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WELCOMING ADDRESS

José Carlos Lozano
Chairman, Organizing Committee

Qn behalf of the Organizing Committee and the Colombian Association
of Plant Pathologists { wish to thank you for having accepted our invitation
to participate in the Sth. international Conference of Plant Bactericlogists.

Three years ago, when you selected me to organize this Conference, |
was aware of the tremendous task and responsibility handed to me.
However, | accepted the privilege, considering the benefit for all of us in
holding the Congress in this tropical environment. The benefits not only
relate to the beautiful climate here, but also to gaining &n acguaintance
with some of the economic crops which many of you may not have seen
before. Some are generally cultivated within a cultural and sociosconomic
system of subsistance agriculture, while others are mors typical of
temperate zone agriculture. Often, when systems and theories are
transplated from temperate zones, biotic outbreaks occur which were
probably uncemmon in former ecologically balanced traditional systems.
Some are becoming a general penomenon in both the modern and the
traditional systems.

Simply, we are creating inbalances which are reflected in pest and
pathogen outbreaks, with serious consequences for production. Many
scientists consider that this is due to our lack of expertise or physical
facilitias, or both, but we must realize that the tropics offer an gcelogica!
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, philasophy, etc., along with the knowledge
of the area, undoubledly will lead us to a better conceptual framework to
handie these problems.

Our initial goeal for the organization of the Conference was to get a
general idea of the topics that you wish to consider. More than 1,000
letters were sent to you in this respect, and according 1o the responseas
received, & paper sessions and 10 discussion groups were organized. We
also decided to share the responsibilities for such sessions and
discussions. The persons nominated as chairmen of the discussion groups
wereg asked to organize them 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 sessiocns. We want to be sure that all of
you have ample time and opportunity to express vour 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.

xxi



We are aware that some things may not go as smoothly as planned, sg
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,

José Carlos Lozano
CIAT
Cali, Colombia



Challenges in Plant Pathogenic
Bacteriology for the Year 2000

OPENING REMARKS

Anne Vidaver, Chairperson
Bacteriology Section
International Society for Plant Pathology {ISPP)

in opening remarks for the 5th Imernational Conference on Plant
Pathogenic Bacteria, | have chosen to speak on "Challenges in Plant
Pathogenic Bacteriology for the Year 2000.” Both mycopiasma-like and
rickettsia-like arganisms are included in these remarks. | frankly hope to
stimulate controversy and at least some discussion. Your reactions will be
valuable, especially where | am wrong and have overlooked important
problems,

By definition, good plant health is the optimal funictioning of a plant with
freedom from disease and abnormality. One of the agents affecting plant
health is bacteria, Diseases caused by bacteria prasent special challenges
in isolation, identification, and control. While the monetary value of crops
fost 1o bacterial diseases cannot be ascertained, there is general
consensus, | believe, that we cannot sustain such losses and continue to
feed the world. These problems are some of the challenges we face in the
coming decades,

Isolation of Fastidious Prokaryotas

One of the first steps in studying bacterial diseases is isolation of the
causative agent. We are accustomed to success with easily cultivable
bacteria, but some prokaryotes are less easily cultured. It is certain,
however, that further advances wili be made in culturing rickettsia-like and
mycoplasma-like organisms. It seems plausible that some plant com-
ponents may be essential for such success. Also, few attempts have been
made to manipulate the gaseous environment — the assumption being
that aerobic conditions are essential, Yet anaerobes and microaerophilic
arnimal pathogens are well known. There is accumulating evidence for
plant pathogenic anaercbes such as the clostridia. There may be othars
whose growth or pathogenicity is intubited by oxygen. The majority of plant
pathologists do not work with anaerobi¢ microorganisms and, in my
experience, are reluctant to do so {that includes mel)

Diagnosis and ldentification

The chaltenges in diagnosis are those of early detection of disease and
specificity. Early diagnosis makes it easier to imit the spread of digsease;
physical containment, roguing, #t¢. can be used with greater success. But
our current procedures can be described as primitive when compared to
diagnosis of human and animal diseases. More sensitive tests are
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required. If detectable levels of bacteria could be decreased to less than 10°
CFU/gm fresh weight, the current level of sensitivity for fluorescent
antibody detection, control measuras could be instituted much earliar,
Such sensitivity of detection might be achieved by treating plant tissues in
various ways 1o release bacteria or specific bacterial components, Such
materials might be tested directly for the presence of bacteria or
goncentrated before testing.

Specificity of identification is 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 electrophoratic
analyses of proteins and nucleic acids. Specificity is likaly to be enhanced
by increased knowledge of pathogenic determinants, i.8. 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 hoth investigator time and crops become more
valuable, automation of identification tests will become desirable, if not
necessary. Automation of identification tests, or atieast quicker identifica-
tion methods have been very successful in medical microbiclogy, Plant
pathologists working with large numbers of samples would find such
methods particularily useful. in the future it may become common to have
resident or regional laboratories to service large farms, orchards or
plantations, analogous to a hospital’'s diagnostic laboratory. Consulting
services may fill this role; some have begun 1o provide diagnostic services
for bacterial diseases in the U.S5. Such services have not generally
provided laboratory tests, however, but this may changs.

Interactions of Bacteris With Plants and Qther Microbes

Bacterial interactions with plants are understood at only a primitive lavel.
The greatest challenge, it seems to me, is to determine what occurs in the
early stages of infection and to separate out cause and effect. if early stages
can be detected and understood, it may be possible to interfere with the
eariy steps in an infection. Crown gall is the only disease in which early
stages of infection are reasonably well understood. Such early steps canbe
surprisingly rapid. We have found that with Pseudomonas syringae pv.
syringae and P. syringag py. glycinea, bacteriocing applied to leaf surfaces
5 to 10 minutes after spray inoculation have little or no effect on the courss
of lesion development, whereas spraying before inoculation dramatically
decreases the number of lesions. These bacteria thus begin the process of
infection very rapidly. To date, metabolic, ultrastructural, and physical
methods of analyses have not been sensitive encugh 10 detect early
perturbations in plants. Microchemical and microphysical metheds of
analysis /n situ, as used in some animal studies, may provide insight into
such early interactions.

Several studies have shown that both bacterial and plant surface
interactions are important in establishing infection. it would seam that the
use of tissue culture and protoplast systems would yield information on
early interactions. In these systems, both the chemical and physical
properties of surfaces can be manipulated. Such studies may provide
insight needed 1o interfere with early infection processas.
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Another kind of interaction of bacteria with plants is represented by the
phenomenon of induced resistance. [n this case inogulations with avirulent
or weakly pathogenic bacteria can elicit either localized or systemic
resistance to pathogens inoculated later. Several such examples are
knawn, involving several different bacteria and plants, suggesting thatthis
is a wide-spread phenomenon. The mechanisms of such induced
resistance are complex and maore likely to be well understood in the near
future. Nevertheless, the challenge is to find and isolate bacterial
components or analogues which can be cheaply produced and applied in
practice. Some crops, particularly perennials, would warrant substantial
investment in this area of research.

Yet another kind of interaction of bacteria with plants might be termed
constitutive resistance, in which the majority of cultivars of any crop are
resistant to most microorganisms, whether bacteria or otherwise. In
animals, many physical and biochemical factors contibuting to constitutive
or inherent resistance are known and a continuing source of study, a.qg.
diffarent blood fractions. In plants, the challenge is to identity such factors
so that they can be analyzed for breeding purposes. If we knew how to
control and transfer or elicit both constitutive and induced resistance,
diseased plants would be a rarity.

Turning now to the interactions of bacteria with other microbes, such
interactions provide tremendous challenges and opportunities. The
interactions of most concern to plant pathologists are those inwhichother
microbes act synergistically to anhance infection and those in which
antagonism occurs. it is sometimes difficuit to us to deal with interactions
of plant pathogenic bacteria with one or more different microbial species.
Enhancemaent of plant growth and vield by treatment of seed or transplants
with beneficial bactena is already a promising technique; it is not vet clear
whethsar the benefit results from compstition for nutrients or whethear
antagonism of root pathogens, bacterial or not, is occurring or some
combination of such interactions. Being able to predict success with these
bacterial enhancers 1s the challenge. in the case of fastidious prokaryotes
that have a resident phase in insects these bacteria may be susceptible to
amagonisms introduced 1nto the insects.

Control

The ultimate aim of plant patheology is the control of plant disease. It is
striking that our only means of control are, as yet, preventive. To my
knowledge we have no means 1o cure infected plants; at best, they can
undergo temporary remission of symptoms as long as treatment is
continued. Are we limited to preventive control by plant structure and
egnvironment?

A relatively new type of control for plant pathogenic bacteria is biological.
Biological control. defined as the use of one biological entity to affect and
minimize damage causad by ancther living organism, is still in its infancy.
The effectiveness of Agrobacterium radiobacter strain B4 for nearly world-
wide control of crown gall in many nursery stocks has given impetustotha
search for other bactena effective in control of bacteria and fungi. Such
controls will need 1o play a greater role in the future as traditionally
available chemicals and antibigtics become gither t0o expensive to use gr
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inaeffective. For insects that harbor and transmit pathogens, biological
control of the insect vector is hikely to be accomplished because ingects ara
usually subject to specific viral or bacterial diseases. The successes already
achieved with insect control by polyhedrosis viruses and Bacilius
thuringensis serve as models to emulate.

The use of antibiotics and chemicais for the control of bacterial diseases
of plants has had along and checkered career. Inbrief, it is fair to say that in
two sttuations, fireblight and certain mycoplasma-like diseases, selective
antibictic use has been successful. Other compounds., e.g. copper
derivaties, generally have given mixed results — successful use in certain
areas by some investigators, The future for new antibiotics as sprays or
seed treatment is not promising, given the regulatory and economic
climate m many countrnies. Agents that have a gaseous phase have not
been examined but might be effective in greenhouse crops. The prospects
tor systemic bactericides are not bright either; none have been marketed in
the USA or elsewhere to my knowledge. My contacts with industry show
either no interest in systemic bactericides or no success. The difficulty of
systemic bactericide research ¢an be illustrated by the example of the
experimental chemical tech lof thalam, which is effective in plants against
the rice pathogen Xanthomonas oryzae, but not in vitro. The compound
may be altered /1 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. The need is there.

An unexplored possibility for control 1s 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 certain temperature regimes. For example. Pseudomonas
syringae pv. phaseolicofa s considered a cool weather disease while
Xanthomonas campestris pv. phaseoli is considered a warm weather
disease. We don't know whether major metabolic changes occur in the
bacteria, but it is probable that they do. Temperature can markedly alter the
ratio of the hexose monophosphate to the Entner-Doudoroff pathways for
glucose catabolismn in Pseudomonas fluprescens, a close taxonomic
relative of P, syringae. Thus, it may be possible 1o find matabolic inhibitors,
perhaps already on the market, that might be effective chemical control
agents for some bacteria, providing they have minimal adverse effects on
plarits. The need for new types of control agents has been pointed cut many
times; this need will intensify as agricultural products become more
expensive.

Genetic Enginesring

One of the most exciting areas of basic and applied modern science is
genetic engineering, or the /n vitro construction of viable microorganisms
with characteristics obtained from other microorganisms, plants, or even
from animais. A program for using the Agrobacterium tumefaciens 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 ditficuities shead, butthisis a
challenging area of immanse promise,
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Genetic engineering also has potential for introducing genes responsible
for plant resistance to infection inte plants or into bacteria that could
produce products of resistance gengs, or into potential hiclogical control
agents. The A. tumefaciens plasmid or some other plasmid might be used
to analyze such genes. The first step is to insert a knownmarker, such asfor
antibiotic resistance, if it is not already present, into the cloning plasmid.
Then, after endonuciease treatment of plam 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. i 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 “resistance '’ genes produce a diffusable agent, they might
be detected by transferring the plasmid-carrying bacterium to plates
seeded with a pathogen of imterast, e. g. P. syringae pv. phaseociicola ard
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. I such a screening method worked, then the resistance
gene(s) could be identified, or even if not, they could still be used for
production of novel control agents, analogous to antibiotic production.
Resistance genes might alse be transferred into a saprophyte that readily
colonizes 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 waould require that
the putative genes be transferrad from the plasmid in the bacierium to the
plant cell itself. There is the strong possibility for such transfer with the
Agrobacterium plasmid system, for dicotytedenous plants. it will be more
difficuft to consider such trasnfer for monocots. But, i resistance genes
could be transferred and assayed for, suco procedures would revolutionize
ptant 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
muitiple genes, for resistance, but that needs to be determined. For
example, for purpase 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 technigues, Such a3
procedure offers the possibility of producing an antagonist superiar 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
technigues may lead to the discovery of the basis of this phenomanon. This
would likely lead to the discovery of new biological principles, since almost
all general principies in biology have been derived from animal and
microbial studies.
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Ussful Pathogens

We are so accustomed to considering bacteriat plant pathogens as
undesirable that it is difficuit to turn one’s thinking around and ask whether
their unigue properties can be manipulated to advantage. The multiple
uses of xanthan gum from X campeasiris are reascnably well known. Moras
recently, extraction of commerciaily useful specific restriction en-
donucleases hasoccurred, and more can be expectad. Toxins, bacterioeins,
or bacteriophages might be useful in human medicine. Agrocin 84, the
hacteriocin produced by Agrobacterium radiobacter strain 84, is a
substituted adenine nucleotide similar to the cancer drug in current use,
ara-C. i it could be produced in quantity, it might be tested for simiiar
activity. The ice-nucleating property of P. syringae pv. syringae and some
saprophytes is well established. If the material determining this activity
could be isolated cheaply or synthesized, it might replace costly siiver-
iodide for cloud seeding purposes. Finally, all of us are familiar with the
plant degrading enzymes of many phytopathogenic bacteria; these might
he useful for biomass conversion. Such enzymes are now obtained
principally from other microerganisms for industrial purposes. Plant
pathogens may be a new and cheaper source, and provide novel anzymes.

The possibilities discussed her are only a few; all of you undoubtediy
could suggest other examples.

The Future

I have commented so far on exciting challenges ahead. Now, in closing,
let me comment on the future in general remarks of concern. No one gan
accurately predict the future because of the complexity of today’'s world, It
is certain that agriculiural methods will change, as well ag the crops and
the varieties that are grown. Cooparation with other disciplines will ebh
and flow. | am concerned that bacteriologists, including those working with
the fastidious prokaryotes, often are not getting training in modemn
techniquas of microbiclogy and biochemistry. Such technigues, in my
view, are necessary to complement our studies in traditional plant
pathology. More needs to be done to incorporate techniques for studying
microbiat functions and genetics into our programs of teaching and
research.

Without such principles and techniques, the pace of meeting the
challenges | have outlined here wiil be much too slow. And in concert with
other sciemific organizations, universities and national and intarnational
institutes, must be seen as a vital, integral part of the agricuitural scene.
They must be allowed not onily 1o succeed, but also to fall. Without the
freedom to fail, which is minimized by industry and certain governmant
programs, agriculture and other sciences will be rastricted to trying only
what is safe. Qur science thus would suffer and be unable to maet the
multiple challenges of the future.

If you basically agree with what | have said, we must all speak out; the
generation would expect it of us. Thank you.

Anne Vidaver
University of Nebraska
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Bacterial Blights of Beans
(Phaseolus vulgaris L.}
in Kenya

D .M. Mukunya
PF.M. Muthangys
J4.P, Essie

University of Nairobi
Nairobi, Kenya

Abstract

Pseudomonas phaseolicols (Burk.} Dows., Xanthomonas phaseofi {Smith)
Dows., and X. phaseci var. fuscans (Burk} Dows. wersisolsted from blightsd
baan plants coliectod during an sxtensive survey in small scale farms in
Kenya. The blights were severs and widely distributed in afl major bean
growing sress. The symptoms of the three blights ware similar, with leaves
#nd pods showing water-soaksed spots in all ceses. Hale blighted heans
sornatimes showed charagteristic halos, but common and fuscous blights
showes irregular necrotic patchas surrounded by yellow to brown margins,
Brick-rad longitudinat lesions wers found on stems with water sosking atthe
nodes. Seed samples wera tasted for the presenca of the seed-harn bacterial
pathogens; X. phaseei: osurrad more frequently in bean samgples than 2
phaseolieola. Percant incidence per sample, however, was higher for P
phasecficoly {20-38%) wherever it wag found than for X phaseol, which
rangsd from 8 to 24%, and 32% in anly ans sample. The implication of
farmars using their own seed for planting is discusssd in the light of the high
seed infocticn and the widespread occurrence of these blights in the field.

Introduction

Beans (Phaseolus vulgaris L yare the most important pulse crop in Kenya
{1.5). Yields are generally low with a naticnal average below 800 kg /ha (b},
The major probiems in bean production include uneven rainfall distribu-
tion, poor cultural practices, and destruction by pests and diseases.

Bacterial diseases of beans are becoming severe. Although not well
studied in Kenya, bean diseases caused by phytopathogenic bacteria have
been observed and are one of the major causes of yield fluctuations (1, 5, 6,
7). The three diseases discussed in this paper are halo blight, caused by
Pseudomonas phaseolicofa  (Burk) Dows., common  blight, by
Xanthomuonas phaseoli {(Smith) Dows.; andfuscus blight, by X. phaseof var.
fuscans (Burk} Dows. Distribution, incidence, and severity of these
diseases are noted from survey samples colliected from different small
farms in different bean growing districts of Kenya.



Materials and Mathods

Surveys

A survey was conducted in the major bean growing areas during the
short rainy season from Qctober to December 13980, Farms were picked at
random on spectiied routes on a map. Beans were examined for prasence
of bacterial bhight symptoms, Suspected samples of leaves, stems, pods or
whole plants were preserved for further re-exammation and isolation in
the laboratory of the Faculty of Agriculture, Kabete. Infected tissues were
cut into small preces, and placed in a drop of sterije distilled water for a few
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 collacted from small
farms in the same bean growing districts were tested for the presence of
seed borne pathogenic bacteria. Five samples of 10 seeds each were
selected randomiy from gach seed o1, Seeds were first surface sterilized in
a 1% solunon of sodium hypochiorite for 4 minutes and then dried with
biotting paper. Next, they were ground finely and suspended in distilled
water at 25 g/ 100 ml. Aliguots of the suspension were incubated on piates
at 27°C. After 24 10 4B h incubation, ditferent bacterial colonies were
examined and isolated by streaking them on fresh NA plates.

To determine the percent incidence of each bacterium per seed lot,
incdividial seeds were first surfage sterilized in 1% solution of sodium
hypechiorite for 4 minutes and incubated overnight in 10 mi of sterile
distilled water in test tubes. Loops of thewresulting bacterial suspensions
were streaked on NA plates and the resuiting bacterial colonies restreaked
on fresh NA plates to obtain pure cuitures. identification of
phytopathogeruc bactens obtained was completed by procedures noted
above.

Pathogenicity Tests

Two tests wera carried out on the pathogenicity of the differem bacterial
igolates and 24 1o 48-h old bacterial cultures were used.

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

Seed inocuiation 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 bacterai
suspension. The inoculated seeds were incubated at 279C in Petri dishes
with moistened blotting paper. Five inoculated seeds were placed per plate
and with four plates/solate. One check plate per isolate consisted of five
seeds dipped in sterile distiled water,
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Results

Field Survey

A total of 54 small farms were axamined 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 fieids were sampled
in the other provinces where heans are grown in a much smailer scale.

Hale blight was easier to distinguish in the field by typical halo symptoms
on leaves and creamish white ooze on poads and stems. Common and
fuscous blights were more difficult to distinguish since their symptoms
varied. On the ieaves necrotic lesions developed, with yellow to brown
margins. Some leaves showed necrotic lesions at the edges, particularly in
severely infected plants. Stams had brick red necrotic lesions and pods had
greasy water-soaked lesions. In all cases, diagnosis of the disease was
confirmed by isolation of the respective pathogen in the laboratory. X
phaseoli the cause of common blight, produced yellow colonies on NA,
whereas X. phaseoli var. fuscans, the cause of fuscous blight, produced
yellow colonies accompanied by browning of the medium, Pseudomonas
phaseoficola, the cause of halo blight, produced creamish white colonies
on nutrient ager medium, Ail cultures with the characterigtics of these
pathogens were tested for pathogenicity and found to cause disease in
cultivar “Canadian Wonder' planis in the green-house,

Bacterial blights were distributed at varying degrees of severity inall the
provinces surveved {Table 1). Halo blight tended to be more severe than
common blight m Cerntral 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 Westernand Nyanza
but high incidences in fields sampled in Rift Valley Province.

Seed Survey

A total of 16 seed samples were collected from farms in Central and
Eastern Provinces, the two major bean growing provinces {Table 2}. P
phassolicola or X. phaseoli or both were isolated from all the samples.
Percent incidence of . phaseolicols in seed was high inthe samples where
it was isclated, ranging from 1% to 36%. X. phaseol/ had lower incidences
ranging from 8 1o 24%, except in one case at Manyatta, Eastern Province
whaere it was as high as 32%.

Discussion

In Kenya, bacterral blights of beans were found to be widely distributed.
Halo blight had the highest incidence in many bean growing districts.
Common and fuscous hiights 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
Ea(sit?;l:roviﬁce, with Meru and Kitui districts having incidences of 59%
an .
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Tabie 1.  Incidence of bacterial biights of beans on small scale farms in Kenya.

Incidence®
Halo Blight Common Blight Fuscous Blight

Province Total None Low Moderate High Nome 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 8 g 9 4 8
Western 3 1 0 0 2 1 1 0 1 1 1 0 !
Nyanza 6 1 2 Q 3 1 5 e 0 1 5 0 Y
Rift

Valley 4 1 1 4] Z 2 4] o 2 1 O 1 2

# Mone = ng dissme incidencs;  low = Incidence less than 10“/«;; mderate = incidence 1o~3o°m; high = incidence greater than 30%0




Table 2. Incidence of seedborne bacterial pathogens in farmers’ seed collested
from Cantral and Eastern Pravinces, Kenya.

O/0 incidence

Logation
Fseudomonas Xanthomonds

Ceniral Province
Dagoretti 20 12
Gatyrdu — 1
Kikuyu 20 8
Kamdara - 16
Mathira 22 24
Ngariama 30 16
SabaSaba 21 12
Makuyu 23 12
Mutira - 15

Eastern Province
Manyatta 36 32
Siakago 24 g
Muchonoke 25 13
Runyenjes 27 14
Kirua 18 9
Kabare 23 -
Kibirichia 34 _

in many farms where the three diseases cccurred, their interaction
seemed to cause complete leaf necrosis, resulting in sevare defoliation and
wiiting of beans. The most common iand races found in farmers’ fields
were ‘Canadian Wonder,” “Mwezi moja,” and "Monel.” These were inall
cases severely infected.

The resulis of the seed survey have shown that X. phaseoli and P.
phaseglicola have a high incidence in farmer seeds. X, phaseoli is more
common than P. phaseolivola, especially in Central Province. When
present, P. phaseolicola was more prevalent than X. phaseoli.

i is apparent that bacterial pathogens are present at 2 high frequency in
seed obtained from small scale farmers in Kenya. Most farmers plant their
own seed from the previous season {5). 8ince seeds are the major source of
bacterial inpcuium, the high prevalence of bacterial blights in farmers’
fields in Kenya can be correlated with the practica of farmers using their
own infected seed. Therefore, farmers should be encouraged to buy
certified seed for planting to avoid bacterial blight incidences. This is
possible since Kenya has an organized bean certification and distribution
system through the Kenya Hortiseed Company.
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Abstract

Erwinia carotovors subsp. carotovera{Fee) and £, chrysanthermi {Echr) were
identifiad in the 106 strains of soft-rot Frusnia isplatad from rotted tissues of
16 hosts collacted from various parts of Taiwan, Ecc could be igolated more
froquantly from different hosts and iocalities than Eche, and appeared 1o be
the gredominant bacterium pssociated with bacterial soft rot diseases of
plants in Taiwan. Fifty-two straing of Ecc and 11 strains of Echr from
ditfferent host origing wer comparad for their phenotypic characteristics.
The two bacteria shared many characters, but differed in 14 characters. Al
strains of Echr colectad could be separated into two phenotypic subdivisions
{1 and IV} according to Dickey s clagsification. Maost strains of Echr produced
white to grayish whita colonios on nutrient agar medium, but somae straine
from Weish 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.
Straios of Ecc and Echr induced soft rot on a wide range of plants; howevaer,
strains of Echr {in subdivision 1V] possessed stronger rotting ability on several
plant tissues tharn othar strains of Echr and all straine of Ece. The strains of
Echr {in subdivision 1V} behaved similarly in their pathogenic propartias, on
the hosts tasted.

Introduction

Bacteriai soft rotdiseases are among the most importantand widespread
of bacterial plant disease problems in Taiwan. They occur on 8 wide variety
of vegetables and other plants and are particularly destructive or cabbage.
Chinese cabbage, radish, and potato. However, the diseases have notbeen
sufficiently investigated. Little indormation is known on the bacteria
responsible for the diseases that occur on various crops in Taiwan.,
Although several bacteria in other genera are able to induce soft rots,
bacteria in the genus Erwinia are considered to be the most prevalent {16).
in Taiwan, a number of soft rot diseases were reported to be caused by £,
carotovora subsp. corotovora (£, carotovera or E. aroideas) {Ecc) {(17). The
etiology of soft rot of many other plants remains to be determined,
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This paper describes the species of Erwinia associated with the soft rot
diseases of various crops and the phenotypic characteéristics and
pathogenicity of the soft-rot Erwinia species found in Taiwan.

Materials and Meathods

Soft rotted tissues of various plants were collected from fields or markets
at different parts of Taiwan, The diseased tissues were washed with
running tap water, and small pieces of the tissuas from advancing margin
of the rot were suspended in sterile distilled water to give a slight turbidity,
Aliquots of the suspensions were streaked on nutrient agar {NA} plates,
Erwinia-like colonies formed on the plates were selected and purified by
selecting single colonies from repeated platings. The bacterial strains
obtained were maintained in sterile distilled water in screw cap tubes at
room temperature The stock cultures were streaked on NA plates and
incubated for 48 hr at 30°C. A single colony from sach culture was then
transferred to NA or yeast extract-dextrose-calcium carbonate (YD)
medium (8} and incubated for 2 to 7 days before it was used for various
tests, All tests were made at 24 to 30°C unless otherwise stated,

Colonial characteristics and pigment praduction were examined on NA and
YDC media. Flagella were stained by the methods of Mayfield and Inniss
(14) or examined with an electron microscope by negative staining. Motility
was examined by phase contrast microscapy.

