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ABSTRACT:  

The amount of ultraviolet B radiation an individual organism is subjected to determines the severity 

of UV-B's effects on that organism. When organisms that include photo sensitisers create oxidative 

radicals, the harmful effects of UV-B are exacerbated, and the toxicity of the radiation increases. 

Aphids, which belong to the family Homoptera and are known as Aphididae, can be found in 

abundance in temperate climates and have a cosmopolitan distribution. Aphids feed on various 

plant parts, including roots, stems, leaves, inflorescence, fruits, and seeds, and they attack a wide 

range of plants, both cultivated and wild. Small insects that feed on plants are often subjected to 

severe ambient temperature stress. Insect metabolism and physiology demonstrate a high degree of 

sensitivity to air temperature, which varies with daily and seasonal cycles. This paper study the 

concept of the influence of temperature on aphid sensitivity to plant-based photosensitisers 

1) INTRODUCTION: 

The phenomenon of climate change is the most dangerous environmental crisis facing the globe 

today, and it is essentially the result of the chemical revolution and industrialisation. Several 

chemicals, including chlorofluorocarbon, halons, methyl chloroform, methyl bromide, and carbon 

tetrachloride, are known to be harmful to the ozone layer. U.V. radiation, which makes up a tiny 

portion of the solar spectrum and accounts for just 8% of the solar energy that reaches the top of the 

atmosphere (WHO, 2003), is often separated into three bands based on the biological impact it has. 

The ozone layer entirely absorbs ultraviolet light with wavelengths between 100 and 280 

nanometers (UV-C) before it can reach the planet's surface. UV-B rays, which have a wavelength 

range of 280-315 nanometers, are somewhat absorbed by the ozone layer, but UV-A rays, which 

have a wavelength range of 315-400 nanometers, are very faintly absorbed by the ozone layer and 

consequently primarily reach the surface of the Earth. The cumulative damage produced to human 
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skin by UVER radiation is proportional to the amount of time the skin is exposed to the radiation. 

Erythema is the most typical manifestation of erythema due to excessive exposure to U.V. radiation 

(UNEP, 2003). However, there are instances in which exposure to U.V. radiation positively impacts 

one's health, such as when it helps in the production of vitamin D in humans (Webb, 2006). 

Scientists have known for many decades that the ozone layer in the stratosphere shields the surface 

of the Earth from the potentially damaging effects of ultraviolet (U.V.) radiation. As a result, it has 

also been shown that the ozone layer protects against harmful impacts on people (such as cataracts 

and skin cancer) and the biosphere. A rising number of people are becoming concerned about the 

depletion of stratospheric ozone and the increased amount of U.V. light that it allows to reach the 

planet's surface (WMO, 2007). The rise is relatively modest in UV-A (315-400 nm) but significant 

in UV-B (280-315 nm) (Prasad et al., 2011). In addition, the changes inthe environmental 

ultraviolet index (UVI) vary from place to place depending on several factors, including incoming 

solar radiation, sun-earth distance, stratospheric temperature, sky condition, total column ozone, 

altitude, latitude, and solar zenith angle. Furthermore, the UVI is measured in micrograms per 

millimetre squared (W/cm2). While ultraviolet light with wavelengths shorter than 280 nanometers 

(UV-C) is primarily absorbed by molecules of ozone, oxygen, and nitrogen before entering the 

Earth's atmosphere, ultraviolet light with wavelengths longer than 280 nanometers (UV-B) is 

strongly absorbed by the ozone layer in the stratosphere (Bhattacharya and Bhoumick, 2012). 

 

In greenhouses with U.V. blockers, the number of whiteflies, aphids, and thrips that entered the 

greenhouse was much lower than in greenhouses with higher U.V. intensities. Like this, a 

considerable reduction in mature B. tabaci leaves and alate aphids were seen in greenhouses with 

low U.V. intensity. Even though thrips were the most common insect pest, researchers found that 

they were substantially less common in greenhouses with lower levels of U.V. intensity (Kumar 

&Poehling, 2016). The metabolism and physiology of insects exhibit a high degree of sensitivity to 

the photoperiodism caused by changes in air temperature. Insects are most immediately influenced 

by temperature via behavioural and metabolic rate changes, as well as changes in subsequent 

cellular and physiological processes (Bale et al. 2007). The effect of greenhouses with UV-blocking 

netting and plastics on the movement and pest status of three essential tomato pests—whitefly 

(Bemisiatabaci), thrips (Ceratothripoidesclaritris), and aphid (Aphis gossypii)—was studied. These 

pests include whitefly (Bemisiatabaci), thrips (Ceratothripoidesclaritris), and a (Nguyen et al. 

