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Figure 1- Symptoms with samples collected from the field, A: Purple, stubburn and wilting of the plant, B: Plant wilting due

to root rot fungi, C: Yellowing and stubburn with the appearance of aerial tubers, D: Aerial tubers, E: Stem curly top growth
and bud swelling at the base of the petioles, F: Stubburn, purple leaves and plant decay
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Figure 2— A: Canker on the underground stem, B: Symptoms of root rot associated with the appearance of aerial glands at
the base of the plant, C: Wilting, yellowing and necrotic of leaves, which is mainly caused by fungal agents that cause rot
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Figure 3- Symptoms caused by phytoplasma agents, A: Stubburn, plant curly top, purple leaves and the appearance of aerial

tubers in the upper parts of the plant, B: Aerial tubers, C: The buds at the base of the petiole grow and turn purple, D: Aerial
tubers growth associated with root rot, E: Wrinkles and purple leaves, F: Stubburn, bud swelling and phyllody

(LA
92 3 iy (guily D (90 1A - JS
(G o)

Figure 4- A: Hair growth and root mass in potato plant of Raja cultivar infected with phytoplasma, B: dwarf (right)
compared to healthy plant (left)
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Figure 5 - Symptoms of phytoplasma infection in some weeds on the margins of potato fields, A: Stubburn and phyllody in

Sheng (Tragopogon graminifolius), B: phyllody and deformed leaves and dwarfism in elephant ear weeds (Conringia
orientalis)
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Figure 6- Duplicated piece to size 1.8 kb In some samples of potato using primers P1/P7(left) and duplicated piece 1.2 kb In

the nested stage with primers R16F2n/R16R2 usage PCR linel, kb DNA Ladder, line 2-10, Potato samples with purple top
symptoms
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Figure 7- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll < Hhal «Msel Alul and Kpnl Sample Selected Potatoes. Sample 1-3 belonging to Hamedan province with symptoms

of purple top and airial tuber(Stolbur group-Celery yellows,16SrXI11-A). Examples 5, 9, and 13 have symptoms stulborn and

airial tuber without purple top symptoms and Samples 11 and 14 of Potato have dwarf symptoms and stulborn along with
hairy and rooted belong to Chaharmahal and Bakhtiari province (Aster yellows group, 16Srl1-B) and samples 4, 6,7, 8, 10,12

and 15 with wilting symptoms of purple top and stulborn at the base of the petioles) Stolbur group-Celery yellows,16SrXI |-
A (M=100bp DNA ladder, Fermentas
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Figure 8- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll « Hhal <Msel < Alul and Kpnl Sample Selected Weeds and alfalfa on the margins of potato fields. Example 1-4, alfalfa

with symptoms of witches broom and stulborn(Stolbur group-Celery yellows,16SrX11-A) sample 5 tomatoes with phyllody
symptoms and sample 6 tomatoes with leaf roll (Stolbur group-Celery yellows,16SrXI1-A), Sample 7 Sheng with witches
broom and phyllody (Aster yellows group- Clover phyllody, 16Srl-C) and sample 8 Earphone weeds have phyllody and
stulborn (Clover proliferation group-Clover proliferation, 16SrVI-A) M=100 bp DNA ladder, Fermentas.

&bo

1. Balali Gh., Danesh D., and Phylsuf F. 1986. Wilt of potato purple top in Iran. Summary of Articles of the 8™ Iranian
Plant Protection Congress. Esfahan, Iran. (In Persian)

2. Bienkowski D., Stewart A., Falloon R.E., Braithwaite M., Loguercio L.L., and Hicks E. 2010. A disease assay for
Rhizoctonia solani on potato (Solanum tuberosum). New Zealand Plant Protection 63: 133-137.

3. Borges M., and Lourdes V. 1972. Mycoplasma and potato disease. Potato Research 15: 187-199.

4. Clark M.F., and Adams A.N. 1977. Characterization of microplate method of enzyme linked immunosorbent assay



WA S (Slge sl 6 lows b ol pod 618 )5 5lows (5 30 (SS9l 59 (o) »

for the detection of plant viruses. Journal of General Virology 34:475-483.

5. Crosslin J. M., Hamlin L. L., Buchman J.L., and Munyaneza J.E. 2011. Transmission of potato purple top
phytoplasma to potato tubers and daughter plants. American Journal of Potato Research 88: 339-345.

6. Ember I., Munyaneza J.E., and Crosslin J.M. 2011. Survey and molecular detection of phytoplasmas associated with
potato in Romania and southern Russia. European Journal of Plant Pathology 130(3): 367-377.

7. Girsova N.V., Bottner K.D., Kastalyeva T.B., Mozhaeva K.A., Owens R.A., and Lee .M. 2008. Identification of
phytoplasma species associated with potato diseases in Russia. Communications in Agricultural and Applied
Biological Sciences 73(2): 331-333.

