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ABSTRACT: 

Plant-Based Photosentizers, when exposed to light, photosensitisers generate reactive oxygen 

species (ROS). They are used in photodynamic therapy for light-induced cell death and 

chromophore-assisted light inactivation (CALI) for protein inactivation. When a wavelength of 

light activates a photosensitiser, dangerous reactive oxygen species (ROS) are produced. PDT 

has many advantages over chemotherapy, radiation therapy, and surgery, including minimal 

invasiveness, low toxicity, a short treatment duration, and a cheap cost. When properly given, 

PDT has no long-term side effects. This paper studies plant-based photosensitisers and their 

impact on aphids at different temperature conditions. 
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1.  INTRODUCTION: 

In contrast, PDT may only be used to treat portions of the body that are visible to the naked eye. 

It has not been used to treat tumours that have metastasised to many sites. Necrosis commonly 

occurs when vast quantities of high-intensity light are used. On the other hand, low-intensity 

light may aid individuals in planning and organising their deaths. These photosensitisers, which 

may be dyes or porphyrin derivatives, are now undergoing clinical trials and are available 

commercially. A quality photosensitiser should be non-toxic prior to activation. It should be 

hydrophilic to facilitate body absorption. For optimal operation, it must be activated by a healthy 

light. Last but not least, a competent photosensitiser may initiate a photodynamic reaction. 

Another consideration when choosing a sensitiser is its selectivity and availability. 

Aphids 

Aphids are small, soft-bodied insects with long, thin mouthparts that extract water and other 

nutrients from stems, leaves, and other delicate plant parts. This means that virtually every plant 
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hosts at least one aphid species. Although many aphid species are challenging to differentiate, 

most have comparable management needs. 

Aphids have pear-shaped bodies that are soft and have long legs and antennae. Their body and 

the plants they consume might vary based on the species and the plants they eat. Certain species 

emit a waxy white or grey material that gives their body a waxy or fuzzy appearance. They are a 

pair of tube-like structures that protrude from the backs of the majority of animals. Aphids are 

distinguished from other insects by the presence of cornicles. 

Photosensitisation  

People use photosensitisation to trigger chemical processes by using a material that absorbs light 

and transfers its energy to the proper molecules. It is often used in photochemical research, 

especially for processes requiring light sources of a specific wavelength that are not generally 

accessible. The wavelengths of light emitted by high-intensity mercury lamps match the 

wavelengths absorbed by mercury: 1849 and 2537 angstroms. Sensitisers include cadmium, 

xenon, zinc, benzophenone, and several chemical dyes. 

2. Literature Review: 

Toxic mechanisms are an integral part of evolutionary processes and play a significant role in the 

natural control of insect populations. Graham (1963) was one of the first to suggest that 

"photosensitising chemicals" may be used as insecticides. In 1972, he studied the entomological, 

ecological, and evolutionary effects of "photodynamic action, " which he extended on this issue. 

It is now generally acknowledged that the latter is merely one of the photochemical pathways 

that may be responsible for light-induced harm to biochemical and physiological 

processes(Britannica, 2022). When exposed to light, studying chemical compounds with 

insecticidal action is a complex and fast-increasing topic (Robinson et al. 1983). In over one 

hundred families of angiosperm plants, light-activated allelochemicals have been discovered. 

There have been discoveries of photosensitisers or phototoxic behaviour that support the 

presence of photosensitisers in more than forty of these families, which accounts for slightly 

more than one hundred per cent of the available classifications (Downum et al. 1991). 

Aphids and their parasitoids are an ideal model for studying the consequences of the presence of 

nonhost species because of their highly tractable trophic interactions (successful parasitisation 

leads to the production of mummies) and short generation periods. Moreover, the behavioural 

components that underlie community connections are evident (Kehoe et al., 2016). As a result of 

climate change, it is projected that temperatures at the end of the spectrum will occur more often. 