2009). 

Aphids are little insects that feed on the sap of plants. Aphid damage may cause a range of 

symptoms in affected plants, including reduced growth rates, mottled leaves, yellowing, stunted 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 24, Issue 2, 2020, Pages. 2178 - 2189 

Received 15 November 2020; Accepted 28 December 2020.   
 

2180 
 
http://annalsofrscb.ro 

growth, curled leaves, wilting, poor yield, and even death. The removal of sap causes a reduction in 

the plant's vitality, and the plant cannot tolerate the aphid's saliva. Aphids have a complicated life 

cycle and feed on various plant species. Some aphid species are host-alternating, while others live 

and proliferate on a specific host community. It is unknown whether or not these specific host plant 

species are in any way related to plant taxonomy. Aphids have a complicated life cycle involving 

numerous morphologically diverse forms, parthenogenetic reproduction alternating with asexual 

generation, and host alternation in about 10% of species (Foottit et al., 2008). Aphids are a kind of 

insect pest that may be found in temperate regions all over the globe. They inflict direct harm to 

plants by sucking their sap outand impair crops' development and production (Gulidov&Poehling, 

2013). 

Aphids come in a wide variety of species, and many are considered agricultural, forestry, and 

horticultural pests. Aphids are dangerous to invasive species because they eat, and their winged 

forms may readily spread from place to place. Riboflavin, chloroquine, anthracene, pyrene, 

tetracycline, retene, psoralene, and alpha terthienyl are some of the natural products, pesticides, 

antibiotics, and diuretics that belong to the class of substances known as phototoxicants. Other 

examples include psoralene and alpha terthienyl. Insecticide phototoxic alpha-terthienyl is produced 

by the marigold plant, which also acts as a natural insect repellent. Alpha-terthienyl produces the 

very deadly singlet oxygen when it is subjected to near-ultraviolet radiation, such as that found in 

sunshine. When present at higher quantities, alpha-terthienyl causes harm to the respiratory, 

digestive, and neurological systems of larvae, resulting in a one hundred per cent mortality rate. 

Psoralene may be found in the Psoraleacorylifolia plant's seeds and in citrus fruits, celery, parsley, 

and west Indian satinwood. It is also present in the Psoraleacorylifolia plant (Ahandani et al., 2013). 

It is often used as part of the PUVA (psoralen + UVA) protocol in treating psoriasis, eczema, 

vitiligo, and cutaneous T-cell lymphoma. There are many different kinds of plants that contain 

furocoumarins, which are organic chemical compounds that are known to be exceedingly 

poisonous. Both alpha-terthienyl and psoralene are naturally occurring furocoumarins that may be 

found in the environment. Alpha-terthienyl may be found in plants belonging to the Asteraceae 

family or in large quantities in the roots of certain Tagetes species. This substance is poisonous to a 

variety of insect species. It is capable of inhibiting various enzymes in addition to producing 

reactive oxygen species and oxidative radicals (Bin et al. 2018). In the presence of U.V. light, they 

develop a photoreactive reaction. As a result, there has been a need for research on the 

phototoxicity of these naturally occurring compounds and their effect on various plant aphids. 
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2) LITERATURE SURVEY: 

The relevant literature for the study concerned was searched and studied thoroughly.The searched 

literature has been given below: 

R.B.Villacorta et al. 2017 examined three plant extracts [Lumnitzeraracemosa (Combretaceae), 

Albiziaprocera (Fabaceae) and Canangaodorata (Annonaceae)] for their potential as source of 

photosensitisers in photodynamic therapy out ot which onlytwo plant extracts, L. racemosa and A. 

procera were toxic and induced apoptosis to mammary cell adenocarcinoma, MCF-7 when 

photoactivated. These extracts were also more toxic to human cancer than non-cancer cell 

lines.N.T.M.Rosana  et.al.2020 perform the dye-sensitised solar cells (DSSCs) investigated by 

using extracts from Murrayakoenigii, Plectranthusamboinicus, and Coriandrumsativum for 

compare their photovoltaic performances. The crude chlorophyll photosensitiser extracted 

from Plectranthusamboinicus exhibited an open‐ circuit voltage (VOC) of 637 mV, a short‐ circuit 

current density of 0.99 mA/cm
2
, a fill factor of 0.63, and an energy conversion efficiency of 0.46%. 

