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Introduction

APHYTOPLASMA was detected in the Corchorus olitorius (Mallow) crop in
2022 at Fayoum governorate, Egypt. Infected C. olitorius showed symptoms
of phyllody, leaf deformations, and slight yellowing. Total DNA was extracted from
symptomatic or asymptomatic leaftissues and was tested for phytoplasma presence using
nested polymerase chain reaction (PCR). A fragment was amplified from symptomatic
samples using universal phytoplasma primer set P1/P7 and primer set R16F2n/R16R2.
The amplicon for these primers is 1271 bp, but the DNA of asymptomatic samples
did not yield an amplicon. The nested PCR products were sequenced with R16F2n/
R16R2 primers, and then sequences were aligned through the DNA-man program
V7. Based on the phytoplasma found in this study (Acc. No. OQ836595), the results
imply 98.1% sequence identity with the phytoplasma of C. olitorius (OP889144) from
Egypt, China (OP889144 and KM103730), and from other Indian crops. Identifying
the vector species that is spreading the discovered phytoplasma in the Mallow crop is
still necessary. Many active phytochemicals found in C. olitorius plants are of great
interest due to their potential to improve human health. This study demonstrates that
in plant leaves, phytoplasma presence lowered the tocopherol (Vitamin E) content and
increased the crude fiber content.
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biological activities connected to its phytochemical
composition (Moerman, 1996; Hussien et al.,

The mallow (molokhia) plants (Corchorus

olitorius L.), also known as Jew’s mallow, wild
okra, jute mallow, or tossa jute, are primarily
herbaceous perennials from edible leafy vegetables
or fiber crop in the Malvaceae family and present
naturally in the Mediterranean (Cagirgan et al.,
2014; Abdel-Razek et al., 2022). With a 2.45tons/ha
productivity, Egypt’s 887 hectares of jute mallow
farming produced about 2173 tonnes of output
(Haridy et al., 2019). Studies have shown that this
plant plays a relevant role in maintaining human
health, and the plant possesses a wide range of

2017; Abdel-Razek et al., 2022) as the leaves of C.
olitorius include minerals, vitamins, and phenolic
compounds that are abundant in plants (Schipper,
2000; Abdel-Razek et al., 2022). The leaves are
used in herbal pharmacopeia (Adebo et al., 2018) to
treat gonorrhea, pain, fever, tumors, an emollient,
diuretic, and dysentery (Ndlovu & Afolayan, 2008;
Abdel-Razek et al., 2022) and preventing the risk
of Alzheimer’s disease (Mangione et al., 2022)
or as a potential substitute for the generation of
biofuel (Cagirgan et al., 2014).
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Prokaryotic plant pathogens known as
phytoplasmas were first identified in 1967
by Doi et al. (Doi et al., 1967). Because
phytoplasmas are difficult to cultivate in
artificial media (Contaldo & Bertaccini, 2019),
the methods used for bacterial identification are
not applicable to these organisms. To accurately
identify phytoplasma infections in C. olitorius
plants, nested PCR tests targeting the 16S rRNA
gene region of the pathogen were conducted
after polymerase chain reaction (PCR) tests.
Phytoplasma diseases impact many plant species,
including mallow plants (Biswas et al., 2014;
Inaba et al., 2022). According to Bertaccini &
Duduk (2009), Hogenhout & Segura (2010),
and Mokbel & Kheder (2020) phytoplasma-
symptoms include the transformation of flowers
into leafy structures, the greening of flower
tissue (virescence), a proliferation of shoots
that resemble witches’ brooms, and changes in
the color of leaves or shoots. The first reports of
phyllody disease in C. olitorius plants were made
by Cagirgan et al. (2014) in Turkey. Also, Biswas
et al. (2014) discovered that C. olitorius plants
have phytoplasmas associated with symptoms
like small leaves and bunchy tops. Jute plants
were identified by Ozdemir & Cagirgan (2015)
as weeds in experimental sesame trials carried
out at the Akdeniz University campus in Antalya.
Weed characteristics included abnormally
formed flowers, smaller leaves with short
internodes, and yellowing. Additionally, it has
been demonstrated that plants with phytoplasma
infection might act as a pathogen reservoir
(Borroto-Fernandez et al., 2007).