We developed a stage-structured Leslie matrix model that included intra-generational dynamics 

to examine the impact of severe and variable temperatures on the host-parasitoid dynamics. We 

adjusted the values of three temperature parameters to produce a variety of various temperature 

regimes, each of which had varied daily maximum temperatures, the number of warmer-than-

average days, and the degree to which those warmer-than-average days were connected. All 

three temperature factors influenced the host-parasite relationship's dynamics. An increase in the 

frequency of warmer-than-average days and the degree of autocorrelation affected the dynamics 

of the connection between the host and the parasite only when daily maximum temperatures 
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were high enough to elicit temperature-dependent death. The consequences of a higher daily 

temperature autocorrelation varied depending on the maximum daily temperature and the 

frequency of warmer-than-average days. Increasing autocorrelation enhanced the likelihood that 

aphids and parasitoids would endure when the daily maximum temperatures were exceptionally 

high, but the frequency of such days was low. Increasing autocorrelation, however, diminished 

the likelihood that populations would endure as the frequency of hot days rose (Bannerman et al., 

2011). These temperature phenomena, in addition to those caused by changes in mean 

temperatures, have a significant impact on host-parasitoid dynamics, and additional study is 

required at the community level. 

3. Material and Methods: 

In this experiment, two-year-old Rosa rugosa seedlings were used as host plants. The plants were 

then sterilised and planted in 30 cm wide, 30 cm high, and 30 cm deep containers. The plants 

were maintained at 20 degrees Celsius for two weeks before the experiment began. 

Under a photoperiod of 16 hours of light and 8 hours of darkness, experimental climate chamber 

investigations were conducted to investigate the effect of temperature on the survival, fecundity, 

and development rate of insects that fed on the host plant. Depending on the region, the 

temperature fluctuated from 20 to 25 degrees Celsius, and the humidity varied from 60 to 55 per 

cent. Temperatures between 20 and 25 degrees Celsius are optimal for aphid growth; however, 

temperatures beyond 30 degrees Celsius are fatal. To demonstrate how global warming may 

impact the growth of M. rosae in the laboratory, we used temperatures more significant than the 

ideal temperature for M. rosae development. Because we intended to utilise a typical temperature 

range of a temperate area, we selected a temperature range that met the bill. 

4. Analysis 

According to the demographic data obtained for the population, the intrinsic rate of growth (rm) 

of M. rosae reached a minimum of 0.12 at 30 degrees Celsius and a high of 0.22 between 22 and 

27 degrees Celsius. M. rosae populations rose 4.21-fold throughout the day at 22 and 27 degrees 

Celsius, while they increased 3.15-fold at 30 degrees Celsius. While the generation time (T) was 

the quickest at 30 degrees Celsius (18.90 days), it was the slowest at 22 degrees Celsius (18.90 

days) (21.98 days). The net reproduction rate (Ro) was 22 .73 at 22 degrees Celsius, and it was 

6.12 at 30 degrees Celsius. The DT was the longest at 30 degrees Celsius (10.12 days), while the 

shortest temperatures ranged between 22 and 27 degrees Celsius (DT) (7.38 days) (See Table 1.) 

Table 1 Temperature-dependent life characteristics of Macrosiphum rosae 

 

Temperature 22 ◦C 27 ◦C 30 ◦C 

Intrinsic rate of 

increase (rm) 

0.22  0.22  0.12 
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Net reproductive rate 

(Ro) 

22 .73 16.86 6.12 

Finite rate of increase 

(λ) 
4.21 3.25 3.15 

Generation time (T) 21.98 18.92 18.90  

Doubling time (DT) 7.38 7.38 10.12 

 

 
Figure 1: Temperature value 

 

