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Abstract A survey for phytoplasma diseases in

tomato and pepper fields in Lebanon was conducted

during 2003 and 2004. Tomato plants with stunting,

yellowing or purplish leaves, proliferation of laterals

buds, hypertrophic calyxes and virescent flowers

were found in 25% of the tomato fields surveyed,

where they represented 2–8% of the plants. Pepper

plants displaying stunting and yellowing of leaves,

were found in 27% of the fields and 1–4% of the

plants were affected. Phytoplasmas infecting tomato

and pepper had identical 16S-rDNA RFLP profiles

and sequences. A phytoplasma isolate named PTL

was transmitted by dodder from a diseased tomato

plant to a periwinkle (Catharanthus roseus) plant in

which it induced leaf yellowing, virescence and

phyllody. 16S-rDNA phylogenetic analysis classified

PTL as a strain of ‘Candidatus Phytoplasma trifolii’.

Keywords Tomato disease � Pepper disease �
Lebanon � Phloem-restricted bacteria � Leafhopper �
Psyllid

Tomato (Lycopersicon esculentum), and pepper

(Capsicum annuum) are important vegetable crops

in Lebanon. Solanaceous crops are planted all over

Lebanon but in particular in the following regions:

the Bekaa valley, the Byblos area north of Beirut, the

Akkar valley in the north, Mount Lebanon and to a

lesser extent in the south. The two crops are

cultivated for local consumption, industry and export

but their production is limited by many insect pests

and diseases which cause heavy economic losses

(Choueiri et al. 2004).

Phytoplasmas are phloem-limited bacteria associ-

ated with many plant diseases world-wide and are

transmitted by phloem-feeding hemipteran insect-

vectors (Lee et al. 2000; Weintraub and Beanland

2006). Infection of tomato, pepper and potato by

phytoplasma have been reported from several areas

in the Mediterranean basin (Avinent and Llacer 1995;

Cousin et al. 1968; Cousin et al. 1989; Fos et al.

1992; Marcone and Ragozzino 1995; Zimmerman-

Gries and Klein 1978). In Italy, phytoplasmas from

phylogenetic groups 16SrI, III, V and XII were

identified by PCR and RFLP analysis of 16S-rDNA

amplicons (Del Serrone et al. 2001). In Australia,

phytoplasmas from group 16SrII were demonstrated

to be responsible for tomato big bud (Davis et al.
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Faculté des Sciences II, Université Libanaise, Fanar,
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1997), whereas in California similar symptoms were

associated with phytoplasmas of group 16SrVI (Shaw

et al. 1993). Phytoplasmas in 16SrVI group, previ-

ously called Clover proliferation (CP) group, were

described associated with a disease of alsike clover in

Canada originally associated with a yellows-type

virus (Chiykowski 1965). Subsequent investigations

revealed that CP was in fact a phytoplasma also

associated with phytoplasma diseases of tomato as

well as potato and elm in North America (Chen and

Hiruki 1975; Deng and Hiruki 1991; Jacobs et al.

2003; Lee et al. 1991; Shaw et al. 1993). CP is now

taxonomically described as ‘Candidatus Phytoplasma

trifolii’(Hiruki and Wang 2004). This phytoplasma

was recently associated with diseases of pepper in

Spain and tomato plants in Jordan (Anfoka et al.

2003; Castro and Romero 2002).

We reported from a preliminary investigation, the

occurrence of phytoplasma diseases in two tomato

and pepper fields in the Bekaa valley, which could be

associated with infection by phytoplasmas related to

the clover proliferation group (Choueiri et al. 2002).

As a follow up, an extensive survey was undertaken

to determine the disease incidence in Lebanon and to

isolate and confirm the identify of the phytoplasma

strain associated with the observed disorders. Surveys

were conducted during the 2003 and 2004 growing

seasons in the major tomato and pepper cultivation

regions of Lebanon. In each region, a certain number

of fields were arbitrarily selected and inspected from

June to October. Fifty fields were selected in the

Bekaa valley, 35 fields in Mount Lebanon, 25 fields

in the north and 20 fields in the south. Incidence of

phytoplasma infection (% of plants with phytoplasma

symptoms) was estimated for each field by visual

inspection of 1,000 plants following a W pattern

(crossing the rows) as a sampling procedure. Symp-

toms of phytoplasma diseases were common in the

fields surveyed particularly on tomato. Tomato plants

generally showed stunting, yellowing or purplish

leaves, intense proliferation of laterals buds, hyper-

trophic calixes, virescent flowers, and inhibition of

anther and ovary formation. Plant apices generally

lacked leaves and the youngest leaves were very

small, thick and distorted (Fig. 1A and 1B). The

occurrence, distribution and relative incidence of

phytoplasma infection varied between the different

growing regions (Table 1). Symptoms of phytoplas-

ma infections were seen in 11 fields in 2003 and 14

fields in 2004, in three regions (Bekaa Valley, Mount

Lebanon and North Lebanon). No symptoms of

phytoplasma infection were detected in South Leb-

anon. Incidence of symptomatic plants varied greatly,

not only between regions but also between fields.

