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Abstract

Symptoms of virus diseases on the leaves of the medicinal plant species Echinacea purpurea (L.)
Moench. —purple coneflower were observed in the trial fields of the Institute of Rose, Essential and Medicinal
Cultures (IREMC) near Kazanlak and private gardens in Kazanlak, Bulgaria. Virus diseases, caused by the
following viruses were established on E. purpurea: Alfalfa mosaic virus (AMV), Cucumber mosaic virus
(CMV), Tobacco mosaic virus (TMV), Tomato spotted wilt virus (TSWV) and Potato virus Y (PVY).
These viral pathogens existed in Echinacea plants in individual or most commonly in mixed infections.
The symptoms caused by viral pathogens were spotting (chlorotic spots of different shape and size) on the
leaves, sometimes typical mosaic, reduction in leaf size and flower head diameter and especially decrease
in the height of the stems, called dwarfing. The results of the study have shown, that the most widely spread
were CMV, AMV, TMV - over 45 % and TSWV —nearly 30 %. Clear differences were detected in the yields
of roots, seeds and leaves between Group I of symptomless Echinacea plants (practically healthy without
symptoms or damage) and the spotted Echinacea plants (Group II — of spotted and dead plants and Group
IIT - of spotted, but vital plants, in which the viruses were established. The spotted Echinacea plants were
shorter (dwarfed) in comparison with the symptomless plants with fewer leaves and flower heads. The yield
of the seeds, leaves and roots of the spotted plants was twice or several times lower in comparison with the
symptomless plants
Keywords: influence on the yield of Ecinacea purpurea plants, caused by AMV, CMV, TMV, TSWV.

Pe3rome

CuMnromMuTe Ha BHPYCHH OONieCTH MO JIMCTaTa Ha MEAMIMHCKOTO pactenue Ecinacea purpurea (L.)
Moench. 6sixa HabmonaBanu B MucTuTyTa 110 Po3ara, ereprunomacnenure u meaunuacku Kyarypu (MPEMK) B
Kaszanrbk 1 gacTHU rpasuHu okosio Kasanibk, benrapus. BupycHu Oonectu, npu4nHEHH OT CIIEJHUTE BUPYCH:
Alfalfa mosaic virus (AMV), Cucumber mosaic virus (CMV), Tobacco mosaic virus (TMV), Tomato spotted
wilt virus (TSWV) u Potato virus Y (PVY) Gsixa ycraHoBenu Ha E. purpurea. BupycHuTe naToreHu 3apassBar
€XMHALIEEBUTE PACTEHUS II0-4€CTO KaTO CMECEHA MH(EKIIHS OT HAKOJIKO BUPYCa U MO-PSIIKO €ANHUYHA HH(EKIUA
OT €IMH BUpYyC. BupycHHUTE maToreHy NpUYMHABAT CUMIITOMU HA HaleTHSABaHE (XJIOPOTHYHU METHA C pa3iuyHa
¢dopma u ToneMuHa), TOHSAKOTa TUIMYHA MO3aika, HAaMAJIsIBaHE pa3Mepa Ha JIMCTHHUTE TETypH U AWaMeThpa Ha
CBIIBETUSATA U CIIELMAIHO HaMaJIssBaHe BUCOUMHATA HA CTHONATa, HAPEUEHO BIUKY/KaBaHe. Pesynrarure ot mpo-
YUYBAHETO [TOKA3BaT, ue Hall-upoko pasnpoctpanenu ca CMV, AMV u TMV —nan 45 % B Hacaxxnenne u TSWV
— nmoutu 30 %. OT4eTIMBH pa3NuKu B TOOWBHUTE HA KOPEHH, JIUCTA U CEMEHA OT €XMHAIICeBU pacTeHHs Osxa
JI0Ka3aHU B paslpeziesieHuTe 1o rpynu pacrenus: [IspBa rpyna — 6e3cMMOTOMHU (IIPaKTHYECKH 3][paBU pacte-
HUS - 0e3 BUPYCH WIIH C JIaTeHTHA nHpeKIus, Oe3 mposiBa Ha CUMNITOMHU), BTopa rpyna — HaneTHeH! 0T BUPYCHU
MIAaTOTEHH PACTEHUS - M3CHXBAIM U 3arvBaniy U Tpera rpyna — HalneTHEH! OT BUPYCHH MAaTOTeHU PACTEHHUS, HO
XKH3HECTocoOHU. HaneTHeHnTe eXrHaIieeBu pacTeHus 0sixa ¢ HaMasieH XaOuTyc (BIKY/DKEHH) U ¢ HaMaJIeH Opoid
JIMCTA U CHIBETUS B CpaBHEHHE ¢ Oe3cumnToMHuTE. JlIoOOMBBT Ha ceMeHa, KOPEHH U JIUCTA ITPU HAIIETHEHUTE pac-
TEeHHs1 OeIIIe OT J[Ba JI0 HAKOJIKO IThTH MO-HUCHK B CPABHEHUE C OE3CHUMIITOMHHTE €XUHAIICCBH PACTECHHSI.
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Introduction

