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INTRODUCTION

The potato Solanum tuberosum L. is a tuber 
belonging to the Solanaceae family and native 
to Central and South America (Campos & Ortiz, 
2020). Potato is the world’s third largest crop in 
terms of human consumption (FAOSTAT, 2019). 
Due to its versatility and adaptability to a wide 
range of environmental conditions, potato is now 
produced in approximately 150 countries in tem-
perate, subtropical and tropical agroecologies, 
and stands out above many crops (Campos & 
Ortiz, 2020). Potato postharvest handling is an 
important determinant of uniform sprout growth 
and insect resistance. The common practice of 
continuing to use infested seed potatoes is the 
major cause of potato moth population growth 

(Adhikari et al., 2022) in storage facilities. Chem-
ical pesticides cause non-target beneficial insects 
to become incapacitated and target insects to be-
come resistant to pesticides (Álvarez Marroquín 
& Gutiérrez Rincón, 2020; Kroschel et al., 2020). 
The development of insecticide resistance by 
PTM combined with often insufficient means to 
monitor tuber moth populations usually results in 
excessive insecticide use (Okonya & Kroschel, 
2015). Identification of appropriate biological 
options with biological justification could reduce 
reliance on toxic chemical insecticides.

Stored potatoes are affected by abiotic fac-
tors such as temperature, relative humidity and 
air quality during storage (Alamar et al., 2017; 
Foukaraki et al., 2014; Perez Melo, 2022) and bi-
otic factors, especially insects and mites (Groves, 
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and consumed a total of 43 W of energy in seven days, so it is considered low energy consumption.
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2010; Kroschel et al., 2020). Phthorimaea oper-
culella Zeller known as the potato moth is an im-
portant oligophagous pest of solanaceous crops 
in many countries and regions. PopeOBP16 is 
one of the PBOs in potato moth (Li et al., 2023), 
in the Peruvian Andes it becomes economically 
relevant due to damage it causes at the storage 
level (SENASA, 2017). The adult female moths 
after interbreeding with the male deposit eggs on 
the tuber (Barreto-Triana et al., 2020), the lar-
vae upon hatching enter the interior of the tuber, 
when feeding they produce galleries and fill with 
excrement, the mature larvae leave the tuber and 
pupate on the surface of the tuber or also on the 
surface of the soil, wall and/or any surface; the 
adults hatch and continue again the life cycle in-
creasing exponentially the damage to the product 
(Gómez, 2021; Granados Ferrer, 2021). Control 
of the pest is increasingly difficult as it develops 
resistance to pesticides. Several entomopathogen-
ic nematode species (EPN) have been reported to 
successfully control numerous agricultural pests 
worldwide (Barış et al., 2023).

The control of moths in potato stores in the 
Andes of Peru is generally based on the use of 
synthetic insecticides, mainly the following: car-
baryl, chlorantraniliprole, malathion, pirimiphos-
methyl, spinetoram and spinosad, although many 
of them are registered only for field populations 
of the pest; generating contamination in the prod-
uct with toxic residues from these insecticides; 
therefore it is necessary to evaluate non-chemi-
cal control methods (Arcos Pineda et al., 2020; 
Larraín et al., 2009). Several non-chemical con-
trol studies have been developed to combat po-
tato codling moth. Al-Ubaidy (2023) studied the 
development of the entomopathogenic fungus 
Metarhizium anisopliae by exposing to UV radia-
tion type C whose wavelength was 254 nm hav-
ing as irradiation periods of 10 and 15 minutes on 
potato moth pupae under laboratory conditions, 

the results showed that the irradiated fungi had a 
significant effect in decreasing the percentage of 
emergence with increasing concentrations, also 
showed a decrease in the proportion of blood pro-
teins of 6. 30 and 8.14 µg/L to adults that emerged 
from pupae aged (1–2) and (6–8) days respective-
ly. The use of silicon dioxide nanoparticles for 
the control of this type of pests is also possible 
(Idris et al., 2023). On the other hand, Kirisik et 
al. (2023) studied the trapping efficiencies of a 
newly designed light trap and a delta pheromone 
trap were comparatively evaluated in mass trap-
ping of adult PTMs on stored potatoes during the 
storage period from October to December in 2019 
and 2020 in Antalya province in Turkey; the re-
sults indicated that significantly more moths were 
captured per trap in the light trap rooms than in 
the pheromone trap plots so the tuber damage rate 
was relative to the moth capture. Because of the 
importance of eliminating potato moth, the re-
search focused on implementation of light traps 
for potato moth elimination using LEDs.

MATERIALS AND METHODS

Five LED luminaires of different configura-
tions were built: semi-spherical configuration of 
64 LEDs (Fig. 1). Also, the hemispherical lumi-
naire was configured with 32 LEDs, shown in 
Figure 2. Likewise, the 32 LED square luminaire 
was configured and is shown in Figure 3. In the 
triangular luminaire configuration, 24 LEDs were 
used which is shown in Figure 4.

