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Sanitary Status of Citrus in Lebanon
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ABSTRACT. Within a comprehensive study for the assessment of the sanitary status of the
Lebanese citrus industry, surveys were conducted in the main citrus-growing areas of the country.
Commercial groves and nurseries were surveyed for symptoms of citrus virus and virus-like dis-
eases and budwood and leaf samples were collected for indexing. Tests were carried out by ELISA
for citrus tristeza virus (CTV), citrus psorosis virus (CPsV) and Spiroplasma citri, the stubborn
disease organism. Molecular hybridization was used to index for the citrus exocortis viroid
(CEVd) and the citrus cachexia viroid (CCaVd) and biological indexing was used to detect psoro-
sis, oak-leaf patterns and infectious variegation. Concavities and bark scaling were widely
observed in the trunks of Washington navel, Shamouti and Valencia oranges. Leaf symptoms of
oak-leaf patterns, mottling, ringspot and curling were also seen on field trees, sometimes associ-
ated with bark disorders. Symptoms of cachexia were observed in mandarins and stubborn symp-
toms were evident on sweet orange. No decline or clear-cut tristeza symptoms were observed in
the field. ELISA indexing showed 66 out of 4,497 trees to be CTV-infected; 50 out of 557 trees were
positive for S. citri and 48 out of 186 trees infected by CPsV. Of 186 trees indexed by graft-trans-
mission, approximately 24% produced psorosis-like symptoms, 10% produced oak-leaf patterns
and 7% showed infectious variegation symptoms. All the CTV isolates induced strong vein clear-
ing and cupping in Mexican lime leaves and mild stem pitting in the wood. CCaVd was detected in
62 out of 186 samples tested (33%), and CEVd in 61 samples (32.8%).

Citrus, comprising 10,000 ha, is MATERIALS AND METHODS
one of the most important fruit

crops grown in Lebanon and located The survey was conducted in late
mostly in the south (7). The variet- summer of 1995 and the early
ies grown in the country are sweet autumn of 1996 in the main Leba-
orange (Washington navel, Valencia nese citrus-growing areas which
and Shamouti, with an increasing includes Akkar and Tripoli in the
tendency towards Valencia); lemon north; Awali, Wasta, Saida, Ghaz-

(Saasli), which is still widely culti- iyyeh, Najjariyyeh, Aakaibeh, Gibe-
vated despite its susceptibility to hit, Addousiyyeh, and Maamoura in

‘mal secco’; Clementine, which has the south. A total of 4,497 trees were
virtually replaced mandarin, fol- randomly inspected for symptoms of
lowed by grapefruit and pummelo virus and virus-like diseases and
(6). leaf and bark samples were col-
Little is known about the pres- lected from commercial groves and
ence of virus and virus-like dis- nurseries.
eases affecting citrus groves in In the laboratory of the Instituto
Lebanon except in occasional Agronomico Mediterraneo at Bari,
reports, based on symptomatologi- serological tests were carried out by
cal observations (9), and recent DAS-ELISA (2) on: i) cortical scrap-
field surveys for citrus tristeza ings from twigs from all of the trees
virus (CTV) monitoring (3, 4). This sampled for CTV analysis (mono-
led us to carry out an assessment of clonal antibodies from Direction des
the sanitary status of the Lebanese Domaines Agricoles, UCP, Morocco);
citrus industry in an overall frame- ii) 557 leaf samples for Spiroplasma
work of a project on “Production, citri detection (polyclonal antisera
conservation and use of certified Sanofi Santé Animale, France); and
propagating material in Lebanon: iii) 186 leaf samples for CPsV detec-
establishment and organization of tion using a kit produced at the Isti-
a certified program”. tuto di Fitovirologia Applicata-CNR
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Torino, Italy (5). This latter group of
samples, chosen among the main
varieties, were also submitted to
molecular hybridization for the
detection of citrus cachexia viroid
(CCaVd) and citrus exocortis viroid
(CEVA) (1).

Graft-transmissions were made
to woody indicators (Dweet tangor,
Madam Vinous sweet orange and
Etrog citron) held at temperatures
of 24°C and 35°C and mechanical
transmissions were made to herba-
ceous hosts (Chenopodium quinoa,
C. amaranticolor, Vigna sinensis,
Sesamum indicum and Nicotiana
benthamiana) using fresh young
leaves and 0.05M pH 7.2 phosphate
buffer containing 1% nicotine solu-
tion.