The goals of this research were to: (1) Use
molecular techniques to detect and characterize
the phytoplasma from infected C. olitorius plants
in Egypt; (2) Determine the leaf vitamin content;
and (3) The crude fiber content in healthy and
phytoplasma infected plants.

Materials and Methods

Plant sampling

In 2022, leaf deformations and phyllody
symptoms with tenuous yellowing on plant
leaves (Fig. 1) were observed in C.olitorius
plants grown in a Tamyia region (Kafr Mahfouz)
inside the Fayoum Governorate. To detect and
identify plant pathogens and their impact on the
phytochemicals of the leaves, symptomatic and
asymptomatic plants were tested.
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Nucleic acid extraction and nested PCR
detection

Total DNA was extracted from symptomatic
and asymptomatic leaf samples as well as healthy
ones as described by Dellaporta et al. (1983).
The primers P1/P7 and R16F2n/R2 (Deng &
Hiruki, 1991; Gundersen & Lee, 1996) were
used for nested PCR. The PCR products were
electrophoresed on a 1% agarose gel, stained
with EZView St Postivain (Biomatik - Canada),
and then observed under a UV light source.

Sequencing

Amplified PCR products were purified using

a PCR purification Kit (QIAquick®) according
to the manufacturer’s instructions. The
Macrogen Company (South Korea) performed
direct sequencing on the purified PCR product.
The Gen Bank received the nucleotide sequence
submissions. Using DNA-Man program V7,
the arrangements were examined and compared
with other sequences that were accessible in
GenBank.

Chemical analysis of leaves of Corchorus
olitorius plants

The chemical analysis was carried out on the
powdered three samples of C. olitorius plants
by Food Safety and Quality Control Laboratory
(Cairo University) using a spectrophotometer
and HPLC. AIll chemicals, solvents, and the
standards used in this study were of analytical
grade (Sigma Aldrich). Asymptomatic leaf
samples of three different C. olitorius plants were
used for comparison of phytoplasma effects on
plants. Water soluble vitamin in both healthy and
infected ones with phytoplasma was determined
using HPLC (Agilent, USA), equipped with a
Quaternary pump, and a HyperClone TM BDS
C18, 130A 100mm x 4.6mm (Phenomenex,
USA) and operated at 35C. The separation was
achieved using a binary linear elution gradient
with (A) HPLC grade water 0.1% Formic acid
(v/v), and (B) Acetonitrile. The Injection volume
was 20uL and detected with a VWD detector
at 245nm based on the procedures followed
by the Analytical Methods Committee (1959).
The effect of infection with phytoplasma was
quantified using a UV spectrophotometer
(Jenway, England) using the Weende method for
determining crude fiber in plants (AOAC, 2005)
by acid hydrolysis with 1.25% H2SO4 that was
used for the extraction processes, followed by
alkaline hydrolysis with 1.25% NaOH.
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Results and Discussion

C. olitorius plants in a Kafr Mahfouz region

inside the Fayoum governorate in Egypt, which
showed typical symptoms of phytoplasma disease,
were observed in 2022. Symptoms consisted of
crinkled and slightly yellow leaves, abnormally
developed leafy structures, and phyllody (Fig.
1A-C) as compared to healthy plants (Fig. 1D).