Acid production from lactose, maltose, trehalose, and.C-methyl-D-
glucoside, indole production, growth in 6% Na(l, lecithinase and
phosphatase tests, and reducing substances from sucrose were deter-
mined according to Graham's methods {8]. Erythromycin sensitivity was
tested on NA plates containing erythromycin {50 ng/ mi}. Acid production
from other carbohydrates and related carbon sources, gas from giucose,
growth at 36°C, utilization of organic acids, hydrogen sulfide production
from sodium thiosulfate, acetoin production, action on B.C.P. miik,
growth factor requirement, and catalase, methyl red, and urease tests
were performed by the methods of Dye {8). Gram reaction, gelatin
liquefaction, hydrolisis of starch and nitrate reduction were determined by
methods described in Manual of Microbiclogical Methods {19). Hydrolysis
of casein and phenylalanine deaminase were tested by methods described
in Diagnostic Microbiology {1). Dextrose utilization was determined by the
method of Hugh and Leifson {11). Pectate dagradation was tested on
modified Cuppels and Kelman's medium (18). Lipolytic activity was
determined on Sierra’s medium {18]. Kaovac's method was used to datect
oxidase (12}

The ability of the bacterial strains to induce soft rot was tested in the
iaboratory on detached plant parts of various plants of unknown cultivars
obtained from markets and was also tested in a greenhouse on whole
plants grown in pots. A water suspension containing approximately 5x 108
celis/ml for each strain was used as an inoculum. Cells removed from 48-
hr YDC slant cultures were also used in some tests. Sections of plant parts
were gently pricked with a fine needle on the surface and inoculated by
adding a drop of each bacterial suspension onto the pricked area. They
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were then placed in moistened petri dishes and incubated at 24 to 30°C.
Observations on rotting of the tissues were made 48-72 hr after

inoculation. o
Chrysanthemum {(Chrysantemum morifolium Ramat. "World I'] piants

were obtained from a commercial field. Stems were cut sbout 20cm below
the top of the plants and were inserted into t9st tubes containing sterile
distilled water. Inoculation was done by wounding stemn cuttings at b cm
beiow the tip with a fine needle and then rubbing the wounded area gently
with a cotton bal previously soaked in the bacterial suspension, The
inoculated cuttings were enclosed with plastic bags and placed at room
temperature. Examimnation for the amount of extemnal and internal tissue
breakdown was made 48 hr after inoculation.

Welsh onion (Allium Hstulosum L.}, shallot (A, ascafonicumt.), garlic{A,
sativum L), and Chinese chives (4. tuberosum Rottler) plants were grown
in pots in a greenhouse. Plants were inoculated when they were 20to 25
cm high. The basal part, 1 to 2 ¢m above soil line of the plant was punctured
with a sterile needle and then rubbed with a cotton ball previously soaked
in the bacterial suspension. The inoculated plants were coverad with
plastic bags and placed in the greenhouse. Rotting and collapsing of the
plants were recorded at 24-48 hr after inoculation.

Inoculation of corn {Zea mays |_. "Tainan No. b’)was made on embryos of
corn seeds, sections of the stalks, and whole plants. Embryos were
removed from fresh corn seeds, surface-disinfected with athyl aicohol,
and then rinsed three times with sterile distilled water. Ten embryos were
placed on the moistened tissue paper in a petri dish and inoculated by
adding a drop of the bacterial suspension on the embryo surface, The peiri
dishes were incubated at 30°C. The number of embryos rotted was read at
48 hr after inocutation.

Statks of 3-week old corn plants were cutinto 2.5 to 3.0 cm sections. Five
sections were placed in the bottom dish of a small petriplate{Gcmdia.), The
small dish was then placed in another larger petri plate (Qcmdia.}inwhich
sterile distilled water was added. The stalk sections were inoculated by
puncturing of the stalk surface with a needle and rubbing the wounded
area with cells removed from a 48-hr YDC slant culture. The large petri
dishes were sealed with Scotch tape and incubated at 27°C. The stalk was
examined for decay 48 hr after inoculation. The whor! inoculation method
described by Hartman and Kelman {3} was used to inoculate the 3 to 4-
week-old corn plants with the bacterial strains. The inoculated plants were
kept in a greenhouse (24 to 32°C). Disease readings were recorded 1 week
after inoculation.

Results and Discussion

Isolation and Identification

In total, 105 strains of bacteria were isolated from rotted tissues of 16
hosts that were collected from various localities in Taiwan {Table 1). All
strains induced soft rot on slices of potato tubers, and were Gram-negative,
oxidase negative, facultatively anaerobic rods that were motile with
peritrichous flagella, and fermented glucose, Therafore, all strains were
considered to be members of soft rot Erwinia group {2). The 105 strains
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Table 1. Species of Erwinia associated with bacterial soft rots of plants in Taiwan.

Number of Erwinde  Number of strains identified as:
Host strains isolated

E. carotavory  E. chrysanthemi
subsp. carotovora

Cabbage 8 8 Q
{ Brassica vleracea . var, capitata DC.)

Carrot 2 0 28
{ Duens carota L}

Cauliflower 1 1 o
{ Brassica olergeea L. var. borrvtis L.}

Celery 9 5 4
{Apium gravealens L. var, dulce Pers.)

Chinese cabbage 24 24 0
[ Brassica pekinensis {Lour} Rupr.}

Chinese chives 3 3 o
{Atlivm tuberosum Rottler)

Corn 13 1P 2
{Lea mays L./

Cyclamen 1 1 0
{Cyclamen persicum Mill.}

Eggplant 1 14 0
{ Solarmem metongeng L..)

Mustard 1 1 0
{Brassica juncea Cosson)

ffg?ggam fuberosum L.} 14 13 !
Radish 8 8 §]
{Rapharus sativus L.)

Rhyncostylis 1 0 1
{Rhyncostylis gigantea)

Sweet pepper 3 3% o
{Capsicum annuum L.}

Tomato 3 3 ¢
{ Lycopersicon esculentiom MilL)

Welsh enion 13 18 12

{Alium fistulosum L.}

4
b

Strain(s} isolated from samples obtasined from markets,

The strairg did not induce stalk rot or soft rot on corn when artificially inoculated.
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were differentiated into species or subspecies of the soft rot erwinias
according to Graham's diagnostic tests (8). Only Ecc and Echr were found
to be associated withthe solt rot diseases in Taiwan {Table 1}. In most soft
rot samples, only one species or subspecies of Frwinia was isolated. Ecc
could be i solaled more frequently from different hosts and localities than
Echr and was the predommant soft rot Erwinia. Echr, however, seemed {0
be the primary pathogen responsible for certain soft rots in the fields.
Strains isofated from all Welsh onion samples collected from different
fields were identfied as Echr. Although Ecc and Echr were isolated from
rotted stalk tissues of corn, stalk rot of corn was produced following
artificial inoculation only by Echr. Echr has been reported as the causal
organism of bacterial stalk rot of corn in other countries {8, 10}, The
association of £, cargtovora subsp, carotovora with the rotted corn tissues
may he due to the comtamination from soils or other sources, or the
bacterium may occur as a secondary invader in the tissues.

Phenotypic Characteristics

Sixty-three strains including 52 of Ecc and 11 of Echr from various hosts
and localities were selected for comparative physiclogical and biochemical
tests. The results showed that strains of Ecc and Echr were similarin many
physiclogical and biochemical reactions {Table 2); these were relatively
siriilar to those described by other investigators {2, 3,7, B). However, both
hacteria could be differentiated by soma phenotypic characteristics (Table
31 According to Dickey {3} and Bickey and Victoria {5}, strains of Echr could
be separated into 6 infrasubspecific subdivisions based on physiological
properties. The subdivision of Tamwan strains of Echr was studied by their
methods (3, ). Two subdivisions, i and IV, waere identified among strains
from Taiwan (Tabie 4} Although more strains will have 10 be collected and
studied, the results reported herein were in agreement with their
observations in that strains originally isolated from a specific host belonged
to the same subdivision {3, B}

All strains of Ecc and most strains of Echr produced white to graysh white
colonies on NA medwum, but some strains of £ chrysanthemi from Weish
onion were gray or deep gray. On YDC medium, most strains of Ece
produced white to cream colonies, but two strains obtained from Chinese
chive that possessed typicai characteristics of Ece formed yellow colonies,
The two strains also produced yellow-pigmented colonies on NA
supplemented with 1% glucose, but not on NA without addition of glucose.
A similar yellow strain of Ecc has also been isolated recently from Chinese
cabbage in Taiwan by Lizo {13} Production of the yellow pigmeant was
affected by temperatures (13} Temperatures at 34°C or higher suppressed
pigmentation. These Taiwanase sirains of £. carotfovora that produced
yellow colonies on certain media have not been described previously in
other areas.

Pathogenicity Tests

Strains of Ecc and Echr usually induced soft rot extensively 48 to 72 hr
after inoculation on storage tissue slices of carrot, potato, radish, sweet
potato, taro, fruit sections of baisam pear, cucumber, and eggplant, and leaf
sections of fennel, garland chrysanthemum, spinach, cabbage, and
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Table 2. Phenotypic characteristics commaon for all or most of 63 strains of soft-rot
Erwinia {F. carotovorg subsp. carotovorg and E. chrysanthemi) olated from Taiwan.

Test Reaction Test Heaction
Catalase + Acetoin production +
Oxidase —- Nitrate reduction +
OF test F Phenylalanine deaminase -
Motility + Urease -
Pectate degradation + Casein hydrolysis +
Gelatin liguetaction + Starch hydrolysis -
Growth at 36" C + Lipolytic activity -
Growth factor requirement - Acid from carbohytirates +, %
H, S from sodium thiosulfate e Utilization of organic agids  {+, m}%E

3produced acid from DT —celigbiose, D{—]—frucipse, D{F)—galactese, D{w)—~mannitoel, D+ )}
manaoss, of ~Dith-raffiness, L{+!—rhamnose, Di—j—riboss, Diti~xvlose, and sfightly fram
meso-inositol, but not from, sdenital, dalcitnl, maltose, oL—methyi-D—glucoside, and D{—}—
sgrizitol,

By titized sodium anetate, sodium citrate, sodium formate, potmssivm guconate, fumaric acid,
factic acid, malic acid, and succinic acid, but not sodium benzoate, sodium oxalate, and sodium
Rropinates.

Table 3. Differences in phenotypic characteristics hetween Erwinid carotovora subsp.
carotovery (Ecc} and Erwinia chrysenthemi {Echr) isolated #rom plants in Taiwan.

Reactiond
Test
Eee{b2 straing) Echr{11 strains)
Lacithinase - +
Phosphatase - +
Indole production v 4+
Methyi red test + Vv
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 from glucose — +
Utilization of sodium malonate — +
Utilization of sodium tartrate - +
Growth in 80/0 NaCl + -
Biue pigment on YDC medium - 1

g+ positive; —, negative; V, variable; {1}, delayed positive,
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Table 4, Phenotypit subdivisions of strains of Erwinia chrysanthemi isolated from
varinus plants in Taiwan,

No. of strains No. of strains in subdivision®

Criginal host

coltected | T i v v Vi
Carrot 2 0 4] 4] 2 0 4!
Celery A 0 4 0 0 0 ¢
Cam 2 g 4] G 2 4 4
Potato 1 v} 1 0 0O 1} G
Rhyncostylis 1 G 0 it 1 O 4]
Welsh onion 12 0 4 V] 12 0 0

2 Based on the clisssification of Dickey {3 and Dickey and Vigtaria (8},

Chinese cabbage, but did not cause rotting on tuberous rhizomaes of ginger
and the basal parts of edible bamboo shoots. Howaever, difference in
virulence or pathogenicity was ohserved when detached bulb scales of
ortion and detached embryos of corn seed were inoculated (Tables S and 6),
Strains of Echr isolated from carrot, corn, Rhyncostylis and Welsh onion
showed more rotting ability on the bulb scales of onion than strains of Echr
from celery and potato and all strains of Ecc tested.

Ondetached embryos of corn seeds, all Ece strains, with the exception of
two Chinese cabbage strains, were unable to produce a soft rot reaction,
whereas strains of Echr from carrot, corn, Rhyncostylis, and Weish onion
rofted more than 80% of the enbryos. These were also mora virulent than
those of £. chrysanthemi from celery and potato. The reaction of corn seed
embryos on the soft rot £rwinia species paralieled the reaction of the stalk
sections; that is, virulence of strains to the embryos was correlated to their
virilence to the stalks. It would appear, therefore, that reaction of the
embryos may be used as an indication of the virulence of the soft rot
Erwinia species to corn stalks.

When corn plants were inoculated by the whorl inoculation method (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 {Tabie 7). The
similar differential reactions observed on onion bulb scales were also
obtained when basal parts of Welsh onion, shallot, garlic, and Chinese
chive planis were inoculated with strains of both bacteria. Variation in
virulence was noted for the strains of Ecc and for strains of Echr on stem
cuttings of chrysanthemum (Table 7} Strains of Ecc from the same or
different hosts may cause ditferent degees of tissues breakdown.

The results of inoculation tests describad above ravealed that both seoft
rot bacteria could induce soft rot on tissuas of many kinds of plants;
however, certain sirains of Echr were more virulent than all strains of Ecc
tc some plant tussues. This may account for the apparent stiology of
bactenial soft rot of Welish onion in the fields obse in this study.
Isplations revealed that only Echr could be tsolatad?@'n %Iaffected
\ i o

N
- ..

gt f pma e o o



Tahle 5. HReaction of detached bulb scales of onion (Affum cepa L) to softrot

Erwinig from Taiwan 48 hr after inoculation,

Number ¢f
Ervmiy species Original host straing tested Reaction®
F. earotorora subsp. Cabbage B LM
CHPOLOTORG Chinese cabbage 20 LM
Cormn 1 L
Potato it LM
Radish 8 LM
£ chrvsanthend 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 rotied only at the inocuiation sitg)

M =Rotted area over the inoculation site but not over balf of buib scale; and

H=Rotted area ovar half of bulb seate.

Table 6. Reatction of detached embryos of corn seeds to Erwinig earotovara subsp.
carerovora and E. chrysenthemi 48 hr after inoculation,

Mumber of Percentage of
Frvinig QOriginal host strains testad embryos rotted®
£ caratonora Cabbage 3 0
subsp, carotororg Chinese cabbage L 20.4
Com 3 0
Potate 3 0
Radish 2 g
E. chrvsanthensd Carrot 2 81.6
Ceolary 4 383
Corn 2 899.2
FPotato 1 43.3
Rhyncostylis 1 100.0
Welsh onion 12 94.0

8Average Dig for the strains from 3-B expessments. Ton embryes wesg intaculated for each stran

experimsnt.
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Table 7. Reaction of cuttings of chrysanthemum and corr plants to strains of 3ot
rot Erwinia from Taiwan.

Erwinig strains Reaction on
Chrysanthemum® Corn®

E, carotovorg subsp. carotovorg strains from:

Cabbage L MM -
Chinese cabbage L.MH -
Corn M.H -
Potato LMH -
Radish LM -

E. chrysanthemi strains from:

Calary L o
Comn H +
Weish onion MLH +

33 pactions 48 hr after inooulation:
L = Length of ster tigsue brokendown less than 1 ¢m, Or non-ratted;
M = Length of sterm tigsue brokendown within 1-4 om.; and
H = Length of stern tissue brokendown more than 4 em.
PRaactions 1 week after inoculation:
+ = statk ror was produced; — = stalk rot was not produced.

tissues of Welsh onion in the field samples, although Ecc was consistently
isalated from other vegetables cultivated adjacent to it. Difference in
virulence among strains of Ecc to many hosts was relatively small. On the
contrary, strans of Echr differed greatly in virulence 16 some hosts.

Generally, stramns in infrasubspecific subdivision IV possessed higher
rotting potential than those in subdivision Il Since number of straing
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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Observations on Stalk and Leaf
Necrosis of Onion Causéed by
Erwinia herbicola
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University of Stellenbosch
Stellanbosach, South Africa

Abstract

Stak and {ea! necrosis of onion in the Cape Province of South Africa is
causad by a strain of £rwinia herbicols. The disease is charscterized by rapid
necrosis of seod stefks accompanied by breakdown of chiorophyll. Large
numbers of bactaria embedded in an elactron dense matrix ware found
tightly packed in the intercellular spaces of flower stalk parenchyma. Smalier
numbers of bacteria, apparently free from surrounding electron dense
matrix, wers present in the xylam.

Introduction

Stalk and leaf necrosis of onion (A/iun cepa L.) inthe Cape Province of
South Africa is a new disease caused by a strain of Erwinia herbicola
{Lohnis) Dye {1} The disease was characterized by a rapid necrosis of
flower stalks. Leaves were aiso affected but to a lesser extent, Other
prominent features of the disease on stalks were the rapid breakdown of
chiorophyll, the lack of breakdown where green tissue was covered by leaf
sheaths or bracts, and the clear “islands™ which remained in the hacrotic
greas. The borders between dissased and green tissue were sharply
defined.

in view of these unusual symptoms it was decided to invastigate the
histopathology of diseased stalks.

Materialzs and Methods

Flower stalk tissue from uninfected onion piants {cultivar Caladon
Globe) and infected tissue from plants inoculated as described previously
{1}y with £, herbicola strain SUH were fixed in 6% glutaraldehyde in 0.06 M
sodium cacodylate bufier. After it was washsd in buffer the material was
post-fixed in 2% osmium tetroxide, dehydrated in a cold ethanol series, and
embedded in Spurr’s {4} resin.

Sections were cut on a LKB ultramicrotome using glass knives. Thick
sections for light microscopy were stained for 2 minina 1 : 1 mixtureof 1%
Azure |l indistilled water and 1% methylena blue in a 1% agueous solution
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of sodium borate (2). Thin sections were stained with uranyl acetate and
Reynolds’ (3) lead citrate and examined in a Siemens electron microscope.

Results and Discussion

Thick sections seen under the light microscope showed the presence of
large numbers of bacteria in the many intercellular spaces of the spongy
parenchyma (Figs. 1 and 2}. These intercellular spaces appeared to have
undergone considerable expansion under the pressure of the large
numbers of bacteria present and the accumulation of an electron dense
matrix which surrounded these bacterial cells (Fig. 3). Bacteria were also
observed, but less frequently, intracellularly, in some of the smaller cells of
the spongy parenchyma (Fig. 4). These bacterial cells also appeared to be
surrounded by the electron dense matrix.

During preliminary investigations, bacterial cells, apparently free from
surrounding electron dense matrix, were present in small numbers in the
xylem of vascular bundles (Fig. 5). This evidence, together with the
characteristic rapid spread of the disease, supports the concept that the
bacteria are dispersed via the vascular system through the plant. However,
the manner in which the bacterial cells spread from the vascularbundles to
surrounding parenchyma tissue has not been determined. Why the

Figs. 1-5. Micrographs of sections of flower stalk infected with Erwinia herbicola
strain SUH. 1 and 2—Light micrographs of longitudinal sections. Expanded
intercellular spaces are filled with bacteria. Some bacteria occur intracellularly
(x2,100). 3—Electron micrograph showing intracellular bacteria embedded in
electron dense matrix (x14,000).
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Figs. 4-56. Electron micrograph of intracellular bacteria embedded in electron
dense matrix (x2, 170). 5—Light micrograph of longitudinal section showing
bacteria in xylem (x2,100).

B. bacteria: DM electrom dense matrix; IS intercellular space, XV xylem.

chloroplasts, which are completely disrupted and eliminated in lesion
tissue mesophyll cells, are unaffected in that part of the plant where green
tissue is covered by leaf sheaths 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 /n 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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Soft Rot of Tomatoes Induced by
Erwinia chrysanthemi
in Colombia
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Abstract

In 1978 = bacterial aoft vo1 disease was observed in tomato crops in the
Caucs Vallay of Colombia, It cccasionally produced losses of up to 80% of
the total crop. Externsl symptoms were cbasrved at the flowering stage.
consisting of smail waterscakad losions in leaves, petioles, and stem., Internal
symptoms consistad of rotting of tha pith of both petioles and stem, which
hecame hollow. Vascular discoloration occurred. As s consequence, wiiting,
premature vallowing, and death occourred in all gffected plants. A motils,
Gram-nagative, catalase-positive, oxidase negstive, fermentative, and
pectinolytic bacterium wes jsolated from affected stems and identified as
Erwinia chrysarthemi py, zeae [Sabet 19564} Young ot o/, 1978. Koch's
postulates were sucocessfully completad with sevaral isclates of the
bacterivm,

Introduction

Tomato {Licopersicon escufentum Mill.) is one of the most important
horticultural crops grown in the Cauca Valley of Colombia. This crop is
affected by several diseases that reduce its yield significantly. In 1977 a
new disease, different in symptomatalogy from the athers reported for this
area, was observed. It occasionally produced losses up to 80% of the total
crop.

The main symptoms consisted of small watersoaking lasions in lsaves,
petioies, branches, and stems. These lesions enlarge and may affect most
aerial parts of plants. Pith of petioles, branches, and stems develop soft rot,
leaving these parts hollow. The vascular system is dacolored. Finally,
affected plants suffer wilting, prematurg yellowing, and die.

g Materials and Methods

Cultures and Pathogenicity

Samples of affected plants from several places ware collected and
examined for presence of microorganism. Isolations for fungi and bacteria
were made on POA and TZC media, respectively. Microorganisms that
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developed on these media were punified and inoculated on healthy tomate
plants, var. Chonto, to test for pathogenicity. When a positive reaction was
obtained, the organism was reisolated and characterized according to
methodology recommended 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 flagetla were stained by the Bailey Method modified by Fisher and
ConniB}. Cultural characteristics and pigment production were determined
on NA and YDC media {3, 4, 6).

Physiological and Biochamical Properties

The methods used for determining the physiclogical 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 samples which, when puritied and inoculated in
healthy tomato plants, reproduced the typical symptoms of the disease.
Several replications of the inoculation and reisolation indicated that the
cause of the soft rot of tomatoes was a bacterium.

Sixteen cultures of the pathogenic bacterium were characterized.

The bacterium isolated from L. esculentum was a Gram negative, non-
sporeforming rod which occurred singly or in pairs. Cells from a 24 h old
nutrient agar culture had average dimensions of Q.7 nm by 1.68 nm. The
cells were motile and peritrichous: four to six flagella were commonily
observed. The colonies on NA after 24 h at 27°C were convex, slightly to
moderately irregular and undulate, pale creamcolored, and butyrous; on
YDC some culiures produced a blue pigment.

The phenotypic characteristics for which all cultures from L. escwfentum
were positive include the following: facultatively anaerobic, pectate
degradation, potato soft rot. gas production from glucose, catalase
production, phosphatase production, indole production, nitrate reguction,
growth at 36 and 39°C, sensitivity to erythromycin (15 ng), H>5 from
sadium thiosulfate, KCN tolerance, production of lecithinase, gelatin
fiquefaction, acetoin production, wtilization of sodium malonate and
sodium tartrate, and acid from D{+) xylose, D{-} arabinase, D(+} melibiose,
Dt+) raffinose, D{-) manital, D{-} sorbitol, and lactose,

The phenotypic characteristics for which all bacteris! cultures from 4.
esculentum were negative include the following: cytochrome oxidase
production; gluconate oxidation, and acid from inulin, o methyl-d-
glucoside, trehalose, arnd maltosa.

Discussion

Sinqe the bacterial isvlates pathogenic to tomato plants are Gram
negative, non-spore forming rods, motile by peritrichous flagella,
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facuhatsvely anaerobic, degrade pectate, induce soft rotting of potatoes,
producs catalase, reduce nitrate, and do not produce cytochrome oxidase,
they could be considered as belonging to Erwira genus, specifically the
soft rot group of Erwinia species.

The problems inherent to the taxonomy of the soft rot group of Erwinia
species have been reviewed by severat authors (1, 2, 3, 4). The 16 cuitures
from L. esculentur used in this study were very similar ta £ chrysanthemi
strains when compared with phanotypically similar Erwinia species
previsusly reported by sorme suthours as shown in Table 1 {1, 2}

Strains of £ chrysantherni have been isolated and identified from several
host plants. Some of those strains have been distinguished insix groups by
several physiological properties: gelatin liguefaction, KCN tolerance,
growth at 38°C, lecithinase production, acid from D(-} arabinose, D{-)
manitol, D{+) ratfinose, D(-) sorbitol, inulin, and utilization of sodium
tartrate. Comparison of phenotypic characteristics of Erwiriia strains from
L. esculentum with those straing of £, chrysanthemi isolated from other
hosts indicated that the tomato strains’ characteristics are very similar to
the phenotypre subdivision 1V (Table 2). It has been proposed that sach
phenotypic group be considered as a pathovar (1), where group IV hasbeen
named £. chrysanthemy py. zeae. According to the above, the tomato strain
found in the Cauca Valley (Colombia) could be designated as £
chrysanthemi pv. zeae. 1t must be pointed out that Dickey {1) placed an
Erwira strain from L. gscuwlentum in subdivision V.
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Table 1. Relationship betwsen Erwinig straing from L, esculentum and phenotypically similar Erwinia species
and subspecies,?

Characteristic Erwinia E. E. E £ £,
strains chrysanthemi  carotovera  cgrotovorg cypripedii  rhaponticl
from L. subsp. subsp.
esculentum carofovora  atroseplica

Pectate degradation +3 + + + - -

Phosphatase production + + — - v 1

Growth a1 38°C + + + - + v

Indote production + 4 o - —

Acetoin production + + + + — +

Susceptibility 10 erythromycin + + — — + +

Gas from glucose - + v ') + -

Litilization of malonate + + - — v +

Acid from:

ol Methvi-d-glucosice - - - + i v
Trehalose —_ o + + + +
Maltose — o v + + +
Lactose + Vv + + - +

Mhe phenotypic results for the Frwinia species and their subspecles are derived from some strains included in the present study
and from published data (1, 2).
bSvamEs: + 80 ©/o or more straing positive; -, 809/0 or more strains negative; V, 21 to 790/c strains positive,




Table 2. Comparison of some phenotypic characteristics of Erwinia strains from
L. esculentum with those of strains of E. chrysanthemi isolated from other hosts,

Characteristic Subdivision® Erwinia

strains
from
i i HE IV v Vi L. esculenrum

Acid from:
D {~} mannito! + + + + + - +
0 {—} sorbitai + + + + + - +
D {~} arabinose + e + +
D {+} raffinose - + + o+ v+ +
Inulin - - + -+ - -
Ltilization of sodium tartrate  + + - + + + +
KCN tolerance + + Y - +
Lecithinase + + + + + — +
Gelatin liguefaction + + + + + . +
Growth gt 389C v + + v - + +
8 = £ oprysanthemi pv, dieffenbachize, || = pv. parthenii, Ul = pv. chrysanthemi, IV S,
zeas, NV = pv. dianthicofa and VI = py, paradisiace as suggested by Diskey (1] and Dickey and

Victoria (2),
Symboals: +, 8000 or more strains positive; -, 806/p or more strains negative; V, 21 1o 780/0
strelng positive.
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Abstract

A soft rot of fleshy leaves of agave, Agave atrovirens, and cactus, Opuntia
spp. was found in several areas of Mexico in 1980. Twenty to 56 per cent of
the agave plants in some fislds were infected. The agave slowly dies of
central intemnal 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 cladode and was
directly related to the distance between the inoculation point and the
abscission zone. In both plants the bactsria appears to be introduced by
insacts. The bacteria have bsan 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 importance in some areas where erosion of soil is a
problem. Agave atrovirens (Kariv.) provides the farmer with honey-water
and pulque rich in vitamin C and other compounds and thea 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 due 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 {1},

27



Materials and Methods

Disease severity was estimated by counting the diseased plants in rows
faken at random on three plantations of agave 5 to 6 years of age, totaling
about 30 ha. Similar disease estimation was done for the cactus of
approximately 4 to & 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 isclates
were then inoculated on potted agave and cactus plants in the greenhouse
and plants growing outdoors; Koch's postulates were completed. The
plants were noculated by injecting 1 mt of bacterial suspension {108
cells/ml) imo the parenchyma tissue of both ptants. 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 following the procedures of Graham (8).

