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ABSTRACT
Two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is a destructive pest that causes significant damage to vegetables, flowers, fruits and ornamental crops worldwide. The acaricidal, ovicidal, repellent and oviposition deterrent activities of Capsicum chinense L. against T. urticae were evaluated under laboratory conditions. The ethanolic fruit extract of C. chinense was tested at 0.25, 0.5, 1.0, 1.5 and 2.0% concentrations. The result showed that all the concentrations had toxic, ovicidal activity, repellent, and oviposition deterrent effects on T. urticae. With increasing doses and time, the mortality percentage of adults and nymphs (after 24, 48 and 72 h) gradually increased. Extracts at 2.0% concentration showed the highest mortality of adults (80.0%) and nymphs (93.0%) after 72 h exposure. Mortality was greater in nymphs (29.0 – 93.0%) than in adult females (12.0 – 80.0%) when treated with different concentrations. Ovicidal activity (after 7 days) results showed that the lowest egg hatchability was (59.0%) at 2% concentration with the highest corresponding efficacy (37.23%). The LD50 values for adults were 3.39, 2.24 and 0.50 and for nymphs were 1.29, 0.38 and 0.23 after 24 h, 48 h and 72 h respectively whereas for eggs were 5.63 after 7days. The ethanolic fruit extract of C. chinense was also found to be effective as a repellent and oviposition deterrence against T. urticae, with the repellency and oviposition deterrent rate increasing with doses and time, and showed a significant effect at the highest concentration (2.0%) in both cases. The oviposition deterrent was shown to be more prominent than the repellent effect. According to the findings, the ethanolic fruit extract of C. chinense has great potential to develop as a bio-acaricide for T. urticae management.

Keywords: Capsicum chinense, Tetranychus urticae, acaricidal activity, ovicidal activity, 
                    repellency, oviposition deterrent 
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CHAPTER I

INTRODUCTION
The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae), is a sap-sucking polyphagous pest that can cause significant yield losses in many agricultural crops (Migeon et al., 2009), including vegetables, fruits, ornamental plants and cereal crops (Helle et al., 1985). It infests over 1,100 plant species including more than 150 crops grown in greenhouses and outdoor throughout the world (Bensoussan et al., 2016). Both nymphs and adults pierce the cells from the underside of leaves, which reduces the chlorophyll content of the leaves. According to Alatawi et al. (2007), TSSM density and feeding time influence the amount and rate of change of chlorophyll. TSSM prefers young leaves, and their population on young leaves of the plants’ upper region showed spreading ability (Nihoul et al., 1991). The total deterioration caused by TSSM infestation lowers plant yield as it grows (Rakha et al., 2017; Raghavendra et al., 2017). 

Traditional pesticides have been used widely to combat mites,which may have detrimental impacts on the environment, human health, and beneficial creatures (Kumral et al., 2010). Farmers frequently use synthetic pesticides to combat arthropod pests. Nevertheless, the use of chemically synthesized acaricides brings a number of disadvantages, such as the development of resistance by the pest, hormolygosis, incompatibility with natural enemies, phytotoxicity, environmental pollution, and risks to human health.  

In order to be employed as pesticides, botanicals are naturally occurring compounds that are derived from plants (Sithisut et al., 2011). Compared to synthetic pesticides, it is more secure and biodegradable. The risk of ozone depletion, neurotoxic, carcinogenic, teratogenic, and mutagenic impacts on non-target organisms should be reduced. Additionally, botanical pesticide prevents the emergence of multi-resistance in insects, which happens when synthetic pesticides are used repeatedly (Regnault et al., 2012). 

Plant extracts were researched as a source of bioactive chemicals as an alternative to synthetic pesticides (Pontes et al., 2011). Numerous plant extracts exhibit a wide range of biological action against insects and mites in addition to toxicity, oviposition deterrence, repellence, feeding, and growth inhibitory activity (Sing and Saratchandra, 2005). Several plant extracts, as opposed to pesticides, are more effective against pests, degrade quickly, are less expensive, and have a smaller negative environmental impact (Keita et al., 2001). Additionally, plant-based pesticides frequently have a combination of active ingredients that can halt the emergence of resistance (Rattan, 2010). 

In this work, the possibility of employing hot pepper, Capsicum chinense, fruits extracts as an alternative to synthetic acaricides for the control of two-spotted spider mite, T. urticae is investigated. C. chinense is a herbaceous plant belonging to the family Solanaceae and is native to Central and South America (Mosquera and Mendez, 1994). C. chinense, commonly known as a "habanero-type pepper", is a species of chili pepper.  They are well known for their unique flavors and many have exceptional heat. The hottest peppers in the world are members of this species. The extremely hot or burning sensation of chili peppers is due to the presence of capsaicinoids found only in the Capsicum genus, which are biosynthesized in the placenta of the fruits by condensation of vanillylamine and medium chain length fatty acids. (Thiele et al., 2008). The main components of capsaicinoids are capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homocapsaicin, and homodihydrocapsaicin (Asnin and Park, 2015). According to reports, capsaicin has broad-spectrum insecticidal activity against many species of insects, e.g., stored product beetles (Sitophilus zeamais and Tribolium castaneum) (Ho et al., 1997), rice grain insects (Sitotroga cerealella) (Prakash, 2006), Alfalfa weevil (Al-Doghairi and Hag, 2003), Myzus persicae (Liu and Lin, 2003), Bemisia tabaci (Zhao et al., 2012) and Plutella xylostella (Jin et al., 2008). According to Cowles et al. (1989), hot pepper powder prevented the onion fly, Delia antiqua, from depositing eggs. Hot peppers include capsaicin, which has been shown to slow down the spiny bollworm, Earias insulana, in its larval stage (Weissenberg, 1986). Furthermore, Oleoresin from capsicum has also been used as a pest deterrent for cotton. (Mayeux, 1996).This study investigated the possibility of employing hot pepper extracts to get rid of two spotted spider mites. With the aforementioned perspective, conceiving all the thoughts and ideas the present study was undertaken to evaluate the antimite activity and effectiveness of hot pepper fruit extracts against two spotted spider mites, T. urticae.