Currently, phytoplasmas are among the most

dangerous plant diseases that harm economically
essential crops (Bertaccini, 2021; Ahmed et al.,
2021; Hemmati et al., 2021). Despite being a sign
of the phytoplasma disease, which is prevalent
in the Mediterranean region (Cagirgan et al.,
2014), it is also a recent phytoplasma-disease
symptom that appeared in Fayoum Governorate.
According to Duke (1983), the C. olitorius plant
is particularly problematic in Australia, Egypt, the
Philippines, Senegal, Mozambique, and Thailand.
Listing the many phytoplasmas pathogens of
disease is that notably manifested with signs of
deformities as critical issues threatening Egypt’s
crucial economic crops. Cagirgan et al. (2014)

recently reported on the symptomatology of
phytoplasma and the incidence of sesame in the
same field about climate change or variability.
A reported phytoplasma infection in sesame
demonstrates the importance of the adjacent
wild host of the phytoplasmas infecting plants.
Carrigan et al. (2014) stressed the role of weeds
in the epidemiology of the disease, and therefore
they speculated that the phytoplasma would infect
both plants. Ozdemir & Cagirgan (2015) recently
documented the phyllody-symptomatology in C.
olitorius plants with phytoplasma infection in
southwestern Turkey.

The nested PCR assays of all the collected
samples were tested using universal primer
pairs (P1/P7 and R16F2n/R2), and generated
fragments of 1271 bp typical to phytoplasma
from five symptomatic C. olitorius samples. No
fragment was obtained from the other samples
from non-symptomatic plants also collected from
the Fayoum Governorate (Fig. 2). The DNA from
a healthy C. olitorius plant, used as a negative
control, generated no amplicon.

Fat

Fig. 1. Leaf deformities, slight yellowing, crinkled leaves, and phyllody symptoms on C. olitorius leaves affected by
phytoplasma disease from Fayoum Governorate (A-C) as compared to healthy ones (D)

Fig. 2. Gel electrophoresis analysis of nested PCR products amplified from naturally infected C. olitorius infected
plants with phytoplasma [M: 100bp marker ladder, L1: positive control, L2: healthy control, L3 to L7

symptomatic samples]
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Detection of phytoplasma in C. olitorius

plants with nested-PCR using R16F2n/R16R2
primers was positive from leaves. Moreover, the
amplified product of nested PCR was sequenced
and submitted to the GenBank database under
the accession number (OQ836595). Phylogenetic
analysis was performed based on 16S rDNA in
comparison with sequences of the 21 phytoplasma
strains listed in GenBank with the isolation from
Egypt. Results of phylogenetic analyses indicated
that the grouping of our isolate in the phylogenetic
clade that encloses the phytoplasma strains belong
to group 16SrIl (Fig. 3). Based on sequence
comparisons, the Egyptian phytoplasma starin
was found to share 98.1% sequence identity with
C. olitorius (ACC. No OP889144 and KM103730)
from China and Egypt, respectively, as well as

group 16SrIl members Sesamum indicum (ACC.
No 0Q437342), Solanum Ilycopersicun (ACC.
No MN462969), Capsicum annuum (ACC. No
MG748735), and Chrysanthemum morifolium
(ACC. No MF583741) from India. Additionally,
based on sequence data, it was found that the
Egyptian phytoplasma isolate shared 98% of its
nucleotide identity with C. aestuans (KX645865)
and cucurbita pepo (FR822709) from China and
Egypt, respectively, and 97.9% of its identity with
C. aestuans (JX871467), a Chinese species that
is classified in the 16SrIl group. Our results are
in agreement with those of Ozdemir & Cagirgan
(2015), Gopala (2018), and Sumashri et al. (2021).
So, the identification of the tested strain and its
description as a new Candidatus Phytoplasma was
carried out.
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Fig. 3. Phylogenetic tree constructed based on the sequence of the 16S rRNA, showing the phylogenetic relationship of
0Q836595 (GenBank accession no. of phytoplasmas isolate in the present study indicated by black triangle) with
other phytoplasma sequences belonging to different groups available in the GenBank using DNAMAN ver.7
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TABLE 1. Comparison of the nucleotide sequences of the 16S rRNA gene of phytoplasma in the present
study (Acc. No. 0Q836595) with the corresponding sequences of phytoplasma isolates from Egypt and