Finally, the luminaire was configured as a cross 
or cross-like luminaire with 16 LEDs (Fig. 5). Each 
LED configuration had a different density dis-
tribution; Table 1 shows that the hemisphere in 
Figure 1 has the highest density (1.3061 LEDs/
cm2), while the cross configuration has the low-
est density (0.1975 LEDs/cm2). The various 

Figure 1. 64-LED hemispherical configuration: (a) LED positioning and (b) location above the water
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Figure 2. Semi-spherical configuration of 32 LEDs: (a) positioning of the LEDs and (b) location above the water

Figure 3. 32 LED square configuration: (a) LED positioning and (b) location above the water

Figure 4. 24-LED triangle configuration: (a) positioning of the LEDs and (b) location above the water

Figure 5. 16-LED cross configuration: (a) positioning of the LEDs and b) location on the water

configurations were activated intermittently in ar-
rays of 8 (see Fig. 6) by frequencies of 3.125 Hz, 
12.5 Hz, 50 Hz, 200 Hz and 400 Hz. The switch-
ing current required for LED luminescence was 

provided by the 2N2222 transistor. The various 
configurations of LEDs placed over the container 
with water represent light traps, these were con-
structed by fastening on the outside of a plastic 
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Figure 6. Switching and luminescence control circuit of the different LED configurations

Table 1. Summary of the relationship between number of LEDs and approximate area of each configuration
Configuration Number LEDs Area (cm2) Density (LEDs/cm2)

1 Semisphere 64 49 1.3061

2 Semisphere 32 49 0.6531

3 Square 32 81 0.3951

4 Triangle 24 81 0.2963

5 Cross 16 81 0.1975

Figure 7. Light trap with LEDs at 1 cm from the water
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tub using packing tape that holds the copper con-
ductors coated with insulator, on these were fixed 
each of the LED configurations as luminaires; 
water was filled up to one centimeter below the 
luminaires.

RESULTS AND DISCUSSION

Performed the tests during 07 days of the week 
from Monday to Sunday with LEDs that generate 
white light, it is observed in Table 2 of the total 
number of potato moths trapped in the environment 
in the established days: the hemispherical configu-
ration of 64 LEDs attracted more moths to the light 
trap; being this 38.73% of the total, the hemispheri-
cal configuration of 32 LEDs attracted 25.35%, the 
square configuration of 32 LEDs attracted 22.54%, 
the triangular configuration of 24 LEDs attracted 
8.45% and the configuration that attracted the least 
moths was cross or cross with only 4.93%. The en-
ergy consumption is proportional to the number of 
LEDs flashed at frequencies of 3.125 Hz, 12.5 Hz, 
50 Hz, 200 Hz and 400 Hz.

When evaluating the total number of moths 
for the different LED configurations, it is evident 
that the higher the luminosity, the higher the at-
traction of the moths to the light trap.

CONCLUSIONS

The power consumption of the different LED 
configurations was optimized by a flash frequen-
cy generator 3.125 Hz, 12.5 Hz, 50 Hz, 200 Hz 
and 400 Hz; so, the highest power consumption 
reaches 43 W in total for the 07 days of experi-
ment, likewise, the light trap using the 64 LED 
array generated higher illumination and conse-
quently attracted potato moths to the light trap 
by 38.73%, the hemispherical configuration of 32 
LEDs attracted 25.35%, the square configuration 

of 32 LEDs attracted 22.54%, the triangular 
configuration of 24 LEDs attracted 8.45% and 
the configuration that attracted the least number 
of moths was the cross with only 4.93%. These 
types of potato moth traps are ecologically viable 
and economical.

Acknowledgements

For the support in the implementation of this 
work, thanks to the Faculty of Electronic-Sys-
tems Engineering of the National University of 
Huancavelica.

REFERENCES

1.	 Adhikari, A., Shrestha, A.K., Timsina, S., Adhikari, 
A. 2022. Efficacy of biopesticides in management 
of potato tuber moth, Phthorimaea operculella 
(Zeller), in potato under storage. Journal of Agri-
culture and Food Research, 10, 100411. https://doi.
org/https://doi.org/10.1016/j.jafr.2022.100411

2.	 Al-Ubaidy, H.K.S. 2023. Effect of ultraviolet ir-
radiations on growth and development entomo-
pathogenic fungi metarhizium anisopliae to control 
potato tuber moth. AIP Conference Proceedings, 
2475(1), 20008.

3.	 Alamar, M.C., Tosetti, R., Landahl, S., Bermejo, 
A., Terry, L.A. 2017. Assuring Potato Tuber Qual-
ity during Storage: A Future Perspective. In Fron-
tiers in Plant Science, 8. https://doi.org/10.3389/
fpls.2017.02034

4.	 Álvarez Marroquín, C.M., Gutiérrez Rincón, D.G. 
2020. Evaluación de la eficiencia de Metarhizium 
sp y un insecticida comercial sobre la reducción de 
la población de larvas de Tecia solanivora.

5.	 Arcos Pineda, J.H., Mamani Huayta, H., Barreda 
Quispe, W.L., Holguín Chuquimamani, V. 2020. Man-
ual técnico: Manejo integrado del cultivo de papa.