Results

Disaase Estimation

The incidence of the agave disease was estimated 1o be 38% on the
average with variation between 20and 56%. In the case of Opuntis 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 lsaves (Fig. 11. A
dark brown-black necrotic area appears on the cutside of the leaves and
aftects internal parts down to the heart of the plants, with gradual collapse
of the leaves {Fig. 2}. The plant at this stege does not produce any honey-
water and the rotted ussus has a repulsive odor.

Artificially inpoulated leaves showed a rapid internal rot, which in S 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. Adso an Junpleasant odor is readily detected. In
winter months many of the c¢ladodes fall 1o 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 15 a characteristic of decayed tissue. The
abscission was related directly to time and the distance of inoculation of
the cladade from the point of attachment to the ptant. (Table 1},
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Fig. 2. Old leaf of agave with necrotic area (natural infection).




Fig. 4. Exudate production from an inoculated area of agave leaf. Color of exudate is
red.
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Fig. 5. Soft rot of cladodes of Opuntia spp. in the field (note round abscission zone,
lower left).

The parts of the cladodes that were not decayed lost their normal green
color, turning yellow. In both plants larvae have been observed inside the
affected tissues, with initial perforations present on the outside of the
cuticle. Because of the thick cuticle of both plants and absence of other
points of ingress the bacteria may be introduced into the tissue via wounds
made by insects.

Properties of Bacteria

The isolates have many common characteristics; creamy pale colonies
on CGP medium after 3 days, Gram negative, rod-shaped motile with
peritrichous flagella, fermentative, reduce nitrates to nitrites, pectolytic
activity on polypectate, decay potato slices with a yellowish-green growth,
utilize malonate, liquify gelatin, catalase positive, and oxidase negative.
They do not produce gas from D-glucose or nitrates, blue or fluorescent
pigment on B-King medium, indol phenylalanine deaminase, or oxidize
gluconate. After 3 to 8 days they varied in respect to the production of acid
from various carbon sources, phosphatase production, growth in 5% NacCl,
utilization of citrate, and production of reducing substances from sucrose
{Table 2).
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Table 1. Abscission of cladodes following inceulation,

Lristance of inoculation point {omi Days after inoculation
from absgission zone

10 3]
20 7
30 8

Table 2. Biochemical characteristics of soft-rotting bacteria from agave (A) and
cactus {C), compared to different erwinias.

Erwinias®

Test AqAgAgAy C1CaCa E.c. E.a Ech Es.
Acld from

L.actose + 4+ + + P + 4 - +

Maltose + 4 o+ — — + — +

Thehsiose + 4+ + + PP + - - +

Maelibiose + o+ . + Y S

Inulin + 4+ + + I — — v v

Ethanol + 4+ - - - - -+ 4

Xylose + + + + 4+ o+ A + + + +

Glycerol + o+ 4+ + + + + - - —

Dulcitol

Melezitose - — S — - — — -

Raffinose + o+ o+ 4 + 4 + L W
Phosphatase -+ + + R S - -+ o+
Reducing substances

from sucrose e s —F - — + v
Utilization of citrate  + + + + - ok + pe + _
Growth in 50/0 Nall 4+ + + + + - + + + +

g & Frwinia carotovera subsp. carctovora, E.8. ™ E.¢ subsp. atroseptica; Eoh. = Ech. pu.
chrysanthemi: E.5 = Frwiniz fromsugarbest, Heactions noted &re bidsed on reports in the lite-
rature on these species.

bsa = yariable.
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Discussion

Although bacterial soft rot caused by Erwinia species in various piants
has been reported from Mexico previously, the bacteria that causa soft rot
in agave and cactus have not been studied. Graham {6) notes that £.
carnegieana from giant cactus is £. carotovora. Johnson and Hitcheoeck,
mentioned by Leach {8), described a bacterial disease of prickly pear
{Opuntia spp); the pathogen involved closely regsembled £ carotovors. This
is the first report of the bacterial disease of prickly pean{Qpuntia spp.} in
Mexico; however, 1t is quite possible that this disease has been endemicin
cactus plants for a long time and simply was not noticed.

The response of the young cladodes to artificial inoculation in the present
study was of interest, because the abscission of the ¢cladode protects the
plant from further spread of the infaction. The cause of the abscission is
unknown, but pectolytic enzymes or hormones may be involved at the
abscission zone.

On the basis of motility, peritrichous flageliation, 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 1o the
Erwinia isvlated from rotted sugarbeet in California {11} (Table 3}. Of the
Opuntia group pathogens the isolate C1 is most similar to £. chrysanthemi
subsp. chrysantheri or Erwinia from sugarbeet, the isolate Cz is most
similar to £ carotovora subsp. atroseptica and the C yisolate most similarto
E. carotovora subsp. carotovora or atroseptica. However, both groups diffar
from these bacteria and possibly could form other distinct subgroups
within the soft rotting £rwinia. More investigation of these bacteria is
neaded.

Table 3. Number of differences of the hiochemical properties studied of soft-
rotting bacteria from agave {A] and eactus {C} comparod to each of the 4 erwinias.

A, Ay Aq A, c, ¢ ¢,
Erwinia carotovora
subsp. carofovora 5 6 & 4 6 & 4
E. . subsp. atroseptica 3 4 3 4 8 4 4
£ ch pv. chrysantiiemi 6 5 6 8 4 7 &
Erwinia from sugarbest 3 2 3 3 4 6 5]
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Bacterial Leaf Spot and Dieback
of Centrosema spp.
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Abstract

A severs leaf spot and diebuck of young growth of accessions of the
promising tropical foregae legumes Centrusama brasilianum, C. plumieri C.
. pubescens, L. virginianum, and Centrosermna spp. was obgerved st various
avaluation sites in Colombia during 1880 and 1981, The causal organism
was idantifiad as Pseudomonas sp. Kock's postulates were successfully
complated with 18 isolates of the bacterium. Seed of throee acecessions of
Centrosema spp. wers infected with the bacterium at levels of B 1o 34%.
Further studies are being mada 10 identify the species, 1o datermineg the host
range of the bactarium, and to sefect resistant accessions of Cantrosema spp.
Ay this disease has not besn reportad praviously on Centrosema spp., care
must bs isken to prevent its introduction 1o other countriss where
Centroserns 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 southarn Florida {5). Lesser known species,
including C. brasitianum (L) Bemh,, C, plumieriTurp. ex Pers.} Banth., and
C. virginianum (L.} Benth., are presently under evaluation as forage
legumes.

In 1980 and 1981, a previously unreported leaf spotand dieback of voung
growth was detected on accessions of . brasilianum, C. plumieri, C.
pubescens, C. virginianum and Centrosema spp. atvarious evaluation sites
in Colombia. Atthe CIAT Research Station, Santander de Quilichao, Cauca,
Colombia, leaf spotting and dieback considerably reduced the yiald of
promising accessions, including CIAT 5112, B118 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 ta Centrosema spp.
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Materials and Methods

isolatas

Eighteen isolates were collected from affected plants of Centrosems spp.
at Santander de Quihchao, Colombia. Isclates were grown on Difco
nutrient agar {NA) and tetrazolium chloride medium (TZC) at 28°C. Al
isolates were maintained on NA + CaCQO3 at 24°C (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, TZC, and King's B Medium {B).

Biochemical and Physiological Properties

The methods used to determine biochemical and physiological proper-
ties of isolates are described in the Manuai of Microbiclogical Mathods (6),

Pathogenicity

Inocula for pathogenicity tests were grownin Petri plates of NAfor48h
at 28°C Cells were suspendead in steriie distilled water at concentrations of
108 cells/ml. Four-wesk old plants of Centrosema spp. accessions CIAT
438, 5064 and 5118 were used. Inoculation methods included (1)
wounding by cutting feaves with a blade or by puncture with a needle
carrying bacterial suspensions, {2} spraying with bacterial suspensions
followed by incubation in moisture chambers for 48 h, and (3) injection of
bacterial suspensions into the veins of plants. Controls waere treatsed with
sterile distilled water using the same methods. Plants were rated for
disease reaction 8 to 10 days after inoculation. Reisolations were made
frorm each inoculated plant and Kock's postulates were completed.

Seed Tests

The presence of bacteria in seed was tested on NA with seed of
Centrosemsa spp. accessions CIAT 5112, 5118, and 5278. Seed were
surface sterilized in 1% sodium hypochlorite solution, washed in sterile
distited water, placed on NA, and incubated at 28%C for 48 h. All bacteria
that grew from seeds were compared with isciates from affected plants of
Centrosema spp.

Results

Bacterial Characteristics

Al isolates were Gram-negative, non-spore forming rods with a size
range of 0.5 10 1.0x 1.5 t0 4.0 nm. The cells were motile with two flagella.
Colonies on NA after 24 h at 28°C ware convex with regular borders,
cream-colored and butyrous. They averaged Z to 2.5 mm in diameter and
produced a florescent pigment,

Alil isolates were aerobic, oxidase-positive, catalase-positive, formed
levan, and were florescent on King’s B Medium (Table 1). They did not grow
in nutrient broth at 41°C (Table 1).
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Tabie 1. Characters used to differentiate commoniy isclated plant pathogenic bacteria®

Isolates from

Characters Centrosema  Pseudomonas  Corvnebac-  Agrobge- Erwinia Xanthomonas
spD. terfum terium
Grown on Common Media + B + + ES +
Giram Stain — - + _ -
Yellow or Orange Colonies on NA, - - + - V- +
YDC or NBY Media
Florescent Pigment on KB + yh - _ - _
Anaercbic Growth - - — - + -

a From: Laboratory Guide for identification of Plant Pathogenic Bacteria, Ed. by N. W. Schaad.
bV = Variable Result.




Symptomatology

Symptoms were initially manifest as wilting of voung Ieaves and
terminals and chlorotic spotting of mature ileaves. Youny leaves and
terminals became partially or completely necrotic and dieback deveioped.
On mature leaves, chlorotic spots became necrotic and were of varying size
and shape. Leaves were often crinkled and distorted.
Pathogenicity

All isolates caused wilting, disback, and necrotic spotting of four-week
oid plants of Centrosema spp. The bacterium was readily reisolated from
affected plamts and Kock's postulates were successtully completad with 18
isolates.

Seed Tests

The bacterium was found in seed of accessions of Centroserna spp. CIAT
5112, 68118, and 5278; levels of seed infection ranged from 8 to 34%.

Discussion

The causal organism was identified as a species of Pseudomonas onthe
btasis of it3 morphological, cultural, biochemical, and physiclogical
properties. Further tests are in progress 1o identify the species.

Although Centrosemna $pp. have been under forage evaluation in tropical
areas for the past 15 years {3, 8, 7). no reports of this diseass have been
made previousiy. As Centroserna is native to the Amaricas (B), most
probably this bacterial disease evolved with the host species that it
presently affects. Cross-inoculation studies are in progress to detarmine
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 1o prevent it spread
to other areas where Cenirosema 3pp. 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,

Literature Cited

1. Annual Report, 1980. Tropical Pastures Program, Centro Internacional de
Agricultura Tropical, CIAT, Cali, Colombia.

Baigent, N.L.. JE De Vay, and MP. Starr. 1963. Bacteriophages of
Pseudomonas syringae, N. Z. ). 8ci. 8:75-100.

Grof, B. 1970. Yield sttributes of some species and scotypes of Cantrosema in
north Queensiand. Queensland J. Agric. Anim. 8¢i, 27:238-242.

Hutton, E M. 1979, Importance of legumes in cattle pastures of tropical Latin
America. Dct. Seminar, CIAY, Cali, Colombia.

Kretschmer, AE. Jdr. 1277, Growth and adaptability of Cenfrosema species in
South Fionda, $oil Crop Sci, Soc, Florida Proc, 36:164-168.

Society of American Bacterivlogists. 18957, Manual of  Microbiological
Meathods. McGraw-Hill Book Coa., Ing. New York.

Teitzel, J.K. and B, L. Burt, 1976, Centrosema pubescens in Australia Trop,
Grassid. 10:56-14.

S S B SR



Proe Furh s Con? Plasy Parls 8acr | Cak, 198§
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Abstract

During 1880 and 1881, a severs pod rot was found on tha forage browse
lagume [guycapna levcocephalz in Belize, Brazil, Colombia, Mexico and
Panamas. The causal bacterium was identifiad as Pseudomonas Fluprescens
Biotype 2. Kock's postulates were successfully completed with four isolates.
Ths constant association of lesions with insect faeding holas indicates that
the bacterium is insect-borne. Cross-inoculation studies showed that £.
diversifolia and L. shannoni aré hot as susceptible to the disease es [
eyculenta, L. leucocephala and L. puiverwienta. Further studies are needed to
understand the insect-bacterium association and to quamntify the effectofthe
bacteriumon sesad production. This is the first report of bacteriaipod rot of L.
leucocephals.

Introduction

Leucasna leucocephala (Lam.) de Wit. is a deep rooting tree or browse
legume native to the subhumid and humid tropics of Central America (8). Its
value as a high quality protein forage in association with a grassorasa
“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. feucocepheals in the past {7).

In February 1980, a pod rot was found for the first time on £,
teucocephals in its native habitat in Mexico and at forage evaluation sites
in Belize and Panama. Later, the same disease was observed in Colembia
and Brazil on promising cuitivars of L. /Jeucocephals - 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 io Leucaena leucocephala and related species.
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Materials and Methods

isolates

Four isolates were obtained from diseased pods of L. feucecephals a1
Paimira, Colombia. Isolates were grown on Difco nutrient agar {NA) and
tetrazolium chloride medium {TZ0) at 28°C. All isolates were maintained
on Na + CaCQ3 at 24°C (3),

Morphology and Cultural Characters

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

Biochemieal and Physical Properties

The methods used to determine biochemical and physiological proper-
ties of the isolate are described in the Manual of Microhialogical Methods
(8}

Pathogenicity

inocula for pathogenicity tests were grown in Petri plates of NA a1 28°C
for 48 h. Cells were suspended in sterile distilled water at concentration of
10° cells/ ml. Well developed green pods of accessions of L. feucocepheaia,
L. escuelenta (Moc. & Seese) Benth., L. pulverulenta {Schiecht} Benth,, L.
shannoni Donn and L. diversifolia {(Schiecht) Benth. were inocuiated 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 pods and Kock's
postulates completed.

Results

Bacteria Characteristics

All isolates were Gram negative, non-spore forming rods with a size
range of 0.5t0 1.0x1.510 4.0 nm. The cells were motile with two flagella.
Colonies on nutrient agar after 24 h at 2B°C were convex with regular
borders, creamy white, butyrous, 2to 2.5 mm in diameter and produced a
green florescent pigment,

All isolates were aerobic, oxidase-positive, catalase positive, arginine
dihydrolase-positive, formed levan, caused soft rot potato, reduced
pitrates to nitrites, utilized meso-inositol, trehatose, ethanol, propylene
glucol, sorbitol, propionate, benzoic acid, L-arabinose, D-arabinose, /&
alanine, L-valine and lipase {using Tween B0 as a substrste), 2-
ketogluconate-positive, produced acid from sucrose and hydrolyzed both
starch arxd gelatin (Tables 1 and 2}

The isolates did not accumulate poly-A2-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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Tabla 1, Characters used to differentiate commonly isolated plant pathagenic-bacteria.?

Isolates from

Characters Leuwcaena Preudomonas  Corvuebac-  Agrobac- Erwinia  Xanthomonas
leucocephala terium ferium
Growth on Commeon Media - + + + + o
Gram Stain - — + - - -
Yellow or Qrange Colonies on - — + - 1" .
NA, YDC anwd NBY Mediz
Flarescent Pigment on KB + v+ - - - -
Anaerobic Growth — — - - + -

&  From: Laboratory Guide for Klentification of Plant Pathogenic Bacteria, Ed. by N, W. Schaxd,
bV = Variable Result
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Tahle 2. Fluorescent species of Psendomonas® and comparison with isolates from Leucaens leucocephala,

Isolates from
CHARACTERS Leticaena P flores P ogerugi- P owloa- P oagwri- Pociche-  Povir- P oyyrine

leucocephala Ceny Hosa LHH e rit diflova ga¢
Qxidase + + + + + + — -
Arginine Dihydrolase + t + NOE ND - — -
Nitrate to N2 + + + ND ND e - -
Growth at 410C — o + ND ND - - o
Utilization for Growth - - + ND ND — e -
Mannitol + + + + + + + v
Sorbitol + + — - - + + v
Trehglose + + - - - — — -
Sugrose + + - - - — - %
D Arsbinose yh - - NE ND - - -

a From: Laborstory Guide for kdentification of Plent Pathogenic Bactevia, Ed, by M, W, SBchaad.
b ¥ = Varjgble Result.

€ NG = Not Determined,




Symptomatology

First, water-soaked lesions surrounding insect feeding holas 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 ware recovered from affected
pods.

Pathogenicity

All isolates caused pod rot of L. feucocephals when inoculated by
injection. Bacteria were readily re-isciated from affacted 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. shannoni ware
more resistant than L. escufenta and L. pulverulenia.

Discussion

On the basis of morphology, cultural characters, biochemical, and
physiological properties, the causal bacterium is identified as
Pseudomonas florescens Biotype 2. Thisis thefirst report of thisdisease on
L. feucocephala.

The development and association of lesions with insact feeding holes
undder natural conditions indicates that the bacterium may be insect-borme,
probably by a Heteroptera of the family Pentatomidae (Or. Mario Calderén,
personal communication}. Further work is needed to understand this
insect-bacterium association.

Because the bacterium is associated with seeds and pods, it could be
gasily transferred with them. Appropriate quaranting restrictions should
be enforced to prevent introduction of the bacterium to tropical forage
avaluation 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. diversifolia and £,
shannoni may be of value in future breeding programs.
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Abstract

Pseudomonas [ omate was isolsted from neturally infected tomato piants
collacted from different proviness of Gresce during the voars 1878 and
1978, The dissase occurrad predominantly on lsaves and stems butrarely on
fruit. Gresnhouss grown tomatoss (under plastic cover) wera much more
attectad then fisld tomatoes. Early infections in greenhousas led to sericus
sconomic losses.

Rasults of the LOPAT tests revealed that aif the isolates fellinto group la of
Pieudomonas {Lalliott et 57 19886). Both mucoid isolntes liguefisd gelatin but
did not produce lipase with Twasen 80, whereas the non mucoid ones did not
liquety gelatin but produced lipase,

A chiorosis-inducing toxin could be obtained and puritied from liquid
cultures on P. tomato as welt as from infected tomaty leaves. The toxin was
not specific to tomato, as leaves from many other plant species war likewise
affectad. An antibiotic effect towards fungi or bacteria could not be
demonstrated. The toxin has bean charactarized as an ackliz compound with
a molecular weight under 500 daltons.

introduction

Survey of bacterial diseases of tomate in Greece was undertakenduring
the years 1978 and 1979. Bacterial isclates were obtained from different
locations and characterized by physiological tests and determination of
pathogenicity. These studies with Pssudomonas tormato are reported in
this paper.

Matorials and Methods

The selactive medium D 4 for Psewdomonas {7} was used for the isolation
of the pathogen from naturally infected plants.
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The isolates waers identified according to morphological and
physiological criteria. Pathogenicity of the isolates was tested by
inoculation of tomato leaves with suspansions of ca. 107 bacterial cells /ml
{20}.

isolates with fluorescence on medium B of King et a/. (B} were tasted for
the LOPAT-criteria according to Lelliott @2 al (9) Gelatinase and lipase
activity were determined as described by Misaghi and Gregan (11). To
differentiate between mucoid and non mucoid isolates, the bacteria were
streaked on YDC-agar {1% yeast extract, 2% dextrose, 2% caicium
carbonate).

Toxin production was studied by cultivating the bacteria in shake
cultures. The synthetic media of Watanabae (25) modified by Rudoiph et 8/,
{18}, and Woolley et al {27} were compared with a complex medium (1%
peptone, 0.3% yeast extract, and 0.5% NaCl). The bacteria ware grown for
5 days in 1 |-Erlenmever flasks containing 500 mi nutrient solution. A
rotating shaker at 100 rpm and an incubation temperature of 19.5°C were
used. After centrifugation {20 min at 8000 g} and passage through Seitz-
filters, the supernatant was further purified as described under Results.

Column chromatography was performed in cooled glass columns {(4°C).
A constant flow rate was maintained with peristaitic pumps (17),

The toxin content was determined by a semiquantitative toxin-assay,
Droplets of 20 nt were pipatted onto the surface of leaves of tomato and
tobacco (cultivar “'white Burley”’}. The planis were kept in a2 greenhouse st
20 10 25°C and 50 to 70% RH. To determine toxin production in vivg,
tomato leaves were harvested 5 days after inoculation andhomogenized in
water. The homogenate was processed for toxin determination inthe same
way as the supernatant from in vitre cultures,

Rasults

Tomatoes with typical symptoms of bacterial speck {26) were found in
nearly all the surveyed areas of Greece. Typical symptoms of the leaves
were small, dark-brown to black spots of 2 to 3 mm diameter, surrounded
by yellow halos. Small nacrotic spots on stems were also observed. Tiny
dark spots appeared on the fruit,

The disease occurred mainly on tomatoes in greenhouses or under
plastic cover and caused congiderable economic loss, Early infections
under these conditions seemed 1o favor the disease, probably because of
the high humidity and temperatura.

Inoculation of tomato plants with the Greek strains of the bacterium
caused the following symptoms: necrotic spots of 2 to 3 mm diamater
surrounded by chlorotic halos on the leaves, small necrotic Issions on
stems, and tiny, convex, dark brown spots on the fruit.

Pathogenic bacteria could be isolated from all the surveyed areas, ie.,
from the south (Crete and Pelaponnas), central Greece{Volos and Pravesa),
the north {Thessaloniki), and the north east {(Xanthi}. Thus, the disease
seems 10 be prevalent all over the country.

The strains were fluorescent on King's medium; thay had the
characteristic of group {a of Pseudomonas according to the LOPAT -criteria
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Tabla 1. Physiclogical characters of Psendomonas tomaito isolates from Greeco.

Number of isolates

Test
mucoid non-mucaid
18 23

Levan production (L} + +
Oxidase activity (O} o e
Potato softrot {P} - -
Arginine dihvdrolase {Al - -
Tabacco reaction {T) + +
Lipase activity - {14} +{18}
Getatinase activity + {18} —

+ = positive reaction
—~ T negative reaction

of Lelliott et &/ (3). {Table 1). Mucoid and non-mucoid isolates were
obtained, and this ditferentiation correlated with the reaction for lipase and
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 ware nagative for
gelatinase {Table 1},

A chlorosis-inducing toxin could be obtained from culture filtrates of the
bacteria. The symptems induced by this toxinon 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 the culture medium was precipitated 3 times with
70, 88, and 91% ethanol, respectively. The toxin remained in the
supernatant. This solution was concentrated 20-fold and the pH was
adjusted to 3.0 with 0.1 N HCL The toxin was transferred into chloroform by
3 extractions of the acidified solution. The toxin-containing chloroformwas
alkalized with 1 N NH3 to pH 10.0. At this pH the toxin could be extracted
with water. The toxin-containing water-phase was concentrated 100-foid
in a rotorvap at 36°C and then purified further by column chromatography
on Bio-Gel P6 and eluted with 0015 N NH;. A second column
chromatography was then carried out on Sephadex (G-15, and a third on
Sephadex G-10, where the toxin came together with the void volume, Table
2 summarizes the three toxin separations with molecular sieve
chromstography.

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
compeunds. On the anion exchange resin Dowex Z x 8 the toxin was
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Fig. 1. Chlorosis induction by the toxin from Pseudomonas tomato on leaves of (a)

tomato one week after treatment and (b) pepper one week after treatment. The
circles on the halos were made by a marker and show the size of the toxin-

containing droplet applied.
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Table 2. Pasition of active fragtions of the toxin from Pseudomonas tomato afier
molecular sieve chromatography on diffarent materials.

Position {md eluant)

Vaid volume? Active fraction®
Bio-Gel P-& 180 240
Sephadex G-18 220 300
Sephadex G-10 120 125

3 determined with Dextran bius 2000

determined by biotest on tobacco

strongly adsorbed, but could be elutad with 3 N acetic acid. Tha last step in
toxin purification consisted of thin-layer chromatography {TLC) on silica ge!
Faga with the solvent systerm: chloroform: 96% ethanol: water (60:30:2),
pH 9.5. The toxin suppressed the flucrescence of the TLC-plates and was
thus visible under UV-light at the R;-value of 0.69.

The toxin affected all grean plants which have been tgsted. Thusitcanbe
ciassified as a nonspecific toxin. Toxin-caused symptoms on a pepper-ieaf
are shown in Fig. 1b. Toxin-activity was also visible in the tissues
surrounding the originally applied droplet, the size of which is indicated by
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, wheareas, ontomato, the symptoms appeared
tater, becoming visibie 7 days after toxin application. Tobacco showed the
highest sensitivity to the toxin among ail the tested plant species. One
week after toxin application the center of the chlorotic spots became
necrotic; Fig. 2b, shows a tobacco leaf 10 days after toxin application.
Whaen the toxin was infiltrated into the petiole, a systemic effecton tobhacco
leaves could be observed.

Possible antimicrobial proparties of the toxin, were tested with the
following bacteria and fungi: Escherichia coli Pseudomonas syringse, P.
fluorescens, P. tomato, P. phaseolicola, Xamthomonas pelargonii
Geotrichum candidum, Cladosporium herbarum, Botrytis cineres, Alter-
natia brassicae, Aspergillus niger. None of these arganisms 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 rio phosphorus, and is stable to heat and extreme pH-values.

