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Screening for tolerance of citrus to Xylella fastidiosa, the causal agent 
of citrus variegated chlorosis CVC. 
Abstract - Introduction. Citrus variegatecl chlorosis (CVC), causecl by Xylella fasti­
diosa, threatens seriously the Brazilian citrus inclustry, because it affects all sweet orange 
varieties. An intensive screening programme was launchecl in early 1990 to cletect some 
clegree of CVC tole rance among available citrus accessions. Materials and methods. 
Two large germplasm banks of 153 accessions each were establishecl outcloor in the nor­
thwestern region of Sào Paulo state, Brazil , close to high inoculum pressure proclucecl by 
adjacent affectecl groves of sweet o range. From March 1993, visual assessments were 
macle bimonthly, and serological tests and polymerase chain reaction (PCR) cletection 
were appliecl to samples of each variety. Results and discussion. CVC symptoms were 
observecl on sweet oranges as early as September 1993. While, in early 1997, i.e. 
48 months later, no symptoms were observecl in most tangelo varieties, except Page and 
Swanee (slight leaf symptoms, but normal quality fruit and juice) . The use of PCR clia­
gnosis inclicatecl that symptomless tangelos were carriers of X. fastidiosa. Conclusion. 
Because tangelo yie lcl and fruit quality were not affectecl when establishecl in high ino­
culu rn areas, tangelos couic! be an al te rnative crop for small plantation farmers of the 
northwestern region of Sào Paulo state. In Janua1y 1996 and 1997, 100 000 tangelo trees 
were plantecl in this region. Up to now not a single plant raisecl in outcloor nurseries 
w ith high inoculum pressure shows CVC symptoms nor has X. fastidiosa been cletectecl 
by serological tests. (© Elsevier, Paris) 
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Recherche d'une tolérance à Xylella fastidiosa, agent de la chlorose 
variégée des agrumes. 
Résumé - Introduction. La chlorose variégée des agrumes, ou CVC, due à Xylella fas­
tidiosa, menace sérieusement la citricul ture brésilienne pu isque cette maladie affecte 
toutes les variétés d 'oranger. Un vaste programme de recherche a été lancé en 1990 pour 
détecter des tolérances parmi des variétés d 'agrumes disponibles. Matériel et 
méthodes. Deux grandes collections de 153 accessio ns chacune ont été installées en 
plein air au nord-ouest de l'État de Sào Paulo (Brésil) à proximité de vergers d 'orangers 
contaminés, à l'origine clone d 'une forte pression cl'inoculum. À partir de mars 1993, des 
observations bimensuelles ont été effectuées et des tests sérorogiques, accompagnés de 
détection par PCR, ont été menés sur les échantillons de chacune des variétés. Résultats 
et discussion. Des symptômes de CVC ont été observés sur orangers dès septembre 
1993, alors que, au début de l'année 1997, soit 48 mois plus tard , aucun symptôme 
n 'était visible chez la plupart des variétés de tangelo, hormis Page and Swanee (légers 
symptômes sur les feu illes, mais fruits et jus de qualité normale). L'utilisation de la tech­
nique des PCR a montré que les tangelos sans symptômes étaient cependant hôtes de 
X. f astidiosa. Conclusion. Puisque la qualité des tangelos et leur rendement ne sont pas 
affectés en zone à forte pression d 'inoculum, leur culture pourrait être conseillée à des 
exploitants de petites plantations du nord-ouest de l'État de Sào Paulo. En janvier 1996 
et 1997, 100 000 arbres de ce groupe ont été plantés clans cette région . Jusqu 'à présent, 
aucun plant parmi ceux des pépiniè res en plein air placées sous forte pression cl 'inocu­
lum n'a montré de symptômes de CVC ni révélé, par tests sérologiques, la présence de 
X.fastidiosa. (© Elsevier, Paris) 
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1. introduction 

