The History And Rediscovery
Of Citrus Canker In Florida

his article discusses the disease
Tknuwn gy citrus  conker, Asian
canker, or canker A, caused by Xanthio-
monas campestris py. citri. It is pot
concerned with the bacterial disease
first discovered in Florida citrus nurser-
ies in 1984, caused by an apparently
endemic (2) XNawthomonas bacterum
which causes a discase vanously named
as conker £, nursery form of canker or
citrus bacterial spot. This other Xantho-
menas pathogen was named X, camipes-
tris pv citri according to current rules of
bacteral classification, because it was
found on citrus plants. Because this
other bacterial disease was considered
be canker (7) or a furm of canker (8), an
action plan for eradicating it was impie-
mented by Florida state and federal plant
disease regulatory authorities in 1984,
The increasing publicity given to canker
following this new discovery. and the in-
tensified inspection efforts that ensued.
led o the rediscovery of canker A in
Florida,

Citrus canker has long been perceived
in the United States as an exceptionally
destructive disease {10}, depite its rela-
tive unimportance compared with other
diseases in most of the citrus-producing
counirics where it has long ocewmed.
The fear of canker began in Florida
some 75 years ago after the disease was
aceidentally introduced into the United
Stares on nursecy plants imported from
Japan about 1910 (I}, Following a
lengthy tree-burning campaign, canker
was declared eradicated in Florida in
1933 after no new cases were found for
six consecutive years { 10). In Texas, fol-
lowing a similar eradication campaign,
canker was last found in 1943 (10).

Surprisingly, there are no records of
anyone ever challenging the conclusion
veached tn 1933 that all the canker out-
breaks in Fiorida had been found and
that the disease was, thercfore, eradi-
cated. Yel, if one considers the nature of
the disease, its epidemiology, and the
difficulties of thoroughly inspecting the
foliage for canker l¢sions, paricularly
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on largee trees, it scems unreasonable 0
believe that canker disappeared from
Florida because of the eradication ef-
forts alone, The following question TRUSH
be asked Did canker really disappear in
Florida by 1933 ar did some remnants of
the disease remain after this ume? This
question needs 1o be serjously consid-
ered, even if it cannot be definitely an-
swered, The canker found recently incen-
tral Florida near the Gulf of Mexico
could just as logically sepresent a
remnant from the past as & more recent
introduction. It is necessary to ask
whether it is realistic to believe that the
canker pathogen could ever be eradi-
cated without first eliminating its host on
some massive scale. Furthermore, it 15
necessary 1o reconsider if canker could
everbe serious enough under Floridacon-
ditions to justify a prolonged, extremely
capensive and highly uncertain eradica-
tion campaign,

The main purpose of this aricle is to
consider these questions by, | - drawing
attention to some ke features of the dis-
ease, 2 - reexamining the old records of
canker ir: Florida, 3 - considering the be-
havior of canker in Argentina, where the
environmental conditions somewhat re-
semble those in Florida and whese the
disease has been present for some 23
vears, and 4 - referring 1o some observi-
tigns on the recent rediscovery of canker
on Flonda's Gull Coast, %

Some Key Features OF Citrus
Canker And lts Causal Agent

Canker appears on leaves, fruit and
siems as raised pusiules with a yellow
halo. The infection does not become
systeric: that 15, the canker bactena do
not move far from their point of entry.
Canker bacteria invade leaves only
while they are still young, bul generally
not before they have partially expanded,
Because of a delay in susceptibility,
there is little or no leaf distortion as char-
acteristic of such diseases as scab (£l
sinoe fawcenii) and melanose (Dia-
porthe citri) which attack shoot tips and
1=nv=5ta.s soon as they begin to differenti-

ate from the bud.

Defoliation [rom canker mostly oc-
curs while the leaves are still young.
While the defoliation caused by canker
sometimes causes dieback, this seldom
has any longterm impact on tree growth.
Loss of new growth can be rapidly com-
pensated for by growth of new shoots
from buds located below. Unless fre-
quently repeated, canker-induced defo-
liation has less impact on tree develop-
ment than a disease like greasy spot {4 v-
casphaerella ciiri} which causes abscis.
sion of older leaves during the fall and
winter, resulting in loss of vigor of the
spring growth flush, In most countries
where canker is endemic, it causes linle
or no tree debiditation, Essentally,
canker is economically significant as a
fruit disease. varying from a minor And
blemish to 2 more serious tind blemish
with varying amounts of fruit drop de-
pending on how conducive the climatic
conditions are for infection.

