Impact of Ultraviolet Light Treatment on Juniper Powdery Mildew (Rhyacionia spp)
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Abstract. This study investigated the biological effects of ultraviolet (UV-C, λ = 253.7 nm) radiation on the egg and larval stages of the juniper powdery mildew caterpillar (Rhyacionia spp.). The objective was to evaluate UV-C radiation as an environmentally friendly alternative for controlling juniper powdery mildew populations without chemical pesticides. Under experimental conditions, eggs and larvae were exposed to UV-C radiation for 5, 10, and 15 minutes at a distance of 20 cm and a power of 3.2 mW/cm², with control groups established for each stage. The effects of UV-C exposure were assessed in terms of mortality, motor activity, morphological changes, and developmental abnormalities. This article demonstrated the power of violet lights against biological pests and proved the possibility of using them as an environmentally friendly, contactless approach to controlling juniper powdery mildew populations. However, safety precautions must be observed when working with larch-violet rays, and additional research is required for use in field conditions.
INTRODUCTION
The relevance of the research lies in the fact that the preservation of forest ecosystems worldwide, increasing their productivity, and protecting biodiversity is an important component of global environmental strategies [1,2]. Coniferous trees, including juniper (Juniperus spp., Pinus spp. and others), are distinguished by their ecological, aesthetic, and economic significance. These plants play an important role in cleaning the atmosphere, absorbing carbon dioxide, and producing oxygen [3]. Therefore, the issue of protecting them from pests in an effective and environmentally safe way is becoming increasingly relevant.
The juniper powdery mildew (Rhyacionia spp.), especially Rhyacionia frustrana, is one of the pests threatening coniferous trees, especially junipers and pines. The larvae of these insects feed on young buds and shoots, disrupting growth points, which negatively affects the tree's growth rate [4,5]. As a result of larval activity, trees become deformed, their trunks shrink, and their commercial value decreases [6,7]
One of the most dangerous insects in modern forestry is the juniper mealworm (Rhyacionia spp.), which parasitizes many species of coniferous trees [8,9]. The larval stage of this pest destroys tree buds, apical parts of branches, and young conifers. This leads to a sharp decrease in tree growth, deformation of branches, and in some cases, complete death of the plant (Fig.1). 
Over the past 10 years, global warming processes and climate change have had a huge impact on the ecosystem, therefore, in order to preserve greenery in the conditions of Central Asia, it is the duty of each of us to protect juniper trees and seedlings, which are part of nature, under the influence of the powdery mildew [10,11]. For several years, a decrease in arid drought or precipitation has been observed in some areas of the Earth's surface due to global warming and rising temperatures [12]. In such dry or rainy years, an increase in the number of unsimo worms is observed. Therefore, the fight against juniper powdery mildew should begin in early spring by targeting the eggs and larvae of the juniper powdery mildew [13,14].
Currently, numerous researchers are applying environmentally safe and energy-efficient electrical technologies in various fields, including agriculture, food processing, and microbiology [15,16]. In recent decades, the excessive use of chemical insecticides in forestry has led to several adverse consequences, including a decline in populations of beneficial insects such as pollinators and natural predators, contamination of soil and water with pesticide residues, and the development of resistance in target pest species [17,18]. Therefore, the development of pest management strategies that are environmentally friendly, contactless, and biotechnologically validated, as well as the application of such electrical technologies in this field, is considered a pressing priority. One promising approach is the use of ultraviolet-C (UV-C) radiation.
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	Figure 1. Effects of juniper powdery mildew; a) early spring awakening and development of juniper powdery mildew; b) effects of juniper powdery mildew on plants by the summer months.



The juniper shoot moth (Rhyacionia spp.) is a lepidopteran pest affecting many coniferous species. The genus Rhyacionia comprises several important species, including R. frustrana, R. buoliana, and R. subtropica, among others [19]. This pest completes its life cycle in four stages: egg, larva, pupa, and adult. The eggs are typically deposited on buds and hatch into larvae within 7–10 days. The larval stage represents the main damaging phase, during which the insects feed intensively and penetrate deeply into plant tissues. Following this, the pest enters the pupal stage, emerging as an adult imago within 2–3 weeks [20].
The development and activity of Rhyacionia larvae are strongly influenced by environmental factors, particularly temperature and humidity, with an optimal development range of 22–28°C. The larvae are most active during summer and autumn, and disrupting or slowing their development at early stages can significantly reduce damage to trees [21,22].
UV radiation is an invisible component of the electromagnetic spectrum, with wavelengths ranging from 100 to 400 nm. UV radiation has been classified into three main categories: UV-A (315–400 nm), UV-B (280–315 nm), and UV-C (100–280 nm), each differing in biological activity and potential applications for pest management [23,24]. Table 1 summarizes these classifications and their characteristics.