other countries

Acc. Nos. Host plants Country Group Identity %
00Q836595 Corchorus olitorius Egypt 16SrIl 100
OPg889144 Corchorus olitorius Egypt 16Srll 98.1
KM103730 Corchorus olitorius China 16SrIl 98.1
0Q437342 Sesamum indicum India 16Srll 98.1
MN462969 Solanum lycopersicun India 16Srll 98.1
MG748735 Capsicum annuum India 16SrIl 98.1
MF583741 Chrysanthemum morifolium India 16SrIl 98.1
0Q361782 Glycine max (soybean) India 16SrIl 98.1
MT555412 Croton bonplandianus India 16SrIl 98.1
KX645865 Corchorus aestuans China 16Srll 98.0
EU650181 Corchorus aestuans China 16SrIL 98.0
FR822709 Squash Egypt 16Srll 98.0

IX871467 Corchorus aestuans China 16SrIL 97.9
OP727585 Corchorus olitorius Egypt 16SrIl 97.4
OP185273 Sesamum indicum Egypt 16SrIl 97.4
AY 034608 Erigeron Brazil 16SrVII 89.0
GU004367 Potato USA 16SrVI 88.6
IN368423 strawberry Argentina 16SrVII 88.5
AY'197642 elm trees USA 16SrV 88.3
KF501045 Corchorus olitorius India 16SrV 88.3
LN907230 Hyalestes obsoletus Egypt 16SrXII 87.8
JX157630 sugarcane Egypt 16SrXI1 87.7

Chemical analysis test

The results of the chemical examination
showed that the tocopherol and crude fiber contents
for healthy mallow leaves were 119.96ug/g and
11.32g/100g, respectively, while these values
were 117.21nug/g and 15.40g/100g for mallow
leaves that were infected by phytoplasma. In
this study, infection with phytoplasma changed
the amount of some biochemical constituents in
the leaves of C. oliforius plants, like tocopherols
and crude fiber. Antioxidants called tocopherols,
which are lipid-soluble, help plants tolerant to
abiotic stressors (Kumar et al., 2013). Tocopherol
is the primary vitamin E substance found in leaf
chloroplasts, where itis present in the thylakoid and
chloroplast envelopes. The author hypothesized
that a deficiency in alpha tocopherols would
affect interactions with phytoplasma, given the
importance of lipid peroxidation in plant defense.
The tocopherols scavenge lipid peroxyl radicals
in thylakoid membranes to deactivate reactive

oxygen species produced during photosynthesis
and stop the spread of lipid peroxidation (Munné-
Bosch,2005). Itis generally assumed that increases
in tocopherol contribute to plant stress tolerance,
while decreased levels favor oxidative damage
(Munné-Bosch, 2005). According to a previous
study (Cela et al., 2018), tocopherols may operate
in cell signaling to influence processes outside
of chloroplasts in addition to their antioxidant
action. Additionally, some research indicates
that cooking may cause significant vitamin and
antioxidant losses (Lin & Chang, 2005; Adebayo,
2010; Saikia & Mahanta, 2013).

Fiber at normal levels is deemed to be a key

component in healthy eating and has been shown
to have positive benefits on blood cholesterol,
the avoidance of gastrointestinal illnesses, and
increased glucose tolerance (Adebayo, 2010).
The other negative side effect of phytoplasma is
the increased level of crude fiber in leaves. The

Egypt. J. Agron. 45, No. 3 (2023)
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crude fiber content for the leaves of infected
mallow plants with phytoplasma was high
(0.46%), 15.40g/100g as compared to healthy
leaves (11.32g/100g). This outcome is in line
with the findings of Kaczmarczyk et al. (2012),
who suggested that the capacity of extra fibre to
promote the growth of certain phytoplasma was
responsible for its effects.

Conclusion

Phyllody disease of mallow (Corchorus
olitorius) plants was detected in the Fayoum
governorate. A related strain of the phytoplasma
of C. olitorius was recognized as phytoplasmas;
it was isolated from Egypt (0OQ836595).
Phytochemical analysis reveals that healthy
leaves possess different phytochemicals and may
be used for therapeutic purposes. The effect of
Phytoplasma on many active compounds has been
identified from C. olitorius leaves in the current
study. C. olitorius plants require special attention
to avoid the transfer of phytoplasma to other
cultivated economic crops.