R.Kushwahaet.al., in 2013 took four natural pigments, extracted from the leaves of teak 

(Tectonagrandis), tamarind (Tamarindusindica), eucalyptus (Eucalyptus globulus), and the flower 

of crimson bottle brush (Callistemon citrinus), used as sensitisers for TiO2 based dye-sensitised 

solar cells (DSSCs). The extracted dyes have shown that the open circuit voltages (𝑉oc) varied from 

0.430-0.610V and the short circuit photocurrent densities (𝐽sc) ranged from 0.11-0.29mAcm−2. The 

incident photon-to-current conversion efficiencies (IPCE) varied from 12–37%. Among the four 

dyes studied, the extract obtained from teak has shown the best photosensitisation effects in terms 

of the cell output. 

Due to indications that levels of ambient UV-B radiation are growing as a reaction to stratospheric 

ozone depletion, there has been a rise in the amount of interest placed on the function that UV-B 

radiation plays in both aquatic and terrestrial ecosystems (Smith et al., 1995). The area of extremely 

low wavelengths that contains very high photon energies is where erythemal ultraviolet radiation 

from the sun, also known as EUV, is incident on the surface of the planet. A high amount of EUV 

may cause damage to humans, animals, and other living creatures if it is exposed to them for an 

extended period of time. In general, the most important factors that influence EUV are the amount 

of stratospheric ozone, cloud cover, and aerosols. However, findings from studies conducted by 

scientists over the last three decades have shown that the amount of ozone found in the stratosphere 

has decreased. Although the greatest amount of ozone depletion has been observed in the Antarctic 

area, where the so-called "ozone hole" is located, other mid-latitude locations are also reporting 

shortfalls (Zerefos and Bais, 1996). Although the effect in tropical regions is negligible, the high 
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doses of EUV that are typical of tropical regions may have detrimental effects on human health, 

leading to increases in the risk of skin cancer, cataracts, and suppression of the immune system. 

Although the effect in tropical regions is negligible, In addition, excessive exposure to EUV has a 

negative impact on plant productivity, marine ecologies, biogeochemical cycles, air quality, and it 

destroys polymeric materials. These negative impacts are caused by the fact that EUV may 

penetrate water. 

In this experiment, the effects of daily light cycle and duration on the solar U.V. radiation-induced 

toxicity of compounds on organisms were investigated in a laboratory system that was stimulated to 

simulate sun light. The most severe effects of UV-B radiation on larval development and increase 

progeny were explored. Numerous research have demonstrated that UV-B radiation may be harmful 

to aquatic animals and terrestrial species, particularly during the embryonic phases (Hader et al., 

1998). Aphid adults have been used in studies to demonstrate that exposure to UV-B radiation acts 

as an immunosuppressive agent. In Patagonia, there has been observed a discernible rise in the 

amount of ultraviolet (U.V.) radiation exposure, which seems to be a direct result of the depletion of 

the ozone layer (Villafane et al., 2001). Because of daily and seasonal cycles, little plant-feeding 

insects are frequently subjected to the high temperature stress of the ambient environment. Insects 

are most immediately influenced by temperature via behavioural and metabolic rate changes, as 

well as changes in subsequent cellular and physiological processes (Bale et al., 2007). As a result of 

changes in the climate, it is anticipated that the CIE-weighted doses would rise by as much as 20–

25 percent at northern latitudes in the future decades. Solar ultraviolet radiation has a variety of 

negative biological effects, including detrimental effects on individual organisms as well as on 

ecosystems. These effects include a reduction in productivity, an increase in the rate of mutation in 

phytoplankton and macroalgae, and development and reproduction problems (Jokinen et al., 2005).   

Winter wheat (Triticumaestivum), as a kind of economic crop cultured in the Northern 

China, is also affected by present-day ultraviolet-B. UV-B (280 - 320 nm) radiation is known to 

reduce the photosynthetic pigment and protein content of green leaves and inactivate molecular 

defense mechanisms (Jiang et al., 2006). Various facultative symbionts can also associate with the 

pea aphid, some being known to benefit host aphids   under high temperature conditions, aphids and 

their symbionts are interesting   models for studying the effects of temperature and U.V. stress 

farmers are not with the ill effects of chemical pesticides and still using most of the systematic and 

organic insecticides to control this insect pest (Ali and Rizvi 2007). The effect of UV-blocked 

greenhouses made from netting and plastics on the movement and pest status of three important pest 

of tomatoes: whitefly (Bemisiatabaci), thrips (Ceratothripoidesclaratris), and aphid (Aphis 

gossypii). Under UV-blocked greenhouses, fewer whiteflies, aphids, and thrips entered the 
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greenhouse compared with the ones having more U.V. intensity (Kumar and Poehling, 2016). 

