of bacterial strains from various origins 
for their plasmid content," was given by Dr. T. Currier (USA). From 20 
strains observed, including fluid and non-fluid ones as well as strainsfrom 
races 1, 2, and 3, only 6 contained plasmids. Results indicated that 
nonfluidal strains do not arise as the result of the lossof a plasmid from the 
virulent strain. The role of flagella in relation to virulence was also 
discussed, indicating that many strains are highly stable and they never 
form the flagellated avirulent type. The change from fluid to nonfluid type 
had been observed by several of the participants; however, the reverse 
process from the nonfluid to fluid type has never been observed. 

The second presentation was made by Dr. N. Mukherjee (India) on 
"Problems of the bacterial wilt of solanaceous vegetables in West Bengal." 
He indicated that after s'ampling fur places with soil pH from 4.2 to 8.0, P. 
solanacearum Wasjokrtd fo-.,cause 'wilt. in tomatoes, chilli, eggplant, 
potatoes, and foOT wPe4pei .gilantvas 3he;most susceptible of the 
plants tested. .. , .. .. . 

Dr. R. Ribeiro and C. Robbs of Brazil presented Some 'information on 
breeding for resistance to bacterial wilt in some crops, and the importance 
and occurrence of Moko disease in bananas. Dr. Ribeiro explained that all 3 
races of P.solanacearum are present.in Brazil, affecting several different 
hosts such as potato, banana, tobacco, eggplant, cowpea, as well as 
several weed species. Breeding programs have been initiated for tobacco, 
eggplant, and tomato, principally. The lack of quarantine regulations within 
Brazil wd: als;o discussed, as well as their implications in favoring the 
spread of the disease from one state to another. 

Dr. Robbs explained that Moko disease of bananas is spreading very fast 
and getting very close to large plantations in the south and northeast of 
Brazil. He also pointed out the disease probably came from the Guyanas 
because the SFR strain of the bacterium was found there before it was 
found *in Brazil. However, he also pointed out that both strains of P. 
solanacearum infecting bananas have been found in Brazil. 

The fourth presentation was made by Dr. E. Echandi (USA) on 
"Biological Control of P. solanacearum in tobacco." One hundred and forty
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nine strains were screened for bacteriocin production and from these only
the avirulent ones were selected. Root-dipping inoculation was used to
inoculate tobacco plants before they were transplanted. By using different 
strains and different inoculum concentrations of a virulent strain he found
that some bacteriocin-producing strains could protect tobacco plants in
soils infested up to 107 CFU/g of soil in greenhouse experiments. However,
field trials have given some conflicting results. 

Dr. Echandi also explained that avirulent strains that do not produce
bacteriocin also protected tobacco plants but bacteriocin-producing strains 
are much better. He mentioned that the ideal strain to protect plants should
be one that multiplies extensively in the roots, induces resistance in the
plant, and is a bacteriocin-producer. Discussion went on to the possibility
of using tolerant tobacco plants together with inoculation with a 
bacteriocin-producing strain. 

The final presentation was by Dr. L. Sequeira (USA) on recent finds on
induced resistance in potato to bacterial wilt. The possible role of 
agglutinins (lectins) in resistance of potato clones toP. solanacearum, and
the interactions of P. solanacearum cell surface polysaccharides (LPS and 
EPS) and potato lectins were discussed. 

GROUP II. RECENT DEVELOPMENTS IN SOFT ROT BACTERIAAND 
POST-HARVEST DECAY RESEARCH. J. P. Mildenhall, Chairman. 

Introductory Remarks by J. P. Mildenhall. Studies on the soft rot
bacteria have progressed on a broad front-since the Angers Congress in
1978. The growing importance of Erwinia as a plant pathogen has been
indicated by several reports of new diseasos caused by this organism.
Other areas in which studies have progressed include the genetics,
ecology, host specificity, serological relationships of soft rot Erwinias and
the mechanism of enzyme action in soft rotdevelopment. Toachieve closer
cooperation between workers in this broad field, the formation of an
international soft rot working group is being discussed. 

Comments on "Inoculation of Perishable Produce During Post
harvest Handling" by J. A. Bartz. Considerable post harvest decay of
 
pepper and tomato fruit results from the washing process. Both the
 
temperature of the fruit and the temperature of the wash water influence 
the ingress of pathogens. Warm fruits immersed into cool wash water
absorb water, thereby enabling ingress of pathogens. The depth of the fruit
in the wash water and the duration of washing also influence the amount
of water absorbed. To limit post harvest losses, free water should not
remain in contact with fruit for more than 5 minutes; fruit should not be
harvested wet and the temperature of the wash water must be controlled. 

Comments on "Soft Rot Problems in Potato Storage and Transit" by
A. Kelman. Major losses occur in the potato industry during storage and
transit. To assess the potential for soft rot development in potato tubers, 
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humidity was employed for inoculation experiments. Tubers harvested by
hand had a 2.5% soft rot potential, whereas, in mechanically harvested 
tubers the soft rot potential increased up to 100%. During storage the 
tubers "recovered" and soft rot potential decreased. Handling associated 
with removal of tubers from storage caused an increase in soft rot 
potential.

Potato tuber tissue with a low water potential has a lower soft rot 
potential than potato tissue with a high water potential. In addition, .T3
calcium level in the tuber also influences the potential for soft rot 
development. 

