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Abstract

The biology of twospotted spider mite, Tetranychus urticae Koch was studied at
the Integrated Pest Management Lab of Entomology division, Bangladesh
Agricultural Research Institute (BARI) Gazipur following leaf disc method
during March-May, 2022 at 25+2° C and 55+5% RH. It was revealed that biology
of T. urticae consisted of egg, larva, protonymph, deutonymph and adult stages
and brief quiescent period called nymphochrysalis, deutochrysalis and
teliochrysalis. Egg incubation period 2.90+0.29, larval 1.3+0.2 and 2.7+0.54,
protonymphal 2.8+0.25 and 3.0+0.35 and deutonymphal period of 2.4+0.43 and
2.9+0.51 days were recorded in its male and female, respectively. Males took less
time to develop overall 6.45+0.30 days than females 8.25+0.28 days from egg to
adult emergence. Males were smaller than females, according to morphometric
measurements. Both parthenogenetic and bisexual reproduction were noted. The
offspring of mated females were 1:2.32 males to females, while unmated females
produced only males. An average of 62.0 + 8.98 eggs were produced by mated
females and 38.2 + 6.36 by unmated females. Correspondingly mated females laid
7.0 t0 10.0 (mean 8.6+0.68) and unmated females laid 2.0 to 5.0 (mean 4.0£0.55)
eggs per day. The observed adult longevity was 9.30+ 0.83 days for males,
12.2+0.80 days for mated females, and 10.0+1.3 days for unmated females,
respectively.
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Introduction

Twospotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is one
of the most important pests in many crop plants particularly vegetables including
taro, and their feeding activity is based on sucking leaf cell contents (Parmagnani
et al., 2023).The outbreak of this pest becomes secondary pest in agricultural
systems that is assumed to be the consequences of frequent and indiscriminate use
of toxic chemicals, especially pyrethroid insecticides by the vegetable growers
(Dobson et al., 2002). Moreover, warm and dry weather is favorable for the
multiplication and spread of this pest (Jeppson et al., 1975). It is reported as one
of the important pests of vegetable and ornamental crops and the outbreak of this
pest in different vegetables in Bangladesh has become a serious problem for the
growers. Twospotted red spider mite has been an alarming pest on bean, brinjal,
taro, cucurbits and okra etc. which build up from February and decline during July
under north Indian conditions (Singh and Singh, 1993).
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Phytophagous spider mites cause damage by piercing leaf cells and ingesting
chlorophyll (Croft et al., 1998; Seymour, 1982). In high numbers these mites cause
leaf discoloration and drying, thus reducing photosynthetic activity and lowering
yield and crop quality (Flaherty et al., 1992; Hanna et al., 1996,). Outbreaks are
often caused by the use of broad-spectrum insecticides which interfere with
numerous natural enemies that help to manage the mite populations. Spider mites
often become secondary pests in agricultural systems and the most common
method of control of T. urticae is by using chemicals insecticide. A major problem
in the control of T. urticae using chemical insecticides causes the ability to develop
resistance rapidly after a few applications (Rauch & Nauen 2002). The frequent
application of acaricides, combined with the short life cycle and high reproductive
potential of spider mite, results in the rapid development of resistance (Tirello et
al., 2012; Van Leeuwen 2010). In addition, intense and continuous use of
chemicals causes environmental pollution and disruption of ecological balance.
For developing effective and sustainable management approach of this pest,
thorough knowledge about their biology is a prime requisite. Taro being the
important host crop of twospotted spider mite, only very limited information is
available on the biology of this pest on taro leaf and hence, the present study was
conducted.

Material and Methods

The study on the development and life history of T. urticae was conducted in the
IPM Laboratory of Entomology Division, Bangladesh Agricultural Research
Institute during March-May, 2022 at 25+2° C and 55+5% RH.

Maintenance of the host plant (Taro) in net house

The taro plant was transplanted in 12-inch diameter plastic pot in the net house.
Recommended dosages of Farm Yard Manure (FYM) and fertilizers were applied
to these plants and the plants were watered as and when required to maintain
optimum moisture in the pots. The taro plants were allowed to grow and artificially
infested with T. urticae and the leaves from these plants were used for biology and
life table study. Taro plants were transplanted every 15 days in order to ensure
continuous availability of taro leaves for biology and life table studies in the
laboratory.