Symptomatic plants were seen in fields located in

Ferzoul, Kab-Elias (central Bekaa) or in West Bekaa.

Symptomatic plants in the fields surveyed in 2003 in

the north of Lebanon and Mount of Lebanon were

few (2–4%); however the incidence of symptomatic

plants in the same regions slightly increased in 2004.

The highest disease incidence was recorded in central

Bekaa and amounted to 8% in 2004 (Table 1). In the

case of pepper, plants suspected to be infected with

phytoplasma showed stunting, yellowing and small

leaves with wavy margins. Inspection fields showed

that the central Bekaa was the most affected region

and had a high incidence of phytoplasma infection up

to 4% of infected plants in some fields. The Mount

Lebanon area was less affected than the Bekaa valley.

In 2004, the symptoms were seen in six of the pepper

fields and were more severe than in 2003; no pepper

fields were monitored in the south of Lebanon.

Nucleic acids were extracted from 0.5 g of leaf

midvein of symptomatic and symptomless plants of

tomato and pepper, using the CTAB (cethyl-

trimethyl-ammonium bromide) extraction protocol

(Maixner et al. 1995). DNA from periwinkle plants

infected with the StolC isolate of the stolbur

phytoplasma was used as a control. The stolbur—

infected periwinkle plants were from the phytoplasma

collection at INRA Bordeaux. The universal phytopl-

asma PCR primer pair fU5/rU3 (Seemüller et al.

1994) was used for PCR amplification of a part of

phytoplasma 16S-rDNA from plant samples. A PCR

product of 0.9 kbp was amplified from DNA

extracted from 35 symptomatic tomato plants and

16 pepper plants collected from 10 different fields in

Bekaa valley, Mount Lebanon and North Lebanon.

No PCR product was obtained in the case of

symptomless plants. All fU5/rU3 PCR products

amplified from peppers (Fig. 2, lanes 1–2) and

tomato plants (Fig. 2, lanes 3–9) gave identical

RFLP profiles with AluI (Fig. 2A) and RsaI (Fig. 2B),

clearly different from the RFLP pattern of the stolbur

phytoplasma (Fig. 2, lane St). The fU5/rU3 PCR

products obtained from three tomatoes and two

peppers had 100% sequence identity with the corre-

sponding sequence of Washington Potato Purple Top
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phytoplasma strain PPT (genbank accession number

AY496004), classified as ‘Ca. P. trifolii’ (Hiruki and

Wang 2004). To obtain a reference strain of the

Lebanese tomato/pepper agent, the phytoplasma was

transmitted by dodder (Cuscuta campestris) from an

infected tomato plant collected in central Bekaa to a

Catharanthus roseus periwinkle plant. Following

dodder inoculation, one of the periwinkle plants

displayed pronounced greening of petals and eventu-

ally leaf yellowing, virescence and phyllody (Fig. 1C,

D). The diseased periwinkle plant was diagnosed

positively for phytoplasma using universal primers

P1/P7 (Schneider et al. 1995) and the PCR product

was sequenced (genbank accession number

AM260486). This phytoplasma isolate was named

PTL (for Phytoplasma Tomato Lebanon). Compari-

son and phylogenetic analysis by maximum parsi-

mony of the 16S-rDNA and 16S-23S intergenic

sequence (P1P7 PCR product) using MEGA2 soft-

ware (Kumar et al. 2001), clearly identified the PTL

isolate as a strain of ‘Ca. P. trifolii’ in the 16SrVI

phylogenetic group of the phytoplasma taxonomy

(Hiruki and Wang 2004; Lee et al. 2000) (Fig. 3).