Citrus va ri ega ted chloros is (CVC) is 
prese ntl y the most harmful clisease fo r 
Brazili an citricul ture . Tt was first cle tecte cl 
in 1987 , in sweet o range g raves in th e 
no rth weste rn reg io n o f Sào Pa ulo sta te , 
Brazil [l], and is now w iclespreacl in this 
country [2] and some regions of Argentina 
[3]. The clisease is causecl by Xylel!ct f ctsti­
diosct, a no n-motile , xylem limitecl , gram­
negati ve , fa stidious bacte rium [4, 5]. The 
disease e picle mics occur through the 
transmiss io n by 'sha rpshoote r' lea fh o p­
pe rs [6] o r in fec te cl bucl woocl [7] This 
bacte rium is also the etio logica l agent of a 
numbe r of o the r cliseases inclucling Pie r­
ce 's cli sease o f g ra pev ine o r plum lea f 
sca lcl [8]. 

The most typica l sympto m of CVC is a 
mo ttl ed lea f chlo rosis o n the uppe r sur­
face of mature leaves and brown bliste rs 
o n th e o the r s icl e co rresp o ncling to the 
chlo rotic areas. As a result o f xylem clogg­
ing , the trees exhibit fo liar w ilt symptoms 
[9] and the fruit s are severe ly affec ted. 
Fruits become ha rcl , ve ry sma ll , and the 
jui ce qu a lity is se ri o usly a ffecte cl [10]. 
The refo re, the fruits are sui ta ble ne ithe r 
for process ing no r for fresh consumptio n. 
Fruit symptoms were mostly observecl on 
swee t o ranges [11]. Despite fo li ar symp­
toms noticecl on mandarins [12] and Tahiti 
lime [1 3], only sweet o ranges have exhibi­
te cl fruit sympto ms . The Bra zili an c itrus 
inclustry is primarily basecl o n four sweet 
o range varie ties : Pe ra, Natal, Va le ncia and 

Summary of groups and number of citrus varieties present 
at the germplasm banks established in the northwestern region 
of Sao Paulo state, Brazil (total : 153 varieties). 

Groups 

Sweet oranges 

Mandarins 

Tangors 
Tangelos 

Others 

Number of varieties 

81 

35 
16 
10 
11 
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Hamlin , and a il a re ve ry susceptible . 
Consequently, an intensive screening pro­
gramme was launchecl in earl y 1990, with 
the intention of cle tecting some clegree of 
CVC to le rance amo ng 153 citru s acces­
sions . 

2. materials and methods 

2.1. orchards 

Two ge rmplas m banks o f 153 acces­
sions belonging to the major citrus groups 
(table !) were esta blis hed in the north ­
weste rn reg io n o f Sào Pa ulo state , Brazil 
(Mirasso l and Ba rre tos counti es) in 
January 1993 . Each 1.3 ha plot cons iste cl 
o f 5 inclivicluals o f a given accession ran­
cl o ml y clistribute d and planted at a dis­
tance o f 7. 0 x 2. 5 m 053 va ri e ties x 
5 trees/ va ri e ty = 765 trees a t each loca ­
tio n) . Bath plo ts we re adj ace nt to highly 
infectecl o range graves . Standard cultural 
practices were appliecl with the exception 
of insecti cide treatme nt for e nabling free 
sharpshoote r contaminatio n. 

2.2. sampling 

The eva lu ati o ns (beg inning in March , 
1993) we re macl e bimo nthl y and a 
sa mpl e o f each va ri e ty was take n fo r 
se ro logica l tests. Each sample consisted of 
fo ur to fi ve leaves take n randomly arouncl 
the trees . The sample process ing was 
clo ne accorcling ly to Lee e t a l. (1 4] using 
leaf peti o les . 

2.3. serological tests 

2.3.1. dot immunobinding assay (DIBA) 

The proceclure clescribecl by Lee et al. 
[1 4], using X. .Jàstidiosa (UF-26) specific 
antibo dies in a 1:64 000 diluti o n , was 
aclo ptecl. As seconclary antiserum , a goat 
anti-rabbit IgG conjuga te cl to a lka line 
phosphatase enzyme (Sigma A-3 937) in a 
1:30 000 dilutio n , was used . Nitro blu e 
te trazo lium (NJ3T) and bro me-chl o ride ­
inclo lyl-phosph a te (BCIP) we re the 
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enzyme substrates used according to 
Sigma Co. directions. The positive samples 
were distinguished by a contrasting purple 
color. 

