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Preface

A century has elapsed since the appearance of the pioneering re-
ports by Burrill, Wakker, and Savastano on plant diseases caused
by prokaryotes. A great deal has been learned in the intervening
years about these diseases and their bacterial causal agents.
Publication of The Prokaryotes at the end of 1981 provided a ve-
hicle for summarizing the centennial status of certain aspects of
phytobacteriology, mainly those aspects indicated by the work’s
subtitle (A Handbook on Habitats, Isolation, and Identification
of Bacteria). Although particular plant diseases, per se, are not in
the purview of The Prokaryotes, the community of phytopatholo-
gists seemed to find the chapters on phytopathogenic bacteria
sufficiently useful to warrant repeated requests for a work de-
rived from this Handbook consisting solely of material on phyto-
pathogenic bacteria. Phytopathogenic Bacteria is the result.

The chapters selected for inclusion in this volume are those
dealing exclusively with phytopathogenic bacteria. It was not fea-
sible to include certain highly relevant portions of other chapters,
the main contents of which were primarily on nonphytopatho-
genic bacteria. For example, an excellent treatment on phyto-
pathogenic species of Streptomyces can be found in Chapter 156
of The Prokaryotes. Unfortunately, it was not possible to include
in this volume the entire 68-page chapter on the genus Strepto-
myces, and no inexpensive method could be developed for excis-
ing the three or four pages (plus their specific literature citations)
relevant to the present volume. Chapter 4 (included in this vol-
ume) bears a long table (Table 1, pages 126-128) that cross-refers
items such as the aforementioned Streptomyces example. The Ta-
ble of Contents of the entire Handbook, which is found at the end
of this volume, should aid in locating the desired information in
The Prokaryotes.

Several measures were taken to keep the costs as low as possi-
ble to permit use of Phytopathogenic Bacteria as a textbook. No
updating or other textual alteration—which would have necessi-
tated new and costly typesetting—has been undertaken. The
original pagination has been retained, a measure which should
also reduce bibliographic confusion. Indexes of the same high
quality as in the unabridged Handbook have been prepared; natu-
rally, they cover only the material in this volume. It should be
noted that one of the indexes covers all authors of the extensive



iv

Preface

original literature cited in each included chapter, providing there-
by a veritable vade mecum for phytobacteriologists. The other
index is by subject, including names of microorganisms and prac-
tical details such as recipes of culture media.

The Handbook is both didactic and practical. Each chapter
provides a text in the indicated area. In addition, most chapters
include up-to-date recipes for media and reagents, directions for
laboratory and field procedures, and other technical details; these
practical items are marked by distinctive marginal grey bars.
These bars serve not only to keep the eye of the worker focused
upon the procedure when the volume is being used as a “‘cook-
book” on the laboratory bench, but also to aid the reader in skip-
ping over such practical details when the text is being scrutinized.

The scientific enterprise is a dynamic one. By the very nature
of the cumbersome technology whereby scientific works are
nowadays published by mechanical means (i.e., composed, print-
ed, and bound between covers), there must be a time-gap be-
tween the advancing edges of the scientific discipline and the tex-
tual material frozen in black-on-white. Experienced teachers
know how to bridge such gaps by turning to the well-known pri-
mary and secondary periodical literature in both bacteriology and
phytopathology (alas! there is not a periodical dealing mainly with
plant bacteriology). However, it might be useful to record here
the titles of three current or forthcoming books containing materi-
al either a bit more recent than this volume or presenting views of
phytobacteriology outside the scope of The Prokaryotes:

Lozano, J. C. (ed.). 1982. Proceedings of the Fifth Internation-
al Conference on Plant Pathogenic Bacteria, Cali, Colombia,
August, 1981. Cali, Colombia: CIAT. Columbia, Missouri: Uni-
versity of Missouri.

Mount, M. S., Lacy, G. H. (eds.). 1982. Phytopathogenic pro-
karyotes. New York, London: Academic Press.

Starr, M. P, Klement, Z. (eds.). 1984. Bacterial phytopatho-
gens. Budapest: Akadémiai Kiado.

Many people are involved in the making of a book. Since this
volume derives from the Handbook, the appreciative remarks
made by the Editors in the Preface of The Prokaryotes are hereby
extended to the present enterprise. In addition, I must record my
gratitude to the following persons: Phoebe Betty Starr, who once
again aided in her meticulous way with manifold details connect-
ed with this volume; Jean Marie Schmidt, whose hospitality at
Arizona State University, Tempe, provided the necessary ambi-
ence while I was on sabbatical leave from the University of Cali-
fornia, Davis; and the designers and manufacturers of the compo-
nents of a word processor consisting of a TeleVideo TS-802
microcomputer, a C. Itoh F-10 printer, and a Perfect Writer pro-
gram (all of which eased immeasurably my pecking out whatever
had to be “‘typed”).