A toxin preparation could be isolated from infectad leaves that showed
the same features as the toxin from in vitro cultures, whereas g simiiar
extract from heaithy leaves did not possess toxin activity.
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(b)

Fig. 2. Chlorosis induction by the toxin from Pseudomonas tomato on leaves of (a)}.
tobacco four days after treatment, and (b) tobacco 10 days after treatment.




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, ?6,_24}.

Economic losses due to this disease have been reportied in the USA{19),
Austratia (2}, and New Zealand {26). This paper givesthe first description of
the disease P. tomato in Greece, although its occurrence there has besn
known for many vears (Panagopoulos, personal communication).

The results of the LOPAT-tests {9) clearly place this species into the
group la of Pseudomonas and the specific sympioms induced on tomato
identify the strains as Pseudomonas tomato (Qkabe) Alstatt or
Pseudomonas syringae pv. tornato Young et al. (2B).

Varying results for gelatinase and lipase, which have been reported by
other workers for P. tomatoe (8), may be due to the fact that their strains
were not separated into mucgid and non-mucoid vanants. 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 resuits of Okon ef a/ {14), who found a
necrosis-inducing toxin in P. tomato cultures grown in yeast-paptone
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 procedurs.

Garber and Shaeffer (4} and Sinden and Durbin {21} reported that the
culture filirate from P. tomato contained toxic subsiances that caused an
unspecific chlorosis. Due toits heat stability, it was likely that the structure
was similar to1hat of the toxin from P. phaseolicofa. However, Garber and
Shaeffer {4} reported two active spots after chromatography in propanol;
water {2:1) with R values of 0.10 t0 0.20 and 0.85 10 0.90. When we tried
this solvent systern with TLC on csliulose, the toxin traveled with the front
zone,

The toxin described here differs from other toxins from similar
pseudomonads primarily in its negative reaction to ninhydrin in contrastto
phasgeolotoxin, tabtoxin or syringomycin (8, 12, 15, 23}). Unilike
phaseolotoxin or syringomyein it does notinhibit £. colf (22) or Geotrichum
candidum (B}

The tipophilic or hydrophilic nature of the toxin inits dependence on pM,
as well as its adsorption on the anion exchange resin, strongly suggestsan
acidic nature. Whether or not the toxin plays a role during pathogenssis is
not known, s non-host-specific nature excludes the toxin as 8 deter-
minating factor in pathogenicity. Neverthelass, the toxin could contribute
to thevirulence of £, tomato, as has been shown for nonspecific toxins from
similar bactenal pathogens {16).
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Abstract

A bacterial leaf spot isading to sovere defoliation was found ata nurseryof
Triplaris Filipensis Cham, in ltagusi county, Rie de Jansiro. The pathogan was
a rad-shaped, Gram-negative bacterium with an atypical polar flagelium.
Colls were characterized by sudanophilic inclusions. The organism was
oxidase snd arginine dihydrolase-negative. It did not utilize sucross or
hydrolize assculin, and produced no fluorescent pigment on King's B
muedium and other media. On the basis of morphological and bicchemical
propertiag the bacterium was identified o8 Pssudomonas andropogoenis [E. F.
Smith} Stapp. Strains of the same spacies isolated from sorghum (Sorghum
vulgare Pors.} including ATCC-Z3081, and colfee (Coffea arabica L.} were
compared with tha 7ripjares pathogan, All the strains could infact sorghum,
sweeat corn (Zea mays L. var, saccharata {Sturtev.} Bailey), and Black mucuna
{Stizeiobiurm sterrimum Pipar & Tracy) by artificial inocutations. The eorghum
strains werg not pathogenic on Tripfaris or coffes. The coffee strain did not
infact Triplars and vice-versa. None of the straing infected bougainvitlea
{Bougainvitiea spectabriz Wild.), repdrrad as a naturalhost of P. andropogon/s
in Africa. Results thus indicate the existence of pathogenic speciatization
emong strains of £. andropogeoniz. as raported by other authors.

Introduction

Several species of the genus Triplaris are widely used as ornamental
shade trees throughout the States of Rio de Janeirs and Sao Paulo, Brazil.

In 1978 a leaf spot was cbsrved on Tripolaris filipensis Cham. at a
nursery located in the county of itagual, state of Rio de Janeiro. Lesions
were initially dark green and waterseaked, becoming reddish todark brown
upon aging. They were circular or irregularly shaped, attaining 0510 1.0
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cm in diameter, Spotted leaves turned chiorotic and senesced pramaturely,
leading to severe defoliation.

Preliminary studies showed that the disease was caused by a Gram-
negative, rod-shaped bacterium, containing refractible sudanophylic
inclusions, motile by an atypical, thick polar flagellum, and negative for the
oxidase reaction. The prganism formed white colonies and did not produce
fluorescent pigmenis on King's medium B (7). All these bactericlogical
properties are charactersuc of the species Pseudomonas andropogonis
{E.F. Smuth} Stapn.

The purpose of this paper 18 to characterize the causal agent of the
bacterial leat spot of 7. Hlpensis and to establish its relationship to P.
andropogorus  wih  respect 1o bacteriological characteristics and
pathogenicity to other hosts,

Matarials and Methods

isolations

Leaf pieces bearing water-soakad lesions were surface-sterilized with a
freshly prepared 0.5% solution of sodium hypochiorite for 3 min. After
rinsing for 2 min. in sterile, distilled water, diseased tissues were removed,
cut into smatler pieces and dipped in 0.1 mi of nutrient broth. After 30 min
the suspension of bacteria was streaked on King's medium 8 and the plates
were incubated for B days at 28°C. Individus! colonies wers salscted and
purified by streaking on new plates of the same medium. Stock cultures
were maintained on King's B slants and stored at £ 5°C.

Bacterial Strains

The bacterial strains used in the study were: ENA-2485, ENA-2515,
ENA-2540, and IB-155, all isolated from leaves of 7. filipensis in haguaf,
Rio de Janeiro; P. andropogonis {B-188 from Coffea arabice L. (9) in the
State of Santa Catarina, and ENA-100 from sorghum {(Serghum vuigare
Pers.}) in Mogy-Mirim county, State of Sao Paulo, Brazii, and A
andropogonis NCPPB 934 (=ATCC 23061}, originally isolated from
sorghum in the U.5.A.

Morphological Properties

Cell morphology was determined from light microscope observetions of
Gram-stained preparations. The Gram staining method as madified by
Hucker {Society of American Bacteriologists, 1957}, was used. Flagella
were observed by electron microscopy, using shadow-cast preparetions,
Sudanophilic inclusions were detected by Burdon’s method {2) using cells
grown on nutrient agar containing 0.5% beta-hydroxybutyrate. Colonigs
were examingd for size, color, consistency, and morphology on yeast
extract-dextrose-calcium carbonate agar {3}

Physiological and Biochemical Propertios

Ftuorescent pigment production was investigated on King's medium B
after 3 days of incubation at 28°C, and examined under the UV light. The
mode of glucose utilization, oxygen requirements, tolerance to sodium
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chloride, utilization of asparagin as a soie source of carbon and nitrogen,
catalase and wrease 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 dihydrolase, action on egg yolk, levan production, potato soft
rot induction, and the reacticn of infiltrated tobbaco leaves were
determined with the methods describad by Lelliott ef &/ (B). For studying
tipolysis of Tween 80 the medium of Sierra {12) was employed. Urilization
of carbon compounds was determined by the methods described by Stanier
et al {13).

Pathogenicity

Inoculation tests were carried out by atomizing leaves immediately after
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 stants, and containing ca 10% colony forming
units/ml. Inoculated plants were kept in moist chambers for 48 h then
transferred {0 a screen house. Check plants were wounded similarly and
sprayed with distilled sterile water. The following plant species were
tested: sweetl corn (Zea mays var. saccharate {Sturtev.) Bailey cv IAC Doca
Cubano}, sorghur {cv Sart}, black mucuna (Stizolobium aterrimum Piper &
Tracy cv Comum), coffee (cv Catual Amarelo), T. Flipensis, and bougain-
villea (Bouganvillea spectabilis Willd cv Vermelhal. 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 ofa
single polar flagellum of unusual thickness which has beenshown (4) tobe
sheathed, Sudanophylic inclusions were detected in all strains. The
organisms were rather slow-growing on the madia used, forming white,
circular colonies, with entire margins, convex, butyrous, smooth, and
characterized by a strongly viscid consistency as they grew older. All
strains showead identical physiclogical and biochamical properties in vitro.
No fluorescent pigments were produced. Oxygen was required for growth
and a strictly oxidative metabolism of glucose was exhibited. Asparagin
was utitized 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 rot, and to reduce nitrates,
Negative responses were obtained for production of arginine dihydrolase,
hydrolysis of starch, gelatin or aesculin, and Tween 8O lipolysis. Results
were also negative inthe egyg yolk and hydrogen sufphide tests. Litmus milk
turned alkaline with curd formastion.

Acid was produced from: arabinose, fructose, glucose, glycerdl,
mannitol, mannose, and sorbitol, within 10 days incubation, and from
lactose within 14 days. The following substrates were not utilized; dextrin,
celiobiose, dulcitol, maltose, erythritol, raffinose, rhamnose, sucrose,
melibiose, salicin, D {-} tartrate, L{+) tartrate, meso-tartrate, benzoate, DL-
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factate, and oxalate. Variable reactions occurred with regard to the
utilization of inositol {not utilized by strains ENA-2485, ENA-2540 and 1B-
165} and trehalose {utilized only by strains ENA-2485 and ENA-2515), Al
strains induced a hypersensitive reaction when infiltrated into tobacco
feaves.

A comparative study of the pathogenicity of the strains (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 lesions,
whereas a typical compatible interaction was cbtained with the sorghum
strains; (3} on Triplaris and coffee, only the respective homuologous strains
were pathogenic; and (4) on bouganvillea all strains were non-pathogenic.

Discussion

The morphological, physiological, and biochemicai characteristics of the
causal agentof 7. friipensisbacterial leaf spot indicated its relationship to 2,
andropoegonis. Results are in agreement with those of other workers (1, 5,
6} who have studied strains of that species isolated from other hosts. £
andropogonys fits into group il of the subdivisions proposed by Sands et o/,
{11} for the phytopathogenic pseudomoenads. This group included the non-
fluorescent pseudomonads affecting gramineae; P. andropogoris 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 strains. This
variation has also been reported by other workers {5, 8) and has little or no
taxonomic significance.

An important characteristic of 2. andropogonis relates to its wigde host
range, when compared to the other pseudomonads affecting gramineae,
Besides gramineae, species in other botanical families such as 7rifolium
spp. {6}, Bouganviiiea sp. (10} coffee {9}, and now 7. 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 Iripiaris strains did not cross-infect and were not pathogenic to
Bauganvillea spectabilis. a natural host of the pathogen in Africa (10),

One of the bacterizal strains from 7. 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 Pseudomonas andropogenis from Triplaris (1. filipensis), sorghum,
and coffee.

Response of test plants

Strains Original host
Sorghum Sweet Triplaris Black Coffee Bougainvillea
corn Mucuna

ENA-2485 Triplaris 43 + + + - —
ENA-2515 Triplaris + + + + _ _
ENA-2540 Triplaris + + + + - -
IB-165 Triplaris + + + + - -
ENA-100 Sorghum + + - + - -
NCPPB934 Sorghum + + — + - —
IB-165 Cofiee + + — + + -

At = pathogenic (typical, expanding lesions), — = non-pathogenic, + = weakly pathogenic
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Abstract

The current status of Pseudomonas fluorescens {sensu feto} is that of an
ordinary water and €oil inhabitant, Phytopathologists, when isolating it from
disaased plants, generally considar the bactedum a saprophytic contami-
nant. Howaver, racant studies have impiicated some £ fuorescens isclates
os disoase agents, This paper gives as an example & disease of garlic (AMum
sativurm), callad in France “ca® au fait.'" caused by & particular strain 6 7.
fluorescens. The disease essantiatly results in & laters! rot of the plant in the
fiald. Wet weather lands to soft rot of the whole plant, Three hundrad fifty
straing of £ flugrescens [Letliowt's groups IV and V) isclated from garlic, soil,
and vatious plants wera studied. Tha non pathogenic isoistes wers separsted
in many phenotypes that did not fit with Stanier's biotypes. On the other
hand, all the 80 strains pathogenic to garlic could be classified ss the same
phanotyps that is a subdivision of Stanier's biotype A. The most usaful tasts
for definition of phenotypss within P fluorescens are as follows: oxidase and
arginine dihydrolase, growth at 41°C, levan formation, denitrification,
gelatin, sthanol, trehaloss, glucenate, serological agglutination and colisting
sensitivity,

Introduction

Since 1976, a new bacterial disease of garlic (Afhiwn sativumn), calied
“gaté au Iait” disease, has appeared in the southwast of France, a
traditional garlic growing area.

During the growing season, April to June, diseased plants show
yvellowing and wilting of one or two leaves; in addition, 8 brown rot of the
pseudostem develops. The lesions appear initially at the base of the leaf
sheath, generally on internal leaves. During periods of rain, diseased
plants decay completely. However, bulb formation ususlly is not affected,
and disease is restrictad to the tunics that become torn and dark brown,
Losses are incurred by growers when they have to market brown tunic
parlic of low commercial quality,

No known phytopathagenic bacteria were obtained from the isolations
from diseased plants, but many unknown bacteria, including numaercus
strains of Pseudomonas fluorescens, were isolated. All straing were
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inoculated on garlic to check pathogenicity. Symptoms of garlic soft rot
were reproduced with some of the isolates that were identified as P
fluorescens. However, strains pathogenic to garlic were only a portion of
the P. fluorescens strains isolated; other strains did not elicit symptoms,
Bacteriological characteristics were studied to determine tha differences
between the pathogenic and nonpathogenic strains of P. fluorescens.

Materials and Methods

Bacteria

Studies were completed with 221 strains of Pseudomonas fluorescens
isplated from “café au lait” garlic and from garlic field soil. These strains
were compared with the following similar phytopathogenic species;
Pseudomonas marginalis pv. affalfa CNBP {Collection Nationale de
Bacteries Phytopathogeues, INRA, France) 2039 (=NCPPB 2644), isolated
from Medicago sativa by Shinde and Lukezic 1971; P. marginalis pv.
marginalis CNBP 1387 (=ATCC 10844}, isolated from Cicharium futybus by
Friedman 1848; £ marginalis pv. pastinacea CNBP 2038 { ATCC 13889,
isolated from Pastinacs sp. by Burkholder 1859; £ #luorescens CNBP
1968, isvlated from Apium graveoieus by Surico and lacobellis 1978, #
fluorescens CNBP 1873, 1974, and 1975, isolated from Foenicolum
vuigare by Surico and tacobellis 1978; and P. fluorescens 2B |, isolated
from Psalliota bispora by Olivier 1978,

Bacteriological Characters

Procedures followed were mainly those described by Lelliottetal {2)and
Stanier ef a/ (4] flugrescence on King's B, arginine dihydrolase according
1o Thornley, oxidase test, levan production, denitrification, and growth at
4°C and 41°C. The following carbon sources were added toa liguid mineral
nutrient medium containing biomothymaol blue to detect acidification or
alcalivisation: ethanol, trehalose, sucrose, adonitol, erythritol, sorbitol,
inositol, and D{-) tartrate. The other physiological tests that were performed
included: reducing substances from sucrose, egg yolk, getatin according to
Frazier, esculin hydrolysis, nitrate reduction, pectate liquefaction on
polypectate {pH8} according to Hildebrand, and gluconate oxidation. Siide
agglutination was detected with antisera prepared with strains pathogenic
to garlic. one with heat-killed bacteria (i 105}, the othar one with whole
motile cells (1" 114}, Sensitivity of the bacteria to colistin was tested with
discs {0 ng). Hypersensitive reaction was completed on leaves of
Nicotiana tabacum “Xanthi' plants.

Pathogenicity Tests

Potted or field plants of Affium sativurm were incculated by leaf
infiltration with a suspension of 10¢ bacterial/ml. All bactericlogical and
pathological tests were repeated three times,

Results

All strains were fluorescent on King's B medium, produced no
orange/blue pigment on King’'s A medium, grew at 4°C, did not grow at
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41°C, and were oxidase and arginine dihydrolase positive. They ali could be
classitied ags strains of P. fluorescens {1}

Pathogenic Straing

All 85 pathogenic strains show the same characteristics (Table 1), with
the exception of ability 1o liquefy polypeciate, This was variable with the
isclates. The majority are pectolytic, however. Nonpectolytic strains are
stable because if they are reisclated from inoculated plants showing
symptoms, all the colonmes from such strains are also nonpectolytic. Thus,
pectolytic activity, 8s demonstrated in vitro, is not a uniform characteristic
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 is positive just after isolation. After two transfers, the
cultures gave negative resulls.

Nonpathogenic Strains

Among 144 nonpathogenic straing, 11 were essentially similar o
pathogenic isolates. The 133 remaining strains were distributed in about
80 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: {8) 22 percemt
belonged to biotype A or |, but only half were athanol negative; strain 1873
was ethanol positive; (b} 20 percent belonged to biotype B or I}, positive on
any biochemical test (strains 1387, 2038, and 2039 were in this group); (¢}
18 percent belong to biotype C or lll, including straing 1874 and 1975; {d}d &
parcent belong to the miscellaneous group {1} or G biotype (4). Amaong
them, 5 percent are Pseudomonas putida. Strains 1968 and 26 Il are
classed in 3 biotype.

Discussion

Pseudomonas FRuorescens seems to be a very complex speties
composed of many different biovars. 8trains 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 specificto garlic strains: serological agglutination and colistine
resistance. The presence of a specific serogroup within P. fluorescens is
rather surpriging, as well as evidence of colistine resistance since colistine
is known to be particularly active on straing in the genus Fseudomonas.

Concerning the strains non pathogenic to garlic, they may represent a
random sampling of £ fluorescens populations,

Garlic “café au lait” studies lead 10 just one P, fluorescens biovar.
Discordant results exist in literaturs about potato macerating isolates of A,
fluorescens. According to Sands and Hankin (9) they represent a
continuum of phenotypes from P. fluarescens (o P, putida. On the contrary,
for Cuppels and Kelman{2), they generally belong to bictypell. Discordance
may result from isolation methods, particularly when selective media are
used.
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Table 1. Differential characteristivs of Psendomonas flucrescens strains isolated
from dissased garlic fAHium sativam) or gariic field soils.

Pathogenic

Teosts strains Nonpathogenic strains
Levan production + + 4+ + - —
Denitrification - - e + + —
Ethanol acidification - -
Sucrose " + +
Trehalose + +
Adanitol = + +
Erythritot 7 + + ahout
Sarbitol . + + —60 biovars
inositol - + + {2 strains/biovar)
D{-) tartrate alkalinisation - -
Esculin hydrolysis en -
Reducing substances from sucrose + +
Gluconate oxidation - —
Eggy volk + +
Gelatin + +
Nitrate reduction - -
Polypectate (pH 8) +fm +
Colistine disc 50 ng R R generally sensitive
Serological agglutination + + -

n' 105 and 114
Pathogenic to Allium sativum + — -
Number of strains 85 11 133

Further work on the taxonomy of P, fluorescens is needed, particulariyon
isolates that elicit biclogical activity such as pathogenicity. Levan
production and denitrification, if important, are not sufficient to give
account of heterogeneity of the species. Sands and Rovira (10} added
ethanol, irehalose, sorbitol, and gelatin utilization, and they classified their
isolates according to GLDETS combinations, The present study indicates
that more charactars are needed and can help in the diffargntiation of
strains in the whole species. When working on £, fluorescens isolates, one
should choose a long list of discriminative biochemical tests, serological
reactions, and antibiotic sensitivities in order 1o obtain an adequate data
base for comparisons involving the strains.

Garlic pathogenic  strains constitute one more example that
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Pseudomonas fluorescens is not an ordinary saprophytic organism as it
has been considered for years by many phytobacteriologists,
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Abstract

A bacterial dissase of rice not described previously has been obsurved in
Central and South America. Symptoms are characterized by spreading
brown blotches on the teavaes. Systemic invasion by the pathogen causes
nacrosis of the vascular system of 1he leaves, resulting in thair partial or total
browning. Under gresnhouse conditions, lesion enlargemsont is gensrally
slower than that of hecterial leaf biight. The pathogen grows on media
conteining differant sources of carhohydrates. Colonies on Wakimoto and
Yoshii medium sra rourd, entire, and dark yellow, sasily distinghuishable
from those of Xanthomonas campestris pyv. oryzee on the same medium.
Although the organism has the general charscteristics of members of the
genus Xanthornonas, several physiological and biochemical characteristics
are different from those reported for X campesing pv. oryzas. Similarly,
rgsistance to this organism is not corrsiated with resistance to the causal
agent of bacterial blight of rice.

introduction

In 1977, in the course of a survey for bacterial blight in the Americas (8)
an atypical bacterial disease symplom was observed in several rice
plantations of Central and South America {Panama, Colombia, Peru,
Balivia). Isolations from plants with these symptoms yielded bacterial
colonies different from those of Xco on the same medium,

The following bacterial diseases of rice have been reported whose
sympioms and causal agents are well defined {9}

1. Bacterial blight (Xanthomonas campestris pv. oryzae) (Xco) {20). On
seedlings, it appears as tiny watersoaked spots at the margins of fully
developed leaves. As the spots enlarge, the leaves turn vellow, dry
rapidly, and wither. On leaf blades, lesions usually begin at the
margin, a few cm from the tip, as watersoaked strips. Lesions enlarge,
have a wavy margin and turn vellow within a few days. Thay cover the
entire blade, turn white and later become greyish {8-10}

2. Bacterial leaf streak {X transfucens sp. oryzicola). Initially shows fine
translucent streaks enlarging lengthwise over the larger veins. Oid
lesions t{)}ecerne fight brown and later, the entire leaves turn brownand
die {2-10).
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3. Bacterial stripe {Pseudomonas panici). 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 onyoung
plants (9).

4. Bacterial sheath rot{f oryzicola). The diseass develops beforethe sars
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. i 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 sevaral
leaf pieces in sterile water for 30 min. Forty-eight hours Jater after
incubation at 28°C, pure cultures were obtained by selecting typical
colonies and restreaking on the same medium. Cultures were grown for
pathogenicity and biochemical tests at 28°C for 48 h,

Inoculations were made on 80-day-old rice plants by: a) the leaf-clipping
inoculation technique of dipping a sterilized scissors in a bacterial
sugpension and cufting the leaves 4-5 cm from the tip (3); b} cutting the
roots and then dipping them into the bacterial suspension; and ¢} pricking
the leaf-blades with sterile needies smeared with the bacterial suspension,
Root-inoculated plants were plantad in sterile sandy soil and watered daily
with sterile water for two weeks after first symptom expression, For these
inpculations, bacterial suspensions were adjusted to concentrations of
approximately 1 x 10° cells/ml

Cultural, physiofogicai, and biochemical tests ware 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 recordedbasedon Ou’s 1 to 10 scale for evaluation
for resistance to Xco {11},

Resuits and Discussion

Five days after leaf chipping and pricking inoculations, initial symptoms
appeared as tiny brown spots spreading from the inoculated point. Thesa
spots enlarged and coalesced, spreading as brown blotches; in hand
sections, vascular necrosis was evident 15 days after inoculation. Fifteen
days fater, partial or total blight with brownish borders is present
resembling those sympioms induced by Xco in advanced stages of infection
{Fig. 1). In plants inoculated via roots, leaf symptoms appeared 7 days after
inoculation. instiaily, they appeared on leaf tips as tiny brown spots that
enlarged io form blotches and then the syndrome described above, Roots
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Fig. 1. Symptoms of rice Blue-bonnet-50 leaf clipping inoculated (1 x 102 cells/ml)
with the brown blotch bacterium (upper) and Xco (lower) 30 days after incubation in
greenhouse at 24°C {28°C maximum; 16°C minimum) average and 2500f.c. for 12
h daily photoperiod.

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 pathogenis 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), tolerance to tetrazolium 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
strains of Xco used (Table 4).

From the cultural, physiological, and biochemical tests it is evident that
this pathogen belongs to the Xanthomonas 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
characteristics 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 onrice. Its geographic distribution
in America indicates that the pathogen could be a native of this continent
that evolved on native grass weeds closely related to rice. It has been
isolated from liendre de puerco (Echinocloa cofonum), 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 geographical areas of Latin American rice growing regions.
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Tabkle 1. Morphological and biochemical characters of Xenthomonas campestris
pv. oryzae and a yellow group of isolates from tropical America,
X.c oryzae® Yeilow group
Reference {CIAT isolates  {CIAT isolates 1171,
Character source 1185 & 1186} 1173, 1187, 1191
& 1182)
Gram stain Gramenegative Gram-negative
Fiagellation single pofar single polar
Bacterial pigments 18 465 - 438 nmP 473 - 456 nm
(Oxidase 6,19 - +
Catalase activity 1 + A
Glucose utilization 4 Oxidative Oxidative
Nitrate reduction 17 - -
Tolerance to 0/6 TZC 7 0o/o 0.02 - 0.050/0
Indole 6 - -
H4S production from cysteine 1 + R
a

of isolates were positive.
bpazk of Spactrometric absorption.

— = negative reaction; + = positive reactian; X

= weakly positive reaction; ¢ ™ 21w 780/0
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Table 2. Biochemical and physiclogical characters of Xanthomonas campestris pv.
aryvzae and a yellow group of isolates from tropical America.

