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ABSTRACT. Experiments were conducted to determine the time required for 

 

Citrus tristeza
virus

 

 (CTV) to begin migration from the site of inoculation, and the subsequent incubation period
required for systemic infection to occur. Young CTV-free sweet orange trees propagated on 

 

Citrus
macrophylla

 

 rootstocks were grown in the open in an area where commercial plantings are rare.
They were bud-inoculated with CTV during the fall 1997 and spring 1998. Four branches were
labeled on each tree; one received inoculum buds and three were uninoculated. Following inocula-
tion, trees were pruned 15 cm below bud insertion at 3 or 8 weeks or left unpruned. Control trees
grafted with healthy buds were included to monitor potential natural CTV infections. Progress of
infection was monitored by ELISA and tissue immunoblots. Inoculated branches were sampled at
the time of pruning, and bark patches were taken from unpruned branches. Leaf petioles were col-
lected periodically from uninoculated branches. All trees in the plot were sampled periodically fol-
lowing flushing to monitor the occurrence of systemic infections. When trees were inoculated in
the fall of 1997 and left unpruned, four of five trees tested positive the following spring and all
tested positive by the fall of 1999. Trees pruned three weeks post-inoculation remained CTV-free
during the course of the test, while four of five trees pruned 8 weeks post-inoculation were CTV-
positive by the fall of 1998 and all were positive by the fall of 1999. Trees inoculated in spring
1998 showed no systemic infection during the rest of that growing season, but all of five unpruned
trees, three of five pruned 3 weeks post-inoculation, and three of five pruned 8 weeks post-inocula-
tion tested positive in spring 1999. The results indicate that initial movement is more rapid fol-
lowing spring inoculation and that an overwintering period is required before systemic infections
become easily detected. Considerable variation in incubation period was also noted among groups
of trees inoculated at the same time; this can affect analyses of rates of spread and the timing of
detection assays employed to control the spread of CTV.
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The latent period between the
time that 

 

Citrus tristeza virus

 

 (CTV)
infection occurs and when systemic
infections are readily detectable
under field conditions remains rela-
tively uninvestigated even though
this information is important for
understanding of CTV epidemiology,
and for control programs. Rates of
tree loss in various areas affected by
tristeza have been measured (13)
and temporal increases in CTV
infections have also been analyzed
(6, 8), but latent periods between
infection and detectable infection
were not determined. Some infor-
mation has been generated under
glasshouse conditions with small
container-grown plants (12). Under
field conditions in Florida and South
Africa, CTV detected by ELISA was
found to be fairly evenly distributed
in individual sweet orange trees but
was often unevenly distributed in

grapefruit in Florida and variable at
times in new flushes (10). Tolba et al.
(14) found that CTV required a mini-
mum of 8 days to move out of
infected leaf pieces used as inoculum
into surrounding healthy tissues
and was eventually found in leaves
stem bark and roots by indexing one
year later. More recently, a CTV
decline isolate in Israel causing a
severe seedling yellows reaction was
found to be extremely variably in
distribution throughout the canopies
of several citrus varieties on sour
orange rootstock. In sour orange
seedlings this isolate was found to
remain for 51 days in the basal parts
of the plants inoculated but found
systemically throughout the plant by
58 days post inoculation (1).

Field experiments to address the
question of latency require an area
where the probability of natural
infection by aphid vectors is low.
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Experimental inoculation of trees
must be permissible, and resources
to do repeated testing must be avail-
able. In the present study we have
used such conditions and attempted
to more accurately determine the
time elapsed before CTV begins to
migrate through the scaffold limbs
from the point of inoculation, and
the period of time required until sys-
temic infection is detectable.

 

MATERIALS AND METHODS

Establishment of test plots.

 

Young, commercially-grown CTV-
free Valencia sweet orange trees on

 

Citrus macrophylla

 

 rootstock were
established at the USDA-ARS field
site in Plymouth, FL, an area where
commercial plantings are rare
because of previous devastating
freezes between 1983 and 1989.
These trees were 1.5 to 2 m high and
were tested by DAS-I ELISA to
ensure their virus-free status, before
the experiment. Four branches were
labeled on each tree; one to be bud-
inoculated and three to remain uni-
noculated (Fig. 1).

 

Inoculation and pruning.

