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Pe3rome

Mpn nabopaTopHM yCrioBUsA € U3NUTaHO OBULMOHOTO M NapBULMOHOTO OENCTBUE HA TpU BMOMHCEK-
Tmumnga — dunen B, HumA3an T/C n Tpencbp 480 EK, cnpsimo kaptodeHus moneun Phthorimaea operculella
Zeller (Lepidoptera: Gelechiidae). BuonHcekTnunante 6gxa TecTBaHu B TPU KOHLEHTPaLMK — B peructTpupaHa-
Ta 3a gpyru HenpuaTenu B bbnrapusa n B ABe no-Hucku. CruneH oBnUmMaeH edpekT NposiBu camo BMOMHCEKTULN-
OobT HumA3an T/C. MNpenapaTbT BbB BCUYKM U3NUTAHN KOHLIEHTPALUN MMaLLE 3Ha4YnTeNeH edpekT B CPaBHEHNE
¢ koHTponaTa (p<0.05). AnuaTa, Tpetnpanu ¢ Tpericbp 480 EK, ce nanionuxa Ha 24-us vyac cneq TpetmpaHeTo
N B CpaBHEHUE C KOHTporaTa He Bs1xa yCTaHOBEHM 3HAYMMU Pa3fUKN.

Bcnuku nanutaHu npenapati nokaszaxa MHoOro gobpa edukacHocT cnpamo napesute Ha P. operculella.
Han-6bp3 nHmumaneH edekt 6elue permctpupan npu Tpernicbp 480 EK, cneasan ot HuvA3an T/C v Qunen BI.
JTapsute, Tpetupanu ¢ Tpencwp 480 EK B koHueHTpaums 0.03%, 3arnHaxa Ha cnegealins AeH n eqorukacHoCT-
Ta gocturHa 100% Ha 3-Tus geH cnep TpeTupaHeTo. TpeTupaHusTa ¢ no-HUCKuTe KoHueHTpaumm ot 0.025% n
0.01% pocturHaxa 100% edukacHocT Ha 5-Tusa aeH. bronHcekTMumabT HUMA3an T/C B koHueHTpaums 0.3%
nokasa 100% edmkacHocT Ha 7-mus aeH cneq TpetupaHeTo. Han-6asHo aencteme nposasu Ounen Bl v ecou-
KacHocT oT 87.5% 6elue HabnogaBaHa Ha 9-Tusl AeH crnea TpeTupaHeTo npu koHueHTpaumsa ot 0.15%.

Abstract

The ovicidal and larvicidal effect of three bioinsecticides — Dipel DF, NeemAzal T/S and Tracer 480 SC
against the potato tuber moth, Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae) were tested under
laboratory conditions. Bioinsecticides were tested at three concentrations — at the registered one for other
pests in Bulgaria and at two lower ones. Only the NeemAzal T/S bioinsecticide showed strong ovicidal effect.
The product in all tested concentrations had significant effects compared with the control (p<0.05). The eggs
treated with Tracer 480 SC hatched on the 24™ hour after the treatment and no significant differences were
observed compared with the control.

All tested products showed very good efficacy against the larvae of the P. operculella. The fastest initial
larvicidal effect was registered for Tracer 480 SC, followed by NeemAzal T/C and Dipel DF. The larvae treated
with Tracer 480 SC died on the following day and the efficacy reached 100% on the 3 day after the treatment
at a concentration of 0.03%. The treatments with lower concentrations of 0.025% and 0.01% reached 100%
efficacy on the 5" day. The NeemAzal T/S bioinsecticide at a concentration of 0.3% showed 100% efficacy on
the 7™ day after the treatment. Dipel DF showed the slowest action and efficacy of 87.5% was observed on the
9t day after the treatment at a concentration of 0.15%.

KnrouoBu gymu: 6uonHcektuunaun, HuvAsan T/C, Tpewncsp 480 EK, dunen BI1, Phthorimaea operculella.
Key words: bioinsecticides, NeemAzal T/S, Tracer 480 SC, Dipel DF, Phthorimaea operculella.
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INTRODUCTION

Potato, Solanum tuberosum L. is a crop of
international importance. The potato tuber moth
Phthorimaea operculella Zeller, is considered among
the most important and destructive potato insect
pest in both fields and storage (Ferreire et al., 1994).
Damage of the pest in suitable conditions in storage
is more than in the field. The larvae of the pest cause
severe damage to stored potatoes through mining
into tubers and they get rot and become unsuitable
for human consumption (Das, 1995).