X.c. oryzaed

Yellow group

Reference  {CIAT isolates  {CIAT solates 1171, 1173, 1187,

Character source 1185 & 1186} 1191 & 1182
Growth at 359C 1 I +

Escuin hydrolysis 16 + -

Casein Hydrolysis 1,15 -— -

Gelatin Hguefaction 12,17 i g -

Urease production 1 — —

Growth in 59/ NaCL H - -

Acid produation on: 1,12

— Avrabingse + —

R £ + o+

-~ Wannose + d

- {Galactose + o

~Trehalose + -

— Celiobipse + -

@

isolates were positive,

- = pegative reaction;  + = positive reaction;

+ = weakly positive reaction; o =21 to 790{g of
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Tabla 3. Biochemical and physiclogical characters of Xanthomonas campestris pv.
oryzae and a yellow group of isolates from tropical America,

X.c. oryzae® Yellow group
Reference [CIAT isolates [(CIAT isolates 1171, 1173, 1187,
Charagter SOUTCE 1185 & 1186) 1181, & 1192
Tyrosinase 1 — -
A-Glucosidase 3 Acid -
Lipolytic activity 14 + g
Phenylatanine deaminase 13 - -
Ammonia production 1 bl +
Acid production on: 1,14
—  Xylose ES s
— Fructuose + ++
~ Suerose + -
- Starch - -
Gas progduction on: 1,12
~ {lucose - -
— Sucrose e -

8. = nggwiive reaction;

isolates were positive,

= nogitive resction;

& = weakly positive reaction; d = 2110 780/0 of




Table 4. Reaction of some rice genotypes to Xanthomonas campestris pv. oryzae
and to 3 vellow isolate causing brown blotch from tropical America: 15 days after
dlipping inoculation {= 1 x 107 Cells/M1},

X oryzae YeHow isolate
Genatype {CIAT No. 1186} {CIAT No. 1182}
Native capuringa 1 108 g
Cica 4 7 9
Bbt - 50 8 10
6028 {Bahagia x IR 262) 8 9
6041 {Bahagia x IR 262) 10 10
5065 {Bazhagia x Bg90-2) g 9
6067 (Bahagia x Bg 90 -2} 7 g
Pelita 1/1 4 1
Tadukan B 2
05-6 4 2
5955 {Bahagia x 73 - 805} 4 3
6008 {Bahagia x 73-805) 4 1
6045 (Bahagia x 1R 262} 6 2
6071 (Bahagia x Bg 90 -2} 3] 1
IR2070-423-2-5.6 3 g
T 442 -57 2 8
5379 {Bahagia x 73 - 805} 2 g
8009 (Bshagia x 73 - 805} 3 7
Dv -2 8 2
5976 (Bahagia x 73 - 805) 7 2
6025 (Bahagia x IR 262} 8 3
6068 {Bahagia x Bg80 -2} g 2
6072 {Bahagia x Bg 90 -2} 10 2
Remadia 3 1
Bg 66-1 3 ¥
5959 (Bahagia x 73 - 805} 3 2
5984 {Bahagia x 73 - 805} 2 1
5990 (Bahagia x 73 - 805} 3 2
5898 {Bahagia x 73 - 80k} 3 1

i rating following Ou's scale of evzluation {Plgnt Disc. Reprr. 88:17-21),
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Abstract

During 1980 and 18981, young plants and, after cutting, mature plants of
the promising tropicsl forage legumes Zornia brasifiensis and Zornig sp. {CIAT
7847) became chiorotic, stunted, and wilted and often disd st forage
svaluation sites in Colombis. The causal bacterium was idenfified as
Corynebecterium flaccumfaciens. This is the first raport of bagterisl wilt in
Zornia spp. and the first raport of the occurrence of the pathogen in tropical
Latin America. The seadlings of Phaseolus vulgaris ware suscaptible to this
pathogsn in inoculstion tests. Since the bacterium is sesd-bome, care is
boing taken 0 prevernt its spresd from Colombia to other countries,

Iintroduction

Zornia is a prostrate to erect, herbaceous, perennial, bi- or quadrifoliate
legume, native to the tropical savanna regions of South America (8). Over
the past B years evaluations in Colombia have provided evidence of the
high quality and productivity of this species and its potential as & forage
tegume for the acid infertile soils of the tropics (1, 2).

BDuring 1880 and 1981, youry plants and, after cutting, mature ptants of
promising accessions of Zornia hrasiliensis Vog. and Zornia sp. wilted and
often died at forage evaluation sites in Colombia. Cross-sections of iower
stems and taproots showed brown ¢oloration of the outer vascular tissue. A
bacteriurn was consistently isolated from affected tissue,

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

Materials and Methods

Isplates

Sixteen isolates were collected from diseased plants of Zorria sp. CIAT
7847 at Santander de Quilichao, Cauca, Colombia. Isolates weare grown on
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yeast extract-dextrose-CaC0z medium (YDC) at 27°C and maintained on
YRC at 18°C {4).

Morphology and Cultural Characters

Celi morphology 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). Cultursl characters and pigment
production were determined on nutrient agar {NAJ, tetrazolium chloride
maeadium {T2C}, and YDC (9).

Biochamical and Physiological Properties
The methods used to determine biochemical and physiciogical proper-
ties of the isolates have been described previously {b}.

Pathogenicity

Inocula for pathogenicity tests were grown in Petriplates of YDC for48 h
at 27°C. Cells wers suspended in sterile distilled water at a concentration
of 10% cell/ml. Young ptants at the three and four leaf stage of Zornis sp.
CIAT 7847 and 3 -week old plants of Phaseoius vulgaris P 635, P, lunatus,
and Glycine max were inoculated by leaf cutting and by needle puncture.
The controls were inoculated with sterile distilied water using the same
methods. Plants were rated for disease reaction 12 days after inocuiation.
Reisolations were made from incculated plants and Koch's postulates
were completed.

Sood Tosts

The presence of bacteria in seed was tasted on nutrient agar with seed of
Zornia sp. CIAT 7847. Seeds were surface sterilized in 1% sodium
hypochlorite solution, washed in sterile distilied water, placed on nutrient
agar and incubated at 27°C for 48 h. Alt bacteria that grewfrom seeds were
compared with isolates from affected plants of Zornie sp. CIAT 7847,

¥

Roesults

Bacteria Characteristics

All isolates were Gram-positive, non-spore forming short rods with
rounded ends, with a size range of 0.6 10 3.0 x 0.3 to 0.5 nm. Celis were
motité 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 37°C,
grew on tetrazolium chloride medium, produced yellow colonies on NBY
{5}, and produced acid from cellobiose, rhamnose, mannose, ribose,
mannitol, sorbitol, and inuline (Table 2}, In addition, all isolates were
oxidase-negative, did not reduce nitrates to nitrites, did not form tevan, 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 melezitcse
{Table 2).
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Table 1. Characters used to differentiate common genera,®

lsolates from

Characters Zowniasp.  Corynebacterium  Agrobacterium  Erwinlg  Pseudomonas  Xanthomonas
CIAT 7847
Growth in common media + . + + + +
Gram stain + + —_ - — _
Colonigs yellow or orange + + - e - +
on media YDC, NBY
Flucrescent pigment on KB - o - - (TR _

Anaercbic growth o -

a  Erom the Labgratory Guide for Identification of Plamt Pathogenic Bacteria.
+ = Result positive; ~ = result negative; and V 5 result varisble.

Ed. N. W. Schaad.
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Tahle 2. Determination of four pathogenic species of Co:jmebac!er&:m‘rb and comparison with an isolate from Zormia sp.
CIAT 7847,

Characters C. michiganense C. ificis C. fasciens C. flaccumfaciens Isolate from
Zornig sp.
CIAT 7847
Motility - + - + +
Maximum temperature of growth 29--35 37 34--36 35-37 37
Catalase + + + + +
Oxidase - ~{c} - - -

Nitrates to Nitrites - - -
Produsction of acids:

i
!

Rharmnose - + - + +
Mannose v g o+ + +
Ribose — + + + e
Cellobiose ' + - + +
Melezitose - + + Y]
Starch _ - - - -
Imuline - a — - -
Mannitol v + “+ + +
Sorbitol - + + v +

Raduction of substances W - - - o
{Sucrose}

Levan v - . - -

Hydrolysis of potato starch v - + + +

Errom Dve and Kemp (19771, Bal are Gram-positive; strict aerobes.  Mandet et of, {1861} reported Oxidase positive,
+ = Hesult positive, -~ = Result negative; V' = Result variable.




Pathogenicity

All isolates caused chlorosis, wilting, dieback and, in some cases, death
of young plants of Zornia sp. CIAT 7847. The bacterium was readily
reisolated from inoculated plants and Koch's postulates were successfully
completed with 16 isolates,

In addition, the bacterium caused chlarosis and severe wilting of 3-week
old plants of Phaseolus vulgaris 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.
lLevels ranged from 75 to 100% of seed 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 were found to be caused by a bacterium.
On the basis of its morphological, cultural, biochemical, and physiological
properties (Tables 1 and 2), this bacterium was identified as Cor-
ynebacterium flaccumiaciens 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. funatus and G. max were not affected by the bacterium, P.
vulgaris P 63b 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 America 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
so0il, and methods of producing clear seed.
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Abstracts

OCCURRENCE OF Pseudomonas solanacearurn ON Phaseolus BEANS
INBRAZIL. Akiba,F.,P. 5. T. Brioso, R, deL. D. Ribeiro, ., Kimura, J.F.
Pimentel, and C. F, Robbs. Universidade Federal Rural do Rio de Janeiro,
Seropédica, Rio de Janeirg, Brazil.

In 1980, a severe outbreak of bacterial wilt occurred on pole beans
{Phaseclus vulgsris L.} at the locality of Magé, State of Rio de Jansirn,
Brazil. The pathogen was characterized as race 1, Hayward’s biovar | of
Pseudomonas solanacearum. Pathogenicity of the bacterium was checkad
in the greenhouse by means of inoculations using the tooth-pick method
and inoculum leveis of ca. 108 viable celis per mi. The bean isolates were
pathogenic to tomato {cv. Kada), eggplant {ov, Florida Market) and soybean
{cv. Sarmta Rosa), but not to tobacceo {cv. Amarelinho). Inoculations were
made on 203 cuBtivarsof dry beans; of these, 49 were rated as resistant and
154 as susceptible. Among the susceptible ones were the cultivars Rico-23
and Venezuela-350, two of the most important black beans grown
commercially 1n Brazil, Bacterial wilt is a potential danger for Brazil,
although 11 has been reported only in one locality in the $tate of Rio de
Janeiro.

{Paper presented &t the Conference; manuseript not received in time to publish.}

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

This disease is producing great losses in the main plantain regions of the
Dominican Republic. its most conspicuocus symtoms are: {1} Pseudostem
watersoaked rot, that advances from the outside to the inside and from the
upper part of the tree toward the rhizomae and (2} necrosis beginningonthe
oldest feaves 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
yaars this disease was suspected to be caused by the fungus that causas
“The Panama Disease” (Fusarium oxysporum f. sp. cubense}. in this study
we have found that the probable causal agent, is a bacterium belonging to
the genus Erwinia. This is a gram-negative, rod-shaped, motile and
facultative anaergbe bacterium. Colonies on nutrient agar and yeast
extract dextrose caicium ¢arbonate are creamy-white, smooth, and shghtly
muceid. Gelatin liguefaction variable, starch not hydrolized, oxidase
negative. Sufficient acid to change the color of Bromothymol! bilue was
produced from rhamnose, mannose, and methyl D-gluceside, but not from
sorbitol. In pathogenicity tests we wers able to reisolate the bacterium from
rotted spots produced in the inoculated leaf-sheath tissues.

{Paper presented at the Conference; manuscript not received in time to publish.)
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Recently, many previcusly recognized species of phytopathogenic
bacteria were combined, based on thair overall similarities. Those
phytopathogenic bacteria which cannot be adequately differentiated on the
basis of phenotypic characteristics have been given the infrasubspecific
apithet pathovar, based on their distinctive pathogenicity to one or mors
hrast 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 idaritifying, as well as evaluating, the
serological relationships among pathovars and strains of phytopathogenic
bacteria {including fastidious prokaryotes). In indirect ELISA, analyses of
sompetitive antigen or antibexdy inhibition curves, rather than binding
curves, may be particularly useful for quantitatively determining antigenic
similarities among these phytopathogens. 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 isnotcompleately
understood, iImproved taxonomic resolution at the species and subspecies
levels might be achieved by further adaptation or modifications of ELISA (or
ather serological techniques).

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

Using immunoglobulin prepared from antisera against gluteraldehyde-
fixed whole cells of X. ¢. pv. manihotis and X, ¢. pv. cassavae, no serological
cross reactions between these pathovars were detected in immunodiffu-
sion or direct immunofiuorescence (IF) tests. Thus, serological
retationships based on cross reactions may depend upon the immunization
schedule for antiserum production, antigen preparation, and the specific
serological test. Using indirect IF strains, C. sepodonicum was detected in
symptomatic tissue; however, results obtained by this technigque need to be
interpreted cautiously as cross-reacting gram-positive, gram-nagative,
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 abiity to detect “latent” infections by indirect IF,

The use of electrophoretic analyses of proteins in polyacrylamide geisto
indicate relationships at the species level was illustrated with
Pseudomonas andropogonis strains, P. andropogornis strains were
distinguishable from other pseudomonads based on comparative one-
dimension SDS-polyacrylamide electrophoretic protein analyses. in
addition, the synonymy of the momen-aspecies P. andropogonis and P,
stizolobii was supported 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 vellow saprophytic bacteria. This was generally more
reliable than coleny appearance, induction of a hypersensitive rasponse 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 scological
characteristes. The specificity, sensitivity, and raliability of these techni-
ques to resolve the taxonomic significance of complex antigenic deter-
minants in phytobactericlogy may be clarified by international standar-
dization of serclogical procedures and techniques. It seems that the
potential of molecular methods, such as computer-assisted protein
analyses, to analyze subgeneric hetergeneaity among phytopathogenic
bacteria (and other fastidious prokaryotes) that might have taxonomic
significance has not been fully developed. This does not preciude other
approaches, such as numerical analyses of biochemical and physiclogical
characteristics, genetics, gene-product analyses, bacteriophage reactions,
selective isolation media, ar analyses of characteristics that are ecological-
Iy relevant to resolving taxonomic problems,

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

M. §. Irey
R. E. Stall

University of Florida
(Gainesville, FL

Abstract

Colonies of pigmented Xanthomonas campesiris pathovars often can not be
distinguished visusily from colonies of othsr yellow-pigmented bacteria.
Physiological tests that charactarize the genus Xanthomonas wers not useful
for distinguishing Xanthomonas iscistes from other yellow bactaria. Nocrosis
in tohacco aiso was not & consistent characteristic for many xanthomonads,
Howaevaer, thin-layetr chromatography of yveliow pigments was a simple and
accurate method for identification of the pigmentad X. campestris pathovars.
The Xanthomonas pigment {xanthomonading) had an Rf value of 0.42-0.49
when extracted with methanol and developed with mathanot on pracoated
plastic sheats of ailica gal 60 that was §. 2 mm thick. A pigmaent of that Rf was
absent from other yeliow bacteria.

introduction

The genus Xanthomonas Dowson, as it is now recognized, is a group
of rod-shaped, aerobic, Gram-negative bacteria which cause diseases in
plants {22). This group was separated from other plant pathogenicbacteria
by Dowson {B], who urged that the yellow bacteria, motile with one polar
flagellum and mostly producing acid in lactose, were deserving of generic
rank and should be elevated 1o a new genus, Xanthomenas. innaming the
genus Dowson emphasized the vellow color of the bacteria, saying that the
color is one of the most significant characteristics of its species. Since then,
the yellow color has been an invaluable aid in the identification of
Xanthomonas. No other characteristic has been used consistently to
separate the genus Xanthomonas from ecologically and taxonomically
related genera (5, 9, 10, 11, 18].

Chromogenic bacteria are aiso found in other currently recognized
genera of phytopathogenic bactaria {(4). In addition, chromogenic
saprophytic bacteria are commonly encountered in ecologically adjacent
locations. The difficulty in quick and routine identification of Xanthomonas
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spp. from other pigmented bacteria prompted studies on the nature of the
pigmentation inthe genus Xarthomonas. Stephensand Starr {268} reported
the presence of membrane-bound carotenoid pigments in X. juglandis.
Starr and Stephens {24) examined the pigmems of a number of
xanthomonads as well as a number of yeliow non-xanthomonad isclates
and concluded that members of the genus Xanthomonas possessed a
unigque carotenoid pigment complex that could not be found in any non-
xanthomuonad. The Xanthomonas carotenoids had many characteristics of
a carotenold alcohol. Starr and Stephens (24) proposed that a Gram-
negative, polarly flagellated, oxidative, rod-shaped bacterium with a
carotenoid alcohol having absorption maxima at 418,437, and 463 nm (in
petroleum ether} be placed in the genus Xanthormoenas. This proposal was
criticized by Lelliot (16}, who suggested that Starr and Stephens were
misled by assuming that 19 isolates of the X, campesiris group were
representative of the four other taxgspacies in the genus,

Andrewes et al. {2, 3} and Andrewaes {1) reinvestigated the nature of the
pigmentation of X. jugiandis. They found the pigments consisted of
mixtures of unusual, previously unknown, brominated aryl-polyene esters,
rather than of carotenocids as reported by Starr and Stephens {24}
Determinations of the structure of the X, juglandis pigments resultedinthe
discovery of xanthomonadin | [17-(4-bromo-3-methoxyphenyl}- bromo-
heptadeca-2, 4, 6, 8, 10, 12, 14, 16-octaencic acid] (3}. Starr et al {23)
then reported that xanthomonadin pigments occurred in all recognized
taxo-gpecies of the genus Xanthomonas, except X. ampefina. On the other
hand, the pigments of many other yellow bacteria are known 1o be
carotenpid in nature {17, 18, 18, 21}, thus the Xanthomonas pigmants
appear unigue.

The main thrust of the present research was to determine whetherthe
xanthomonadin pigments could be used as a chemotaxonomic marker in
routine iaboratory identification of pathovars of Xanthomonas campestris.
There were two objectives: {1} to develop a quick method to compara
isolates for the presence of xanthomonadin pigments, and (2) to comparea
number of Xanthomonas and non-xanthomonad isolates for pigmentation,
physiological characteristics, and pathogenicity,

Materials and Methods

Culturas

Cultures of 36 isolates of Xanthornonas, 20 unknown bacteria which
produced yellow colonies on plates of 0.8% nutrient broth solidified with
1.5% Difco agar {NA&), 2 species of Corynebacterium, and 3 isolates of
Erwinia herbicofa were included in this study. All ware isolated from plant
material, except two of the unknown bacteria which were laboratory
contaminants. The designations, sources, origins, and hosts of isolation for
the cultures are listed elsewhaere {13). All cultures ware stored in sterile
deionized water in screw cap tubes at room temperature, except for X
albilineans and X. axonopodis isolates, which were stored on Wilbrink's
medium containing Noble agar (WA) and kept at 4°C (6).
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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, albiineans and X axonopodis wore streaked
onto WA. All tests were performed in duplicate and incubated at room
temperature {24 to 27°C) unless otherwise notad. Bacteria that were
known to give positive and negative reactions for each tast 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} of
sodium bicarbonate was added to the crystal violet solution,

The oxidase test was performed by placing 1 drop of a 1% agueous
solution {(w/v) of N, N, N, N, tetramethylpara phenylene-diamine-
dihydrochioride solution on 3-day-old cultures {7}, A roaction 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 the gpecified 10 seconds.

Oxygen requirements were determined with the glucose medium of
Hugh-Liefson {12). Immediately after inoculation, one of two tubes was
sealed with 2 mi of sterile mineral oil. Color change of the medium was
recorded after 7 days at 30°C,

The medium of Dye {9} was used to determine the utilization of L-
asparaging 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 t0 4.5 ml of autoclaved basal medium. Al glassware was
soaked overnight in 0.01M HCL and rinsed three times in deionized water
prior to use. Tubes were inoculated with .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% triphenyl-
tetrazolium chioride (TTC). Enough of a sterile, autociaved solution of TTC
was added to autociaved NA to make the final concentrations. Plates were
checked for growth of bacteria after 4 days at 30°C,

The procedures of Dye (8} ware used to defermine sction 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 atiowed to
grow for 24 hr, then were pelleted, and resuspended in starile deionized
water. Sugpensions were dilutedtoan ODsco o of 0.3 asmeasuredwitha
spectrophotometer. Leaves of 6 1o B-week-oid plants of Lycopersicon
escufantum Mill, "Bonny Best”, Capgicum annuum L. 10 R, Selsenum
nigrum L., and Nicotiana tabacum L. 'F,CV' were injected with the
suspensions as described by Klement {(15). 8ix cultures were tested per
plant. Three replicates were included, each on a differentplant. Inoculated
plants were incubated at 30°C, 90to 100% ralative humidity, and under a
12-hr light/dark photeperiod with a light intensity of 1500 lux measurad 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 Laysr Chromatography of Pigments

Xanthomonas afhilineans and X, axonopodis were cultured in WB and
the other bacteria were cultured in NB. Cultures were streaked on NA or
WA to check for purity before use. After each culture was centrifuged at
5520 X g for 15 min at 20°C, the supernatent fluid and loose bacterial slime
were discarded. Each bacterial peliet was resuspended in 40 mi of
anhydrous, spectrophotometry grade methanol. The methanolic suspen-
sion was guickly brought to a boil by immersing # in a 90°C water bath,
After each suspension cooled, it was centrifuged at 1300 X gfor 15 minto
ramove cell debris. The methanolic extract was evaporated to neardryness
in vacuo at 75°C, after which just enough methanol was added to
redissolve any yellow crystal that had for ned on the sides of the flasks,
Each extract was agamn centrifuged at 1300 X g for 15 min after which a
clear, vellow, concentrated extract was obtained.

Extracts that had an QDssaem  of 0.4 or higher were spotted with
capillary pipets, in 5-nl amounts on precoated, thin-layer
chromathography plastic sheets of silica gel 80 of 0.2 mm thickness, and
without fluorescent indicators (E. Merck, Darmstadt, Germany). Each 5-nl
sampie was allowed to dry before the application of the next B-nl. Atotal of
25 ni was applied per spot. The extracts were placed 24 mm apart on a
plate. Plates were placed in a developing apparstus {(Eastrman Kodak,
Rochester, New York} with anhydous spectrophatomstry grade methanol
used as the solvent. Care was taken to saturate the chromatograph's
chamber with solvent as compiletely as possible.

Ahsorption Spectrum of Pigments

Pigments of selected isolates were extracted by scraping the growth
from 4-day-old NA or 10-day-old Wa plates and suspending the celisin 4 ml
of methanol in screw-cap tubes. The tubes were immersed in a water bath
at 90°C for 5 min and then centrifuged at 1400 x g for 16 min. The
absorption spectrum of the pigrment extracts was determined with an ACTA
il double-beam scanning spectrophotometer.

Selected pigment extracts were concentrated by evaporation of the
methanol i vacuo as before, The concentrates were appliad in athinband
2 cm from the bottom of a silica gel thin-layer plate and chromatographed,
Approximately 400 nl of extract were applied per plate. After development
with methanol, the pigment band corresponding tothethe B valueof0.40
to .60 was scraped from the plate and eluted with methanol. The eluates
were then filtered and analyzed for their absorption spectra.

Results

Physiological Tests

Al isolates of Xanthomonas form a fairly homogeneous group based on
physiclogical tests {Table 1). They were strictly aerobic and Gram-negative
bacteria. No xanthomonad could utilize L-asparagine as the sole source of
carbon and nitrogen, or reduce nitrate to nitrite. None of the xanthomonads
acidified purple milk. All were inhibited by 0.1% TTC. Their oxidase
reaction was variable, but most of them were weakly positive. Five of 36
isolates did not cause proteolysis of milk.
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Table 1. Percentages of cultures demonstrating various physiological characteristics?.

Xanthomonas  Xanthomonas  Xanthomonas  Xanthomonas Yellow Corynebacterium Erwinia
albilineans axonopodis fragariae campestris bacteria herbicola

Number of

cultures 2 1 2 K| 20 2 3
Gram

negative 100 100 100 100 a0 o 100
Fermentative 0 0 0 0 15 0 100
Oxidase c

positive 0 0 100 94 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 ] 5 0 100
Proteolysis

of milk 0 0 100 94 10 0 0
Growth in b

0.029/0 TTC 1) 0 50 32 50 0 100
Growth in

0.19/0 TTC 0 0 0 0 20 0 100

2 Al isolates were tested in dupilicate.

b TTC refers to triphenyl-tetrazolium chloride.

¢ Weakly positive,




The isolates of yellow bacteria were heterogeneous in the characters
axamined. Based on the nine physiclogical characters, 14 different
bacteriz were in the group, Eight of the vellow bacteria could not be
distinguished from Xanthomonas The yellow bacteria were most often
distinguished from Xanthomonas by no proteolysis of milk, but this test
was not always positive for xanthomonads.

Pathogenicity Tests

Necrosis of inoculated test plants was evidence of the isolate’s
pathogenicity. All cultures of Xanthornonas, except X. albilineans induced
nacrosis in one or more of the four test plants used in this study {Table 2).
None of the vellow bacteria caused necrosis in any plant.

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

Chromstographic Analysis of Pigments

The Ry values of pigments of some of the bacteria are given in Table 3. All
isolates of Xanthomonas, except X. albifineans and X. axonopodis
produced characteristic pigment spots with an average R¢ value of about
0.45 (range of 0.42 te 0.49). Occasionally, when more than 25 ni of
pigment extract was applied to the plates, additional spots of higher R,
values also were found. When that happened, the spot corresponding to
the R value of 0.45 was usually distorted {(tailing) probably due to
excessive sample size. Chromatography of methanol extracts of X
albilineans and X. axonopodis was unsuccaeessful.

Pigments extracted from ths yellow bacteria gave spots with Ry values
ceonsiderably different from those of Xanthomonas. The Ry values of
pigment spots of the yellow bacteria ranged from 0.07 t0 0.85, with some
extracts having up to four distinet 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.

Ahsorption Spectra of Pigments

The absorption maxima of the crude pigment extracis of 11 selected
isolates were determined. Isolates of X, albifineans, X. axonopodis, and of
the pathovars of X, campestris had absorption maxima at 443 nm, with ili-
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 exiracts of four Xanthomonas isolates were
chromatographed and eluted and absorption spectra werg determined on
them. The absorption maxima of the pigments with an Ry of 0.40t0 Q.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 piants®,

Numbers Lycopersicon Solaravm Capsicum Nivotiona
Bacteria of esculentum reigrum annLun tabacum
cultures
X. albilineans 2 4 0 0 O
X, axonopodis 1 100 100 0 0
X, fragariae 2 100 100 50 0
X campestris n 100 77 71 48
Yellow bacteria 20 4] G Q 0
Corynebacterium 2 50 0 100 L
Erwinia herbicoln 3 i 33 33 33
Leaves of three plants were inocufated by infiltration of about ‘EGE celis mf~1 nto & spot.