Fruit rematn susceptible to attack for
about 3 months after petal fall (9), and the
earlier the infection oceurs the larger the
resulting lesions. Fruit drop is more
likely to occur with early infection.
When the climate is relatively dry dur-
ing the first 3 months after petal fall,
(ruit infection is rare or absemt,

Water is essential for the release of bac-
teriz from canker pustules and a water-
spiashing action is needed for their dis-
persal. Water is also needed for host pene-
tration. Infection occurs mostly through
stomata but can also occur through
wounds. Wind has a major influence on
tisease severity. Wind specds above 10
mph during rainstorms greatly increase
the chances for infection (B). Fruit on
the side of a tree cxposed to wind-drven
rain develop more canker lesions than
those on the sheltered side of the same
tree. The planting of windbreaks on the
side of a grove exposed to wind-driven
rain is an important contrel measure in
countries where the disease can be sen-
pus {4,3). Old trees are less prone to
canker than young trees. This is partly be-
cause of the patural sheltering from wind
that occurs in groves of larger trees and
partly because younger trees flush more
frequently, thercby increasing the



chance of susceptible shuoots being
present when climatic conditions favor
attack

The Early History
Of Canker In Florida

Canker apparently originated with its
citrus host in East Asia. Canker was first
discovered in the United States in 1912
in Florida and the other Guif states (1), It
was accidentally introduced on some
citrug plants imported from Japan about
1910, At first, the disease was thoughe
10 be seab, bur in 1915 it was described
as a bacterial disease {3). In 1915, Ste-
vens (12) projected. without providing
any convincing data, that if canker per-
sisted it would be uncontrollable and
even kill trees, Herger (1) also expressad
serious concerns about the disease, but
qualified his remnarks by mentioning that
little fruit infection had been observed.
Growers expressed the greatest cancarn
i Dade County. Yet, the orly published
information on fruit losses 1 have been
able to find was by Sticling (13} in 1914,
In a T-year-oid Dade County grapefruit
grove, he estimated fruit losses from
canker at |2 boxes per acre. | found no re-
ports in the old Florida literature of any
consequential damage (o frees.

There seems to have been no scien-
tific basis in Flonda for declaring canker
a devastating disease. MNevertheless, in
May, 1915, following the enactment of
the State of Florida Plant Act and the for-
mation of the State Plant Board. a
canker eradication program was initiated
in conjunciion with the 1.5, Depart-
ment of Agrculture. Citrus nurserics
and groves were subsequently inspecied
regularly for canker. Part or all of those
nurseries thot had canker were destroyed
by burning. In proves, only those trees
which were observed to have canker
pustufes hed to be burned., Thus, the
measures used in infected groves were
much less drastic than in nursenes,

Back in the teens and twenties, canker
pusniies apparently were considered o
be conspicuous enouwgh for inspectors 10
readily find. Yet, some canker pustules
are less than 2 mm in diameter, so small
they could be missed even by close in-
spection. Theyellow halo that character-
izes canker pustules when young, re-
greens after a few months making it even
more difficult o locate the pustules.

MNursery inspections were apparently

done thoroughly enough 1o detect small
amounts of canker, but this was proba-
bly not the case in mature groves, New
finds of canker in groves dropped rapid-
ly from 191510 [916 (1 1), By this time,
little canker remained in the nursenes
and very few infected trees were moved

therealter into the groves (15),

Prior to December 31, 1916, 13,336
grove lrees were recorded with canker.
After that date and until the last find in
1927, only 1.907 further infected trees
were found, OFf these, 540 trees were
present in three adjacent groves at Buyn-
ton Beach in 1920, 373 frees were
present in I3 groves at Davie n 1922
and 85 were found in 1 single Fort Lau-
derdale grove in 1927 (1), Ifcanker bac-
teria were sble to spread rapidly in
groves and cause heavy infection, the dis-
eage would have spread widely in groves
before the planting ouwt of diseased irees
was stopped. Because it did not spread
widely or apparently persist in most
proves, it was probably mainly self
climinating., The discoveries in 1920,
1922 and §927 are interesting because
they coewrred after canker had been erad-
icated from the nurseries, Perhaps these
outbreaks represented a remnant from
earlier introductions which had been pre-
viously missed by the inspectors. After
canker was declared cradicated in 1933,
canker inspection surveys were cur-
tailed. This may explain why canker
was  not  found again  untl  the
mid- 1980s, after surveys were intensi-
fied and mare publicity was given to the
disease.

