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ACARICIDAL ACTIVITY OF SYZYGIUM CUMINI L. FRUIT EXTRACTS AGAINST
TETRANYCHUS URTICAE KOCH (ACARI: TETRANYCHIDAE)

ABSTRACT

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is an important
polyphagous pest that infests many plant species world-wide. The acaricidal, ovicidal and
repellent activity of different extracts of Syzygium cumini L. fruits were evaluated against T.
urticae under laboratory conditions in the Department of Entomology, Hajee Mohammad
Danesh Science and Technology University (HSTU), Dinajpur. The S. cumini fruit extracts were
tested at 0.5, 1.0, 2.0 and 3.0% concentration. All the extracts had direct toxic and repellent
effects on T. urticae. Mortality percentage was gradually increased with the increase of doses.
The methanol extract showed the highest mortality (96.87%) of adult females followed by
ethanol (91.66%) at 3% concentration. The LCsy values of methanol, ethanol, acetone and water
extracts for adult females were 0.202, 0.281, 0.375 and 1.694, respectively and for eggs were
0.233, 0.255, 0.290 and 2.516, respectively. In the repellency test, all extracts showed repellency
effects and significantly decreased the number of eggs on treated bean leaves. The methanol
extract was found more effective as repellent against adult females of T. urticae followed by
ethanol, acetone and water extracts ether causing reduction in egg production per female by
96.73, 94.03, 92.50 and 85.0%, respectively. In persistence test, extract of methanol showed
highest mortality (41.66%) at 1 hour after treatment followed by ethanol (38.33%), acetone
(35.00%) and water (28.33%). The lethal concentration effects of the extracts fade within two or
three days. The result suggested that extracts of S. cumini has acaricidal activity against T.
urticae, and the methanol and ethanol extracts are the most efficient.

Key words: Tetranychus urticae, Sygizium cumini, acaricidal activity, repellent effect.
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CHAPTER I
INTRODUCTION

The two-spotted spider mite, Tetranychus urticae Koch, is the most polyphagous species of
spider mites and has been reported more than 1100 host plant species in 140 families of
economic value (Pavela, 2017). Both nymphs and adults suck the cell sap from the lower surface
of the leaves (Park and Lee, 2002). Feeding can damage protective leaf surfaces, stomata and the
palisade layer. Both stomatal and nonstomatal components of photosynthesis were reduced by
the injury created by mite feeding (Reddall et al., 2004). It is also produced silk webbing, which
is clearly visible at high infestation levels (Jeppson et al., 1975). Leaf yellowing, bronzing,
defoliation and plant may die to direct effect of mite (Mersino, 2002). Indirect effects of feeding
may include decrease of photosynthesis and transpiration and removing chlorophyll and other
cell contents, producing a characteristic yellow speckling on the leaf surface (Badway et al.,
2010). For the control of T. urticae, the farmers in Bangladesh mostly dependent solely on
chemical pesticides because of its quick and easy effectiveness (Endo and Tsurumachi, 2001).
However, pesticides used to control the pests and also kill the beneficial insects. This decimation
of the natural enemy complex, coupled with high reproductive potential and a short life cycle of
the pest mites can lead to the rapid development of outbreaks. Furthermore, control of TSSM has
become increasingly difficult due to their resistance to many common synthetic pesticides
(Landeros et al., 2002; Uesugi et al., 2002). Two-spotted spider mite has been well-documented
to have evolved resistance to over 95 acaricidal or insecticidal active ingredients (Van Leeuwen
et al. 2010; Grbic et al., 2011). It is therefore important to diminish the use of acaricides or
pesticides and to alter them with products having a different mode of action (Choi et al., 2003).

Use for natural compounds from plant extracts has been suggested as a viable source of



alternative treatments for insect and mite control because it has no or low toxicity to non-target
organisms and mammals, and are less harmful to the environment (Liang et al., 2003).
Moreover, numerous plant based pesticides have been reported to have an activities against
insects which can delay or prevent resistance development, repellency, feeding and oviposition
deterrence, toxicity, and growth regulatory activity (Sing and Saratchandra, 2005; Wang et al.,
2007). The use of botanical pesticides can’t show resistance capability and also control the mites
without hampering the environment.

Syzygiun cumini L. a very large evergreen tropical tree found throughout the Indian subcontinent
belonging to the family Myrtaceae and a genus of 1000 species (Ayyanar and Subash-Babu,
2012; Rafiullah et al., 2006). The plant is also mentioned in literature as Jamun. Syzygium cumini
is commonly known as jaam, kalo jam in Bengali (Chase and Reveal, 2009). This plant is very
well known for their excellent pharmacological properties since ancient age against dysentery
and to treat inflammation, diabetes mellitus, constipation, leucorrhoea, stomachalgia, fever,
gastropathy, trangury and dermopathy and to inhibit blood discharges in the faces (Bhandary et
al., 1995; Shafi et al., 2002). Blackberry shows insecticidal, acaricidal, anti-bacterial, anti-viral,
anti-fungal, anti-infective and anti-inflammatory activity (Ziegler et al., 2004; Cichewicz and
Rouzi, 2004; Huang et al., 2004; Clercq, 2001). The stem bark is rich in eugenin, fatty acid,
ester, quercetin kaempferol, bergenins, flavianoids tannins, pentacyclic triterpenoid betulinic
acid, ester of epi-friefelanol, friedelin and a plant sterol B-sitosterol is found in almost all part of
plant (Yogeswari and Sriram, 2005; Chaudhary and Mukhopadhyay, 2012). The extracts from
leaves, fruit, root-bark and stem-bark showed antifungal activity (Jabeen and Javaid, 2010). The
seeds of the tree have also been reported as a rich source of polyphenols, myristic, palmitic,

steric, oleic, linoleic, gallic and ellagic acid derivatives, resin, ferulic acid guaicol, resorcinol,



