
Abstract

Many tree species growing in tropical and subtropical regions
are frequently infected by phytoplasma-associated diseases.
Phytoplasma is a pleomorphic and cell wall-less microorganism restricted
only to the phloem of plants. About 129 plant species related to
vegetables, cereals, grasses, fruit trees, weeds etc. are infect by
Phytoplasma in India. The present study is the first report of
phytoplasma-associated flattened stem disease on Sapota tree growing
in Jodhpur, Rajasthan. Sapota (Manilkara zapota) or Sapodilla of the
family Sapotaceae is commonly known as Chickoo in India. Disease
symptoms such as presence of little leaf, phyllody, proliferation of axillary
buds (witches’ broom), sterility of flowers, and stem flattening were
reported in branches of infected sapota tree. There is a strong possibility
that Sapota was infected by locusts which attacked several areas of
western Rajasthan during the year 2020-21.
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Most of fruits and vegetables have
suitable circumstances for the growth of
various type of microbes. Phytoplasma is such
a phytopathogenic bacterium which is a
pleomorphic and cell wall-less microorganism
and restricted to phloem only. This is primarily
spread through insects mainly by the leafhoppers.
The plant propagation materials and seeds are
the secondary source for transmission of
Phytoplasma. Approximately, one hundred
twenty-nine plant species related to vegetables,
cereals, grasses, fruit trees, weeds etc. are

infected by Phytoplasma in India. Phytoplasma
cause many plant diseases like little leaf of
brinjal, Sesame phyllody, grassy shoot of
sugarcane, sandal spike, including various
diseases of ornamental plants. In present study
such phytoplasma- associated flattened stem
disease is reported in the Sapodilla tree.

    Sapota (Manilkara zapota (L.)) P. Royen also
known as sapodilla belongs to family Sapotaceae
and is a native plant of southern Mexico. In
India, it is commonly known as chikoo, it is a
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display various symptoms which are indicative
of instabilities in the normal balance of plant
hormones18. Phytoplasma- infected plants
show virescence which causes green flowers
instead of a normal coloured flower, phyllody
i.e change of floral parts into leaf-like
structures, the proliferation of auxiliary shoots
subsequently the appearance of “witches’
broom”, phloem necrosis, compact growth at
the end of stem, yellowing, and dieback of
branches in woody plants.21

Historical background, structure and
Transmission:

In 1967, during the study of Mulberry
dwarf disease many large and small (80-
800mµ) asymmetrical-elliptical mycoplasma-
like particles (MLO) were observed within the
sections of young leaves and shoots under the
electron microscope.9, these MLO was named
as ‘Phytoplasma’ in the IXth International
Organization of Mollicutes Conference in1992.

These pleomorphic, cell wall-less,
endocellular prokaryotes parasitized on plants
and insects, constitute a large monophyletic
group within the class Mollicutes, confirmed
by ribosomal rDNA sequencing. Phytoplasma
is placed under Mollicutes, as Candidatus
phytoplasma genus. A total 52 Candidatus
species, consisting of 34 groups and approxi-
mately 100 subgroups are identified on the basis
of 16s rRNA gene sequence.34 Phytoplasmas
are cell wall-less prokaryotic microorganism
that colonize in plant phloem tissues and
salivary glands of insects. Barely few
Phytoplasma can cultured in vitro due to its
strict culture conditions.8  The first complete
sequencing of the phytoplasma genome of

longlived evergreen fruit tree. This plant is well
adapted to the coastal tropics of India therefore
considered an indigenous crop to India but it
originated from tropical South America30. The
first seedling plantation of sapota in India was
done in Gholwad village of Dahnutaluk, Thane
district, Maharashtra in 1898 as per evidence7.

Sapodilla is a medium to large tree
reaches up to 20-30 metre in height with an
average trunk diameter of 1.5 metres. The tree
shows a sympodial branching pattern.
Branches are horizontal and drooping which
makes its canopy pyramidal to round with
dense crown. A white, gummy latex exudes
from various parts of the tree. The leaves are
evergreen, glossy, green, alternate, elliptic to
ovate and 7-15 cm in length. Leaves are
spirally arranged and clustered on the tip of
shoots. The flowers are white, bell-like, with
two whorled calyx and a six-lobed corolla.
Flowers bloom throughout the year. Sapota
fruit is a large round or ellipsoid berry from 4
to 8 cm or more and contains 2-5 seeds. An
immature fruit has a firm outer skin with a
gummy substance whereas the fully ripe fruit
is smooth-skinned and free from latex. The
seeds are black with a hook at one end.

Fruits of Sapota are good sources of
digestible sugar ranging from 12 to 18 % with
significant amounts of fibre, protein, fats,
calcium, phosphorus, iron, carotene and
vitamins. The white latex of the trunk namely
the chicle of the Sapota tree is the main source
of the key ingredient of chewing gum.

Symptoms of Phytoplasma associated
disease:

Phytoplasmas associated plant diseases
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Candidatus phytoplasma asteris was done.
It is also the first obligate intracellular bacterium
that resides in plants and insects both and
whose complete genome is sequenced.23

Phytoplasma strains are mainly
transmitted by leaf-hoppers, plant-hoppers, and
psyllids. Vegetative propagation of the infected
host plant parts is another way of transmission
of phytoplasma.32 Indirect biological proof like
electron microscopy observation, transmission
by insect and dodder5,13 and elimination of
phytoplasma and its symptoms after the
treatment of tetracycline16 proved that
phytoplasma is associated with many plant
diseases worldwide. Phytoplasma diseases
cause huge economic losses to many important
crops all over the world, it highly affects the
yield and quality of crop plants.

