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Abstract. Pests cause huge damage that leads to high losses in crops and implicitly to lower yields in the
agricultural sector. Of these, birds are also harmful in terms of crop damage, especially for high value crops
(vineyards, trees, cereals, vegetables). In the pre-harvest period, birds (starlings, blackbirds, pigeons, sparrows,
sowing crows) can be able to destroy about 60-70% of the crop in a very short time. Complete crop loss is possible
if no deterring mechanisms are used. Farmers want to find an easy and cost-effective way to keep birds away from
their crops because uncontrolled birds can completely destroy the whole crop. Finding a balance is difficult, so
even modern equipment and great efforts will not prevent all the damage caused by bird attack, some of these
devices may cause disturbing environments for people if they are not properly managed. However, the right tools
and good management can reduce the attack of birds and conserve more crops. Currently, large research is oriented
toward the development of agricultural robots as tools in ecological research, but with extraordinary potential for
biodiversity sampling, studies of population dynamics and ecosystem functioning, experimental biology and
behavioral studies. Recently, drones have become increasingly accessible, and this currently leads to their
widespread use for wildlife observation, the study of bird behavior. At present, there is no bird control technique
that provides maximum protection for crops, so it is recommended to use a combination of scaring methods at the
same time, namely: acoustics (propane cannons, pyrotechnic cartridges, speakers, etc.), visually (balloons, mirrors,
reflective tapes, Kites, lasers, drones, etc.) and physical (nets). In this context, this paper aims to identify the losses
from different crops due to the attack of birds and proposes an integrated approach to effective visual and auditory
removal techniques, such as to preserve the role of birds in the global balance of the environment.
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Introduction

Globally, birds are a major threat to agriculture, causing considerable economic damage to crops.
Damage caused by some birds is a serious problem for many farmers, as uncontrolled birds can
completely destroy the whole crop. According to the Australian Department of Agriculture, there are at
least 60 different species of birds known to feed and harm horticultural crops. As each species has
different ways and strategies of feeding and movement, it is difficult to find an effective method of
scaring them. In Olanda, farmers who grow celery and lettuce have as harmful the duck with hawk eyes
or the forest duck. In Kombornia, Polonia, the attack on the wine grapes is produced by starling of the
genus Sturnus, golden woodpeckers (Colaptes auratus) and small blackbirds (Icterus galbula). In
Tunuyan, Mendoza, Argentina, the attack on sunflower crops is made by pigeons (genus Columbidae)
and parrots (genus Psittaciformes). Skylark of field (Alauda arvensis) attacks the seeds of the crops from
Tasmania. In Leongatha, Victoria, Australia crows and ravens (genus Corvidae) attack pea and bean
crops [1].

A large study in New Zealand involved assessing the views of 100 farmers about the nature and
extent of bird damage to crops. 26 crops were studied (cereals, broccoli, spinach, peas, radishes,
cabbage, turnips, primrose, chicory and Chinese mustard), the extent of reported damage varied between
crops, with losses in most cereals: wheat (31%), barley (28%) and peas (54%). Also, losses greater than
20% were recorded in spinach, turnips, radishes, primrose. Among the harmful birds, sparrows, pigeons,
ducks and migratory birds were the most [2].

In Romania, the house sparrow (Paser domesticus), Spanish sparrow (Passer hispaniolensis),
collared dove (Streptopelia turtur), pigeon (Columba livia) and the rooks (Corvus frugilegus) cause
damage in pre-harvest sunflower crops [3]. A review [4] describes the damage caused by birds to
sunflowers grown worldwide. Also, the first ,,attack” of starlings in Romania was manifested on ripe
cherries, in the months of May-June, then the attack breaks out on elderflowers and red plums.
Significant damages also occur in vines, in autumn, when the grapes are ripe [5]. Wine grapes are also
vulnerable cultures in Australia. Research has shown that up to 83% of grape yield can be lost due to
bird damage [6; 7]. The extent of the damage caused by birds to any crop depends on several factors,
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such as [8]: the concentration of the local bird population, the total area of the culture, the culture pattern,
the habitat of the area, the season and the physiological condition of the birds.