Depending on the physiological and developmental status of the plant and on the quality and 

duration of the UV-B exposure can cause damage to macromolecules, generate reactive oxygen 

species, and act as an environmental stressor. Effect of solar and artificial U.V. radiation on 

erythrocyte hemolysis with photosensitisers was observed (Kumar et al., 2009). Variability of total 

ozone over India and adjourning regions was studied (Pal, 2010). Bio-efficacy of some plants leafs 

(Calotropisprocera,Mexican poppyArgemonemexicana, Mexican marigoldTagetesminutaand 

Indian neemAzadirachtaindica) extracts against the Mustard aphidLipaphiserysimi on Indian 

mustard. Leaf extract show insecticidal activity and Mexican marigold reduced the aphid population 

to great extent (Ali et al, 2010). High intensity U.V.induced changes and mortality in aquatic 

arthropods with retene was reported (Kumar et al., 2011).(Akther et al, 2011) compiled review of 

Aphidiineparasitoid associated with various aphids species occurring in Uttar Pradesh and 

Uttarakhand, India. Induced signaling overlaps with defense response to biotic stressors is been 

changes specifically the secondary metabolite profile in Broccoli sprouts (Mewis et al, 2012) a 

review of Aphids biology, host plant relations, distribution, population dynamics, biocontrol, 

natural enemies with reference to Indian climate was written (Pal and Singh, 2013). 

Impact of UV-A radiation on the performance of aphids and whiteflies was studied (Dadar et al, 

2014). Photo-enhanced toxicity from co-exposure to ultraviolet (U.V.) radiation and PAHs 

enhanced the toxicity and exhibited toxic effects at PAH concentrations orders of magnitude below 

effects observed in the absence of U.V. (Willis and Oris  2014). The short-term effect of the quality 

(UV-A/UV-B ratio) of natural ultraviolet radiation (UVR) on the apoptosis levels in perce 

(Percaflavescens) larvae. Apoptosis, or programmed cell death, is an essential event in many 

physiological processes as well as in pathological conditions (Cindy et al., 2014). The cumulative 

effects of exposure to U.V. radiation are largely responsible for destruction of callogen protein 

fibres, which accelerates ageing of skin. Prolonged exposure to U.V. radiation also causes serious 

and chronic health effects on the eye example cataract, pterygium (tissue growth that can block 

vision) degeneration of macula and can weaken the immune system of the body (Zaki et al., 2014). 

The U.V.erythemal (UVER) radiation effect human health (short term effect include erythema or 

sunburn and long term effects include photo-ageing upon skin cancer), damages aquatic life and 

affects plants as well as the conservation and durability of materials, in addition to impacting global 

energy balance and climate change (Bilbao et al., 2015). By altering plant metabolites, light can 

affect the behavior, performance, and development of herbivorous insects. Treatment with UV-B 

increased the concentrations of kaempferol glycosides and specific glucosinolates in broccoli 

plants, and feeding on these plants reduced the fecundity of the specialist aphid but improved the 
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performance of the generalist aphid Myzuspersica. That means insect reactions to light treatments 

can be insect-specific  (Rechner et al. 2016). 

To the best of our knowledge, no study has compared the effects of short-wavelength light (such as 

UV-A) and longer wavelength light (violet to green in the visible spectrum) on plant growth, plant 

metabolic composition, and specialised herbivorous insects in protected horticultural production 

systems. This is something that we are interested in learning more about. The hibernating and non-

hibernating stages of Neuropterans associated with aphids in Uttarakhand, India are influenced, to 

varying degrees, by temperature stratification at different altitudes and during different seasons, 

depending on the neuropterans' respective developmental threshold temperatures (Dey, 2016). U.V. 

radiation is the primary agent in the generation of mutations in genomic DNA, which constitute the 

first step in the development of skin cancer. If a DNA-damaged cell is not appropriately led to 

apoptosis, the damaged bases may be duplicated via an error-prone process, which can lead to the 

production of mutations that are the driving force behind the development of cancer 

(Dakup&Gaddameedhi, 2017). Increased exposure to UV-B radiation has a significant detrimental 

effect on the survival and development of both terrestrial and aquatic organisms, according to 

research that looked at the effects of UV-B on a variety of species that varied in their life histories, 

trophic positions, and habitats (Jin et al, 2017). Insects' photoreception relies heavily on ultraviolet 

radiation, and it is believed that insects' eyesight is responsible for the modulation of their flight and 

dispersion behaviour. We evaluate the antioxidant responses of lepidopteran ovarian Tn5B1-4 and 

Sf-21 cells to photoactivated alpha-terthienyl (PAT) (Huang et al, 2017). Marigold root exudates 

are known to include toxic bioactive compounds with nematocidal, insecticidal, fungicidal, 

antiviral, and cytotoxic activity. These properties are found in marigold's root exudates. Marigold 

cultivation, therefore, as a means of nematode biocontrol, is not only aesthetically pleasing but also 

very cost-effective and contributes to the improvement of environmental conditions (Bhattacharyya. 