Mortimer P. Starr
December 1982
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CHAPTER 4
Prokaryotes as Plant Pathogens

MORTIMER P. STARR

The phytopathogenic bacteria are, in the main,
rather ordinary bacteria. They are exceptional pri-
marily in their ecological relationships: They live in
and around plants in which they cause infectious
diseases. Most kinds of plants are subject to one or
more such diseases, which range in economic im-
portance from considerable to negligible.

Certain historical and conceptual factors have
been decisive in fashioning the notions held about
phytopathogenic bacteria and, hence, in determining
the methodological approaches used in isolating
them from their plant and other habitats and in
studying them. For this reason, some of the more
important of these historical and conceptual factors
will first be discussed, emphasizing those issues
which have had significant effects on methods used
in isolating and identifying the phytopathogenic
bacteria and in gaining an understanding of their re-
lationships to plant and other habitats.

Historical Background

The latter half of the nineteenth century was an ex-
citing period in the history of infectious disease. One
after another, microorganisms involved in the major
diseases of man and other animals were isolated in
axenic culture and rigorously proved to be the actual
causal agents of these diseases. Many fungi were
also conclusively shown to be the primary causes of
infectious diseases of plants. The same approaches
were applied to several bacterial diseases of plants,
and by the 1880s the bacterial etiology was unmis-
takably demonstrated in the cases of fireblight dis-
ease of pears (Burrill, 1882), yellows disease of
hyacinths (Wakker, 1883), and olive knot disease
(Savastano, 1886). By the end of the nineteenth
century, over a score of such disecases had been
shown conclusively to be caused by bacteria, and the
first cases of what are now known to be virus-caused
diseases of plants were uncovered.

Despite this mounting and unequivocal evidence,
curious denials appeared—usually in the form of
declarations to the effect that the primary causes of
these diseases were fungi and that the bacteria were
inconsequential secondary invaders. A particularly

strong stand in this direction was taken by the influ-
ential German medical microbiologist, Alfred
Fischer (1897, 1900):

With the exception of the root-nodules of the Legumino-
sae, we know of no single instance where bacteria invade
the closed, living cells of plants. . . . The only organisms
whose entrance [into plants] is accompanied by any danger
are those whose spores contain sufficient reserve nutri-
ment to enable them to germinate in pure water, to grow at
first without food, and open the attack on the [plant] cell-
wall at their own expense. Such are the spores of the para-
sitic fungi. . . . Bacteria are totally unable to act in this
way, and the uninjured plant is impregnable to their at-
tacks. . . . Notwithstanding these well-known facts, there
appear time after time descriptions (generally insufficient
enough) of the new ‘‘bacterial’’ diseases in plants. Bacte-
ria, it is true, are often found in diseased plants in enor-
mous numbers, but they are living metatrophically only,
living on tissues that have already been disintegrated and
decayed by parasitic fungi . . . [and] the first attack on the
plant is always made by fungi. . . . All the cases of so-
called ‘‘bacteriosis’’ in plants, from the ‘‘gommose bacil-
laire’’ of the vine down to the ‘‘schorf’’ of the potato, are
primarily diseases of nonbacterial origin in which the bac-
teria are present merely as accidental invaders.

This opinion was eloquently challenged by Erwin
Frink Smith, an eminent American plant pathologist
and bacteriologist. Smith had shown—in still un-
surpassed, meticulous, and detailed pioneering
studies (Smith, 1895, 1896, 1897)—that the bacte-
ria he had studied could indeed cause several impor-
tant plant diseases. A public polemic ensued (Smith,
1899a,b, 1901; Fischer, 1899) in which Smith’s
forceful rhetoric and impeccable logic, bolstered by
a mountain of experimentally determined fact, de-
molished forever the prejudiced notions of Fischer.

The early workers with phytopathogenic bacteria
were primarily disease-oriented plant pathologists,
whose main microbiological expertise pertained to
mycology. The often inappropriate methods they
used for studying phytopathogenic bacteria con-
sisted of curious mixtures of procedures used by
plant pathologists for phytopathogenic fungi plus
techniques employed by medical scientists in the
emerging science of medical bacteriology. This
methodological impropriety led to some early de-
scriptions of phytopathogenic bacteria which—by
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modern standards—are incomplete, inaccurate,
and/or irrelevant. The introduction of more appro-
priate bacteriological methods into bacterial phyto-
pathology was the work of a few pioneering spirits.
The most notable of these is Smith, whose several
books (Smith, 1905, 1911, 1914, 1920) and hun-
dreds of research papers and monographs —which
can be traced through a biographical memoir (Jones,
1939)—Ilaid a rational foundation for the method-
ological corpus. Smith, a towering intellect
and experimentalist of prodigious productivity —the
subject of an excellent biography (Rodgers,
1952)—introduced numerous novel procedures into
phytopathogenic bacteriology, many of which are
still used today. Other pioneers, whose methodolog-
ical contributions during the first half of the twenti-
eth century are notable, include Elliott (1930, 1943,
1951), Stapp (1956), Ark (1937), Israilski (1955),
Burkholder (1930, 1939, 1948), and Dowson (1949,
1957). All of these individuals were basically plant
pathologists with a strong expertise in bacteriology.