The duration of developmental stages of T. urticae was studied on excised leaf disc
of taro leaves. Leaf discs were made with fresh taro leaf without mite infestation.
Each leaf disc was circular in appearance with 2cm diameter. Twelve leaf discs
were prepared. The leaf discs were placed on cotton bed in petri dish (5 cm x 1
cm) facing under surface upward. The cotton bed was kept wet by adding with
water with the help of dropper so that the discs remained fresh. The adult female
mites were collected from the mass cultural of T. urticae on taro plants in the pots
at the IPM net house and were transferred to each leaf disc for laying eggs. The
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discs containing adult females were checked after 24 hours of mite transfer. The
mites were removed at least one egg was found. In this way 15 eggs were collected
on leaf discs. Keeping only one egg on each disc the others were destroyed. The
discs were checked after every 24 hours and the stages of mite development were
noted and the duration of hatching, larval, protonymph and deutonymph period
was recorded till the appearance of their adulthood. The leaf discs were changed
after 3 to 4 days to ensure their freshness. The immature nymphs were transferred
to new disc very carefully with the help of camel hair brush. Deutonymphs of T.
urticae were collected from the potted taro plants of laboratory culture. Five
deutonymphs were transferred on each leaf disc. The disc containing deutonymphs
were observed twice daily at 9:00 AM and 5:00 PM. The time of adulthood of the
deutonymphs was recorded after moulting. All the mites were removed keeping
one male and one female on each disc after moulting. The males were also removed
after laying the first egg by the female. In this way more than 5 discs with
ovipositing females were maintained for this experiment. The discs were checked
after every 24 hours interval with the aid of a stereo binocular microscope. The
leaf discs were also changed after every three days in the same way as described
earlier. All the discs were checked and the number of eggs laid was counted till the
death of the adult. The eggs were hatched into larvae and the larva undergoes
moulting to become protonymph and deutonymph. The developmental duration of
each stage such as egg, larva, nymph and quiescent stages were recorded. The
morphometric measurement of different stages was recorded with the help of a
standardized occular micrometer fitted to a camera equipped stereo binocular
microscope (Olypus SZ61).

Results and discussion

The life cycle of T. urticae consisted of egg, larva, nymph (protonymph,
deutonymph) and the adult. Developmental period of various stages and
reproductive attributes are presented in Table 1 to Table 3.

Incubation period (Egg): T. urticae preferred to colonize and generally lay eggs
on the underside of the leaves. Gravid female laid eggs singly or in groups ventral
side of the leaves, often near the veins and the midrib of host leaf. Eggs were
spherical and transparent when freshly laid, but turned creamy white prior to
hatching. During this stage, two dark colored eye spots, corresponding to the
simple eyes of the larvae, were clearly visible. Eggs of T. urticae measured
136.44+11.68 pum in diameter (Tablel). The incubation period ranged from 2.0 to
3.50 days with an average of 2.90+0.29 days (Table 2).

Larval period: Newly hatched larva was creamy coloured, hexapod and small in
size. On feeding the color changed from creamy to pale green. The simple eyes on
the dorso-lateral idiosoma were clearly distinguishable at this stage. The larvae
possessed only three pairs of legs. The larval period ranged from 1.00 to 2.00 days
with average of 1.3+0.2 days for male and in case of female 2.7+0.54 days with a
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range of 1.0 to 4.0 days was observed (Table 2). The larva measured 154.58+3.95
pum in length and 118.87+4.11 um in breadth (Table 1). Initially the larva crawled
around for some time and anchored at a place to feed on the cell sap.

Nymphochrysalis period:The dark green matured larva stopped feeding and
moved to a suitable place on the leaf and entered into the quiescent stage (called
nymphochrysalis) by anchoring itself to the leaf surface. During this stage, the
anterior 2 pairs of legs were extending straight forward and kept close to each other
and posterior legs were extended backwards and held close to the sides of
opisthosoma. This stage lasted for 0.25 to 1.30with average of 0.66+0.21 days for
male and 0.25 to 1.50 with average of 0.70+0.24 days for female (Table 2).
Nymphochrysalis measured 178.58 + 4.96 um in length and 129.76 = 4.11 um in
breadth (Table 1).

Protonymph: At the end of this nymphochrysalis stage, moulting took place.
Protonymph is the first nymphal stage emerged by splitting open the larval skin
along the dorsal midline and was characterized by the presence of four pairs of
legs. The newly emerged protonymph was oval shaped and dark green in color at
the beginning, which later turned into amber color. It was larger and darker as
compared to the larva. This stage lasted for 2.0 to 3.5 with average of 2.8+0.25
days for male and 2.0 to 4.0 with average of 3.0£0.35 days for female (table 2).
Protonymph measured 195.484+8.21 pum in length and 131.72+1.80 um in width
(Table 1).

