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Abstract

Fruits of different varieties and types of tomato and pepper are very often with bad market appearance, caused
by virus diseases. Viral pathogens put and cover entire tomato, pepper and eggplant plants and damage ripening
fruits which become not good for markets, because they are mottled by mild or severe yellow spots, flecks, mo-
saic, line patterns and manifest deformations and often decreased sizes. The symptoms of virus diseases on the
fruits of tomato, pepper and eggplant were observed in 2018 and six viral pathogens: Tomato spotted wilt virus
(TSWYV), Cucumber mosaic virus (CMV), Tomato mosaic virus (ToMV), Alfalfa mosaic virus (AMV) Potato
virus Y (PVY) and Potato virus X (PVX) were analyzed by ELISA method (DAS-ELISA).The indicator method,
basing on the reaction of indicator (test) plants was used for three, more wide spread viruses: TSWV, ToMV and
CMV. The results have shown: TSWYV was established in 30 fruits, CMV — in 19 fruits, TOMV — in 17 fruits,
PVY-in 12 fruits, PVX - in 6 fruits and AMV —in 3 fruits, from all 49 tomato, pepper and eggplant fruits, bought
from different markets and belonging to different production areas. Severe injuries with viral origin were proven
on pink tomatoes, where TSWV and ToMV in mixed infection or only TSWV alone were the basic agents, re-
sponsible for the damages. Both viruses: the thrips-transmitted TSWV and the mechanically-transmitted ToMV
were in very high viral concentration in pink tomato fruits, whereas CMV, PVY, PVX and AMV were sporadi-
cally spread and in more low viral concentration. The major virus, responsible for the injuries on pepper fruits
(kapia and kamba types) was the thrips-transmitted TSWV, alone or in mixed infection most often with aphid-
transmitted viruses - CMV and PVY. Healthy fruits of tomato, pepper and eggplant (without symptoms of virus
diseases) could be produced when the effective control against TSWV, ToMV, CMV and PVY carry out.
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INTRODUCTION

One important viral pathogen for vegetables, be-
longing to Solanaceae tamily is Tomato mosaic vi-

Virus diseases decreased quantitatively the yield
and deteriorated quality of the agricultural produc-
tion. This point of view is in force especially for
vegetables, because their fruits are used fresh, in
dishes or preserved. The main viral pathogen, caus-
ing injuries on pepper fruits in Bulgaria is Tomato
spotted wilt virus (TSWV) (Dikova, 2018). Injuries
deteriorating the market appearance of tomato and
pepper production caused by TSWV were estab-
lished by different researchers (Kostova et al., 2003;
Sherwood et al., 2003; Momol et al., 2005; Koike et
al., 2017).

rus (ToMV). It is established in different areas in
the world: USA, Bulgaria, Corea, India, Vietnam
(Cerkauskas, 2004b; Dikova, 2014; Petrov, 2014;
Chitra et al., 1999; Miah Bae et al., 2018).

Cucumber mosaic virus (CMV) is important
viral pathogen for tomato and pepper (Hristova &
Maneva, 1999; Yardimci & Eryigit, 2006).

Alfalfa mosaic virus (AMV) is also a pathogen
for naturally infected tomato crops (Cerkauskas,
2004a; Zitikaite & Samuitiene, 2008).

Potato virus Y (PVY) is important aphid-trans-
mitted virus. It is most wide spread in some coun-
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tries on pepper and tomato plants in some years
(Cerkauskas, 2005a; Petrov, 2014; Olawale et al.,
2015; Ozdag & Sertkaya 2017).

Potato virus X (PVX) is connected with aphid-
transmitted potato viruses, as PVY, frequently in
mixed infection (Cerkauskas, 2005b; Olawale et al.,
2015).

The objective of the research was the establish-
ment of some of more wide spread viruses on veg-
etable fruits, belonging to Solanaceae tamily, as to-
mato, pepper and eggplant.