Comments on "Soft Rot Problems in Selected Tropical Crops" by
Jorge Victoria. A series of slides were shov., on soft rot diseases affecting 
tropical crops. 

Comments on "The Problem of Lactose Utilization by Erwinia 
Chrysanthemi, by J. P. Mildenhall. Lactose utilization by E. chrysanthemi
is reported to be a variable characteristic. When E. chrysanthemipv. zeae 
was streaked on a lactose mineral salts yeast extract agar, a thin film of
growth developed over a 48 hour period. By 60 hours, turbid slimy colonies 
developed at points over the streak. 'Subsequent transfer of the slimy
colonies showed that they were able to metabolise lactose and produce a
slime. These lac+mutants retained this character upon subsequent
transfer. On nutrient agar, however, colony appearance was identical to 
the lac-type. 

Comments on "Future Work" by A. Chatterjee. The following areas of
research in the soft rot group demand further investigation: (1)
Epidemological aspects, e.g. Serotyping; (2) methods for inoculation in
order to develop screening for resistance; (3) role of associated bacieria in
soft rot disease especially spore forming types; (4) influence of water 
relationships; (5) oxygen effects on pectolytic enzymes; (6) polygalac
turonate transeliminase, (a) structural differences of isozymes, and (b)
mode of excretion and factors that influence excretion; (7) polygalac
turonase; role of exotype in generating PATE activity; (8) role of other 
extracellular enzymes in pathogenicity, (a) protease, (b) cellulase, and (c)
phospholipase; (9) role of cyclic AMP in pwthogenicity; (10) genetics of 
Erwinia carotovora; and (11) role of plasmids in pathogenicity. 

Report on International Working Group by A. Kelman. Under the aegis
of ISPP, a soft rot working group is to be established. Dr. M. C. M.
 
Perombelon was nominated as chairman.
 

GROUP I1l. RECENT DEVELOPMENTS IN PLASMIDS AND 
PATHOGENICITY RESEARCH. 'A. K. Vidaver, Chairman. 

A short review of past and recent work was presented, reflecting the
intense interest in plasmids, particularly of Agrobacterium tumehciens. 
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The Cali group was interested not only in the role of plasmids in 
pathogenicity, but also in plasmids of unknown function (cryptic), as well as 
physical and genetic characterization. It was evident from the presen
tations that plasmids are very common in all the easily cultivable genera of 
plant pathogenic and related bacteria. However, plasmids are not 
universally present, according to current detection methods. It was 
emphasized that newer methods, particularly in situ lysis, might enable 
detection of very large plasmids. 

Problems and pitfalls in working with plasmids were discussed; for 
example, the difficulty of detecting a single or small number of virulent 
transconjugants by bioassay in the presence of large numbers of avirulent 
cells. The use of transposable genetic elements (transposons) in marking 
and mutagenesis of plasmids and the chromosome were discussed. Some 
plasmids of Pseudomonas syringae pathovars appear to code for metal 
resistance and bacteriophage receptor sites. In cultivation of other strains 
of P. syringae, it was postulated that the changes observed in plasmid mass 
and restriction endonuclease fragments as well as plasmid homology to 
the chromosome might be due to a transposable element analogous to the 
bacteriophage Mu; no phage production by these strains has been 
detected, however. 

Finally, it was recommended not only that work in different plasmid 
systems be continued, but also that the genetics of the chromosome be 
examined more extensively to clarify its role in pathogenicity and other 
properties. 

GROUP IV. RECOGNITION MECHANISMS OF BACTERIAL 
PATHOGENS- THE CURRENT VIEW. Luis Sequoira, Chairman. 

There is little question that the field of recognition, as it pertains to plant 
pathogenic bacteria, has finally come of age. The upsurge of interest in this 

field is evidenced by the packed-house attendance at recent scientific 
meetings in which recognition, adhesion, and host response mechanisms 
have been discussed. The discussion session on this topic at the 5th 
International Conference on Plant Pathogenic Bacteria was no exception. 
The large audience listened for 2 1/2 hours to a discussion of a wide range 
of subjects dealing with the architecture of the outer membrane of Gram
negative bacteria (A. Chatterjee), the role of extracellular polysaccharides 
(EPS) in virulence (D. Coplin), the induction and repression of the 
hypersensitive reaction (HR) (R. Stall and S. Patil), and the role of plant 
agglutinins in disease resistance (R. N. Goodman, presented by L. 
Sequeira). The final presentation dealt with possible control of recognitory 
structures in bacteria by phase variation in transposon insertion (D. Mills). 

In the introductory remarks (L. Sequeira), an attempt was made to point 
out the problems involved in the study of the wide range of recognition 
events involved in the interaction of plant pathogenic bacteria with their 
hosts. This was illustrated with the Pseudomonas solanacearum-tobacco 
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system, in which some of the details are known concerning the 
biochemistry of the process of attachment of bacteria to host cell wails and 
of the ensuing response of the host cell. Other speakers provided evidence 
from a variety of other host-parasite systems and it became clear that it is 
not possible to generalize as to which structures are important in 
recognition. 

It is difficult to provide a summary of the discussions that took place
during this session because of the widely divergent topics that were 
covered. The following is an attempt to bring into focus some of the 
conclusions that were reached and some of the opinions that were 
expressed.
 