Deutochrysalis: At the end of protonymphal period, the protonymph entered its
second quiescent stage called the deutochrysalis. It remained anchored to the leaf
+in a manner similar to that of nymphochrysalis. Its body measured
229.194£7.98um in length and 141.02+1.11um in width (Table 1). This period
lasted for 0.89+0.24 days for male and 0.95+0.20 days for female.

Table 1. Morphometric measurement of various stages of the twospotted spider mite,

T. urticae
Length (um) Width(um)
Stages
Range ‘ Mean+SE Range ‘ Mean+SE
Egg (Diameter) 113.6-167.8 136.44 £11.68 113.6-167.8 136.44+11.68
Larvae 144.7-168.4 154.58+3.95 111.5-129.1 118.87+4.11
Nymphocrysalis ~ 168.3-195.9 178.58+4.96 123.92-134.4 129.76+4.11
Protonymph 225.13-179.52 195.48+8.21 127.77-134.11 131.72+1.80
Deutocrysalis 199.78-245.13 229.19+7.98 129.93-149.31 141.02+1.11
Deutonymph 275.0-353.5 315.34+14.96 147.7-167.1 160.76+3.47
Teliocrysalis 320.7-393.61 371.37+13.23 183.11-197.03 190.0445.10
Adult male 358.2-451.01 398.65+15.56 160.13-227.05 197.61+2.30

Adult female 428.9-478.1 452.72+13.41 214.3-233.9 224.02+9.31
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Deutonymph: Deutonymph is the second nymphal stage. Sexual characters could
be distinguished from this stage onwards, and it was pale reddish, female being
larger and broader and male elongated. They were actively moving and feeding.
Deutonymphal stage lasted for 1.0 to 3.5 with average of 2.4+0.43 days for male
and 1.0 to 4.0 with average of 2.9+0.51 days for female (Table 2). Deutonymph
measured 315.34+14.96 pm in length and 160.76+3.47 pm in width (Table 1).

The developmental stages of T. urticae on taro consists of egg, larva, protonymph,
deutonymph and adult and quiescent period such as protochrysalis, deutochrysalis
and tiliochrysalis recorded in the present study have also been reported by Krishna
and Bhaskar (2014) in T. urticae infesting on okra plant.

e

Fig. 1. Stereo micrograph of different developmental stages of T. urticae: a) egg,
b) larva, c) protonymph, d) deutonymph, e) adult female & f) adult male.

Teliochrysalis: The deutonymph stage was preceded by the quiescent stage before
it moulted into an adult stage. It remained inactive by anchoring itself to leaf. The
moulting of quiescent deutonymph resulted in the emergence of adult. This stage
was only found in female T. urticae whereas in case of male it was absent. It is
measured 371.37£13.23 pum in length and 190.04+5.10um in width (Table 1), and
lasted for 1.0 to 1.50 with average of 1.0+0.16 days (Table 2).

Total Development period: The total development period from egg to adult
emergence was 7.45+0.34 days for males and 8.25+0.25 days for females. The
total developmental period for male was less compared to female. Males had been
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observed to complete their life cycle in 6.73 days and females in 7.52 days on okra
(Aswathi and Bhaskar, 2014); Veerendra et al. (2014) observed duration of 12.55+
0.82 days on grapevine. The early emergence of male ensures sexual reproduction
against parthenogenesis which is common in T. urticae. Several workers had
already reported a similar trend in the development biology of different species of
Tetranychus infesting various crops. Rajkumar et al. (2005) recorded a shorter
development time for male (10.7 days) compared to female (12.36 days) in T.
urticae on jasmine.

Table 2. Developmental periods of life stages of T. urticae on taro under laboratory

condition
Stages Sex No. of Range Duration in
observation days

(MeanzSE)
Incubation (egg) 30 2.0-35 2.9+0.29
Larval Male 15 1.0-2.0 1.31£0.20
Larval Female 20 1.0-4.0 2.7+£0.54
Nymphocrysalis Male 15 0.25-1.3 0.66+0.21
Nymphocry Female 20 0.25-1.5 0.7+0.24
Protonymph Male 15 2.0-35 2.8+0.25
Protonymph Female 20 2.0-4.0 3.0+0.35
Deutocrysalis Male 15 0.2-1.5 0.89+0.24
Deutocrysalis Female 20 0.5-1.5 0.95+0.20
Deutonymph Male 15 1.0-35 2.4+0.43
Deutonymph Female 20 1.0-4 2.9+0.51
Teliocrysalis Female 20 1.0-15 1.0+0.16
Adult Male 15 7.00-8.5 7.45+0.34
Female 15 7.5-9.00 8.25+0.25
Male 15 7.0-12.0 9.3+0.83

Unmated

Adult longevity Female 20 6.0-14.0 10.0+1.3
Mated female 20 11.0-15.0  12.2+0.80
Male 15 12.0-19.0 14.3£1.30
Total life cycle Female 20 20.0-26.0  23.1+0.98

Adult: The adult female measured 452.72+13.41 um in length and 224.02+9.31
um in width whereas male measured 398.65+15.56 um in length and 197.61+2.30
um in width (Table 1).

