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SUMMARY

Citrus wilsonii Tanaka is cold-resistant, rarely grown
chance hybrid between Citrus ichangensis and Citrus grandis with a potential to be used as a rootstock in colder
climates. In order to evaluate its reaction to Citrus tristeza
virus (CTV), C. wilsonii seedlings were graft-inoculated
with previously characterized CTV isolates monophyletic
with respect to the p25 gene and clustering to phylogenetic groups Gp 1, Gp 2, Gp 3a, Gp 4, Gp 5 and Gp M.
The evaluation of C. wilsonii symptoms and comparison
with the reaction of standard citrus indicators infected
with the same CTV isolates revealed that C. wilsonii infected with isolates Gp 2 and Gp 4 developed stem pitting
(SP). This is in accordance with the SP-inducing potential
of these CTV isolates in the standard sweet orange SP
indicator. The obvious and numerous pits shown by C.
wilsonii stems suggests that it reacts strongly to severe SP
CTV isolates.
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Citrus tristeza virus (CTV, family Closteroviridae), the
etiological agent of tristeza, is the most important virus
that negatively affects citrus industry worldwide (BarJoseph et al., 1979; Moreno et al., 2008). Its virions are
flexuous and contain a non-segmented, positive sense, single-stranded RNA genome harbouring 12 open reading
frames (ORFs) and encoding at least 17 proteins (Moreno et al., 2008). CTV is readily transmitted by grafting
and by many citrus visiting aphids in a semi-persistent
manner and, in infected plants it may induce the development of three characteristic syndromes: quick decline
(QD), stem pitting (SP) and seedling yellows (SY). Aside
from the viral genotype, as the major factor influencing
the disease outcome, symptom expression of a citrus host
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is influenced by the environmental conditions and the
rootstock/scion combination (Moreno et al., 2008).
The conventional way of distinguishing CTV syndromes is to graft-inoculate standard citrus indicator
plants and monitor them for the type and intensity of
symptoms (Roistacher, 1991). A general indicator of tristeza disease is Mexican lime (Citrus aurantifolia Swing.).
Sweet orange (C. sinensis (L.) Osbeck), sour orange (C.
aurantium L.), grapefruit (C. paradisi Macf.), and sweet
orange grafted on sour orange are used for more specific
CTV biological characterization. Symptom expression in
such a set of plants indicates the severity of a CTV isolate
and the damage it could cause in cultivated citrus (Garsney et al., 1987, 2005).
Citrus wilsonii Tanaka (Fig. 1a, 1b), a chance hybrid of
Citrus ichangensis Swingle and C. grandis L. known also
as Ichang lemon or Shangyuan resists winter cold and
survives low temperatures that injure or even kill other
citrus species, including the frost-resistant Satsumas (C.
unshiu Mac. Mark) (Swingle and Reece, 1967).
Assuming that C. wilsonii would be a suitable rootstock for growing citrus in colder climates, a study for
evaluating its graft compatibility had been proposed.
Since we had observed clear symptoms in CTV-infected
C. wilsonii seedlings (Cerni et al., 2008), a study was undertaken aimed at investigating its biological response to
infection with six monophyletic CTV isolates clustering to
different phylogenetic groups with respect to the gene p25
encoding the viral coat protein (CP). The observed results
were compared with those obtained in the previous study
(Hancevic et al., 2013) in which standard citrus indicators
were infected with the same CTV isolates under the same
experimental conditions.
CTV-infected buds of Madam Vinous sweet orange
seedlings were used for inoculation of C. wilsonii, as
described for the parallel experiment in standard citrus
indicators (Hancevic et al., 2013). Prior to grafting, CTV
isolates in source plants had been characterized molecularly on the basis of the CP gene to confirm their phylogenetic group affiliation as outlined by Nolasco et al. (2009).
Isolates used in this study: Q3, 440, 8, Q57, 2 and 176

06/11/13 17:03

616

Citrus wilsonii response to CTV infection

Journal of Plant Pathology (2013), 95 (3), 615-618

Fig. 1. Citrus wilsonii branch with fruits (a). Different aspects of healthy ripe C. wilsonii fruits and their cross sections with exposed seeds (b). Severe stem pitting symptoms in C. wilsonii induced by CTV Gp 4 (c) and Gp 2 (d). Some pits were marked with
a permanent red pen during the evaluation of results.

