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Severe stem-pitting isolates of Citrus tristeza virus (CTV) were found in Florida citrus 5 years ago, followed by the
discovery 2 years later of the citrus greening disease (huanglongbing: HLB) caused by the bacterium Candidatus
Liberibacter asiaticus. The new CTV isolates are members of the VT group, which contains isolates more severe than
the mild and decline isolates now common in Florida. These new isolates are apparently moving rapidly into commercial citrus. Individual VT isolates from the same ﬁeld vary considerably in severity, suggesting genetic variability
in the virus population. Grapefruit seedlings inoculated with some of the VT isolates have shown severe reactions in
the greenhouse, but effects on larger trees remain unknown. Additionally, severe CTV-like symptoms were observed
in some of the trees initially discovered with HLB infections, suggesting that additional severe isolates of CTV may
have been co-imported with the citrus greening pathogen. The similarity of these CTV isolates is under investigation.
The establishment of greening in Florida poses a major threat to future citrus production, so development of effective
management strategies is urgently needed. Using information and techniques developed for studying CTV, we are
examining the movement and distribution of Liberibacter to optimize sampling times and patterns for better detection, especially in trees without deﬁnite visual symptoms. We also are examining the relationship between symptom
expression and Liberibacter titers in infected trees.

Two potentially disastrous diseases have been found in Florida
in the last couple of years. During surveys conducted in years
2002–05, new stem pitting isolates of Citrus tristeza virus (CTV)
were found to be widespread throughout commercial citrus.
Second, citrus greening (huanglongbing) was discovered in a
few trees in 2005, but is known now to be widely distributed
in the southern part of Florida and has been found as far north
as Volusia County (http://www.doacs.state.ﬂ.us/pi/chrp/greening/maps/cgsit_map.pdf).
We have been investigating the biology and interactions
of these two diseases. Some mild isolates of CTV have long
resided in Florida and apparently do not cause disease in commercial citrus. However, severe CTV isolates cause decline or
death of trees on sour orange rootstocks. Such isolates have
eliminated most of the commercial trees on sour orange rootstock
in Florida and have precluded its future use. Yet other isolates
of CTV cause stem pitting, which results in poor growth and
production of small, unmarketable fruit regardless of rootstock.
These isolates cause the most damage to citrus throughout the
world because there are usually no scion/rootstock combinations that can prevent economic losses. Luckily, such isolates
have not been a problem in Florida because they have not been
introduced into commercial citrus. Using molecular probes that
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distinguish CTV that are genetically distinct, Dr. Peggy Sieburth
discovered a strain of CTV new to Florida (Sieburth and Nolan,
2005). Analysis of individual isolates of this CTV showed these
to be similar to members of the “VT-group,” which is known to
contain isolates of CTV that cause severe stem pitting in citrus
in many countries (Hilf et al., 2005). A survey of commercial
citrus found that this new strain of CTV was spread throughout
the state, but at relatively low levels (Sieburth and Nolan, 2005).
Since the virus was found in relatively young trees that had been
free of CTV at planting, the new strain appeared to be spreading
rapidly by aphid transmission.
Since initial tests indicated isolates of this new VT strain
caused stem pitting (data not presented), we obtained several more
isolates of this strain from independent locations and examined
their ability to cause disease in trees under greenhouse conditions.
Many of the isolates caused severe stunting and seedling yellows
of sour orange (Fig. 1a–c) and grapefruit (Fig. 2a–d) seedlings.
The virus essentially prevents new growth after infection of a
seedling, with little chlorophyll found in upper leaves. Most
of the isolates caused some degree of stem pitting in grapefruit
and/or sweet orange (Fig. 3a–b). While most isolates caused stem
pitting only on either grapefruit or sweet orange, several isolates
causing stem pitting on both (Table 1).
In addition to biological comparisons, genetic sequence was
obtained to analyze the relationship between these new VT-type
isolates and those found previously in propagations of ‘Meyer’
lemon. It was thought that ‘Meyer’ lemon might have been the
original source of this new VT strain. The K17 genetic marker,
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Fig. 1. Comparison of the growth of sour orange seedlings mock uninoculated
(healthy) and inoculated with VT-like isolates (a) FS 674, (b) FS 701, and
(c) FS 686.

which has been used to differentiate phylogenetically distinct
strains of CTV (Hilf et al., 2005) was ampliﬁed from the Florida
stem-pitting VT isolates by the polymerase chain reaction (PCR)
and compared to sequences of K17 markers from ‘Meyer’
lemon isolates from Florida, Arizona, and California (Fig. 4).
Neighbor-joining analysis was performed with K17 markers
from the Florida stem-pitting VT-like isolates, VT-like isolates
from ‘Meyer’ lemon trees from Arizona (AZ13, AZ14, AZ15),
California (IV41, IV42), and Florida (FL 189, FL 192, FL 206)
as well as the original VT isolate (Mawassi et al., 1996) and the
phylogenetically distinct Florida decline isolate T36. The Florida
stem-pitting isolates were placed in a cluster distinct from one
containing the ‘Meyer’ lemon VT isolates (Fig. 4), suggesting
that the new stem-pitting VT isolates might be a new introduction to Florida, as they are distinct from those found in ‘Meyer’
lemon. The Florida stem-pitting VT isolates were most similar
to yet distinct from the original VT isolate, and all the VT K17
sequences were distinct from the T36 K17 sequence, as was found
previously (Hilf et al., 2005).
The most effective control for stem pitting by CTV is through
mild strain cross-protection, which is used throughout South
America, South Africa, and Australia. If a related mild strain
that causes little or no stem pitting is available, it can be used to
inoculate citrus to protect it from disease by more severe isolates.
We tested several isolates of the VT-like strain and found a mild
isolate (FS 703) that does not induce stem pitting or stunt seedlings

Fig. 2. Seedling yellows symptoms on ‘Duncan’ grapefruit inoculated with Florida VT-like isolates: (a) healthy (uninoculated), (b) FS 672, (c) FS 701, and (d) FS
674.