The mites exhibited sexual dimorphism. Males were reddish green or pale red and
smaller with body tapering posteriorly to a blunt point; the body of the adult male
was narrow elongated, oval with a distinct abdomen (Picture 1f). They also have
numerous long hairs on their legs, and long but sparse hairs on their body. The
females were bigger than males with rounded or oval abdomen. Females were
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bright red and later turned to deep red or brick red in colour, larger than male with
longer setae over the body and legs (Picture 1e). Both males and females had bright
red eye spots on the dorsolateral idiosoma.The deutonymph and adult females of
T. urticae developed on taro were larger in size compared to males as already
reported by Krishna and Bhaskar (2014) in T. urticae on Okra plant.

Longevity: Adult males recorded a mean longevity of 9.30+0.83 days, while the
mated and unmatedfemales showed 12.2+0.80 and 10.0+1.3 days, respectively
(Table 2).

Reproductive biology of T. urticae: Reproductive biology of T. urticae consists
of mating behavior, preoviposition, oviposition and postoviposition periods and
fecundity etc.

Mating behavior: It was found that, males always emerged earlier than the
females and were found actively moving in search for females to mate. After
finding the quiescent female deutonymph (teliochrysalis) they rested near or over
the quiescent female deutonymphs. It placed the anterior pair of legs on female
deutonymphs and waited for its emergence in order to mate immediately after the
emergence. Mating took place immediately after the emergence of the female.
Sometimes there was competition between two or more males. In some cases,
males helped the females for emerging out of deutonymphal skin by pulling the
ecdysial skin. Mating

lasted for 2-3 min, and was observed to mate with several females. This peculiar
behaviour prior to mating was common among T. urticae and other spider mites
(Aswathi and Bhaskar, 2014; Veerendra et al., 2014).

Pre oviposition period

The females laid eggs after a gap of certain period. The mean pre oviposition
period in unmated and mated females lasted for 2.9+0.75 and 2.2+0.51 days,
respectively (Table 3).

Oviposition and post oviposition periods: Oviposition and post oviposition
periods lasted for 8.8+ 0.80 and 3.0+ 0.65 days in case of mated females and
4.2+0.58 and 2.10+0.33 days in case of unmated females as presented in Table 3.

Fecundity, sex ratio and egg viability of T. urticae: Fecundity data revealed that
mated females laid more eggs than unmated females. The total fecundity of mated
female was 49-97 eggs (mean- 62.0+8.98), and that of unmated being 16-50 eggs
(mean-38.2+6.36). Correspondingly mated females laid 7.0 to 10.0 (mean
8.6+0.68) eggs per day and unmated females laid 2.0 to 5.0 (mean-4.0+0.55) eggs
per day. Mated females laid a greater number of eggs (62.0+8.98) compared to
unmated females (38.2+6.36); and this observation is in accordance with Prasad
and Singh (2011) in T. urticae. High fecundity of mated females of T. urticae was
reported by Rajkumar (2003). Mated female produced both male and female’s
progeny in the ratio of 1:2.32, while unmated female produces only male (1:0.0).
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Female biased sex ratio was also reported by Krishna and Bhaskar (2014) in T.
urticae on Okra. Arrhemotoky is also reported by Banato and Gutierrez (1999) in
other species of Tetranychus. The viability of eggs of mated female was 96.88%
and 82.02% of unmated female (Table 3). The higher egg viability (96.88%)
observed in this study is evidence of the high biotic potential. A higher egg
viability of 96.5% in T. urticae was reported on rose (Kaur et al., 2012). The egg
viability of 92.1% and 96.5% in T. urticae was recorded on Okra and gerbera plants
by Krishna and Bhaskar (2014) and Silva et al. (2009), respectively.