2.3.2. Western-blotting 

Ten ml of each sample were subjected 
to electroforesis (200 V, 42 min) in a poly­
acrilamide mini-gel with SDS (Mini-Pro­
tean II , Bio Rad). A discontinuous gel sys­
tem was used, with a 4% concentrating 
gel and a 12% separation gel. The separa­
ted proteins were transferred to a nitro­
cellulose membrane using a semi-dry 
apparatus (TransBlot SD, BioRad) at 15 V 
for 30 min. For filter paper and nitrocellu­
lose membrane wetting, a buffer consist­
ing of Tris 48 mM pH 9.2, glycine 39 mM, 
SDS 1.3 mM and methanol 20% was used. 
The membrane was immersed in TTBS 
buffer (Tris-He! 50 mM, NaCl 0.15 M, 
Tween 20 0 .05%, pH 9.5) , boiled in 
microwave oven for 1 min and blocked 
with non-fat milk 5% p/v in TTBS for 30 
min. The membrane was washed tw ice 
with disti lled water (15 min each) and 
twice with TTBS (15 min each). The 
membrane was incubated at room tempe­
rature for 6 h with shaking in UF-26 anti­
serum diluted 1 :64 000 in TTBS with 
bovine albumine serum (SAB) 0.5%. The 
membrane was washed again as formerly 
described, then incubated overnight with 
shaking at room temperature in a solution 
containing goat anti-rabbit IgG conjugated 
to alkaline phosphatase enzyme (Sigma 
A-9919) diluted 1:15 000 in TTBS with 
SAB 0.5%. The enzyme substrates NBT 
(0.083 mg·mL) and BCIP (0.167 mg·mL) 
were diluted in a buffer of Tris-He! 0.1 M 
pH 9.5, NaCl 0.1 M, MgCl2 5 mM. 

2.4. polymerase chain reaction 
(PCR) 

Detection by PCR was run according 
to the procedure described by Minsavage 
et al. (15] and Harakava et al. (16], using 
specific primer to CVC-X. Jastidiosa. 

3. results and discussion 

The two germplasm screening blocks 
of Mirassol and Barretos gave similar 
results in tenus of CVC sensitivity. Typical 
CVC symptoms showed up on orange 
leaves as early as September 1993. It was 
not until late 1994 that sca ttered leaf 
symptoms were found on some manda­
rins and o n the Page tange lo. The pre­
sence of X.jastidiosa in the above groups 
of citrus was confirmed by DIBA and 
Western blotting. After 48 months scatter­
ed leaf symptoms appeared on Swanee 
tangelo, and CVC was confirmed by posi­
tive DIBA and Western blotting (table If). 

To date not a single leaf sympto rn has 
been detected on 2 560, Fairchild, Min­
neola , Nova , Orlando , Sampson, Thorn­
ton and Weber tangelos. DIBA and Wes­
tern blotting failed to detect X. Jastidiosa 
in symptomless tissues of such va rie ties. 
However, in June 1996, plants were sub­
jected to a PCR detection test and X. jàsti­
diosa DNA was found in al! assayed tan­
gelo varieties with the exception of 2 560, 
Fairchild and Sarnpson. However, the 
degree of host colonization by the bacte­
rium was not determined . These results 
show that at least some tangelo varieties 
are hosts of this bacterium. Moreover, the 
presence o f X. .fàstidiosa in their tissues 
suggests that the bacterium is naturally 

Table Il. 
Results of visual assessments, serological tests and PCR for tangelos. 