8. Girsova N.V., Bottner-Parker K.D., Meshkov Y.l., Mozhaeva K.A., Kastalyeva T.B., and Lee I.M. 2016. Diverse
phytoplasmas associated with potato stolbur and other related potato diseases in Russia. European Journal of Plant
Pathology 145: 139-153.

9. Himeno M., Kitazawa Y., Yoshida T., Maejima K., Yamaji Y., Oshima K., and Namba S. 2014. Purple top
symptoms are associated with reduction of leaf cell death in phytoplasma-infected plants. Scientific Reports 4: 4111.

10. Hosseini P., Bahar M., Madani G., and Zirak L. 2011. Molecular characterization of phytoplasmas associated with
potato purple top disease in Iran. Journal of Phytopathology 159: 241-246.

11. Jung H.Y., Hahm Y.l., Lee. J.K, Hibi T., and Namba S. 2003. Characterization of phytoplasma associated with
witche's broom disease of potato in Korea. Journal of General plant Pathology 69:87-89.

12. Kumari S., Nagendran K., Rai A. B., Singh B., Rao G.P., and Bertaccini B. 2019. Global Status of Phytoplasma
Diseases in Vegetable Crops. Front. Microbiology. Available at https://doi.org/10.3389/fmicbh.2019.01349.

13. Lee I.M., Bottner K.D., Secor G., and Rivera-Varas V. 2006. Candidatus Phytoplasma americanum, a phytoplasma
associated with a potato purple top wilt disease complex. International Journal of Systematic and Evolutionary
Microbiology 56: 1593-1597.

14. Lee .M., Bottner K.D., and Sun M. 2009. An emerging potato purple top disease caused by a new 16Srlll group
phytoplasma in Montana. Plant Disease 93: 574-583.

15. Menzies J.D., and Gidding N.J. 1953. Identity of potato curly top and greened dwarf. Phytopathology 43: 684-686.

16. Munyaneza J.E., and Henne D.C. 2013. Leafhopper and Psyllid Pests of Potato. Insect Pests of Potato.

17. Singh A., Prasad S.S., and Nagaich B.B. 1985. Host range of yellows pathogens of potato. Indian Phytopathology
38: 497-501.

18. Woodhalla J.W., Leesb A.K., Edwardsa S.G., and Jenkinsona P. 2007. Characterization of Rhizoctonia solani from
potato in Great Britain. Plant Pathology 56: 286—295.


https://link.springer.com/article/10.1007/s12230-011-9199-y#auth-1
https://link.springer.com/article/10.1007/s12230-011-9199-y#auth-2
https://link.springer.com/article/10.1007/s12230-011-9199-y#auth-3
https://link.springer.com/article/10.1007/s12230-011-9199-y#auth-4
https://link.springer.com/journal/12230
https://www.researchgate.net/profile/Ibolya_Ember
https://www.researchgate.net/journal/0929-1873_European_Journal_of_Plant_Pathology
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girsova%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bottner%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kastalyeva%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mozhaeva%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Owens%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=19226771
https://www.researchgate.net/journal/1379-1176_Communications_in_agricultural_and_applied_biological_sciences
https://www.researchgate.net/journal/1379-1176_Communications_in_agricultural_and_applied_biological_sciences
https://link.springer.com/article/10.1007/s10658-015-0824-3#auth-1
https://link.springer.com/article/10.1007/s10658-015-0824-3#auth-2
https://link.springer.com/article/10.1007/s10658-015-0824-3#auth-4
https://link.springer.com/article/10.1007/s10658-015-0824-3#auth-5
https://link.springer.com/article/10.1007/s10658-015-0824-3#auth-7
https://link.springer.com/journal/10658
https://link.springer.com/journal/10658
https://doi.org/10.3389/fmicb.2019.01349
https://www.sciencedirect.com/science/article/pii/B9780123868954000041
https://www.sciencedirect.com/book/9780123868954

Journal of Plant Protection f ) (8353 glwe g pale) LS cbilis & Wid

Vol. 34, No. 2, Summer 2020, P. 169-181 = ‘ﬁy—}zf, 15A-1AY Lo ATAR Ll oY o,leds FF al>

D

Survey of Frequency of some Pathogens Associated with Potato Purple Top
Disease

A. Bagheri'*- Gh. Babaei?
Received: 13-02-2020
Accepted: 12-07-2020

Introduction: Several pathogens, including fungal, viral, and prokaryotic agents, can cause disease in
potatoes. Purple top disease associates with the formation of air glands, stubborn, leaf rolling, in potato fields is
visible and several pathogens has reported reported to be the cause of this disease. Potato leaf roll virus, purple
top wilt Phytoplasma and Rhizoctonia solani fungi are the most important agents. Plants in response to pathogen
infection, show a wide range of symptoms. Symptoms of purple or purple leaves usually indicate contamination
of the host plant with phytoplasmic agents.