Table 3. Ovipositional period, fecundity and egg viability of T. urticae on taro under
laboratory condition

Particulars Sex obs,:(r)\l/gfion Range Du(r&t;gg i'gg; ys
Pre oviposition period Unmated female 12 1.0-5.0 2.9+0.75
Mated female 15 1.0-4.0 2.2+0.51
Oviposition period Unmated female 10 3.0-6.0 4.2+0.58
Mated female 12 7.0-11.0 8.8+0.80
Post oviposition period Unmated female 10 1.0-3.0 2.1+0.33
Mated Female 12 2.0-55 3.0£0.65
Rate of egg laying Unmated female 10 2.0-5.0 4.0£0.55
Mated female 12 7.0-10.0 8.6+0.68
Fecundity Unmated female 10 16.0-50.0 38.2+6.36
Mated female 12 49.0-97.0 62.0+£8.98
Sex ratio (Male: Unmated female 157 1:0.00-1:0.00 1:0.00
Female) Mated female 310 1:1.94 -1:2.88 1:2.32
Egg viability (%) Unmated female 191 56.25-96.88 82.02
Mated female 320 94.0-98.98 96.88
Total life cycle

Males completed their life cycle in 14.3£1.30 days whereas; females took
23.1+0.98 days to complete their life cycle. It was clear from the results that males
took less time than females to complete their life cycle (Table 2).

The observations on the development of egg, larva and nymphs of T. urticae on
taro in the present study are more or less similar to the earlier findings of Prasad
and Singh (2011), Kaur et al. (2012) and Aswathi and Bhaskar (2014). Difference
in duration of development could also be influenced by sex; host plants,
temperature etc.

The shorter developmental period and high fecundity was observed in the present
study. The shortening of life cycle along with significant increase in the rate of
reproduction with the increase in temperature enables these mites to fast multiply
and attain pest status especially during the drier and hotter months of the year
(Siddhapara and Virani, 2018).
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Conclusion

Due to climate change and over use of synthetic chemical insecticides to control
insect pests, spider mite infestation in different crops is on the rise at present. For
developing sustainable mite management technology, proper documentation of its
biology could play a vital role. In Bangladesh, along with different crops, spider
mite is a serious pest of taro. Since the biology of spider mites was studied on taro
crops. The findings of the study would be of particular help for developing
sustainable mite management options, thereby increasing the productivity of this
crop in Bangladesh.

Acknowledgement: The research work was conducted with financial support
from by BAS-USDA Endowment Funded project “Development of mass rearing
protocol of beneficial predatory mites and their field application to control harmful
mites in vegetable crops.”
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ABSTRACT

The biological parameters of Neoseiulus longispinosus feeding on Tetranychus
urticae were examined at the IPM lab of Entomology Division, Bangladesh
Agricultural Research Institute (BARI), Gazipur following leaf disc method
during March - April 2022 at 25+£2°C and 55+5% RH. Results revealed that the
average incubation period for eggs were 2.37 days, whereas larval, protonymphal
and deutonymphal average periods for male and female were 0.64 and 0.73days,
0.85 and 1.02 days, and 1.03 and 1.13 days, respectively. The total developmental
period from egg to adult of predatory mite was 4.79 days for female and 4.09 days
for male. Pre oviposition, oviposition and post oviposition periods were 2.25+0.06,
11.04+0.47 and 2.41+0.12 days, respectively. Morphometric measurement
indicated that a gradual increase of female in size from larva to adult were larger
than male. On an average female longevity was 14.74 days and male longevity
was 18.12 days. Female averagely laid on 27.13+1.49 eggs in its life span when
reared on 7. urticae under laboratory conditions.

Keywords:, Two spotted red spider mite, taro, protonymph, deutonymph, adult,
longevity, fecundity, morphometric measurement.

INTRODUCTION

Two spotted red spider mite, Tetranychus urticae (Tetranychidae: Prostigmata) has
been an alarming pest on bean, brinjal, cotton, cucurbits and okra which build up
from February and decline in July at north Indian conditions (Singh and Singh
1993). This has been reported on a wide range of fruit and field crops including
ornamentals. This mite affects crops by direct feeding, thereby reducing the
photosynthetic activity and if infestation becomes severe may cause defoliation.
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The most common method of controlling 7. urticae is the application of chemical
acaricides which results in rapid development of mite resistance only after a few
applications (Stumpf ef al. 2001). In addition, continuous use of chemicals causes
environmental pollution and disruption of ecological balance. To overcome these
limitations it is essential to go for alternative methods for controlling this mite.
Utilization of natural enemies of mites especially the use of predatory mites is a
better alternative and is much safe for the environment. Among the predatory mites,
the members of the family Phytoseiidae are the most promising ones because they
have shorter life cycle and they can be mass produced fairly easily (McMurtry et al.
2013). Among phytoseiids, Neoseiulus longispinosus (Evans) is the most potential
obligate predator of many tetranychid mites (Mallik and Channabasavanna 1983).
The predatory mite Neoseiulus longispinosus (Evans) has been proved to be the
most efficient in controlling spider mites in diverse crop ecosystems. It has a wide
range of distribution and can adapt to hot temperatures within poly houses (Mallik et
al. 1999). The use of commercially available predatory mites has gained popularity
within the context of IPM programs as being one of the economically viable pest
management methods (Vila and Cabello 2014, Van-Lenteren et al. 2018). So,
there is ample scope to utilize N. longispinosus as a potential biocontrol agent for
controlling 7. urticae and it is possible with successful mass rearing followed by
augmentative release. Biological performance of Neoseiulus longispinosus has been
studied so far in India and worldwide (Huyen ef al. 2017, Sharma et al. 2024). In
most of the studies comparative data on different host species, effect of temperature
etc. have been generated. Biology and life cycle of N. longispinosus have been
studied on 7. urticae mites in a scattered manner in different countries. However,
so far it is known that its biology has not yet been studied in Bangladesh condition.
For successful management of any pest by its predator, a thorough knowledge about
biology of the concerned predator is necessary. Hence, it is imperative to study the
biology of potential predatory mite N. longispinosus in Bangladesh condition for its
possible inclusion in IPM programs.