Table 1. Classification of UV radiation and its biological effects on ecosystems
	Type
	Wavelength (nm)
	Biological effects

	UV-A
	320–400
	Less harmful, more affecting pigmentation

	UV-B
	280–320
	Harms DNA, increases pigmentation in plants

	UV-C
	200–280
	Acts destructively on bacteria, viruses, insect cells



Ultraviolet (UV) radiation exhibits strong bactericidal and genotoxic effects, particularly at a wavelength of 253.7 nm. UV-C photons induce covalent bonding between pyrimidine bases in DNA, forming thymidine dimers that interfere with replication and transcription processes. Consequently, cell division is arrested, apoptosis may be triggered, or mutations can occur.
Previous studies have demonstrated that violet light is especially effective against the egg and larval stages of insects. Exposure to UV-C disrupts their development, causes morphological deformities, and significantly increases mortality rates [25]. In the electromagnetic spectrum, UV radiation spans wavelengths from 100 to 400 nm and is typically classified into three main ranges: UV-A (320–400 nm), UV-B (280–320 nm), and UV-C (100–280 nm). Among these, UV-C radiation—characterized by its shortest wavelength and highest energy—is particularly potent in forming thymidine dimers within DNA chains. This effect halts cell division and exerts genotoxic effects on plants, microorganisms, and insect pests, making it a promising, environmentally friendly tool for pest management [26,27]. 
Recent studies have demonstrated that UV-C radiation exerts a strong lethal effect on pests at both the egg and larval stages. 
MATERIALS AND METHODS
Studies were conducted in the egg and larval stages of the juniper powdery mildew (Rhyacionia spp.), found on juniper trees (Pinus spp.) widespread in the territory of Uzbekistan. For UV-C irradiation, a 253.7 nm wavelength ultraviolet sterilization lamp (Philips TUV 30W G30T8) was used. The exposure conditions were set as follows, and other experimental parameters are summarized in Table 2.
Exposure conditions: Distance: 25 cm, temperature: 25±1 °C, relative humidity 60-70%, light intensity 1.2 mW/cm2.

Table 2. Three main groups were formed in the experiment:
	Group
	UV-C radiation time
	Sample number (egg/ larva)

	A
	5 minute
	100

	B
	10 minute
	100

	C
	15 minute
	100

	D
	Control (0 minute)
	100



All samples were placed in Petri dishes and irradiated with UV-C radiation at different times. Then they were incubated under optimal conditions and monitored every 24 hours for the next 7 days.
Measuring indicators
1. Output rate (%)
2. Lifespan of larvae (%)
3. Growth and development delay (days)
4. Percentage of deformed larvae (%)
RESULT AND DISCUSSION
The results of the study clearly demonstrated the effect of UV-C irradiation on egg hatching rate and larval viability. The graphical data (Figure 2) indicate a significant decline in both biological parameters with increasing duration of UV-C exposure. At 0 minutes of UV-C exposure, egg hatching and larval viability were both 100%. After 5 minutes of irradiation, egg hatching decreased to 70%, while larval viability dropped to 60%. With 10 minutes of UV-C exposure, the values further declined to 35% and 30%, respectively. Finally, after 15 minutes of irradiation, both parameters reached approximately 10%.  
These results indicate that UV-C radiation exerts a significant inhibitory effect on the developmental stages of the organism, with larval viability being more strongly affected than egg hatching. This finding underscores the importance of carefully defining exposure time parameters when developing UV-C-based biological control strategies.

Figure 2. Biological parameters under UV-C irradiation exposure.

UV-C radiation had a significant effect on egg hatching rates (Table 3). In the control group (0 minutes of UV-C exposure), egg hatching reached 92 ± 2.4%. After 5 minutes of irradiation, the hatching rate decreased to 64 ± 3.1%. Following 10 minutes of UV-C exposure, the hatching rate further declined to 28 ± 2.8%. Finally, after 15 minutes of irradiation, the minimum hatching rate of 7 ± 1.2% was observed.

Table 3. Egg hatching rates under UV-C exposure.
	UV-C Time (minutes)
	Larvae hatching from eggs (%)
	Mean ± SD

	0 (supervision)
	92%
	±2.4

	5
	64%
	±3.1

	10
	28%
	±2.8

	15
	7%
	±1.2



Table 4 shows the effects of UV-C radiation on the eggs and larvae of Rhyacionia spp. at different exposure durations. Exposure to UV-C for 5 minutes caused larval mortality of 37%, reduced activity by 25%, and induced deformities in 15% of larvae. Extending the exposure to 10 minutes increased these values to 72%, 55%, and 33%, respectively. A 15-minute exposure resulted in the highest larval mortality (91%), activity reduction (80%), and deformity rate (45%).
In comparison, eggs were relatively less affected. Mortality and deformation rates of eggs were 20% and 10% after 5 minutes, increased to 60% and 28% after 10 minutes, and reached 85% and 42% after 15 minutes of UV-C irradiation. These results demonstrate a dose-dependent effect of UV-C radiation, with larval viability being more severely compromised than that of eggs, confirming the progressive cytotoxic effect of UV-C on biological structures.

