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Fig. 5. Psyllid vectors of HLB, Driaphorira citrei feeding on the lower side of a sour orange leaf in Peshawar, Pakistan (A), sweet
orange leaf in Guangxi, China (B), and citrus shoot in Reunion island (C, courtesy of B. Aubert). Notice position of insect at a 45°
angle. Heavily curled citrus leaves infested by D. citrs nymphs and adults (D). Yellow eggs of Twoza ervireae along the midrib and
on the edges of a lemon leaf (E). T. erytreae nymphs develop on the underside of the lcaves, becoming embedded in pits or nests,
which look like bumps on upper side of the leaves (G). When adulr psyllids emerge from nymphs, the pits ace left empty (F).
Bumps on the upper side of citrange leaves (H). Nymphs on the underside of citrange leaves (1.). T. erytreae nymphs parasitized
by Tasarixia dryi, that emerges through a hole (J).
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along the Red Sea region from Mecca to Najran, close to
the Yemeni border. The vector is D. cit#i. HLB occurs in
hot oases, and is, for that reason, of the hear-tolerant
form. In Yemen, the vector is T. erytreae, and HLB is on-
ly seen in cool highlands. Therefore, Yemeni HLB is of
the heat-sensitive form (Bové and Gamier, 1984).

North of the Saudi/Yemeni border, in the Abha-
Khamis Mushayt area, both vectors have been found
(Bové and Garuier, 1984), and the two forms of HLB ase
probably present, This situation can be explained in the
following way, In Yemen, African HLB and T erytreac
have undoubtedly been introduced from nearby
Ethiopia, across the Southern Red Sea, through the par-
row “Bab al Mandab™ strait, and have moved norsth-
wards, In Saudi Arabia, Astan HLB and D, a7 have en-
tered the Arabian Peninsula, probably with pilgrims to
Mecca, and have moved southwards. Eventually, the rwo
vectors, as well as the African and Asian HLB, have met
in the Abha-Khamis Mushayt region. Further movement
of T. erytreae up North will be hindered by hot climate,
but movement of D. aitri southwards towards Yemen
would not be impaired by climatic conditions.

Indian Qcean islands: Reunion and Mauritius. The
two veciors and the two forms of HLB occur in Re-
union and Mauritius (Garnier ef al., 3996). Distribution
of the two psyllid vectors according to remperature/alti-
mde is remarkable. D. ¢t is present on the coastal ar-
eas up to ap altitude of ~500 m., while T erytrene is
prevalent above this altivude, D. cz# has also been de-
tected in Rodrigues island, Tast ol Mauritius (J.Bové
and M. Garnier, unpublished), Both Ce. L. sfricanus
and Ca. L. asiaticus are present. Some trees proved to
be simultaneously infected with the two liberibaceers, a
situation also observed in Szo Paulo State with Ca. L.
americanus and Ca. L. asiaticus.

These islands are crossroads, and have been populat-
ed by immigrants from both Africa and India. In Re-
union, French, African, Malagasy, Chinese, Pakistani
and [ndian ethnic groups are present. In Mauritius, In-
do-Mauritians represent 68%, Creoles, 27%, and Sino-
Mautitians, 3%. African HLB has probably been intro-
duced from Eastern Africa and/or, Madagascar, and
Asian HLB, from the Indian subcontinent.

South America. SPS in Brazil bas been the first
American tegion to-report HLB, in 2004, The vector is
D. citrd, present in SPS for almost 70 years. Two liberib-
acters occur. The major HLB agent is the new liberibac-
rer species, Ca. L. americanus, present in 92% of trees.
Ca. L, asiaticus affects 6% of trees, and the two liberib-
acters occur in 2% of trees (see above).

North America. Florida, U.S.A., has been the second
American region to report HLB, in 2005. D. ctri was
recorded 7 years eatlier. The liberibacter is Ca. L. asiaticus,

Journal of Plant Pathology (2006), 88 (1), 7-37

CITRUS REGIONS WITH PSYLLID VECTORS BUT NO
HLB

The examples of SPS and especially Tlorida show
that once a psyllid vector is present, HILB is nor very far.
Therefore, the following regions and countries must be
sefiously on the alert, and scout for HLB, with the hope
to catch it early enough to try eradication. In SPS and
Florida, several years probably elapsed between the mo-
ment the discase was correctly recognized and properly
diagnosed, and its fitst occurcence.

Adantic ocean islands: Saint Helena, Madeira, and
Tenerife. The three islands harbor T erytreae. The insect
was repotied in 1994 {rom Madeira, and in 2002 from
Tenerife (Canury islands). Madeira is located North of
Tenerife, both islands being West of Morocco. [t is be-
lieved that the Alrican citrus psyllid was introduced
from Madeira into the Canary island by the dominant
North-South trade winds (Gonzales Hernandez, 2003).