In India, Madruga et al. (2012) observed the average development period of
N. longispinosus about seven days under laboratory condition at 24.34 + 2.90°C.
Chauhan ef al. (2010) studied the development of N. longispinosus on T. urticae on
rose under laboratory conditions at 18.4-22.7°C and 20-91% RH and they found that
the egg to adult development duration was 8.8 days.
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Increased concern over adverse effects of the commonly used acaricides warrant
the development of alternative management of mite pests. Documentation of biology
of N. longispinosus could open up new scope for mass rearing and utilization of this
predator in sustainable management of mite pests in Bangladesh. So keeping this in
mind, an attempt was made to study the biology and fecundity of N. longispinosus
on T. urticae infesting taro leaf under laboratory condition.

MATERIALS AND METHODS

The development and life history traits of N. longispinosus were examined
at Integrated Pest Management Laboratory in the Entomology Division,
Bangladesh Agricultural Research Institute during March — April 2022 at 25420
C and 55+5% RH.

Maintenance of the host plant, taro in net house : The taro plant was transplanted
in 12’ dia plastic tub in the net house. Recommended dosages of farm yard manure
(FYM) and fertilizer were applied to these plants and watering was done as and
when required to maintain optimum moisture level in the taro-growing pots. The
taro plants were allowed to grow and the 7. urticae infested leaves from these plants
were used to examine the biology of N. longispinosus. Taro plants were sown every
15 days interval in order to ensure continuous availability of taro leaves for biology
study of N. longispinosus in the laboratory.

Culturing of 7. urticae and predatory mite : Predatory mite N. longispinosus
and its prey 7. urticae were collected from different fields of Gazipur district
and surrounding places. Taro plants were raised in pots for culturing 7. urticae.
Thirty-day old potted plants were inoculated with 7. urticae with the help of
camel hair brush or by keeping the already infested leaves on fresh plants in
order to transfer the mites. Then, freshly potted plants were transferred beside
the older plants at periodical intervals to transfer the mites from older one to
fresh one so as to maintain the continuous culture of 7. urticae. N. longispinosus
adults collected along with the prey mites were transferred onto the taro leaves
disc 4cm dia placed on plastic trays (30 x 10 x 5.5 cm) containing sponge of 1.5
cm thickness layered with the moist cotton pad. Water was added to the rearing
unit as and when necessary to keep the cotton moist and thereby preventing
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leaves from drying up. Gravid females of N. longispinosus along with prey
mites 7. urticae were examined for every 2 days to check the population of
the predator. Whenever the predator population increased old leaves were cut
into bits of 2 cm? and these bits were placed on a new taro leaf along with prey
mites. The culture was maintained at 25 = 2°C and 55 + 5% RH and utilized for
conducting laboratory experiments.

The biology of N. longispionsus was examined on taro leaves infested with
T. urticae. The experimental arena included a Petri dish (15 cm dia) and moist
foam. Moist foam was kept in each Petri dish and foam was kept moist by
adding water to the rearing Petri dish as and when necessary to keep the foam
moist and to prevent drying up of leaf bits and escape of the predators. Taro
leaf bits (4x4 cm) were placed above the moist foam. Ten gravid females of 7.
urticae were kept on each leaf bit and allowed to lay eggs up to 24 hrs. After
24 hrs, T. urticae females were removed and a single-mated gravid female of
N. longispionsus were released on each bit and allowed to lay eggs for 24 hrs.
For this study, 1(one) egg of N. longispionsus was maintained on each leaf bit.
Leaf bits and prey mites were replaced at 3 days interval. Different life stages
of N. longispionsus were observed under stereo microscope at 3-5 hrs intervals
until adult emergence. The time required to pass through different stages viz.,
incubation, larval, protonymphal and deutonymphal periods were recorded
under Olympus (SZ61) stereo zoom microscope.

