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Abstract
Bove, J. M. and M. Garnier. 2000. Witches’ Broom Disease of Lime.  Arab J. Pl. Prot. 18: 148-152.

Witches’ broom disease of lime (Citrus aurantifolia) (WBDL) is caused by Candidatus Phytoplasma aurantifolia. The WBDL
phytoplasma is closely related to the phytoplasmas of alfalfa, sesame, and sunhemp phyllodies. WBDL was first described in the Sultanate of
Oman where thousands of lime trees were killed since the 1980s. It was seen in the United Arab Emirates (UAE) in 1989, and by 1993 all
regions were affected. As predicted, the disease was reported next in Southeast Iran in1997, but must have been there, many years before.
Finally, witches’ broom was reported as a new disease of lime in the Nagpur region of India in 1999. Monoclonal antibodies and PCR primers
for 16S rDNA amplification have been obtained for the Omani phytoplasma. These Omani-specific reagents detect equally well the WBDL-
phytoplasma from the Emirates and Iran. Wether the Nagpur phytoplasma also reacts with these reagents could not yet be studied. Natural
spread of WBDL is very fast. A putative leafhopper vector, Hishimonus phycitis, multiplying actively on lime trees, was identified in 1991 in
Oman and found to be also present in the UAE in1993 and in Iran in 1997. The leafhopper is well known in India. Even though H. phycitis
appears as the most likely vector of the WBDL agent, experimental transmissions have so far been unsuccessful. The most severely and widely
affected species is small fruited acid lime (C. aurantifolia). However, in the UAE, sweet limes (Citrus limetta, Citrus limettiodes) showed severe
symptoms. In the field, sweet orange, mandarin and grapefruit trees have never shown symptoms and were free of the WBDL agent. In the
greenhouse, these species did not become infected following graft inoculation with infected lime shoots. Control is by prevention. Affected trees
are easily spotted on the basis of their characteristic witches’ brooms. Specific reagents are available to confirm visual diagnosis. Symptomatic
trees must be removed. Finally, the origin of WBDL, a relatively new disease of citrus, will be discussed.

* This symposium was sponsored by the FAO Near East Regional Office, Cairo, Egypt.

Introduction
Small-fruited acid limes (Citrus aurantifolia (L.)

Swingle) have been produced in the Sultanate of Oman along
the northern coastal plain, or Batinah, for many generations.
In the late 1970s, lime growers witnessed a severe decline of
lime trees. Affected trees were characterized by the presence
of conspicuous witches’brooms, hence the name
“witches’broom disease of lime” (WBDL) (2, 3, 5).

Witches’brooms are easily detected on the trees by their
compactness and their small, pale-green leaves. The smaller
the leaves, the more severe the disease. In the early stages of
the disease, the trees show only one, then a few, witches’
brooms, with the other parts of the trees remaining
symptomless, except for absence of new shoots. These early
witches’brooms are soon followed by many others in various
parts of the trees. In the advanced stages of the disease, the
leaves of the older witches’brooms become dry and die, but
remain attached (9). Eventually, the dead leaves drop, leaving
naked twigs and shoots as  the only evidence of former
witches’brooms. After the first witches’brooms have
appeared, the trees decline rapidly and, within a few years,
they die: WBDL is a lethal disease.

As will be summarized below, the disease is due to a
plant mollicute (mycoplasma) and more precisely, a
phytoplasma.When we first described the disease from 1986
on (2, 3, 5), the phytoplasmas were not yet recognized as
genuine mollicutes, and they were given the name
“Mycoplasma-Like Organisms” or MLOs. Here, we will use
throughout the name phytoplasma which was officially
adopted in 1992 (16).

In addition to the phytoplasmas, plants can be infected
by members of a second group of mollicutes: the
spiroplasmas. The spiroplasmas are helical and motile, and
Spiroplasma citri, the causal agent of citrus stubborn disease,
was cultured as early as 1971 (13). In comparison, the
phytoplasmas have no characteristic morphology, they are
not motile, and they have never been cultured so far.

The mollicutes, including the spiroplasmas and the
phytoplasmas, are true bacteria, but they lack a cell-wall.
They are phylogenetically related to Gram-positive bacteria
with low guanine (G) and cytosine (C) in the DNA.

While S. citri was the first mollicute of plant origin to
have been obtained in culture, the WBDL was the first
recognized phytoplasma disease of citrus.