An explosive worldwide development of the
field, evident during the 1950s and 1960s, continues
unabated today (see, for example, Maas Geester-
anus, 1972; Station de Pathologie Végétale et
Phytobactériologie, 1979). Nowadays, most good
university departments and research institutions of
plant pathology include one or more expert bacteri-
ologists who are also competent phytopathologists.
However, another trend can be perceived in that
there are sometimes bacteriologists and biochemists
who work with phytopathogenic bacteria without
knowledge or appreciation of plant pathology and
without adequate liaison in phytopathological mat-
ters. One must never lose sight of the fact that the
major uniqueness of phytopathogenic bacteria re-
sides in their ability to cause diseases of plants.

Conceptual Issues

Several historically determined conceptual issues of
considerable significance need first to be considered
for a proper understanding of the present methodo-
logical art pertaining to the phytopathogenic bac-
teria.

Diversity of Phytopathogenic Bacteria

The early polemic between Smith and Fischer has
already been noted. Once the ability of certain kinds
of bacteria to cause infectious disease of plants was
firmly established, no further questions have been
publicly raised on this general point. However, from
time to time, one sees the effects of the derivative
issue inherent in the operative words ‘‘certain kinds

CHAPTER 4

of bacteria’’ in the previous sentence. Practically
every phytopathologist and bacteriologist now be-
lieves that certain kinds of bacteria do indeed cause
particular plant diseases and, of course, nobody be-
lieves that all kinds of bacteria cause infectious dis-
eases of plants. Nevertheless, the view that only
very few bacterial sorts are to be expected as the eti-
ological agents in plant diseases has perhaps stultified
the uncovering of new sorts of phytopathogenic
bacteria. This factor is exemplified by the long delay
before ‘‘mycoplasma-like’’ and ‘‘rickettsia-like’’
organisms were shown to be phytopathogenic (Hop-
kins, 1977; Maramorosch, 1974; Whitcomb and
Tully, 1979; this Handbook, Chapters 163, 167, and
169), even though some of the plant diseases caused
by these bacteria had been well-known phytopatho-
logical entities for decades. Since few of these plant
mycoplasma-like and rickettsia-like creatures have
yet been cultivated axenically (apart from the plant),
a methodology quite different from standard plant
bacteriology is involved. The same might be said for
several of the other uncommon sorts of phytopatho-
genic bacteria listed in Table 1.

The lesson to be gleaned from this note is the
necessity for plant bacteriologists to be alert to the
possible existence of nonstandard or even novel
bacterial phytopathogens and, consequently, eclectic
in their methodology. They must also be certain that
they are working with the actual etiological agent of
the disease under investigation! In connection with
this latter caveat, it might be instructive to mention
three recent cases. The long-sought etiological agent
of Pierce’s disease of grapevine has now been shown
to be the Gram-negative, °‘rickettsia-like’’ (but
cultivable) organism isolated by Davis, Purcell, and
Thomson (1978), rather than the Gram-positive
Lactobacillus sp. that was earlier announced as the
pathogen (Auger and Shalla, 1975; Auger, Shalla,
and Kado, 1974), which is now known to be a
nonphytopathogenic inhabitant of the leafhopper
vector of the actual Pierce’s disease agent (Latorre-
Guzman, Kado, and Kunkee, 1977; Purcell et al.,
1977). The mycoplasma-like organism thought to be
the cause of a pea disease has now been shown to be
a contaminant or an artifact, ‘‘probably vesicles of
host-cell membranes enclosing cytoplasm, ribo-
somes, and DNA-like strands’’; the Mycoplasma sp.
isolated from the diseased plants probably *‘orginated
from animal rather than plant sources’’; the etiology
of the ‘‘pea disease may have been viral rather than
bacterial’’ (Hampton et al., 1976). The etiological
agent of cadang-cadang disease of coconut has been
thought, in recent years, to be one of the currently
fashionable mycoplasma-like or rickettsia-like enti-
ties; however, the latest words on the subject are that
‘‘prokaryotes probably have no primary role in the
disease [and that] a virus or viroid is the most proba-
ble cause of cadang-cadang’’ (Randles et al., 1977).
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Disciplinal and Nomenclatural Insularity

For decades following Burrill’s report on the bacte-
rial etiology of fireblight disease of pears, the
phytopathogenic bacteria were studied exclusively
by plant pathologists—usually in facilities physi-
cally quite separate from those devoted to other
areas of bacteriology. There was little intellectual
contact between bacterial phytopathologists and
other bacteriologists: Their papers were published in
different periodicals; they attended different scien-
tific meetings; the paths of phytopathologists, ani-
mal pathologists, and bacteriologists rarely crossed.
Although the barriers have been breached somewhat
in recent years, they have by no means disappeared.
This disciplinal insularity (Starr, 1979) has had
important methodological consequences, such that
the phytopathogenic bacteria were usually studied
by methods quite different, for example, from those
used by the then dominant (medical) bacteriologists.
It is not surprising, given these circumstances of
disciplinal insularity, that the early bacterial taxono-
mists practiced a derivative nomenclatural insularity
by erecting separate taxa for the phytopathogenic
bacteria, segregating them from all other bacteria
solely on the basis of plant pathogenicity. For ex-
ample, the first edition of Bergey’s Manual of De-
terminative Bacteriology handled the phytopatho-
genic bacteria by placing all of them in a tribe
Erwinieae, defined simply as ‘‘plant pathogens’’
(Bergey et al., 1923). The effects of this ‘‘Erwinieae
notion’’ remain with us today.