Tangelo variety Symptoms DIBA Western-blotting PCR 

2560 
Minneola + 
Nova + 
Orlando + 
Page + + + + 
Sampson 
Swanee + + + + 
Thorion + 
Weber + 
Fairchild 

DIBA: dot immunobinding assay; PCR: polymerase chain reaction. 
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transmitted to tangelos in non-protected 
environme nts; that is, tangelos have no 
resistance aga inst bacterium vecto rs. 
However, the multiplication of bacteria in 
tangelos does not seem to be very fast or 
efficient, since their presence was 
detected only by PCR. X. f astidiosa detec­
tion by serological tests was possible in 
sou theastern Sào Paulo [17]. In this 
region, only tangelo Swanee were repor­
ted as being infected by X. Jastidiosa and 
showing symptoms [17]. 

4. conclusion 

The CVC symptoms that developed on 
Page and Swanee tangelos in the north­
weste rn regio n suggest that caution 
should be taken w hen selecting tangelo 
va rie ties for b reeding programs of CVC 
tolerance, even if fruit quality is not affec­
ted. Small fruits were not observed in any 
of the tested tangelos, including Page and 
Swanee. Orlando tangelo, used in Brazil 
as a rootstock, must receive special atten­
tion in terms of CVC sensitivity at the dif­
ferent stages of development i.e . from the 
young seedling to the adult stages. 

Conside ring the plants were establi­
shed in high inoculum areas, the above 
results are promising. Because yields and 
fru it quality were not affected , tangelos 
cou ld be an alternative crop for small 
p lantation farme rs of the no rthwestern 
region of Sào Paulo state [18]. 

These results prompted the planting of 
20 000 tangelo trees in Sào Paulo in 
January 1996 and an additional 80 000 in 
J anuary 1997. Up to now not a single 
plant raised in o utdoor nurseries with 
h igh inoculum pressure shows CVC 
symptoms nor bas X. Jastidiosa been 
detected by serological tests. Nevertheless 
our results show that tange los can be 
assymptomatic hosts and therefore must 
be considered as inoculum carrie rs to 
adjacent sweet orange groves. 
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Busqueda de una tolerancia a Xylella fastidiosa, agente de la clorosis 
variegata de los agrios. 
Resumen - Introducciôn. La clorosis variegata de los agrios, o CVC, causada por Xyle!la 
fastidiosa, amenaza seriamente e l citricultivo brasilero dado que esta enfermedad afecta 
rodas las variedades de nara njo. Un amplio programa de büsqueda fue lanzado en 1990 
para detectar tolerancias entre variedades de agrios disponibles. Material y métodos . Dos 
grandes colecciones de 153 accesiones cada una fueron instaladas al aire libre al noroeste 
del Estado de Sào Paulo (Brasil) a proximidad de huertos de naranjos contaminados, por lo 
tanto, al origen de una fuerte presi6n de inoculo. A partir de marzo cle 1993, se realizaron 
observaciones bimensuales y se llevaron a cabo pruebas seror6gicas , acompanadas con 
detecci6n por PCR, en las muestras cle cada una de las variedades. Resultados y discusiôn. 
Se observaron sintomas de CVC en naranjos a partir cle septiembre de 1993, mientras que, a 
principios del ano 1997, o sea 48 meses mâs tarde, ningün sintoma era visible en la mayoria 
de las variedades de tangelo, excepto Page and Swanee (ligeros sintomas en las hojas, pero 
frutos y jugos de calidad normal). El empleo de la técnica de los PCR mostr6 que los tange­
los sin sintoma eran no obstante huéspecles de X. fastidiosa. Conclusion. Daclo que la cali­
dad de los tangelos y su renclimiento no se hallan afectados en zona de fuerte presiôn de 
inoculo, su cultivo poclria aconsejarse a explotaclores de pequenas plantaciones ciel noroeste 
ciel Estaclo de Sào Paulo. En enero de 1996 y 1997, se sembraron 100.000 ârboles de este 
gru po en esta regi6n . Hasta e l momento , ninguna planta entre las de los viveros al aire 
libre, colocaclos bajo fuerte presiôn de inoculo , mostraron sintomas de CVC, ni revelaron, 
mecliante pruebas serologicas, la presencia de X.fastidiosa . (© Elsevier, Paris) 
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