Acknowledgments: The authors thank the
members of the plant virus identification and
diagnosis lab (PVIDL), in the Dept. of Virus and
Phytoplasma Research, Plant Pathology Research
Institute, and Agricultural Research Center
(ARC), Egypt for supporting this work.

Author contribution: The manuscript was
edited and revised by all authors.

Conflicts of interest: The author declares no
conflict of interest.

References

Abdel-Razek, M.A.M., Abdelwahab, M.F,,
Abdelmohsen, U.R., Hamed, A.N.E. (2022)
Pharmacological and phytochemical biodiversity
of Corchorus olitorius. RSC Advances, 12(54),
35103-35114.

Adebayo, A.O. (2010) Effect of processing methods
on chemical and consumer acceptability of kenaf
and corchorus vegetables. Journal of American
Science, 6, 165-170.

Adebo, H.O., Ahoton, L.E., Quenum, F.J.B.,
Adoukonou-Sagbadja, H., Bello, D.O.,
Chrysostome, C.A.A.M. (2018) Ethnobotanical

Egypt. J. Agron. 45, No. 3 (2023)

Knowledge of Jute (Corchorus olitorius L.) in
Benin. European Journal of Medicinal Plants,
26(1), 1-11.

Ahmed, E.A., Farrag, A.A., Kheder, A.A., Shaaban,
A. (2021) Effect of phytoplasma associated with
Sesame phyllody on ultrastructural modification,
physio-biochemical traits, Productivity and Oil
Quality. Plants, 11(4), 477. DOl.org/10.3390/
plants11040477.

Analytical Methods Committee (1959) The
determination of tocopherols in oils, foods, and
feeding stuffs. Analyst, 84(999), 356-372.

AOAC (2005) Association of Official Analytical
Chemist, "Official Methods of Analysis" 18" ed.,
Washington, DC: AOAC, www.aoac.org.

Bertaccini, A. (2021) Plants and phytoplasmas:
When bacteria modify plants. Plants, 11(11), 1425.
DOl.org/10.3390/plants11111425.

Bertaccini, A., Duduk, B. (2009) Phytoplasma and
phytoplasma diseases: a review of recent research.
Phytopathologia Mediterranea, 48(3), 355-378.

Biswas, C., Dey, P., Bera, A., Kumar, M., Satpathy,
S. (2014) First report of a 16SrV-C phytoplasma
causing little leaf and bunchy top of Tossa Jute
(Corchorus olitorius) in India. Plant Disease,
98(4), 565. DOI: 10.1094/PDIS-08-13-0826-PDN.
PMID: 30708709.

Borroto-Fernandez, E.G., Calari, A. Hanzer, V.,
Katinger, H. Bertaccini, A. Laimer, M. (2007)
Phytoplasma infected plants in Austrian forests:
role as a reservoir? Bulletin of Insectology, 60(2),
391-392.

Cagirgan, M.1., Hasan, C., Hasan, T., Mbaye, N.,
Silme, R.S. (2014) First report on the occurrence
and symptomatology of phyllody disease in jute
(Corchorus olitorius, L.) and its plant characteristics
in Turkey. Turkish Journal of Field Crops, 191,
129-135.

Cela, J., Tweed, J.K.S., Sivakumaran, A., Michael
R.F. Lee, M.R.F., Mur, L.A.J., Munné-Bosch,
S. (2018) An altered tocopherol composition in
chloroplasts reduces plant resistance to Botrytis
cinerea. Plant Physiology and Biochemistry, 127,
200-210.



DETECTION AND MOLECULAR CHARACTERIZATION OF PHYTOPLASMA AND ITS..... 229

Contaldo, N., Bertaccini, A. (2019) Phytoplasma
cultivation. In: "Phytoplasmas: Plant Pathogenic
Bacteria-I11", A. Bertaccini, K. Oshima, M. Kube,
G. Rao (Eds.), pp. 89-104. Springer, Singapore.