This paper is a review that identifies the problems caused by birds in agricultural crops and
identifies visual and acoustic deterrence devices for birds in crops for an integrated approach in bird
control.

Bird pest management

Birds have a significant role in nature, although due to the change in the way they process and use
agricultural land, they have lost their natural habitats (meadows, forests, wetlands). Thus, in order to
obtain food, the birds have come to based on man-made habitats and agricultural crops, causing
economic damage to field crops, houses, warehouses, equipment and soiling the area of human life.
More and more bird populations have adapted to living in agricultural crops and have become pests.
Such species, labeled as pests, belong to granivorous and frugivorous birds (pigeons, parakeets,
blackbirds, crows, sparrows, starlings, etc), which cause serious damage to agriculture (cereal crops and
fruit orchards), and their population becomes the target for pest management and control [9].

Complete loss of agricultural crops is possible without the use of mechanisms to discourage birds,
especially in the run-up to their harvest [10]. Managing birds is complex because they are very mobile;
they quickly get used to discouraging elements; some species may be beneficial because of consumption
of harmful insects, rodents and other birds, and because birds are generally very appreciated by many
people. Therefore, the adoption by farmers of sustainable agricultural practices must be supported for
an integrated pest management [11].

Agriculture conservation practices include modern techniques to increase “functional biodiversity”,
which can be useful in adjustment of pests through natural predators. A study [12] of European apple
farmers (Malus spp.), reported that they are adopting a number of techniques in support of “functional
biodiversity”, from the installation of bird nests to the maintenance of hedges. Hedges and other
uncultivated vegetation in agricultural areas help beneficial birds that attack the harmful insects of crops
[13,14], although vegetation can also be used by birds that eat fruit [11]. Farmers often implement
“multi-functional biodiversity” using different techniques simultaneously, although it is difficult for
them to assess whether there are safe techniques that can reduce damage and/or pests. Farmers need
specific advice and training to meet their needs [12]. This conclusion was similar to those in other recent
studies conducted in the USA [15; 16].

Over time, a lot of methods have been used to control bird attacks in crops and reduce damage to
them. Among the simple methods used by farmers to scare birds are the use of kites, balloons, coloured
and reflective strips, mirrors, scarecrows with human and artificial shapes, trained predators, such as
dogs or natural predators, such as falcons, eagles, owls. These methods are very expensive and
inefficient, as birds quickly get used to them, realize that the threat is not real and ignore them whenever
they come to feed.

Physical repellents can also be used, such as: thorns, nets, artificial nests, habitat modification.
Physical exclusion of birds from crops using nets is the best way to ensure crop protection, but it is an
expensive option and does not guarantee total protection, as birds can find a way to get into the crop.
The use of trap cages helps reduce the population, but it is not cost-effective because it fails to
significantly reduce damage to crops. Habitat modification involves removal and/or modification of
habitat characteristics, actions of cutting trees, revegetation of the barren areas and allows to grow taller
grass, excluding puddles and ponds.

Chemical repellents involve the use of sticky substances, taste repellents with unpleasant smell and
taste, repellents derived from natural products, synthetic agrochemical pesticides, which are toxic to
birds and cause them disorientation and improper behaviour, these can be fatal if ingested in too high
doses. They have a higher success rate than other approaches, but due to toxicity to humans and other
living organisms around the agricultural field their use is limited and very discouraged.

Electronic bird rejection devices produce highly effective audio and visual threats that scare, irritate
and disorient birds, forcing them to look for other areas and conditioning them to stay away from target
areas. An electronic bird repeller has many advantages over a regular bird repeller, namely easy
installation, energy efficiency, large coverage area, compactness, simple design [9].
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Visual and acoustic devices to scare birds are presented in Table 1. Worldwide, the use of intelligent
protection systems in agriculture is constantly increasing, because compared to other methods of
protecting agricultural crops from pests, they generate more and more accurate data about the condition
of crops, bird species, their pests, etc. Also, the economic nature of using intelligent crop control systems
is not to be neglected for the protection of agricultural holdings and the efficient management of pests.
Thus, various devices were developed for scaring of birds from agricultural crops to adjust the damage
caused by them, like a smart light emitter to scare birds that intend to feed in a particular crop area [1].