MATERIAL AND METHODS

Samples from pepper, tomato and eggplant fruits
were analyzed by serological ELISA method — DAS-
ELISA with kits for the following viruses: Tomato
spotted wilt virus (TSWV), Cucumber mosaic virus
(CMV), Tomato mosaic virus (ToMV), Alfalfa mo-
saic virus (AMV) Potato virus Y (PVY) and Potato
virus X (PVX). Negative controls were uninfected
test plants and positive controls were inoculated
by TSWV, ToMV and CMYV indicator (test) plants.
Negative and positive controls from the kits were
used for AMV, PVY and PVX. DAS-ELISA was
used by Clark and Adams (1977) with antisera, pur-
chased from the German company LOEWE, Bio-
chemica. The measurements of the optical density
and the accounted extinction values were done 30
minutes after the development of ELISA reaction
on the spectrophotometer SUMAL PE, Carl Zeiss,
Jena, in length of the wave of 405 nm.

Except by DAS-ELISA, some of these viruses, as
TSWYV, ToMV and CMYV, were also identified and
by the reaction of the indicator (test) plants: Nicoti-
ana tabacum, cv. Samsun NN, Capsicum annuum,
cv. Sofiyska kapia, Cucumis sativus cv. Bistrenski
or Cucurbita pepo var. giramonia, Lycopersicon es-
culentum, cv. Ideal and Petunia hybrida in pepper,
tomato and eggplant fruits, bought from the Bulgar-
ian market net. Analyses on indicator (test) plants
were done according to Kovachevsky et al. (1995).

RESULTS AND DISCUSSION
The results from DAS-ELISA tests for six vi-

rus pathogens, wide spread on pepper, tomato and
eggplant fruits, bought from different markets in
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Sofia, were presented in Table 1. Twelve batches of
tomato, pepper and eggplant fruits - all 49 fruits
were analyzed and the results showed that TSWV
and after that CMV were the most wide spread in
the fruits. Both viruses are insect-transmitted vi-
ruses. The period from May to September 2018
was very suitable for the appearance of these virus-
es and their vectors with alternately sun days and
rain days. TSWV was established in the most num-
ber of fruits - 30 from the total analyzed 49 fruits,
while CMV was established in 19 fruits, ToMV —
in 17 fruits and PVY — in 12 fruits. TSWV was
established in fruits of 10 batches from 12 market
batches, originated from different places and CMV
— in fruits of 9 market batches and ToMV —in fruits
of 7 market batches. TSWV is the major virus caus-
ing injuries on the fruits from vegetables in Solan-
aceae family (Table 1), as Dikova (2018) was estab-
lished from pepper fruits, originating from differ-
ent markets and areas of production. TSWV, CMV,
ToMV and PVY were the most often established
viral pathogens in pepper and tomato fruits, while
AMYV and PVX were sporadically established in
the same fruits (Table 1). The data for most spread
viruses on tomato and pepper fruits in 2018 were
identical with the data from 2012, 2013 and 2014
(Dikova, 2014).

The symptoms caused by the virus diseases on
tomato, pepper and eggplant fruits were chlorotic
(yellow) spots, ring or irregular, compact or con-
centric spots and deteriorated more or less the mar-
ket appearance of the fruits. Such fruits originated
from the plants, which were entire put from the viral
pathogens and the end the pathogens put of the ma-
turing fruits. The symptoms on the fruits were also
dependent on the individual or mixed viral infec-
tions, caused from one or several viral pathogens.

The individual infection was established com-
paratively most rarely in comparison with the mixed
infection and in this case only one from five or six
analyzed by DAS-ELISA viruses was in high viral
concentration, while for the other viruses negative
or nearly negative extinction values were account-
ed. The virus, practically with an individual infec-
tion, caused symptoms on the pink tomato from
batch of Bankya market is Tomato spotted wilt virus
(TSWYV) and for it a high extinction value — 1,069
OD (Optical Density) was accounted, but for 7o-
mato mosaic virus (ToMV) the extinction value for
the same pink tomato is near negative -0,349 OD in



Table 1. Established viruses in market batches of fruits from tomato, pepper and eggplant