The ‘‘New Host—New Species’’ Cliché

From the earliest times until quite recently, there
was an unfortunate practice —when reporting a pre-
viously undescribed bacterial plant disease —of pre-
senting an inadequate description of the ‘‘new’’
bacterial species. Usually no, or only feeble, at-
tempts were made at direct bacteriological compari-
son with possibly related species. More deplor-
able—and much less understandable—are the
equally feeble attempts to explore rigorously the
range of plants that could be infected by the *‘new”’
species. In fact, the usual emphasis lay in ‘“‘prov-
ing”’ the uniqueness of the ‘‘new’’ species by over-
weighting the significance of its isolation as the
causal agent of a disease in a ‘‘new’’ (i.e., previ-
ously unreported) kind of plant. It is, therefore, not
particularly surprising to a contemporary microbiol-
ogist, when these hundreds of *‘species’” are scruti-
nized comparatively, to discover a chaos of probable
synonymy that no bacterial taxonomist—regardless
of his splitter tendencies—could find satisfactory.
The variability in bacteriological traits exhibited in a
direct side-by-side comparison of individual clones
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(‘‘isolates’’) of a particular ‘‘species’’ is frequently
as great as that shown among different ‘‘species’’.
This has been documented from the earliest days to
the present, though many of the writers overlook this
obvious interpretation of their own data by their
uneritical acceptance of the ‘‘new host—new spe-
cies’’ cliché.

The firmly entrenched ‘‘new host-new species”’
notion resulted in the publication of many new
“‘specific’” names each year during the first half of
the twentieth century. The problem was considera-
bly aggravated by an attitude that the ‘‘new’’ bacte-
ria, even when observed to be similar in bacterio-
logical characteristics to named species, somehow
deserved designation as distinct species merely be-
cause they had been isolated from different host
plants. The promotion of truly unique phytopatho-
genic varieties and special forms to the rank of a sort
of ‘‘practical’’ species might be tolerated. Unfortu-
nately, in entirely too many cases the effort made to
determine the phytopathogenic specialization (host
range) of the ‘‘new’’ bacterial species was as non-
existent or ineffectual as was the bacteriological
comparison (this Handbook, Chapter 62). The com-
mon errors and omissions included absence of di-
rect comparisons with already named bacteria, fail-
ure to control the choice of horticultural varieties
used in testing pathogenicity, unconcern over the
preparation and condition of the inoculum, indiffer-
ence to the site and mode of inoculation, inattention
to the physiological and environmental situation of
the host plant during the infective incubation period,
and bias in the reading and evaluation of the patho-
logical response.

Terminological Problems

Infectious diseases of plants constitute a particular
kind of organismic association, one between antag-
onistic bacteria and plants. The terminology now
used for describing this sort of organismic associa-
tion has been borrowed largely from medical pa-
thology and invertebrate zoology. This practice has
had unfortunate consequences, because the associa-
tions to which the borrowed terms have been applied
often are different in format and bases from those for
which the terms had originally been used. This
terminological confusion pervades all areas of orga-
nismic associations, and there have been few serious
attempts to rectify the situation (Starr, 1975a,b). A
particularly useful effort to clarify the terminology
pertaining to plant Jiseases has been made by Hall
(1974).