CHAPTER II

REVIEW OF LITERATURE

Tetranychus urticae is a significant pest that seriously harms crops of fruits, flowers, and vegetables. Spider mites are so-named because of the silk webbing produced by some species in the subfamily Tetranychidae. They are extremely small, oval shaped and about 0.4-0.6 mm in length as vary in color, being usually green or red. Adults are gray to green or yellowish in appearance overall, with two dark markings on their bodies. From late fall to early spring, overwintering females may turn pink or orange. Spider mites go through five phases of development. Round eggs laid by females develop into six-legged larvae. The quantity and quality of the crops are reduced as a result of this mite's typical consumption of leaves and fruits (Hosny and Isshak, 1967; Helle and Sabelis, 1985; Russell et al., 1993). These mites suck the juices from plants. The first signs of chlorophyll loss are whitish or yellowish spots on the tops of leaves, which progress to more evenly bronzed or yellowed discoloration, defoliation, or even plant death (Badawy et al., 2010).

2.1 Taxonomy of T. urticae

            Kingdom: Animalia

                   Phylum: Arthropoda

                          Sub-phylum: Chelicerata

                               Class: Arachnida

                                     Sub-class: Acari

                                           Super-order: Acariformes

                                               Order: Prostigmata

                                                      Family: Tetranychidae

                                                           Genus: Tetranychus
                                                                 Species: T. urticae (Koch, 1836)

There are frequently misunderstandings regarding spider mite nomenclature (i.e., scientific names). Acarologists and applied entomologists have already discovered T. bimaculatus Harvey or T. telarius (Linnaeus) as the term for several spider mites. The so-called "Two-spotted spider mite complex" was researched by Boudreaux (1956), who showed that multiple species were involved. The two-spotted spider mite, T. urticae, and the carmine spider mite, T. cinnabarinus, were the predominant species in this case (Boudreaux, 1956). 

2.2 Life cycle of T. urticae

Pirithiraj and Soundararajan (2020) reported that the red spider mite goes through several stages of development before reaching adulthood, including egg, larva, protochrysalis, protonymph, deutochrysalis, deutonymph, and teliochrysalis. The eggs are round, translucent, and appear to be a single water droplet hidden beneath the leaf surface. The newly hatched larva was creamy white in color, virtually spherical to slightly oval in shape, and became green when it started to feed. Deutonymph was carmine red in hue, while protonymph had an oval-shaped body and was amber in color. The newly emerged female was bright red in color and later turned to deep red to brick red in color. The adult male body was usually light greenish, which turned pinkish with age. Because of the local temperature, the time it takes for an egg to become an adult differs depending on where it is found. It took about 20–23 days for men and 29–32 days for women at room temperature. At warmer temperatures, the life span drops to one week.

2.3 Nature of damage of T. urticae

According to Gallo et al., (2002) the two-spotted spider mite, T. urticae, is one of the most significant agricultural pests, not only because of the harm it does but also because it has a broad host range, infesting numerous commercial crops including leafy greens, cotton, green beans, and soybeans, among others. In the adult stage, spider mites feed by sucking the contents of the cell, therefore the chloroplasts of the affected cells disappear and the remaining material coagulates, forming a dead white mass in one end of the cells, causing a circular injury to the surrounding cells that manifests as a chlorotic area (Goncalves, 1996).

Pirithiraj and Soundararajan, (2020) reported that the two spotted spider mite penetrates the leaf tissue and sucks out the contents of each plant cell. As a result, the amount of chlorophyll and photosynthesis are decreased. After mite infestation, the stomatal system remains closed, which has a negative impact on the plant's growth and yield. In most plants, the mite prefers to feed on leaf tissue, but in some, such as maize, strawberry, pear, cotton, soya bean, and grapevine, the mite feeds directly on the sections that are economically important and lowers production. The marketability of the mite-fed tomato suffers from discoloration (gold fleck) in tomato crops.

About 10% host plants infested by T. urticae are crops (Vacante, 2016), including economically important crops in different regions of the world (Archer and Bynum, 1993; Greco et al., 2006; Grbic et al., 2011; Abad et al., 2019). The intensive feeding of mites combined with a rapid increase in population size have a negative effect on the physiology of the whole plant, as well as the yield size and quality (Archer and Bynum, 1993; Suekane et al., 2012). Goftishu et al. (2016) observed the complete destruction of potato plants in fields. Nyoike and Liburd (2013) reported 50 to 80% loss in strawberry yield, while Jayasinghe and Mallik (2010) reported up to 50% loss in tomato yield. This high loss in yield has been explained by pest invasion in the early stages of plant development, which was observed in Cucumis sativus L. (Cucurcitaceae) (Park and Lee, 2007) cotton (Gore et al., 2013), tomato (Jayasinghe and Mallik, 2010) and potato (Yigezu et al., 2019). Spider mites are also harmful to sugar beet Beta vulgaris L. (Chenopodiaceae) grown in Poland (Jakubowska et al., 2018). For several years, large populations of this pest have been observed in plantations in central Poland, especially in Wielkopolskie, Kujawsko-Pomorskie, Lodzkie, Lubelskie, and parts of Mazowieckie provinces. It is a region with a large acreage of sugar beet crops, as well as agrometeorological conditions favourable for the development of the pest during the growing season (dry springs, high summer temperatures 25–30 °C and low precipitation 0−200 mm) (Jakubowska and Fiedler, 2014).
2.4 Plant extracts against T. urticae
Antonious et al. (2006) who investigated the toxicity and repellency of hot pepper extracts to spider mite, T. urticae whereas crude extracts from fruits of Capsicum. chinense, C. frutescens, C. baccatum, C. annuum, and C. pubescens were prepared in methanol and tested for their acaricidal properties. Result observed that spider mite mortality was highest (45%) when C. annuum fruit extract was used.