were representatives of the phylogenetic groups: Gp 1,
Gp 2, Gp 3a, Gp 4, Gp 5, and Gp M, respectively (Hannevic et al., 2013) and their sequences were deposited in
GenBank under accession Nos. JQ655276-JQ655293.
Inoculations were made in October using the procedure described by Roistacher (1991) on healthy C. wilsonii
seedlings grown in an insect-proof screenhouse for 18
months. After inoculation, just one lateral shoot was left
to grow. Each virus isolate was inoculated on six plants,
and additional six plants were maintained as uninoculated controls. Three weeks post inoculation (pi) plants
were tested for virus presence using a direct tissues blot
immunoassay DTBIA (Garsney et al., 1993) with a commercial antiserum (Agritest, Italy).
The occurrence and intensity of CTV symptoms, such
as retarded growth, internode shortening, stem-pitting
and yellowing, were monitored. Retarded growth was
evaluated by measuring the growth dynamics. The term
“growth dynamics” refers to the average weekly shoot
elongation. “Internode length dynamics” describes the
average weekly changes in shoot length divided by the
number of internodes. Symptoms were recorded weekly
throughout seven months. The total growth of plants and
the number of internodes were determined at the end of
the experiment, whereas the presence of stem pitting was
checked 12 months pi.
For categorizing symptoms intensity, an arbitrary scale
was adopted (Garnsey et al., 2005). Four categories on the
scale from 0 to 3 were based on the visual assessment of
symptoms intensity in the host plants in which 0 signified
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the absence of symptoms; 1, the presence of mild; 2, of
moderate; and 3, of severe symptoms. The intensity of
SP was categorized in the same manner (scale 0-3), based
on the number of pits on a 10 cm-long woody stem (1 =
1 to 10 pits; 1.5 = 11 to 25 pits; 2 = 26 to 50 pits; 2.5 =
51 to 100 pits; 3 = more than 100 pits). For thorough SP
monitoring, stems were autoclaved and peeled, so that
any modification of the wood was clearly visible.
The data obtained from the evaluation of symptoms
were compared with those of uninoculated controls using ANOVA (P ≤ 0.05; Bonferroni post-hoc test) for each
virus isolate. Statistical analysis was carried out using
Statview (SAS software package, Version 5.0) and Systat
(10.2).
A complete evaluation of CTV impact on C. wilsonii
was possible by recording all changes relevant to tristeza
disease. The main change was the development of SP in
plants inoculated with isolates Gp 4 and Gp 2. Other
changes were insignificant and could not be associated
with any particular CTV syndrome. Based on the number
of pits caused by Gp 4 (there were up to 100 per 10 cm
long stem) the SP reaction was quite similar as in sweet
orange and sweet on sour orange indicators grown in the
same environmental conditions (Hancevic et al., 2013).
In all cases pits were elongated, deeper in the middle,
very frequent and diffuse (Fig. 1c), indicating a particular
sensitivity of C. wilsonii to isolate Gp 4. A less severe SP
reaction was obtained after inoculation with isolate Gp
2 (Fig. 1d). In the case of Gp 2 there are reports describing mild (Zemzami et al., 2002; Harper et al., 2010) and
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severe SP phenotypes (Niblett et al., 2000), thus it has
been difficult to unequivocally correlate this CTV variant
with characteristic symptoms in particular citrus hosts.
Symptoms analyses revealed that Gp 2 influences plant
growth in the whole spectrum of standard indicators, and
has SP-inducing potential in all indicators except sweet
orange (Hancevic et al., 2013). In C. wilsonii no changes
in plant growth, internodes or leaves occurred. The fact
that C. wilsonii in our study developed SP symptoms
whereas sweet orange, the principal SP indicator, was unable to show the SP potential of this monophyletic group
variants (Zemzami et al., 2002; Hancevic et al., 2013), suggests that C. wilsonii is more susceptible to SP-inducing
isolates. Although many authors report SP induction in
sweet orange plants by Gp 3a variants, whether monophyletic or a part of a mixed inoculum (Ruitz-Ruitz et
al., 2006; Cerni et al., 2009; Nolasco et al., 2009), only
sporadic SP reactions were detected in some C. wilsonii
plants. Pits were shallow and infrequent, grouped on a
small segment of the woody stem. Similar reactions were
previously observed in Madam Vinous plants inoculated
with isolate Gp 3a (Hancevic et al., 2013). Representatives
of other monophyletic CTV groups tested in the course
of this study did not cause SP in C. wilsonii.
Regarding other symptoms, only annual growth dynamics was significantly retarded in plants inoculated with
isolate Gp 1 (Table 1). Nonetheless, by the end of the experiment, inoculated plants reached the average height of
uninoculated controls. The same reaction was recorded in
Mexican lime and sour orange plants after inoculation with
the same Gp 1 isolate (Hancevic et al., 2013). It is known
that Gp 1 may be associated with quick decline in sweet on
sour orange and seedling yellows on sour orange or grapefruit (Moreno et al., 2008), but it was not demonstrated here
for C. wilsonii.
Table 1. The average shoot and internode length (in cm) with
standard deviations of control versus Citrus wilsonii plants infected with isolates of Citrus tristeza virus.

Phylogenetic
CTV group

Plant growth
(cm)

Internode length
(cm)

Control

14.0±5.1ab

1.3±0.0a

Gp 1

9.1±5.1c

1.3±0.2a

Gp 2

16.3±9.2a

1.3±0.2a

Gp 3a

12.8±8.5b

1.3±0.1a

Gp 4

14.0±7.1ab

1.3±0.1a

Gp 5

13.7±5.4ab

1.2±0.2a

Gp M

14.0±5.0ab

1.3±0.3a

Bonferroni post-hoc test at the significance level P ≤ 0.05.
Different letter indicate statistically significant difference between control and inoculated plants of C. wilsonii.
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This study describes for the first time the biological
reaction patterns of C. wilsonii to six CTV monophyletic
isolates whose phenotypes have already been described
in standard citrus indicators (Hancevic et al., 2013) and
reveals C. wilsonii sensitivity to CTV SP genotypes. The
reaction type and intensity of this citrus variety to CTV infection are quite similar to those shown by sweet orange or
grapefruit indicators including the development of intense
SP and the lack of foliar symptoms. Other changes were
recorded sporadically, but could not be firmly associated
with any particular CTV syndrome. C. wilsonii sensitivity
to CTV SP isolates should be considered in future studies
determining its horticultural significance as a rootstock,
especially in view of the already recorded occurrence of
CTV SP isolates in Croatia (Cerni et al., 2009).
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