Lud

(LLen) ‘gon[q
‘e 19 squif {(zz61) {ymO][o4
S6 alepey) pue ueig QATBIUSULID ‘auoN 8606 Spoy SNOYINISJ - 8 vruImLy
(1red ur) SM0]RA
201 ‘S6 (cL61) 2ynf pue Suimyg prmig Jo wAuoukg ‘auoN 8605 spoy Snoyomuag - 8 42100q0191u7
wn21opqaukio;)
lo/pue yurd
(ZL61) eyedewoy 4219DGo.1y1Y ‘a3uelo SIUSWSR PI0220d
P11 ‘141 pue eprurex Jo wAuoukg ‘MO 1L.—99 SpoI uoyg [essjey i+ Ll wn1L3190q014n7)
"dds vip.woop pue
‘Wn100qo1nyy ANq
(SL61) ereInpy 4310Dqoay14y {pMO[ak SULOJ- A
vl TPl ‘1vl pue ‘jopuepy ‘Le)g sapnpouj ‘o3ueio ‘auoN SL—S9 moE&oEooE Tejod ‘suoN Fi4 L1 wn2190qaulio;r)
(1L61) 031yg pue
8¢ ‘BZUISO)) ‘YoImauelg Slqoiseue Apoing QUON ¥$-7¢ sazodsopua ‘spoy SNOYILILID] o+ Sl wnip1isol))
(LLen)
JB[OUIS PUE “100,]
Sel ‘UL, (6161) WUBIJOA Jlqory SUoON -ty sa1odsopus ‘spoy SuoydIuSg + ST snjpovyg
(ired ur)
wniia1ovqorny) pue
wnia100qauki07)
Jo wkuouAs pquid
‘sisauagoydiow ‘a8ueIo BUElETE] [eIa)e]
€P1 TP ‘1Iv1 (2961) 11§ pue uyny SNO200 «> POy IMO[[PX GL—89 P102202 spoy ‘refod ‘ouoN Fi+ LT 421000411y
— (0L61) Amgpe1g eI 26 SpoI proaQ GRUON - ¢ 4210090uD)dy
o2y jo
woIquis
[eURIOBqOURAD
6L61) ‘Burxy-2N
TI ‘s URUWLIOY pUB UOIMAN ‘orydonojoyy u3I13-an[g SUON — puaDqOUY
(6L61) noourddry siowmn; juerd
89 pue poourddry asnes sulog UON £9-09 Spoy snoyomIag - L winL2100qo48y
(9L61) aury «sL61) eLI9108q
+9 IopJ10)d pue yoeqyoy . Jedauy, QUON 99 spoy Te[od - L ¢SDUOWO0120Y
umolIq
(9L61) su1y (9/61) BLISIORq oud suou
9 IJJ191d pue yorqyoy Tedourp ‘SuoN $9-6S spoy 'SnoyoLnLIag - L 4219090120y
Yoogpuey saouaIajar Aoy Syreway uonwuamSig (%10w) A3ojoydiopy uoneagelg ureys 2Med sureu [eiAL
sy o2+D ure1in 10 snuan)
‘(Sradeyn

‘snuad yoea jo

Sammiesy Jusifes awos pue ‘paserd are (BLI308q pajeroosse-jued ‘[nyuurey Ajqissod ‘I3y10 pue) euspeq smagoyedoikyd goigm

Ul BISUSD ] 9[qBL



201 ‘L6

€91

L9

€91 ‘t¥1

09
€91

201

AR}

SS1 ‘el

L91

9L

(43!

68

(8L61)

1B} pue ‘oW

Quown (LL6T)
‘Te 19 oW

(LL61) surydoy
{(pL6T) YosoIowrIRIN

(0961) uoxIq
(LL61) premAeq
pue ‘opyea]

‘ronrap, (9/61) BAION

pue ‘xepy ‘odse[ro

(zL61) Holopnod
pue 1uoIa[[ed

((8L61) uosdwoyy
pue ‘[[32ing ‘stae(

(Sv61) 29pIBM

{6L61) ‘Te 10 oredureg
(LL61) UDRIUIN
pue MO[[3}Jpo0nH)

(SL61) R
puE ‘[opuBIy ‘1re1s
6L61)

Ay, pue QUOYM

(PL6]) YOSOIOWRIBI

(sL6D)
SUIUUSH pue SNYIZ

(8L61)
Ipa1L, 13q PU®
‘Kan0), ‘ureyeire)

(1161) uoisuyor

(ared ur)
pruimag Jo WAUOUAS
Fe[n[[aoenul
‘a[qeAnnOuUN)
paxy st
N yorym ut
sjueyd snourmn3oy
Jo sa[npou
1001 $3sne))
awos
-osow Juaurword
‘wI0JaukI00
‘J[qeAnnouy

SANEPIXO
3[qeAD[Nd Ing

L I-BISHOYITY,,
(yred un)

pruimig Jo WAUOUAS
SuayoI|
awos jo jusuod
-wod [eualoeq
-ouekd ‘Furxy

<N ‘orydonoloyq

-dds
wn142190qaulio))

paifea Aqensn

Te[njjaoenul
‘a[qeAn[noun)
JuBYIoW ULIO]
‘o1qorerue A[OLNS
syuerd
snourmmgsy-uou Jo
S3[npOU 1001 Ul
Surxy-4N ‘a[qea
-nnoun Aurepy
joIpnq
U020 () sasned
SOATIRIUIULIDJ

auou ‘pay

QuoN

49014
‘usa1d
QUON

JuON

JuoN

suou
¢ P8uRIp

SuoN

JUON

SUON

65¢S

£9-65

0L—8S

8605

L9—¢€9

0P €T

1606

spoy

spor Aulj,

sproisoeq,,
‘spoy

ce

spo1 Suiyouelg

spoy
spoy

spoy

yuswgesy
1Ry} SHULW
-B[Y pIemo)
Kouopuay ‘spoy
[rem 120 ou
‘rewss A13a
‘orydiowos|q

Spod

SpI0Ia)oRq
RN

Spod

SNOYOLIIS]