Hosam et al. (2016) evaluated the direct and residual effects of the two natural plant extracts, aerial parts of Artemisia vulgaris L. and the seeds of Acacia concinna against the two spotted spider mite, T. urticae. The results showed that these extracts had a significant impact on mite life characteristics, altering and lengthening the mite life cycle while decreasing the number of generations each year. Moreover, the used extracts also achieved of high mortality percentages, reached 65.52% and 51.72% in pre-oviposition period and oviposition period respectively.

Pontes et al. (2011) worked on the residual effect of 1% ethanol extracts of leaves and branches of four species of the genus Croton against T. urticae. The result showed that the leaf extract of C. sellowii caused 69% mortality and the leaf extract of C. jacobinensis was not toxic to the spider mite.

Harder et al. (2016) evaluated the acaricidal effects of ethanolic extracts obtained from the seed coat of Chenopodium quinoa on different stages T. urticae. Result showed that at 72 h after application of the extracts directly on the adult females, mortalities ranged from 30 % to 93 %, with concentrations of 6.11, 7.61 and 9.11 % w/v producing the best results.The extracts of C. quinoa had no lethal effect on the eggs of T. urticae. The extracts showed a repellent effect on adult females of T. urticae. Oviposition by female T. urticae was not affected by application of sublethal concentrations of the extract.

Ghaderi et al. (2013) conducted experiment to evaluate the four methanolic extracts of Anisosciadium orientale DC., Scaligeria meifolia Boas., Trigonella elliptica Boiss. and Ptelea viscosa L. were assessed against the two-spotted spider mite, T. urticae. The results showed that the lethal concentration effects of plant extracts fade within two or three days. S. meifolia caused high ovicidal activity (45.84%) followed by A. orientale (41.40%), T. elliptica (40.11%) and P. viscosa (37.66%).

Erdogan et al. (2012) conducted experiment to determine efficacy of pesticides extracted from five different plants i.e., Allium sativum L. (Amaryllidaceae), Rhododendron luteum S. (Ericaceae), Helichrysum arenarium L. (Asteraceae), Veratrum album L. (Liliaceae), and Tanacetum parthenium L. (Asteraceae) against. The result revealed that in the lowest-concentration bioassays, the adult mites laid lower numbers of eggs compared to the untreated control. The extract of T. parthenium indicated the highest mortality and no ovicidal effect was observed.

Kumral et al. (2010) investigated that the ethanol extracts obtained from both leaf and seed of Datura stramonium showed acaricidal, repellent and oviposition deterrent activities against adult two-spotted spider mite, T. urticae. Results cleared that the extracts of Capparis aegyptia (Cappaaraceae) was toxic to T. urticae female.
Ghamari et al. (2021) worked on the efficacy of methanolic extracts of Zataria multiflora and Rosmarinus officinalis combination with spirodiclofen and propargiteto control two-spotted spider mites. The result revealed that the combination of Z. multiflora extract with spirodiclofen and propargite caused a synergistic effect and the combination of R. officinalis extract with spirodiclofen and propargite caused an antagonistic response.

Auamcharoen and Chandrapatya (2015) carried out experiment to determine the toxicity and repellency of Duabanga grandiflora and Diospyros cauliflora crude extracts against T. urticae female. When compared to the control, it was observed that the crude methanol extract of D. grandiflora was less toxic with a maximum death rate of 35.6%, while the crude chloroform extract of D. cauliflora showed 45.6% repellency which is equaled to those of D. grandiflora crude methanol extract.

Yanar et al. (2011) worked on methanol extracts of nine plant species (i.e., Xanthium strumarium, Anthemis vulgaris, Humulus lupulus, Chenopodium album, Melia azedarach, Eucalyptus camaldulensis, Solanum nigrum, Styrax officinalis and Lolium perenne) for their ovicidal activity against the two-spotted spider mite T. urticae. The result showed that the highest mortality was caused by E. camaldulensis leaf extract (63.26%) and Lolium perenne extract caused the least mortality (24.40%).

Basunia et al. (2021) evaluated the the acaricidal, ovicidal and repellent activity of four different extracts of Aloe vera L. (Asphodelaceae) leaves with the concentrations of 0.25, 0.50, 1.0 and 2.0% against T. urticae. The results indicated that all extracts had lethal and repellent effects on T. urticae. The acetone extract showed the highest mortality (95.0%) of adult females at 2.0% concentration. Moreover, the ethanol extract was shown to be more effective than acetone, methanol, and petroleum ether at repelling adult females of T. urticae, resulting in reductions in egg production per female of 96.0, 94.0, 85.0, and 83.0%, respectively.

Premalatha et al. (2018) reported the acaricidal activity of aqueous extract of 20 plant species at 10% concentration against T. urticae.Among the plants, the aqueous extract of Sesbania grandiflora caused highest mortality of 94.43 % of T. urticae which was statistically superior to all other treatments.

Wakgari and Yigezu (2018) evaluated the potential of Azadirachta indica seed and leaf oil, Tagetes minuta leaf oil and their leaf aqueous extracts against T. urticae. The result showed the highest mortality with Amitraz 20 EC (95.5-100%) and the least effective treatments were A. indica leaf aqueous leaf extracts (56.125%) and A. indica leaf oil (55.45%).

Chiasson et al. (2004) also evaluated that an emulsifiable concentrate—obtained from Chenopodium ambrosioides Mosyakin et Clemants essential oil extrats at 0.5% produced a mortality of 94.7% on adult T. urticae.

Afify et al. (2012) found that the acaricidal activity of Chamomilla recutita L. extract on the T. urticae Koch and the LD50 values obtained for adults and eggs in this study were 0.65% and 1.17%, respectively. 
Hiremath et al. (1995) conducted a study who compared the activity of the methanolic extracts obtained from 21 different species of African plants (Combretaceae) against adults of the T. urticae Koch using the leaf immersion method. Among the results found, the Combretum micronthum G. Don. and the Piloitigma vetilicolin whole plant extracts demonstrated effects on the rates of T. urticae Koch mortality of between 40% and 60%.