Necrosis in two of the three was scared as a positive reaction,




Table 3.

af values of yellow pigment.

lsolates R¢ value®
X fragarige .48
X, camp. py. campesrris 528 A5
X camp, pv. begonige 066-1778 46
X. camp. pv. cannae 068-1097 44
X. camp. oy, cucurbifge P2 A5
X. camp. pv. dieffenbachiae 067-1260 44
X. camp. . hederac 017988 43
X, camp. pv. maculifoliigardinae 069-2413 A3
X. camp. pv. malvacearum ATCR,, 46
X, camp. pv. nigromaculans 063-1200 Ab
X. camp. pv. phaseoli 080Q-1339 44
X camp, pv. physalidis 1926 .48
X. camp. pv. poinsettizecola 071-424 47
A, camp. pv. vesicatorig 69-13 A4
¥B-1° 76
YB-2 73, .79, .83
YB-3 86
Y84 B3
YB-5 33
YB-6 83,.70,.79
YB-7 21
YB-8 57,.86,.77
YB-@ 57,.64, .74
YB-10 .83, .69, .80
YB-11 .78
YB-12 75
YB-14 80, B4
YB-18 87
Corynebacterium niichigariense 75
Erwinia herbicola GW27 85

8 Ef%f valzes caiculsted from the sverage of two silica el plates,

b

¥R refers to yaliow bacteria,

92



Discussion

The physiological tests used in this report were the ones listed in
Bergey's Manual (4) for characterizing Xanthomonas. The cultures usedin
this study were umform for five of the tests. However, some non-
xanthomonads had similar characteristics. A single test is needed that
consistently idennfies an isolate of Xanthomonas, such as the production
of fluorescin, which 15 used to identify certain pseudomonads {14).
Utilization of asparagine has been cited as a useful character for the
separation of Xantormonas spp. from non-xanthomonad yellow bacteria
and pseudomonads (25). However, manynon-xanthomonads are similar to
Xanthomonas in thus characteristic. The same criticism applies tothe tests
of inhibition by TTC, wmodative respiration, acid in milk, and nitrate
reduction. Proteoilysis of mulk had the best possibility of being a single test
to distinguish Xanthomonas from saprophytic yellow bacteria. However,
somea exceptions occurred with this test, also.

As the genus Xanthomonas is currently defined. yellow color and
pathogenicity are the most reliable characteristics that can be used for
identification. Pathogenicity is often determined by the methods of
Klement {15} and tobacco is commonly used as the test plant. Tobaccoisan
excellent indicator plant for pathoagenicity of members of the Pseudomonas
syringe group of bacteria {15) but it was less than satisfactory for the
determination of the pathogenicity of the Xaenthomonas isolates,

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

Attempts to chromatograph the yellow pigments of isolates of X
albilineans and 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, membears of the genus Xanthomonas produce large
amounts of slime (2, 5, 8). Andrewes et /. (2} reported that the production
of slime by xanthomonads inhibited their studies of the pigmentation of the
genus. In the present study, however when pigments were examined
spectrophotomstrically, the absorption spectra of the pigments of X,
albitineans and X. axonopodis were indistinguishable from those of
members of the X. campestris group. This was considered to be evidence
that at lesst three species of the genus have pigmenis in common. The
same resuits and conclusions waere also reached by Starr g1 af, {23),

Young et af {27) listed 118 pathovars of X. campestris and among them
are listed b 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. ifthese
non-pigmented bacteria are truly xanthomonads they could not be
identified by pigment extraction, of course.

The identification of pigmented X. campestris pathovars 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 cantains no sugar. The bacteria
should be scraped from the medium and suspended in a smal| volume of
methanol (2 to 3 ml) in a screw-cap tube. The tube should be placed ina
90°C water bath for § min and then centrifuged to remove cell debris. The
open test tube then should be placed in the 90°C water bath until
approximatety 0.5 mi of pigment extract remains (2-3 min). The
concentrated extract should then be chromatographed on thin layer sifica
gel plates with methano! as a sclvent. The Xanthomonas pigments have
distinct RBf values.
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Abstract

Physiologiosl/biochemical  tests wers insdequate in  separating
Xanthomonas campesiris pv. manihatis, X. ¢. pv. cassavee, and some
Colombian yellowish isolates. However, sarslogical tachnigues such as the
Guchterlony double diffusion and direct immunofiuorescencs indicated
antigenic differences betwseen X ¢ pv. manihotis and X. ¢. pv. cassavae. Tha
Eolombiar yellow isolates were seroiogically similer t0 X, ¢. pv. cassavae but
not ta X, ¢. manihotis. Therefore, retaining the distinction betwean X, ¢. pv.
manihotis and X, ©. pv. cassavae ia probably justified.

Introduction

Xanthomonas campestris pv. manihotis (Berthet and Bondar 1815) Dye
1978 and X ¢. pv. cassavas{Wiehe and Dowson 1953)Maraite andWaeyns
1979 are two of four bacterial pathogens which attack cassava {Man/hot
escufenia Crantz}(24,37). While X. ¢. pv. manihotis ocours in most cassava
growing areas of the world {25}, X. ¢ pv. cassavae is limited to the African
highlands of Rwanda and Kenya at 1,600 m (26) ard, possibly, sea-levelin
the eastern plains of Colombia (4). Because the early leaf spot symptoms
are so simitar, workers frequently have difficulty distinguishing the two
pathogens. It has been reported that the pathogens are synonymous {29),
but other evidence {16, 28) suggests the cantrary.

Taxonomically, X, ¢. pv. manihotis and X. ¢. pv. cassavae are grouped in
Bergey's Manual of Determinative Bacteriology (2) under X. campestris
group, but as two distinct pathovars. However, the newly proposed
nomenclature which came into use January 1, 1880 {39} considers X
cassavae 35 a nomen dubium, probably on the basis of controversial
evidence {29}, Therefore, the relationship between thase two pathogens
needs a clear distinction to aveid confusion for gquarantine purposes (26).
Moreover, reports that X, ¢. pv. cassavae may 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. ¢. pv. cassavae.

Materials and Methods

Physiological and biochemical tests were used, methods and references
are indicated in Table 1. The replica plating technigue (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. ¢. 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 giutaraldehyde 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 -20°C until needed.

To determine the serological relationship between X. ¢. pv. manihotis
and X. ¢. 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. ¢. 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 rocm temperature (25°C)Photographs
of double diffusion plates were taken in an immunodiffusion Camera
{Cordis) using Polaroid 107 black and white film.

Results

Results shown in Table 2 indicate that the three xanthomonads could not
be separated adequately by physiological and biochemical tests. However,
all tests marked with two asterisks showed some differential value
between X. ¢. pv. manihotis and X. ¢. 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 mathods used for physiological and biochemical tests,

Test Method {Reference)}
Oxidades { 7,21)
Catalase { 8,35}
Mode of giucose utilization {18)
Gelation liguefaction {17,28)
Hydrolysis of starch an
indole production 17
Nitrate reduction {17}
Tyrosinase { 8,38
Hydrolysis of Lipase {31
NaCl tolerance {30}
Tetrazolium chloride tolerance {23)
trease { 6,13
H, 8 preduction {17}
Carhohydrate utilization
Nitrate utilization
Fatty acids 27
Oraganic acids
Aming acids
Amines
Soft rot of potato and cassava roots {25}
Tobacce hypersensitivity reaction {20}
Pectate liguefaction (13}
Hydrolysis of casein (12)
Litmus milk reaction { 7.1}
Ammonia production {171
Phenyialgnire deaminase {321
Methy! red and Voges proskeur {17}
Arginine dihydrolase 27
Hydrolysis of Esculin {34)
Sodium polypectate £3)
B-glucosidase {14}
Levan praduction {27}
Fluorestence on King's B Medium (18
Growth rate
Pigmentation
Sensitivity to antibiotics {7
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Table 2. Physiological/biochemical characterization of Xanthomonas campesiris
manihoris, X. ¢ pv. casstvge, and some Colombian vellowish isolates.

Tast Reaction

X. manithotis X, cassavae Colombian
Yellowish isclates

+
o
o

Carbohydrate utitization®
Nitrate utitization
Amines

Amino acids

QOrganic acids

Antibiotic sensitivity
Hydrolysis of casein
Hydrolysis of gelatin
Hydrolysis of starch
Litrnus milk reaction
Production of ammonia
Production of H2$
Production of indole
Nitrate reduction

Methyl red and VP, test - -

Made of glucose utilization Oxidative Oxidative Dxidative
Lipase + +

Catalase + +

Oxidase - —

Arginine dihydrolase
Phenylatanine deaminase
Tyrosinase

Urease

Aesculin hgﬁraiysisb
B-glucosidase

Soft rot of potatoes & Cassava roots -
Levan production +
Hypersensitivity in tobacco leaves® ~
Salt tolerance {Max.} 2.5%0 2.5%a 25%
Tetrazolium chloride (tolerance ®Max.}  0,02%0 0.02%0 0.1%0
Sodium polypectatea utilization _ - +
Fluorescence on King's B. medium - - —
Growth rate? moderate slow fast
Yeilow pigment? - + +

++ |
+ 4+ |

| 44+ 4+ + ]
TR

{
|

+ |
+ 1
IIII+++*+*I¢I+*+-¥¢

+ |
+

!
H

+ +
SR
R R+t

2 Tests with distinct differentiel value,
b Tests with non-consistent differential value.
Tt 4= strongly positive; T positive;  — = negative.
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Table 3. Serological identity between Xanrhomonas campestris pv. manifiotis (Berthet
and Boadar 1915} Dye 1978, X. ¢ pv. cgssavae Wiehe and Dowson 1983 {Maraite and
Weyns 1953} and some Colombian yeliowish isolates.

Antigen
{Whole celis}
1% 10% /ml

Antibody Reaction®P

Doubie Diffusion Immunofluorescence

Xem? Xee XemASFITC  Xoea/FITC

X, marnihotis
(B0 isolates)

X, cassivie
{ B isolates}

Colombian yellowish
solates

isol
{ 3 isolates

- + - "

4

Xom = X o pv. menifiols;

Xee = X0 v, cuessavee,  XemBFITC = X, monihotiy antibody

conjugated with Fluorescein isothiocyanate; XoccA/FITC = X, cassavae sntibody labelled with

Fluorescein isothicoyanate,

+= positive reaction; — = negative reaction.




antisera produced against X, ¢. pv. manihotis and X. ¢. pv. cassavae was
between 2560and 5120. Some cross-agglutination occurred between X, ¢.
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. ¢. pv.
manihotis and X. c. pv. cassavae by any of the serodiagnostic methods used
(Table 3). However, Immunodiffusion 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) and immunofiuorescence tests, all isolates of X. c.
pv. manihotis were serologically identical and through these tests X. ¢. pv.
manihotis could be differentiated 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 to X. ¢. pv. manihotis. All X.
C. pv. cassavae isolates were also serologically identical.

Fig. 1 Centralwell holds antiserum to X.
¢. pv. cassavae (CIAT 1148). Peripheral
wells contain: (1) X. c. pv. manihotis

Fig. 2. Central well contains crude
antiserum to X. ¢. pv. manihotis (CIAT
1105). Peripheral wells: (1) X. ¢. pv.

antigen; (2) X. ¢. pv. cassavae; (3)

; manihotis antigen (washed whole
Colombian yellowish isolate.

cells); (2) X. c¢. pv. cassavae antigen
(washed whole cells); (3) Colombian
yellowish isolate (washed whole cells),

Discussion

Results show that X. ¢. pv. manihotis and X. c. pv. cassavae are
biochemically similar and serologically related but distinct. This agrees
w_ritr] previous findings (11, 16). While X. ¢. pv. manihotis was serologically
distinct from X. ¢. pv. cassavae, X. pv. cassavae and the Colombian
yellowish isolates had common antigenic properties, even though
differences were found in their pathogenicity. The synonymy between X. c.
pv. manihotis and X. c. pv. cassavae reported by Robbs et a/. (29) was based
on biochemical and a few pathogenicity characteristics, but not on
serology.
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Therefore, the decision to consider X, cassavae as a nomen dubium (39)
is probably unjustfied. Based on our results on the serological and
pathogenicity relationships between these two pathogens, and their
geographical distribution, it is probably unlikely that X. ¢. pv. cassavae
evolved from X. ¢. pv. manihotis. The presence of X. c. pv. cassavae in
Colombia or eisewhere 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-fixad whole
cells as reported by Allan and Kelman (1) in studies on Erwsnia carotovors
var. atroseptica. Similar results have recently been reported (33} in studias
with Corynebacterium sepedonicum.
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Abstract

Gitrus bhactarial cenker diseass {CBCD] is caused by Xenthomonas
campesiris pv. citri. At isast thres distinct torms of GBCD are currently
recognized. Thess ars the Asiatic form {CBCD-A}, the cancrosis 8 form
{CBCD-8), affacting primarily lamon, and the ‘Galego’ lime form {CBCD-C}.
Tha sarofogicai refatiorships of X, ¢. pv. citr/ strains atsociated with these
torms of CBCD were gvalusted by indirect immunosorbent assay.

Antisera were prepargd in Whita New Zealand female rabbits using
immunogen preparations containing intact or heat-kitled celis of X o pv, eérd
strains XC82 (CBCD-A), X064 and XCE9 (CBCD-B}, and XC74{CBCD-C),
immunogliobulin {lg) was precipitated from pre-immune serum and en-
tiserum with ammonium sulfate, Goat antirabbit Ig conjugated with alkaline
phosphats was obtained commercially. Antigen preparations were saling
suspensions of washed cells from purs culture, heated at 100°C for 30 min,
and diluted in carbonate costing buffer (pH 5.6).

in indiract ELISA, CBCD-A strains were sarologically related to but distingt
from CBCD-B and CBCD-C strains. CBCD -8 and CBCD-C strains weramiore
clossly related ssrologically to sach other then to the CBCD-A straing.
Howaver the serological distinction between these straing was varisble and
not conciusive. No positive reactions inindirect ELISA oecurrad with antigen
proparations from sevarsl streins of Adgrebacterrum umefaciens, Cor
ynebacterium fascians, U Haccumfaciens pv. Haccumiaciens. T miichiganense
pv. michiganense, Erwinia herbicols, E. stewarti, and Pseudomones
pseudogioaligenss subsp. cirulli

Introduction

Citrus bacterial canker disease (CBCDJ} is caused by Xanthomoenas
campestris pv. citri. The extent of pathogenic variation among strains of
this bacterium is not completely known, However at least three distingt
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, ¢. pv.
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citri associated with this form of the disease may infect other ¢itrus
varieties. Under natural conditions, the third form of CBCOD occurs only on
‘Galego’ lime (CBCU-C). The causal agent of CBCD has beendesignated as
X, citri nf. sp. aurantifolia (13).

The serological reiationships among different X. ¢. pv. citristrains (1,3, 9,
10,11}, and of X. ¢. pv. citri strains to several other X, campestris pathovars
and species of phytopathogenic bacteria have also been studied (1, 3, 16).
Based on the results of these studies, collectively, the CBCD-A, CBCD-B,
and CBCD-C strains of X. ¢ pv. ¢itri are seroligally related, butdistinet{1, 3,
9, 10, 11}. Aithough CBCD-A strains are clearly distingt from the CBCD-B
and CBCD-C strains the degree of serological relatedness among CBCD-B
and CBCD-C strains is not ¢lear {3, 11},

Because of its sensitivity and specificity, indirect ELISA {14} is potentially
useful for qualitatively comparing and quantitatively comparing tha
serclogical relationships among different bacterial strains {2). The results
of indirect ELISA using immunoglobulin {lg) prepared from antisers against
four strains of X. ¢. pv. citri are presented here.

Materials and Methods
Bacteria
The bacterial strains used are presented in Tables 1 and 2. All straing

were maintained and cell suspensions prepared as previously described
3).

Table 1. Xanthomonas campestris py. &itri straing used in snzyme-linked immuno-
sorbent assays.

Lab Bource
strain strain no.
designation ar designati:}n?
(origin} CBCD formP Source®
XCE89 IBBF-184 {Brazil) A 1
XCe2 6501 Japan A 2
XC63 7801 Japan A 2
XC64 B-4 Argentina B 3
XC89 Xe-11 ("B TYPE-4} B 4
Argenting
XC70 1BBF-512 {Brazil) C 4

Strain designations assigned in the Fruit Laborstory, HSI, Baltsville, Maryland 20785,

CRCED = Citrus bacterial canker disease. Form A js the type A canker, Asian canksr, can.
cangcrosis A or true canker form of CBCD. Form B is the type B canker, cancrosis B, canker
£ or false canker form of C8CD. Form C i the ‘Galego’ lime cancrosis in Brazil,

1 = V. Rossetti, Divisao de Patoliogia Vegetale, Instituto Bioldgico, Sac Paulo, Brazil.
M. Koirumi, Fruit Tree Research Station, Kuchninotu, Nagasaki, Japars.

M. Goto, Shizuoka University, Shizuoka, Jagan,

4.9, Miler, L NTA,, Bella Vista, Argentina.

[ I ¥

)
3
4

106



Table 2. Non-xanthomonad strains used in enzyme-linked immunosorbent assays.

Lab
strain Species Source

designation?

b

AT Agrobacterium tumefaciens (15955) 1
AT2 " " (C5B) 2
CF1 Corvnebacterium fascians (ICPBCFG6) 3
CF1et C. flaccumfaciens pv. flaccumyaciens (ICPBCFB) 3
Cm1 C. michiganense pv. michiganense (ICPBCM9) 3
EHt Erwinia herbicola 4
ES1 E. srewartii 5
PPscl Pseudomonas pseudoalcaligenes subsp, citrulli 5

@ Strain designations assigned in the Fruit Laboratory, HSI, Beitsvitle, MD 20705.

b 1 = American Type Culture Coliection, Rockville, Maryland 20852,

= R, H. Hamilton, The Pennsylvania State University, University Park, Pennsylvania 16802,
R. Harris, Applied Plant Pathology Laboratory, Plant Protection Institute, Beltsville ,
Maryland 20705.

4 = |solated from lemon leaf naturally infected with Xanthomonas campestris pv. Citri,
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 {.aboratory, Horticultural Science Laboratory, Beltsville, Maryland

20705,

2
3

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 102 colony-forming units (CFU)/ml
sterile 0.85% NaCl. Rabbits were immunized by interveinal injection of 0.2,
04,08,1.6,3.2and50mlonday 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). Generally, microtiter plates (Dynatech) were coated with
200 nlof heated antigen preparation containing the equivalent of about 108
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CFU/mi carbonate coating buffer {pH 9.6) for 1 hr at 37°C. Atter washing
the plates successively three times with PBS-Tween 200 nl of Ig
preparation containing 10 ng protein/mi was incubated in each well for 1
hr at 37°C. There were at ieast three replicate wells for each antigen-
antibody combination. After washing as before, 200 nl goat anti-rabbit ig
{Miles-Yeda Ltd., No. 61-275; 100-250 enzyme units/ml}, conjugated with
alkaline phosphatase diluted 1:3000in PBS-Tween, was incubated in each
well for 1 hr at 37°C. The washing was repeated. Then 200nt of 1 mg para-
nitrophenyl phosphate/mi substrate buffer was incubated in each well for
30 1o BO min at room temperature. After adding 50 nl 3M NaOH 1o each
well, the reactions were quantitated with a Titertek Muitiskan photometer
{Flow Laboratories, Mclean, VA 22102} equipped with a 408 nm filter. In
addition, the ratio of the absorbence at 405 nm of the heterologous to that
of the homologus antigen-antibody (A . Ht/Hm} combination was
calculated for comparison.

Results

Coating Ig

indirect ELISA using Ig {0-25 ng protein/mli) obtained from pre-immune
serum and anti-XC64 (MK} serum is shown inFig. 1. Generally, the amount
of homologous antibody specifically attached to antigen passively
immobilized on the solid phase was directly proportional to the g
concentration up to about 10 ng of lg protein/mi. There was no significant
non-specific attachment of enzyme-conjugated antiglobulin using pre-
immune serum Ig up to 25 ng lg protein/mil.

Comparative Indirect ELISAofX. ¢. pv, citri Strains

Generally, A, values in indirect ELISA were higher for homologous
than heterologous antigen-antibody combinations {Table 3). Using anti-
strain XC62Z (1) serum lg. the A ,,; Ht/Hm ratios obtained with the heated
antigen preparations from CBCD-8 and CBCD-C strains were about 0.58
{avg. value for XC 64 and XC69) and 0.54, respectively (Table 3). Generally,
the A values using anti-XC64 (I} and anti-XC64 {HK)sera Ig were higher
for heated antigen preparations from CBCD-B strains {Asws Mt/ Hm = 0.65-
0.98) than from CBCD-A strains (A ;4 HY/HM = §.31-0.81). Similarly,
A 45 values using anti-XC7({} serum Ig were higher for heatsed
preparations from CBCD-B strains (A ;s Ht/Hm = 0.46-0.88) than from
CBCD-A strains {A 45 Ht/Hm = 0.17-0.41}.

Thus, there was significant cross-reactivity between heated antigen
preparations from CBCD-B strains (XC64, XC89) and the CBCD-C strain
{XC 70} in indirect ELISA using Ig from antiserum to a CBCD-A strain
{XCE2Z1 Similarly, there was significant cross reactivity between heated
antigen preparations from CBCD-A strains (XC59, XC62, and XCB3) in
indirect ELISA using an ariti-CBCD-B strain (XC64j or anti-CBCD-C strain
{XC 70} serum lg. Clearly, however, the CBCD-A strains were serologically
distinct from the CBCD-B and CBCD-C strains.

The CBCD-B and CBCD-C strains used here were not as readily
distinguishable from one another in these indirect ELISA tests (Table 3).
With anti-XC69¢l) serum Iy, the ELISA reactions with antigen preparations
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Fig. 1. Indirect ELISA of Xanthomonas campestris pv. citri (strain XCB4) using
immuneglobulin from pre-immune serum and anti-XC 64 {HK) serum.

from CBCD-B strains (XC64 and XC89) 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 s values with heated
antigen preparations from CBCD-B strains using the anti-CBCD-C strain
(XC70} serum Ig were 0.88 and 0.46 times those of the homoiogous
antibody-antigen combination for strain XC64 and strain XC69, respective-
ly. The A ;. values with heated antigen preparations from the CBCD-C
strain {XC70) using anti-XC&4(l) and ant-XC84({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 no signhificant reactions in indirect ELISA using anti-XC62 {1},
anti-XCB4N), anti-XC84 (HK), or anti-XC70{l} serum Ig with heated antigen
preparations from two strains of Agrobacierium tumefaciens, and one
strain each of Corynebacterium michiganense, {. fascians, ¢. flaccum-
faciens, E. herbicola, £. stewartii, and Pseudomonas pseudoalcaligenes
subsp. carudl,
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Table 3.  Indirect enzyme-linked immunosorbent assays of six Xenthomongs campestris pv. citrf strains and one Erwinfa

herbicola steain using immunoglobulin from antisers against four X, ¢ pv. ¢ftrf strains,

A
Antigen 9 from antiserum against
source strain
Xea2(1) xceadil) XCB4{HK]} Xcegh XC7001
XCbY 1.54 + 0.05 0.49 + 008 0.56 + 008 ND .16 + 0.08
X(C62 148 + 0.07 0.43 + 0.03 .48 + 0.01 0.21 + 003 0.36 + 0.08
XC63 1.14 + 0.05 0.60 + 0.01 0.60 + 0.01 ND 0.38 + 0.02
X064 098 + 0.04 1.18 + 0.02 1.08 + 0.01 066 + 0.07 0.82 + 0,04
xees 0.76 + 0.03 0.70 + 0.04 087 + .04 087 + 0.07 .43 + 0.02
XG70 0.80 + 009 088 + §.06 081 + 001 048 4+ 0.07 093 + 0.03
EH1 0.14 + 0.03 008 + 0. 009 + 0.08 0.01 0.08 + 0.02
None 0.01 + 0.01 0.05 + 0.02 0.08 + 0.01 0.01 0.04 + 0.01
Control:
Pre-immune
serum fg ND 0.11 £ 0.02 0.06 + 0.03 ND 0.01 + 6.01
No g 0.10 + 0.02 0.02 £+ 0.01 0.05 + 0.0% 0.01 0.01 + 0.1

8 Each figure is the mean j standard devistion of the Aws walues of three replicate wells,




Discussion

Based on the cross-reactivity in indirect ELISA tests of six X. ¢. pv. citr/
strains of the bacteria associated with three forms of CBCD, these strains
are serologically related. However, the CBCD-A strains (XC58, XC62 and
XC&3;}are serologically distinct from the CBCD-B strains {(XC84, XC69)and
CBCD-C strains {(XC70), The serological digtinction between the CBCD-B
strains {(XC64, XC68; 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 neaded to evaluate further the seralogical
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 heterclogous antigen preparations, or by adaptation of modified
ELISA techniques (5, 6, 7, 8, 12).

Literature Cited

1. Bach, E, E., A. P, €. Alba, A. Lima, G. Pereira, A. G. Zagetto, and V.
Rossetti. 1878, Serological studies of Xamthomonas citri {Hasse}
Dowson. Arch. Inst, Bisl., Sao Paulo 45:229-238.

2. Cambra, M., and M. M. Lopez. 1879, Titration of Agrobacterium radiohacter
var. tumefaciens antibodies by using enzymae-igbelled anti-rabbit -
globuling [(ELISA) indirect method 1. Proc. 4th Int, Conf, Plant Path. Bact.,
Angers, 1978, pp. 327-331.

3. Civerolo E. L., andF. Fan. 1981. Xanthomonas carmpestris py. citri detection
aned identification by enzyme-linked immunosorbent assay, Plant
Disease in press,

4. Garnsey,S. M., E. P. DuCharme, J. W. Lightfield, C. P. Seymour,andJ. 7.
Griffiths, 1979, Citrus canker. The Citrus Industry 80:5-6, 8, 10, 13,

8. Goding. J. W. 1978. Use of staphylococcal protein A as an immunglogical
reagent. J. lmmunol, Methods 20.241.253.

6. Hsu, §.-M., L. Raing, and H. Fanger. 1981. The use of avidin-bigtin-
peroxidase complex {ABC) in immunoperoxidase technigues: A com-
parison between ABC and unlabelled antibody {(PAP) procedures, J.
Histochem. Cytachem. 29:577-578,

7. Kohier, G. and C. Miistein. 1875 Continuous cultures of fused cells secreting
antibody of predefined specificity. Nature 256:486-497.

8  Lutz, H., J. Higgins, N, C. Pedersen, and G. H, Theilen. 1979. The
demonstration of antibody specificity by a new technigue: Tha gel
electrophoresis  derived enzyme-linked immunosorbent assay
{GEDELISA) and its application to antibodies for fefine leukemia virusg, J.
Mistochem. Cytochem, 27:1216-1218.

8. Messina, M. A, 1876, Los métodos seroldgicos en e estudio de Iz bacteria
gue produce ia “'cancrosis ¢itrica” an la Argenting. 1. Hallazgo de un
nuevo serotipe. Metodologlfa empleada an el estudio completo. INTA,
Congordia, Estacion, Experimental Agropecuaria, Serie Técnica No. 48,

pp. 1.8,
10, Maessing, M. A, 1980a. Los métodos serolégicos en el estucho de la bacteria
que produce Ia “cancrosis citrica’” en fa Argentina. Ill. Diferenciacitn

antre las bacterios de la "cancrosis A” o Vasidtica” y las de la “cancrosis
i



1.

12.

13

14,
15.

112

8" or “sudanamericana’ en 18 pals., INTA, Concordia, Estacion
Experimental Agropecuaria, Serie Técnica No, 50, pp. 3-8.