JuoN

rejodgns
SNOYSILIDJ

UON

Tejod
JuoN

SNOYOLILIdD

QuoN

SuON

SUON

JuoN

SuON

SNOYDLILIA]

81

LT

61

el

L1

DUDLIAS

IYI[-BISTORY

wniqoznyy

Juage oseasip
Sunums uooyey

SDUOWIOPNIS ]
juade
358ISIP §,20091d

wniia100qo10ad

20I1SON

DIP4DION

ayu-ewse]dodk I

Wn142190qouUDYII W

DIyuDL

DIYOLIYIST



(L61 ‘seuear) sapureyosesKjod sidonoxtyy,

(LL61 1B 19 meg) sywowSid ( urpeuowomueY,,) udkjod-jAre ‘pajeuRuOIq ‘PIOUANOIBIUON],

"(TL61 ‘33oIopno( pue ruordfeq) siswsid swizeusyd 1o/pue sjuswdid JusdsaIONY-UAIT ‘I[qNIOS-INBA 4

‘sauiaaderd Jo asessip s, 3a1s1g

Jo uade [es1301000 9yl 3q 03 JY3noy) UG A[SNOUOLIS Pey YoM ¢ds snjj19Dqo1DT 10 wnia1ongauiio) aulog-1addoyyes] ayy SuipreSar uoyemis oy $a10U 1Xa) AL,
"(8961) 91993d,

“(PL6T) SWq0Y

'(9961) SSnUIYJRUY pUR ‘SUISO)) ‘LIS ;5

“elep paysiiqndun ‘SISYIO pue ‘pUB[I[[L) "D "] ‘SAMAIPUY O 'V ‘LIS d "W/

“(§961) " 10 wyny,

"(bS61) Sy pue ‘umyg ‘uasiadeg H(gSe1) wiaisiadeg pue ueig,

‘(1jndod -y 10§ pauodas 10u) D40

%10W 9°69—[ 79 SeY YN S pue ‘(paje[jaSeye 10u) pare[[adey Aprejod pue ‘(paio[od weald jou) pajuswidid mojjek st yndod “x 83 !yndod ‘y 103 (0L61 ‘Amgpeig
I9)3e) 219y UAAIS yey) woly A[[enueisqns SIHIP (6L6] ‘9PRY pue 9pry) indod “x jo uonduosap sy -sontadord femimo pue ‘repnosjour ‘[es130[0Iss Jo siseq ay) o yndod
"X Se spuowoyupy snuag 3y} 01 (6L61 ‘9PRY pue 9pry) paudisse Apuadar sem ‘yndod 'y *1210vqouppdy snuag oy ur Apuenno sonads oruafoyiedolfyd offurs sy ,
“4219Dqou0INEH) SNUAF Y} 0} PILIAJRI SSWNAWOS ,

(9GL61) 1RIS AQ Passnosip SI SANNUS JIUIOUOXE} 3S3Y} JO dInjeu

YL . Sued,, PI[Ed aXe (/6] ‘SUOGQID puB UBURYONG) £807014210Dg 2a1mutia1a(] fo jpnungy § £28.4ag Jo uonips YYSIS oy Ul BLI3IOEQ Y JO SUOISIAIPGNS Jofew Y[,

(€L61) wdWIS
79 1Ie)S pue BIRINA snoidod suuo.g L MO[[3K 69-€9 spoy Te[od — L spuowoyuDY
(1L61) 2194nuqe]
“(y961) ZeqI0) BIPIUOD
961 ‘evl {(6S61) uBWISYRA J[qeues £L-69 BLIERIS N ELTIN + L1 saokwoida.g
6L61)
Al pue quiosyym
{(LL61) 'Te 30 ATIML SABIGIAA 0} ifem isrmowt
691 (pL61) yosolowreIely os[e omwadoyled SUON 97 1195 ou ‘[edijoH mq ouoN — 61 pwspydodg
joogpuey S30URISJAI Aoy SyIRWaY uoneuswdig (9p0ur) ASoroydiopy uoneader] urels oHBd SWEU [BIALL
sIg J+H wein I0 snuan

‘(s)radeyn

(pamuuo)) ~snuad yoes Jo 1ML JUAl[Es dwos pue ‘pade[d sIe (eLaldeq pajersosse-jueld ‘nyuuey Aqissod Iayio pue) eLLoRq dwadoyredoiyd yowgm ur vIoUSH | 9[qE]