 

Inoculum consisted of buds cut from
angular green wood from green-
house-grown sweet orange plants
infected with the Florida mild iso-
late T30, and inoculated to 0.7-0.9
cm diameter branches of recipient
trees by T-bud graft. Each recipient
tree received two infected buds on
the same branch. There were five
single-tree replications per treat-
ment. Four treatments were
repeated during fall 1997 and
spring 1998. In treatment 1, trees
were inoculated and left unpruned.
In treatments 2 and 3, trees were
inoculated and the inoculated limb
pruned 15 cm below the point of
inoculation 3 and 8 weeks post-inoc-
ulation, respectively. Trees in treat-
ment 4 were mock-inoculated with
healthy buds to serve as controls for
potential natural infections.

 

Sampling.

 

 Tissue samples were
collected from all treatments at 3 and
8 weeks post-inoculation. Tissues con-
sisted of leaf petioles from the inocu-
lated and pruned branches, bark
patches were also taken from similar
locations on unpruned branches, and

Fig. 1. Experimental design and sampling scheme for Citrus tristeza virus.
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leaf petioles collected from uninocu-
lated branches. Periodic sampling
was timed to occur following new
flushes (Fig. 1). Samples were taken
on 15 Oct 97, 18 Nov 97, 10 Apr 98, 26
Aug 98, and 2 Mar 99. Tissues were
stored dry over silica gel or at -80°C
until processing.

 

ELISA. 

 

Each sample consisting
of 0.25 to 0.5 g of tissue was placed
in 5 ml of PBS-Tween buffer and
pulverized for 30 s in a Kleco Tissue
Pulverizer (Kinetic Laboratory
Equipment, Visalia, CA). Extracts
were assayed for presence of CTV by
double antibody sandwich indirect
(DAS-I) ELISA (3, 4), or via tissue
blot immunoassay (7) of pruned
branches. A mixture of monoclonal
antibodies 11B1 and 3E10 was used
as a universal probe (3, 5), and
detects isolate T30 plus also all
other known isolates in Florida. A
second probe was the monoclonal
MCA13, which reacts to most
decline-inducing and stem-pitting
isolates of CTV, but does not react to
T30 (11); it was included as a check
on possible natural infections.

 

RESULTS

 

The ELISA results are summa-
rized in Table 1. In trees that were

inoculated in the fall of 1997 and
left unpruned, four of five trees were
systemically infected by the follow-
ing spring and all five were infected
by the fall of 1998. Trees inoculated
in the fall of 1997 that subsequently
had the inoculated branch removed
15 cm below the point of inoculation
3 weeks post inoculation, remained
CTV-free through the last assay
made in the spring of 1999. How-
ever, when similar trees were
pruned 8 weeks post-inoculation,
two of five trees tested CTV-positive
the following spring and all were
positive by spring of 1999. Trees
inoculated in the spring of 1998 had
no detected systemic infections dur-
ing the remainder of 1998, but three
of five unpruned trees

 

,

 

 three of five
trees pruned 3 weeks post-inocula-
tion, and three of five trees pruned 8
weeks post-inoculation tested posi-
tively in the spring of 1999.

Tissue-blot assays of stem sec-
tions of inoculated branches above
and below the point of inoculation
did not detect the virus.

None of the control trees, grafted
with CTV-free buds became ELISA-
positive during the experiment. No
MC13-positive isolates were detected
in any trees in the plot. Thus the
infections detected apparently all

 

TABLE 1

 

CITRUS TRISTEZA VIRUS

 

 (CTV) DETECTION BY DAS-I ELISA IN FIELD GROWN SWEET
ORANGE TREES GRAFT-EXPOSED FOR DIFFERENT INTERVALS, I.E., 3-WEEK, 8-WEEK AND

PERMANENT EXPOSURE TO GRAFT INOCULATION

Date
bud-grafted

Pruned
exposure
duration 15-Oct-97 17-Nov-97 10-Apr-98 26-Aug-98 2-Mar-99

Fall 97 unpruned 0 0 4/20 (4) 9/20 (4) 20/20 (5)
Fall 97 3 wk 0 0 0 0 0
Fall 97 8 wk 0 0 2/20 (2) 11/20 (5) 19/20 (5)
Fall 97 Control 0 0 0 0 0
Spring 98 unpruned 0 0 0 0 7/20 (3)
Spring 98 3 wk 0 0 0 0 9/20 (3)
Spring 98 8 wk 0 0 0 0 4/20 (3)
Spring 98 control 0 0 0 0 0

The experimental design consisted of five-tree replications with four branches assayed by DAS-I
ELISA per tree. Trees were exposed to CTV infected buds for 3 weeks, 8 weeks or permanently
(remained unpruned) following grafting or remained ungrafted (control). Data represent the num-
ber of CTV-positive assays over the total number of assays, i.e., 20. Data in parenthesis are the
number of trees that became CTV-positive out of the five trees inoculated.
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resulted from experimental inocula-
tion, although the possible move-
ment of T30 within the plot cannot
be completely excluded.