Calmsur et al. (2006) tested the effect of the vapours of three essential oils from Micromeria fruticosa L., Nepeta racemosa L., and Origanum vulgare L. on nymphs and adults of the T. urticae Koch and adults of the Bemisia tabaci Gennadius, finding the highest mortality rates (96.7%, 95%, and 95%, respectively, for T. urticae Koch, and 100% for B. tabaci Gennadius) when using doses of 2 μL/L of air at 12 h of exposure. 

Attia et al. (2012) conducted a study to ascertain the susceptibility of adult females to various concentrations of garlic extract doses whereas female mortality increased with concentration, with LD50 and LD90 values of 7.49 and 13.5 mg/l, respectively.

CHAPTER III

MATERIALS AND METHODS

3.1 Location

The present study was conducted in the Entomology Laboratory of Agriculture Faculty, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh. The experimental period was July to December 2023. All experiments were carried out in controlled climatic conditions at 25 ± 2oC, 65 ± 5% RH, and 16L: 8D photoperiod. 
3.2 Mite collection and rearing  
T. urticae adult female mites were collected in October 2023 from an infested country bean field on Hajee Mohammad Danesh Science and Technology University campus, Dinajpur, Bangladesh. Collected fifty percent of the mites were introduced on the country bean plants grown in a plastic tub (20 D × 20 H cm) for at least two generation. The remaining mites were mass reared in the laboratory on fresh bean leaves on water soaked cotton in Petri dishes (9 D × 2 H cm) under controlled climatic conditions at 25 ± 2oC, relative humidity of 65% ± 5% and a photoperiod 16L: 8D. In the Petri dishes, new fresh leaves were introduced to replace old dried ones. 

3.3 Collection of plant materials

Fruits of hot pepper, Capsicum chinense were collected from Sylhet, Bangladesh.

3.4 Chemical Reagent: Ethyl alcohol

3.5 Preparation of botanical extracts
Firstly, collected hot pepper fruits (C. chinense) were dried in the shade. The dried fruits were again dried in an oven at 50○C for 1 hour. The dried fruits were then grinded into a fine powder of 80 meshes for extraction with ethanol. Then 10 ml of ethanol was added to a falcon tube containing 1g of chili pepper powder. The mixture was then placed in an ultrasonic machine at 75○C for 90 minutes. Following that, the mixture was centrifuged and filtered in order to obtain finer extracts. The mixture was serially diluted to make the five different concentrations (0.25, 0.5, 1.0, 1.5 and 2.0%). Finally the diluted solvents were stored in tightly corked vials in a refrigerator at 3○C for experimental use.

3.6 Phytochemical extract analysis
Phytochemical analysis tests were conducted in the Chemistry laboratory of Science Faculty, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh. The analysis of ethanolic fruit extract of C. chinense was performed in order to do the qualitative detection tests of phytochemicals. The test included Tannins (10% NaOH test); Saponins (Foam test); Carbohydrates (Starch); Phenolic compound (Lead acetate); Terpinoides (Chloroform); Quinones (Conc. HCl); Coumarins (NaOH test); Flavinoids (Alkaline reagent, Lead acetate and Conc. H2SO4). 
3.7 Toxicity of fruit extract of C. chinense against nymphs and adults of T. urticae
Fresh bean leaves were cut into 3 cm diameter leaf discs. The leaf discs were padded in water-soaked cotton in Petri dishes (9 D × 2 H cm) with the underside of the leaf facing upward. Each disc received 25 nymphs and adult female mites (4 leaf discs, 25 nymphs or adults/ disc). Leaf discs were sprayed with ethanolic fruit extract of C. chinense at five different concentrations (0.25, 0.50, 1.0, 0.5 and 2.0%). Distilled water was used as a control. Mite mortality (nymphs and adult females) was assessed 24, 48 and 72 hours following treatment. Mites were considered dead if they did not respond to a gentle probe with a fine camel brush, a stereomicroscope was used to examine both alive and dead mites. 

3.8 Ovicidal activity of ethanolic fruit extract of C. chinense against T. urticae

To evaluate the ovicidal activity of the extract, bean leaf discs (3 cm diameter) were used as oviposition substrate. Four leaf discs were used for each concentration and this leaf discs were placed upside down on hydrophilic cotton in petri dishes (9 D × 2 H cm) and water was sprayed as control. Ten gravid female mites were released to each discs for 12 hours for oviposition. The eggs laid on the each bean leaf discs were counted under stereomicroscope to ensure that at least 25 eggs on each leaf disc. After counting, the leaf discs with eggs were subjected to spraying of different concentrations (0.25, 0.5, 1.0, 1.5 and 2.0 %) using a hand sprayer. The number of hatched and unhatched eggs was recorded seven days after oviposition. 

3.9 Repellency and oviposition-deterrent test

A choice bioassay was performed in four replications to investigate the repellency and oviposition-deterrent effect of the ethanolic fruit extract of C. chinense.  For this purpose, fresh bean leaves were cut (3 cm diameter discs) along with the midrib. One half of the disc was dipped in each concentration of ethanolic fruit extract for ten seconds, while the other half served as a control. The treated discs were allowed to air dry for 30 minutes before being in Petri dishes with water- soaked cotton. Two to three days old 25 adult females were placed on the midrib of each leaf disc. The experiment was repeated four times. The number of adult females and eggs on both sides of the leaf discs were counted at 24, 48 and 72 hours following mite release. Dead females and eggs were removed from the leaf surface in evaluation after 24 and 48 hours. The repellency and oviposition deterrent were evaluated using the Student’s t test (p ≤ 0.05)

3.10 Statistical analysis

Statistical analysis was done by statistix 10 software and mean separation were done by LSD test. Probit analysis was used to determine LD50 using GW Basic software.
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	Plate 3. Fruits of Capsicum chinense
	Plate 4. Ethyl alcohol
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	A. Powders of C. chinense