Virus diseases reduce yields and deteriorated
the quality of the agricultural crops. The results
of the research showed that the economically
important purple coneflower (Ecinacea purpurea)
viruses in Bulgaria are Alfalfa mosaic virus
(AMYV), Cucumber mosaic virus (CMV), Tobacco
mosaic virus (TMV) Tomato spotted wilt virus
(TSWV) (Dikova, 2011; 2012; 2016; Dikova et
al., 2010; 2013). In Ukraine, it was found that
the purple coneflower plants were infected with
TSWV —in 2012, PVY - in 2013, and TRV - in
2014 (Dunich and Mishchenko, 2015; Mishchenko
etal.,2015). CMV, PVY, TMV u TSWYV in a mixed
infection in only one purple coneflower plant were
established by Horvath er al. (2006) in Hungary.
The most harmful is CMV, which has circulated on
the E. purpurea plants for several years, because
Echinacea plants are cultivated for harvesting as a
perennial crop.

E. purpurea (L.) Moench.), the most
powerful immunostimulating agent among the
medicinal plants is widespread in natural habitats
in the North of the USA and southern Canada.
The soil and climatic conditions in Bulgaria are
very suitable for cultivation of this medicinal
plant species. Apart from the reduced quantities
of the root, leaf and seed yields, Echinacea plants
affected by viral pathogens have pathogen-induced
changes in the chemical composition most probably
reflected on the immunostimulating properties of
this medicinal crop. According to Bellardi et al.,
(2001) the concentration of Germacrene D and of
some alkylamide components in root extracts of
Echinacea plants, infected by CMV is significantly
decreased in comparison with the root extracts of
healthy plants.

The objective of the research was to establish
the influence of virus diseases on the yield of the
medicinal plant species E. purpurea (L.) Moench.

Material and Methods

E. purpurea plants were analyzed in the
Department “Plant Protection” in the Institute
of Soil Science, Agrotechnologies and Plant
Protection (ISSAPP) “Nikola Poushkarov”, Sofia,
Bulgaria. The methods of analysis were ELISA
(DAS-ELISA) (Clark et al., 1977) and the indicator
method using indicator test plants (Kovachevsky
et al., 1985). Samples of Echinacea plants were
collected from the trial fields of the Institute of
Rose, Essential and Medicinal Cultures (IREMC),
near Kazanlak, Bulgaria and from private gardens
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in Kazanlak. Some of the Echinacea plants were
with symptoms of virus diseases while others were
symptomless. Each sample from an individual
Echinacea plant was analyzed with DAS-ELISA
kits, purchased from LOEWE, Biochemica
(Germany) for the following viruses: A. mosaic
virus (AMV), C. mosaic virus (CMV), T. mosaic
virus (TMV), T. spotted wilt virus (TSWV) and
Potato virus Y (PVY). DAS-ELISA tests were
carried out according to detailed descriptions
in other publications (Dikova, 2012; 2016).The
indicator method using differential indicator (test)
plants, such as Nicotiana tabacum cv. Samsun NN,
which was a differential indicator for TSWYV, ToMV
and CMV is very suitable for visual detection of
each of these plant viruses (Dikova, 2016; 2019).
In addition to DAS-ELISA some viruses, such as
TSWV, ToMV and CMV were also identified by
the reaction of the indicator (test) plants: Nicotiana
tabacum, cv. Samsun NN.