2017). After photosensitisation of Chinese hamster V79 cells, alpha-terthienyl was photoactivated, 

which resulted in damage to the cell membrane and oxidative stress (Luanab et al, 2018). Changes 

in morpho-anatomical, physiological, and biochemical characteristics are brought about in plant 

aphids by high temperatures (Ramani et. al 2018). Therefore, in order to monitor the sun ultraviolet 

radiation and determine the phototoxicity of psoralene, retene, and terthienylphotosensitiser on 

plant aphids in the presence of U.V. light at various temperatures, a research has been devised. 

3) PLAN OF WORK & METHODOLOGY:  

Measurement of Solar Ultraviolet Radiation:At several places, radiometers will measure solar 

UV-R. Solar radiation is modified by daytime, season, cloud cover, altitude, latitude, surface 
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albedo, ozone, aerosol, etc. Thus, data will be gathered on two consecutive sunny days.  

Selection of Aphid Species and Experimental Protocol: Mustard (crusiferaceae), rose, legume, 

and Asteraceae plants will be sampled for aphids. Rose aphid (Macrosiphumrosae), Mustard aphid 

(Lipaphiserysimi), Cabbage aphid (Brevicorynebrassicae), and Pea aphid (Acyrothosiphonpisum) 

will be studied. Species will divide. Group 1 is the control, Group 2 is subjected to sun radiation, 

Group 3 to artificial U.V. radiation, and Group 4 is given a photosensitiser. Group 5 will be treated 

with solar U.V.photosensitiser and Group 6 with artificial. Different elevations and species will 

need different replication. According to procedure and experiment necessity, experimental protocol 

may be modified. 

IBiological Studies in Plant Aphids: Aphids will be studied for morphology, behaviour, growth, 

and mortality. Solar and artificial radiation will be supplied singly and in combination to the 

experimental organism. Different environmental conditions will be studied to determine antagonism 

or synergy. 

Photo toxicological studies:Individual photo toxicity tests on aphids will be carried out using 

natural sunlight, artificial UV-B light, and a mixture of alpha terthienyl and psoralene as the 

photosensitiser.. 

 Statistical Analysis: Statistical inference will be drawn by calculating standard error and applying 

Student's "t" test. 

4) CONCLUSION: 

So this paper conclude that the phenomenon known as climate change is the most catastrophic 

environmental issue that the world is now experiencing, and it is primarily the product of the 

chemical revolution as well as industrialisation. There are many different kinds of compounds that 

are known to be hazardous to the ozone layer. Some of these substances include 

chlorofluorocarbon, halons, methyl chloroform, methyl bromide, and carbon tetrachloride. U.V. 

radiation, which is a very small part of the solar spectrum and accounts for only 8% of the solar 

energy that reaches the top of the atmosphere, is typically divided into three bands according to the 

biological impact it has. This is because U.V. radiation can cause skin cancer, cataracts, and other 

eye problems. Before it can reach the surface of the Earth, the ozone layer entirely absorbs the 

ultraviolet radiation with wavelengths between 100 and 280 nanometers (also known as UV-C). 

UV-B rays, which have a wavelength range of 280-315 nanometers, are moderately absorbed by the 

ozone layer. On the other hand, UV-A rays, which have a wavelength range of 315-400 nanometers, 

are only very faintly absorbed by the ozone layer, and as a result, most of these rays make it to the 
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surface of the Earth.The intensity of the effects that ultraviolet B exerts on an individual organism is 

directly proportional to the quantity of ultraviolet B radiation that the organism is exposed to. When 

organisms that have photo sensitisers produce oxidative radicals, the potentially lethal effects of 

ultraviolet B radiation are amplified, and the radiation's toxicity level rises as a result. Aphids, 

which are members of the order Homoptera and are classified under the family name Aphididae, are 

most prevalent in regions that are classified as temperate but may be found all over the world. 

Aphids feed on many different plant components, including roots, stems, leaves, flowers, fruits, and 

seeds, and they prey on a diverse array of plants, including those that are cultivated as well as those 

that are found in nature. Insects that are quite small and feed on plants are often put under a great 

deal of pressure by the surrounding temperature. Both the metabolism and the physiology of insects 

exhibit a high degree of sensitivity to changes in air temperature, which shift throughout the day 

and throughout the seasons. 
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