Messina, M_A. 1980b. Los métodos serolbgicos en el estudio de 1a bacteria
que produce la cancrosis citrica en fa Argentina. IV. La téenica de
immunofluorescencia. Su applicacion como elementode diagndstice de
laboratorio, Resumenes [l Congreso Nacional de Citricultura, 27-31
Cctober 1980, Concordia (E.R. ), Argentina, p. 52,

Morley, S. J., and D. G, Jones. 1880, A note on a highly sensitive modified
ELISA echnique for Rhizobivm strain identification, J. Appt. Bacteriol.
49:103-109.

Namekata, T. 1871. Estudor comparativos entre Xanthomonas citri (Hasse)
Dow., agent causal do “Cancro Citrico™ & Xanthoronas citri {Hasse)}
Dow , ni sp. awrantifolia, egente causal de “cancrosé do Limoero
Galego”. PhD. Thesis, Escola Superior. de Agriculiura “Luis de
Queirez”, Piracaiba, Brazil.

Voller, A. A, Bartlett, and O, E. Bidwell. 1978, Frizyme immunoassays with
special reference 1o ELISA technigques. J. Clinical Pathol. 31:807-520.

Yano, T., A. F. Pestana de Castro, J. A, Lauritius, and T. Namekata. 19789,
Serclegical differgntiation of bacteria belonging 1o the Xantheeonas
campestris group by indirect hemagglutination test. Ann, Phytopathol,
Soc. Jpn 45 1-8,



Prog. Fifth int. Cont Plant Path, Ract, {ali, 1987

Specificity of Elisa to
Xanthomonas campestris
pv. phaseoli ldentification

L. Afanador
CIAT
Cali, Colombia

J. L. Victoria
Instituto Colombianc Agropecuario
Paimira, Colombia

Abstract

Rabbit antisera were produced sgaeinst glycoprotein bacterial extracts and
whola cell of Xanthomonas campestris pv. phaseol iolate xp-5-81 and
Xanthomonas spp, Pseudomornss spp., and X. campoastris py. phasecii isolntes
from different sitax were determined by Quchteriony double diffusion (QDD}
test and indirect ELISA Method {IEM). Better antiserum specificity was
obtained with IEM and glycaprotein as antigens than with QDD and whole
colig ag antigons. Sensitivity for the former combination was estimatad in 5 x

10% cells/ mi of antigen and 20 ng-ml of antiserum as minimum for good
raaction.

introduction

Beans {Phaseolus vulgaris L.} are important in Colombia as inthe rest of
the Latin American countries as a source of protein for a majority of the
population.

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

More than B0% of the pathogens that cause diseases in beans are seed
transmitted. For that reason, 3 program aimed at producing clean seed is
needed.

X. campestris pv. phaseoli in seeds occurs in 8 mixture with other types
of bacteria, making it necessary 1c develop a8 method that permits its
diffarentiation from them. Serological methods are considerad to be some
of the most reliable in identification of bacteria and other plant pathogens,
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However, there are differences in reliability, sensitivity and specificity of
these methods, making it necessary to develop a method that has allthase
characteristics.

Materials and Methods

Pathogenicity Tasts

isolate xp-5-81 of X. campestris pv. phaseoli grown on YDC (yeast
extract, 10 gr; dextrose, 20 gr; CaC0,, 20 gr; agar, 18 gr; distilled water,
1000 mi} for 48 hr was used to make the bacterial suspension.

The turbidity of the latter was adjusted to an optical density of 0.5 (600
nm) corresponding to a concentration of & x 108 cefls/ml, using a
Spectronic 20 (Bausch and Lomb Co., Rochester, N.Y.} colorimeter. A
dilution was made to obtain a final concentration of & x 107 cells/miwhich
was used for inoculation, by the scissors method (B). inoculation was made
on plants 15 to 20 days old.

Production of Antigen

Two types of the antigens were produced, the whole calis and the
axtracelluler glycoproteins. Farty-eight hr old culturas grown on nutrient
agar (peptone, b gr; beef extract, 3 gr; agar, 20 gr; and distilled water, 100
mi} for whele cells antigen production and on YDC for glycoprotein antigen
production were used,

To obtain whole cells antigen, bacterial cells {obtained by centrifugation
at 10,000 for 15 minutes and suspended in 0.85% saline solution) were
killed by submerging them in a hot {100°C} water bath (3) for 2 hr.
Extracellular glycoprotein antigen was obtained by precipitation of
glycoproteins with a saturated ammonium sulphate solution (8). The
precipitate was removed from the solution using a thin glass rod. Both
types of antigens were used in immunization of the rabbits.

immunization Proccess

immunization using the antigens was done with New Zealand white
rabbits. The whole cell antigens were injected intravencusly. For
extracellular glycoprotein antigens one part was mixed with 2 parts of
phosphate buffer solution (PBS), 172 (NaCl, 8 gr; KH,PO,, 02 gr:
Na,HP0,.12H:0 2.9 gr; KCI, 0.2 gr; NaN,. 0.2 g and distilied water, 1000
ml}; the mixture was combined with an equal volume of Freuds incomplete
adjuvant and then injected intramuscuiarly.

For both antigens, 0.5 ml was used as the initial whereas 2 ml were used
as the final dose,

Antisera Collection

A total of five bleedings were made to evaluate the antisera titers. In the
first bleeding, 4 mi of blood were collected whereas 50 miwaere collected in
each of the last 4 bleedings. The antisera obtained by blood centrifugation
at 5000 rpm for 15 minutes, were used in the microagglutination tests (1)
to evaluate the titers obtained. When the desired titers ware obtained, the
antisera were purified and 7 -globulin was cbtained by precipitation, using
a saturated solution of ammonium sulphats (4} and the concentration of
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the former was calculated by measuring its absorbence in a Beckman DB
Spectrophotometer at a wavelength of 280 nm.

Evaluation of Antisera

The antisera were tested with the homologus isolate xp-5-51, X, ¢. pv.
phaseoli isolates from 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 Quchterlony
Double Diffusion {ODD} test {4} and the Indirect ELISA {2).

For homologous reactions with the O0DD method, antigen dilutions of 5x
108 to 5 x 10¢ celis/mi and antisera dilutions of 1 mg/mlito 50 ng/ miwere
used, whereas with the Indirect ELISA, antigen dilutions of 5 x 108to 5 x
10 cells/mi and antiserum dilutions of 1 mg/ml to 10 ng/mi were used
{Table 1},

The corresponding concentrations used for the hetarslogous reactions
with ODD method were 5 x 108 celis/mi of the antigen and 1 mg/mi of the
antisera. With the Indirect ELISA method, the concentrations usedwere b x
108 cells/mi of the antigen and 50 and 20 ng/ml of the antisera.

Identification of X. campestris pv. phaseoli lsolatad from Seeds

Seeds apparently healthy, were surface sterilized twice in 1% sodium
hypochiorite and then rinsed twice with sterile distilled water. Thay were
then plated in YDC medium with the hilum touching the medium. Nineteen
isolates were obtained, which could be grouped into 2 groups based on the
color of their colonies. Eleven isolates had yellow colonies, whereas 8 had
cream colonies. The yeltow group were tested with the Indiract ELISA
method and fater for their pathogenicity on 15-20 day old plants using the

Tabile 1. Different antigen and antisera dilutions used in the ODD and Indirect
ELISA methods.

Methed Dilutions utilized

Antigen concentrations (cells/mi}

6 x 10° & x 107 5x 108
o0D
Antiserues concentrations (mg-rgf i
1 78 18] H 78 50 1 75 50
Antigen eongentrations {cells/mil
5 x 10* 5x 107 5% 10° 5x 10° §x 10°

Indirect
ELISA

Antiserum concentrations {mg-ng/mb)

175_503{319175592010175502{}201?5502018
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Table 2. Isolates tested with the ODD and Indirect ELISA methods

Isolates testsd |dentification

Xanthomonas campestris py. phaseoli xp-5-51

o - " CBPos7

' * i CBP.O04

” ” - CBP.047

” o " CBP-048

" * ” cep-0ds

’ " ” CBP-OO1

" " o CBPO03

” ' " CBP-107
Xanthomonas cassavae CIAT-1148

" vesicatoria CIAT-1123

¥ orvzae CIAT-1185

' prabacearum

Y manihotis
Agrobacterium tumefasciens CI1AT-1182
Pseudomonas solgngcearum CIAT-1001

” syringae CIAT-1021

” toloasi

" syringae pv, glicinea

” phaseolicola Pp-20

Corvnebacterium flacumfasciens
Erwinia carotovora

seissors inoculation method {B). Isolates of the cream group were platedon
Kings medium B {bacto peptone, 20 g; glycerol, 15g: MgS0,, 3g. K HPO,
. 2 g agar, 18 gand distilled water, 1000 mi) and evaluated for fluorescence
under UV-light, due to pigment production {8).

Results

Pathogenicity Test

Isolate xp-5-51 was pathogenic and plants inoculated showsd high
disease severity.

Production of Antigen
To produce somatic antigens, use of levan peptene glucose agar (LPGA)
{levan extract, 5 g, pancreatic peptone, & ¢, glucose, 10 g; agar, 20 g;
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distitied water. 1000 mi} as a medium for bacterial growth, resufted in
exuberant growth of the organism, due to high giucose content. The heavy
mucous production makes centrifugation of the bacterial suspension
difficult 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 exudats,

The extraction method for somatic antigen (5) production used, resuited
in consistent and considerable amounts, appropriate for the process of
immunization. The titers of the antiserum obtained with this antigen
were, however, low and the quantity 7 -globulin purified from it was not
sufficient to give an optimum concentration for serological tests {1 mg/mi},
To produce extracellular glycoprotein antigens, using the saturated
sofution of ammonium sulphate (6), LPGA medium was replaced with YDC
for bacterial growth. The YDC medium permits abundant bacterial growth
with production of extracellular polysaccharides. This method permitted
production of appreciable quantities of the antigen and of 7 globulin
needed for serological tests.

Immunization Process

Extraceliular glycoprotein antigens induced more antibody production,
resuiting in higher antisera titers than those given with whole cell
antigens. Immunization by intramuscular injection gave high production of
antibodies, althoughin a slower but more prolonged manner, whereas, low
production of antibodies resuited from intravenous injection. This had a
direct relationship with the guantity of the 7 globulins that could be
produced from the antisera. More T glabulin were produced when the
quantities of the antibodies were optimum thigh antisera titers), hence, in
the antisera of extraceliular glycoproteins the quantity of ¥ globulins was
high {leveis more than 1 mg/mi} but less in the antisera whole cells {lavels
much below 1 mg/ mi).

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
observed that the titers stabilized and did not increase despite continued
antigen application {Table 3). The highest titer obtained with whole celis
was 256 whereas with extracellular glycoprotein titers of 25660 1o 5120
were gttained which establishes a clear comparison between the two
forms of antigens used and their practical application as antisera in
serological tests.

Evaluation of tha Antisara

With the ODD method, it was possible to detect bacterial concentration
of 5 x 108 cells/miwhen the antiserum concentration was 1 mg/ml, butno
detection of bacterial concentration of 5 x 107 nor b x 10% cefis/m| was
possible. Bacterial concentration of & x 108 cells/m! 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
f i ] v v
Whole cells 1:84 1:128 1:128 1:256 1:258
Extracstiular
alycoproteins 1:128 1:128 1:256 1:2560 1:26680-6120

Tahle 4. Comparison of ODD-ELISA at differemt concentrations of the antigen
and the antisera.

Antigen contentrations {celis/mi)

Method 5% 10°% 5x 107 5x 10° 5x 1% 5% 104

Antiserum concentrations {my/ng/mil

All isolates of X. ¢. 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 eithaer different pathovars of X,
carmpestris ar isolates of other genera used, at any antigen concentration
ievel tested.
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Table 5. ODD Test-lsolates tested at different concentrations of the antigen and
the antiserum.

Antigen concentrations
identification of the
isolate 5x 10% cells/m!

Antiserum congentrations {mg/ng/ mi)

1 75 L)

Control xp5-51 + - —
Control PBS
CBP-057
CBR.004
cap-047
CBP-048
CBP-045
Cep.001
CBP-003
CBP-107

{
H
f

+ + +
[
[

+ o4+ + 4+
H
!

indirect ELISA

It was possible with this method, to detect bacteria at concentrations of 5
to 10" cells/ml with antiserum concentration from 1 mg/m! te 10 ng/ml
{Table 4). Using an antigen concentration of 5 x 108 celis/mi and antisera
concentrations of 50 and 20 ng/mi, all isolates of X. campestris pv.
phaseoli tested gave a positive reaction except for isolates CBP-045 and
CBP-048 (Table 8). However, all isolates of pathovars of X. campestris
other than phaseoli and isolates of other genera used, gave negative
reactions.

To qualitatively measure the raaction 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 iiberated
corresponded 10 color intensitiss 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.

isdentiﬂcl’tion of Xanthomonas campestris pv. phaseoii Isolated from
oads

The yellow group of isclates, 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 antiserutn concentra-
tions and 5 x 10Y cells/ml of the antigen.

Isolates Antiserum concentrations

& x 10° cells/mi. 50 ng /ml 20 ng/ml
Control zp-5-51 + +
Control PBS - —
CBPOS7 + +
CBP-107 + +
CBP-048 - o
CuP.045 - -
CBP.047 + +
CapoM + . +
CBP-0G3 + +
CBP-004 + +

with isolates 8, 9, 10, and 11; the rest showed negative results, The 4
isolates that gave positive reaction were later tested for pathogenicity by
inoculation of bean plants 15 to 20 days old using the scissors method (5).
They were all found pathogenic and proved that they were isolates 0f X. ¢.
pv. phaseols.

Discussion

The use of the two antigen types in rabbit immunization established
which one of them could produce more antibodies, The amountofthe latter
has a direct relationship to the concentration of 7glebulin in the antisera
obtained, Extracelular giycoprotein gave antiserum of high titers and
therefore higher concentration of 7 globulin could be puritied from it. This
made us choose and use this antiserum as more appropriate in all
serclogical tests.

The results oblained with the QDD method indicated that the method can
be considered specific and reliable but not sensitive, as bacterial
concentrations of 5 x 108 cells/ml or more are raquired for their detection
and also it requires high antiserum concentration (1 mg/ml}). This means
that, a large guantity of the antisera would be required to evaluate bean
materials, making the method less economical, Furthermore, it does not
permit evaluation of a large number of samples and results are only
obtained after 48 hr.

The indirpct ELISA method proved to be more reliable and sensitive than
the QDD method. it is possible to detect bacterial concentration of upto5x
105 cells/ml with miraimum antiserum concentration {1 mg/ mi), although,
in reducing it more, quantitative estimation of the method showed that
absorbence does not decreass much between dilutions of the antiserum,
indicating that, there is sufficient antiserum and it is possible to have itin
lower concentrations and still detect bacterial populations.
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The extracetiular glycaprotein antiserum was specific for Xanthomonas
campestris pv. phaseoli, hence, permitting diffarentiation of the latter from
a group of bacterial isolates belonging to a genus other than Xanthomonas
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. phaseolf
reacts specifically with an homologous antiserum; and in this form, itcan
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
iess) can be used in detecting bacterial concentrationaslowabx 10%0or5 x
108 cells/ml. Knowing that high bacterial concentrations in seeds are
uncommon, the use of enriched liquid media, followsd by centrifugation
can increase their concentration and aid identification when using indirect
ELISA, For this reason the method serves as a usefulioolindetegtion of X,
campesiris pv. phaseoliand its distinctionfram 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 Xanthomaonas campestris py. campestris strgin
A243 isclatsd from cabbage grown in Mayi, Hawaii was usad as a standard in
the enzyme-linked immunosorbant assay (ELISA} to determine its antigenic
similarities with Xanthomonas straing isolated from cabbage and other
crucifers, lettuce, and onion from ditfersnt locations. Inhibition curves wers
used to compare antiganic similarities between homulogus strain A248, 23
othsr heterologus Xanthemonas strains, and one Erwinig herbivola strain, The
guantitative data provided by ELISA could ba usad to distinguish among
closely related Xanthomonas pathovars and strains ceusing 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
Mawaii and other locations. Serological methods based on precipitation or
agglutination reactions have been inadequate for differentiating among
Xanthormonas 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 (5, 13, 21, 23, 24). The availability of this technique has
prompied arenewed 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
o determine whether this assay could be used to characterize the
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relationships amony Xanthomanas campestris pathovars causing dis-
eases of cabbage, lettuce, and onion in adjacent fields in Hawaii.

Materials and Methods

Strains

X. campestris pv. campestris sirains A249, KC-3-12, AB73-2A, AG73-
2B, and AB75-1 were isplated from diseased cabbage plants on farms in
Maui, Hawaii. Strain OK, was obtained from M, Goto, Japan, and strain EE
XC 118 was obtained from E. Echandi, Raleigh, N.C. Strain A342 was
isolated from diseased brocaoli seedlings in Kula, Maui, and strain PHW.-
AR 68 was isolated from radish seed and obtained from P. H. William,
Madison, Wisconsin, The six lettuce strains 10-TB7, 1G-TB-10, 10886,
1057-2, AB74-4A, and AB76-2A were all isolated from diseased fettuce
showing necrotic leaf spotsinKdla, Maui. Onion strains were isolated from
onion variety Yeliow Grannex showing symptoms of leafblight; six strains,
A20B-2a, A226-3, A-227-1, AB51-3, AB54-3, and AB4-7 came from Kula,
Maui; and 3 strains, A30-2a, A88-3, and A255-4, came from Molokei.

Antizerum

Whole cells of X. campestris pv, campestris strain A249 were prepared
as immunizing antigen and injected into New Zealand white rabbits as
previously described (1), The specificity of the antiserum was determined
by double diffusion and immunofluorescence using X. campestris
pathovars end 36 unrelated pathogens and saprophytes (8).

Coating Antigen

Whole celis of strain A249 were prepared by the same procedure as for
the immunizing antigen. After heat tréeatment, ceils were washed and
resuspendad in saline, and the optical density (OD) was read &t 800 nm.
The suspension was adjusted to the desired cell count by using OD
readings calibrated to total cell counts and resuspending the ceils in the
appropriate volume of carbonate-bicarbonate buffer {pH 9.6) made by
mixing equal volumes of 15 aM Na ,CO, (1.59 g/ 1) with 356 nM NaHCO »
{2.94 g/1}. The best coating procedure was determined by varying the
coating time, temperature, and method (air-dry vs. wet ¢oat).

Conjugate

Goat-anti-rabbit IgG, conjugated to horseradish peroxidase (GARP) was
purchased from Cappel Laboratory, Cochranville, PA 19330, lot #13466.
The optimum concentrations of GARP, coating antigen, and antibody were
determined from a series of titrations and antibody-antigen binding curves
at different GARP concentrations (2).

Enzyme Substrate

A stock solution of 1% w/v ortho-phenylenediamine {OPD) {Sigma Lot
#10F-0076) was prepared in citrate buffer {pH 7) made by mixirg 98.6 parts
of 0.1 M ¢itric acid and 101.4 parts of 0.2 M Na,HPO,. One mi of the stock
solution was mixed with 0.1 ml of 3% H,0, in 89 mi of citrate buffer,
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Microplates

Polystyrene microplates with 8 rows of 12 waells, flat-hottomed for
photometric reading, were obtained from Linbro Division, Mamdon, CT
06517. Test liquids were dispensed with a Hepetman (Rainin Instruments,
Emeryvitle, CA 94608) or an 8-tipped multichannel pipetter (Titertek, Flow
L.aboratories, Inglewood, CA 80301).

ELISA Procedurs

Coat plates by adding 200 nl of homologus antigen A249 to each wel of
the microplate. Cover with parafilm and incubate in a water bath (70°Clfor
4 hr. Refrigerate overmight. Drain antigen. Flood with phosphate-buffered
saline plus Tween-20(pH 7.4} made by mixing 8.0g NaCi, 0.2 gKH ,PQ , and
1.15 g Na ,HPO ,an Q.5 ml Tween-20 per liter (PBST); allow to sit 3 minutes,
Drain and repeat for atotal of three washes, Add 200 nl antiserum {rabbit-
anti-A249) prepared in PBST. Incubate 0.5 hr at 37°C. Drain antibody.
Wash three times as previously. Add 200 nl/well of GARP. Incubate 0.5 hr
at 37°C. Wash as previously. Add fresh preparation of enzyme substate
{200 ni/well)y and incubate in dark for 0.5 hrat 37°C. Add 25 niof 8N H ,50,
to stop the reaction. Read optical density {492 nm) of individual wells using
a multiple-channel photometer {Titertek Multiscan} {18).

inhibition Curves

Whale cells of homologous and heterologous strains were prepared as
previously, formalin-heat killed, and adjusted to a predetermined cell count
using 0D readings calibrated to the total cell count for each strain. A 2-fold
ditution series in PBST was made for sach strain and an equal volume of
rabbit 1gG-anti 4249 in PBST was added to sach tube and shaken
immediately. Two hundred nl of each inhibition mixture were placed in
each well of the precoated microplates. Tests were run in quadruplicate,
placing paired samples on separate plates. Plates were incubeted for 0.6 h
at 37°C, and the protocol for ELISA was continued as previously described.
Control wells contained {i} buffer alone, {ii} non-reacting serum {NRS).

Statistical Analysis

Absorbance values were converted to percent inhibitions of the binding
reaction, Percent inhibition was plotted against the log |, of the number of
cells added as competitive antigen. Regression coefficients wers
calculated, and the number of cells to achieve 50% inhibition of the
homalogous standard was extrapolated for each hetergiogous antigen,
Statistical parameters, means, standard deviations, standarderrors of tha
mean, slopes, confidence limits, and t-tests to compare slopes wers
calcuylated from ELISA data by the methods of Crow, et a/ {7}). Linear
regression coefficients were calculated using all points in the linear portion
of & plot of percent inhibition vs. log _ of the number of inhibitor cells
added. Confidence limits were calculated by using a two-tailed t-testat the
0.05 probability level.
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Results

Standardization of ELISA Procedurse

Coating antigen, varying in concentration from 100 to 10° cells per mi,
gave readable reactions only after the concentration reached 10% cells/ml
or higher. At ail antibody concentrations OD readings were greatest when
the antigen was coated at 10° cells/ml. Coating efficiency reached a
maximum when plates were left in 2 water bath (70°C} for 4 h. Whole live
cells could also be air-dried op to plates overnight, at 24°C or 37°C.
Antisera having agglutination titers of 640, 1280, and 2560 {expressed as
reciprocal of dilution factor) showed optimum reactions in ELISA when
dituted 300, 600, and 3600-fold, respectively. A stardard binding curve
was made for each serum. The concentration of GARP was selected at a
dilution of 1:6000, because this value gave QD readings near 1.0 af
optimum antigen-antibody concentration. lncubation times between
additions of reactants {antibody, GARP, substrate) were established at 0.5
h at 37°C or 1 h at 24°C. Measurable differences between these methods
did not occur, and the shorter incubation pericd was selected for
convenience. Whote cells to be used as antigen for inhibition mixtures
could be prepared in advance and stored in PBST for at least three weeks
without loss of activity. Once tha antibody is added, the inhibition mixtures
muist be dispensed into wells of precoated microplates within2 to4 h. if
mixtures were refrigerated overnight a reversal of the reaction was
observed as an upward shiftin 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, 0D
readings were near maximum for the binding reaction between antibody
and #ts homologous ceating antigen. As the amount of the competitive
antigen increased, 0D readings were reduced, reaching a minimum when
inhibitor celt numbers were greater than 5 x 10% cells/ml. Asanaverage of
14 inhibition curves made on different plates and assay dates, the binding
reaction was inhibited 50% at an OD reading of 0.480 absorbance units,
which was extrapolated to 5 + 2 x 107 gells/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 showed little nhibition. QOptical density values were
converted to percent inhibition by the following equation:

% mhtbst:on:E - 92&})( 100

G

where QD; is the optlical density given by a mixture of antibody with a
kriown number of i nhibitor cells and 0D , isthe pointatwhich no inhibition
of the hinding reaction occurraed {eg. the tube to which no competitive
antigen was added). Hegression coefficients for the 82 inhibition curves
plotted for these samples asverage 0.968 {range 0.994.0.857}. Slopesand
confidence lirmits were calculated. These data showed thatcabbage strains
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A248 and KC-3-12 did notpraduce significantly different inhibition curves,
while lettuce strain 10-TB-10 showed slightly flatter slopes and required
each 5-fold more inhibitor cells for 50% inhibition of the hinding reaction.
Onion strain A255-4 showed a shallow slope and required 28-fold more
inhibitor cells for 50% inhibition. Using the guantitative 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-3-12 and OK . had values for siope (b) closely
approximating the slope produced by the homologous inhibitor A248, and
the numbers of cells required for 0% inhibiticn were not significantly
different, indicating antigenic similarity betwesn these strains. Other
heterologous crucifer strains and lettuce strains produced inhibition
curves showing tess similanity with A248. Little inhibition was produced by
onion strains, showing that these organisms shared few antigenic
determinants with A249. Erwinia herbicola caused no inhibition, showing
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). Varigbility inthe adsorption of antigen ontoe tubes and 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 10°
cells/mi} of bacteria gave consistent resuits in our ELISA protocol, a
reduction in density of coating antigen may reduce non-specific reactions
and thus provide better data for determining relationships between
heretologous strains. Optimal quantities of all reactants must be
determined for sach serological system (3, 8, 11} as weli 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 10 note that twe cabbage strains, A249 and KC-3-12,
were isolated from neighboring cabbage farms while isclates pbtained
from more distant locations were less ciosely related. These results are
encouraging for the prospects of using ELISA as a tool in determining
inpculum source.

Although lettuce and onion strains shared some antigsnic 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 serologicat
identity, the onion and cabbage strains examined here should be
congidered serologically different. This use and interpretation of inhibition
curves may provide useful criteria an which to compare serological
relatedness among strains of plant pathogens.
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Abstract

Plazsmid. and protein profiles of ten Pseudomonas andropogornis strains,
isofated from four hosts, were compared in slegtrophoretic gels. All straing
conteined two to four plasmids, ranging in mess from 30 to 145
magadaltons. The plasmid profiles could not ba correlatad with the host of
origin. The protein pattemns of all 2. andropogonis strains wers essentially
indistinguishable, As & group, howaver, their patterns ware clearly
distinguishabis from other non-fluorascent psaudomonads.

Introduction

The status of the nomenspecies Pseudomonas andropogonis (Smith
191 1) Stapp 1928 and £ stizofobif (Wolf 1820) Stapp 1935 is ambiguous at
present. The 1880 Approved Lists of Bacterial Names includes P,
andropogonis but not £. stizolobii. Tha latter romenspecies was considered
synonymous with P andropogonis by Goto and Starr (5). The
nomenspecies P, stizolobii, however, is still being used (3). Both spacies
were relegated to Addendum | in the latest edition of Bergey's Manual {2);
this addendum lists nomenspecies which have been “incompietely
described, but which appear to conform o the generic definition.”