Bpoit
TECTUPAHU ' '
BI/IH SCJIeH‘{yK oT Hagap/ HapTI/IHI/I/ IJIONOBE OT YcranoseHu BUPYCHU / Establlshed VIruses
Kind of vegetable fruits and  Batches and origin of exna naprumga/
market production Number of
tested fruits
from one batch 1SWV ToMV CMV  AMV  PVY PVX
Po3oBu nomaru — JKencku
nazap, Codust/ Canpmancku/ 4
Pink tomato — Female Sandansky 44 4/4 04 04 1/4 /4
Market, Sofia
PozoBu nomaru — nazap
Banws/ Pink tomato — gg;’fﬂp‘ffjgfv/ 3 33 13 03 03 03 03
Bankya Market
Po3oBu nomarn — nazap OrHsIHOBO,
Wik Hel:f(OB , Coq)lfﬁ/ Pink [Mazapmxumiko/ 5 5/5 5/5 15 0/5 /5 15
tomato “D. Petkov Ognyanovo, near
Market, Sofia Pasardjik
q IIpomapxer, JIromms/
epBEHH JIOMATH — THII Promarket 4
koHcepBa/ Red tomato, Lvulin Suburb 2/4 YVa Ya 1/4 YVa 0/4
Konserva type yulmn Suburb,
near Sofia
UepBenu gomatu —
tun Perou, MarasuH B Tone JlemueBcko/ Near 6
Koctuubpox Red tomato Gotse Delchev 36 4/6 >/6 0/6 0/6 0/6
Ragby type, Kostinbrod
3esieHO0-uepBeHa Karus —
Kenckn nazap, Codus/ [erspu/ 3
Green-red long fleshy Petarch Suburb near 3/3 0/3 373 0/3 1/3 0/3
pepper, Female Market, Kostinbrod
Sofia
YepBeHa Karusi, Mara3uH
B Koctunbpon Red long [Mazapmxumiko/ 4 .
fleshy pepper, Kostinbrod Near Pasardjik 4/4 0/4 /A 04 /4 0/4
Market
UYepBeHo-3emeHa Kamus/ [Ipomapker, 5
Green-red long fleshy Koctuubpon/ 0/5 0/5 0/5 0/5 0/5 0/5
pepper Promarket Kostinbrod
ITpomapker, Jlronun/
o poera Kae“r“"/ Red long Promarket Lyulin > o5 05 35 05 35 15
¥ bepp suburb, near Sofia
UYepseHa kam0ba, nazap T 4
banks/ Red round fleshy A . 2/4 1/4 2/4 0/4 3/4 2/4
Near Plovdiv
pepper, Bankya Market
YepeHa kamba, mazap
Bariks/ Red round fleshy Llaona/ 3 303 23 23 23 2R3
Shabla, near Varna
pepper, Bankya Market
ITpomapxert, JTronun/ 3
[Marnamxanu/ Eggplant Promarket Lyulin 1/3 1/3 1/3 0/3 0/3 0/3
suburb, near Sofia
All fruits 49 30 17 19 3 12 6
Tomato fruits 22 17 15 7 1 3 1
Pepper fruits 24 12 1 11 2 5
Eggplant fruits 3 1 1 1 0 0 0

33



comparison with cut off 0,373 OD (Figure 1 and the
chart of the Figure 21). Cut off is the border value
for each DAS-ELISA test between the negative and
positive extinction values.

| il
Figure 1. Pink tomato fruit with symptoms of fine
chlorotic line pattern, caused by TSWV, Bankya

market

, —_

Mixed viral infection was established on pink
tomatoes originated from Ognyanovo village, a
batch from Sofia market. High extinction values
over 1,0 OD and 2,0 OD were measured for TSWV

Figure 2. Pink tomato fruit with severe spotting,
caused by mixed infection of TSWV and ToMV,
Ognyanovo village, near Pasardjik

Figure 3. A part of a batch pink tomato fruits with
spotting, caused by TSWV and ToMV, Ognyanovo
village near Pasardjik

i

Figure 5. Chlorotic spots and line pattern, caused by
TSWYV on red tomato, type Ragby, near Gotse Delchev
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Figure 4. Chlorotic spots and line pattern, caused by
TSWYV on red tomato, type Konserva, Promarket

Figure 6. Symptoms of severe ring spots, caused by
mixed infection of TSWV and CMV on red tomato,
Promarket, import of Albania



and ToMV for five spotted tomato fruits from Og-
nyanovo village (Figures 2, 3 and the chart of the
Figure 21).

