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ABSTRACT 
Barnard, E. L., Ash, E. C., Hopkins, D. L., and McGovern, R. J. 1998. Distribution of Xylella 
fastidiosa in oaks in Florida and its association with growth decline in Quercus laevis. Plant 
Dis. 82:569-572. 

A survey of more than 200 trees has documented the widespread occurrence of Xylella fas­
tidiosa in Florida oak populations. The pathogen was detected readily via enzyme-linked im­
munosorbent assay in oaks exhibiting decline or leaf scorch symptoms and was infrequently
detected in asymptomatic trees. It was also associated with reduced growth in Quercus laevis as 
measured by current-year shoot length. The occurrence of X. fastidiosa in Q. laevis and the 
evidence for its occurrence in Q. incana represent first reports for these oak hosts. The role of 
X. fastidiosa in oak decline scenarios deserves further attention. 
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The fastidious xylem-inhabiting bacte­
rium, Xylellafastidiosa Wells et al. (24), is 
associated with and in many cases causes 
leaf scorch and decline diseases in a vari­
ety of plant species (11,12,17,24). Many 
eaf scorch disorders in broad-leaved tree 
pecies are associated with or attributed to• 

X. fastidiosa, and the organism is wide­
spread in tree populations (1-13,15­
17,19,20,24). X.fastidiosa has been known 
to occur in trees in Florida for years 
(3, l I, 12), and has recently been reported in 
association with decline in live oak 
(Quercus virginiana Mill.) in southwest 
Florida (15). In 1992 and 1993, we evalu­
ated more than 200 oaks throughout Flor­
ida for the presence of X. fastidiosa. Our 
objectives were (i) to determine the distri­
bution of the pathogen in the state's oak 
populations, and (ii) to ascertain whether 
the bacterium was present (and common} 
in apparently healthy oaks as well as in 
oaks exhibiting leaf scorch, decline symp­
toms, or both. 
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MATERIALS AND METHODS 
Sample tree identification. In August 

1992, County Foresters with the Florida 
Division of Forestry were asked to locate 
individual oaks representative of locally 
prevalent species in natural or urbanized 
environs which exhibited decline symp­
toms, including 25 to 30% crown dieback, 
premature leaf abscission, small, sparse, 
chlorotic foliage, definitive leaf scorch, or 
a combination of symptoms. At the same 
time, they were asked to locate nearby 
apparently healthy, asymptomatic indi­
viduals of the same species to be included 
in sample pairs. These sample pairs were 
visited in October to December 1992, and 
if suitable (free from obvious insect, dis­
ease or mechanical injury, site disturbance, 
chemical influences, etc.) were sampled for 
detection of X. fastidiosa . Twenty of the 
trees sampled in 1992 were sampled again 
in the fall of 1993. 

Sampling and processing for detection 
of X. f astidiosa. Four to six small 
branchlets, approximately 0.25 to 0.75 cm 
in diameter, with several buds and attached 
leaves, were removed from the crowns of 
sample trees with a pole pruner. Leaves 
on sample branchlets from apparently 
healthy trees exhibited no symptoms of 
disease. Those on sample branchlets from 
declining or leaf-scorched trees may or 
may not have exhibited symptoms, de­
pending upon the locus of individual 
sample branchlets within the crowns of 
symptomatic trees. In most cases, 
branchlets with symptomatic leaves were 
selected. Sample branchlets were placed 
in labeled plastic bags and transported in 
an ice chest to the Florida Division of 

Plant Industry's Plant Pathology Labora­
tory in Gainesvilk. 