In Bulgaria the pest was established for the
first time in 1950 on potatoes in the region of Petrich
(Stanev & Kaytazov, 1962). Since 2008 there has
been an expansion in the distribution of the pest in
the country, spreading in the regions of Kyustendil,
Pernik, Samokov, |htiman, Pazardzhik, Plovdiv,
Smolyan, Burgas, Blagoevgrad, Kardzhali, Balchik
and Dobrich (Vaneva-Gancheva & Grigorova, 2010;
Subchev et al., 2013).

Conventional control methods against the
potato tuber moth are not very successful because
the larvae pass a most of their life inside the tubers
(Haiba, 1994). The use of chemical pesticides to con-
trol P. operculella has resulted in harmful side effects
such as health hazards from residues (Dikshit et al.,
1985), reduction in populations of natural enemies
(Shelton et al., 1981) and the development of insect
resistance to pesticides (Haines, 1977; Llanderal-
Cazares et al., 1996).

In recent years with development of the or-
ganic agriculture in our country has been increased
interest in bioinsecticides as alternatives to chemical
products. Bioinsecticides are an important compo-
nent in modern plant protection, because they are
selective and relatively safe for the environment and
human health and at the same time effective measu-
res for controlling many harmful pests, including the
potato tuber moth (Stiener & Elliot, 1987; Stauffer &
Rose, 1997; Miller & Uetz, 1998).

Botanicals are a promising source of pest
control compounds. These have generated remar-
kable interest as potential sources of natural insect
control agents. Over 2000 species of plants are
known to possess different degrees of insecticidal
activity (Jacobson, 1975).

Neem extracts have a wide range of effects
against insect pests, including repellence, feeding and
oviposition deterrence, toxicity, sterility and growth
regulatory-activity (Jacobson, 1989; Schumultterer,
1990, 1995; Ascher, 1993).
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The bacterial preparations based on Bacil-
lus thuringiensis are widely used in organic farming.
B. thuringiensis var. kurstaki causes the death of
more than 200 species of the order Lepidoptera and
is registered to control many insect pests on agricul-
tural, forest and ornamental crops. These biopesti-
cides have been assessed as safe for the environ-
ment and human health (Otvos et al., 2005).

The objective of this study is to examine the
ovicidal and larvicidal effect of three organically-certi-
fied insecticides - NeemAzal T/S, Tracer 480 SC and
Dipel DF on 1-2 days old eggs and on the first instar
larvae of the potato tuber moth, P. operculella.

MATERIALS AND METHODS
Phthorimaea operculella

The population of potato tuber moth originated
from the Institute of Tobacco and Tobacco Products -
Markovo, kindly provided by the research assistant T.
Vaneva-Gancheva. The population of the P. opercule-
lla was grown in the insectarium of department “En-
tomology” at the Institute of Soil Science, Agrotech-
nologies and Plant Protection — Sofia. The rearing
is carried out at a temperature of 24-26°C, 60-80%
relative humidity and photoperiod of 18: 6 h (L: D) by
the methodology of Maharjan & Jung (2012).

Bioinsecticides

NeemAzal T/S - containing 1% azadirach-
tin-A, as its active ingredient in the form of an emulsi-
fiable concentrate, in concentrations of 0.1%, 0.25%
and in the registered concentration at 0.3% against
twospotted spider mite Tetranychus urticae Koch on
vegetables.

Tracer 480 SC (480 g/l spinosad) — 0.01%,
0.025% and in the registered concentration at 0.03%
against Neodiprion sertifer Geoffr.

Dipel DF (16 000 IU per 1 mg product of Ba-
cillus thuringiensis var. kurstaki) - 0.05%, 0.1% and
in the registered concentration at 0.15% against lar-
vae of Lobesia botrana (Denis & Schiff.).