The Phenomenon of Attachment 
Bacteria adhere to a wide variety of inert surfaces and, therefore, it is not 

surprising that they should attach to plant cell wall surfaces. Whether they
do so specifically on cercain tissues is the real question. There is 
considerable physical evidence for attachment of bacteria to leaf, 
mesophyll cell, and root surfaces, but (a) there is lack of quantitative
evidence for possible differences in frequency and degree of attachment of 
homologous or heterologous strains of bacteria on a particular host, and (b) 
specificity in attachment has been shown only in the case of symbiotic
bacteria (Rhizobium spp.) involved in nodulation of particular legumes, and, 
more recently, for certain HR-inducing, avirulent strains of P. 
solanacearurn 

The recent development of quantitative methods to determrne the 
kinetics of the process of attachment, particularly in the labora.ories of 
Huang, Sequeira, and Bauer, indicates that we are beginning to resolve the 
first problem. The problem of specificity, however, remains difficult to 
approach in most host-parasite systems. The general consensus, however, 
is that attachment is an essential first event in recognition and that, with 
the exception of rhizobia and Agrobacterium timefaciens, pathogenic
strains of bacteria somehow avoid or inhibit attachment to the host cell 
wall. 

Bacterial Cell Wall Structures Involved in Recognition 
There is increasing evidence that the production of EPS, either in the 

form of capsules or slime, is essential for virulence of plant pathogenic 
bacteria. The most recent evidence stems from the collaborative work in 
the laboratories of Coplin, Sequeira, and Kelman on the role of EPS of 
Erwinia stewartii. There is the suggestion that the presence of EPS in the 
form of a capsule effectively blocks recognition of other cell wall 
constituents by plant aglutinins. Thus, the role of EPS may be to provide a 
physical barrier that prevents attachment of the bacterial cells and, plus, to 
avoid suL eauent host responses that would prevent bacterial multiplica
tion in the iitercellular spaces or in xylem vessels. That this is an 
oversimplified interpretation is clear from the work with rhizobia, which 
appear to depend on specific EPS terminal sugar residues for attachment to 
particular legume root surfaces. 

That the outer membrane components of Gram-negative bacteria may be 
involved in recognition is shown by the demonstration that strains of P. 
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solanacearum with defective (rough) LPS are more rapidly attached by 
tobacco cell walls than those with complete (smooth) LPS (Duvick). Also, 
some rough LPS strains induce the HR in tobacco leaves, whereas smooth 
strains do not. Thus, the possibility that terminal sugar residues on LPS 
carry the information that is essential to firm attachment and for the 
induction of host responses remains an attractive possibility. 

The information potential of the proteins in the outer membrane has 
been disregarded, although, as Chatterjee pointed out, they are of 
considerable significance in the pathogenicity of mammalian pathogens. In 
particular, the fimbriae (pili) of strains of E. co/i have been shown to be 
responsible for specific attachment to the intestinal mucosa. lt seems likely 
that similar proteins, which have lectin-like activity and project out from 
the outer membrane, play an important role in attaching the bacterium to 
the plant cell wall. The process may dgpend on recognition of specific 
saccharides on the plant cell wall, but these are probably of common 
occurrence and, thus, all bacteria containing the same type of pili would be 
expected to attach. 

Plant Cell Wall Structures Involved in Recognition 

Although, as indicated above, bacterial lectin-like proteins may be 
involved in recognition, research has centered mainly on the possibility 
that plant proteins play the role of the receptor. Emphasis has been placed 
on cell wall, seed, or tuber proteins that have the capacity to agglutinate 
bacteria. Interest in these proteins stems from their ability to bind 
differentially to avirulent, but not to virulent forms of plant pathogenic 
bacteria. A recent addition to a fairly long list of such proteins is the one 
isolated from apple seed by Goodman and collaborators, which is capable 
of specifically agglutinating strains of Erwinia amylovora. As in the case of 
the potato agglutinin that interacts with strains of P. solanacearum (Leach 
and Sequeira), it is proposed that the activity of the apple agglutinin is 
mediated by charge-charge interactions with the negatively charged LPS of 
the bacterial outer membrane. It is difficult to envisage a specific role of 
such proteins in bacterial attachment, but they are present on the cell wall 
(potato agglutinin) and in xylem fluids (apple agglutinin) where they are 
likely to interact with particular strains of the bacterial pathogens. 

Induction of Hypersensitive Response 
The best evidence for recognition between host and pathogen is the fact 

that only certain bacterial strains, on certain plant hosts, induce the HR. 
That very close contact (attachment?) between the host cell wall and the 
bacterium is essential for induction of the HR has been shown by Stall and 
co-workers in the Xanthomonas vesicatoria-pepper system. What 
transpires between the bacterium and the host prior to collapse of the host 
cells, however, is unknown. The general consensus is that more emphasis 
needs to be placed on the "transducing" mechanism that carried the 
message between the cells and the host cell plasmalemma. The fact that 
certain bacterial toxins interfere with the expression of the HR and, thus, 
allow growth of the pathogen (Patil) could be very useful in the analysis of 
the receptor for the inducer of the HR. By analogy with fungal pathogens 
which produce "elicitors" of the HR, which are components of the hyphal 
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cell wall or produced by degradation of the plant cell wall, it seems likely 
that similar "elicitors" might operate in the case of bacterial-plant cell 
interactions. Indeed, there is limited evidence from Keen's laboratory that 
bacterial cell wall proteins may play this role. 