Materials and Methods: Symptoms of purple top wilt, stubborn, yellowing and leaf rolling, witches broom,
big bud and formation of aerial tubers were observed in potato fields of Chaharmal Va Bakhtiari, Hamedan and
Fars provinces during 2006-2011. Some samples also showed symptoms of root rot and stem canker, Wilting
accompanied by stubborn, color change of the yellow leaves or purple, leaf rolling and formation of aerial tubers
at the base of the plant near the surface of the soil or in the lateral buds of the base of the petioles and of course,
it was different in different cultivars. Symptoms of disease in the Marfona variety, mostly include the formation
of aerial tubers and yellow leaves, and in the most of plants stolon canker was also seen. In Agria, Diamont,
Maradona, Sante, Raja, Navita, and Kozima varieties, symptoms of purple top accompanied formation of aerial
tubers in some plants were stubborn the witches broom and wilt. In some other cultivars, symptoms of witches
broom, rosette and hairy of the roots were observed. Symptoms of disease also weeds in the margins of potato
fields. Symptoms of witches broom, phyllody, stubborn and rosette in Dandelion (Taraxacum officinalis),
Salsify (Tragopogon graminifolius), Black night shade (Solanum nigrum), Wild raddish (Raphanus
raphanistrum), hare's ear mustard (Conringia orientalis) and witches broom and stubborn in alfalfa were
observed. Scales of symptoms varied in different regions depending on the region and sampling time. Symptoms
of purple top and formation of aerial tubers at the end of the season. Yellowing symptoms and the formation of
aerial tubers in the Navita cultivar in the late growing season has reached to 40% in some areas.

Results and Discussion: 460 samples tested by ELISA against PLRV, PCR (using P1/P7 followed
R16F2n/R16R2 universal primers) for presence of phytoplasma and cultured on PDA for isolation of fungi
caused root rot and canker. Investigation showed presence of phytoplasmas, fungi and PLRV with abundance of
136, 245 and 61(28.7, 53.25 and 13.2 %) respectively. Most of the symptoms caused by phytoplasmas and
Rhizoctonia have a symptom of purple top and aerial tubers. Association of PLRV in some cases produced
symptoms of leaf roll and purpling. Aerial tuber formation and purple top symptoms in different potato cultivars
were seen in various ratio, while fungal and phytoplasmas agent were main casual agents in Marfona and Navita
cultivars, respectively. From the samples of potato with roots and stems of rot and canker symptoms, fungi
Rhizoctonia solani, Fusarium solani, F.oxysporom and Colletotrichum sp. isolated that 32.9% of the infection
was related to Rhizoctonia and 20.3% was related to other fungi. Inoculation of these fungi in greenhouse
conditions caused potato plants to cause plant death and drying out, and no symptoms of purple top or aerial
tuber formation were observed. It seems that occurrence of such symptoms is possible only in farm conditions.
Plants that showed purple top, stubborn, and rolling of the end leaves were infected with PLRV, the symptoms of
the virus are varied in many varieties. In some plants, disease is accompanied by yellowing and degeneration and
in some leaf roll and purple top were observed. In no case, the symptoms of the aerial tuber formation in plants
that were infected with the virus were not observed. In transfer with dodder and grafting to tomatoes and
potatoes, samples with stem canker and root rot did not cause any symptoms in healthy plants. But those
examples were no symptoms of purple top and aerial tuber in the plant that did not show any symptoms of stolon
and rooting of root canker and in the ELISA test, they did not respond positively to PLRV, tomatoes and
potatoes were transplanted in greenhouse conditions with dodder and grafting. Potato plants have shown graft
symptoms of yellow, stubborn, leaf roll and purple top in greenhouse conditions, but the formation of the aerial
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tuber was not observed in greenhouse conditions. After dormancy the tubers from plants with symptoms of
purple top showed only a small number of these tuber showing symptoms of hairy sprouting. This condition can
only be infected in some tubers from an infected plant due to the occurrence of these symptoms but the selection
of plants in terms of symptoms and the uncertainty of infection with phytoplasma can be a reason. These two
pathogen group caused purple top and aerial tuber formation in other potato cultivars in different region with
various ratio. The PCR products of R16F2n/R16R2 from phytoplasma detected in potato, alfalfa and weeds
samples were used in restriction fragment length polymorphism, RFLP, by digestion with Alul, Haelll, Hhal,
Rsal, Kpnl, Msel and Hae 111 restriction enzymes. Results indicated presences of two distinct phytoplasma group
in potato samples (16Srl-B and 16SrXII-A) and 16SrXII-A phytoplasma from Alfalfa samples, 16SrI-C from
salsify (Tragopogon graminifolius) and 16SrVI-A from here's ear cabbage (Conringia orientalis). Contamination
of different agents were seen also in some samples. This is the first report of presence of phytoplasma group
16Sr1-B and 16SrXII-A in potato in Iran.

Conclusions: Despite the similarities between the symptoms of purple top and the formation of air glands in
potato fields, the disease is caused by phytoplasmic agents, PLRV, and rhizoctonia fungi, in its management, the
cause of the disease should be identified.
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