Bioassays

The study was conducted in 2013 in the labo-
ratory of department “Entomology” at the Institute of
Soil Science, Agrotechnologies and Plant Protec-
tion — Sofia.

The ovicidal effect of NeemAzal T/S and
Tracer 480 SC has been established on 1-2 days old
eggs oviposited on filter paper. A piece of filter paper
with 20 eggs was placed in a Petri-dish. The eggs
were treated with tested products by dipping method
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of Park et al. (2002). The treatments were conduc-
ted in four repetitions of 20 eggs in each repetition.
The eggs were dipped for 20 seconds in different
concentrations of tested bioinsecticides and the con-
trol was dipped in water. After drying for 20 minutes
eggs were inserted in Petri dishes and subsequently
covered. The number of hatched eggs was recorded
on 24h and 48 h after the treatment.

The obtained data were statistically ana-
lyzed with the program StatSoft, ver. 10. Confiden-
tial probability, P < 0.05 (Student’s t-test) is accepted
as criterion for significant difference between treat-
ments and the control.

The larvicidal effect of NeemAzal T/S, Tra-
cer 480 SC and Dipel DF has been established
on the first instar larvae of the potato tuber moth,
Phthorimaea operculella Zeller (Lepidoptera: Ge-
lechiidae). The treatments with the bioinsecticides
were carried out using the dipping method of Park
et al. (2002). Potato slices (1 cm thickness) were
dipped in the tested products for 20 seconds and
the control was dipped in water. After drying for 20
minutes each slice was transferred to a Petri-dish
and provided with 20 first instar larvae by fine hair
brush. The treatments were conducted in four repe-
titions of 20 first instar larvae in each repetition. The
number of surviving individuals was recorded on the
1st, 3, 5 7" and 9 days after the treatment. The
efficacy was estimated according to Henderson and
Tilton formula (1955).

RESULTS AND DISCUSSION
Ovicidal effect

The strong ovicidal effect showed only the
bioinsecticide NeemAzal T/S. In all tested concen-
trations the product had significant ovicidal effects
compared with the control (p<0.05). The eggs treated
with Tracer 480 SC hatched on the 24h after the treat-
ments and no significant differences were observed
compared with the control. Hatchability increased
gradually as the concentrations decreased (Table 1).

The results obtained are similar to Shelke et
al. (1987) which tested various vegetable extracts and
oils for their ovicidal activity against P. operculella. They
found that neem extract of the seeds of Azadirachta in-
dica sprayed on eggs causes 91.67% inhibition of egg
hatching at a concentration of 5%. Acording to other
authors neem products acts as a repellent against
phytophagous insects and also affects reproduction
and development of pests preventing egg-laying of
females and disrupts moulting of the larvae (Schumut-
terer, 1990; Mordue & Blackwell, 1993).
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Larvicidal effect

Results showed that Tracer 480 SC was the
most efficient against the first instar larvae of potato
tuber moth compared to NeemAzal T/S and Dipel
DF. The larvae treated with Tracer 480 SC died on
the following day and the efficacy reached 100% on
the 3 day after the treatment at concentration of
0.03%. The treatment with lower concentrations of
0.025% and 0.01% had 100% efficacy on the 5" day
(Fig. 1).

The botanical insecticide NeemAzal T/S at
concentration of 0.3% showed 100% efficacy on the
7" day after the treatment. In lower concentration of
0.25% the same product also had 100% efficacy but
reached it on the 9" day, whereas at concentration
of 0.1% had 87.5% efficacy on the 9" day (Fig. 1).
Kroschel and Koch (1996) in their studies also es-
tablished very high effectiveness of the water extract
of neem of 93.8% against newly hatched larvae of
potato tuber moth.

Dipel DF showed very good results against
larvae of the potato tuber moth, but the action was
very slow and maximum efficacy of 87.50% was ob-
served on the 9" day after the treatment at concen-
tration of 0.15% (Fig. 1). The efficacy of the other
concentrations of 0.1% and 0.05%, was a little bit
lower — 75% and 62.5%, respectively.

