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Abstract

Aphids are among the most destructive agricultural pests, responsible for significant crop losses and
transmission of plant diseases. The increasing resistance to synthetic pesticides and their environmental
hazards have led to the exploration of alternative eco-friendly pest control methods. Botanical
photosensitisers—plant-derived compounds that generate reactive oxygen species (ROS) upon light
activation—offer a promising solution. This study investigates the temperature-dependent
photodynamic toxicity of selected botanical photosensitisers (chlorophyllin, hypericin, and curcumin)
against aphids. Experiments conducted across temperature gradients (15 °C, 25 °C, and 35 °C) revealed
that temperature significantly influences the efficacy of these compounds. Maximum aphid mortality
was observed at moderate temperatures (25 °C), indicating optimal conditions for ROS generation and
insect susceptibility. The findings suggest that integrating plant-based photosensitisers into pest
management strategies can enhance sustainability while reducing chemical pesticide dependence.

1. Introduction
1.1 Background

Aphids (family Aphididae) are soft-bodied insects that infest crops by feeding on plant sap, leading to
reduced plant vigor and yield. They also act as vectors for numerous plant viruses, making them a major
concern in agriculture. Conventional chemical pesticides, though effective, have resulted in
environmental pollution, pesticide resistance, and harm to beneficial organisms.

1.2 Botanical Photosensitisers

Botanical photosensitisers are naturally occurring compounds derived from plants that become toxic
upon exposure to light. These compounds absorb light energy and transfer it to molecular oxygen,
generating ROS such as singlet oxygen and free radicals. These reactive species damage cellular
components like lipids, proteins, and DNA, ultimately leading to cell death.

1.3 Role of Temperature
Temperature plays a crucial role in:
e Chemical stability of photosensitisers
o Rate of photochemical reactions
e Insect metabolism and feeding behavior

e Oxygen availability for ROS production
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Understanding how temperature affects photodynamic toxicity is essential for effective field
application.

1.4 Objectives
o To evaluate the photodynamic toxicity of plant-based photosensitisers on aphids
o To examine the effect of temperature on their efficacy

o To identify optimal conditions for their use in pest control

2. Literature Review

Studies have shown that plant-derived compounds such as chlorophyll derivatives and curcumin
exhibit insecticidal properties under light exposure. Photodynamic pest control has been successfully
tested against mosquitoes and mites. However, limited research exists on aphids and the influence of
environmental factors such as temperature.

Temperature influences both insect physiology and photochemical reactions. Moderate temperatures
enhance metabolic activity and chemical uptake, while extreme temperatures may reduce effectiveness
due to stress or compound degradation.

3. Materials and Methods
3.1 Experimental Organism

Aphids (Myzus persicae) were collected and reared on host plants under controlled laboratory
conditions.

3.2 Photosensitisers Used

e Chlorophyllin (derived from green plants)

o Hypericin (from Hypericum perforatum)

e Curcumin (from turmeric)
All solutions were prepared at equal concentrations (100 ppm).
3.3 Experimental Setup
A factorial experimental design was used with:

o Three temperature levels: 15 °C, 25 °C, 35 °C

o Four treatment groups: three photosensitisers + control
Aphids were sprayed with solutions and exposed to white light for 2 hours.
3.4 Data Collection

e Mortality recorded at 24, 48, and 72 hours

o Behavioral observations (feeding, movement)

e Reproductive rate monitored
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4. Results

4.1 Mortality Analysis

Photosensitiser 15°C || 25°C || 35°C
Chlorophyllin 36% 74% 59%
Hypericin 42% 80% 64%
Curcumin 30% 68% 52%
Control 5% 8% 11%

4.2 Observations
e Aphids showed reduced feeding and sluggish movement after treatment
e Hypericin caused rapid mortality compared to other compounds
e Curcumin showed slower but consistent toxicity
4.3 Temperature Effect
e Low temperature (15 °C): Reduced metabolic activity and ROS generation
e Moderate temperature (25 °C): Maximum toxicity due to optimal reaction conditions

o High temperature (35 °C): Slight decline due to compound instability and stress factors

S. Discussion

5.1 Mechanism of Action

Photodynamic toxicity occurs through ROS-mediated oxidative damage. Temperature influences:
o Rate of ROS production
o Stability of photosensitisers
e Aphid feeding rate and chemical uptake

5.2 Comparative Effectiveness

Hypericin showed the highest toxicity due to strong light absorption and ROS generation. Chlorophyllin
was moderately effective and environmentally safe. Curcumin exhibited lower but steady toxicity.

5.3 Practical Implications
e Best results can be achieved under moderate environmental temperatures
o Field application should consider seasonal variations

e These compounds can be integrated into Integrated Pest Management (IPM)

6. Conclusion

The study demonstrates that botanical photosensitisers are effective in controlling aphids through
photodynamic mechanisms. Their toxicity is significantly influenced by temperature, with optimal
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results at 25 °C. This highlights the importance of environmental conditions in maximizing their
efficacy. Botanical photosensitisers represent a sustainable alternative to chemical pesticides.

7. Limitations
o Laboratory conditions may not fully replicate field environments
o Limited number of photosensitisers tested

o Light intensity variations not extensively studied

8. Future Scope
o Field-based trials under natural climatic conditions
e Development of stable formulations
e Study of impact on beneficial insects

o Exploration of additional plant-based compounds
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