The negative influence of the disease-causing
viral pathogens, affecting the quantity and quality of
the yield of roots, leaves and seeds from these plants
was studied in a three- year Echinacea plantation in
a private garden near IREMC, Kazanlak. The data
for each of these 7 Echinacea plants were presented
in another paper (Dikova et al., 2013). The present
study recapitulates the initial data on the following
groups of plants: Group I included two symptomless
Echinacea plants; Group II were three spotted and
perishing plants and Group III were two spotted,
but vital Echinacea plants without drying.

Results and Discussion

Symptoms of virus diseases were often
observed in private gardens, adjacent to vegetable
gardens and viral pathogens were afterwards
established by DAS-ELISA and the indicator
method. The viral pathogens caused damage to
the Echinacea plants such as stunted plant habitus
(mainly height and width of the stems), decrease in
leaf laminas and the diameter of the flower heads.
Typical symptoms caused by CMV and TSWV
viruses on purple coneflower plants originally were
spotting, mosaic symptoms (Fig. 1) and dwarfing —
decreasing the habitus of the plants. The difference
between the symptomless Echinacea plants (Fig.
2) and the spotted virus - infected plants (Fig. 3)
can be determined by some of these biometrical
indices. TSWV caused typical symptoms as like
light yellow to bright yellow circular or irregular
spots on the middle and lower stages of leaves that
subsequently turned into necrotic spots.



Fig. 1. E. purpurea leaves with
symptoms of mosaic, caused by
CMV.

plant

Fig. 4. Root sprout, used for
propagation and preparation of
seedlings

The mixed infection of several viral
pathogens caused dwarfing of some plants (Fig.3)
and as a consequence decreased quantity and
quality of leaves (herba) and flowers. Symptoms
(typical mosaic symptoms) of single infection with
Cucumber mosaic virus (CMV) on the Echinacea
leaves are shown on Fig. 1.The purple coneflower
plants are often propagated by root sprouts (Fig. 4)
and then the incidence of the virus diseases in the
adult plants is certain (Fig. 5).

The results on the viruses established in .
purpurea plants by DAS — ELISA are presented in
Table 1.

CMV was established by DAS-ELISA as
well as by the reaction of the indicator (test) plant
N. tabacum cv. Samsun NN (Fig. 7) and TSWV

Fig. 2. Symptomless E. purpurea

spotted by viral pathogens

i

Fig. 3. Tuft of E. purpurea plants
-spotted and dwarfed plants by
viral pathogens

Fig. 6. E. purpurea plant tuft with
symptoms of spotted and dried
leaves by artificial CMV/ TSWV
infection

was proven by the reaction of the N. tabacum cv.
Samsun NN too (Fig. 8).

The yield of seeds, obtained from the symp-
tomless E. purpurea plants (Group I) was over
20 times higher in comparison with the yields of
Groups II and III — plants with symptoms of virus
diseases (Table 2). Group I were practically healthy
without symptoms and without viruses Echinacea
plants, or viral pathogens were in very low con-
centrations and caused latent infection. The yield
of roots in Group I — the symptomless (practically
healthy) Echinacea plants was 11 times higher in
comparison with the yield in Group II of spotted
and dead plants and 4 times higher in comparison
with the yield of Group III of spotted, but vital
plants (Table 2). The yield of leaves (herba) from