Dellaporta, S.L., Wood. J., Hicks, J.B. (1983) A
plant DNA mini preparation: version II. Journal of
Plant Molecular Biology Reporter, 19-21.

Deng, S., Hiruki, C. (1991) Amplification of 16S
rRNA genes from culturable and non-culturable
Mollicutes. Journal of Microbiol Methods, 14, 53-
61.

Doi, Y., Teranaka, M., Yora, K., Asuyama, H. (1967)
Mycoplasma-or PLT Group-like microorganisms
found in the phloem elements of plants infected
with mulberry dwarf, potato witches’ broom, aster
yellows, or paulownia witches’ broom. Japanese
Journal of Phytopathology, 33, 259-266.

Duke, J.A. (1983) Medicinal use of jute. In:
"Handbook of Energy Crops". http://www.
worldjute.com/jute_news/medijut.html.

Gopala, Rao G.P. (2018) Molecular characterization
of phytoplasma associated with four important
ornamental plant species in India and identification
ofnatural potential spread sources. 3-Biotechnology,
8(2):116. DOI: 10.1007/s13205-018-1126-1.

Gundersen, D.E., Lee, .M. (1996) Ultrasensitive
detection of Phytoplasmas by nested-PCR assays
using two universal primer pairs. Phytopathologia
Mediterranea, 35, 114-151.

Haridy, A.G., Abbas, H.S., Mousa, A.A. (2019)
Growth and yield of some Jew’s mallow (Corchorus
olitorius L.) ecotypes as affected by planting dates
and foliar application of gibberellic and humic
acids. Assiut Journal of Agricultural Sciences,
50(1), 107-124.

Hemmati, C., Nikooei, M., Al-Subhi, A.M., Al-
Sadi, A.M. (2021) History and current status of
phytoplasma diseases in the Middle East. Biology,
10, 226.

Hogenhout, S.A., Segura, M. (2010) Phytoplasma
genomics, from sequencing to comparative and
functional genomics-What have we learnt. In:
"Phytoplasmas.: Genomes, Plant Hosts Vectors",
P.G. Weintraub, P. Jones (Eds.), pp. 19-36. CAB
International, Wallingford, UK.

Hussien, N.M., Labib, S.E., El-Massry, R.A.,
Hefnawy, H.T.M. (2017) Phytochemical studies and
antioxidant activity of leaves extracts of Corchorus
olitorius L. (Molokhia). Zagazig Journal of
Agricultural Research, 44(6A), 2231-2239.

Inaba, J., Kazeem, S.A., Zhao, Y., Zwolinska,
A., Ogunfunmilayo, A.O., Arogundade, O., et al.
(2022) Tomato and Jute mallow are two new hosts
of Papaya bunchy top phytoplasma, a 16SrXII-O
subgroup strain in Nigeria. Plant Disease,
DOI:  10.1094/PDIS-09-22-2192-PDN. PMID:
36366831.

Kaczmarczyk, M.M., Miller, M.J., Freund,
G.G. (2012) The health benefits of dietary fiber:
Beyond the usual suspects of type 2 diabetes
mellitus, cardiovascular disease and colon cancer.
Metabolism, 61(8), 1058-66.

Kumar, D., Yusuf, M.A., Singh, P, Sardar, M.,
Sarin, N.B. (2013) Modulation of antioxidant
machinery in o-tocopherol-enriched transgenic
Brassica juncea plants tolerant to abiotic stress
conditions. Protoplasma, 250(5), 1079-1089.

Kuske, C.R., Kirkpatrick, B.C. (1992) Phylogenetic
relationships between the western aster yellows
mycoplasmalike organism and other prokaryotes
established by 16S rRNA gene sequence.
International Journal of Systematic Bacteriology,
42: 226-233.

Lin, Ch.H., Chang, Ch.Y. (2005) Textural change
and antioxidant properties of broccoli under
different cooking treatments. Food Chemistry, 90,
9-15.