The phytoplasmal etiology of WBDL is based on
several lines of evidence and will be summarized hereafter.
These studies were conducted  with plant material collected
in 1986 in the Sultanate of Oman or derived from this
material in our glasshouses in Bordeaux.

Electron microscopy
Electron microscopy observations showed that the

sieve-tubes of leaf-midribs from all witches’brooms
examined contained phytoplasmas (2, 3, 5). The
phytoplasmas are often extremely numerous in the sieve-
tubes of midribs from very small leaves; such sieve-tubes can
be literally filled with organisms. In larger leaves, the
phytoplasmas are less numerous. Hence, the severity of
symptoms is positively related to the number of
phytoplasmas in the sieve-tubes. The phytoplasmas are
restricted to the sieve-tubes.
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Graft- and dodder-transmission of the WBDL-
phytoplasma

Lime seedlings graft-inoculated with pieces of shoots or
twigs from witches’brooms developed typical witches’broom
symptoms, 6 to 12 months later, and phytoplasmas were
present in the symptomatic leaves. Graft-transmissions of the
WBDL-phytoplasma to a variety of citrus species and
cultivars will be described below.

Transmission of the WBDL-phytoplasma to periwinkle
(Catharanthus roseus) seedlings by dodder (Cuscuta
campestris) was successfully achieved (8). The plants
developed very small leaves on highly proliferating shoots.
Phytoplasmas were present in the symptomatic periwinkle
leaves Back transmission of the phytoplasma from
symptomatic periwinkle plants to lime seedlings by dodder
was also obtained, the seedlings showing characteristic
symptoms of WBDL. Through graft-transmission of the
WBDL-phytoplasma from periwinkle to periwinkle, a large
supply of phytoplasma-infected plant material can be
obtained, and has made it possible to develop WBDL-
specific reagents: monoclonal antibodies, DNA probes and
PCR primers.

.

Monoclonal antibodies and the serological
detection of the WBDL-phytoplasma

Monoclonal antibodies (MA) specific for the WBDL-
phytoplasma were obtained by immunizing Balb/c mice with
homogenates of WBDL-infected periwinkle midribs (8, 9).
Specific hybridomas were selected by differential
immunofluorescence (IF) on sections of healthy and infected
periwinkle midribs. In one fusion, two such hybridomas, 7D5
(IgG3)and 1D11 (IgM), were obtained among 856
hybridomas tested (8). In another fusion, 11 MAs, including
2H3 (IgG1), could be selected (9).

The specificity of the  MAs for the WBDL-phytoplasma
was determined by  IF on midrib sections of periwinkle
leaves infected with various phloem-restricted mollicutes. All
MAs gave positive reactions with WBDL-phytoplasma-
infected midrib sections, but not with sections containing
other phytoplasmas, S. citri, Spiroplasma kunkelii, or the
liberibacter of huanglongbing (greening) (8, 9).

MA 2H3 was amplified and successfully developed into
a reagent for the specific detection of the WBDL-
phytoplasma by IF or ELISA (7). Strong positive reactions
were obtained with witches’broom leaves from all areas
tested in the Sultanate of Oman.

DNA probes and the relation of the WBDL-
phytoplasma with other phytoplasmas

Periwinkle plants infected with the WBDL-phytoplasma
were used for partial purification of the phytoplasma DNA by
the bisbenzimide technique (11). The phytoplasmal DNA
fraction was cloned in plasmid pUC18 and amplified in
Escherichia coli (1). Several recombinant plasmids had
inserts that hybridized with the DNA extracted from plants
infected with the WBDL-phytoplasma, but not from healthy
plants (8, 10). Inserts I1H (probe P1), I10H (probe P3), and
I28H (probe P4) were studied in more detail. In dot-blot
hybridizations, probes P3 and P4 reacted strongly with DNA
from symptomatic WBDL-phytoplasma infected plants,
while probe P1 reacted more faintly. The specificity of the
three probes was determined. In addition to the WBDL agent,
two other phytoplasmas gave strong positive dot-blot
hybridizations: the phytoplasmas of sunhemp (Crotalaria

juncea) and sesame (Sesamum indicum) phyllodies.
However, when probe P3 was used in Southern
hybridizations on Hind III-restricted DNA extracted from
phytoplasma-infected plants, the hybridization patterns were
different for the WBDL-phytoplasma and the two phyllody
phytoplasmas (7, 9, 17). The alfalfa phyllody phytoplasma
gave also a positive reaction in Southern hybridization, but
the reaction was faint. These results show that the WBDL-
phytoplasma is closely related to, but different from, the
sunhemp and the sesame phytoplasmas.

