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ABSTRACT. Presently recognized viroid diseases were not known to exist prior to the 20th
century and, as such, it has been suggested that viroid diseases of cultivated plants are of recent
origin. This paper presents descriptions of archaeological articles that depict Etrog citron fruit
with citrus viroid disease (CVds) symptoms from an ancient synagogue from the early 6th century
C.E. in Israel. Because CVds are not known to be seed-borne and that citron was introduced to the
Mediterranean Basin by seed around 300 B.C., early citron plants in Israel were likely CVd-free.
It is postulated that CVds could have resulted from contamination from endemic grapevines
which can harbor low concentrations of several CVds species by pruning and other cultural prac-
tices. CVds were then perpetuated by graft propagation and became a problem when certain sen-
sitive rootstocks were used with CVd-infected “old line” budwood.

Viroids are the smallest known
agents of infectious diseases. They
are small single stranded circular
RNA molecules of 246 to 375 nucle-
otides that lack a capsid protein and
detectable mRNA activity. At
present, there are about 20 known
viroid species which are grouped in
two families (14). All viroids have a
host range restricted to the plant
kingdom. The origin of viroids is
unknown, however, Diener, in his
discussion of the nature of viroids,
has stated that none of the presently
recognized viroid diseases was
known to exist before the 20th cen-
tury and postulated that viroid dis-
eases of cultivated plants are of
recent origin (4). Accordingly, he sug-
gested that viroid diseases of culti-
vated plants are caused by man and
his agricultural activities and that
viroid diseases usually originate by
accidental introduction of viroids
from wild plants into susceptible cul-
tivated plants.

This paper indicates that viroids
were present in cultivated plants for
at least 1.5 to 2 millennia and postu-
lates that viroid diseases occurred
ever since new viroid-sensitive
plant genotypes such as Etrog Cit-
ron (Citrus medica) were introduced
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to areas cultivated with symptom-
less viroid carrier plants. Etrog is
one of the oldest cultivated citrus
and is a host of a wide range of citrus
viroids (CVds) (5).

Viroid-infected Etrog plants often
bear malformed fruit with typical
symptoms (Fig. 1B) during the sum-
mer crop (3, 9). A floor mosaic from
an ancient synagogue dating to the
early 6th century C.E. at Maon in
the Northern Negev, Israel (Fig. 1A)
shows decorations with a variety of
Jewish sanctual relics, including the
Menorah (the large candle holder),
Shofar (ram horn trumpet) and of
Etrog citron fruits (11). The latter
were used for the ceremonial rites of
the Sucot (Tabernacles) Feast. The
Etrog fruits in Fig. 1A (two on each
side of the Menorah base) clearly
show malformation symptoms simi-
lar to those caused by viroid infection
(Fig. 1B). Similar symptoms were
also present on coins dating to 130 to
133 C.E. (not shown). Other coins and
mosaics, such as the one from a 4th
century C.E. synagogue at Tiberya
(near the Sea of Galilee) (11), depicts
a fruit (Fig. 1C, on the left near the
Menorah tripod) similar to one from a
viroid-free Etrog plant (Fig. 1D).
These archeological findings indi-
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Fig. 1. (A) A fragment from a mosaic recovered from the floor of a 6th century C.E.
synagogue at Maon, in the Northern Negeyv, Israel (11), depicting a variety of sanctual
relics including Etrog citron fruits (e) with malformation symptoms. (B) An Etrog cit-
ron fruit showing malformation symptoms from a plant inoculated with a combination
of citrus viroids. (C) A fragment from the floor of 4th century synagogue from Tiberya
(11), depicting an apparently non infected Etrog fruit (e). (D) An Etrog citron fruit from
a viroid free Etrog citron plant.

cate, with a reasonable conviction, Etrog citron, native to the foot-
cases of CVd infections in citrus hills of the Himalayas in India (10),
trees growing in the area 1.5 to 2 was the first citrus to reach the Med-

millennia ago. iterranean basin in 300 B.C., most
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probably from Near East Asia (15).

Early Etrog introduction was most

probably from seeds and none of the

known CVds are seed-borne in Etrog

(Bar-Joseph, unpublished). It is,

therefore, reasonable to assume that

the Etrogs became infected by
viroids carried in an endemic host
plant such as grapevine.

Grapevine is vegetatively propa-
gated mainly by cuttings and was
widely cultivated in the area long
before the introduction of the Etrog
citron and many important varieties
have originated in Near-East Asia
(16). Grapevines are known to host
low concentrations of several CVd-
related species, mostly as symptom-
less carriers (7). Tools and close prox-
imity of the newly introduced Etrog
to traditionally cultivated grapevines
might have eventually caused the
mechanical transmission of some of
these viroids to Etrog citron. It is
interesting to note that, while viroids
have long been associated with vege-
tatively cultivated fruit trees in the
region, generations of horticulturists
practicing the “Art of the Plant
Breeder” (16) and phytosanitation
had eventually eliminated major dis-
ease problems caused by viroids. One
or a combination of the following four
factors probably helped traditional
horticulturists to produce acceptable
yields of fruit crops in the presence of
viroids:

1) Selection of varieties and root-
stocks tolerant to viroid infec-
tion.

2) Elimination of severe strains by
vegetative propagation from
plants with acceptable horticul-
tural performance.

3) Recombination between viroid
genomes generating new chi-
meric viroids mostly less patho-
genic than either of the parent
viroid species (Bar-Joseph, in
preparation)

4) Interference in symptom expres-
sion between different viroids
present in some sensitive hosts
(12). This phenomena might
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have been one of the causes for
the omnipresence of several CVd
species in many of the old clone
citrus varieties.