The Genetic Control of Recognition 
As was pointed out by Mills, modern genetic analysis has not been 

applied to the problem of recognition of plant-pathogenic bacteria. 
Reference was made to phase variation in the insertion of transposons in 
Salmonella, in which, depending on the direction of transcription, different 
flagellar antigens are produced. The use of such transposable elements 
could be extremely important, to determine, in a critical way, whether outer 
membrane proteins or polysaccharides are indeed involved in recognition 
of bacteria by the plant. It is hoped that greater efforts to apply these and 
other modern genetic approaches to the problem of recognition in the next 
few years will provide some of the critical evidence by the time the next 
International Conference on Plant Pathogenic Bacteria takes place. 

GROUP V. CRITERIA FOR DISTINGUISHING RACES VERSUS 
STRAINS OF BACTERIAL PATHOGENS. C. M. E. Garrett, Chairman. 

Many people had expressed interest in this subject but mainly from the 
standpoint of receiving rather than imparting information as few 
contributions were offered beforehand. 

Participants were reminded that among the many methods employed for 
race and strain differentiation were pathogenicity tests, colonial 
morphology, biochemical characteristics, phage sensitivities, and 
serological methods. Some of these had greater value with some genera or 
species than with others. The complexity of the problem facihg plant 
bacteriologists was highlighted in four introductory talks. 

Dr. French spoke of the difficulties encountered in the selection of 
certain potato clones where resistance to Pseudomonas solanacearum 
was not race specific but pathovar specific and, furthermore, decreased as 
temperature, moisture and inoculum potential increased. A rapid method 
of indentifying pathovars, he pointed out, is urgently needed for more 
efficient selection of resistant potato clones. 

The epiphytic populations of P. syringae pv. savastanoi on olive were 
described by Dr. Ercolani as heterogeneous. Many factors, including time 
of year, leaf age, time of leaf formation, and such environmental factors as 
air temperature and rainfall etc. influence these populations. Cluster 
analysis of physiological and biochemical characteristics indicated that the 
only homogenous population was found in January.At other times a range 
of strains of different biochemical types have been found. 

The advantages of serology for distinguishing between organisms were 
expounded by Dr. Boer for strains intermediate between Erwinia 
carotovora var. carotovora and E. c. var. atroseptica. This had proved of 
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value in ecological and epidemiological studies. Civerolo showed that of 
the three pathotypes of Xanthomonas campestrispv. citri,pathotypeAwas 
clearly serologically distinct from the others in ELISA tests. 

The general discussion centered on the definition of the term 'pathovar' 
as set out by Dye et al. (1980) as the conference was obliged to consider it 
and this seemed an opportune time. A single amendment to the existing 
wording was proposed so that the definition reads: "The term pathovar is 
used to refer to a strain or set of strains with the same or similar 
characteristics, differentiated at infra subspecific level from other strains 
of the same species or subspecies on the basis of distinctive pathogenicity 
to one or more plant host species." 

Dr. Bradbury reported that the ISPP Bacteriology Taxonomy Committee 
were drawing up minimum standards for the description of plant 
pathogenic bacteria. This should help those who need to describe new 
organisms; in the meantime any new organisms should be described as 
fully as possible. It was proposed that this committee might consider acting 
as a clearing house for names of pathovars and publish an annual list of 
names that have been accepted. 

CROUP VI. METHODOLOGY FOR EVALUATING PLANT 
RESISTANCE TO BACTERIAL PATHOGENS. G. L. Ercolani, Chair
man. 

The discussion centered on some aspects of methodolody that require 
priority attention to establish acceptable procedures for assessing plant 
resistance to bacterial pathogens. These included the nature and 
composition of the inoculum, the method of inoculation, t, type of host 
plants, and the definition of the indicating effects and the resulting 
estimates of resistance. 

Major contributions to the discussion were made by E. R.French, Centro 
International de la Papa, Lima, Peru; C. M. E. Garrett, East Mailing 
Research Station, Kent, UK: H. Maraite, Laboratoire de Phytopathologie, 
Universit6 Catholique de Louvain, Louvain-la-Neuve, Belgium; K. Rudolph, 
Institut fur Pflanzenpathologie and Pflanzenschutz, der Georg-August-
Universitt, Grisebachsiasse, G'ttingen, Federal Republic of Germany; 
and J. E. Bowman and L. Sequeira, University of Wisconsin, MadisonWl, 
USA. 

Dr. French gave an account of his work on "Selection of resistance to 
Erwinia soft rot and Pseudomonas solanacearum wilt of potatoes." 
Different approaches have been used at the International Potato Center to 
develop resistance to two bacterial pathogens. For tuber resistance to 
Erwinia chrysanthemi, infectivity titration inoculations were made to 
tubers inoculated anaerobically. Consistent results and a full range of 
resistance to susceptibility were found among hundreds of clones. No 
breeding has yet been initiated and still to be determined is the possible 
correlation between tuber resistance to soft rot and plant resistance to 
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blackleg. With bacterial wilt resistance (Pseudomonas solanacearum), the 
level of inoculum that gives the greatest differences among individuals in a 
segregating population bred for resistance, under standardized en
vironmental conditions, is used. Results are not yet very consistent or 
always representative of field screening results. The use of infectivity 
titration inoculation methods would be very labor and space intensive, but 
current wiork may resort to it eventually. 