CHAPTER 4

Genera in Which Phytopathogenic
Bacteria Currently Are Placed

The generic assignments of phytopathogenic bacte-
ria have been influenced by the disciplinal and taxo-
nomic insularity alluded to above. Although the ear-
liest assignments were in accordance with the
nomenclatural scheme of the medical bacterio-
logists —see Elliott (1943) and Starr (1959) for his-
torical summaries—the insular system put forth by a
committee of the Society of American Bacteriolo-
gists (Winslow et al., 1917, 1920) was adopted by
the editors of Bergey’s Manual of Determinative
Bacteriology (Bergey et al., 1923) and held sway for
a half century. This system involved segregating the
phytopathogenic bacteria from other bacteria solely
on the basis of phytopathogenicity. Thus, the first
edition of Bergey’s Manual contained in the family
Bacteriaceae a tribe Erwinieae, the total description
of which was ‘‘Plant pathogens’’ (Bergey et al.,
1923). This tribe Erwinieae was, in turn, divided
into two genera: Erwinia (‘‘Motile rods, possessing
peritrichous flagella. The rods are white and a few
species form pigment.’’) and Phytomonas (‘‘Rods,
yellow and white, motile and non-motile, the motile
species possessing either mono- or lophotrichous
flagella. May or may not form yellow pigment.’’).

Decidedly strange taxonomic bedfellows were
thrown together by this Erwinieae notion, which
gained the remarkable and negative accolade of the
following terse acknowledgement (cited by Jones,
1939) from the usually verbose gentleman—Erwin
F. Smith—who was thus commemorated: ** . . . the
species I have mentioned ought not to be put into
one genus (Erwinia) simply because they are plant
parasites.”” By 1930, Burkholder (1930), who had
set up a comparative study on a grand scale, had
sorted out the major groups of bacteria that had pre-
viously been lumped into Phytomonas; further re-
finements are seen in his 1939 paper (Burkholder,
1939), which suggested division of the genus
Phytomonas into several ‘‘groups’’ whose affinities
to genera of nonpathogens are specified. With the
recognition that the bacterial genus Phytomonas was
homonymous with a group of protozoan flagellates
in apparent conflict with international nomencla-
tural regulation (Elliott, 1937), new generic names
for Burkholder’s groups were desirable. These for-
mal generic designations were forthcoming from
Dowson (1939, 1942, 1943), Conn and Dimmick
(1947), and others, leading to the reassignment of
the bacterial phytopathogens to an assortment of
genera in the sixth (Breed, Murray, and Hitchens,
1948), seventh (Breed, Murray, and Smith, 1957),
and eighth (Buchanan and Gibbons, 1974) editions
of Bergey’'s Manual. Table 1 lists these genera, the
major taxonomic subdivisions (called ‘‘parts’’ in
that edition of the Manual) to which each genus be-

Prokaryotes as Plant Pathogens 129

longs, and some salient features of each genus. In
some cases, a genus listed in Table 1 may not be
treated as a repository for phytopathogenic bacteria
in the eighth edition of Bergey’s Manual; in others,
the claimed phytopathogenicity is perhaps dubious.
Individual treatments —referenced here in Table1l —
regarding each major genus that contains phyto-
pathogenic bacteria appear separately in the appro-
priate sections of this Handbook.

Habitats of
Phytopathogenic Bacteria

In terms of habitats, most phytopathogenic bacteria
are known—principally or solely—as antagonistic
inhabitants or associants (‘‘parasites’’ in conven-
tional terminology; Starr, 1975a) of the plants in
which they cause infectious diseases. Much of the
extensive primary literature on this topic can be
traced through monographs and textbooks, most of
which are either limited in scope or now somewhat
outdated (Dowson, 1949, 1957; Elliott, 1930, 1951;
Gorlenko, 1965; Israilski, 1955; Maas Geesteranus,
1972; Rangaswami, 1962; Smith, 1905, 1911,
1914, 1920; Stapp, 1956, 1958; Station de Patholo-
gie Végétale et Phytobactériologie, 1979; U. S.
Department of Agriculture, 1960). Abstract jour-
nals, such as the Review of Plant Pathology, provide
another means for entering the literature. Further
information about the diseases caused by each major
kind of phytopathogenic bacteria will be found in the
chapters of this Handbook (referenced here in Table
1) dealing with the individual genera. Some of these
plant diseases are known to be mediated by phyto-
toxins elaborated by the phytopathogenic bacteria;
current knowledge in this area is summarized by
Strobel (1977).

Phytopathogenic bacteria have been infrequently
sought and even more rarely found with certainty in
habitats other than the diseased plant or immediately
adjacent loci. One major reason for this limitation
probably lies in the lack, until quite recently, of
adequate selective media and determinative criteria
whereby such organisms might be isolated, identi-
fied, and enumerated. Another reason is the seeming
inability of some phytopathogenic bacteria to persist
in nonphytopathological habitats for extended peri-
ods (Schuster and Coyne, 1974, summarize the little
that is known about this subject). In general, most
reports on the persistence (sometimes, overwinter-
ing) of phytopathogenic bacteria in nonphytopatho-
logical situations deal with their occurrence on dor-
mant plants and in the soil (usually soil adjacent to
diseased plants or plant residues). Occasionally,
other habitats have been explored; e.g., feces of
sheep that had been fed on beans infected with
Pseudomonas phaseolicola (Starr and Kercher,
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1969), packinghouse waters (Segall, 1971), vector
and other insects (Carter, 1962; Oldfield et al.,
1977), and asymptomatic host or nonhost plants
(Goto, 1972; Leben, 1965; Miiler and Schroth,
1972). The ‘‘normal’’ (i.e., assumedly nonphyto-
pathogenic) bacterial flora of plants has come in for
some attention in this connection (Crosse, 1971;
Gibbins, 1972; Dickinson and Preece, 1976; Mundt
and Hinkle, 1976). Phytopathogenic Erwinia and
Xanthomonas spp. and possibly others are used in
industrial fermentations (Grossowicz and Rasooly,
1972; Jeanes, 1974); the fermentation plants thus
constitute another, man-made habitat.