Adult mites were sexed out and the development duration of different
stages was recorded. Emerged males and females were maintained separately
until death to determine their longevity. To study the reproductive biology of
N. longispionsus, one female deutoymph of N. longispionsus was transferred to
leaf bit with two adult males and allowed to mate after molting. Pre-oviposition,
oviposition and post oviposition periods were recorded. The number of eggs
laid by female was recorded until the death of the female. Daily oviposition
rate, the average total number of eggs laid by each female (fecundity or fertility
rate) was calculated. Fifteen replications were maintained for the study. The
computations were performed in Microsoft Excel and values of developmental
duration were expressed in mean+ SE.
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For morphometric measurement, different stages from egg to adult (15 of each
stage) were randomly selected and length and width were recorded with the help of
a standardized occular micrometer fitted to a digital camera equipped stereo zoom
microscope and values expressed in mean +SE (Standard Error).

RESULTS AND DISCUSSION

The biology of N. longispinosus was examined in the laboratory on taro leaves
infested with 7. wurticae. Observations recorded on the duration of life stages of
N. longispinosus on taro leaf. The different stages of predatory mite and its
developmental period were clearly distinguished. The life cycle of N. longispinosus
consist of egg, larva, protonymph, deutonymph and adult (Fig. 1A, B, C, D, E, F).
The morphological characteristics and developmental duration of different stages
are presented in Table 1.

Egg: Eggs were oval in shape and transparent white in color, found to be laid singly
or in groups near to the 7. urticae infesting leaf surface and preferred the area closer
to the midrib. Egg period ranged from 2.00 to 2.67 days with an average of 2.37
days.

Larva: The larva is hyaline, distinguished from other stages with three pairs of legs.
It did not feed at this stage, lasted for short period of time. The mean larval period
was recorded 0.64 days for male and 0.73 days for female.

Protonymph: Larva molted into protonymph and it was initially white to creamy
in color, later changed into yellow to orange depending on prey consumption. The
protonymph stage onwards, they become equipped with four pairs of legs, actively
search for prey. On an average protonymphal period was 0.85 days for male and1.02
days for female.

Deutonymph: Deutonymph stage was confirmed with presence of exuviae of
protonymph after molting. This stage was observed actively moving and feeding.
Typical bright orange color was visible at this stage. It was slightly bigger and dark
yellowish than protonymph. Female deutonymph was larger than male deutonymph.
The mean deutonymph period was 1.03 days for male and 1.13 days for female.
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A study was conducted by Ibrahim and Palacio (1994) who revealed that the
development period of immature stages of N. longispinosus reared on 7. urticae
was approximately 0.65 days for larva, 0.87 days for protonymph and 0.95
days for deutonymph which are closer to the findings of the present study. This
might be due to prevalence of more similar temperatures and relative humidity
condition of both the studies.

Adult: The adult mite exhibit sexual dimorphism in color, shape and size. The
shape of male was elongate. The hysterosoma of female was broadly round. The
posterior part of the body of males was smaller than females and their colour
remained yellowish throughout the life, whereas females were dark yellowish
to reddish with transparent white spot on the centre of idiosoma. The total
developmental time from egg to adult of females of N. longispinosus was 4.79
days whereas it was 4.09 days for male. Bapugouda et al. (2019) reported that
N. longispinosus took from 4.18 days to 4.76 days when fed on 7. urticae which
is close to the findings of the present study. However, Sharma and Chauhan
(2013) studied the development of N. longispinosus on T. urticae reared on
beans and recorded the total developmental period of 7-14 days in the winter
months whereas Sanchit and Shukla (2016) recorded 6.244+0.89 days for total
development on the same prey which is higher than the present study.

Adult longevity: Adult longevity of N. longispinosus on the T. urticae cultured
on taro leaves was observed. However, difference was found in the longevity of
male and female and the results are presented in Table 1. The average longevity
of male and female was 18.12 and 14.74 days, respectively. Observations on
longevity of both sexes revealed that males lived longer than females. Abhilash
and Sudharma (2002) reported a slightly lower female longevity (13.2+3.7 days)
on 7. ludeni which is agreed to the present findings.
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Fig. 1.  Stereo micrographic presentation of different life stages of predatory mite Neoseiulus
longispinosus. (A. eggs, B. Larva, C. Protonymph, D. Deutonymph, E. Adult male, F.
Gravid female). Photographs were taken with a digital camera attached to Olympus (SZ61)
stereo zoom microscope.