dimethyl ether, corilaginin, 3,6-hexahydroxy diphenoyl-glucose, 4,6 hexahydroxy diphenoyl-
glucose, 1-galloyl glucose, 3-galloyl glucose and quercetin (Williamson, 2002; Daulatabad et al.,
2006). The fruit contains citric acid, anthocynanins, delphinididin-3-gentiobioside, maividin-3-
laminaribioside, pentunidin-3-gentiobioside, cyaniding diglycoside pentunidin and maividin
(Ravi et al., 2004, Bajpai et al., 2005). Also its fruits have anti-oxidant, anti-cancer, anti-
hyperlipidemic, anti-microbial, anti-acaricidal effect (Rabiea et al., 2011; Pareek et al., 2015).
Considering the acaricidal properties, this experiment was conducted to detect the performnce of
S. cumini against TMSS. So, the objective of this study was to evaluate the acaricidal activity of

S. cumini fruit extracts against T. urticae.



CHAPTER Il
REVIEW OF LITERATURE

Mites have always deserved considerable interest because of their small size and especially the
amazing habits of some species. The hierrachial classification of mite T. urticae is shown below:

Kingdom: Animalia
Phylum: Arthropoda
Sub-phylum: Chelicerata
Class: Arachnida
Sub-class: Acari
Super-order: Acariformes
Order: Prostigmata
Family: Tetranychidae

Genus and species: Trtranychus urticae (Koch, 1836)

2.1 Taxonomy of T. urticae

Tetranychus urticae (common names include red spider mite and two-spotted spider mite) is a
species of plant-feeding mite generally considered to be a pest. Tetranychus urticae belongs to
the phylum Arthropoda, subphylum Chelicerata that is seperated from insects, the class
Arachnidae where spiders and ticks also belong, and the other Acarina that is separated from
spiders. Its genome was fully sequenced in 2011, and was the first genome sequence from any
chelicerate. It falls under the genus Tetranychus berlese because the empodium splits distally;
usually in 3 pairs of hairs and duplex setae of tarsus | was well separated (Lindquist, 1985).

Koch gave the first denomination Tetranychus urticae in his description in 1936. The mite
described by Koch was collected in Germany on the stinging nettle Urtica dioica. It is known

that two forms of T. urticae; green and red which are very similar in morphology and widely
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distributed (Carbonnelle and Hance, 2004). However the green forms are found in cold and
temperate climates, while the form occurs over much of the warmer temperate zone and
subtropics (Dupont, 1979).

2.2 Distribution of T. urticae

T. urticae was originally native only to Eurasia, but has acquired a cosmopolitan distribution
(Raworth et al., 2002). Two-spotted spider mite originates from temperate climates (Fasulo and
Denmark, 2000). It was originally described from European specimens and considered to be a
temperate zone species and distributed throughout the tropical and subtropical plants of the
world (Jeppson et al., 1975). In Asia the mite was distributed through Bangladesh (Naher et al.,
2008), India (Sharma and Pati, 2012), China (Su et al., 2012), Japan (Matsuda et al., 2013) etc.
2.3 Host Range of T. urticae

The two-spotted spider mite, T. urticae is an extremely polyphagous pest which has a huge range
of host specificity more than thousand in number. This spider mite reported to attack more than
1100 plant species, belonging to more than 140 different plant families (Takafuji et al., 2000;
Migeon and Dorkeld, 2011). It is described as a serious pest of at least 150 economically
important agricultural and ornamental plants including corn, cotton, cucumber, beans, tomato,
eggplant, peppers and roses (Robertson et al., 2007; Baptiste et al., 2003). The two-spotted
spider mite is detrimental pest infesting over 200 species of plants (Lienk et al., 1980). This mite
causes considerable damage to eggplant, bean, melon, tomato, strawberry, pumpkin and many
other outdoor and greenhouse crops (Chaudhuri et al.,1985; Ahmadi et al., 2007). Host range of
TSSM are given below:

Vegetables: Cabbage (Si-Jun et al., 2007), Cucumber (Negin et al., 2013), Eggplant (Kumar et

al., 2010), Chilli (Weintraub and Palevsky, 2008), Okra and relatives (Kumaran, 2011),



Onion/Garlic/Leek (Greco et al., 2006), Potato (Adango et al., 2006a), Squash/Pampkin
(Abdullah, 2012), Tomato (Maria et al., 2013).

Fruits:Apple (Landeros et al., 2013), Banana (Renata et al., 2011), Citrus (Elizabeth et al.,
1997), Ficus (Ibrahim and Tulin, 2003), Melon (Negin et al., 2013), Papaya (Karin et al., 2004),
Peach (Mobley and Marini, 1990) Pear (Takafuji and Kamibayashi, 1984), Ruspberry (Dariusz,
2003), Strawberry (Afifi et al., 2010), Watermelon (Ronaldo et al., 2005).

Cereals:Amaranthus (Adango et al., 2006b), Maize/Corn (Gatarayiha, 2010), Shorgum (Collins
and Margolies, 1995), Wheat (Renata et al., 2011) etc.

Flowers: Rose (Ping-Man So, 1991), Marigold (Ganai et al., 2017).

Cash Crops: Cotton (Jimenez, 2014), Jute (Ismail et al., 2007).

A number of vegetable crops and ornamental plants are known to attack by this mite in
Bangladesh (Biswas et al., 2004). Outbreaks of T. urticae infestation on lady’s finger (Okra) and
bean in Bangladesh has been reported by (Gapud, 1981).