Characterization of the WBDL-phytoplasma
Until recently, only bacteria available in culture lent

themselves to characterization and could be given latin
binomial species names. However, with the advent of
molecular techniques, the situation has changed. In
particular, the sequence of the 16S ribosomal RNA or, to be
more precise, the sequence of the gene coding for the 16S
ribosomal RNA (16S rDNA), can now be determined easily:
the 16S rDNA is first amplified by PCR with universal 16S
rDNA primers, and the amplified DNA is sequenced either
directly or after cloning. In this way, the 16S rDNA sequence
from a new bacterium can be compared with the many 16S
rDNA sequences of known bacteria deposited in gene banks.
Closely related bacteria have very similar 16S rDNA
sequences, distantly related bacteria have much less 16S
rDNA sequence similarities.

Even though the phytoplasmas are not available in
culture, their 16S rDNA can be PCR- amplified, using as
target DNA the total DNA of plants infected with the
relevant phytoplasma. Prior to the PCR step, the interfering
chloroplast 16S rDNA has to be cut by BclI to prevent its
amplification. The amplified DNA is sequenced, and its
sequence compared to the 16S rDNA sequences present in
the gene banks. In this way, the name of the bacterial species
with the most similar 16S rDNA sequence is obtained, and
indicates to what bacterial group the phytoplasma belongs.
This is how it was shown that the phytoplasmas are members
of the division Mollicutes, and that the known phytoplasmas
represent about 20 groups or phylogenetic clusters (potential
species) (14).

The 16S rDNA sequence of the WBDL pyhtoplasma
was determined and compared with the 16S rDNA sequences
of the other phytoplasmas (17). A phylogenetic tree was
constructed. The 16S rDNA sequence of the WBDL
phytoplasma was determined and compared with the 16S
rDNA sequences of the other phytoplasmas (17). A
phylogenetic tree was constructed. The WBDL-phytoplasma
was found to cluster within the faba bean phyllody
phytoplasma group. Other members of this group are the
phytoplasmas of sesame and sunhemp phyllodies, a result in
agreement with those from DNA hybridizations (see above),
sweet potatoe witches’broom, peanut phyllody, and tomato
big bud.

From the 16S rDNA sequence of the WBDL
phytoplasma, a specific primer, WB3, was designed and used
with universal primer rp1 for PCR detection of the
phytoplasma in plants (17).

In addition to the 16S rDNA sequence, other molecular
data were obtained for the WBDL-phytoplasma. The 16 S –
23 S ribosomal spacer region was  sequenced. The genome
size of the WBDL agent was determined by pulsed-field gel
electrophoresis, and found to be of 720 kbp. On the basis of
these molecular data, including the Southern hybridization
profiles obtained with the WBDL-phytoplasma DNA-probes,
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and following the Candidatus proposal of Murray and
Schleifer (12), the WBDL agent was given the name
Candidatus Phytoplasma aurantifolia (17). It is the first
phytoplasma to receive a Candidatus designation.

Search for the putative insect vector of the
WBDL-phytoplasma

In 1986, WBDL was restricted to the northern part of
the Batinah and extended from Al Murayr, immediately south
of the border with the United Arab Emirates (UAE), to
Saham.Within these limits, the most severely affected areas
were those of Liwa and Shinas, Al murayr being third. The
orchards in the affected region totaled 29,232 trees of which
6,291 (21.5 %) showed WBDL. By 1987, the disease had
spread not only to the southern Batinah, as far as Barka, but
also to inland areas, such as Al Rustaq and Dan’k. In 1989,
the first cases were seen in the UAE, and by 1993, most
citrus growing regions were affected.

In affected orchards, the disease spreads rapidly. In
1990, in a given orchard, 7.6% of 251 trees were affected.
One year later, the trees with witches’ brooms amounted to
41%.

Because of the rapid spread of the disease, an insect
vector was suspected. The phytoplasmal nature of the WBDL
agent pointed towards leafhoppers and psyllids, as these
insects are known to be vectors of phytoplasmas. Insects
were captured in the Sultanate of Oman in May 1993 with a
D-Vac aspirator. Leafhoppers were separated into species.
Individual leafhoppers were crushed with a glass rod directly
onto a nylon N+ membrane, and the “crush-blots”, each with
about one hundred insects,  were used for hybridization with
32P-labeled probe P3.