Table 1

Visual and acoustic devices

Name Type description

Scare-eye A scare-eye balloon with a flash tape, the beach balls move freely with the wind and

balloon can scare birds from crops. Yellow balloons showed the best results in Ontario,
especially on blackbirds [8].

Strip and Strip and streamers arranged along the rows reflect the sunlight and move with the

streamers wind, the whole field seems to be in motion. Red or silver bicolour strips are scaring a
wide range of species [8].

Kites in the | Kites fly in the wind and appear as predators hunting in the field. The presence of kites

form of above the crop, tied up to the poles so that they can freely float in the wind, is

falcons threatening and can keep the birds away [8].

Drones Incorporating visual devices (reflective plates, models with predatory birds, fixed
and/or rotating wing models) and auditory devices (ultrasonic speakers, predator
sounds) on a drone can be used to scare birds, but the drone must be run continuously
[28].

Lasers Hawk-Laser is a type of laser that uses precision lenses and optical components used
to drive away birds [30]. Bird-X Indoor Laser is a remote controlled laser device for
removal and control of birds in target areas, intended for indoor use and emitting laser
beams at irregular intervals in combination with red and green colours, colours that
disturb birds [31].

Propane Propane produces loud, random, unexpected sounds. Modern devices shoot sets of 3

cannon explosions as they rotate to cover a larger area. They must be used in accordance with
best management practices [8].

Pyrotechnic | They are launched from a handgun and “fly” directly into a flock of birds, where they

articles explode and produce powerful sound and/or visual effects. They can quickly frighten
an entire flock, but must be manually operated with caution [8].

Electronic | These devices diffuse either electronic noises to irritate birds and disrupt their sensory

sound system, or emergency calls from specific bird species and predator calls. Some farmers

device report that emergency calls actually attract birds to prey, which can help scare problems
birds [8].

However, this method needs workforce, and the noise transmitted by explosions and sound devices
annoys the inhabitants around the farm, and birds can get used to them if they are not varied regularly.
Ultrasonic devices are commercial, popular, often used for scaring birds, they are different from the rest
because they emit very disturbing sounds for birds that are not heard by the human ear.

Another solution identified is the use of a sound system to scare birds, powered by solar energy, the
system uses 22 sounds of predatory birds (eagles, owls, hawks) to scare birds from an experimental
study area in India. The hawk cries have been identified as the most effective for scaring ravens as well
as other species of birds. It was observed that the birds would try to see where the sound emanates from
before moving away, to determine if the threat is real. The efficiency of using this system depends
mainly on the type of the sound of the predator, its volume, its quality and its repetitive character [19].

The use of multiple bioacoustic vocalization can increase the effectiveness of protective systems
and delay the adaptability (habituation) of birds to them. First, the species of birds must be identified on
the basis of their appearance and sounds when approaching the crop to be protected. Depending on the
variation of bird species approaching the crop, the repulsion mode corresponding to the identified bird
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species will be selected. This system is effective in the long run and useful for reducing the probability
of damage caused by birds [20].

The use of ultrasonic sound waves to discourage birds involves the use of sounds at certain
frequencies. The sounds cover a wide area of acoustics, the infrasonic acoustic spectrum being below
what people perceive and the ultrasound spectrum being above the hearing range. Infrasonic represents
the range of sounds below 20 Hz, while ultrasonic represents the range of sounds above 18000 Hz.
Sounds outside this range (20-18000 Hz) are not perceived by the human ear, but pests can detect and
hear sounds over 20 kHz. The hearing capacity of birds is approximately 29 kHz [21], repellent systems
operating between 20-29 kHz. Depending on the species, birds may be irritated and discontented with
certain frequencies, which compel them to leave the limit area covered by the sound [21-24].