2.4 Crop damage extend of T. urticae

Two-spotted spider mite, T. urticae is a major pest on field crops, glasshouse crops, horticultural
crops, ornamentals and fruit trees (Van de Vrie et al., 1972). Two-spotted spider mite is one of
seriously sucking pests. It feeds on leaves causing damage in chlorophyll and produces white
spots that eventually may become more or less coherent (Nachman and Zemek, 2002). TSSM
feeds from the lower epidermis cells by disrupting the leaf tissues to extract the cellular content,
resulting in destruction of the individual palisade cells and spongy parenchyma cells (Campbell
et al., 1990). As a consequence, the rate of plant photosynthesis is reduced and tissue desiccation
leads to stomatal closure (Freitas et al., 2009). Adult and immature stages of T. urticae suck fluid

from the lower surface of leaves (Park and Lee, 2002). TSSM feeding causes necrotic spots, leaf



bronzing, and even plant death in severe infestation. An adult TSSM consumes about 6 cells per
hour (Bensoussan et al., 2016). Yield losses caused by TSSM feeding approach 15 % for
strawberries, 14 % for corn, 14-44 % for cotton, and 23 % for cucumber (Atanassov, 1997;
Powell and Lindquist, 1997).

2.5 Damage symptom of T. urticae

Most of the spider mites feed underside the leaves and typical symptoms of the feeding are small
and light colored puncture which, on prolonged exposure, develop into irregularly shaped, white
or grayish-colored spots. The colours from yellow to bronze are often characteristics of mite
infestation (Tomczyk and Kropczynska, 1985). Low population density of T. urticae on leaves
mainly damage the spongy mesophyll tissue and may cause slight injury to the lower
parenchyma call layer. Highest density of T. urticae population in the same plant increased the
sphere of damage and more severe injury to palisade parenchyma (Sances et al., 1979). The
thickness of injured leaves may greatly be reduced, a reduction of thickness in injured bean plant
approximately 50% (Mothes and Seitz, 1982). Mite attack decreases the growth rate of leaf area
and number of leaves per plant (Avery, 1962; Avery and Briggs, 1968).

2.6 Plant extracts against T. urticae

Raghavendra et al. (2017) conducted an experiment to evaluate the bio-efficacy of plant
derivatives and natural oils against T. urticae. In these study ten plant derivatives and natural oils
was tested. Among them tulsi (Ocimum sanctum L.) leaf extract at 10 percent, neem
(Azadirachta indica A. Juss.,) oil at 3 percent and nochi (Vitex negundo L.) leaf extract at 5
percent were found to be the best candidates which can be recommended as an alternative to

synthetic chemical acaricides for the management of T. urticae Koch.



Aslan et al. (2004) reported that essential oil vapors from summer savory ( Satureja hortensis L.)
(Lamiaceae) has shown to be effective in controlling motile stages of T. urticae in a greenhouse
condition.

Calmasur et al. (2006) found that three essential oil vapors from hyssop (Micromeria fruticosa
L.), catmint (Nepeta racemosa L.) and Greek oregano (Origanum vulgare L.) have been tested
for insecticidal and acaricidal efficacy against T. urticae and Bemisia tabaci Genn. Tetranychus
urticae adults and/or nymphs mortality rates were the highest (96.7, 95 and 95%) at the highest
treatment rate (2 pl/l) for vapor exposure time of 120 hours for M. fruticosa, N. racemosa, and O.
vulgare respectively.

Chaisson et al. (2004) revealed that an emulsifiable concentrate UDA-245 with 25% Epazote
(Chenopodium. ambrosioides) essential oil extract (at 0.5%), had a 97.5% mortality on adult T.
urticae.

Choi et al. (2004) found that caraway seed, geranium, lemon eucalyptus, lemongrass, oregano,
pennyroyal, peppermint, sage and spearmint caused 100% mortality at a dose of 19 x 10 pl /mL
air. At 7.1 x 1073 ul /mL air, lemon eucalyptus essential oil still caused > 85% mortality in T.
urticae.

Miresmailli and Isman (2006) conducted a study in which rosemary oil was tested on T. urticae
by painting the leaf disk resulting in an LCsp of 10.0 p /liter for adult females on beans and 13.0
u /liter on tomatoes. 100% mortality of T. urticae was achieved with rosemary oil at 20 p /liter
on beans and 40 p /liter on tomatoes after 24 hours. When constituents of the rosemary essential
oil were tested individually, 1,8 cineole and o—pinene were found to be the most toxic to adult
female T. urticae, although the greatest mortality was achieved with a full mixture of the

rosemary constituents.



Benelli et al. (2017) found that isofuranodiene and germacrone, isolated from Smyrnium
olusatrum essential oil, which were evaluated against Tetranychus urticae. Isofuranodiene
showed the lowest LDsy in acute (15.8 Ig cm™) and chronic toxicity (11.9 Ig cm™). Inhibition of
oviposition was found, and ICs was 4.1 (isofuranodiene + AgCF3;SOs3).

Akyazi et al. (2015) revealed that seed extract of Prunus laurocerasus at 10% concentration had
potential ovicidal and repellency effect on T. urticae.

Geng et al. (2014) conducted a study on garlic straw Allium sativum L. against mite. Theethanol
extracts of garlic straw (20, 10, 5, 2.5, and 1.25 g/L) were tested against female adults of T.
urticae and T. viennensis in the laboratory. The 20 g/L concentration caused 76.5% and 54.9%
mortality 48 h after treatment on T. urticae and T. viennensis, respectively.

Numa et al. (2015) found that ethanol extract of the leaves of Cnidoscolus aconitifolius causes a
reduction in the number of eggs laid per female per day of T. urticae.