Mangione, C.M., Barry, M.J., Nicholson, W.K.,
Cabana, M., Chelmow, D., et al. (2022) Vitamin,
mineral, and multivitamin supplementation to
prevent cardiovascular disease and cancer. U.S.
Preventive Services Task Force, JAMA, 327(23),
2326-2333.

Moerman, D.E. (1996) An analysis of the food
plants of native North America. Journal of
Ethnopharmacology,, 52, 1-22.

Mokbel, S.A., Kheder, A.A. (2020) In vitro
propagation of phytoplasma-free strawberry plants
and molecular characterization of the pathogen.
Middle East Journal of Applied Sciences,10(3),
490-500.

Egypt. J. Agron. 45, No. 3 (2023)



230

AMRO A. FARRAG et al.

Munné-Bosch, S. (2005) The role of alpha-
tocopherol in plant stress tolerance. Journal of
Plant Physiology, 162(7), 743-748.

Ndlovu, J., Afolayan, A.J. (2008) Nutritional
analysis of the South African wild vegetable
Corchorus olitorius L. Asian Journal of Plant
Science, 7(6), 615-618.

Ozdemir, Z., Cagirgan, M.I. (2015) Identification
and characterization of a phytoplasma disease of
jut (Corchorus olitorius L.) from south-western
Turkey. Crop Protection, 74, 1-8.

Saikia, S., Mahanta, C. (2013) Effect of steaming,
boiling and microwave cooking on the total
phenolics, flavonoids, and antioxidant properties of
different vegetables of Assam, India. International
Journal of Food and Nutritional Sciences, 2, 47-53.

Schippers, R.R. (2000) African indigenous
vegetables: An overview of the cultivated species.
University Greenwich England, pp. 193-205.

Sumashri, K.S., Kirdat, K., Yadav, V., Natraj,
S., Janardhana, G.R., Yadav, A. (2021) First
report of 16Srll group (Peanut witches’ Broom)

Phytoplasmas associated with the Leucas aspera
Phyllody in India. Plant Disease, DOI: 10.1094/
PDIS-05-21-1092-PDN.

lisalidl) e W il g La Dl il A ) Chaa gl g audidal)
s b Corchorus olitorius Jyaxa & LY g
Jia glaw 9 ALY Clal <) A 908

e ol - el a5 pa -l il el gy dgma - Lo 33l sl 5 gl )

o sdll Asilaay 2022 ole Corchorus olitorius s skl J sasa 53 Lo Db sidll e (Sl o
Cala )il g 35! s g la Y1 Gy s ol el Alaall LA ll il e & el s -
Gale ) e Al 5 al el lgle eda (A bl (g SIS G (55580 Gmalal) adlaia &5 (305530
OS P1/P7&R16F2n/R16R2 Aslall (53 5all (e 255 alasiialy L 33U sidll 2 9an 5 e S 8
355 Gaslall Cieluai (f iy ol (s (B cam 8 (e 55 1271 (Mss Slialll o) Cielal s
nested PCR gl ol g0 aiis Jae o5 il jel Lo jeday ol () bl (g paliioall DNA
'DNA-man et il Al il da 3,0 il 138 aind s R16F20/R16R2 <ol aladiuds
o cliall e gil) i) e Alsasal) g Al al) Jae Lo 350 sl Al e e 13laie ) Ll jal) il o L
(OP889144 and KM103730) La 33 siaill &Y e ae 98.1% 4| i 4a 12 (Acc. No OQ836595)
DLl e J sesal (g pdiall S ¢ 3 iy pail dala llin J)53Y 5 gl (5 AT daealane s sl 5 jama (00
Lol Led A slall il 53 5 pall Alladl) Alaas€l) LS Jall (o sl a2 slall il 3 La S sidl)
L) 3y 5f 8 Lo 30 sl 3 a5 o Al 38 xS) B L) Aaa (et e L pall 155 50
LY (e ) gina 330 5 (Vitamin E) dsossS sill e Wl sisa aliasy ol Lbadl)

Egypt. J. Agron. 45, No. 3 (2023)