Dr. Garrett reported on "Problems in Screening for Stone Fruit 
Resistance to Bacterial Canker. "New clonal cherry rootstocks selected at 
East Mailing Research Station were assessed for resistance to bacterial 
canker. Resistance was not stable at the seedling stage, and trees should 
be assessed when not less than three years old. Variation in soil conditions 
markedly affected the response of the rootstock. When a new race of 
Pseudomonas syringae pv. morsprynorum was included in the tests many 
rootstocks were equally resistant to both this and the typical race, buta few 
hybrid rootstocks had very low resistance to the former. Plum trials under 
more uniform conditions gave less variable results, but seasonal and other 
factors induced some variation between inoculations of one year and 
another, and between inoculations and natural infections. 

Dr. Maraite discussed his experience in evaluating resistance of 
cassava to Xanthomonas campestris pv. manihotis. Cassava bacterial 
blight is characterized by angular spots and blight areas on the leaves and 
tip die-back after systemic infection of the stem. There are differences in 
cultivar resistance to stem infection. In order to reveal and to study 
differences, Maraite tried various inoculation methods. Pricking the 
internode between the third and the fourth leaf from the top with a needle 
contaminated by passing it through a 2-day-old culture of the pathogen 
gave more consistent results and permitted a better study of the progress of 
infection and evaluation of the cultivar resistance than stem injections 
with known concentrations of bacterial suspensions or insertion in the 
node of wooden toothpick saturated with known concentrations of 
bacterial suspensions. 

Dr. Rudolph considered the influence of inoculating bean leaves with a 
mixture of low and highly virulent isolates of Pseudomonas syringae pv. 
phaseolicola on the final reaction. When testing the degree of resistance of 
bush bean cultivars towards pv. phaseolicola he found it is better to do 
several inoculations with different bacterial isolates (or races) on different 
individual plants. A mixture of bacterial isolates had been used earlier, 
hoping that the most virulent ones would always dominate the reactions. 
This assumption was not always v3lid. Isolates of low virulence can favor a 
resistant reaction also toward the highly virulent isolates and thus lead to 
wrong grouping of some plant cultivars. 

Dr. Sequeira spoke on "Resistance to Pseudomonas solanacearum in 
potato: infectivity titrations in relation to multiplication and spread of the 
pathogen." When several wilt-resistant potato clones were tested against 
a highly virulent strain from Mexico (No. 276) by standard stem inoculation 
methods, only one clone of Solanumphureja was resistant. When different 
inoculum concentrations were introduced quantitatively for infectivity 
titrations, however, different levels of resistance were clearly defined 
among clones previously rated as susceptible. Linear regression was used 
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to estimate the ED50 values (dosage required to wilt50%of the population) 
for each of seven clones. These values ranged from 3 and 100 colony
forming units (CFU) for Katahdin and Russet Burbank, respectively, to 2.1 x 
106 CFU for S. phureja clone 1386.15. The distribution of bacteria in stems 
of Russet Burbank plants inoculated with the compatible strains 276 and 
K-60 and the incompatible strains B1 and S-210 was very different. In all 
cases, incompatible bacteria were not detected 10 crn above the 
inoculation point in the stem, even by 12 days after inoculation, whereas 
compatible strains had multiplied rapidly at this site by 6 days. At the 
inoculation site and at sites adjacent to it, incompatible bacteria attained 
populations that only differed by one order of magnitude from those of 
compatible bacteria. Similar results were obtained when a resistant clone 
(MS 118.24) was inoculated with the virulent strain K-60, Thus, resistance 
was characterized both by reduced acropetal spread and by tolerance to 
large numbers of the bacterium. 

GROUP VII. SEED-BORNE BACTERIAL PATHOGENS AND THEIR 
DETECTION. A. W. Saettler, Chairman. 

Seed pathology and seed-borne bacterial diseases are becoming 
important subject matter areas in plant pathology. For example, the 
American Phytopathological Society and the Association of Official Seed 
Analysts recently established Seed Pathology Committees. In the U.S., two 
regional research projects are devoted specifically to seed-borne plant 
pathogenic bacteria: NC- 100 is concerned solely with black rot of crucifers 
(Xanthomonas campestris), while NC-1 35 deals with "Detection, survival, 
and control of plant pathogenic bacteria on seeds and other plant parts." At 
the international level, the International Seed Testing Association (ISTA) 
Committee on Plant Disease has established a working group on seed
borne bacterial pathogens. 

Our present subject of seed-born bacterial diseases and their detection is 
important for several reasons: 

1. Infected/contaminated seed is a major source of primary inoculum in 
almost every important food and fiber crop routinely propagated by 
true (botanical) seed. 

2. Recent establishment of germplV.-m centers for the major food crops, 
and the widespread exchange o, seed between countries expand the 
opportunity for long distance dissemination of seed-borne bacteria. 

3. The threat of such dissemination becomes even more meaningful due 
to the existence of pathogen strains/races with pathogenic potentials 
greater than those existing in countries receiving such strains. 