Positive controls and negative
controls were included in all tests (8).
Moreover, 10 CTV isolates of differ-
ent varieties (Washington navel,
Valencia, Shamouti oranges, Saasli,
Meyer lemon and Ortanique tangor),
were graft-inoculated for biological
characterization to Duncan grape-
fruit, sour orange, Mexican lime and
Madam Vinous sweet orange seed-
lings using CTV-seedling yellows and
stem pitting strains as positive con-
trols (courtesy of C. N. Roistacher).

RESULTS AND DISCUSSION

Concavities and bark scaling were
widespread in Washington navel,
Shamouti and Valencia oranges.
These symptoms were found on vir-
tually all of the trees in several
groves. Leaf symptoms of oak-leaf
pattern, mottling, ringspot and leaf
curling were also noticed, some-
times associated with bark disor-
ders. Symptoms of cachexia (stem
pitting and gumming in the bark)
were observed in mandarins and
symptoms of stubborn disease
(acorn-shaped fruits, leaf chlorosis
and stunting) were evident Washing-
ton navel trees. No decline or clear-
cut tristeza symptoms were observed
on the infected trees in the field.

Sixty-six of 4,497 trees tested by
ELISA proved to be CTV-infected
(1.5%). Three were located in a nurs-
ery in the north and one in a nurs-
ery in the south of the country;
whereas the others were in commer-
cial groves.

Nine percent of the trees were
found to be infected by S. citri (50
out of 557 trees), among which 40
out of 523 (7.6%) came from com-
mercial groves and 10 out of 34
(29.4%) from nurseries (Table 1 and
Fig. 1). Clementine (21%) and man-
darin (15.4%) were found the most
infected and typical stunting, leaf
chlorosis and immature fruits of dif-
ferent size were observed only in
sweet orange.

CPsV was confirmed by ELISA in
48 trees (25.8%) from commercial
groves, with high infection rates in
Washington navel and Valencia
oranges and in Clementine, most of
which had showed bark scaling
symptoms. Of 186 accessions indexed
by graft-transmission, 24% produced
psorosis-like symptoms (interveinal
flecking, mottling and shock) in the
new flushes of growth in the indica-
tor plants. Symptoms were consis-
tently shown in Dweet tangor but
not always in Madam Vinous sweet
orange. In addition, 10% of the trees
induced oak-leaf patterns only in
Dweet tangor. All CPsV-infected
trees which showed psorosis-like
symptoms indexed positive by
ELISA. A few of them induced oak-
leaf patterns in the indicator plants,
which indicated possible mixed infec-
tions. Only 7% of the trees induced
infectious variegation symptoms in
Etrog citron grown under cool condi-
tions (Tables 1 and 2, and Fig. 1).

All of the CTV isolates indexed to
Mexican limes induced strong vein
clearing and cupping in the leaves
and mild stem pitting in the wood,
but induced no symptoms on Dun-
can grapefruit, sour orange and
Madam Vinous sweet orange seed-
lings indicating that seedling yel-
lows tristeza was not present.
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Fig. 1. Extent of graft-transmissible pathogens in citrus in Lebanon.

CCaVd was detected in 62 out of
186 samples tested (33.3%) among
which Valencia orange was the most
infected (66.7%). Regarding index-
ing for CEVd, the positive results
obtained by graft-transmissions were
confirmed by molecular hybridiza-
tion and 50% of Washington navel
orange showed the highest infection
rate (Tables 1 and 2).

As in many of the Mediterranean
countries where certification is not
practiced, most of the Lebanese cit-
rus groves were found to be infected
by more than one pathogen, and
those caused by viroids were the
most widespread in all citrus spe-
cies. Despite the large presence of
several diseases belonging psorosis
and oak-leaf inducing agents, CTV
is the most dangerous threat for the
Lebanese citrus industry even
though the trees are not apparently
affected by the virus and the infec-
tion rate is low everywhere with no
evidence of spread (3). S. citri
occurred in most of the citrus spe-
cies causing concern because of the

destructive nature of this pathogen
in warmer countries (8).

Given the economic importance
of these diseases and the severely
compromised phytosanitary status
of citrus in most Near East coun-
tries, there is a need to extend the
Lebanese experience to other areas
not yet surveyed. The assessment of
the citrus sanitary status represents
the first concrete step forward the
establishment of a certification pro-
gram, which will improve nursery
productions and citriculture through
an increase in and profitability due
to the use of healthy citrus propaga-
tive material.
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