	B. Weighing of C. chinense powder
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	C. Mixing of fruit powder with ethanol

	D. Mixure was placed in ultrasonication machine
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	E. Mixture was centrifuged


	F. Filtration of the mixture


	Plate 5. Preparation of ethanolic fruit extracts of C. chinense



	
	


	A. Sprayed on Adults
	B. Sprayed on nymphs
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	C. Sprayed on eggs


	Plate 6. Treatments of different stages of T.urticae on leaf discs



	


Plate 7. Stereomicroscope
CHAPTER IV

RESULTS

4.1. Phytochemical

The ethanolic fruit extracts of C. chinense has several groups of secondary metabolites, such as tannins, saponins, carbohydrates, phenolic compound, terpinoids, quinones, coumarins, flavinoids. (Table 1)

4.2 Mortality of nymphs and adults 
Toxicity results for ethanolic extracts of C. chinense on nymphs and adult females of T. urticae (Koch) at different periods (24, 48 and 72 h) and different concentrations are represented in Table 2 and Table 3, respectively. At 24, 48 and 72 h after extract application there was a significant effect on the number of T. urticae nymphs and adult females. The exposure of nymphs to ethanolic extracts of C. chinense caused mortality 29.0 – 67.0, 39.0 – 83.0 and 67.0 – 93.0 at 0.25, 0.5 – 1.0 and 1.5 – 2.0% concentration, respectively where in adults mortality of 12.0 – 35.0, 15.0 – 71.0 and 30.0 – 80.0% was observed. Mortality was greater in nymphs (29.0 – 93.0%) than adult females (12.0 – 80.0%) (Table 2 and Table 3).  Mortality percentage increased considerably with the increasing of the doses and times.

4.3 Ovicidal effects 

Ovicidal activity of C. chinense fruit extracts at five different concentrations after 7days after treatment are represented in Table 4. All the dose concentrations showed statistically significant mortality of eggs over control except 0.25% concentration. Efficacy percentage varied with the increasing of dose concentration, ranging from 9.57% at 0.25 concentrations to 37.23% at 2.0% concentration (Table 4). 

4.4 Toxicity of extract of C chinense against different stages of T. urticae 

Table 5 indicates that the LD50 values for adults were 3.39, 2.24 and 0.51 whereas the lower limits were 1.85, 1.44, 0.29 and the upper limits were 6.18, 3.47 and 0.86 after 24 h, 48 h and 72 h respectively. The LD50 values for nymphs were 1.29, 0.38 and 0.23 indicating the lower limits with 1.11, 0.25 and 0.15 and the upper limits with 1.51, 0.56 and 0.36 after 24 h, 48 h and 72 h respectively. The LD50 value for eggs was 5.63 where the lower limit was 2.60 and the upper limit was 12.16 after 7 days. The values of chi-square for adults were 7.95, 3.02 and 16. 25 with 3df after 24 h, 48 h and 72 h respectively. The values of chi-square for nymphs were 0.91, 1.16 and 3.39 with 3df after 24 h, 48 h and 72 h respectively while the chi-square value for eggs was 2.97 with 3df after 7days. Therefore, from this probit analysis, it was observed that all the doses of ethanolic fruit extracts of C. chinense were more or less effective for controlling T. urticae.

The calculated probit regression equation of ethanolic extracts of C. chinense against T. urticae adults were Y= 2.138181 + 1.87097X, Y = 3.679604 + 0.9781439X and Y = 4.036204 + 1.369344X after 24 h, 48 h and 72 h respectively. In case of nymphs, the probit regression equation were Y = 2.861835 + 1.924259X, Y = 4.470476 + 0.9169372X and Y = 4.561476 + 1.191131X after 24 h, 48 h and 72 h respectively whereas Y = 3.187197 + 1.035717X in case of eggs after 7 days. 

4.5 Repellent effect 

The ethanolic fruits extract of C. chinense significantly influenced the repellent behavior of T. urticae adult (Table 6).  Repellency rate increases with the increase of doses. After 24 h of treatment application, there were significantly fewer female mites i.e., 9.5, 9.8, 6.8 and 5.8 (mean number of female) on the treated halves leaves with 0.25, 1.0, 1.5 and 2.0% concentrations than on the untreated halves. The concentration of 0.5% had no significantly repellent effect after 24 h. After 48 h, the concentration of 0.25, 1.0 and 2.0% caused a statistically significant reduction in the number of female mites, whereas the concentrations of 0.25, 1.0 and 1.5% resulted in significant differences between the two halves of the leaves after 72 h.

4.6 Oviposition deterrent effect 

Oviposition deterrence was more prominent than the repellent effect. T. urticae females laid a significantly fewer eggs on the halves of the leaves treated with 0.25, 0.5, 1.0, 1.5 and 2.0% concentrations than on the untreated halves, and not only after 24 h, but also 48 h and 72 h,  where the highest concentration (2.0%) was strongly significant across all time periods. With these concentrations, the total numbers of eggs deposited by females summed over 3 days was also significantly lower on the treated half leaves (Table 7).

Table 1. Qualitative phytochemicals (“+” = present, “-” = absent) ethanolic fruit extracts of C. chinense

	Bioactive compound
	Indication
	Test
	Bioactive compound
	Indication
	Test

	Tannins
	+
	10% NaOH
	Quinones
	+
	Conc. HCl

	
	-
	Gelatin
	Coumarins
	+
	NaOH

	Saponins
	+
	Foam test
	Flavinoids
	+
	Alkaline reagent 

	Carbohydrates
	+
	Starch
	
	+
	Lead acetate

	Phenolic compound
	+
	Lead acetate
	
	-
	Conc. H2SO4 

	Terpinoides
	+
	Chloroform
	Alkaloids
	-
	Iodine


Table 2. Nymph mortality of C. chinense fruit extracts at five different concentration 

              against T. urticae recorded 24h, 48 h and 72 h after exposure (Mean ± SE) (%)