4. Several recent studies have demonstrated transmission of 
phytopathogenic bacteria in seed of even tolerant crop cultivarsand 
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in seed of susceptible cultivars harvested from plants showing little or 
no disease symptoms. Thus, seed certification programs based on 
visual inspections to guarantee freedom from disease, may not be 
completely effective. 

Discussion Group VII focused on two aspects of seed-borne 
phytopathogenic bacteria and their detection, Isolation and Identification. 

Isolation methods include selective media/enrichment as well as direct 
plating. B. N. Dhanvantari, Ontario, Canada, contributed a special paper on 
this entitled, "Semi-selective Media for Detection and Monitoring of Some 
Xanthomonas campestris Pathovars." 

There is considerable current interest in selective media, and numerous 
phytobacteriologists are employing this tool in epidemiological studies. 

Identification methods suggested for use with seed-borne 
phytopathogenic bacteria included selective media, serology, 
bacteriophage, pathogenicity, and growout tests. Two papers were 
contributed on this subject. The first, "Demonstration of Contamination of 
Cassava Flowers, Fruits, and Seed by Xanthomonas manihotis, "was by J. 
F. Daniel an. B. Boher, Republic of the Congok Subsequent discussion 
emphasized the extreme caution one should exercise in assuming that 
specific bacteria detected by immunofluorescence are viable. The second 
paper, by A. W. Saettler and G. E. Trujillo, East Lansing, Michigan, was on 
"Serology and Semi-selective Medium for the Detection of Xanthomonas 
Blight Bacteria in Bean Seed." 

Discussion was then directed toward defining research priorities and the 
following were developed: 

1. Little is known regarding the relationship between incidence of seed 
contamination, disease development, and effects on yield. This 
information is urgently needed to establish phytosanitary tolerance. 

2. Participants could not agree on whether a zero tolerance was the best 
choice. 

3. Techniques for sampling seed lots, and establishing confidence limits 
have not been satisfactorily resolved. 

The discussion session participants unanimously recommended that (1) 
the ISPP, Bacterial Section, continue to recognize the importance of seed 
transmission of phytopathogenic bacteria, and that (2) a Session on 
Methods of Eradicating Seed-Borne Bacterial Pathogens be includ ,d in the 
6th International Conference on Plant Pathogenic Bacteria. 

GROUP VIII. Role, and challenges to international and national 
agricultural research in management of bacterial diseases. H. D. 
Thurston, Chairman; summary by Robert Zeigler. 

The discussion group leader opened the session with a summary of the 

various species, international, regional, and national, involved in tropical 
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agriculture research and extension. A brief critique of the current 
coordination revealed inefficiency due to tremendous duplication of effort 
and imbalance in funding. National research and extension programs, 
which are the essential links in disseminating and implementing 
information developed by regional and international agencies are, almost 
without exception, severely underfunded and understaffed. The problems 
confronting national programs are compounded by their difficulty in 
keeping the scientists they send to developed nations for training. This 
leads to serious problems in terms of continuity of research. 

There was general agreement among participants that bacterial 
diseases in the tropics should be approached from a management rather 
than eradication perspective. That is, learning to live with a given, 
predictable and stable level of disease. Within this general context a 
discussion on the integrated pest management (IPM) concept followed. 
Host-plant resistance and cultural practices were generally considered to 
be the componentsof IPM most readily available for implementation within 
the socio-economic constraints of the developing world. However, the 
group repeatedly emphasized that the challenges in the tropics, as 
represented by the number of crop species, and the number of pathogens 
attacked by them, dwarfed those encountered in temperate zones. 

Official quarantine and seed certification programs, while attractive in 
principle, are not practical control measures in most developing nations. 
Chemicals, likewise, are of limited practical application, at least when 
considering small, low-input farming systems. 

The subject then shifted to international centers. It was suggested that in 
these centers emphasis was placed on disease control through resistance 
at the expense of other methods, such as biological control and cultural 
practices. Staff m9mbers of several such centers agreed that there was a 
disproportionate breeder tu pLthologist ratio (given the group surrounding 
them, it is difficult to imagine them saying anything else). A discussion 
then followed on the role of the centers. It remained unresolved whether 
they should have a mandate weighted more toward generation of basic 
research, or toward technology transfer. It was suggested by one 
participant that basic research scientists could spend sabbatical leaves in 
the centers to strengthen basic research programs. 

Scientists from national programs of several developing nations stressed 
the difficulties with which they are confronted. In terms of developing 
control measures through cultural practices they cautioned that measures 
effective against one problem may enhance another. Furthermore, 
cropping systems are often 'io complex that manipulations to control one 
pathogen may be impossible to define, or may perturb the system to an 
unacceptable degree. Each system requires study, with emphasis being 
placed on what might be called "holistic epidemiology and etiology. "Such 
studies obviously require large numbers of skilled and dedicated scientists, 
well beyond the present capabilities of national programs. 

A point was made regarding the use of chemicals in developing 
countries. The combination of farmer ignorance, lax government regula
tion, and occasional unscrupulous representatives of agricultural chemical 
companies can result in improper, wasteful, dangerous, and counter
productive use of chemicals in those countries. Numerous disturbing 
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examples were presented. The blame has been passed several times 
between government and industry. 