Maciel et al. (2015) revealed that the ethanolic extract of Annona muricata (Annonaceae) seeds
showed the highest toxicity to the mite, with LCsy around 1.77 mg/ml, followed by hexanic and
aqueous extracts, with LCsp estimated at 3.29 and 151.74 mg/ml, respectively. Abamectin caused
mortality of 40% to T. urticae in a commercial dosage of 100 ml/100 L. The repellent effect of
the ethanolic extract, the toxicity on eggs and the residual effect on mites were also evaluated.
The concentrations of 0.61, 0.88 and 1.77 mg/ml, as well as abamectin had neutral effects on T.
urticae and the concentrations of 3.10, 5.11 and 12.07 mg/ml were repellent. The viability of the
eggs when sprayed with the ethanolic extract (LCgg), Abamectin and the control was 9.5, 76.5
and 91.5%, respectively. The residual effect of ethanolic extract was 120 h after application
(HAA), with mortality rates above 80%; Abamectin presented residual effect of 48 HAA with

33.3% mortality.



Yanar et al. (2011) evaluated that methanol extracts of nine plant species for their ovicidal
activity against the two-spotted spider mite T. urticae Koch. The greatest mortality was caused
by E. camaldulensis leaf extract (63.26%), followed by X. strumarium fruit (59.64%), X.
strumarium leaf (57.45%), S. nigrum fruit (51.57%), A. vulgaris flower (46.80%) and S.
officinalis seed extract (44.25%). Lolium perenne extract (flowers, leaves) caused the least
mortality (24.40%). Azadirachtin at 10 g/l concentration was used as a chemical standard and
caused 10.09% mortality.

Afify et al. (2012) conducted a study on controlling T. urticae by extracts of three essential oil
from chamomile, marjoram and eucalyptus. 0.5%, 1%, 2%, 3% and 4% concentration were used
and chamomile showed the most potential acaricidal efficiency followed by eucalyptus and
marjoram. Gas chromatography-mass spectrometer (GC-MS) proved that the major compositions
of Chamomilla recutita are a-bisabolol oxide A (35.251%), and trans-p-farersene (7.758%),
while the main components of Marjorana hortensisare terpinene-4-ol (23.860%), p-cymene
(23.404%) and sabinene (10.904%).

Erdogan and Yilmaz (2017) found that the extract from Juglans regia L. (Juglandecaea) in
different concentrations (1%, 3%, 6%, 12%) in the leaf dipping method, the 12% concentration
of the extract caused the highest mortality of T. urticae nymph (90%) and adult (83.00%) stages
and the spraying method, the mortality of T. urticae adults at the same concentration was 100%.
El-Sharabasy (2010) revealed that the crude extracts of Artemisia judaica L. for the toxic and
repellent effect against adult females and immature stage of T. urticae Koch and its predator
Phytoseiulus persimilis. And found the ethanolic leaf extraction was more effective as toxic and

repellent effect against adult females and immature stage of T. urticae, followed by acetone,

10



petroleum ether and aqueous extraction (P < 0.05) and the LCs, values of both adult and
immature of T. urticae which were 0.29 and 2.97 gm / ml, respectively.

Pavela et al. (2016) tested the Mexican sunflower (Tithonia diversifolia, Asteraceae) against the
two-spotted spider mite T. urticae (Tetranychidae) and used two kind of extractions. The
methanolic extract LDsy was 41.3 pg cm™ while LDgy was 98.7 pug cm™. Furthermore, both T.
diversifolia extracts inhibited oviposition in T. urticae. The ethyl acetate extract was the most
active oviposition inhibitor, with an EDsg value of 44.3 pg cm™ and an EDgp of 121.5 pg cm™.
Salman et al. (2014) reported that methanolic extracts obtained from sage (S. officinalis) and
rosemary (R. officinalis) plants from the Lamiaceae family in four different concentrations of the
plant extracts, which were 1%, 3%, 6% , 12%, were examined against T. urticae. The highest
death rates of T. urticae at nymph and adult stages were found at 12% concentrations of sage and
rosemary extracts 79%, 62.2% and 58%, 82.2% respectively.

Rincén et al. (2019) reported that the most studied botanical families from the Lamiaceae, the
Asteraceae, the Myrtaceae, and the Apiaceae taxons which may be considered as promising
elements to be included into integrated pest management for controlling T. urticae.

Afify et al. (2011) revealed that the ethanolic extracts from Syzygium cumini L. had more
acaricidal efficiency against T. urticae.

Erdogan et al. (2012) worked with ethanolic extracts five different plants Allium sativum L.,
Rhododendron luteum S., Helichrysum arenarium L., Veratrum album L. and Tanacetum
parthenium L. and found high acaricidal efficiency of all plant but no ovicidal effect against T.

urticae.
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Pavela (2016) reported that methanolic extracts of six different medicinal plants viz A. visnaga,
G. glabra, J. palmata, L. carthamoides, O. majorana, S. officinalis had acaricidal properties
against T. urticae.

Hasanuzzaman et al. (2015) tested chloroform and methanol extracts of leaf, stem bark, root and

seed of Syzygium cumini L. and found highest result in case of chloroform extracts.
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CHAPTER Il
MATERIALS AND METHODS

The present study was conducted in the Laboratory of the Department of Entomology, Faculty of
Agriculture, Hajee Mohammed Danesh Science and Technology University, (HSTU), Dinajpur,
Bangladesh. The experimental periods were November 2018 to May 2019. In an ambient
temperature, all experiments were carried out in the laboratory.

3.1 Mite collection and rearing

The adults T. urticae were collected from the infested bean plant of Hajee Mohammad Danesh
Science and Technology University campus, Dinajpur, Bangladesh in 2018. The colony of mite
was cultured on bean plants grown in plastic pots (20 cm dx 20 cm h) and maintained in the
laboratory of the Entomology Department, to ensure the continuous supply of mites for the
experiment. Some mites also reared on separated bean leaves in Petri dishes (9 D x 2 H cm).

Whenever necessary the old leaves were replaced with new leaves in the Petri dishes.