 

DISCUSSION

 

The results indicate that in 2-3
yr-old trees, CTV infections initiated
either in the spring or in the fall,
apparently remain serologically
undetectable until the following
spring or later. Even during the fol-
lowing spring only some of the trees
may have detectable infections. The
proportion of trees infected and the
proportion of the canopy infected
within individual trees continues to
increase over an extensive period of
time. Lack of any infections in unin-
oculated controls suggests that all
infections detected resulted from
our inoculations and that the vari-
ability is associated with differences
in rates of movement and/or replica-
tion. While initial movement from
the inoculation site was apparently
slower in the fall than the spring,
based on our failure to detect pas-
sage of CTV beyond 15 cm below the
point of inoculation in the fall, the
total incubation period until trees
were largely systemically infected
was shorter. Fall infections were
first detected the following spring in
inoculated branches, and systemi-
cally throughout tree in the summer
of the second season. Spring infec-
tions were first detected by ELISA
the following spring but were often
detected simultaneously in inocu-
lated and uninoculated branches.

The results suggest that systemic
movement of CTV occurs within a
few weeks after inoculation, but that
the amount of virus involved may be
quite low since none was found in
immunoblot assays of stem sections.
These results are similar to those
reported by Price (12) in greenhouse
tests. Immunoblot tests on stems of
recently inoculated small container
grown plants also failed to detect
CTV in stems below the point of inoc-
ulation (S. M. Garnsey, unpublished

data). Presumably, loci of infection
are soon established in the roots or
other lower parts of the tree (1, 14),
following this systemic spread,
although the detailed assays needed
to confirm this were not conducted in
this study. Infection in most of the
upper scaffolds apparently occurs
only after trees have passed through
a quiescent winter period, and the
virus then moves into and replicates
extensively in new bark and shoots.
This would be consistent with the
results reported for a single field tree
by Burnett (2), and the general sce-
nario is consistent with observations
on patterns of systemic infection of
other viruses (9).

The observation that trees which
were inoculated at the same time
may show extensive differences in
incubation period is consistent with
other field observations. For exam-
ple, large numbers of 8-10 yr-old
CTV-free trees in a commercial cit-
rus planting in south Florida, were
deliberately bud-inoculated with
T30 in hopes of inducing protection
against anticipated natural infec-
tions of decline isolates. Assays of
representative samples over time
indicated that only a small propor-
tion became systemically infected
with T30 within the first year, with
new infections appearing in each of
the following three seasons (M. Irey,
pers. comm.). This observation is
corroborated by the findings of Bar-
Joseph and Nitzan (1) who found
highly variable detection of CTV
throughout the canopies of individ-
ual field trees. However, it can be
easily demonstrated for potted trees
in the greenhouse, that systemic
infections are detectable serologi-
cally in 1-4 mo (Garnsey, unpub-
lished data).

Tree size, health, weather, and
horticultural treatments such as
pruning or irrigation all probably
effect virus replication and move-
ment. The considerable variation in
latent period between initial and
systemic infection has broad impli-
cations. Because of this latency,
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when assessing and mapping virus
incidence in field trees by ELISA,
we are not looking at what exists at
the time of assessment, but are
actually obtaining a view of virus
infection as it existed some time in
the past. In addition, because of the
variable time-lag for detection rela-
tive to individual trees, this histori-
cal view is temporally ‘fuzzy’. Thus
spatial maps based on ELISA test-
ing and the overall CTV incidence at
a given point in time are somewhat
uncertain.

Extended and variable latent
periods also pose tactical problems
for eradication programs. Even if all
detected infections are eliminated,
one must assume that other sub-clin-
ical infections may develop over the
next few years, and if natural spread
occurs from these before they are
detected and eradicated, the cycle is
repeated. More detailed sampling
using more sensitive detection meth-
ods could improve detection of these
latent infections, but is unlikely to be
practical on a large scale.

Historically, rooting of stem sec-
tions from recently inoculated plants
also failed to detect reproducing
virus from sections through which
long-distance movement apparently
occurred suggesting that failure of
detection is not simply a matter of
subclinical virus titers that remain
undetectable by modern ELISA
methods (12).