Among the leafhoppers captured some species were new
to the Arabian Peninsula and were reported for the first time
(7). The major result of this work concerned one of the new
leafhopper species discovered: Hishimonus phycitis. H.
phycitis was the only species that tested positively in DNA
hybridizations with the WBDL-phytoplasma probe P3. In
addition, this leafhopper was the only one consistently and
almost exclusively found on lime
trees (7).

Interestingly, H. phycitis is well known in India. Acid
lime is given as one of the host plants on which the
leafhopper is able to live and reproduce. It is vector of a
severe and widely distributed phytoplasma disease of
eggplant: little leaf disease. It transmits also the phytoplasma
of Parthemium hysterophorus phyllody.

In summary, H. phycitis could be the vector of the
WBDL phytoplasma for the following reasons: the
leafhopper is consistently found on lime trees, it is the only
reacting positively with the DNA probe produced against the
WBDL phytoplasma, and it is known to be a vector of
phytoplasmas. In the orchard, WBDL seems to spread from
tree to tree. This type of spread would be expected of a vector
living and multiplying on the affected trees. However,
experimental transmissions of the WBDL phytoplasma with
H. phycitis have not yet been obtained, and hence proof that
this leafhopper is indeed the vector of the WBDL agent is not
yet on hand. H. phycitis remains however the most likely
candidate for the role of vector, not only in the Sultanate of
Oman, but also in the UAE and Iran (see below).

Geographical distribution of WBDL and
comparison of the phytoplasmas involved

WBDL was first reported in Oman in 1986, but as
judged from the presence of very severely affected trees, the
disease must have occurred much earlier, probably in the
1970s. By late 1992, the entire Batinah as well as inland
regions were affected. In the UAE, the disease was first seen
in 1989, and by early 1993, lime trees in most citrus growing
regions showed symptoms. In addition to lime, citron, Indian
Palestine sweet lime and sweet limetta were also affected
(15).

In Iran, it was in July 1997 that members of the Iranian
Plant Pests and Diseases Research Institute observed
witches’brooms on lime trees in a remote area of the
southeastern region of the country, near Nikshar (Dapas Kur)
and Qasr-e-Qand, i.e. approximately 100 km north of the
coastal town of Chah Bahar, and 100 km west of the
Pakistani border. About 500 trees were found affected. When
we visited the area in December 1997, we noticed that
several trees were severely affected and others had already
died,  indicating that the disease must have been present since
many years. We collected plant material and leafhoppers in
the affected  areas, as well as in regions where the disease
was absent: Cha Bahar, Jiroft, Rodan and Minab (4).

In all three countries, the symptoms and the progress of
the disease are identical. The availability of specific
reagents, Mas, DNA probes, and PCR primers, has made it
possible to compare the WBDL-phytoplasmas from the three
countries. On the basis of symptomatology, ELISA with MA
2H3 and PCR amplifications with primers rp1 and WB3, the
WBDL- phytoplasmas from Oman, the UAE, and Iran  are
the same: the causal agent of WBDL is Candidatus
Phytoplasma aurantifolia.

H. Phycitis, first detected in Oman, was also found in
the UAE and in Iran  (4), once a D-Vac aspirator was used to
collect the insects from the trees. In Iran, H. phycitis was
present on lime trees not only in the WBDL-affected regions,
but also in regions free of the disease (Chah-Bahar, Jiroft,
Minab and Rodan). The WBDL-phytoplasma could be
detected by PCR in individual H. phycitis leafhoppers from
the affected area, but not in those from the WBDL-free
regions (4).

It has been reported in 1999 (10) that a phytoplasma-
associated witches’ broom disease of lime trees occurs in the
Nagpur region of India, a major Indian citrus region. No
serological and/or molecular assays with Candidatus
Phytoplasma aurantifolia-specific reagents could be carried
out. Thus, the relationship between the Indian phytoplasma
and the WBDL-phytoplasma remains unknown.

Host range of WBDL
In nature, the most widely affected species is small-

fruited acid lime. In the UAE, citron, Indian Palestine sweet
lime and sweet limetta also show severe symptoms in the
orchartds, and they give positive IF reactions with WBDL-
phytoplasma specific Mas, and positive DNA hybridization
reactions with probe P3 (7).