A very lively discussion then developed on exactly how much small 
farmers know about farming. What emerged was the consensus that small 
farming systems which, under different population and economic 
conditions, were successful are now being placed under severe strain as 
pressure for arable land decreases rotation times, etc. In addition, as 
farmers and settlers move to new areas, these systems are not necessarily 
transferable. Most participants agreed that a considerable amount could be 
learned from truly traditional agriculture. Those with some experience in 
the field related that small farmers desperately wanted improved 
techniques and varieties; however, they must be relevant to their needs 
and capabilities. 

The discussion ended with a brief exchange of ideas on how best to 
approach the use of host resistance in disease management. It was felt that 
it is best to begin with locally adapted varieties already in use and try to 
improve them. Programs should do their best to release more than one 
variety at atime, each with different characteristics and tolerant to as many 
different constraints as possible. A "package" of varieti3s approach was 
thought to be most appealing. Within these objecti.,s, two major pitfalls 
were mentioned. The first was that resistance will certainly not solve all 
problems, e.g. Moko disease of bananas. The second was that we must all 
keep in mind that the capacity of national programs to receive and 
effectively utilize resistant material is seriously limited. 

GROUP IX. RECENT DEVELOPMENTS IN RICE BACTERIAL BLIGHT 
RESEARCH. T. W. Mew, Chairman. 

This discussion group met on August 16th. It was regretted thb most 
scientists in Asia whose research has contributed significantly to our 
understanding of the disease did not attend the conference. In response to 
the discussion group chairman prior 'o the conference, however, they 
provided information of past achievements, recent progress, and future 
efforts concerning research and collaboration. Their comments and ideas, 
together with those raised during the discussion session, are summarized 
in this report. 

Because only a few participants had conducted research in the bacterial 
blight of rice, format of the discussion session was organized to reviewthe 
research work either achieved or being carried on in Asia. Through this 
brief review it was hoped that a general understanding of the disease and 
problems associated with its research would be apparent. It should be 
acknowledged, however, even though attempted, it was impossible for this 
brief review and discussion to cover every facet of research and 
achievement made by various scientists. Highlights of the discussion 
included: 
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- The bacteriophage method has been used to forecast rice bacterial 
blight outbreaks in Japan in rice culture under irrigation. To adapt it to 
rainfed rice, the method should be carefully examined and evaluated. 

- Survival of the bacteria in rice stubble, straw, and in weed hosts such 
as Leersia spp. is important to perpetuate the pathogen. 

-- Although it has been demonstrated that the bacterial pathogen can be 
carried by seeds, the nature of seed transmission, and its importance, 
especially in the tropics, is not certain. Whether the disgase recently 
reported in Africa and Latin America relates to seed transmission from Asia 
needs to be confirmed and studied. 

- Xanthomonas campestris pv. oryzae has been reported to produce 
some phytotoxic substanc)s. Their role in pathogenesis of the rice bacterial 
blight syndrome is yet to be elucidated. 

- Three serovars, A, B-i, and B-11 are known among strains of the 
bacterium in Asia. Serovar A appears to be most widely distributed. The 
serological relationship of the Asian strains to those in Africa and Latin 
America may provide useful information as to whether they are closely 
related. 

- Pathogenic specialization of X. campestris pv. oryzae on rice cultivars 
that have specific genes for resistance to bacterial blight has been 
reported. A set of rice differential cultivars is being developed through a 
collaborative effort among Asian scientists. These differential rice cultivars 
are useful not only to develop resistant rice varieties but also to map the 
virulence of the races of the bacterium in Asia and outside of Asia. With this 
information, the rice X. campestris pv. oryzae may provide a useful system 
to study the resistance mechanism, genetics of host-parasite interaction of 
a bacterial disease, virulence, pathogenesis, and other factor-. 

- Rice cultivars infected by an incompatible strain of the bacterium have 
revealed that the bacterial cells embedded in fibrillar materials, apparently 
derived from the vessel cell wall. No fibrillar material has been observedto 
surround the bacterial cells in rice cultivars infected by a compatible strain. 

- Planting of resistant rice cultivars has been effectiva in keeping the 
disease in check in many otherwise epidemic-prone regio in Asia. 
Breeding rice for bacterial blight resistance is therefore successtfl and the 
effort should be continued. Scientists should be cautioned to ob-erve and 
monitor whether new races of the bacterial pathogen will evoi,, after 
extensive plating of resistant cultivars. 

- Cultural practices such as managing diseased straw, and using lower 
rates of fertilizer, have been studied and related to the lower incidence of 
the disease. 

- Chemic .l control is practiced in only a few countries. A consistently 
effective bactericide is yet to be developed for controlling the bacterial 
blight of rice. There is a need for one in regions where rice production is 
'ntensified. 

- In evaluation of and screening for rice cultivars/lines resistant to 
bacterial blight, the clipping method of inoculation is efficient and widely 
used. There are concerns, however, if X. campestris pv. oryzae survives as 
epiphyte and if infection carries through broken trichomes, the difference 
of varietal response to the disease due to trichome density may not be 
detected by the clipping method of inoculation. No evidence has been found 
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that the bacteria could establish in the parenthymatous tissues of rice 
leaves. Trichomes may provide sites for epiphytic survival before the 
bacterial cells make their way to the hydathodes which are the natural 
opening for bacterial blight infection. 