The symptoms, caused by the TSWYV individual
infection was moderate fine spots, fine rings and fine
line patterns (Figure 1), but the symptoms, caused
from the mixed infection of TSWV and ToMV were
bright and rough yellow spots (Figures 2 and 3). Red
tomato fruit, batch of T-Market, Sofia and import
from Albania showed bright yellow-green concen-
tric spots, caused by the TSWV and CMV mixed
infection (Figure 10).

Symptoms, as spotting, line patterns and even
color changes, caused by virus diseases on different
types of tomatoes (pink, red, Konserva, Ragbi) are
shown on Figures from 1 to 6; on different types
of pepper (long fleshy — kapia and round fleshy —
kamba) — on Figures from 7 to 14, and eggplant — on
Figures 15 and 16.

Symptoms of individual infection on pepper
were shown on Figures 7, 8, 9 and on mixed infec-
tion — on Figures 10, 11, 12, 13, 14. Varied and var-
iegated symptoms were caused from the mixed in-
fections of TSWV and CMV on long fleshy pepper
— kapia (Figures 11-12).

The established viruses in detail were shown on
Figures from 17 to 20. Twelve fruits of pink tomato
with yellow spots and figures, bought from three
markets and presenting different batches showed
different viral concentration for viruses (Figure 17).
Pink tomato fruits from Sandansky town (Female
market, Sofia — samples 1-4) had high viral concen-
tration for TSW'V, moderate viral concentration for
ToMV and the other viruses missed with only one
exception (a sample 3 with PVY in low viral con-
centration, Figure 17). A similar situation was for
the batch of pink tomato fruits from Bankya (sam-
ples 5-7). Pink tomatoes from Ognyanovo village
showed TSWV and ToMV in very high viral con-
centration and per one of the fruits — CMV, PVY
and PVX (samples 8-12, Figure 17). Climatic condi-
tions in the growth season 2018 were very suscep-
tible for aphid transmitted viral pathogens, as CMV
and PVY. The high viral concentration of ToMV in
five tomato fruits from Ognyanovo village can be
explain with the specific precondition for superfi-
cially-contaminated seeds or seedling contamina-
tion by garden tools. PVX is seldom in tomato and
pepper fruits: only in one fruit from the all tested 22
tomato fruits and in five pepper fruits from the all

tested 24 pepper fruits (Table 1). PVX is mechani-
cally transmitted virus, as ToM V.

TSWV, ToMV, CMV, AMV and PVY were es-
tablished in red tomato fruits, late subsequent pro-
duction types Konserva and Ragby (Figure 18). Four
fruits of type Konserva from Promarket had TSWYV,
ToMV, CMV, AMV and PVY(samples 1-4, Fig. 18)
with one exception of high viral concentration from
TSWYV and the other viruses in low viral concentra-
tion. The fine chlorotic spottings (Figure 4) on Kon-
serva fruits are probably caused by TSWV (samples
2-3, Figure 18). Six red tomato fruits type Ragby,
originated near Goze Delchev town (samples 5-10,
Figure 18) showed a mixed infection between sev-
eral from the tested viruses, as TSWV and ToMV
established in 4 fruits, and TSWV and CMV - in
five fruits.

The optimum atmospheric conditions for virus
diseases development in the growth season of 2018
advantaged an appearance not only of the thrips-
transmitted TSWV in high viral concentration, but
of the aphid-transmitted viruses as CMV on pepper
fruits type long fleshy — kapia (Figure 19). TSWV
was established in 9 from total 20 kapia fruits from
4 batches, CMV —in 7 kapia fruits, PVY —in 4 ka-
pia fruits and ToMV and PVX per in 1 fruit (Figure
19). TSWV on kapia fruit (Figure 7) and mixed in-
fection by TSWV and CMV on kapia fruit (Figure
8) were established in Kostinbrod private market.