	Concentration (%)
	Nymph mortality (Mean ± SE) (%)

	
	24 h
	48 h
	72 h

	0.25
	29.00 ± 3.042d
	56.00 ± 4.89c
	67.00 ± 5.26b

	0.5
	39.00 ± 3.79c
	70.00 ± 3.46b
	82.00 ± 4.76a

	1.0
	52.00 ± 4.89b
	73.00 ± 3.42ab
	83.00 ± 3.79a

	1.5
	67.00 ±1.91a
	78.00 ± 2.58ab
	87.00 ± 2.52a

	2.0
	73.00 ± 2.52a
	82.00 ± 2.0a
	93.00 ± 1.0a

	Control
	22.00 ± 2.58d
	26.00 ± 2.58d
	35.00 ± 4.43c


Values in the same column with a common letter are not significantly different at p < 0.05 (LSD test)

Table 3. Adult mortality of C. chinense fruit extracts at different concentrations against T. 

               urticae recorded 24 h, 48 h and 72 h after exposure (Mean ± SE) (%)

	Concentration (%)
	Adult mortality (Mean ± SE) (%)

	
	24 h
	48 h
	72 h

	0.25
	12.00 ± 3.27cd
	27.00 ± 1.0c
	35.00 ± 3.0c

	0.5
	15.00 ± 1.91cd
	35.00 ± 4.12bc
	66.00 ± 4.76b

	1.0
	17.00 ± 5.26c
	41.00 ± 8.54b
	71.00 ± 5.0ab

	1.5
	30.00 ± 2.58b
	45.00 ± 3.79ab
	73.00 ± 4.12ab

	2.0
	46.00 ± 3.46a
	57.00 ±  3.0a
	80.00 ± 2.83a

	Control
	9.00 ± 2.51d
	10.00 ± 3.461d
	10.00 ± 3.46c


Values in the same column with a common letter are not significantly different at p < 0.05 (LSD test)

Table 4. Ovicidal activity of T. urticae at different concentration of C. chinense recorded 7 

               days after exposure (Mean ± SE) (%) with the corresponding efficacy

	Concentration (%)
	% Egg hatching (Mean ± SE)
	% Efficacy

	0.25
	85.00 ± 4.76cd
	9.57

	0.5
	82.00 ± 6.11c
	12.77

	1.0
	78.00 ± 2.98bc
	17.02

	1.5
	69.00 ± 3.94ab
	26.60

	2.0
	59.00 ± 3.942a
	37.23

	Control
	94.00 ± 6.92d
	- 


Different letters indicate significant differences at p < 0.05 (LSD test)

Table 5. Statistical comparison of LD50 values of ethanolic fruit extracts of C. chinense against T. urticae adults, nymphs and                           

               eggs 

	  Stages
	    Time
	LD50

      (mg/l)
	95% Confidence level
	           Regression line
	 Chi-square, 

       χ2 (df)

	
	
	
	Lower limit
	Upper limit
	
	

	    Adult
	24 h
	3.39
	1.85
	6.18
	Y= 2.138181 + 1.87097X
	7.95 (3)

	
	48 h
	2.24
	1.44
	3.47
	Y = 3.679604 + 0.9781439X
	3.02 (3)

	
	72 h
	0.51
	0.29
	0.86
	Y = 4.036204 + 1.369344X
	16. 25 (3)

	    Nymph
	24 h
	1.29
	1.11
	1.51
	Y = 2.861835 + 1.924259X
	0.91 (3)

	
	48 h
	0.38
	0.25
	0.56
	Y = 4.470476 + 0.9169372X
	1.16 (3)

	
	72 h
	0.23
	0.15
	0.36
	Y = 4.561476 + 1.191131X
	3.39 (3)

	     Egg
	7 days
	5.63
	2.60
	12.16
	Y = 3.187197 + 1.035717X
	2.97 (3)


χ2= Goodness of fit

df = degree of freedom

LD50 = Median lethal dose

The tabulated value of χ2 is 7.815 (df = 3)

Table 6. Repellent effect (Mean ± SE) of C. chinense extracts against T. urticae adult after 24 h, 48 h and 72 h exposure

	      Dose

(%)
	0-24 h
	
	24-48 h
	
	48-72 h

	
	C
	T
	P
	
	C
	T
	P
	
	C
	T
	P

	0.25
	15.5 ± 1.1
	9.5 ± 1.1
	0.004
	
	13.3 ± 0.7
	10.8 ± 0.9
	0.043
	
	13.0 ± 0.7
	9.3 ± 1.3
	0.024

	0.50
	12.3 ± 2.2
	9.8 ± 1.2
	0.289
	
	12.5 ± 1.8
	8.0 ± 1.4
	0.063
	
	9.3 ± 1.9
	7.0 ± 0.8
	0.257

	1.00
	14.0 ± 0.8
	9.8 ± 0.6
	0.003
	
	11.8 ± 1.2
	5.8 ± 1.0
	0.004
	
	11.5 ± 0.7
	4.8 ± 1.0
	0.001

	1.50
	13.5 ± 1.5
	6.8 ± 1.7
	0.015
	
	11.3 ± 1.7
	6.8 ± 1.6
	0.064
	
	11.8 ± 1.7
	5.3 ± 1.3
	0.012

	2.00
	15.3 ± 1.0
	5.8 ± 0.9
	0.000
	
	11.0 ± 0.5
	9.0 ± 0.8
	0.050
	
	9.5 ± 1.8
	5.0 ± 1.7
	0.080


Mean number of female mites ± SE; C = untreated leaf halves; T = treated leaf halves.