The History And Behavior
Of Citrus Canker In Argentina

In Argentina, there has long existed an-
other form of canker called canker B or
cancrosis B which may have orginated
in that country. Cancrosis B mostly af-
fects lemmons. It 15 congidered distinet
from canker A and will nou be discussed
here.

Canker A was not observed in Argen-
tina until 1964 (4). It is thought w0 have
seached that country via Brazil, where it
was first recorded in 1957 {10} after ap-
parently being introduced on flegally
imported plants from Japan. Cankér A is
now widely distributed in Argentina's
citrus-producing provinces of Misiones,
Corrientes and Entre Rios, but is pener-
ally of minor imponance,

The | Argentine  experience  with
canker is of parnicular interest to the Flor-
ida citrus industry because of similari-
ties in climate, production methods and
the commercial varieties grown, There
are, however, sufficient differences be-
tween the climatic conditions in Argenti-
na aod Florida to suggest that canker
would be even less troublesome in Flori-
da than in Argentina (147, Although the
rainfall in the canker-affected arcas of
Argentina is about the same as in Flori-
da. averaging 50 inches per annum, the
seasonal distribution is different. Rain-

fall during the eimergence of the spring
growth flush is more frequent than in
Florida {1}, Therefore, in Florida thers
is less possibility lor a build up of inocu-
lum prior to fruil development. Further-
more, rainfail in Florida during the first
month after petal fall is less frequent
than in Argenting (14). This would re-
duce the risks of carly infection in Flori-
da, with less chance of larger canker le-
stons being formed and of muoltple in-
lection cycles occurring on the same
fruit before it becomes resisiant (o at-
tack. Rainfall in the summer iz higher in
Florida than in Argenting but this would
mH promote fruil infection becuuss the
rind Becomes resistant by this lime.,

Another difference between Florida
and Argentina concerns wind speeds,
particuiarly when it rains. Sustsined
high winds [requently accompany rain-
storms i Argenting and this increases
the chances for pathogen dispersal and
infection. In Florida, even though gusty
winds are frequently sssociated with
rainstorms, relatively calm conditions
usually return soon afler the precipita-
ton begins.

The worst attacks of canker in Argenti-
nia pecurred in the 708 when rainfall was
sbout 50 percent above normal for sev-
eral conseculive vears (4). Substantial
fruit infection occurred in a few grape-
fruit groves, but Valencia oranges and
mandarins were little affected. Follow-
ing & resumption of more normal rainfatl
and the application of appropriate con-
trol measures, the incidence of the dis-
case has declined, even in the previously
afflicted groves.

Ome particularly important lesson that
should be learned from the Argentine ex-
perience is that the ineidence of canker
can vary greatly from year to year, fre-
guently dropping to such low levels that
it is difficult or even impossible to find
ANy MeWw SYmpPLems on previously infect-
ed trees. While treces of inoculem mav
still remain in such groves, this decline
gives a semblance of sell-elimination. A
similar disappearing act has heen oh-
served in some Florida groves with
scab, Scab is also a discase which de-
pends on rain for infection and spread,
and which infects leaves, stems and Fruit
rind only while they are young.

|
Observations On The Recent
Rediscovery Of Citrus Canker
On Florida's Gulf Coast

The presence of canker on some door-
yard trees in a residential aren of Pinellas
County was confirmed in 1986, Later, it
was found on many doorvard frees on
Anna Maria Island and on the mainland
of Manatee County, and on a few door-




yard trees in Sarasota County. On one of
the Key lime trees | examined on Anna
Mana [siand, there were stem hzs.mn_s
that were at least 3 years old. Some resi-
dents reported seeing leal and [fruil
spots, that might have been canker, even
back in the seventies, but did not worry
about them because there was little fruit
loss. In 1986, a localized and very mild
cutbreak of canker was discovered in a
commercial grove at Palmeto, Manatee
County. This is still the only commer-
cial grove to date in which canker A has
been found. The nursery form of canker
has never been found in a grove.