Kroschel and Koch (1996) in bioassays to
control the potato tuber moth tested effect of the Bacil-
lus thuringiensis when the potatoes were inoculated
with eggs of the potato tuber moth after treatment and
when the larvae were already in the tubers. They es-
tablished that B. thuringiensis prevented the develop-
ment of the larvae once eggs had hatched. With larvae
already in tubers, the B. thuringiensis with fine sand
mixture and dusted on tubers was extremely effective,
with a success rate of 96%.

CONCLUSIONS

1. The bioinsecticide NeemAzal T/S in all tes-
ted concentrations showed the strong ovicidal ac-
tivity against P. operculella, while the eggs treated
with Tracer 480 SC hatched on the 24h after the
treatments.

2. The bioinsecticide Tracer 480 SC showed
the fastest insecticidal action against first instar lar-
vae of potato tuber moth on the next day after the
treatment, followed by NeemAzal T/C and Dipel DF.

3. The products Tracer 480 SC at concentra-
tion of 0.03% and NeemAzal T/C - 0.3% showed 100%
efficacy against first instar larvae of potato tuber moth
on the 3 and 7™ day after the treatment, respectively.
The slowest action showed Dipel DF with efficacy of
87.5% on the 9™ day after the treatment.
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Table 1. Ovicidal effect of bioinsecticides against egg stages of the potato tuber moth,
Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae)

24h after the treatment 48h after the treatment
Variants Number of Number of
hatched eggs % hatched eggs hatched eggs % hatched eggs
(mean £ s.e.) (mean £ s.e.)
NeemAzal 0.3 % 0+0* 0 0+0* 0
NeemAzal 0.25 % 0.25+£0.25* 1.25 0+0* 0
NeemAzal 0.1 % 1+0.40* 5 0+0* 0
Tracer 0.03 % 7+1.29 35 8.75+0.47 43.75
Tracer 0.025 % 8.5+0.64 42.5 9.5+0.5 47.5
Tracer 0.01 % 9+0.57 45 10+£0.40 50
Control 9.75+0.25 48.75 9.75+0.25 48.75
* means are significantly different (p<0.05)
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Fig. 1. Efficacy of bioinsecticides on the first instar larvae of the potato tuber moth,

Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae)

116




AepapeH yHusepcumem — 1nosdus %
REFERENCES

Ascher, K. R. S., 1993. Nonconventional insecticidal
effects of pesticides available from the neem
tree, Azadirachta indica. Arch Insect Biochem
Physiol., 22: 433—-449.

Das, G. P, 1995. Plants used in controlling the po-
tato tuber moth, Phthorimaea operculella (Zel-
ler), Crop Protection, 14: 631-636.

Dikshit, AK, Misra SS, Lal L, 1985. Persistence of
chlorpyrifos residues in potatoes and the effect
of processing. Potato Res. 28, 461-468.

Ferreire, J. F. S., Simon, J. E., Janick, J., 1994. De-
velopmental studies of Artemisia annua: Flowe-
ring and Artemisinin production under green-
house and field conditions. Journal of Planta
Medica, 61: 167-170.

Haiba, I. M., 1994. Disinfestations of different varie-
ties of potato naturally or artificially infested by
the potato tuber moth, P. operculella (Zeller)
in the storage. J. Arb. Nucl. Sci. and Appl, 27
(3): 31-43.

Haines, CP, 1977. The potato tuber moth, Phtho-
rimaea operculella Zell.: a bibliography of recent
literature and a review of its biology and control
on potatoes in the field and in store. Tropical
Products Institute, London.

Henderson, C. F. & E. W. Tilton, 1955. Tests with
acaricides against the brow wheat mite, J. Econ.
Entomol. 48:157-161.

JJacobson, M., 1989. Focus on phytochemical pes-
ticides, vol. 1: The neem tree CRC, Boca Ra-
ton, FL, pp: 178

Kroschel, J., W. Koch, 1996. Studies on the use
of chemicals, botanicals and Bacillus thurin-
giensis in the management of the potato tuber
moth in potato stores. Crop Protection, Volume
15, Number 2, March 1996, pp. 197-203(7).

Llanderal-Cazares C, Lagunes-Tejada A, Carrillo-
Sar nchez JL, Sosa-Moss C, Vera-Graziano J,
Bravo-Mojica H, 1996. Susceptibility of Phtho-
rimaea operculella (Zeller) to insecticides. J.
Entomol. Sci. 31, 420-426.