Table 1.  Duration (day, Mean + S E) of various developmental stages of predatory mite (M.

longispinosus) on T. urticae infested taro leaf under laboratory condition

Stage/Period Duration in Days (Mean+ SE)
. 2.3740.13 (2.00-2.67)
Egg/Incubation
Male Range Female Range

Larva 0.64+0.01 0.58-0.67 0.73+0.02 0.67-0.75
Protonymph 0.85+0.01 0.82-0.88 1.02+0.02 1.00-1.12
Deutonymph 1.03+0.02 0.99-1.12 1.13+0.23 1.06-1.18
Egg - Adult 4.09+0.09 3.83-4.28 4.79+0.09 4.65-5.12
Adult longevity 18.12+0.54 16.3-19.63 14.74+0.43 13.22-15.88
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Documentation of morphometric data of N. longispinosus were given in Table 2
where a gradual increase in size from larva to adults was observed. On an average the
length and width of the eggs was 194.154+0.32um and 121.68 + 0.34um, respectively.
Larvae were measured as 226.08+0.32pum in length and 163.06+1.04pum in width,
protonymph body length and width was 277.68+ 0.27um and 172.12+0.34um,
respectively with an increased body. Deutonymph body length and width was
337.60+ 0.38um and 204.48+0.34um, respectively. Body length and width of male
was about 380.88+ 0.51um and 210.82+ 0.19um, respectively and body length and
width of female adults was about 414.74+0.23pum and 250.41+0.24pum, respectively
(Table 2). Sanchit and Shukla (2016) documented the morphometric data of N.
longispinosus. They measured eggs 0.187+£0.022 mm in length and 0.110+0.004
mm in width. The larvae measured on an average 0.223+0.019 mm in length
and0.147+0.014 mm in width. The protonymphal stage measured 0.245+0.001 mm
in length and 0.145+0.011 mm in width. Deutonymph measured 0.338+0.021 mm in
length and 0.18940.009 mm in width. The adult female measured 0.425+0.016 mm
in length and 0.257+0.013 mm in width. The adult male measured 0.309+0.019 mm
in length and 0.146+0.010 mm in width.

Reproductive biology of Neoseiulus longispinosus: The data of different
reproduction parameters of female N. longispinosus are presented in Table 3. Pre-
oviposition, oviposition and post oviposition periods: Pre-oviposition, oviposition
and post oviposition periods were 2.25+0.06, 11.04+0.47 and 2.414+0.12 days
respectively (Table 3). Sanchit and Shukla (2019) recorded pre oviposition period
(1.61£0.03 days), oviposition period (18.60+2.61 days), post oviposition period
(3.50+1.01 days) of 4. longispinosus reared on T. urticae.

Table 2. Morphometric of various stages of predatory mite (N. longispinosus)

Length (um Breadth (um

Stages ( MgangSlE)) (Meani(gE))
Egg 194.15+0.32 121.68+0.34
Larvae 226.08+0.32 163.06+1.04
Protonymph 277.68+0.27 172.12+0.34
Deutonymph 337.60+0.38 204.48+0.34
Adult male 380.88+0.51 210.82+0.19
Adult female 414.74+0.23 250.41+0.24
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Fecundity, daily oviposition rate, viability of eggs and sex ratio: Neoseiulus
longispinosus female laid eggs daily on an average 2.01+0.84 and 27.13+1.49 of its
life span of which 79.87% hatched to larva. Abhilash and Sudharma (2002) reported
fertility rate (25.2+3.83 eggs/ female) and daily oviposition rate (2.02+0.59 eggs/
female/day) of A. longispinosus on T. ludeni which is close to similar to the present
findings. In this study sex ratio, male: female was 1:2.28. Bapugouda et al. (2019)
reported the highly female-biased sex ratio (3:Q; 1:3.11) of N. longispinosus on T.
urticae is compared to the present study (1:2.28).

Table 3. Reproduction attributes of predator Neoseiulus longispinosus on prey
species of Tetranychus urticae

Reproductive attributes Mean+ SE
Pre Oviposition Period (days) 2.2540.06
Oviposition Period (days) 11.04+0.47
Post Oviposition Period (days) 2.41£0.12
Adult Female Longevity (days) 14.74+0.43
Daily Oviposition Rate (average no. of eggs/ female/day) 2.01+0.84
Fecundity (total no. of eggs/female) 27.13£1.49
Viability (%) 79.87+1.84
Sex ratio (male:female) 1:2.28
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