In the laboratorv. several 1.0- to 1.5-cm 
segments of twig- tips with terminal bud 
clusters were cut from sample branchlets. 
Subsamples of these twig tips were com­
bined with short segments of leaf petioles 
or midribs from the leaves of the same tree 
to provide a composite tissue sample of 
approximately 1.0 to 1.5 g (fresh weight). 
Composite tissue samples were then 
squeezed in a Model 1 Leaf Squeezer 
(Ravenel Specialties Co., Seneca, SC), 
diluted 1: 1O wt/vol in extraction buffer 
(20), and subjected to double-antibody 
sandwich (DAS} enzyme-linked immuno­
sorbent assay (ELISA) with commercial 
polyclonal antiser:i (Agdia, Inc., Elkhart, 
IN) using peroxidase-labeled conjugate. 
Positive and negative controls were in­
cluded with each lot of samples processed. 
Samples were considered positive for X. 
fastidiosa when they produced a visually 
intense yellow reaction as compared to 
negative controls, and when absorbance 
measured at 490 11111 with an Emax preci­
sion microplate reader (Molecular Devices 
Corp., Sunnyvale, CA) exceeded 2.Sx that 
of the negative controls. Following proc­
essing at the Plant Pathology Laboratory, 
residual sample branchlets and leaves from 
approximately 25% of our sample trees 
were immediately forwarded to the . Uni­
versity of Florida's Central Florida Re­
search and Education Center in Leesburg 
for verification. There, these samples were 
again processed via ELISA (above) and 
isolations for X. fastidiosa were attempted 
on periwinkle wilt medium (6). 

Assessing growth decline in Quercus 
laevis. Because early field observations 
suggested a pronounced reduction in cur­
rent-year (1992) shoot elongation in turkey 
oaks (Q. laevis Walt.) exhibiting symptoms 
of decline or abundant leaf scorch, meas­
urements were made to verify this phe­
nomenon. Four branches were removed 
from random locations within the crowns 
of 16 apparently healthy trees and 16 trees 
exhibiting definitive leaf scorch. Sample 
tree pairs were distributed among four 
counties (Clay, Madison, Suwannee, and 
Citrus) in northern Florida. In the labora­
tory, current-year growth on each of the 
first IO shoots on each branch, beginning 
with the terminal shoot and proceeding in a 
basipetal direction, was measured to the 
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., • nearest 0.5 cm.. Differences between mean asymptomatic trees, and shoots on Xylella­only those samples that gave clear andshoot lengths for symptomatic versus as- positive trees were approximately 38% strong positive reactions were counted asymptomatic and paired Xy/ella-positive shorter than those on paired Xylella-nega­Xylella-positive. This approach strengthensversus Xylella-negative trees were evalu­ tive trees (Fig. 1). confidence in our positive data, but in ac­ated for significance at P =0.05 and P = Eighteen turkey oaks and 2 bluejack tuality may have contributed to an overall•.01 using standard two-tailed t tests (22). oaks from the 1992 sample were sampled underestimate of the pathogen's occurrence
again in 1993 (Table 2). Of the 20 oaks and distribution. Such an approach may~ESULTS sampled in 1993, 15 showed no change have also contributed to the very limitedA total of 206 oaks were sampled and from their 1992 condition with respect to number of Xy/ella-positives we recordedprocessed in 1992. Species represented in the presence of X. fastidiosa. Four oaks, for symptomatic Q. virginiana and Q.the sample included turkey oak, southern however, showed a change from Xylella­laurifolia. These species are known hostsred oak (Q. falcata Michx.), live oak, lau­ free to Xy/ella-positive over the course of of X. fastidiosa and symptoms are oftenrel oak (Q. laurifolia Michx.), water oak the year. Only 1 oak reflected a change coincident with, if not indicative of, the(Q. nigra L.), post oak (Q. stellata Wan­ from Xylella-positive to Xylella-negative presence of the organism (12, 15). Severalgenh.), bluejack oak (Q. incana Bartr.), and (Table 2). samples from symptomatic and asympto­swamp chestnut oak (Q. michauxii Nutt.; Figure 2 displays the geographical dis­ matic individuals of these two speciesTable 1). Four species (Q. laevis, Q. fal­tribution of oaks sampled in Florida and (especially Q. virginiana) gave variable butcata, Q. virginiana, and Q. laurifolia) were the known distribution of X. fastidiosa unconvincing "positive" reactions; if wesampled extensively whereas four others within the state's oak populations. erred in our calls, we erred on the side of(Q. 	nigra, Q. stellata, Q. incana, and Q. conservatism.