Plate 1: a. Adult females with eggs and b. Protonymph and deutonymphs of T. urticae
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Plate 2: Rearing of T. urticae in plastic pots and petri dishes

3.2 Fruits collection
The fully mature ripe fruit of Syzygium cumini L. were collected from local market, Bahadur

Bazar, Dinajpur, Bangladesh.

Plate 3: Fruits of Syzygium cumini
3.3 Chemical reagent
All chemicals (methanol, ethanol, acetone, petroleum ether) were collected from (Daejung

chemicals and metals Co. Ltd., Korea), Merck KGaA, Germany and Sigma-Aldrich Co.

3.4 Preparation of extracts
Collected S. cumini fruits were dried under room temperature. Dried fruits finally dried in an

oven at 50°C for 1 hours. The dried fruits (both pulp and seed) were grinded and make a fine
powder of 80 meshes. Four different solvents (acetone, ethanol, methanol and water) were used
for preparig extraction of S. cumini. One hundred (100) grams of S. cumini powder were taken in
a 500 ml beaker and added 300 ml of acetone, ethanol, methanol and water. Then the mixtures

were shaken by hand and stirred for 30 minutes with the help of a magnetic stirrer (600 rpm) and
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keep them stand for 72 hours. Then the mixtures were filtered through a filter paper (Whatman
No. 1, 9 mm) into the conical flasks. The filtrated materials were taken into a conical flask and
evaporated the filtration with the help of a rotary evaporator at 65°C for acetone, 80°C for
ethanol, 70°C for methanol and 102°C for water. Finally, the semisolid crude extracts were

preserved in the tightly corked glass vials and stored in a refrigerator at 3°C for experimental use.

Plate 5: Preperation of crude extracts of S. cumini

3.5 Dose preparation

The crude extracts were weighted in the electronic balance and dissolved in ethanol, methanol
acetone and water solvent for making different concentrations. Prior to conducting the study, a

pilot experiment was done to obtain the appropriate dose in a different studies.
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Plate 6: Percent solution for treatment Plate 7: Sprayer used for the experiment

3.6 Acaricidal effect on adult females
Three centimeter diameter leaf discs were cut from the center of bean leaves with the help of a

sharp edged cookie cutter. Adult females mites (3 days old) were transferred to Petri dishes (9 D
x 2 H cm) from the stock culture on leaf discs (4 leaf discs /Petri dish, 25 adults/disc) facing
upside down on wet cotton pads. Leaf disc were sprayed with the help of a hand sprayer and
dipped with the help of a rubber covered forceps with four different solvent extracts of S. cumini

at four different concentrations (0.5, 1.0, 2.0 and 3.0%). General tap water was used in the

Plate 8: Treatment of adult females Plate 9: Stereomicroscope

control. Mortality was recorded at 24 hours after treatment. Mites were considered dead if they
were not respond to a gentle probe with a fine brush. A stereomicroscope (BST 606, Made in
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Germany) was used in this experiment to observe the alive and dead mite. Mortality percentage
was corrected by using Abbott’s corrected formula (Abbott, 1925).

3.7 Ovicidal Effect
The bean leaf discs were used as a substrate to oviposition. Four leaf discs, 3 cm diameter, were

used for each treatment and fifteen female mites were placed upside down on wet cotton pads in
a Petri dish (9 D x 2 H cm) and allowed to lay eggs for 5 hours. After then, the adults were
removed and the eggs were checked under a stereomicroscope to ensure that at least 25 eggs on
each leaf disc. The rest of the eggs were destroyed with the help of a sharp pin. The discs were
treated with four different concentrations (0.5, 1.0, 2.0 and 3.0%) of four different solvent
extracts of S. cumini with the help of a hand sprayer. The numbers of hatched and non-hatched
eggs were recorded for seven days till hatching with the help of a stereomicroscope (BST 606,

Made in Germany).

Plate 10: Treatment of eggs

3.8 Repellency effect on adult females
Leaf discs of bean along with a midrib of 3 cm in diameter were used to evaluate the repellence

of the four different solvent extracts of S. cumini mixture. One-half portion of the disc was
dipped for 10 seconds in the test concentrations and the other half was used as a control. The
treated discs were allowed to dry in the open air for 30 minutes and placed on water saturated
cotton pad in Petri dishes. Twenty five adult females (3 days adult) were put on the midrib of
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each disc. Each experiment was replicated four times. The number of adult mites present on the
treated half and untreated half of the discs was recorded 24 hours after mite transformation. The
number of egg laying on each side of leaf discs was also recorded under a stereomicroscope. The
data were expressed as percentage repellency (PR) which was calculated by using the formula
described by (McDonald et al.,1970) with some modifications. The formula was following:
PR(%) = (Nc — 50) x 2

Where N represents the percentage of insects present in the untreated half of the leaf disc.
Positive (+) values expressed repellency and negative (-) values attractancy. The mean values
were then categorized according to different class using the following scale. Present repellency >
0.01 to <0.1 =class 0; 0.1 to 20 = class I; 20.1 to 40 = class 1I; 40.1 to 60 = class III; 60.1 to 80 =
class IV; 80.1 to 100 = class V (McGovern et al., 1977).

3.10 Residual or persistence test

Solvent extracts of S. cumini fruits were applied on bean leaf disc (3 cm diameter) according to
LCso dose with a hand sprayer. Fifteen (15) adult females of T. urticae were carefully exposed
to 1, 24, 48 and 72 h old residue with the help of a fine camel hair brush. Every treatment was
replicated 4 times. The data were recorded after 24 hours of each released of mite into the leaf
discs. Mites were considered dead when they failed to move even after gently probed with a fine
brush.