6.	 Barış, A., Yağcı, M., Çimen, H., Yücel, C. 2023. 
Efficacy of a native entomopathogenic nematode 
Heterorhabditis bacteriophora (isolate Z-1) against 

Table 2. Moths attracted in 7 days by the different LED configurations and their respective energy consumption

Configuration Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total 
(moths)

Average 
moths in 
7 days

Power 
consumed 

(W)
Semisphere of 64 LEDs 10 10 8 8 7 6 6 55 7.86 43.01

Semi-sphere of 32 LEDs 8 6 6 5 5 4 2 36 5.14 21.50

32 LED square 7 6 5 5 4 4 1 32 4.57 21.50

24 LED triangle 4 2 1 1 1 2 1 12 1.71 16.13

16 LED cross or blade 2 2 1 1 1 0 0 7 1.00 10.75



275

Ecological Engineering & Environmental Technology 2023, 24(6), 270–275

potato tuber moth (Phthorimaea operculella (Zeller) 
(Lepidoptera: Gelechiidae) in Turkey. Egyptian 
Journal of Biological Pest Control, 33(1). https://
doi.org/10.1186/s41938-023-00680-5

7.	 Barreto‐Triana, N., Bacca, T., Espitia, E., Espinel, 
C., Cely‐Pardo, L. 2020. Aportes al desarrollo de 
componentes para manejo integrado de la polilla 
guatemalteca en Colombia. Comité Organizador y 
Científico, 46.

8.	 Campos, H., Ortiz, O. 2020. The potato crop: its 
agricultural, nutritional and social contribution to 
humankind. Springer Nature. https://doi.org/https://
doi.org/10.1007/978-3-030-28683-5 T

9.	 FAOSTAT. 2019. Food and agriculture data.
10.	Foukaraki, S.G., Cools, K., Chope, G.A., Terry, L.A. 

2014. Effect of the transition between ethylene and 
air storage on post-harvest quality in six UK-grown 
potato cultivars. The Journal of Horticultural Sci-
ence and Biotechnology, 89(6), 599–606. https://
doi.org/10.1080/14620316.2014.11513126

11.	Gómez, G.E.G. 2021. Frecuencias y concentracio-
nes de agroquímicos y su impacto en los costos de 
producción del cultivo de papa. E-Agronegocios, 
7(2), 99–125.

12.	Granados Ferrer, E.A. 2021. El Manejo agroecológi-
co de la polilla guatemalteca Tecia solanivora (Po-
lovny) (Lepidoptera: Gelechiidae), en el cultivo de 
la papa en Suramérica.

13.	Groves, R. 2010. Effects of biotic factors on stored 
potato quality - 2010 UWEX. https://www.yumpu.
com/en/document/view/44073104/effects-of-biot-
ic-factors-on-stored-potato-quality-2010-uwex-

14.	Idris, I., Naddaf, M., Harmalani, H., Alshater, R., Al-
safadi, R. 2023. Efficacy of Olive Stones and Corn-
cobs Crystalline Silica Nanoparticles (SiO2, NPs) 
Treatments on Potato Tuber Moths (Phthorimaea 

Operculella). Silicon, 15(8), 3591–3598. https://doi.
org/10.1007/s12633-022-02286-2

15.	Kirisik, M., Erler, F., Kahraman, T. 2023. A New-
Designed Light Trap for the Control of Potato Tuber 
Moth, Phthorimaea operculella (Zeller) (Lepidop-
tera: Gelechiidae), in Stored Potatoes. Potato Re-
search, 66(1), 245–254. https://doi.org/10.1007/
s11540-022-09584-7

16.	Kroschel, J., Mujica, N., Okonya, J., Alyokhin, A. 
2020. Insect pests affecting potatoes in tropical, sub-
tropical, and temperate regions. The Potato Crop: Its 
Agricultural, Nutritional and Social Contribution to 
Humankind, 251–306.

17.	Larraín, S.P., Guillon, M., Kalazich, J., Graña, F., 
Vásquez, C. 2009. Effect of pheromone trap density 
on mass trapping of male potato tuber moth Phthori-
maea operculella (Zeller) (Lepidoptera: Gelechi-
idae), and level of damage on potato tubers. Chilean 
Journal of Agricultural Research, 69(2), 281–285.

18.	Li, J., Yin, J., Yan, J., Zhang, M., Chen, R., Li, S., 
Palli, S.R., Gao, Y. 2023. Expression and functional 
analysis of an odorant binding protein PopeOBP16 
from Phthorimaea operculella (Zeller). Interna-
tional Journal of Biological Macromolecules, 242. 
https://doi.org/10.1016/j.ijbiomac.2023.124939

19.	Okonya, J.S., Kroschel, J. 2015. A cross-sectional 
study of pesticide use and knowledge of smallholder 
potato farmers in Uganda. BioMed Research Inter-
national, 2015.

20.	Pérez Melo, D.M. 2022. Evaluación de la población 
de la palomilla de la papa a través de trampas en 
el cultivo de papa (Solanum tuberosum L.) en la 
provincia de Imbabura.

21.	SENASA. 2017. Huancavelica: Combatiendo la polilla 
de la papa. https://www.senasa.gob.pe/senasacontigo/
huancavelica-combatiendo-la-polilla-de-la-papa/