- A simple and rapid means to differentiate strains of X. campestris pv. 
oryzae or of pv. oryzae from other pathovars of the species is needed. The 
disease, however, can be diagnosed rapidly by cutting small pieces of leaf 
tissues from the margins of the lesion, placing them in a drop of water on a 
slide, and observing them for bacterial ooze streaming from the cut end. 

- Infestation of rice plants with water weevils has been demonstrated 
to cause severe Kresek infection, the wilting phase of the bacterial blight 
syndrome. The role that insects play in long distance dissemination of the 
bacteria is not known. 

Finally a proposal to establish an international working group (or 
committee) on bacterial blight of rice has been submitted to the 
International Society for Plant Pathology. Such a working group is, no 
doubt, needed and will promote collaboration among scientists, and 
exchange useful information. Last but not least, many scientists in Asia 
working on bacterial blight of rice have urged the Discussion Group 
Chairmen to express their gratitude to Professor Arthur Kelman for his 
personal interest and concern in the research of this important bacterial 
disease of a major food crop and for this generous assistance and 
encouragement to many of them. 

GROUP X. SPECIAL PROBLEMS OF PLANT BACTERIOLOGY IN THE 
TROPICS. C. F. Robbs, Chairman. 

Tropical countries are suited to supplying the food needed for future 
generations. Opportunity for continuously increasing agricultural produc
tion in those countries is enormous, due to favorable climates and 
adaptability of certain crops offering great potential. A good example is 
cassava, reported to produce more available carbohydrates per area than 
any other crop in the world. However, tropical regions also provide a perfect 
environment for a great number of plant pathogens, like the bacteria, 
capable of causing considerable damage, particularly when susceptible 
host genotypes are grown intensively in large areas. 

In developing countries, bacterial wilt caused by Pseudomonas 
solanacearumhas limited to a great extent the productivity of food crops
such as potato, bananas, and plantain. Epiphytotics of bacterial wilt on 
bananas and plantains in the Amazon basin represent a serious threat for 
the well being of thousands of people, since these crops constitute the 
major sources of energy in the diet of native populations. Cassava bacterial 
blight (Xanthomonas campestris pv. manihotis) often reduces yield 
drastically and, under certain specific conditions, may completely destroy
large plantations, thus generating famine, as occurred in south Zaire. 

Citrus canker (X. c. pv. citri) has Ii.ited severely the production of citrus 
fruits in many Asiatic countries and has been a permanent threat to South 
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America. X. c. pv. oryzae also has been extremely destructive in Asia and 
plant pathologists must remain alert in regard to phytobacteria, such as 
this rice pathogen, which is able to disseminate disease long distances 
through contaminated seed. 

A constant exhange of information, on an international basis, concer
ning 	pathogenic variability of plant bacteria, their potential to induce 
economic losses, means of survival, and dissemination, becomes 
exceedingly important, particularly for the benefit of developing countries. 
Likewise, information on the performance of genetic materials, as well as 
the maintenance of the existing gene pools, under the widest possible 
range of conditions, is essential for the breeding of resistant cultivars. Such 
resistant cultivars are currently the best approach to the control of bacterial 
plant diseases. Useful exchange of information is achieved through the 
organization of international conferences and symposia. Another impor
tant 	aspect linked to the progress of tropical plant bacteriology is a 
continuous and efficient training program aimed at preparing specialists in 
the 	field. This can be successfully and more easily carried out by 
internationally funded institutions such as ClAT. 

A paper, included in the Special Contributions section of this publication, 
entitled "An Annotated List of Bacterial Plant Pathogens Occurring in 
Brazil" was presented. Highlights of the paper and discussion following its 
presentation included: 

(a) 	 Citrus canker in Latin America - Characterization of strains and 
epidemiology of X. c. pv. citri; control strategies. 

(b) 	 Coffee bacterial diseases - Pathogens involved; role of "ice 
nucleation" activity of resident populations of Pseudomonassyringae 
pv. garcae on disease severity. 

(c) 	 Wildfire of Phaseolus beans, soybeans, and tobacco pathogenic 
specialization of the causal bacterium (P. s. pv. tabac); 
epidemiological aspects. 

(d) 	 Mango leaf and fruit spots - Variability and host range of the pathogen 
(X. c. pv. mangiferae indicae); disease resistance. 

(e) 	 Cassava bacterial wilt - Epidemiology and control of the causal agent 
(X. c. pv. manihotis). 

(f) 	 Bacterial spot of sweet pepper, tomato, and eggplant - Pathogenic 
grouping within X. c. pv. vesicatoria; epidemiology. 

Conclusions 

A consensus in the group following discussion included: 
(A) 	 A great deal of research has been accomplished with respect to plant 

bacteriology in the tropics, but more investigation is needed in the 
areas of ecology, epidemiology, and assessment of crop losses. 

(B) 	 Special efforts should be placed on control strategies for bacterial 
plant diseases, including legal regulations, disease-free seed 
production and certification, biological and cultural practices etc. 

(C) 	 The shortage of well trained personnel is considered one of the major 
constraints to development of plant bacteriology in the tropics, where 
a great number of problems are to be faced and solved. 
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