There appeared to be no logical recent
link between the canker discoveries in
these three Guif Coast counties. Some
of the locations were separated from the
nearest known infections by as much as
10 miles, which in some cases included
wide water barriers. No canker A his
heen found in Florida nurseries since
1922 and it is, therefore, unlikely that it
originated from any recently rans-
planted trees, At all losations, the dis-
case was very localized. While some
trees carried infected leaves and fruit,
nearby ones, even of the same vanety,
often appearcd to be disease-fres. Such
a tesiricted occurmence of symptoms
does not fit the concept of canker being
an aggressive disease under Florida con-
ditions. Rather, this is the type of patchy
disease cccurrence that occurs when the
environmental conditions are marginal
for infection,

Recent spread of canker in the Gulf
Coast counties by some airborne means
seemed highly unlikely because of the
longdistances between the different loca-
tions. More likely, this disease had been
present on Florida's Gulf Coast for
many years. If it had not beea for the in-
creased vigilance that followed the re-
cent discovery of the Xanrhomonas
induced disease in Florida nurseries, the
zanker on the Gulf Coast may never have
wrracted attention.

The idea of canker on the Gulf Coast
seipg a reranant from the distant pastis 2
-oneept that is difficult for those who fa-
wr the current canker eradication philos-
phy to accept. Mevertheless, this idea

eeds realistic considerationg. Exten-
ive plantings of citrus already existed
¥ 1910 in those Gulf Coast areas where
ic disease has recently been discov-
red. If the canker there is 2 remnant
om the =arly part of this ceatury, any

s in production that were incurred

ere apparently too small to cause con-

an to the owners of the citrus tees.
he Prospects For

radicating Canker In Florida

The present canker eradication cam-

paign 15 based on the premise that since
canker was supposedly eradicated dur-
ing the te=ns and twenties, this apparent
success can be repeated. Yet, there is no
certainty that canker was complicicly
eradicated in groves during the previous
campaign. The sudden reduction in new
finds in citrus groves after 1915 could
have been associated with the fact that
very few infected trees wene being trans-
planted  from  infected nurseries  into
proves.

It should be remembered that canker
infected trees were being planted out in
groves for 3 or 4 years before any action
was (aken o prevent the further move-
ment of such trees from infected nurser-
ies {1, 12). According o the Siate Plant
Board records {11), 338,512 trees were
moved from infected nurseries prior o
April, 1915 and planted in groves in 21
different Florida counties, This should
have pravided sdequate opportunity for
the pathogen to spread widely and cause
significant amounts of disease, of it had
the capacity to da so.

There is a very important diffcrence
hetween the canker A situation in Flori-
da today and in the teens. The discase
started in ourseries about 1910 and was
then spread lo groves on infected nurs-
ery trees. The recent canker finds on
Flonda's Gull Coast have aot been asso-
ciated with nurseries. The rediscovery
of canker A in 1986 could be likened to
the discovenies made in localized areas
i 1920, 1922 and 1927 in Boynion
Heach, Davie and Fort Lauderdale, oe-
spectively. Those outbreaks could hard-
ly have been recent introductions from
infected nurseries. The numbers of nurs-
ery trees found with canker after 1916
were very smail; 44 in 1917, 4 in 1918,
Iin 1919, O in 1920 and 1921 and 6 in
1922 which was the last year of any nurs-
ery finds (13). Perhaps the disease
reached these sast coast localities much
earlier and escaped notice during previ-
ous inspections.

The current cradication campaign is
based on a supposition that canker will
eventually become detectable by visual
inspection wherever it oecurs, by always
increasing in sqerity. However, we
know from the Argentine cxpenence
that canker can decline in some groves
to a level that is very difficult to detect
by wvisual inspection, | believe, there-
fore, that it would be virtually impossi-
ble o eradicate canker from infected
citrus groves unless there is extensive
tree destruction around areas of notice-
able infection. Such tree destruction
would be mtolerable to citrus growers
unless there were convincing cvidence
they would be unable to economically

tolerate the disease.