In an effort to resoive the guestion of taxenomic status, we examined
strains of both nomenspecies in two different ways., This paper describes
the analyses of plasmids and proteins in the nomenspecies P an-
dropogoris and P. stizolobit.

Materials and Methods

Bacterial Strains
The bacterial straing used in this study are shown inTable 1 and Figure 3.

Maedia 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. Pseudomonas andropogonis strains analyzed,

Nomenspecies Btrain Host Source

P andropogonis  NCPPB 934" sorghum indiana, US.A.
P andropogonis GB208 sorghum Nebraska, U.S.A.
P andropogomis  NCPPB 933 corn Indiana, U.S.A,
P andropogonis  PI3195 corn lowz, US.A,

P andropogonis  MCP corn Nebraska, J.5.A.
£ andropogonis  ¥YP1 cormn Nebraska, 1.5 A.
P andropogonts  X1131A corn lowa, US.A.;

E stizolobii NCPPB 1024  Stizolobium deeringianum  Rhodesia, Africa
P, stizolobil NCPPB 1127 Bougainvillea sp. Rhodesia, Africa
3 NCPPE == National Collection of Plant Pathogenic Bacteria, England, The remaining stralns

waerg isolated by the authors,

Proparation of DNA for Agarose Gel Electrophoresis

The procedure of Gonzalez & Vidaver {4) was used with minor
modifications to improve lysis of the cells. Cells {1 x 102 CFU/ml} were
resuspended after low spead centrifugation in an equal volume of lysozyme
{1 mg/mi}, 25% sucrose {w/v) solution, made up in Tris-EDTA bufier (3).
The suspension was shaken at 250 rpm on a rotary shaker for 1 hrat 37°C,
centrituged 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 min at 37°C, Sarkosyl {Ciba-Geigy) was added as before (4}, and the
sample was incubated on a shaker for an additional 40 10 45 min at 37°C.
The resulting solution generally was clear and viscous. After overnight
storage at 4°C, 4 mt aliquots were sheared, denatured, and renatured as
described previously {4).

Agarose Gel Elactrophoresis

Ethanol-precipitated DNA was subjectad to electrophoresis as previous-
ly described {4).
Polyacrylamide Gel Electrophoresis

Cell proteins were extracted and visualized as previously described (1),
except that the more sensitive methaod of silver staining was used {7}.

Results

Plasmid Analysis of Strains

All straing of both nomenspecies examined contained detectable
piasmid{Fig. 1}. The number of plasmids per strainwas 2 10 4 and the mass
ranged from 30 to 145 megadaltons (Table 2}, Several strains appeared to
have plasmid of common mass. The strains from Stizolobium and
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Fig. 1. Agarose gel electrophoresis of ethanol-precipitated plasmid DNA from
cleared lysates of Pseudomonas andropogonis and reference strains. Lanes show
{A) P. syringae HS 191 (pCG131); (B) Escherichia cofi J53 (Ridrd 19); (C) E. coli Jb
(RP1); (D) NCPPB 933; (E) YPI; {(F) MCP; (G) X1131A; (H)NCPPB 934, {I) PI3195; (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
{Ridrd 19) megadaltons, respectively.

Bougainvillea, 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. stizolobii. These variations were minor, particularly
when P. andropogonis proteins were compared with the proteins of strains
of other non-fluorescent pseudomonads (Fig. 3). P. andropogonis clearly
differed from all other nomenspecies, including representatives of non-
fluorescent phytopathogenic pseudomonads.

Discussion

The minor modification made in the lysis procedure enabled consistent
detection of plasmids in the nomenspecies P. andropogonis and P.
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Table 2. Plasmids of Pseudomonas andrepogonis.

Strain Number of plasmids Mass (megadaltons)?
1. NCPPB 933 2 76 £3; 118 *1
2. YP1 2 82 *5; 107 £3
3. MCP 2 74 £3; 113 %3
4. X131A 2 90 £5; 118 =7
5. GB209 2 90 *2; 125
6. NCPPB934 3 51 x1; 85 £4; 113 x4
7. PI31956 3 51 *2; 85 *4; 122 %5
8. PlI101 3 67 £3; 85 *4; 118 8
9. NCPPB 1024 3 64 *8; 122 *20; 1456 £10
10.  NCPPB 1127 4 30 £2; 61 x5; 90 £10; 118 %8

3 Results are from two to four independent experiments.

Fig. 2. Protein patterns of Pseudomonas andropogonis in a polyacrylamide slab gel.
Samples were electrophoresed from top to bottom. Strains are: (A)PI3195; (B)PI101;
{C) YPI; (D) MCP; (E) X1131A; (F) NCPPB 933; (G) NCPPB 934; (H) NCPPB 1127, {l)
NCPPB 1024. Lane(J) contains standards, from top to bottom, bovine serum, 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. mendocina ATCC17588; (C)P. alcaligenes ATCC14808;(D)P.
pseudoalcaligenes ATCC17440; (E) P. cepacia ATCC25416; (F) P. testeroni
ATCC11996; (G) P. acidovorans ATCC15668; (H) P. delafieldii ATCC17505; (I) P
solanacearum K60; (J) P. andropogonis NCPPB 934; and (K) P. caryphylli
ATCC25418.

stizolobii. Other methods, for example, that of Gonzalez and Vidaver (4),
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 nomenspecies showed a sheathed flagellum
(Gonzalez and Vidaver, unpublished results). Such flageila are absent from
the other nonfluorescent pseudomonads.

The powerful tool of protein analysis by polyacrylamide ge! electro-
phoresis (1) independently supports the conclusion of Goto and Starr (5)
that . andropogonis and P. stizolobii are a single species. P. andropogonis
is recognized as having priority (5). Based on the work of Goto and Starr (5)
and this study, we recommend that the next edition of Bergey's Manual
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remove P. andropogonis 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
sepedonicurm ANTISERA. De Boer, S.H. Agriculture Canada, Ressarch
Station, Vancouver, 8.C., Canada.

Antisera were produced in New Zealand white rabbits against
glutaraidehyde-fixed cells of Corynebacterium sepedonicurn, the incitant
of bacterial ring rot of potato. The IgG fractions of antisera were purified by
column chromatography of Sephecryl 5300 and used for indirect
immunofluorescence staining. Whole antiserum was used for immunodif-
fusion tests. Corynebacterium sepedonicum cells could be detected by
immunofiuorescence inpotato stems and tubers infected with the bacterial
ring rot disease. However, cross-reacting bacteria were also found 1o be
associated with diseased and heaithy potato plants, Gram-positive, gram-
negative, and gram-variable ¢ross-reacting bacteria were isclated from
ostensibly healthy potato stems. These strains were morphologically
different from . sepedonicum and were not pathogenic on eggplant,
Corynebacterium insidiosurn and C. michiganense also cross-reacted with
& sepedonicum 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. sepedonicum antisera in agar double diffusion.
Specific activity {immunoflyorescence titer/mg protein} of IgG antisera
fractions was determined with C. sapedonicum, C. insidiosum, C.
michiganense, and an undetermined coryneform bacteria isolated from a
potato stern. Specific activity with C. sepedonicum was greater than with
cross-reacting bacteria in antisera obteined up to 12 weeks after beginning
immunization, but was aqual to spacific activity of cross-reacting bacteria
in antisera obtained 20 weeks after beginning immunization. An antigenic
fraction was extrated from acetone-dried C. sepadonicum calls with hot
phenol and antigenic activity was detected in culture filtrates. The culture
filtrate, but not the phenol extract, sensitized shepp ervthrocytes in indirect
hemagglutination. Both the extract and culturs filtrate produced precipitin
bands in agar double diffusion. Hot phenol extracts and cuiture filtrates of
C. insidioeum and C. michiganense also produced precipitin bands with C,
sepedonicurr antiserum in agar double diffusion.

{Abstract provided but paper was not presented at the Conference.)

SEMI-SELECTIVE MEDIA FOR DETECTION AND MONITORING OF
SOME Xanthomonas campestris PATHOVARS. 8. N. Dhanvantari,
Agriculture Canada, Research Station, Marrow, Dntario, Canade NOR
1G0O.

A soluble starch medium (D5X]} of the foflowing composition developad
opagueness when stored at 5°C for a minimum of 8 days, thus aiding the
visualization of starch hydrolysis by Xanthomonas campestris pvs.
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campestris and phaseoli: soluble starch, 10.0 g: yeast extract, 5.0 g;
NH, H,PO, ., 0.5 g; MgS0,.7H, 0,0.2 g; NaCl, 5.0 g; 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 yeliow pigmentation
characteristic of the xanthomonads, and starch hydrolysis was coincidant
with the appearance of the colonies in 3 to § days. The medium permitted
the production of diffusible fuscous pigment by the fuscans strains of the
pv. phaseoli. The antibiotics nalidixic acid {up to 84 ng/mi). penicillin (upto
101 international units), and vancomycin (up to 64 ng/mii were tolerated
by the strains of pvs. campestris and phaseoli tested. The DSX medium
alone, or supplemented by one or more of thesa antibictics was selective
enough for detection and monitoring of these bacteria, obvisting tha
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
hydrotyze starch is poor. Because of its ability to utilize cellobiose, the
foliowing medium (XP) was found suitable for its isolation and
autecological studies: celiobiose, 3.0g; NHa Hy P04, 05 g, K7 HPO4,05¢;
MgS04. 7H20 . 0.2 g; NaCl, 5.0 g; sodium taurocholate, 2.5 g; Tergitol-7
{anionic}, 0.1 mi; distilled water to make up to a litre; pi adjusted to 7.2;
nicotinic acid {10 myg) and pimaricin {50 myg} added after autoclaving. The
colonies of X pruni appeared in 4 to b 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.}

ANUMERICAL TAXONOMIC STUDY QF THE GENUSB Erwinia. Dys, D,
W. Plant Diseases Division, 2.5.1. K., Auckiand, New Zealand.

Using biochemical and physiological characters of 206 Erwinia cultures
representing 25 nomenspecies, four numerical analyses have been made
and derwlograms prepared. These dendograms are presented as the basis
for proposals concerning the nomenclature of the genus £rwinia. None of
the analyses Support a clear break into the groups previously known as the
“"amylovora,” “herbicola,” and “atypical Erwinia” groups. However, the
synonymy of a number of nomenspecies is confirmed and other
relationships are indicated. On the information available itis proposed that
the 25 nomenspecies are best classified as 13 species with a number of
pathovars.

{Abstract provided butl paper was not presented at the Conference.}

RICKETTSIA-LIKE 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
Ricketisia are also involved in certain important diseases of plants. The
relationghip 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 nomenciature will be
commented upon. Better understanding of the taxenomy 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.

{Ahstract provided hut paper was not presented at the Conference.}
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Ecology of Bacterial Pathogens

introductory remarks by

Leopold Fucikovsky
Chairman, Session i}

This session deals with epidemiclogy, dispersal, and survival of plant
pathogenic bacteria. Emphasis is on survival of these bacteria, not only on
the aerial surfaces or internal parts of vegstatively propagative material or
botanicai seeds, but also in the rhizosphere of cultivated plants or weeds 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 evary day and we shall
hear of some new advances in this field. Other aspects, such as
symptomiess plants with a potential of maintaining low populations of
bacteria for prolonged pariods may be of greatimportancetothe future ofa
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 ecology of plant pathogenic bacteria
have been with Pseudormonas tomato {5) where a field temperature
between 13 and 28°C and a high relative humidity and free water on the
leaves have been directly correlated with the bacterial spack of tomato.
Yieid losses were as high as 75% in plants infacted at an early stage.

Another recent and important development has been the demonstration
by sensitive methods used by Elango and Lozano {1} that Xanthomonas
marnihotis 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 g/ {4}, Thay found that Pseudormonas syringae pv.
glycinea could be areosotized 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 of Erwinia amylovora has been studied
recently by Raymundo and Ries {2), showing that environmental factors
such as temperature, chelating agents, pH, enargy sources, and oxygen,
atfect motility and flagellation of these bacteria. Low tempergture favors
flagella growth; addition of chelating agents enhances motility. Celis ware
actively motile betwesen 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, £, amylovora was not motile.
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It is imeresting that Corynebacterium fascians could be transmitted by
tobacco seeds, as we shall hear in this session. Our own wark on
Corynebacterium fascrans and Shasta daisyshowed that the bacteria
eould be transmitied by mollusks feeding on these plants (3},

Reflecting now on research for the future, { would say from some of the
cited examples that more work will be needed on population studias 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 best control
measures in the future,
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Incidence, Perpetuation, and Control
of Bacterial Blight of Guar

S. S. Karwasrs, J. N. Chand, G. 8. Saharan

Haryans Agricultural University
Hissar, India

Abstract

The incidence of Bacterial blight of guar incressed with the increase
in mmount of rainfall and numbsr of rainy days. Carryover of the pathogsn on
the seed plays an important rols in the perpstustion of the pathogen from
pne season to another, The pathogen can be eliminated from the seed by a hot
watsr treatment of 10 min at 56°C,

Introduction

Guar [Cyamopsis tetragonoioba (L) Taub.] is a well established crop for
forage, vegetable, and green manuring inindia. 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 cyamopsidis. This disease was first reported from india in
the 1880z (1, 2). it causes blighting of isaves, resulting in premature
defoliation. In severe cases, blackening and cracking of stem occurs,
resulting in the death of well estabtlished plants. During the last few years
thedisease has been causing considerable damage to the crop. After taking
into consideration the severity of the disease, and the infiuence of weather
on its incidence and mode of perpetuation, a control by hotwater treatment
was worked out.

Materials and Methods

Effect of Meateorological 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 cyamopsidis. These varieties were 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 foliows: {0) healthy; (1} very few iower
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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 bass; and {4} more than 50%
ieaves blighted, sterms cracking and blackening.

Disease index was calculated as:

No. of plants affected Respective grade
x 100

X
Total No. of plants ochserved Maximum numerical value {4}

Role of Seed and Plant Deabris in Parpetuation of Bacterium

For this study. seeds and plant debris from heavily infected plants of
varieties ¥8 277 and Guar No. 2 were collected and ncubated at room
temperature. Monthly isolations were made from this material to check for
presence of the pathogen on nutrient dextrose agar medium, according fo
stardard isolation technique.

Elimination of Seed Borna Pathogen Through Hot Water Treatrment

Hot water trealinent was given as suggested by Verma ez a/ (7} in cotton,
Seeds of variety FS 277 were divided into 20 g fots and kept in musiin cloth
bags tied with a thread. The lots were exposed to desired temperatures and
time in a2 hot water bath. Later the lots were removed in water at room
ternperaiure and sown directly in 3 m x 2 m field plots. The germination
percentage was recorded after 10 days. Elimination of infection was
confirmed through observations taken on cotyledonaryleaves 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 1. Itis
evident that there was no significant difference in temperature and
humidity during the growih period of the crop. Howaever, amount of rainfall
and number of rainy days differed gignificantly from 1 stof Juneto 1st, 10th
and 20th of July, The maximurm average disease index was recorded in
cultivars FS 277 (33.5%]} and Guar No. 2 {29.5%), when the ¢rop 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 greater number of rainy days. The July 10th and 20th
plantings encountered less rainfall and fewaer rainy days. It is wali known
that splashing rains favor secondary spread of the diseasa (3, 4, 6) caused
by bacterial pathogens.

Role of Seued and Plant Dabris in Perpetuation of the Bacterium

It is evidemt from Table 2 that the seed played an important role in
perpetuation of the bacterium. The bacterium could be isolated up t0 12
months after harvest from the infected seeds. Howevar, plant debris
yielded the bacterium only for two months after harvest. These resulis
agree with those of Srivastava and Rao (5L
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Table 1. Meteorological factors affecting average disease index.

Date of sowing Average dissase index Max. Mini. Rainfall Humidity No. of
F§277 Guar No, 2 Temp. ¢C Temp. OC {mm) {v/o) rainy days
21st, Jung 33,50 29 51 34.1 258 1999 86.2 42
1st, July 24687 2880 334 23.¢ 1609 87.3 35
10th, July 11.20 .50 331 254 117.2 835 30
20th, July i1.10 10.30 33.1 26.5 40.2 834 27




Table 2. Role of seed and plant dabris in parpetuation of bacterium.

Date of Infected Guar Seed Plant Debris
{solation F§ 277 Guar No, 2 F§ 277 Guar No. 2

13/11/75
13/12/75
13/ 1/78
1% 2716
13/ 3/76
13/ 4/76
13/ B/76
13 6/76
13/ /78
13/ 8/76
13/ 9/76
13/10/76

+ +
+ +

S T T I T T
+ 4 ot o+ o+
|
{

+ | ndicates the pressnee of bacterium
— indicates the gbsence of bacteriom

Hot Water Treatmaent for Elimination of Seed Borna Inoculfum

The inoculum was eliminated from seed by giving it @ 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). Srivastava and Rao {6) also found hot water treatment
effective for elimination of the pathogen.

Table 3, Hot water treatment for the efimination of zeed borne inoculum.

Temperature 0C Time (Min.} Germination {6/0) Cotyledonary
infection

50 10 FiY +
52 10 68 +
b4 10 64 +
58 10 62 -
Control - 75 +

+ :infection

- No infection.
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Abstract

Whan 1-mo-oid plants of a wilt-resistant clone of Solanum phureja
{1386.15) were stam-inoculsted with thras straine of Pseudomonss
sofanacearum (K80, $123, and 2081, the bacteria multiplied rapidly at the
point of inoculation and then moved in the vascular system to other parts of
the starn. Resistant plants showad a remarkable ability 10 support relatively
kigh populations of the bacterium in the absence of diseass symptoms.
Although multiptication in this resistant clone was substantislly less than in
susceptible Russet Burbardk potato plants. largs numbers of bacteris {up to
624 x 104 colls of K60 perd . om stem segment] reached the base of tha stem
of plants maintained at high temperature {28°9C) for 20 days atier stem
inoculation. From the base of the stam, the bacteris meoved repidly into the
roots and tubers. Strains of 2. so/anacearum differed in their ability 10 cause
tatsnt tuber infoction in difforent resistant potate clonas, When §. phurejax 5.
tuberpsum hybrids were stem-inoculsted, maintained at 28°C for 3 weeks,
and then grown to maturity »t 20°C, most of the clones yisided tubers
infected by ons or more strains. The race 1 strain (X80] was the most
infectious; 63.8% of ail tubers harvested from all plants inoculated with this
isolate carried latent infections. Becauss one clons (BR 53.1) never yiekied
infectad tubers, there appesr to ba genetic factors which may be useful In
bresding programs aimed at sliminating latent tuber infection. Some
irfacted clones did not yiald dissased tubaers. however. The development of
symptoms shove ground was not correlated with the incidence of tuber
infection in any particular clone. No tubsr infection occurred in tolerant or
resistant clonee grown in infeated soil at cool (12-22°C) temperaturas.

Tubers were inoculeted directly in an attemnpt 1¢ evaluate the ability of
bacteria to multiply in thasatissues atdifferont temperatures. Highly virulent
strains of P. selanavearur survived in susceptible tubsrs in higher numbers
and for longer periods than in resistant ones. Low temperatura (4°C) had 8
deleterious effect on survival of the bacterium in tubers, but did not
completely sliminate the pathogen even aftar 40 days.
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Introduction

There are numerous reports that Pseudomonas solanacesrum €. F,
Smith, the agent of bacterial wilt of potatoes, persists in infected tubers in
the interim between harvest and subseguent planting {see raview by
Kelman, 18563). 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,
solangcearum in the field; approximately 10% of tubers infected with race
3 strains of the pathogen, when grown, in noninfested soil, give riss o
diseased plants (Graham et al. 1978). Furthermore, when seed potato
tubers from an infested field were assessed for infection by A&
solanacearum, both visually and by direct isolation, the visual method
failed to detect two-thirds of the infected tubers after 6 weeks of storage at
2B°C (Gonzalez, 1977). As resisiant cultivars become more widely used,
movement of virulent strains may be a significant probler because these
cultivars may remain symptomless after inoculation with virulent strains of
the pathogen {Sequeira and Rowe, 19698}, and thus would not be rogued
out in the field or culled out after the tubers are harvested.

Latent infection is alse an important problem in breeding programs in
which progenies are screenad at the seedling stage by root inoculation
{Gonzélez et al, 1973}. The tubers that are produced months later by the
resistant plants may carry the bacterium (Ciampi et a8/, 14980).

Bacterial cells reach potato tubers via the vascular system after initial
multiplication in roots or stems, Althoughthere is a congiderable amount of
information on the muitiplication and movement of P, solanacearum in
susceptible potato {(Grieve, 1943), tomato {Grieve, 1943; Wallisand Truter,
1978}, and tobacco (Copeman, 1989) plants; there is no information as to
the rate of movement, or the populations of the bacterium thatcan ocecurin
resistant potato clones. It is known that resistance originating from S,
phureja breaks down under high ambient temperature [Sequiera et &/,
1969). ht seemed likely, thersfore, that infected plants that remainad
symptomless at low ambient temperatures might carry substantigl
nurmbers of bacteria and that these might reach the tubers, Thus, the
objectives of these investigations were to determine; a) how movement of
£ solanacesrum within resistant potato plants might lead to latent
infection of the tubers; b) how varieties of the host and strains of the
pathogen influence the phenomenon of latent carryover of bacteria, and ¢)
how readily resistant potato clones can be infacted when grown in infected
soils and if such plants can yield latently infected tubers.

Materials and Methods

Straing of P. solanacearum used in this work were obtained from the
cuiture collection maintained in the Depariment of Plant Pathology,
University of Wisconsin-Madison, Strain K80 {race 1, biovar |)was isolated
from tomato in Wake Co., NC, strain $123 {race 1, biovar Hi) was isolated
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from Eupatorium odoratum in Coto, Costa Rica, and strain 8206 {race 3,
biovar 1) was isolated from potate in Las Palmas {Medeliin), Colombia.
Straing CIP 077, 108, 141, and 142 ware obtained from the culture
collection maintained at the International Potato Center, Lima, Perq; all
isotated from potato {Yurimaguas, Perd}. Stock cultures wera maintaired
ir distilled water at room temparature; 1o obtain fresh cultures, stock
suspensions were streaked on Kelman's tetrazolium chioride agar (TZC)
(Kelman, 1954). Cultures were grown for 48 h at 30°C,

The resistani clone of 8. phureja{1386.15} had been selected previously
in our laboratories from opén-pollinated seed supplied by H, D. Thurston;
resistant hybrids of S. phuraefa x §. tuberosurm were obtained from the
Potato Introduction Station, Sturgeon Bay, Wisconsin, U.S. A, 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 109
cells/mi on the axil of the third fully expandsd 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 28°C + 2°C,

Another group of wilt-resistant potato clones (5. phureja x 8, tubsrosum
hybrids} were provided by Dr. Robert Hanneman, Potato Introduction
Station, Sturgeon Bay, or by Dr. Carlos Martin, Pathology Department,
International Potato Center, Lima, Perd. 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 80185). Plants
were grown in the greenhouse at 20 1o 24°C 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 ineachpot 100 ml of
a bacterial suspension containing approximately 1.5 x 107 cells/mi, as
determined by measuring QDE00NnmM. After inoculation, the plants wers
grown under cool (range: 12-22°C) or warm (range: 24-28°C) greerhouse
conditions, without supplemental lighting.

To isolate bacteria from stem-inoculated plants, the stem was divided
into four segments, each b cm inlength. The central section (bl included the
site of inoculation, which was in the middle of the segment, and the other
two segments were immediately above {a} and below (¢} 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 hypochiorite (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 mi) from log,, dilutions were spread on plates of TZC. Twoor
four samples were taken from each of two or four plants at each incubation
period; two or four plates per dilutionn were used, depsnding on the
numbers of samples that could be handled convenriently at any particular
time. All bacterial calony counts were made after 48 h incubation at 28°C.

in the soil infestation experiment the number of healthy appearing or
diseased (bacterial poze present at the eves) tubers was recorded at harvest
{approximately 110 days after pianting). 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% ethanai followed by 1% sodium hypochlorite, and then rinsed twice
with sterile water. Each piece was ground with sterile mortar and pestiein
10 mi of sterile water and a loopful was spread on a plate of TZC. Two to
four samples from each suspension wara assayed; plates were incubated
at 30°C for 48 h and samples were considerad positive whan one or more
typical colonies of P. solanacearum were present on any of the assay
plates,

To assay for possible latent infection, potato tubers were surface-
sterilized with 1% sodium hypochlorite {3 min), rinsed in sterile distilled
water (30 sec), dipped in 70% sthanol, and then flamed. Then each tuber
was cut into small slices (approximately 2 x 1 x 0.5 ¢m); eight slices were
selected at random and two groups of four were each placed in a test tube
containing CPG medium {casamino acids 1.0, peptone 10 g, and glucose
5.0 g liter}iKelman, 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 T2C.
After 48 h incubation gt 28°C the presence or absence of F. selanacearum
was daetermined on the basis of colony marphology {Granada and Sequeira,
1975).

To determine rates of multiplication of P. solanacearum in potato tubers,
a direct injection method, similar to that described by De Bosr and Kelman
{1978}, was used. Tubers were surface-sterilized, as indicated above, and
10 ni of bacteriai suspension, containing approximately 10° cells/ml, was
injected into each tuber with a microliter syringe {Hamilton No. 705}. The
needle was inserted 2 em deep and the suspension was delivered as the
needle was withdrawn,; two inoculations per tuber were made. Circles
were drawn with indelible ink around the inoculation points. At various
imtervals, a cylinder of tissue {2.5 cm long) containing the inoculation site
was removed with a sterile No. 4 cork and then ground with sterife mortar
and pestle in 10 ml of distilied water, Log,, dilutions were prepared and 0.1
mil samples were spread on a plate of T2ZC and the number of typical A
sofanacearum colonies was determined after 48 b incubation at 30°C.

Results

influance of Temperature on Tuber Infection

To determine whether temperature influenced the amount of tuber
infection, the cultivars Mariva {tolerant) and Molinera (resistant) weare
grown under warm {24-28°C) or cool {12-22°C) conditions in soil infested
by each of four strains {two of race 1, two of race 3) of P. sofanacearum. All
tubers from 10 plants of each clone wera harvestedand classified {visually)
as infected or aspparently healthy, percentage infection data were
transtormed to degrees and significant differencas were determined by the
analysis of variance method.

Potato cultivars grown under warm conditions had diffarent amounts of
tuber infection {Tabie 1), but those grown under cool conditions yielded no
apparently infected tubers. Under warm conditions, cultivar Mariva had
more infected tubers when grown in soifl infested with the race 1 strains
than in soil infested with race 3 strains. The reverse was true for cultivar
Molinera. However, the cuitivars did not differ significantly in thair
response to different strains or races of the pathogen.
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Table 1. Incidence of stam a