Individual fruits of red long flashy pepper,
bought from Promarket, Kostinbrod, were with se-
vere symptoms of yellow ring spots or concentric
spots and chlorotic line pattern and they showed
very low extinction values for the viruses, as the
negative control (samples 5-14, Figure 19). This situ-
ation can be explained with long time staying of the
pepper fruits outdoors exposed to the sunshine and
the viruses were inactivated. Only one exception in
the batch of Promarket pepper fruits — one pepper
fruit - sample 12 showed high viral concentration of
TSWYV, which is a proof for the role of TSWV for
the injuries and the bad market appearance of the
pepper fruits. Pathogens with other origin (Fungi,
Bacteria) or saprophytes can be appeared by such
long storage, as red long flashy pepper in Promarket
(Figure 10). High viral concentration of aphid-trans-
mitted viruses, as CMV and PVY was established
in green-red long flashy pepper fruits, belonging to
a batch from Petarch village, near Kostinbrod (sam-
ples 15-20, Figure 19).
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Symptoms of virus diseases, attended with in- TSWV and CMV and one case of PVX were of-
juries and bad fruit appearance were seen on round ten established in high viral concentration (over 1,0
fleshy pepper (type Kamba) too (Figures 13-14). OD) in fruits from villages near Plovdiv (samples

Figure 7. Fine chlorotic ring spots, .caused by TSWV Figure 8. Large chlorotic area, caused by TSWV and
on red long fleshy pepper, a private market, CMYV on deformed fruit of long fleshy pepper,
Kostinbrod Promarket, Sofia

Figure 9. Severe ring sp;t by TSWV, causing Figure 10. Symptoms of TSWV and ToMV,
deformations on long fleshy pepper, Promarket, accompanied by necrotic symptoms from saprophytic
Kostinbrod or other pathogens, Promarket, Kostinbrod

' Figure 11. Severe symptoms, caused by mixed Figure 12. Severe symptoms, caused by mixed
infection of TSWV and CMV, Petarch village, near infection of TSWV and CMV, Petarch village, near
Kostinbrod Kostinbrod

36



Figure 13. Large chlorotic areas and spots, caused by Figure 14. Chlorotic spots, caused by TSWV and

TSWV and CMV on round fleshy pepper, type Kamba, CMV on round fleshy pepper, type Kamba, Shabla
a village near Plovdiv village near Varna

Figure 15. Eggplant fruits with symptoms of fine Figure 16. Eggplant fruit with symptoms of fine
spotting and decoloration, caused by TSWV, in the spotting and decoloration, caused by TSWV, ToMV,
middle-symptomless fruit, Promarket, Sofia CMYV, Promarket, Sofia
2,5
2 i
ETSWV
1,5 - uToMV
B CMV
1 - =AMV
I mPVY
= PVX
O .
9 10 11 12 13 14

1 2 3 4 5 6 7 8

Fig. 17. Viral pathogens on pink tomato fruits, different batches from market net,
tested by DAS-ELISA in 2018
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Fig. 18. Viral pathogens on red tomato fruits (late subsequent production for tinned food), different
batches from market net, tested by DAS-ELISA in 2018

2,5
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= TSWV
1,5 = ToMV
= CMV
1 =AMV
= PVY
= PVX
0.5
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1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22

Fig. 19. Viral pathogens on red long fleshy pepper fruits (kapia), different batches from market net,
tested by DAS-ELISA in 2018

1-4, Figure 20) and in fruits from Shabla, North
Bulgaria (samples 5-8, Figure 20). Moderate viral
concentration was established for ToMV, PVV and
PVX in the round fleshy pepper from both batches.
Sample number 5 is symptomless round fleshy pep-
per fruit with very low viral concentration.