Fig. 3. Stem pitting symptoms observed on (a) the stem of an intact ‘Duncan’
grapefruit seedling infected with VT-like isolate FS 674 and (b) after bark has
been peeled away to reveal pits in the wood.
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Table 1. Stem-pitting symptoms caused by Florida VT-like CTV isolates in
‘Duncan’ grapefruit or ‘Madam Vinous’ sweet orange seedlings.
Stem-pittingz
Seedling yellows
Isolate
Duncan
Madam Vinous
Duncan
FS 669
----++
FS 672
+++
--+++
FS 674
++
+
++
FS 676
+
+
FS 677
++
FS 678
+
+
FS 685
+++
++
FS 686
+++
++
FS 688
+
Nd
FS 692
++
Nd
FS 697
+
++
Nd
FS 701
++
+
++
FS 703
------Comparative ratings of symptoms using a scale of no symptoms (---) to
very severe (+++). Nd indicates test not done for that isolate.
z
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Fig. 4. Phylogenetic relationships determined by Neighbor-joining analysis of sequence from stem-pitting Florida VT isolates (FS 685, FS 686, FS 687, and FS
688) and VT isolates obtained from ‘Meyer’ lemon sources from Arizona (AZ13, AZ14, AZ15), California (IV41, IV42), and Florida (FL 189, FL 192, FL
206). Included also is the sequence from the original VT isolate from Israel (VT) and the phylogenetically distinct Florida decline isolate T36. Number at major
branching point indicates bootstrap support (92%) for separation of T36, Florida stem-pitting VT isolates, and ‘Meyer’ lemon isolates into separate clades. Bar
indicated number of substitutions by site.
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Fig. 5. Cross-protection of ‘Duncan’ grapefruit seedlings by inoculation with the mild VT-like CTV isolate FS 703: (a) inoculation with severe strain FS 672 only;
(b) FS 703 protected trees challenge inoculated with FS 672; (c) inoculation with severe isolate FS 701 only; and (d) FS 703 protected trees challenged with FS
701.
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Fig. 6. Symptoms of HLB infection caused by isolate FC-5 in (a) ‘Madam Vinous’ sweet orange, (b) Citrus macrophylla, and (c) Carrizo citrange.

of grapefruit or sour orange. We examined its ability to protect
grapefruit plants from the development of more severe symptoms
by ﬁrst inoculating trees with FS 703. After verifying the establishment of the initial infection at 3 months post-inoculation, we
challenged FS 703-infected trees by graft inoculation with either
of two severe isolates, FS 672 or FS 701. Figure 5a–d shows the
prevention of stunting of grapefruit seedlings by severe isolates
by pre-inoculation with the mild isolate. After several months
of more growth, trees that were inoculated with the severe challenge FS 672 and that were not protected by prior inoculation
with FS 703 were stunted when compared to trees protected by
pre-inoculation with FS 703 (Fig. 5 a and b, respectively). Similar
protective results with FS 703 were obtained by challenge with
FS 701 (Fig. 5 c and d, respectively).
It is not yet known if these newly found stem pitting isolates
are going to cause disease severe enough to cause losses in commercial citrus in Florida, nor what the impact of citrus greening in
combination with CTV will be. However, we have a potential protecting isolate on hand if the need for cross-protection arises.
The threat of CTV stem pitting has been overshadowed by
the introduction of citrus greening into Florida. Although this
bacterial disease was discovered in Aug. 2005, we were not allowed to work with this agent in citrus plants in the greenhouse
because it was listed by Homeland Security as a “Select Agent,”
which identiﬁes it as a potential terrorist agent. This required us
to make security modiﬁcations to our facilities and to obtain FBI
clearance for researchers. Once we obtained clearance, we began
experiments to determine whether there are different variants of
the bacterium and whether resistance or tolerance occurs in citrus
varieties and relatives. We also are examining whether there is
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an interaction with infection by CTV. All of the results so far
are only preliminary.
In our survey of citrus varieties, it appears that sweet orange
and grapefruit are among the varieties with the most severe reactions to the greening bacterium. Figure 6a–c shows symptoms
caused by HLB isolate FC-5 in sweet orange, Citrus macrophylla,
and Carrizo citrange, respectively. Other relatives like C. indica
become infected but showed few symptoms. These experiments
are continuing to identify sources of resistance or to develop
reagents to dissect the process that result in disease.
Currently, concerns about the short- and long-term effects
of HLB are foremost on the minds of citrus growers and citrus
researchers. However, it would be prudent to remember that
even though past CTV problems such as decline on sour orange
are now controlled by the use of alternate rootstocks, other CTV
diseases such as commercially damaging stem-pitting are still
a threat and need to be included in long-range perspectives on
disease threats to Florida citrus.
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