Maharjan, R., C. Jung, 2011. Rearing Methods of
Potato Tuber Moth, Phthorimaea operculella
(Zeller) (Lepidoptera: Gelechiidae). Korean Jour-
nal of Soil Zoology, 15 (1-2): 53-57.

Miller, F. and S. Uetz, 1998. Evaluating biorational
pesticides for controlling arthropod pests and
their phytotoxic effects on greenhouse crops.
Hort Technology, 8: 185-192.

APAPHU HAYKW  [oduHa VII

117

Bbpou 17 2015

Mordue, A. J. and A. Blackwell., 1993. Azadirachtin:
an update. Journal of Insect Physiology, 39:
903-924.

Otvos, I., H. Armstrong, N. Conder, 2005. Safety
of Bacillus thuringiensis var. kurstaki Applica-
tions for Insect Control to Humans and Large
Mammals. 6th Pacific Rim Conference on the
Biotechnology of Bacillus thuringiensis and its
Environmental Impact, Victoria BC, 2005 Co6té,
J.-C., Otvos, |.S, Schwartz, J.-L. and Vincent, C.
(eds). 45-60.

Park, S. B., E. E. Lee, S. W. Choi, Y. C. Jeong, C.
Song, Y. K. Cho, 2002. Insecticidal and acarici-
dal activity of pipermonaline and piperoctadeca-
lidine derived from dried fruits of Piper longum
L. Crop Protection, 21 (4): 249-241.

Schumutterer, H., 1990. Properties and potential
of natural pesticides from the neem tree Aza-
dirachta indica. Annual Review of Entomology,
35: 271-297.

Schumutterer, H., 1990. Properties and potential of
natural pesticides from the neem tree Azadirachta
indica. Annu. Rev. Entomol., 35: 271-297

Schumutterer, H., 1995. The neem tree Azadirachta
indica A. Juss. and other meliaceous plants:
sources of unique natural products for integra-
ted pest management, medicine, industry and
other purposes. VCH, Weinheim, Federal Re-
puplic of Germany.

Shelke, S. S., L. D. Jakhav, G. N. Salunkhe, 1987.
Ovicidal action of some vegetable oils and ex-
tracts in the storage pest of potato, Phthorimaea
operculella Zell., Biovigyanam, Vol. 13, No 1,
pp. 40-41.

Shelton AM, Wyman JA, Mayor AJ, 1981. Effects
of commonly used insecticides on the potato
tuberworm and its associated parasites and
predators in potatoes. J. Econ. Entomol. 74,
303-308.

Stanev, M., A. Kaytazov, 1962. Study on the biology
and ecology of potato tuber moth in Bulgaria
Gnorimoschema (Phthorimaea) operculella Zel-
ler and means to fight it. Notifications of the Re-
search Institute for Plant Protection, 3: 50-87
(Bg).

Stauffer, S. and M. Rose, 1997. Biological control of
soft scale insects in interior plantscapes in the
USA. In: Y. Ben-Dov and C. J. Hodgson (Eds.).
Soft scale insects-their biology, natural enemies
and control. Elsevier, Amsterdam, pp. 183-205.



Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume VIl Issue 17 2015

Stiener, M. Y. and D. P. Elliot, 1987. Biological pest Vaneva-Gancheva, T., P. Grigorova, 2010. Monitoring

management for interior plantscapes. Vegre- on the distribution and dynamics of flight of the
ville, Alberta Environmental Centre, Canada. potato tuber moth (Phthorimaea operculella

Subchev, M., T. Toshova, D. Atanasova, V. Petrova, Zeller) in Bulgaria. Plant Science, 47: 310-316
M. Toth, 2013. Seasonal flight of the potato (Bg).

tuber moth, Phthorimaea operculella (Zeller)
(Lepidoptera: Gelechiidae) in three regions in

Bulgaria established by pheromone traps. Acta Cmamusama e npuema Ha 12.01.2015 e.
Phytopatologica et Entomologica Hungarica, 48 PeueHzeHm — npoh. dcH MeaHka Jleyesa
(1), pp. 75-86. E-mail: lechevaivanka@gmail.com

118