Experimentally, the WBDL phytoplasma could be graft-
transmitted to the following citrus species which
showed symptoms of witches’broom disease within
24 months after graft-inoculation with symptomatic
lime shoots: C. aurantifolia,  C. excelsa,  C. hystrix, C.
ichangensis, C. karna, C. macrophylla, Etrog citron, Meyer
lemon, Rangpur lime,  rough lemon, and Troyer citrange (6).
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Presence of the WBDL-phytoplasma in these symptomatic
species was confirmed by ELISA with specific Mas. The
following species did not become infected, despite the
development of good  witches’broom symptoms on the lime
shoots grafted on these species as inoculum: C. clementina,
C. deliciosa, C. halimi, C. junos, C. latifolia, grapefruit,
Cleopatra mandarin, sweet orange, Fortunella margarita,
Microcitrus australis, and Severinia buxifolia. It is
worthwhile noting that sweet orange, clementine, and
grapefruit are among the species that did not become
infected. Either the phytoplasma cannot move through the
graft union from the infected lime inoculum to the cultivar, or
the above cultivars are resistant. In the orchard, these species
have remained symptomless even when adjacent to severely
affected lime trees, and none or only very few H. phycitis
leafhoppers were captured on these species.

As already indicated, the WBDL-phytoplasma could be
transmitted from lime seedlings to periwinkle plants,  and
back to lime, by dodder.

Conclusion
A phytoplasma is always present in plant material

(citrus or periwinkle) showing symptoms of WBDL, whether
the infection occurs naturally in the orchard or has been
obtained experimentally by graft inoculation or dodder
transmission in the greenhouse. Presence of the phytoplasma
is based on electron microscopy, serological reactions with

Mas, DNA probes, and PCR primers for DNA amplification
of 16S rDNA. The same phytoplasma is involved in Oman,
the UAE, and Iran, and has been characterized  on the basis
of molecular properties. These results fulfil the first of the
four Koch’s postulates. The three others cannot be carried
out, as the phytoplasmas are not avaible in culture. There is,
however today, general consensus to believe that, when a
well-characterized  phytoplasma is associated with a disease,
this phytoplasma is the causal agent of the disease. Therefore,
Candidatus Phytoplasma  aurantifolia is the etiological
agent of WBDL.

Control of WBDL is by prevention. Affected trees are
easily spotted on the basis of their characteristic
witches’4brooms. Specific reagents are available to confirm
visual diagnosis. Symptomatic trees must be removed.
However, as indicated above, the WBDL-phytoplasma and
the phytoplasmas of alfalfa, sesame and sunhemp are related.
It might well be that the WBDL-phytoplasma has been
present in the affected regions in various plant species long
before it appeared in lime. It was first noticed in lime
probably because in lime the disease is economically
important, and particularly conspicuous and severe. If
alternative hosts of the WBDL-phytoplasma exist, reinfection
of lime will occur even if affected lime trees are eradicated.
Therefore, identification of such putative hosts is essential for
the control of WBDL.

الملخص
.152-148: 18مكنسة الساحرة لأشجار اللایم. مجلة وقایة النبات العربیة. . مرض 2000بوفیھ، أ. م. ومونیك جارنیھ. 

م ( جار اللای احرة لأش ة الس رض مكنس أ م ن Citrus aurantifoliaینش Phytoplasma) ع aurantifolia ع ة م ة وثیق رض بعلاق بب للم ائن المس رتبط الك . وی
ذ الفیتوبلاسما المسببة لتورّق الأزھار في الفصة/ الجت، السم ي موت آلاف الأشجار من ث تسبب ف ان، حی ي سلطنة عم رة ف ذا المرض لأول م سم والقنب. وقد وصف ھ

ي 1989الثمانینات. وتمت رؤیتھ أیضاً عام  ة ف ة دول المنطق ى كاف ة المتحدة، وانتشر إل ارات العربی ة الإم ي دول وب 1993ف ي جن اً، سجل المرض ف ان متوقع ا ك . وكم
ام ولو أن1997شرق إیران عام  ة ع اجبور الھندی ة ن ي مقاطع م ف ى اللای د عل م 1999ھ یعتقد بوجوده ھناك قبل ذلك بعدة سنوات. وأخیراً سجل المرض كمرض جدی . وت

مات  ون وواس دة الكل ادة وحی ام مض ى أجس ول عل زلتین الإماراPCRالحص ف الع ة، كش ة العمانی ة بالعزل ام، الخاص ذه الأجس تطاعت ھ ة. واس ما العمانی ة للفیتوبلاس تی
د ت ر. وق ى نحو كبی ام. ویحدث الإنتشار الطبیعي للمرض عل ذه الأجس ة تتفاعل مع ھ ة الھندی ت العزل لوالإیرانیة، ولا یعرف بعد فیما إذا كان م تعریف نطاط ورق  ناق