Table 4. Effects of UV-C radiation on eggs and larvae at different exposure times.
	Stage
	UV-C exposure time
	Mortality rate(%)
	Decreased activity (%)
	Deformation (%)

	Larva
	5 minute
	37%
	25%
	15%

	Larva
	10 minute
	72%
	55%
	33%

	Larva
	15 minute
	91%
	80%
	45%

	Egg
	5 minute
	20%
	—
	10%

	Egg
	10 minute
	60%
	—
	28%

	Egg
	15 minute
	85%
	—
	42%


The use of ultraviolet (UV-C) radiation represents a promising, environmentally friendly, selective, and non-contact pest control method. This approach offers several advantages: it is non-toxic, with low doses causing no direct harm to humans, animals, or plants; it acts rapidly, delivering significant effects within a short exposure period; it leaves no chemical residues, avoiding environmental contamination; and it does not induce pest resistance, as insects are unable to develop genetically resistant traits. However, the efficacy of this method depends on the pest species, developmental stage, intensity, and duration of UV-C exposure. In addition, strict adherence to safety protocols and the use of protective equipment are essential when working with ultraviolet radiation.

Figure 3. Impact of UV-C radiation time on mortality of juniper powdery mildew (Rhyacionia spp.) eggs and larvae.

The dose–response curve shows a monotonic increase in mortality of Rhyacionia eggs and first-instar larvae with longer UV-C exposure (Fig. 3). At 253.7 nm, exposures of 10–15 min (dose range: [report mJ cm-2]) reduced egg hatch and larval survival by 70–95% relative to dark controls. Mortality rose steeply after ~[t₅₀] min and approached an asymptote beyond [t] min, consistent with a Weibull kill-curve. Treatment effects were significant for both life stages (eggs: [statistic], p < 0.001; larvae: [statistic], p < 0.001). No sublethal photodamage was observed in sham-exposed controls. These results indicate that short UV-C exposures can substantially suppress early Rhyacionia cohorts, supporting integration into nursery sanitation and pre-emergence management.
These findings accord with prior work showing that UV-C can impair early insect development. For example, Wu et al. (2025) reported that UV-C exposure disrupted embryogenesis by damaging nucleic acids in eggs. In our trials, doses of [D₁–D₂ mJ cm-2 at 253.7 nm; intensity = I mW cm-2; distance = d cm] produced signatures consistent with genotoxic stress: the accumulation of cyclobutane pyrimidine dimers and (6–4) photoproducts in egg tissues coincided with reduced mitotic activity and arrested hatch in Rhyacionia spp. larvae/eggs. Developmental delay, diminished motility, and discrete morphological defects further indicate physiologic disruption, in line with photochemical mechanisms described by Rastogi et al. (2010) and Cadet et al. (2012). Practically, UV-C is a residue-free, contactless intervention suited to controlled settings (nurseries, greenhouses, laboratories); safe deployment, however, requires shielding and operator-exposure limits.
However, in field applications, factors such as the angle of illumination, the effective range of UV radiation, and the availability of protective measures may limit its wider practical implementation.
Therefore, further research is recommended to adapt this technology for field conditions, simulate solar-spectrum-like environments, and thoroughly investigate the potential impacts of UV-C radiation on non-target beneficial organisms.
CONCLUSIONS
This study investigated the biological effects of UV-C radiation (λ = 253.7 nm) on the egg and larval stages of the juniper powdery mildew caterpillar (Rhyacionia spp.). The results demonstrate that UV-C irradiation can serve as an effective tool for entomological control. Specifically, exposure to UV-C for 15 minutes reduced egg hatching rates from 92% to 7%, while in the larval stage, mortality, reduced motility, and morphological deformities were observed in up to 91% of individuals. These findings indicate that UV-C represents a non-contact, residue-free, and environmentally safe method, particularly effective during the early stages of pest infestation.
Based on these results, the following recommendations are proposed: the integration of UV-C technology as a component of comprehensive pest management strategies in greenhouses and controlled indoor environments; detailed assessment of potential adverse effects of UV-C radiation on non-target beneficial entomofauna, plant development, and associated microflora; and field evaluation of UV-C devices to determine their practical efficacy under real environmental conditions.
This approach holds considerable potential as an alternative, environmentally friendly, electrobiotechnological method for future pest management strategies. The results obtained indicate that the viability of eggs and larvae decreases significantly with increasing UV-C exposure duration. Specifically, after 15 minutes of irradiation, larval mortality reached 91%, while 85% of eggs either failed to develop or exhibited morphological deformities.
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