michauxii) were sampled infrequently, due DISCUSSION Many investigators have reported theprimarily to their relative scarcity in the In our ELISA analyses, we deliberately occurrence of X. fastidiosa in symptomaticlandscape and the relative lack of decline took a conservative approach toward iden­ oaks only (4,7,8,15). Others have noted theor leaf scorch symptoms occurring on tifying Xy/ella-infected trees. Accordingly, failure to detect the pathogen or its anti-them. Overall, very few healthy, asympto­
matic oaks gave positive ELISA responses
for X. fastidiosa. In contrast, high percent­
ages of oaks with decline, leaf scorch -E 	10symptoms, or both reacted positively for

the pathogen. This association was par­

N 
~ n=16


ticularly evident in Q. laevis and Q. fal­(7) 
 8encata, but less so in Q. virginiana and Q. ......

laurifolia (Table 1). 


.c:Verification processing of residual sam- ....
Cl 6

ple materials at the University of Florida's c
Cl)entral Florida Research and Education ...J....•	 cility showed an excellent correspon­ 0 4

dence to results obtained via ELISA at the 0
.c:Plant Pathology Laboratory. Repeat ELISA CJ) 


results were nearly a l: l match with pre­
IU
c 2


liminary ELISA readings, and X. fastidiosa Cl) 


was isolated from nearly half of the sam­ :!: 

ples (predominantly turkey oak) yielding a 0

positive reaction for the pathogen via + + +
ELISA (data not shown).

Shoot measurements on Q. laevis re­ Symptoms ELISA Symptoms 
vealed significant differences in current­ (Suwannee Co.)•
year (1992) shoot growth between leaf­
scorched trees and asymptomatic trees, as • One asymptomatic tree tested ELISA-positive. one symptomatic tree tested ELISA-negative.
well as between paired Xylella-positive and Fig. 1. Current-year (1992) shoot growth of Quercus laevis with and without definitive leaf scorchXylella-negative trees. Current-year shoots symptoms and positive enzyme-linked immunosorbent assay reactions for Xylellafastidiosa. Columnon trees with leaf scorch symptoms were pairs annotated with double or single asterisks indicate significant differences at P =0.01 and 0.05,approximately 29% shorter than those on respectively. 

Table 1. Oaks sampled in Florida during 1992 and results of enzyme-linked immunosorbent assay (ELISA) screening for Xylella fastidiosa 
No. trees sampled by crown condition %trees ELISA-positive 

Species Healthy• tic" With leaf scorch Healthy" With leaf scorch
Quercus la~vis 42 46 42 65Q. falcata 	 9 11 8 46Q. virginiana 24 22 1 9Q. laurifolia 16 19 2 	 5Q. nigra 	 2 4 0 	 50Q. stellata 	 1 6 4 	 0

- i·.'11:(~ 	 1 2 1 100michauxii 0 1 1 0

Totlll: weig.hcecl X 95 111 59 
 38

• Apparently healthy; no visible crown or foliar symptoms. 

b Including dieback, crown-thinning, defoliation, chlorosis, and leaf scorch. 
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gen(s) In symptomless om (S,9,:WJ. In our lhe possibility of lat<nt chseue develop­i"'"'t1pion, v.~ found evidence of lhc 10 ELISA. BMcd on lhe apPareruly str0ng
organism in botll symplomatic nnd M· 

m<nt could account for lhi$ presence in association belwecn X. /a.J#d;osa and de·asy1np1omalic [l'C~ymptomnue ttces. albeit extremely limited 	 cUnc or leaf scorch •Ymploms (Table I andA seemingly d1sproporuon3tc number ofin lhc lattcr (Table 1 and 2). Presum•bly, symp1omatic or lcof·scorched survey 1rccs 
2). this wa.s unc•pe<tcd. Wbil< &C\'crul