The continuous preservation of
some CVd-sensitive Etrog geno-
types in the area may be an excep-
tion to the above rules which may
have resulted from a variety of rea-
sons including the unusual form of
the CVd-infected Etrog fruits (pres-
ently named to have a “gartle” which
means praying belt in Yiddish) and a
greater tolerance to root and vascu-
lar diseases (1, 13).

In conclusion, it might be
assumed that viroids were associ-
ated from a very early period with
some major fruits crops in Near-East
Asia, but have only caused notice-
able disease problems after the
transfer of new viroid sensitive geno-
types into the area. Thus, the sug-
gestion that viroids have emerged in
the last century (4) probably reflects
the significant horticultural
changes that occurred during the
last 150 to 200 years. These included
improved access to remote geograph-
ical areas and the development of
means that enabled the rapid trans-
port of large volumes of vegetatively
propagated plant specimens to great
distances.

Apparently, new horticultural
technology had not only enabled
major horticultural improvements,
but has also caused the sporadic
emergence of “new” viroid and virus
disease problems at the meeting
places between the introduction of
sensitive genotypes with infected
tolerant cultivars. Such a situation
was experienced several decades ago
following the outbreak of -citrus
tristeza virus (CTV), a man-made
disease brought about by the trans-
fer of symptomless CTV carrier vari-
eties from the Far East and South
Africa to the South and North Amer-
ica and the Mediterranean basin (2).
The stionic combinations of old clone
citrus varieties on the sour orange
rootstock were CVd-tolerant and
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performed well in CTV-free areas.
The sour orange sensitivity to CTV
had forced horticulturists to experi-
ment with new rootstocks. Rangpur
lime was found to be CTV-tolerant;
whereas trifoliate orange and its
hybrids were resistant to CTV. How-
ever, these new rootstocks have
eventually displayed severe bark
scaling symptoms when grafted with
CVd-infected, “old clone” budwood.
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It is interesting to note that the
“rules of conduct” practiced by farm-
ers in the area since ancient times
prohibit the close cultivation of non-
related plant species in vineyards
and the grafting of non-related plant
species (6). It is tempting to assume
that these rules represent phytosan-
itary measures aimed to prevent the
outbreak of plant diseases spread by
cultivation tools (8), contact (4) and
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by heterologous graftings (9).

LITERATURE CITED

Ashkenazi, S. and Y. Oren
1977. Rootstocks, scions and soil fumigation in replanting “Shamouti” orange. Proc. 2nd
Int. Citrus Symp. 2: 638-639.

Bar-Joseph, M., R. Marcus, and R. F. Lee
1989. The continuous challenge of citrus tristeza virus control. Ann. Rev. Phytopathol.
27:291-316.

Bitters, W. P,, N. Duran-Vila, and J. S. Semancik
1987. Effect of exocortis viroid on flower and fruit structure and development on Etrog
citron. Plant Dis. 71: 379-399.

Diener, T. O.
1979. Viroid and viroid diseases. John Wiley & Sons, New York, U.S.A.

Duran-Vila, N., C. N. Roistacher, R. Rivera-Bustamente, and J. S. Semancik
1988. A definition of citrus vireid groups and their relationship to the exocortis disease.
J. Gen. Virol. 63: 3069-3080.

Felix, Y.
1967. Mixed sowing, breeding and grafting. Kil'aim I-II Mishna, Tosephta and Jerusa-
lem Talmud. A study on the Halachic topics and their botanical agricultural back-
ground. Dvir, Tel-Aviv. (In Hebrew, with English Summary).

Flores, R., N., Duran-Vila, V. Pallas, and J. S. Semancik
1985. Detection of viroid and viroid-like RNAs from grapevine. J. Gen. Virol. 66: 2095-
2102.

Garnsey, S. M. and .J. W. Jones
1967. Mechanical transmission of exocortis virus with contaminated budding knives.
Plant Dis. Rep. 51: 410-413.

Hadas, R., L. Ashulin, and M. Bar-Joseph
1992. Transmission by heterologous grafting of a citrus viroid to avocado. Plant Dis. 76:
357-359.

Hooker, J. D.
1875- 1897. The Flora of British India. Reeve and Co. London, 7 vols. p. 484-517.

Magzar, B., N. Avigad, M. Avi-Yona, Y. Aharoni, Y. Yadin, and M. Stekelis
1970. Encyclopedia of Archaeological Excavations in the Holy land. The Israel Explora-
tion Society and Massada Ltd. Ramat Gan.

Semancik, J. S., D. J. Gumpf, and J. A. Bash
1991. Interaction among group II citrus viroids: A potential for protection from the
cachexia disease, p. 189-195. In: Proc. 11th Conf. IOCV,, IOCV, Riverside.

Solel, Z., N. Mogilner, R. Gafny, and M. Bar-Joseph
1995. Induced tolerance to mal secco disease in Etrog citron and Rangpur lime by infec-
tion with the citrus exocortis viroid. Plant Dis. 79(1): 60-62.

Symons, R. H.
1990. The fascination of low molecular weight pathogenic RNAs. Sem. in Virol. 1: 75-81.

Tolkowsky, S.
1938. Hesperides. A history of the culture and use of citrus fruits. John Bales, Sons and
Curnow, London.

Vaviloy, U. 1.
1951. The origin, variation, immunity and breeding of cultivated plants. The Ronald
Press Co. New York, U.S.A. (translated from Russian).



	13th_226.jpg
	13th_227.jpg
	13th_228.jpg
	13th_229.jpg