Use of ultrasonic waves (above the capacity of the human ear), which are perceived by small birds
is a new technology that can effectively repel such birds from the designated places. In the paper [24],
ultrasonic waves with an automatic frequency range of 15 kHz to 25 kHz were successfully generated
from two solar-powered electronic devices, amplified and diffused at high sound pressure. The power
of the first device 7.98 W produced 118 dB ultrasound, which covered a distance of 45.02 m?, while the
second device 23.98 W produced 123 dB ultrasound that covered a distance of 232.26 m? when placed
at an altitude of 0.78 m, but when placed at an altitude of 1.86 m, their average coverage area was 175.83
m? and respectively 429.53 m?. The ultrasonic waves created a hostile environment for the harmful birds
and had a repulsive influence on them, eventually driving the birds away from the studied locations.
About 5-6 pieces of the 23.98 W device were needed to cover one hectare of field.

In the paper [21], the researchers developed and designed a rejection prototype that produces
ultrasonic waves of different frequencies based on the classification and grouping of birds. The model
implemented was provided with three modules: the video camera module that tracks the data live, then
it is transmitted to the detector module based on a code written in python, and if the bird is detected, the
rejection module is activated, which triggers a certain frequency depending on the species identified, so
that the bird will be disturbed by the repellent frequency and will move away from it. The results
obtained in the experiment are mainly focused on the bird detection system, which is able to work on a
detection distance between 2-500 meters by using sensors for bird detection, the python algorithm
increases the detection range of the bird from 500 cm to 500 meters and continues through the process
of repelling birds by playing high frequency sounds.

The paper [18] presents the design and development of a robust sound-based, energy efficient
rejection system for Nigeria’s rice fields, with a convolutional neural network model embedded (CNN)
for detecting birds. The model CNN was equipped with a data set containing images of 275 species of
birds obtained from the Kaggle database. The system supports multiple production of different sounds
to prevent birds from adapting to fixed sounds. The built-in camera helped detect birds, thereby reducing
the inherent noise pollution of conventional audio devices. The developed system used 53.52% of the
reported average power for conventional audio systems.

New bird management techniques include the use of unmanned aerial vehicles (drones). Unmanned
aerial vehicles are becoming more accessible and can be easily programmed to mimic fixed or rotating
wing movements at different altitudes, disseminating predator cries and imitating predator behaviour.
They have the advantage of covering large vineyards or agricultural land in a short period of time
compared to ground vehicles, and operator costs can be reduced with autonomous technologies. At this
point, drones still require substantial human involvement and cannot be used when the wind is strong,
the rains are heavy or at night. Unmanned aerial vehicles have been developed by various researchers
over the years to scaring birds. This is an effective and reliable method of preventing bird invasion using
a bird tracking system based on vision systems [25]. The system is easy to configure and can be executed
on a quadcopter, which has integrated software and autopilot hardware with a radio-controlled base
structure. Another paper [26] shows the use of a drone that has attached a crow model so that it would
appear to be a captured prey and a speaker that sent distress calls to study the reaction of harmful birds,
the system scaring the birds. Also, drones that had attached a raven mock-up (Corvus spp.) have been
used to discourage large and small birds from vineyards in Australia for different periods of time [27].

The purpose of the paper [28] was to conduct experiments on the activity of sparrows in rice crops
in Malaysia. A drone was used with an ultrasonic diffuser and predator sounds, as well as a reflective
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plate for scaring birds. The determined parameters were: the effectiveness of methods of scaring
sparrows, the influence of flight intervals (4 minutes, 10 minutes and random) and the altitude (5 and
10 meters). The results showed that the drone can be used to scare birds, but must be run all the time.
The technique of combining reflective plates and sounds (ultrasound and predators) was effective
compared to using a single device. However, increasing the flight altitude to 10 m showed reduced
effectiveness. For the drone’s flight time interval, flight times were found to have no significant
difference from the number of birds being tracked. It was also found that the interference of the
experiment with land vehicles passing through the area had an immediate beneficial effect in scaring
birds from rice fields and the combination of air and land methods should be further analyzed.