P refers to t-tests, testing the differences between C and T

Table 7. Oviposition deterrent effect (mean ± SE) of the C. chinense against T. urticae females after 24, 48. 72 h, and summed over 72 h

	     Dose (%)
	0-24 h
	 
	24-48 h
	 
	48-72 h
	 
	Ʃ 0-72 h

	
	C
	T
	P
	
	C
	T
	P
	
	C
	T
	P
	
	C
	T
	P

	0.25
	171.3±16.6
	59.3±10.8
	<0.001
	
	128.5±22.0
	61.0±4.7
	0.013
	
	89.3±14.0
	62.8±9.3
	0.117
	
	389.0±42.1
	183.0±8.2
	0.001

	0.50
	167.5±21.6
	56.0±14.1
	0.002
	
	100.8±13.6
	59.0±3.6
	0.013
	
	81.3±7.9
	54.8±6.5
	0.023
	
	349.5±41.6
	169.8±15.1
	0.003

	1.00
	148.0±24.1
	80.8±22.8
	0.057
	
	64.8±8.8
	61.5±11.6
	0.805
	
	78.5±5.3
	45.3±5.3
	0.002
	
	291.3±27.9
	187.5±24.2
	0.017

	1.50
	93.5±22.9
	71.5±15.5
	0.394
	
	72.3±18.9
	55.0±21.1
	0.526
	
	64.5±17.9
	34.8±10.1
	0.146
	
	230.3±52.3
	162.0±42.0
	0.284

	2.00
	132.5±19.3
	29.3±18.2
	0.004
	
	72.8±7.7
	41.0±4.4
	0.006
	
	54.3±11.5
	18.3±8.4
	0.026
	
	259.5±23.0
	88.5±28.3
	0.001


Mean number of eggs ± SE
C = untreated leaf halves; T = treated leaf halves

P refers to t-tests, testing the differences between C and T

CHAPTER V

DISCUSSION

Plants produce a vast array of volatiles that play important role in plant defense (Aharoni et al., 2003). Secondary metabolites such as steroids, alkaloids, terpenoids, phenolic compounds and essential oils present in more than 2000 plant species have insecticide properties. In developed countries, a few by-products of these plants are used as botanical insecticides (Sarmah et al., 2009; Roy et al., 2016). Botanical insecticides represent 1% of the global insecticide market (Sarmah et al., 2009; Roy et al., 2016). In this research work, the phytochemical analysis of ethanolic extract of C. chinense leaves showed the presence of several secondary metabolites, such as tannins, saponins, flavonoids, quinones, coumarins, phenolic compounds and terpinoids. These bioactive compounds can be useful to pest management strategies (Hikal et al., 2017). Secondary metabolites have insecticidal effects; inhibiting development as well as egg-laying and feeding rates of mites. They can also be repellent, toxic and can have anti-feeding, attractant and killing effects on several species of insects and herbivores (Hikal et al., 2017). C. chinense accessions contain significant amounts of tannins (Antonious et al., 2006). Breakdown products of tannins (phenols) behave as toxins and feeding deterrents. (Antonious et al., 1999; Gibson et al., 1995)

There is an efficient effect of ethanolic fruit extracts of hot pepper against two spotted spider mite, T. urticae. However, the effects of other plant extracts on T. urticae have been studied and those results are similar to the results of this work. It was observed that some extracts showed a high rate of mortality and reduced fecundity on T. urticae. Different extracts and oils derived from plants possess compounds that have shown lethal effects (to mobile stages and eggs) and sublethal effects (repellency, irritancy, effects on fertility and fecundity) against insects and mites (Isman, 2006) This research shows that T. urticae both adult and nymph mortality rate increases in relation with higher concentrations and effect on the nymph mortality was more prominent than adult mortality. Similarly, egg-hatching, egg-laying and repellent rate decrease as concentration increases.  

The bioactivities of ethanol extracts from different plants against T. urticae have been reported by several researchers. For example, formulated neem seed-kernel extracts, Azadirachta indica A. Juss (Meliaceae), were reported to influence mortality, repellency, and fecundity of mites (Mansour & Ascher 1983, Mansour et al. 1993, Dimetry et al. 1993). Extracts of yew (Taxus spp.) (Taxaceae) caused high mortality, a decrease in female fecundity, and shortened longevity of T. urticae (Furmanowa et al. 2001). Crude foliar extracts of 67 plant species from six subfamilies of Australian Lamiaceae showed both contact and systemic toxicity to this mite (Rasikari et al. 2005). Shi et al. (2006) also reported the efficacy of herbaceous plant, Kochia scoparia (L.) Schrad (Macro- phomina) (Amaranthaceae), on T. urticae, T. cinnabarinus, and T. viennensis, and stated that this extract had both contact and systemic toxicity on these mites.

In this research, the lowest survival rate of T. urticae was observed when nymphs (93.0%) and adult (80.0%) were contacted with 2% concentration of ethanolic fruit extracts of C. chinense after 72 h exposure. This result is similar to the results of Tewary et al. (2005) who reported that the petroleum ether extract of Hedera nepalensis L. (Araliaceae) leaves induced 35 and 38% mortalities of T. urticae at 0.5 and 1%, respectively, 48 h after exposure. Moreover, the petroleum ether extract of H. nepalensis fruits revealed 36% mortality of T. urticae at 1%. The aqueous methanol extract of H. nepalensis fruits exhibited 32 and 65% mortalities of T. urticae at 0.5 and 1%, respectively. The petroleum ether and aqueous methanol extracts of root of Berberis lycium L. (Berberidaceae) demonstrated 26 and 43% mortalities at 1%, 48 h after exposure. Methanolic fruit extracts of 24 hot pepper accessions and ethanolic extracts of Datura stramonium leaves and seeds exhibited acaricidal, ovicidal and repellent activities against two-spotted spider mite, T. urticae (Koch) (Antonious et al., 2006; Kumral et al., 2010). Attia et al. (2012) also showed that garlic-bulb extracts have acaricidal activity against T. urticae. Kim et al. (2005) found that a methanolic extract of S. flavescens caused 80 % mortality of T. urticae adult females 48 h after their treatment on bean leaf discs at a rate of 0.1 ml/l. Additionally, the extract reduced fecundity by 47.5 % and produced 58 % repellency in a choice test 72 h after treatment.