TSWYV is the main virus, isolated from pepper
fruits in Bulgaria and it is wide spread in pepper
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fields (Dikova, 2014). TSWV was established in 12
pepper fruits (50 %), CMV —in 11 pepper fruits (46
%) and PVY — in 9 pepper fruits (38 %) from all
24 pepper fruits, tested in the present study - 2018.
For comparison with our data Potato virus Y (PVY)
was in the highest percentage (79%) and CMV
(61%) and ToMV (23%) in pepper crops of Nigeria
(Olawale et al., 2015). Similar situation is in Turkey,
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Fig. 20. Viral pathogens on red round fleshy pepper fruits (kamba), different baches from market
net, tested by DAS-ELISA in 2018

where PVY was determined as the most common
virus in pepper growing areas in Hatay, followed by
CMV (Ozdag & Sertkaya (2017). Therefore aphid-
transmitted viruses CMV and PVY are economi-
cally important for the pepper culture in different
countries.

Viral pathogens, caused symptoms of spotting
and color changes were established in eggplant
fruits too (Figures 15-16). TSWV, CMV and ToMV
were established in one of eggplant fruits (a batch
from Promarket, Lyulin suburb, near Sofia).

More spread plant viral pathogens mainly
TSWYV, but also CMV and ToMV on tomato, pep-
per and eggplant fruits were identified and by indi-
cator (test) plants (Figures 21- 26). Indicator (test)
plants for TSWV are shown on Figures 21-24.
Some indicator plants were used for ToMV — Nic-
otiana tabacum cv. Samsun NN (Figure 25) and
for CMV — Cucurbita pepo var giramonia (Figure
26). Systemic symptoms on Nicotiana tabacum cv.
Samsun NN, Capsicum annuum cv. Sofiyska kapia
and Lycopersicon esculenthum cv. Ideal, caused by
red long fleshy pepper fruit, in which only TSWV
in high viral concentration was established by
DAS-ELISA, were shown on Figures 21-23. Local
lesions, caused by TSWV were formed after the
treatment with inoculum of eggplant fruit in which
TSWYV was established in high viral concentration

by DAS-ELISA (Figure 24). ToMV from pink to-
mato fruit was identified on Nicotiana tabacum cv.
Samsun NN with only local lesions without symp-
toms of systemic infection (Figure 25). CMV from
round fleshy pepper (type Kamba) was identified
on Cucurbita pepo var. giramonia, cv. 1zobilna
(Figure 26).

CONCLUSION

The results from the studies of the symptoms
on virus diseases on tomato, pepper and eggplant
fruits showed that the viral pathogens cause seri-
ous injuries on the fruits that worsen their market
appearance qualitatively. ELISA method (DAS-
ELISA) permitted an analyzing of a large number
of fruit samples, collected by different markets and
originated by different production areas simulta-
neously for several viral pathogens. The indicator
method by using some differential indicator (test)
plants, as Nicotiana tabacum cv. Samsun NN,
which was differential indicator for TSWV, ToMV
and CMV is very suitable for visually account-
ing of each of these plant viruses (Dikova, 2016).
The present monitoring of viral diseases on fruits
of vegetable plants, belonging to Solanaceae fam-
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Figure 21. Systemic symptoms on Nicotiana Figure 22. ChlorotAi"(:‘systémic ring spots on
tabacum cv. Samsun NN, caused by TSWV Capsicum annuum cv. Sofiyska kapia, caused by
TSWV

Figure 23. Chlorotic line pattern, turned to necrotic, Figure 24. Local lesions, caused ‘t_;y TSWYV on
caused by TSWYV on Lycopersicon esculenthum, cv. Petunia hybrida
Ideal

/

TN 5
Figure 25. Local lesions, caused by ToMV on Figure 26. Systemic symptoms, caused by CMV on
Nicotiana tabacum, cv. Samsun NN Cucurbita pepo var. giramonia

ily showed that the control of virus diseases on REFERENCES
these vegetable plants would be begun as prophy-

laxis against them, therefore against their vectors Cerkauskas, R. (2004a). Alfalfa Mosaic Virus. AVRDC
and reservoirs. Publication 04-590 2004.

40



Cerkauskas, R. (2004b). Tomato Mosaic Virus (ToMV).
AVRDC Publication 04-609 2004.

Cerkauskas, R. (2005a). Potato virus Y (PVY). AVRDC
Publication 05-625 2005.

Cerkauskas, R. (2005b). Potato virus X (PVX). AVRDC
Publication 05-629 2005.