The problem with all these devices is the habit. For sound-emitting devices, birds get used to the
noise because they see it as non-threatening. Ultrasound devices still require too much technical
information to be effective. As for light or laser emitters, birds, although disturbed by them, continue to
feed on the farm. Unmanned aerial devices are promising, but have the disadvantage of short flight
times. Birds need to see the repellent device as a real threat in order to have positive results in scaring
them away.

At present, there is no bird control technique that provides maximum protection for crops, therefore,
it is recommended for small farms to use one or more simple methods (nets, propane cannons, Kites,
rounders, inflatable scarecrows, speakers, light nets) and for large farms, intelligent devices can be used
that combine visual and auditory techniques (a drone equipped with diffuser, hawk models, reflective
plates or a mixed system equipped with ultrasound and laser or bio-acoustic sonic scarecrows). Visual
and auditory methods are accessible, costs can be reduced with autonomous technologies, they can be
easily programmed, they can manage a large area of crops in a short period of time.

Effectiveness of bird scaring devices

Farmers want a simple and cost-effective way to keep birds away from their crops. Modern
equipment and best efforts will not prevent all bird damage, and some devices can create a social
disorder if not managed properly. However, the right tools and good management can reduce bird
pressure and preserve multiple crops while reducing environmental and human impact [8]. In order to
solve the problem of bird control, it is necessary to identify the species of birds with problems, the
concentration of the local population of birds and the crops at risk, the total area of the crop, the crop
pattern, the habitat of the area, the season and the physiological condition of the birds; understand the
behavior of birds because they act on the basis of instincts and the environment; to identify crop losses
due to bird attacks [8].

Farmers need to adopt a form of bird control to protect their crops so that the total expenditure on
bird control is much lower than the amount of damage [2]. The most effective control of birds balances
the needs of the crop with the integration of combined methods of expulsion in order to increase the
effectiveness and protection of the environment and the neighborhood. Therefore, the integrated
approach is needed: a combination of techniques of scaring at the same time (acoustic, visual and
physical), so as to obtain the most effective control system against bird attacks [8]. Farmers must adopt
conservation practices related to the issues such as soil, nutrient and pest management, improving
agricultural productivity and protecting the environment [29].

Conclusions

1. Birds are an example of pests for farmers, they are very harmful to farmers as birds attack in large
numbers, in colonies or groups.

2. Pests can contribute to huge losses in agricultural crops and implicitly to lower yields, so complete
crop loss is possible if there is no form of scaring.

3. Most of the devices developed for choosing birds fail because of their habit of getting used to the
methods used, so choosing the right techniques to scare off pests from agricultural crops and good
management can reduce the attack of birds and preserve agricultural crops.

4. The most effective bird control balances the needs of the crop with integration of combined scaring
techniques, using mixed devices capable of discouraging birds from agricultural crops and
perceived as a real threat in order to ensure protection of crops, increase effectiveness and protect
the environment and the neighborhood.
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5. Sonic wave devices should emit low frequencies to discourage birds when an environmentally
friendly method is desired.

6. Incorporating visual and auditory devices on a drone creates a new way of dynamically approaching
bird control methods, with low costs.

7. Inorder to be implemented by farmers, all the techniques mentioned in this paper must be improved
by randomization and combined/integrated both sound and visual devices.

Acknowledgements

The work has been funded by the Program NUCLEU 2023-2026, PN 23 04 01 06 “Intelligent mixed
system for protection of agricultural crops against pests according to the agriculture concept 4.0”,
Contract no. 9N/01.01.2023

Author contributions

Indicate the contribution of each author. Conceptualization, A.P., D.C.; methodology, N.V., I.G.
and D.C.; investigation, A.P., N.V., M.N., D.C. and I.G.; writing — original draft preparation, A.P., N.V.
and M.N.; writing — review and editing, P.A., I.G. and D.C.; project administration, A.P. All authors
have read and agreed to the published version of the manuscript.