In this work, the number of eggs laid by T. urticae females lowered (85% at 0.25%, 82% at 0.5%, 78% at 1%, 69% at 1.5% and 59% at 2%) as ethanolic fruit extracts of C. chinense concentration increased. Similarly, Sarmah (2016) reported that A. indica extract had ovicidal activity at higher concentrations than lower (e.g. 25% at 5, 56.67% at 8 and 65% at 10% concentration) on T. urticae. Mourao et al. (2004) indicated that a significant reduction of T. urticae egg (25%) was obtained at 4% and above concentrations of A. indica kernel extract. Zhang et al. (2013) indicated that the acetone extracts of A. vera have higher oviposition activity against T. cinnabarinus. Derbalah et al. (2013) discovered that Nigella sativa Linn. (Ranunculaceae) (seeds) and Artemisia cina L. (leaf) (Asteraceae) extracts were toxic to eggs of T. urticae. Yanar et al. (2011) evaluated the ovicidal activity of methanolic extract of some plants and concluded that Eucalyptus camaldulensis leaf extract had 63.26% mortality. In another study, Auamcharoen and Chandrapatya (2015) stated that crude methanol extracts of D. grandiflora extracts showed moderate repellency and also inhibited egg production in this mite species.

These findings indicated the higher acaricadal activity of ethanolic fruit extracts of C. chinense against T. urticae with lowest LD50 value 0.51 mg/l (adults) and 0.23 mg/l (nymphs) after 72 h whereas the LD50 value for eggs were 5.63 mg/l after 7 days. Pavela et al. (2016) evaluated that the LD50 value of methanol extracts of mexican sunflower Tithonia diversifolia against T. urticae were 41.3 mg/cm3 and LD90 of 98.7 mg/cm3 and the LD50 value of ethyl acetate extraction of T. diversifolia against T. urticae were 83.5 mg/cm3 LD90 of 153.5 mg/cm3. Pavela (2015a) also obseved the ovicidal efficacy of methanol extract of Ammi visnaga seeds against T. urticae and found the LD50 value for egg mortality was 13.3, 0.5 and 1.8 mg/cm3 respectively. 

The repellent and oviposition deterrent effects were also evaluated in this research which revealed that repellency rate increases with the increase of doses when leaves were treated with ethanolic fruit extracts of C. chinense and also showed that female mites laid greater number of eggs on the untreated leaf side compared to the treated side. Similarly, the repellent effect of garlic extracts on T. urticae was previously reported by Boyd and Alverson (2000). Dabrowski & Seredynska (2007) reported that garlic extract tested on T. urticae resulted in mortality of 48–57%. Attia et al. (2012) revealed that the extract of garlic led to a rise in female mortality and a reduction in fecundity with the increasing of concentration. In addition, it was found that two commercial preparations of neem-seed extracts were effective on (Mironova & Khorkhordin 1996, Dimetry et al. 1993) T. urticae. Antonious & Snyder (2006) reported that the extracts of wild tomato leaves (Solanaceae) showed strong repellent effects on T. urticae. The findings showed, X. strumarium (fruits) extracts had more mortality (85.88% in adhesive tape method and 68.24% in residual film method) than X. strumarium (leaves) (79.85% in adhesive tape method and 52.48% in residual film method). Hussein et al. (2006) observed that a higher percentage of repellency was recorded in the ethanol extract of fruits and leaves (96.42 and 86.67 %) of Capparis aegyptia against T. urticae. El- Sharabasy (2010) evaluated the repellent effect of crude extracts of A. judaica L. against adult females and immature stage of T. urticae. They found that leaf extraction with ethanol was most effective as a repellent effect against adult females and immature stage of T. urticae followed by acetone, petroleum ether and aqueous extraction. Teklay et al. (2012) studied the insecticidal and repellent properties of garlic, tobacco, neem and Aloe vera extracts. All the plant extracts repelled the insects completely or partially.
Biopesticides are potentially important sources of active substances in a situation of growing demand for the widest possible choice of pest control products with different modes of action (Chandler et al., 2011). Based on this work, extracts from hot pepper can be used as a biopesticide for controlling the two spotted spider mite, T. urticae as hot pepper is an export produce, minimum residue levels for agricultural chemicals have to be adhered to if the country is to remain internationally competitive. There is, therefore, a critical need to devise options that serve grower needs for economic management of pest populations while protecting public health and the environment.

CHAPTER VI

SUMMARY 

The present study was undertaken to investigate the effectiveness of C. chinense L. fruit extracts at five different concentrations (0.25, 0.5, 1.0, 1.5 and 2.0%) for their acaricidal, ovicidal, repellent and oviposition deterrent activities against two-spotted spider mite, T. urticae. The result showed that the mortality percentage of adults and nymphs (after 24, 48 and 72 h) gradually increased with increasing doses and time. Extracts at 2.0% concentration showed the highest mortality of adults (80.0%) and nymphs (93.0%) after 72 h exposure. Mortality was greater in nymphs (29.0 – 93.0%) than in adult females (12.0 – 80.0%) when treated with different concentrations. Ovicidal activity (after 7days) results showed that the lowest egg hatchability was (59.0%) at 2% concentration with the highest corresponding efficacy (37.23%). In probit analysis, the highest LD50 value for adults (3.39) and nymphs (1.29) indicated lowest toxic effects against T. urticae after 24 h whereas the lowest LD50 value for adults (0.51) and nymphs (0.23) indicated highest toxic effects after 72 h. In case of eggs, the LD50 value was 5.63 after 7 days. The repellent effects revealed that the repellency rate increases with the increase of doses when leaves were treated with ethanolic fruit extracts of C. chinense. In case of oviposition deterrent activity, the number of eggs laid by female mites were lowered in the treated leaf side compared to the control side. Therefore, ethanolic fruit extracts of C. chinense was found to be effective to control the two-spotted spider mite, T. urticae in laboratory condition. 
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Plate 1. Inoculation of mites in potted bean plants








Plate 2. Mass rearing of mites in Petri dishes
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