)Hishimonus phycitis ام ان ع ي عم م ف جار اللای ى أش اط عل اثر بنش ار1991)، یتك ة الإم ي دول اً ف وده أیض ین وج ام ، وتب ام 1993ات ع ران ع ي إی 1997وف
ع اللای و واس ى نح دة وعل رض بش یب الم اح. ویص ل بالنج م تكل ي ل و تجریب ى نح ما عل ل الفیتوبلاس ة نق ى أن محاول د. عل ي الھن اً ف روف أیض و مع رةوھ غیر الثم م ص

)C. aurantifolia) وفي الإمارات العربیة، أظھرت أشجار اللایم الحلو .(C. limettaوC. aurantifolia ،و ال الحل ر أشجار البرتق م تظھ ) أعراضاً مرضیة شدیدة. ول
ة  م تصب تحت ظروف الدفیئ ذه الأشجار ل ا أن ھ ل الممرض. كم ن العام ة م ت خالی ة وكان ا والماندرین والكریفون أعراض المرض تحت الظروف الحقلی ب تطعیمھ عق

دیھا، بفروع لایم مصابة. تعدّ إزالة الأشجار المصابة فضلى وسائ ي تب زة الت ة الممی ل المكافحة، حیث یمكن كشف الأشجار المصابة بسھولة من خلال الأعراض الظاھری
.لى اللیمون/ الحامضكما تتوافر وسائل تشخیصیة متخصصة لتأكید الأعراض الظاھریة الممیزة. وسیناقش الباحثان أصل مكنسة الساحرة وھو المرض الحدیث نسبیاً ع
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Tristeza disease, caused by citrus tristeza closterovirus (CTV) is the most economically important disease of citrus in the
world.  CTV occurs worldwide, often unknowingly imported in propagating or breeding material.  Several aphid species transmit
CTV in a semi-persistent manner with the brown citrus aphid (BrCA), Toxoptera citricida, being the most efficient.  CTV causes
a multitude of symptoms including death of trees on sour orange rootstock and stem pitting of scions regardless of rootstock.
Millions of trees on sour orange have been killed by CTV in South America and the Caribbean Basin following the introduction of
the BrCA and subsequent spread of the aphid and CTV.  Epidemics of CTV decline are occurring in several Caribbean countries.
Sour orange is a favored rootstock when CTV is not a problem because of its tolerance to calcareous soils, root rot pathogens,
production of high quality fruit, and tolerance to a variety of other viruses/viroids which limit productivity of citrus using CTV-
tolerant rootstocks.  The impact of the recent spread of the BrCA in the Caribbean Basin and the management strategies for
control of CTV are discussed.

Movement and Spread of CTV
Citrus tristeza closterovirus (CTV) probably originated

in Southeast Asia where Citrus originated.  CTV has been
distributed around the world in the movement of Citrus
germplasm, especially before the viral nature of tristeza
disease was understood  (1).

While the long distance spread of CTV is usually by
movement of infected nursery or breeding material, the local
spread is by aphid vectors.  The virus is transmitted semi-
persistently (12).  There is no latent period needed before
transmission can occur once the aphid acquires the virus, but
the aphid remains viruliferous for only 24-48 hours.  While
the aphid can acquire CTV with short acquisition time, the
longer the acquisition feed (up to 24 hours), the more likely it
is that CTV can be transmitted.  The brown citrus aphid
(BrCA), Toxoptera citricida, is the most efficient vector of

CTV. Aphis gossypii, common called the melon or cotton
aphid, is the most common aphid vector in areas where the
BrCA is not present.  In side by side comparisons, the BrCA
is about 25 times more efficient at transmitting CTV as
compared to A. gossypii (31). A. spiraecola, the green aphid,
and T. aurantii, the black citrus aphid, are commonly present
as vectors of CTV, but are less efficient vectors than the
melon aphid.  Studies in Cuba (2), Florida (8), and
Belize/Mexico (M. Rocha-Pena, personal comm.) indicate
that the BrCA migrates about 200 kilometers a year.  This
rate of spread may be faster if nursery materials are not
disinfested to kill aphids before movement to other locations.

Symptomatology
CTV isolates express a multitude of symptoms (18, 26).

Some isolates are mild and do not produce noticeable