As a preliminary inventory of insects which could

act as vectors of ‘Ca. P. trifolii’ in Lebanon, a search

was conducted for insect hosts. Hemipteran insects

such as leafhoppers, planthoppers and psyllids were

captured with an aspirator in different tomato fields

and in non-cultivated areas from North Lebanon and

the Bekaa Valley (localities: Kfar Habou, Koussaya

and Safra) from June to September, and from 2002 to

2005. Nucleic acids were extracted from batches of

1–5 insects depending on insect size, with the method

used for plants. Insects were tested by fU5/rU3 PCR

and amplified products were sequenced to character-

ize the detected phytoplasma. Of 179 insect batches

tested, 16 gave positive amplification reactions. Five

different phytoplasmas could be identified by

sequencing the PCR products. ‘Ca. P. asteris’ (group

16SrI) was detected in 5 of 6 batches of Euscelis

Fig. 1 Stunted tomato

plants with heavy

proliferations of small

purplish leaves (A),

hypertrophic calixes (big

bud) on infected tomato

plant (B). Periwinkle plant

infected by ‘Ca. P. trifolii’

strain PTL displaying

yellows, virescence (C),

and phyllody (D)
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incisus Kirschbaum and in 2 of 24 batches of

Psammotettix provincialis Ribaut. The Lactuca serri-

ola phytoplasma (group 16SrIX) (Verdin et al. 2003)

was identified in 1 of 3 batches of Circulifer sp.

Zachvatkin and in 4 of 6 batches of Neoaliturus

fenestratus Herrich-Schäffer. The vigna little leaf

phytoplasma of group 16SrIX (Schneider et al. 1999)

and ‘Ca. P. rhamni’ were detected in 1 of 2 batches of

Selenocephalus tapan Dlabola and 1 of 13 batches of

Cacopsylla myrthi Puton respectively. Finally, Anac-

eratagallia laevis Ribaut (1 of 17 batches) and

Balclutha sp. Kirkaldy (1 of 3 batches) were found to

carry ‘Ca. P. trifolii’. Whether these latter leafhop-

pers are able or not to transmit this phytoplasma,

remains to be determined. The beet leafhopper

Circulifer tenellus Baker was reported in the USA

as the vector of the Columbia basin potato purple top

and tomato big bud phytoplasmas, two strains of ‘Ca.

P. trifolii’ (Munyaneza et al. 2006; Shaw et al. 1993).

However, no beet leafhoppers were captured in

tomato fields and surroundings even though it is

known to be present in the eastern Mediterranean

basin (Bové et al. 1987; Rasooly et al. 1994). In

conclusion, ‘Ca. P. trifolii’ was confirmed to be

associated with a severe disease of tomato and pepper

in three regions of Lebanon out of four surveyed. A

Lebanese phytoplasma strain (PTL) was transmitted

to periwinkle and characterized. These diseases were

consistently observed and had a low incidence, which

is in agreement with the low number of hemipteran

insects found to carry the associated phytoplasma.

Table 1 Occurrence of phytoplasma symptoms in tomato and pepper fields during 2003 and 2004 surveys in different regions of

Lebanon

Crop Tomato Pepper

Affected fieldsa Incidenceb (% in positive fields)c Affected fieldsa Incidenceb (% in positive fields)c

Bekaa Valley

2003 5/15 2–4 (2.1, 2.2, 3, 2, 4) 2/10 2–3 (2, 3)

2004 6/15 5–8 (8, 6.4, 5, 5, 6.8, 6) 4/10 2–4 (2, 2, 2.1, 4)

Mount Lebanon

2003 4/15 2–4 (3.1, 2.3, 4, 2) 0/3 –

2004 5/15 2–5 (2.2, 2, 3, 2.1, 5) 1/2 1.2

North Lebanon

2003 2/10 2–3 (2, 3) – –

2004 3/10 2–4 (2.2, 4, 2) 1/5 2.3

South Lebanon

2003 0/15 – – –

2004 0/5 – – –

a Number of affected fields / total number of fields surveyed
b Percentage of symptomatic plants for 1000 plants
c Percentage of symptomatic plants in positive fields

Fig. 2 RFLP analysis by AluI (A) and RsaI (B) digestion of

fU5-rU3 16S-PCR products from diseased pepper (lanes 1–2)

and tomato plants (lanes 3–9). Phytoplasma reference was

stolbur phytoplasma (lane St). Lane M, 1 kb Plus DNA ladder

from Invitrogen
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Finally, our data are in agreement with the presence

of ‘Ca. P. trifolii’ in the region after its detection in

Jordan (Anfoka et al. 2003).
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européenne’’ Le stolbur de la tomate, l’aster yellow du

glaı̈eul, la phyllodie du trèfle. Etudes cytologiques et
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