3.11 Statistical analysis
Data were analyzed with one way ANOVA followed by Tukey HSD test at p<0.05, using SPPS

software (2007). Probit analysis was used to determine LDsq using a software developed in the
Department of Agricultural and Environmental Science, University of Newcastle Upon Tyne,
United Kingdom (Finney, 1947 ; Busvine, 1971). The program also calculates the limits of LDsg

and the heterogeneity at 5% level of confidence is tested by chi square value.
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Acaricidal effects of different solvent extracts of S. cumini (fruits) against T. urticae
adults

4.1.1. Leaf spraying methods

The acaricidal activity of four different solvent extracts of S. cumini (fruits) at a concentration of
0.5, 1.0, 2.0, and 3.0% against the adult female of T. urticae were shown in Table 1. The result
showed that methanol extract, had the most efficient acaricidal activity against T. urticae
followed by ethanol and acetone extracts. At 0.50% concentration, methanol extracts showed
significantly higher acaricidal activity over control and all other treatments. At 3.0%
concentration mortalities in the four solvent extract treatments increased considerably compared
to those at 0.50, 1.0 and 2.0% concentration and methanol solvent extract was showed the
highest adult mortality. At 3.0% concentration methanol solvent extract achieved 96.87%
mortality, followed by ethanol (91.66%), acetone (71.87%) and water (62.50%), respectively but
no significant differences were observed between methanol and ethanol solvent extracts (Table
1).

4.1.2. Leaf-dipping method

In the leaf dipping method, it was observed that methanol extract had significant mortality on T.
urticae adult. In all the treatments, the highest effect occurred at a concentration of 3.0% while
the smallest effect was at 0.5%. The increased concentration led to increasing the adult mortality.
Statistical analysis (P < 0.05) showed that the methanolic fruits extracts of S. cumini exhibit the

highest mortality of T. urticae adults. The lowest mortality was at the extract of water. The
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methanolic solvent extract of S. cumini was found to have good contact acaricidal activity
against the T. urticae. Yanar et al. (2011) demonstrated that methanol extracts of Melia
azedarach fruits were effective against adults of T. urticae and showed contact and residual
toxicity effects after 24 hours (76.45 and 74.57% mortality, respectively). Afify et al. (2011)
investigate the acaricidal activity of different extracts (ethanol, hexane, ether ethanol ethyl
acetate and water) of S. cumini against T. urticae. They found that ethanol extract showed a
higher mortality rate of female 24 hour after spraying. But in the present study ethanol extract
displayed the second highest mortality against T. urticae. Erdogan and Yilmaz (2017) inspect
methanol extraction of Juglans regia at four different concentrations (1%, 3%, 6% and 12%)
against T. urticae and found that the mortality rate was higher in the spraying method (72%,
88%, 90% and 100%) than the dipping method (57%, 65%, 65% and 83%) respectively. Almost
similar results were found in the present study. Moussa et al. (2010) reported that methanol
extracts of Cassia sp. and Acacia saligna (Labill.) leaves demonstrated acaricidal effects against

T. urticae.

4.2 Ovicidal activity of four different solvent extracts of S. cumini against T. urticae

Ovicidal activities of four different fruits solvent extracts of S. cumini are presented in Table 3.
All the treatments showed significant mortality of eggs over control. At 0.50% concentration
ethanol extract showed higher mortality of eggs which is significantly different from other
extracts at 1.0 and 2.0% concentration and control but no significant difference observed
between ethanol and methanol extracts. At 3.0% concentration ethanol extract reached 95.0%
mortality followed by methanol (92.0%), acetone (74.0%) and water (57.0%) extracts,

respectively. The ovicidal activities of ethanol and methanol extracts of the S. cumini have a
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good effect on T. urticae. Kumral et al. (2009) reported that ethanol extracts of D. stramonium
leaves and seeds exhibited acaricidal, oviposition deterrent activities against T. urticae. Salman
et al. (2014) investigate the methanol extracts of sage (S. officinalis) and rosemary (R.
officinalis) against T. urticae egg and found that ovicidal activity in rosemary extract was 82.2%
at 12% concentration. Akyazi et al. (2015) opined that ethanolic extracts from leaves, flower and
seed of Prunus laurocerasus had the highest effect against T. urticae eggs and mortality was
96.56% at 10% concentration. The egg mortality of T. urticae using the methanol extract of river
red gum Eucalyptus camaldulensis leaves was 63.26% (Yanar et al., 2011). In another study,
Ghaderi et al. (2013) observed that the ovicidal activity of methanolic extracts of S. meifolia, A.
orientale, T. elliptica and P. viscosa against T. urticae eggs were 45.84, 41.40, 40.11 and 37.66
% respectively. Auamcharoen et al. (2015) stated that crude methanol extracts of D. grandiflora

extracts showed moderate repellency and also inhibited egg production in this mite species.

4.3 Toxicity of four different solvent extracts of S. cumini to T. urticae adults and eggs by
topical spray

Methanol extracts of S. cuminin fruits showed the highest adulticidal properties followed by
ethanol, acetone and water extracts (Table 4). The LCso values after 24 hours for adults were
0.202, 0.281, 0.375 and 1.694, respectively. On the other hand, ethanol extracts showed the
highest egg mortality followed by methanol, acetone and water extracts, respectively. The LCsy
values for eggs were recorded 0.233, 0.255, 0.290 and 2.516, respectively after 7 days. From the
probit analysis, it was observed that all the tested extracts were more or less effective for
controlling T. urticae but ethanol and methanol extracts were the most effective. Pavela et al.

(2016) reported that the LDso value of methanol extracts of mexican sunflower Tithonia
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diversifolia against T. urticae were 41.3 mg cm-> and LDg, of 98.7 mg cm-"and the LDs value of
ethyl acetate extraction of T. diversifolia against T. urticae were 83.5 mg cm-> and LDg of 153.5
mg cm->. Pavela (2015a) also observed the ovicidal efficacy of the methanol extract of Ammi
visnaga seeds against T. urticae and found the LDs, value for egg mortality was 13.3, 0.5 and 1.8
mg cm-* respectively.