References

[1] Laser technology for bird dispersal [online][11.02.2023] Available at:
https://www.birdcontrolgroup.com/laser-technology-bird-dispersal/

[2] Coleman J.D., Spurr E.B., Farmer perceptions of bird damage and control in arable crops, Arable
Weeds, Pests & Diseases, New Zealand Plant Protection 54 (August 1, 2001), pp. 184-187. DOI:
10.30843/nzpp.2001.54.3719

[3] Birds can damage sunflowers before harvest [online][11.02.2023] Awvailable at:
https://www.sanatateaplantelor.ro/pasarile-pot-produce-daune-la-floarea-soarelui-inainte-de-
recoltare/ (In Romanian).

[4] Sausse C., Lévy M., Bird damage to sunflower: international situation and prospects, OCL 2021,
28, 34, DOI: 10.1051/0cl/2021020

[5] The dreaded pests of crops .... Starrings!!! [online][11.02.2023] Available at:
https://pomfruct.ro/blog/daunatorii-de-temut-ai-culturilor-graurii/ (In Romanian).

[6] Wang Z., Griffin A. S., Lucas A., Wong K.C., Psychological warfare in vineyard: using drones and
bird psychology to control bird damage to wine grapes, Crop Protection, March 2019,
DOI: 10.1016/j.cropro.2019.02.025

[7] Tracey J., Saunders, G., 2003. Bird Damage to the Wine Grape Industry. Australian Government
Bureau of Rural Sciences, New South Wales, Australia.

[8] Dyck P., Warbick J., Bird Control in Horticultural Crops, FACTSHEET 17-029, AGDEX 685/730,
SEPTEMBER 2017, replaces OMAFRA Factsheet 98-035, Bird Control on Grape and Tender Fruit
Farms, Published by the Ontario Ministry of Agriculture, Food and Rural Affairs, Ontario, 2017,
Toronto, Canada, ISSN 1198-712X

[9] Baral S.S, Swarnkar R., Kothiya A.V., Monpara A.M., Chavda S.K., Bird Repeller — A Review,
Int.J.Curr.Microbiol. App.Sci 8(2):1035-1039,2019, DOI: 10.20546/ijcmas.2019.802.121

[10] Sulaiman I., Babawuya A., Adedipe O. Salihu B. A., Adeoti M. O., Saraki Y.A., 2020, A Review
of Bird Pest Repellent Systems in Farms, 1% International Business and Management Conference,
Woukari, Taraba State, 191"-21% February, 2020.

[11]Lindell C. A., Supporting farmer adoption of sustainable bird management strategies, Human—
Wildlife Interactions 14(3), 2020, pp. 442—450.

[12] Penvern, S., Fernique S., Cardona A., Herz A., Ahrenfeldt E., Dufils A., Matray S., Korsgaard M.,
Kruczynska D., Matray S., 2019, Farmers’management of functional biodiversity goes beyond pest
management in organic European apple orchards. Agriculture, Ecosystems and Environment
284:106555, DOI: 10.1016/j.agee.2019.05.014

[13]Kross S. M., Kelsey T. R., McColl C. J., Townsend J. M., Fieldscale habitat complexity enhances
avian conservation and avianmediated pest-control services in an intensive agricultural crop,
Agriculture, Ecosystems and Environment 225, 2016, pp. 140-149.

280



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 24.-26.05.2023.

[14] Garfinkel MB, Minor ES, Whelan CJ. Birds suppress pests in corn but release them in soybean
crops within a mixed prairie/agriculture system. Condor, 2020 May 5; 122(2):duaa009, doi:
10.1093/condor/duaa009. Epub 2020 Mar 6. PMID: 32476673; PMCID: PMC7243448.

[15] Park MG, Joshi NK, Rajotte EG, Biddinger DJ, Losey JE, Danforth BN, Apple grower pollination
practices and perceptions of alternative pollinators in New York and Pennsylvania, Renewable
Agriculture and Food Systems 35, 2020 pp. 1-14. DOI: 10.1017/S1742170518000145

[16] Bardenhagen C. J., Howard P. H., Gray. S. A., Farmer mental models of biological pest control:
associations with adoption of conservation practices in blueberry and cherry orchards, Front.
Sustain. Food Syst. 4:54, 2020, DOI: 10.3389/fsufs.2020.00054

[17] Muyshondt P., Greef D. D., Soons J., Dirckx J. J., Optical techniques as validation tools for finite
element modeling of biomechanical structures, demonstrated in bird ear research AIP Conference
Proceedings; 2014.