A Reevaluation OF The
Threat OF Canker To
Florida Citrus Production

The measures that arc curmrently aimed
at canker eradication are costly, labori-
ous and the prospects for SUCCEss are ex-
tremely dowbtful, The reasons given in

1915 and again in 1984 for trying to erad-
icale canker were based on misunder-
standings and speculations by some
authornties that canker would be so devas-
taling o citrus trees, thal the citrus indus-
ry would not survive. Such views
would be considered untenable today by
even the most hardline canker ob-
SETVErS.

{f canker were really capable of caus-
ing much fruit infection in Florida, this
should have become evident dunng the
teens. After all, infected trees were be-
ing planted on new sites and as resets in
existing groves long befors this was
stopped by povernment action, Also, if
canker had a potential for being a serious
problem on frit, many more infected
fruit should have been presemt on the
trees recently found with canker on the
Gulf Coast.

Another meason for believing that
canker would not be a problem in Flori-
da is based on the experience with the dis-
ease in Argentina where canker has
turned out to be a relatively minor and
mostly cosmetic dissase (4).

Il canker were a contagious and de-
vasting disease, the eradication proce-
dures would by this time have clearly
proven themselves inadequate, As long
as relatively few new cases are discov-
ered each year, some authoritics may be-
lieve the pathogen is being conguered.
However, even if there are no new finds,
the disease could still be present in small
amounts and later become conspicuous
enough 1o attract attention. Thus, even if
there are no new finds for several consec-
utive years (the number of which has
still to be decided by the regulators), this
would not guarantes that the pathogen
had been eradicated. [t would more like-
ly mean that because of unfavorable en-
vironmental conditions there was oo lit-
tle disease to attract attcntion. Later, the
disease may be rediscovered, leading to
a repeated canker trauma, unless there is
a new and more realistic philosophy
about canker by that tme.

One of the reasons given for continu-
ing the canker seare is that no one has yet
proven to the satisfaction of all con-
cerned that canker would not be an eco-
nomic problem in Florida. Inreality, how-
ever, no ane as yel has provided any evi-
dence that it could be a serious threat to
the Florida citrus industry. Scemingly,



this matter will never be resoived 1o
everyone's satisfaction because of con-
tnting opposition to the idea of leaving
an outhreak alone atl some isofated foca-
tivn and putting the disease 1o the test. |
would arpue, however, that canker has
already been put to the test, both back in
the teens and twentics and, perhaps for
as much as 75 vears. on Florida's Gulf
Cuoast,

Canker cradiation effornis are also
fucled by the fear of the diszase in some
other citrus-producing areas and the idea
that some markets for fresh fruit may be
permanently lost if the pathogen is still
known to exist in Flonda. Starting in
(914 (1,13} and 1915 (12), it was Flori-
da that expounded the devastating dis-
ease mage of Tanker o
provucing arcas of the United States and
the rest of the world. Florida auborities
now need o revise this opinion and
clearly indicate thet the canker pathogen
hat come very specific climatic require-
ments for spread ond infection, This
should at least help to quiet the unneces-
sary {ears about the disease that occur in
some citrus-growing areas  with dry
springs and summers.

The climatic requiremenss for canker
epidemics arc even more demanding
than they are for seab. Counrries that
have canker almost invariably have scab
as well, although not all couniries with
scab have canker. Strangeiy, the con-
ceorn abowt canker sven extends (o arcas
where no ong would ever be concerned
about seab, Yet, if the conditions are too
dry for scab on fruit. they would certatn-
Iy be too dry for canker te b a problem.

The econumic threat of canker 1o the
Florida eitrus industey and to other areas
where the ¢limatic conditions seem mar-
ginal or unfaverable for infection needs
tr be recxamined. Furthermore, there
needs 0 be 2 more sciemific, practical
and realistic appraisal of the canker erad-

ication efforts, 10 consider if they arere-

ally necded and likely to achieve (heir
srateed goal of aradicating the pathogen.
CWivl
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