Only graft inoculation was used
in our study, in part to ensure con-
sistent rates of infection. Initial pat-
terns of movement may differ
somewhat following inoculation by
aphid transmission. We show that
the virus can begin to migrate from
bud-grafts in less than 21 days.
With graft inoculation a relatively
large number of donor cambial cells
come in contact with the receptor
cambium, but direct phloem link-
age is probably not established for
at least 8 days (12) and in some
cases much longer (1). With aphid-
transmission, infection may occur
rapidly, and virus is introduced
directly into the phloem although
the amount of virus inoculated may
be small. Multiple infections at sev-
eral sites in the tree canopy may
also occur when aphid populations
are high. It is unknown if the differ-
ences in the mode of infection (bud-
ding versus aphid transmission)
significantly impacts the time
required for infections to become
sufficiently systemic that they can
be readily detected.

 

ACKNOWLEDGMENTS

 

The authors wish to express their
gratitude to C. Henderson for per-
forming ELISA tests, to E. Taylor
for performing statistical tests and
to U.S. Sugar Corporation for dona-
tion of test trees.

 

LITERATURE CITED

 

1. Bar-Joseph, M. and Y. Nitzan
1991. The spread and distribution of citrus tristeza isolates in sour orange seedlings. In:

 

Proc. 7th Conf. IOCV

 

, 162-165. IOCV, Riverside, CA.
2. Burnett, H. C.

1961. Systemic spread of tristeza virus in one Valencia orange tree. Plant Dis. Reptr. 45:
697.

3. Cambra, M., S. M. Garnsey, T. A. Permar, C. T. Henderson, D. Gumpf, and C. Vela
1990. Detection of citrus tristeza virus (CTV) with a mixture of monoclonal antibodies.
Phytopathology 80: 1034 (Abstr.).

4. Garnsey, S. M. and M. Cambra
1991. Enzyme-linked immunosorbent assay (ELISA) for citrus pathogens. In: 

 

Graft-
Transmissible Diseases of Citrus. Handbook for Detection and Diagnosis. 

 

C. N. Rois-
tacher (ed.), 193-216. FAO, Rome.

5. Garnsey, S. M., T. R. Gottwald, and J. C. Borbón
1996. Rapid dissemination of mild isolates of citrus tristeza virus following introduction
of 

 

Toxoptera citricida

 

 in the Dominican Republic. In: 

 

Proc. 13th Conf. IOCV

 

, 92-103.
IOCV, Riverside, CA.



 

Fifteenth IOCV Conference, 2002—Citrus Tristeza Virus

 

53

6. Gottwald, T. R., M. Cambra, P. Moreno, E. Camarasa, and J. Piquer
1996. Spatial and temporal analysis of citrus tristeza virus in eastern Spain. Phytopa-
thology 86: 45-55.

7. Garnsey, S. M., T. A. Permar, M. Cambra, and C. T. Henderson
1993. Direct tissue blot immunoassay (DTBIA) for detection of citrus tristeza virus
(CTV). In: 

 

Proc. 12th Conf. IOCV

 

, 39-50. IOCV, Riverside, CA.
8. Gottwald, T. R., S. M. Garnsey, and J. C. Borbón

1998. Increase and patterns of spread of citrus tristeza virus infections in Costa Rica
and the Dominican Republic in the presence of the brown citrus aphid, 

 

Toxoptera citri-
cida

 

. Phytopathology 88: 621-636.
9. Hull, R.

2002. 

 

Matthews’ Plant Virology

 

, 4th ed. Academic Press.
10. Lee, R. F., S. M. Garnsey, L. J. Marais, J. N. Moll, and C. O. Youtsey

1998. Distribution of citrus tristeza virus in grapefruit and sweet orange in Florida and
South Africa. In: 

 

Proc. 11th Conf. IOCV

 

, 33-38. IOCV, Riverside, CA.
11. Permar, T. A., S. M. Garnsey, D. J. Gumpf, and R. F. Lee

1990. A monoclonal antibody that discriminates strains of citrus tristeza virus. Phytopa-
thology 80: 224-228.

12. Price, W. C.
1968. Translocation of tristeza and psorosis viruses. In: 

 

Proc 4th Conf. IOCV

 

, 52-58.
Univ. Fla. Press, Gainesville, FL.

13. Rocha-Peña, M. A., R. F. Lee, R. Lastra, C. L. Niblett, F. M. Ochoa-Corona, S. M. Garnsey,
and R. K. Yokomi
1995. Citrus tristeza virus and its aphid vector 

 

Toxoptera citricida

 

: Threats to citrus
production in the Caribbean and Central and North America. Plant Dis. 79: 437-445.

14. Tolba, M. A., M. M. Ragab, and F. Nour-Eldin
1976. Studies on citrus tristeza virus disease II. Distribution and movement of the
casual virus in citrus plants. In: 

 

Proc. 7th Conf. IOCV

 

, 63-67. IOCV, Riverside, CA.