Host diversity and distribution of Phytoplasma-
associated disease :

In recent years phytoplasma associated
diseases have been reported in different
countries of Europe29, Asia19,35, Caribbean and
Africa12.  Phytoplasma-associated plant
diseases are widely spread in the Middle East
and reported from many plants like almonds,
mangoes, Arabic Jasmin, acid lime, date palms
etc.  Phytoplasma-associated diseases in
Middle east countries are reported from Iran14,28,
Oman33, Iraq3, Lebanon6, Isarael22, Egypt10,
Saudi Arab2 and United Arab Emirates.11

In India, Phytoplasma-associated diseases
reported from seventeen states so far and ten
phytoplasma ribosomal groups reported from
the south and north parts of India while other
parts have a limited number of diseases.27

Phytoplasma associated fla ttened stem

disease of Sapota was first reported in India
from Uttar Pradesh in July 2019, this was
related to 16SrXI-B subgroup.17

In Rajasthan, earlier one case of
phytoplasma disease was reported on an
ornamental plant namely Jasminum sambac
(L.) in Jaipur in August 2012, during a
survey.20 Recently, In Jodhpur Candidatus
Phytoplasma asteris associated phyllody
disease in Fenugreek is first reported in year
2022, this phytoplasma belongs to 16 SrI-B
sungroup is the first time reported of in India
also.31 However, no report of phytoplasma
associated disease on any type of fruit tree is
documented from any part of Rajasthan.

First report of Phytoplasma-associated
flattened stem disease of Sapota in
Rajasthan :

Phytoplasma-associated disease is
mainly reported on ornamental plants but it also
affects weeds, crops, fruit, vegetable and other
plants. Approximately 172 plant species are
confirmed as hosts of ten different groups of
phytoplasma, out of these aster yellow group
16SrI is the most predominant group.26 Present
study reported Phytoplasma-associated disease
on the Sapota tree for the first time in Rajasthan.
Earlier, phytoplasma strains associated with
sapota trees have been reported from Cuba
which are related to group 16SrII and 16SrV1,24.
In another case, phytoplasma disease symptoms
on Sapota tree like flattened stem, little leaf
and internode shortening were reported on two
sapodilla trees in the campus of Hormozgan
Agricultural and Natural Resources Research
and Education Centre, Iran in February4 2015.
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Recently, during a survey of Sapota
orchards in India between 2015-2018,
phytoplasma-associated disease symptoms like
flat stem, phyllody, witches’ broom and little
leaf were reported in Karnataka, Tripura and
Kerala state of India and these symptoms
related to three phytoplasma subgroup strains
i.e. 16SrI-B, 16SrVI-D and 16SrXIV-A.25 All
the phytoplasma strains identified on sapota in
India are the first records from the world. In

Rajasthan phytoplasma associated disease on
sapota tree is reported for the first time. This
disease was reported on Manilkara zapota
(sapodilla) tree growing in a garden in Jodhpur
during April, 2022. An incidence of symptoms
of Phytoplasma infection such as little leaf,
phyllody, proliferation of auxiliary buds
(witches’ broom), sterility of flowers, flattening
of stem were observed on branches of infected
sapota tree.

Figure 1. Infected plant and twigs showing symptoms of Phytoplasma disease
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Probable source of Phytoplasma infection
in Sapodilla tree in Rajasthan:

Phytoplasma-associated diseases in
plants can arise in various probable ways. It
can be transmitted by grafting if material is
obtained from the infected mother plant or
planting the young seedling with latent
phytoplasma infection by any insect vector. In
India, many common hemipteran insects of
different families feed on different herbaceous
hosts which cannot be ignored as source of
phytoplasma infection27. During the month of
May,2020 a huge attack of locusts happened
in the north-western part of India. Several other
neighbouring countr ies like Pakistan,
Afghanistan, Iran and also some African
countries and Arabian Peninsula were also
severely affected by this locust attack.15

In several areas of western Rajasthan
locusts feed on many plant species therefore
it is a great possibility that they might carry
any type of phytoplasma strains from other
countries because locust-swarm travelled
across many countries in search of food.
Earlier, no case of Phytoplasma disease on the
Sapota or any fruit trees was reported in the
western or other part of Rajasthan. Therefore,
it might be possible locusts may transmit
phytoplasma strains from any of their
herbaceous hosts to the sapodilla trees;
however, the symptoms will appear in the tree
after few months later. The observation of the
infected branches of the Sapota tree was
revealed that the symptoms are very close to
earlier study done on two phytoplasma-infected
trees of Sapota in Iran which was also the
first report of Phytoplasma-associated disease

in Iran in February 2015 and the strain had
maximum identity with 16Sr II group4. Three
phytoplasma subgroup i.e. 16SrI-B, 16SrVI-
D and 16SrXIV-A was reported in three states
of India which is first report of identification
of three phytoplasma groups on Sapota in
world25, similar symptoms were observed in
the present study. Further identification on the
molecular level of infected plant parts can only
confirm the infection causing phytoplasma
strain.

Several reviews and reports were
published regarding diseases associated with
phytoplasmas in different countries. However,
no report is available on the phytoplasma
diseases in western Rajasthan, which is an
important region with semi-arid and arid
conditions.  This report describes the
phytoplasma- associated diseases now entered
in this region of India and can spread to other
trees of plants in future. Therefore, close
monitoring is for the occurrence of Phytoplasma-
associated diseases especially after any locust
attack near future so that any kind of huge
loss for crop plants or fruit trees can be controlled
well in time. Extensive and systematic research
on the phytoplasma strains regarding their
identification and distribution patterns is also
necessary to establish effective control
measures and any rapid spread of this disease.
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