Chitra, T. R., Prakash, H. S., Albrechtsen, S. E., Shetty,
H. S., & Mathur, S. B. (1999). Infection of tomato and
bell pepper by ToMV and TMV at different growth
stages and establishment of virus in seeds. Journal of
Plant Pathology, 81(2), 123-126.

Clark, M. F., & Adams, A. N. (1977). Characteristics of
the microplate method of enzyme-linked immunosor-
bent assay for the detection of plant viruses. Journal of
General Virology, 34(3), 475-483.

Dikova, B. (2014). Tomato spotted wilt virus and Tomato
mosaic virus in tomato and pepper agroecosystems in
Bulgaria. Journal of Balkan Ecology, 17(4), 357-367.

Dikova, B. (2016). Cucumber mosaic virus on aromatic and
medicinal plants of Lamiaceae and Asteraceae families.
Acta Microbiologica Bulgarica, 32(2), 126-132.

Dikova, B. (2018). Influence of viral pathogens on the mar-
ket appearance of pepper fruits. Rastenievadni nauki,
55(4), 24-34.

Hristova, D., & Maneva, S. (1999). Effect of cucumber
mosaic virus and broad bean wilt virus on pepper
growth. Archives of Phytopathology & Plant Protection,
32(4), 279-290.

Koike, S. T., Davis, R. M. & Subbarao, K. V. (2017). UC
Pest Management Guidelines. Peppers. Tomato Spotted
Wilt. Pathogen: Tomato spotted wilt virus (TSWV) in
the tospovirus group. UC IPM Statewide Integrated
Pest Management Program. Agriculture and Natural
Resources, University of California.

Kostova, D., Lisa, V., Milne, R. G., Vaira, A. M., Del-
lavalle, G., & Tsorlianis, S. (2003). Virus diseases of
vegetable crops in southern Bulgaria. Phytopathologia
Mediterranea, 42(1), 3-8.

Kovachevsky, 1., Markov, M., Yankulova, M., Trifonov,
D., Stoyanov, D., & Kacharmasov, V. (1995). Virus and
virus like diseases on agricultural plants. PSSA, Sofia.

Bae, M., Jo, Y., Choi, H., Tran, P. T., & Kim, K. H.
(2019). First report of tomato mosaic virus isolated from
tomato and pepper in Vietnam. Journal of Plant Pathol-
ogy, 101(1), 181-181.

Momol, T. M., Olson, S. M. & Funderburk, J. E. (2005).
Recommended management strategies for Tomato spot-
ted wilt on tomato caused by Tomato spotted wilt virus
(TSWV). NEREC Extension Report No. 2005-9. http:/
nfrec.ifas.ufl.edu/tomato3.htm.

Olawale, A., Samuel, B. O., Solomon, A. S. O., & Ku-
mar, P. L. (2015). Surveys of virus diseases on pepper
(Capsicum spp.) in South-west Nigeria. African Journal
of Biotechnology, 14(48), 3198-3205.

Ozdag, Y., & Sertkaya, G. (2017). Investigation on viruses
causing yellowing disease in pepper in Hatay-Turkey.
Journal of Agricultural Faculty of Mustafa Kemal
University-Universitesi Ziraat Fakiiltesi Dergisi, 22(1),
16-22.

Petrov, N. (2014). Damaging effects of Tomato mosaic
virus and Potato virus Y on tomato plants. Science &
Technologies, 4(6), 56-60.

Sherwood, J. L., German, T. L., Moyer, J. W. & Ullman,
D. E. (2003). Tomato spotted wilt. The Plant Health
instructor. DOI: 10. 1094/PHI-1-2003-0613-02.

Yardimci, N., & Eryigit, H. (2006). Identification of
Cucumber mosaic virus in tomato (Lycopersicon escu-
lentum) growing areas in the north-west Mediterranean
region of Turkey. New Zealand Journal of Crop and
Horticultural Science, 34(2), 173-175.

Zitikaiteé, I., & Samuitiené, M. (2008). Identification and
some properties of Alfalfa mosaic alfamovirus isolated
from naturally infected tomato crop. Biologija, 54(2),
83-88.

41