[18] Arowolo M.O., Fayose F. T., Ade-Omowaye J. A., Adekunle A. A., AkindeleS. O., Design and
Development of an Energy-efficient Audio-based Repellent System for Rice Fields, International
Journal of Emerging Technology and Advanced Engineering, 12 (10), 2022.

[19] Suryawandian shi Vikrant Rajesh, Design, Manufacture and Test of a Solar Powered Audible Bird
Scarer and Study of Sound Ranges Used in it, International Journal of Science and Research (IJSR) ,
Volume 4 Issue 10,2015

[20] Siyang Li, Xingguang Li, Zhaoliang Xing, Zhuo Zhang, Yifan Wang, Ruixiao Li, Runting Guo,
Jiangjian Xie, Intelligent audio bird repeller for transmission line tower based on bird species
variation, 10OP Conference Series: Materials Science and Engineering, 592, 2019,
DOI:10.1088/1757-899X/592/1/012142.

[21] Pavankalyan P.P., Guptha S.S., Ahamed S. J., Design Of Birds Detector And Repellent Using
Frequency Based Repeller By Machine Learning Algorithm, International Journal Of Scientific &
Technology Research, 9(2), 2020, pp. 798-802.

[22] Aflitto N., DeGomez T., Sonic Pest Repellents, College of Agriculture and Life Sciences, the
University of Arizona Cooperative Extension, Tucson, Arizona, 2015.

[23] Fletcher M. D., JonesS. L., White P. R., Dolder C. N., Leighton T. G., Lineton B., Effects of very
high-frequency sound and ultrasound on humans. Part 11: A double-blind randomized provocation
study of inaudible 20-kHz ultrasound,| J. Acoust. Soc. Am., 144 (4), 2018.

[24]Ezeonu S. O., Amaefule D. O., Okonkwo G. N., Construction And Testing Of Ultrasonic Bird
Repeller, Journal of Natural Sciences Research, ISSN 2224-3186, 2(9), 2012.

[25] Segun A., Ogunti E. O., AkingbadeF. K., Sunday O. I., Solution to Bird Pest on Cultivated Grain
Farm: A Vision Controlled Quadcopter System Approach, International Journal Of Engineering
Research & Technology (IJERT), 07(10), 2018.

[26]Wang J.; Liu Y.; Song H., Counter-Unmanned Aircraft System(s) (C-UAS): State of the Art,
Challenges, and Future Trends, IEEE Aerospace and Electronic Systems Magazine, 36 (3), 2021,
10.1109/MAES.2020.3015537.

[27]Wang, Z., Griffin A. S., Lucas A., Wong K. C., Psychological warfare in vineyard: using drones
and bird psychology to control bird damage to wine grapes, Crop Protection 120, 2019, pp.163-
170.

[28] Mazlina W., Mohamed W., Nizar M., Naim M., Abdullah A., The Efficacy of Visual and Auditory
Bird Scaring Techniques using Drone at Paddy Fields, IOP Conf. Series: Materials Science and
Engineering 834, 2020, doi:10.1088/1757-899X/834/1/012072.

[29] Prokopy, L. S., Floress K., Arbuckle J. G., Church S. P., Eanes F. R., Gao Y., Gramig B. M., Ranjan
P., Singh A. S. Adoption of agricultural conservation practices in the United States: evidence from
35 years of quantitative literature. Journal of Soil and Water Conservation, 74, 2019, pp. 520-534.

[30]Hawk Laser, bird repellent [online][11.02.2023] Available at: https://www.botanistii.ro/bird-x-
repelent-hawk-laser.html (In Romanian).

[31] Bird-X Indoor Laser, bird repellent [online][11.02.2023] Available at:
https://www.pce.ro/repelenti/bird-x-repelent-indoor-laser-anti-pasari.html (In Romanian).

281