lhc SCO!ilivlty or Ille ELISA mcthodology. cxpl<motions could bo poshed for this phc·from Ille southern half or peninsular Flor­lhe lorge numbers of oaks v.e sampled, and 	 nomcnon (e.g., processing •rror. absence of1<1> were Xylt/la-neg;alivc when subjected pathogen}. we suspec! scason or llmlng or
sa1npling could be a focior McGovern andTll.blc 1. Tru cro1,i1ro cond1tt0ru Mid associi&ed cn2ymc..i1nkcd unmu.oosorbc:nt IWIY (ELISA) ~ Hopkins (IS) Juve r<poned X. /o.sridiosarcsulu ror XJltlla/tu11d101a in oaks nmpled an 1991 J.nd l993 from symptom3lic oaks al these latiludcs

Crown conditlon/sin12101ns• l"LISA rupons. 
(data rellcc1cd in southwest Florida: Pi&

SpttlH. locaUon 1991 t.rci: no. 19'2 
l). They umpled prinunly in early Octo­1993 199? t99JQuercws lat!\'ll 
ber, whereas most of our south·Florldn

O.yCo 47 
samples were coll<etcd Iller in lhc year

48 
LS
II 

LS • + Howe\'Ct, as in lhc survey reported her<,
49 LS LS

H 
+
+ McGovern and Hopkins (1111pub/lsl1td ,,.

50 ll H 
• su/u) also failed to eO<lfirm X. fastUliosa in

SI H H 
• symp1oma11c ow ln Broward County in

52 LS LS + southeastern peninsular Florida.Suw~Co 
H • Overall, results or our su,,.·cy pro'ideII"S-1 LS,CT LS.CT.DB + evidence thatX.fasridiosa is widespread 1nSS LS 	 •L
H
S • • Florida oak populatioris, Strongly associ­56 H

M..S-Co 61 H 
+ ated with leaf scorch symptoms, and ap­


62 LS LS
H parently related 10, if not a cause of,


Citrus Co+ 63 LS,DEF.DB 
+ • growtll decline in Q. laevis. These results
LS +6' H 	 .support and e<pand lhe more hmiled rc­

6S H H
H 

ponJ of Hopkins and Alden (12) and60 LS.09 LS.CT.DB + + McGovern and Hopkins Cl S). In eddiuon,67 LS
68 H 

LS • • llus paper rro,idcs the nm rcpon oi oc­
Q ill,'(.llUJ 

LS + currence of this pathogen In Q. 1a,.;, Md
MadlJOftCO. prehminat)· ei.idcnce of its occurrence inSI LS.CT 1.S,CT,DEF.08 + 

• 	
SS II H • Q. 1ncano (not verified In this species by 

I V15uaJ ll$$CSS1ncnt or e:rowntroh:t.gc symptoms H. hemlthy. LS: JQf s..:on:h. CT. C'roo.\·n dunruni. 
isoltuion or dirccl obsen·ation).

DEP • d<fob>llng. DB ; cficb>C~ TI>e prevalence of X. /o.stii!Una in oaks
io Florid• in both naiuml and u1b3Jlized
environs. especially in 1hc very abundant
Q. la..is, suggcsu tb.1t host o.i. species
may represent a signilic.nn1 inoculum res·
crvoir for the potllogen. Funhcr, the c:oin·
cidencc or Xyldla-t1noc1at<d lea! scorch,
oak decline. Md 11\eir overlapping symp­
tOm>tologlcs ia Florida and th< southern
United S1otcs (4.8,9,12,14.21.23) raises
lcghima1e <1ucsuons regarding the possible
role or ro1cs o{ X fastiJ10Ja in reglonwidc
oak d<ehnc. Also, in Florida nt lca<J.

growtll <l<cline and X. fastidiosa in Q. lae·

,;, should be c'aluaied 10 relauooship to

root r01 caused by Am111/aria 1abtscc11s

(Scop.) Dennis. Orton & Hora, a common


Oak species sampled (grey 
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