Middle East: Tran. A very small number of D. citys
psylli's were seen in Decemiber 1997 in Iran, close o
the border wirh Pakistan (Bové ¢t al., 2000a). Ry 2005,
large populations of the insect occurred in the major
lime (Citrus avrantifilia (Christm,) Swing] growing re-
gion, North of Bandur Abbas (Alimorad Sarafrazi, per-
sonal communication).

Amerlcas. Halbert and Nuriez (2004) have described
the distribyution of D. atré in South, Central and North
America, and the Caribbean basin.

South America: Brazil, Acgentina, Venezuela, In
Brazl, as of November 2005, 79 municipalities in SPS
and 1 adjacent municipality in Minas Gerais are contam-
inated with HLB, the vector being D. eitr for Ca. L. asi-
aticus, and probably also for Ca. L. amercanus. Othet
Brazilian regions grow citrus. but they do not (yer) have
HLB, even though D. citri is present. These regions are
at great danger of becoming contaminated with HLB. In
1997, D. citri was found on cicrus in Cortientes, Argenti-
na, The infestation was minor, the populndons being
piobably controlled by local natural ennemies. D. ¢t/
was renorted for the first time in Venezuela in 1999 in the
“Peninsula de Paraguana™ on C. awraniifolia, C. reticu-
lata, C latifolia, and M, paniculata.

Central America, West Indies, Caribbeans. D. citri
was found in Guadeloupe, Bahamas, Cayman islands,
Cuba and Dominican Republic, aod Puerto Rico in 1998,
1999, 2000, 2001, and 2002, respectively (Halbert and
Nufiez, 2004). D. creri was intercepted on citrus from Be-
lize in a baggage at Houston, Texas, in October 2002.

North America: Texas, Yucatan. D. citri is present i
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26 Huanglonghing of Citrus Joumal of Plant Pathology (2006), 88 (1), 7-37

Fig. 7. Blotchy mottle-affected sweet orange leaves from China (A), South Africa (B, C), Sao Paulo State, Brazit (E), and Madagas-
car (F). Healthy sweet orange leaves in D,




Tournal of Plant Pathology {2006). 88 (1), 7-37

Fig. 8. Blotchy mortle-affected Jeaves of sweet orange from Sio Paulo State (A), rough lemon (B) and grapefruit {C) from Poona
India, clementine from South Africa (F), and mandarin from Coarg, India (G, H). Healthy clementine leaves (E). Sweet orange
leaves showtng zinc deficicncy symptoms with increasing severity from right to left (D).
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Fig. 10. A. Far left and far right. normal sweet orange halves showing nonmal seeds; middle. rwo halves from & lopsided HLB-al-
fected sweet orange from China. Notice asymmetry of the froit section, and the brownish-black seeds. B, Seclioned lopsided sweet
orange from Sio Paulo State, with brownish-black sceds, thick albedo at the peduncular end, and vascular bundles stained os-
ange-brown at the peduncular end of fruit axis. C. Lopsided purmmnelo showing vascular bundles siained orange-brown.

ed trees, i.e., symptomatic trees pjus asymptrormnatic Lrees
(Sy+Asy). For 20%, 30% and 50% Sy rees, there will
be 36%, 50%, and 70% (Sy+Asy) trees. In other words,
in an orchard with 30% symptomatic trees, half of the
irees are infected, and will have to be pulled out sooner
or later, Is it wosthwhile to keep such an occhard? Prob-
ably nor!

When affected trees have been pulled out, they can
be replaced by young, healthy trees. In SPS, by law, all
nursery trees have to be produced in covered, insect
proof screenhouses, and this obligation guarantees that
they are HLB-frce.

Even though in SPS removal of FILB-affecred trees is
compulsory by law, great efforts have been made
through the media (articles in newspapers, programs on
radio and TV, training courses for growers and techni-
cians) to explain the situation, and convince the growers
to remove the affected trees on a voluntary base (Ayres

¢l al., 2003). Most of the growers cooperate, and 350
thousand symptomatic trees have been voluntarily elim-
inated, as of Ocrober 2005. Cooperation of the growers
is also required for vector control.

Psyllid vector control. Key features of the psyllids,
which need 1o be raken into account in the formulation
of control strategies have been reviewed (Buitendag and
von Broembsen, 1993: Halbert and Manjunath, 2004;
Hal}, 2005).

Treatments with contact and systemic insecticides re-
duce psyilid populations, and thus HLB spread. The ef-
ficiency of the treatments is easier to estimate with T
erptreae than with D atrs, because of the foliar
“buraps” produced by T. eryireac nymphs. In the large,
South African citrus estates, control of T erytreae can
be very efficient, as “bumps” are hardly seen. Systemic
insecticides, aimed specifically at psyllids (monocro-
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