Table 2 Tissue enzyme activity in the aphid Macrosiphum rosae, and the rose rugosa, was 

investigated. Analyses of variance (ANOVA) were conducted to examine variations in 

enzymatic activity across treatments (p 0.05). There are aphids (t, time; aphids, 

temperature). 
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T F(4,38) = 

463.30 *** 

F(4,38) = 

3.70 * 

F(4,38) = 

4.88 * 

F(4,38) = 6.76 ** F(4,38) = 

7.20 ** 

F(4,38) = 

7.25 ** 

t F(7,38) = 30 

2.35 *** 

F(7,38) = 

14.28 *** 

F(7,38) = 5.16 

* 

F(7,38) = 4.28 F(7,38) = 

5.40 ** 

F(7,38) = 

20.46 *** 

T × t F(12,38) = 

78.90 *** 

F(12,38) = 

4.46 * 

F(12,38) = 

1.92 

F(12,38) = 2.12 F(12,38) = 

4.43* 

F(12,38)= 

4.29 * 

   Plant 

Tissue 

   

T F(4,62) = 28.30 

*** 

F(4,62) = 

14.23 *** 

F(4,62) = 1.68 

** 

F(4,62) = 4.42 F(4,62) = 

1.88 

F(4,62) = 

4.85 

t F(6,62) = 8.65 

*** 

F(6,62) = 

185.12 

*** 

F(6,62) = 9.99 

*** 

F(6,62) = 3.16 F(6,62) = 

4.25 

F(6,62) = 

7.75 *** 

a F(3,62) = 25.06 

*** 

F(3,62) = 30 

2.89 *** 

F(3,62) = 

469.32 *** 

F(3,62) = 16.42 

*** 

F(3,62) = 

46.62 *** 

F(3,62) = 

226.28 *** 

T × t F(10,62) = 

4.90  

F(10,62) = 

40.76 *** 

F(10,62) = 

4.16 * 

F(10,62) = 3.86 F(10,62) = 

4.98 *** 

F(10,62) = 

3.32 

T × a F(4,62) = 19.13 

*** 

F(4,62) = 

43.28 *** 

F(4,62) = 9.07 

*** 

F(4,62) = 9.03 *** F(4,62) = 

16.62 *** 

F(4,62) = 

2.16 

t × a F(6,62) = 

7.86 *** 

F(6,62) = 

183.12 

*** 

F(6,62) = 

9.99 *** 

F(6,62) = 3.19 F(6,62) = 

4.22 

F(6,62) = 

7.90 *** 

T × t × a F(10,62) = 

2.78 

F(10,62) = 

40.76 *** 

F(10,62) = 

4.16 * 

F(10,62) = 2.86 F(10,62) = 

4.98*** 

F(10,62) = 

2.32 

* p < 0.05, ** p < 0.01, *** p < 0.001. 
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Figure 2: Plant Tissue value 

 

The activity of this enzyme increased for 60 hours at 27 and 30 degrees Celsius before plateauing 

at 22 degrees Celsius for 90 hours. While at 22 °C, a rise in -glucosidase activity was seen during 

the first four days; however, this was followed by a fall in activity that required two weeks 

before activity returned to that of control plants. In less than 60 hours, the activity at 27 and 30 

degrees Celsius returned to the control levels. The effects of temperature, aphids, and time on the 

detoxifying activity of plant enzymes were studied. 

5. CONCLUSION: 

It was shown that increasing the temperature to 30 degrees Celsius had a negative effect on M. 

rosae, causing it to take longer for the organism to reproduce as well as live for a shorter amount 

of time, which led to a decline in the population's demography and fertility. Aphids and plants 

exhibited uniquely varying forms of self-defense in response to changes in temperature, with 

aphids exhibiting the most robust form of defence at temperatures of 30 degrees Celsius and 

plants exhibiting the most robust form of defence at temperatures of 22 degrees Celsius. There 

were two stages to the defensive responses that were made by aphids. The aphid's defensive 

reaction to modifications in its host plant after being subjected to long-term abiotic and biotic 

stress was studied after it had been heated for a short length of time at a temperature of 30 

degrees Celsius. Temperature is a crucial factor that plays a role in plant–aphid interactions and 

physiological responses. Temperature has the potential to impact the development of aphids and, 

as a result, may limit the population expansion of aphids. 
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