4.4 Repellent effects of four different solvent extracts of S. cumini fruits against T. urticae
Percent repellency (%PR) for the tested extracts against T. urticae was calculated and presented
in Table 4. Here the repellency rate increased with the increase of doses. Among the extracts,
ethanol showed the highest repellency effect (96.00%) followed by methanol (94.00%), acetone
(74.00%), water (58.00%) at 3% concentration after 24 hours of treatment. The number of eggs
laid by females showed a significant reduction as compared to control. For egg laying methanol
and ethanol extracts showed significant reduction over control and water. There is no significant
difference observed among methanol, ethanol and acetone extracts respectively. Akyazi et al.
(2015) observed the toxic and repellent effect of Prunus laurocerasus leaves, flower and seed
extracts against Tetranychus urticae and told that at 5 10% concentration repellent effects was
96.56 %. Saber (2004) also stated that in Artemisia monosperma Del. (Asteraceae) had
repellency effects against females of T. urticae. Antonious et al. (2006) opined that methanol
extracts from accessions P1-596057 (Capsicum baccatumL.), PI1-195299 (C. annuumL.), and
Grif- 9270 (C. annuum) (Solanaceae) may have a great potential for repelling against T. urticae.
Kumral et al. (2010) observed the repellent activities of the ethanol extracts obtained from both
leaf and seed in the D. stramonium against adult T. urticae. El-Sharabasy (2010) evaluated the
potential of crude extracts of A. judaica L. for repellent effect against adult females and

immature stage of T. urticae. They found that ethanol leaf extraction was more effective as
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repellent effect against adult females and immature stage of T. urticae, followed by acetone,
petroleum ether and aqueous extraction. Hasanuzzaman et al. (2015) tested with n-hexane,
acetone, chloroform and methanol extracts of leaf, stem bark, root and seed of S. cumini and

found that methanol extracts of seed showed the higher repellency against C. chinensis.

4.5 Persistence effects of four different solvent of S. cumini fruit extracts against T. urticae

The results of persistence effect of different solvent extracts of S. cumni was presented in Figure
1. Control treatment did not show any mortality. In the persistence test, the mortality of T.
urticae varied noticeably. One hour after treatment methanol extracts showed highest mortality
(41.66%) followed by ethanol (38.33%) acetone (35.00%) and water (28.33%). At 24, 48 and 72
hours after treatment all S. cumini fruits extract showed significantly different mortality rates
than the untreated control except water extracts. Methanol extracts showed a higher mortality
rate than all other treatments. But there is no significant difference was observed between
ethanol and acetone extracts. However, methanol extracts (fresh) showed the highest mortality
(41.66%%) at LCsq value of 0.202 at fresh treatment and water extract showed the lowest
mortality (28.33%) at LCsp value of 1.69 against T. urticae adult females at 72 hour after
treatment. Yanar et al. (2011) demonstrated that methanol extracts of Melia azedarach fruits
were effective against adults of T. urticae and showed contact and residual toxicity effects after
24 hour (76.45 and 74.57% mortality, respectively). Mousa and EL-Sisi (2001) indicated that
cotton seed oil was effective in its initial and residual effects against eggs of T. urticae on squash
crop. Saied et al. (2002) also they found that super masrona caused a high residual effect

(87.61%) against T. urticae population in cotton crops.
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4.6 Probit regression line

The probit regression line of four different extracts of S. cumini fruit extracts against T. urticae at
24 hours are presented in the Figure 2. The adult mortality rates showed positive correlation with
the dose of all of the treatments. The probit regression line of S. cumini fruit extracts of three
solvents showed a clear linear relationship between probit mortality and log doses. The
calculated probit regression equation of different extracts of S. cumini fruit against T. urticae
after 24 hour were Y= 4.566181 + 1.420348X for methanol, Y= 4.481631 + 1.152194X for
ethanol, Y= 4.682611 + 0.552773X for acetone and Y= 3.472274 + 1.24292X for water
respectively. The methanol extracts Showed highest mortality followed by ethanol, acetone and

water (Figure 2).
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Table 1. Adult mortality of Sygizium cumini fruit extracts at different concentrations recorded
24h after spraying (Mean * SE) (%)

Treatments Adult mortality
0.5% Conc. 1.0% Conc. 2.0% Conc. 3.0% Conc.
Acetone 55.00 = 1.00c 61.00 = 2.51c 64.00 = 1.63c 73.00 £ 1.91b
(53.12) (59.37) (62.50) (71.87)
Ethanol 64.00 + 1.15b 72.00 £ 1.63b 80.00 + 2.82b 92.00. +1.63a
(62.50) (70.83) (79.16) (91.66)
Methanol 74.00 £ 1.15a 85.00 £ 1.91a 90.00 + 2.00a 97.00 + 1.00a
(72.91) (84.37) (89.58) (96.87)
Water 28.00 £ 1.63d 42.00 £ 2.58d 55.00 £ 1.91d 64.00 + 1.63c
(25.00) (39.58) (53.12) (62.50)
Control 4.00 +1.63e 4.00 +1.63e 4.00 +1.63e 4.00 + 1.63d

Figures within parentheses are percentage over control.

The values with a common letter(s) do not differ significantly (P=0.05).
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Table 2. Adult mortality of Sygizium cumini fruit extracts at different concentrations recorded
24h after dipping (Mean £ SE) (%)

Treatments Adult mortality
0.5% Conc. 1.0% Conc. 2.0% Conc. 3.0% Conc.
Acetone 37.00 £ 2.51b 49.00 £ 1.91b 57.00 = 2.51b 66.00 £ 1.15b
(35.71) (47.95) (56.12) (65.30)
Ethanol 41.00 £ 1.91b 52.00 = 1.63b 67.00 £ 1.91b 72.00. £ 1.63b
(39.79) (51.02) (66.32) (71.42)
Methanol 51.00 £ 3.41a 64.00 + 2.82a 79.00 +£ 3.41a 84.00 = 1.63a
(50.00) (63.26) (78.57) (83.67)
Water 20.00 = 1.63c 32.00 £ 1.63c 41.00 + 1.91c 53.00 £ 1.91c
(18.36) (30.61) (40.62) (52.04)
Control 2.00 £ 1.15d 2.00 £ 1.15d 2.00 £ 1.15d 2.00 £ 1.15d

Figures within parentheses are percentage over control.