Some phytopathogenic bacteria and some epi-
phytic (usually, but not always certainly, nonphyto-
pathogenic) plant bacteria have emerged recently as
important pathogens of man and other animals, usu-
ally as opportunistic pathogens of compromised
hospital patients (Starr, 1979). Several of the more
significant kinds of such nosocomial (hospital-
acquired) pathogens of man clearly relate to bacteria
that normally live on and/or infect plants: for exam-
ple, the members of the yellow-pigmented Erwinia
herbicola group (Schneierson and Bottone, 1973),
called Enterobacter agglomerans by some medical
bacteriologists (Ewing and Fife, 1972); various
Pseudomonas spp. (Cother, Darbyshire, and
Brewer, 1976; Gelbart, Reinhardt, and Greenlee,
1976; Kawamoto and Lorbeer, 1974; von Grae-
venitz, 1973; Wright, Kominos, and Yee, 1976; but
see Knosel and Nimitan, 1976); and Serratia
(Grimont, Grimont, and Starr, 1978). These plant-
associated bacteria and other opportunists that cause
nosocomial infections in man (von Graevenitz,
1977) are treated in the appropriate chapters else-
where in this Handbook.

General Remarks about Isolation of
Phytopathogenic Bacteria

Isolation of the more common phytopathogenic bac-
teria from fresh, diseased plant material is not a par-
ticularly difficult task because the populations of the
pathogens in the fresh, active lesions are high—both
absolutely and relatively to nonphytopathogens. In
most such cases, all that is necessary is to dissect
material aseptically from a fresh lesion, to macerate
it in a drop of sterile water, to check microscopically
for the presence of a uniform and abundant bacterial
flora of the expected morphology, and to streak the
material from the aqueous suspension onto one or
another of the selective and nonselective media
commonly used for that purpose. As already noted,
one must be alert to those less well known phyto-
pathogenic bacteria that require special culture
media or other unusual conditions (e.g., anaerobic
incubation), and even the existence of phytopatho-
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genic bacteria that cannot be cultivated axenically
(Table 1). All too often, the plates are overgrown by
the common epiphytic bacteria that abound on plant
surfaces (Dickinson and Preece, 1976), and the
‘‘pathogen’’ turns out on later scrutiny to be one of
these nonphytopathogenic epiphytes.

The situation changes drastically when the plant
material is not freshly infected and is possibly over-
grown by contaminating microbes (e.g., when it has
been in transit or storage for some time). Moreover,
it often becomes futile to try to isolate phytopatho-
genic bacteria from possible habitats other than in-
fected plants (e.g., soil, water, plant residues,
healthy plants and animals), because the art has not
progressed sufficiently to permit the desired selec-
tivity in resolving such heterogeneous microbial mix-
tures. In the detailed treatments of individual genera
that appear elsewhere in this Handbook, those
methods are emphasized that are suitable mainly for
the relatively simple function of isolating phyto-
pathogenic bacteria from fresh lesions. Where ra-
tional procedures (enrichment and/or selection) are
known, which are adequate for the more difficult
task of isolating phytopathogenic bacteria from
overgrown lesions or from other than plant habitats,
such procedures are noted separately.

General Remarks about
Identification of
Phytopathogenic Bacteria

It is not particularly difficult to determine the ge-
neric placement of the more common phytopatho-
genic bacteria when they have been isolated from
diseased plants or from soil and other habitats im-
mediately adjacent to (or otherwise related to) dis-
eased plants. In fact, provided the plant disease is an
already known one, it is a relatively simple and quite
common practice (but, in logical terms, a circular
one) to come to a reasonable identification of the
bacterium based mainly on knowledge of the phyto-
pathogenic habitat, demonstration that the disease
can be reproduced by experimental inoculation of
plants with the axenic bacterial culture, use of a few
bacteriological tests (such as those given in Table 1),
and reference to a host index of plant diseases (U. S.
Department of Agriculture, 1960).

There are at least three general situations in
which identification of phytopathogenic bacteria is
either difficult or well-nigh impossible: (i) when the
bacteria have been isolated from a habitat having no
discernible relationship to a known plant disease; (ii)
when a ‘“‘new’’ (i.e., previously unreported) plant
disease or symptom is involved; and (iii) when a
bacterial pathogen that is unrelated to one of the
common genera of phytopathogenic bacteria is the
cause of the plant disease under investigation. Ex-