Table 1. Data about economically important viral pathogens established on E. purpurea by DAS-ELISA

Name of viral pathogen Number of Number of plants % diseased plants
analyzed plants with viruses in comparison with all
tested plants
Cucumber mosaic virus (CMV) 53 24 45.5
Alfalfa mosaic virus (AMV) 36 20 55.5
Tomato mosaic virus (TMV) 12 6 50.0
Tomato spotted wilt virus (TSWV) 11 27.3
Potato virus Y (PVY) 32 1 3.13
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Fig. 7. Systemic symptoms of
CMV on differential test plant
N. tabacum cv. Samsun NN

Fig. 8. Systemic symptoms of
TSWV on differential test plant
N. tabacum cv. Samsun NN

Table 2. Comparison between the yield of roots, leaves and seeds from symptomless (practically healthy)
E. purpurea group of plants and virus-spotted E. purpurea groups of plants, and biometrical indices

influenced by virus diseases

o . Average yield in g per groups of
Yield in g per groups of Echinacea plants Echinacea plants
Group II - Group II -
Yield Group I - spotted by Group III - Group I - spotted by Group III -
symptomless . spotted by | symptomless . spotted by
. viruses . . . viruses . )
(practically L viruses vital | (practically L viruses vital
healthy) plants perishing plants healthy) plants perishing plants
plants plants
Seeds in group 42 3 1 21 1 0.5
Leaves (herba) 875 0 195 438 0 98
in group
Roots in 1565 212 355 783 71 178
group
Stem height 164 167 125 82 56 63
1mn cm
Number of 39 24 19 20 8 10
rosette leaves
Number of 390 124 77 195 41 39
stem leaves
Number of
flower heads 70 32 32 35 11 16

dead and perishing Echinacea plants was zero, and
the yield of spotted and vital plants was fourfold
lower in comparison with the symptomless plants
(Table 2). The biometrical indices in Group I of
symptomless plants were higher in comparison with
the biometrical indices of the plants in the groups
with symptoms of virus diseases. The stem height
of Group I of symptomless plants was 26 cm taller
in comparison with Group II of spotted and dead
plants and 19 cm taller than in Group III of spot-
ted, but vital plants (Table 2). The number of the
stem leaves in Group I of symptomless plants was 4
times higher in comparison with Group II of spotted
and dead plants and 5 times higher in comparison
with Group III of spotted, but vital plants (Table 2).
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The flower yield (flower heads) in Group I of symp-
tomless plants was 2,9 times higher in comparison
with Group II of spotted and dead plants and twice
higher in comparison with Group III of spotted, but
vital plants (Table 2).

Wilting and drying, caused by C. mosaic vi-
rus (CMV) of adult vegetable plants were proven
on the field and in greenhouses (Kovachevsky et
al., 1985). Perishing Echinacea plants with mosa-
ic symptoms, caused by CMV on the leaves were
established in Echinacea tufts too (Dikova et al.,
2013).

The means of virus control in Echinacea pur-
purea crops are preventions of viral invasion by in-
sect pest control of transmitters: aphids for AMV,



CMYV and PVY and of thrips for TSWV after inves-
tigations of the plantations. TMV control includes
phyto-sanitary means against this mechanically
transmitted virus.

Conclusion

The results from the studies of the symptoms
on virus diseases, caused by CMV, AMV, TSWV,
TMYV and PVY on the yield showed that the viral
pathogens caused serious injuries on the E. pur-
purea plants that has worsened their yield of roots,
seeds and leaves in terms of quantity. ELISA meth-
od (DAS-ELISA) permitted the analysis of a large
number of E. purpurea samples for several viral
pathogens simultaneously. The indicator method
using a differential indicator (test) plant, such as N.
tabacum cv. Samsun NN, which was a differential
indicator for TSWV, TMV and CMV is very suita-
ble for visual detection of each of these plant virus-
es (Dikova, 2016).
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