The values with a common letter(s) do not differ significantly (P=0.05).
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Table 3. Ovicidal effect of Sygizium cumini fruit extracts at different concentrations recorded 7
days after exposure (Mean + SE) (%)

Treatments Egg mortality

0.5% Conc. 1.0% Conc. 2.0% Conc. 3.0% Conc.
Acetone 56.00 + 2.58b 63.00 + 1.15b 66.00 + 2.58b 74.00 + 2.58b
Ethanol 71.00 + 3.41a 76.00 £ 2.58a 88.00 + 2.51a 95.00. + 2.58a
Methanol 67.00 = 2.58a 73.00 = 1.91a 84.00 + 1.91a 92.00 + 1.63a
Water 20.00 = 2.30c 31.00 £ 1.91c 43.00 + 2.51c 57.00 £ 1.91c
Control 2.00 £ 1.15d 2.00 £ 1.15d 2.00 +1.15d 2.00 +1.15d

Values in the same column followed by different letters are significantly different at P<0.05

(Tukey’s HSD test).
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Table 4. Statistical comparison of LDs, values of four different S. cumini fruit extracts against
T. urticae adults and eggs

Treatments Phase LDsy  95% Confidence level Regretion line x2 (df)
(%)  Lower limit Upper limit

Acetone Adult 0.375 0.127 1.099 Y=4.682611 + 0.552773X 0.604(2)

Egg 0.290 0.080 1.056 Y=4.751284 + 0.536244X 0.554(2)

Ethanol Adult 0.281 0.149 0.530 Y=4.481631 + 1.152194X 3.038(2)

Egg 0.233 0.120 0.454 Y=4.526968 + 1.284322X 2.590(2)

Methanol  Adult 0.202 0.102 0.398 Y=4.566181 + 1.420348X 1.041(2)

Egg 0.255 0.129 0.506 Y=4.533471 + 1.143614X 1.357(2)

Water Adult 1.694 1.324 2.168 Y=3.472274 + 1.24292X  0.088(2)

Egg 2.516 1.870 3.385 Y=3.141792 + 1.326591X 0.300(2)

e The original insect mortality data were corrected by Abbott’s (1925) formula before

analysis

e y*= Goodness of fit

e df= Degrees of freedom

e | Dso= Median lethal dose

e The tabulated value of ¥*is 5.99 (df = 2)
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Table 4 Repellency effects of S. cumini fruit extracts against T. urticae after 24h of exposure

Treatments  Concentration  Repellency Repellency No. of eggs/female after 24 h
(%) (%) Class Treated Control
Acetone 0.5 34 I 2.43bc 39.87
1.0 62 v
2.0 78 v
3.0 84 \Y,
Ethanol 0.5 42 i 1.93c 40.81
1.0 64 v
2.0 88 V
3.0 96 \Y,
Methanol 0.5 46 i 1.06¢ 22.06
1.0 66 v
2.0 84 V
3.0 94 Y,
Water 0.5 4 I 4.87b 42.43
1.0 16 I
2.0 38 I
3.0 58 "I
Control 32 I 32.50a 53.75

Means in the same column with a common letter are not significantly different at P<0.05

(Tukey’s HSD test).
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Figure 1. Persistance of S. cumini fruit extracts against Tetranyhus urticae at 1, 24, 48 and 72
hours old LDsy values. (Bar marked with same letter are not significantly different at
P<0.05).
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Figure 2. Relationship between probit mortality and log doses of S. cumini fruit extracts against
T. urticae.
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CHAPTER V
SUMMARY AND CONCLUTION

The present study was undertaken to investigate the effectiveness of S. cumini fruit extracts at
different concentration for their toxicity and repellency effects against two-spotted spider mite,
T. urticae. Mortality percentage of T. urticae adult females at 24 hour after treatment indicated
that methanol extract possessed the highest mortality (97.00 + 1.00%; 84.00 = 1.63%) in both
leaf spraying and dipping method at 3.0% concentration whereas water extract showed the
lowest mortality (28.00 £ 1.63%, 20.00 1.63%,) at 0.5% concentration. Mortality percentage of
T. urticae egg indicated that ethanol extract possessed the highest mortality (95.00 + 2.58%) at
3% concentration among all the fruit extracts whereas water extract showed the lowest mortality
(20.00 £ 2.30%) at 0.5% concentration. In probit analysis, the lowest LCsy value of methanol
extract (0.202) indicated highest toxic effects and the highest LCsy values of water extract
(1.324) indicated lowest toxic effects against adult females. In case of egg, the lowest LCs value
of methanol extract (0.233) indicated highest toxic effects and the highest LCsq values of water
extract (2.616) indicated lowest toxic effects. The repellency class of different extracts at
different concentration level varied between | to V. Ethanol extract was found more effective as
repellent against T. urticae followed by methanol, acetone and water causing reduction in egg
production per female by 96.73, 94.03, 92.50 and 85.00%, respectively. The extract also
possessed residual effects on this pest. In the residual test, highest mortality (41.66%) in
methanol extract at fresh (0 hour) treatment and water extract showed lowest mortality (3.33%)
at 72 hour after treatment against T. urticae. Therefore methanol and ethanol extracts were found

to be most effective to control the T. urticae in laboratory condition.
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