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Abstract
Tea, Camellia sinensis (L.) O. Kuntze, is a perennial crop and grown as a monoculture on large
contiguous areas. Tea crop have great economic value in India because India is the second largest tea
producing country after china. Tea plant is subjected to the attack of several notorious pests such as
insects, mites, nematodes, diseases and weeds. Among them Oligonychus coffeae Nietner (Acari:
Tetranychidae), the red spider mite (RSM), is a major pest of tea (Camellia sinensis) in most teaproducing countries. This causes great economic losses to the tea growing countries. Red spider mite
present of the tea crop throughout the year because tea is a perennial crop provides food and shelter due
to which Nymphs and adults of RSM lacerate cells, producing minute characteristic reddish brown marks
on the upper surface of mature leaves, which turn red in severe cases of infestation, resulting in crop loss.
The authors tried here to collect the information about Seasonal abundance, status of RSM, stages, life
history, nature of damage, symptoms, reasons of occurrence of RSM as well as control measures
including IPM strategies.
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1. Introduction
The tea (Camellia sinensis. var. assamica) is the most important non alcoholic beverage in the
world. The tea is appreciated both for its stimulant properties and health benefit [55]. This
ubiquitous common man’s drink in India was introduced by the British to this country from
neighbouring China. The tea industry is one of the oldest organized industries in India. Thirtyfour countries of Asia, Africa, Latin America, and Oceania, situated between latitudes 41ºN
and 16ºS, produce tea and the national economy of many of these countries is largely
dependent upon its production [31]. India produces three speciality teas like, Darjeeling, Assam
and Nilgiris, which are exported world over. Tea is grown in 13 states and Assam, West
Bengal, Tamil Nadu and Kerala are the largest producers. Of the many constraints that affect
tea production, insect and mite pests play a major role, causing 11% to 55% loss in yield worth
U.S. $500 million to $1 billion [31, 3].Tea plantations are evergreen and perennial (over 100
years) [7], as monoculture is a permanent ecosystem which provides habitat continuity for 1031
species of arthropods [31] and is attacked by nearly 250 insect species [9] and 82 species of
nematodes as reported from different parts of the world [15]. Tea plantations roughly resemble a
“single species forest” [16], and insect and mite species are thought to coexist by way of intra
tree distribution [31]. The distribution and abundance of tea pests are largely influenced by
weather, altitude, crop variety and the cultural operation such as pruning, manuring, regulation
of shade, use of pesticides, natural enemies of pests and economics of tea production [42].
Mites, as a group, are persistent and the most serious pests of tea in almost all tea producing
countries [16, 31]. In India 13 species of mites belonging to eight families were reported [27].
Oligonychus coffeae is one of the most destructive pests in all the tea growing regions of North
East India [17, 22] causing considerable crop loss in tea [45]. RSM has been a major threat to tea
cultivation, As a result of infestation by the RSM, plant growth and leaf productivity are
seriously affected. This pest has been causing a considerable damage to tea cultivation in India
since 1960, but recently its havoc is more prominent in North Bengal tea plantation due to
environmental changes [40].
2. Seasonal abundance
RSM population continued to increase gradually with the increase in temperature from March
to June. Maximum incidence of mites on tea was observed in the 1st and 2nd fortnight of June.
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However, population started to decline in July and reduced
further in August. This was due to the occurrence of
extremely heavy rainfall which washed off large number of
mites from the surface of the tea leaves. The remaining mites
on the leaves again increased in number in September with
the passage of the monsoon season. With the decrease in
environmental temperature from October, population of mites
started to decrease and this trend continued up to the 2nd
fortnight of December. Very low number of mites was
recorded to be present on the collected tea leaves in
November and December [39]. The incidence of red spider
mite, O. coffeae on tea was maximum during the month of
April to May-June and September-October. Afterwards their
population declined gradually and reached a very low level
during month of December –January due to adverse effect of
low temperature [18]. Incidence of red spider mite, O. coffeae
on tea was maximum during the month April to June and
September- October due to high temperature. However,
during the month of July-August a minimum population was
sustained because rain water washed away the mites. During
December to January mite population was very low due to
adverse effect of low temperature. Again from February
onwards population of mites was increased to reach its peak
in the month of April [33].
3. Whether parameters which influence the red spider
mite population
3.1 Temperature
Temperature is an important unique meteorological parameter
that influences the growth and development of tea as well as
pest infestation. High temperature influences the infestation of
red spider mite in tea. Multiplication rate is greatly increased
in higher temperature. In low temperature, population is
reduced during winter season but unreasonable low
temperature followed by wind during spring leads to high
mortality. Infestation increases with the increase of
temperature and vice-versa [1].
3.2 Relative Humidity
Humidity is an important climatic factor that influences the
growth and development of tea plant. It interferes with the
population build-up of red spider mite. Hot and dry weather
with low humidity lead to high infestation of red spider mites.
It encourages less feeding, slower egg laying and shorter life
span. Like temperature, relative humidity was also found to
be positively related with the infestation of red spider mites in
tea. Infestation increases with the increase of relative
humidity and vice-versa [2].
3.3 Rainfall
Rainfall is one of the major climatic factors that affect the
growth, development and yield of tea as well as outbreak of
red spider mite. The minimum annual rainfall of 1150–1400
mm is generally considered necessary for successful
cultivation of tea. Too much water can be devastating for
some pests. Raindrops can physically dislodge them from
their host plant and behaviour patterns can be disrupted.
Prolonged or heavy rain with big rain drop washes off mites
from host. Mites move to underside of the leaf. It leads to
high mortality of mites. It also escorts to less breeding of
mites. Eggs of red spider mite is least affected [2].
3.4 Sunshine hours
Sunshine hour is a major weather parameter. Red spider mite
is a positively phototropic pest. Light duration (sun light

intensity and penetration) in daytime influences the buildup of
mite population. Light has the positive response in the upper
surface of the leaves. It influences egg laying, oviposition
rhythm, with the maximum oviposition at dawn and dusk
when there is a rapid change in light intensity. Changes in
light regime i.e. light to dark leads to peak oviposition. Egg
hatching is the maximum at red light. Light penetration within
the canopy regulates the distribution of mites. Sunshine hours
were found to be positively related with the infestation of red
spider mite in tea; the higher sunshine hours, the higher was
the percentage of infestation [2].
4. Status of RSM
RSM economic threshold level (ETL) in tea is reported to be
4 mites per leaf in South India [41, 44] and in North East India
2–3 mites/cm2 [5]. But ETLs change with crop phenology, cost
of pesticides and labour, weather conditions, market prices,
etc., and they vary from region to region and even from field
to field.
5. Nature of damage in tea
Larvae, nymphs and adult RSM causes damage to the tea
plant which feed on the sap of the leaves and occasionally on
petioles. Their attack is mainly confined to the upper surface
of the mature foliage. As a result of feeding, mature leaves
become reddish bronze, and consequently RSM-infested
fields can be identified even from a distance. RSM infestation
reduces the photosynthetic capacity of leaves and ultimately
leaves wilt, due to increased transpiration and moisture loss.
Such leaves are then abscissed, resulting in defoliation. This
is more evident where a severe attack is followed by a
drought, when weak bushes and young plants may be killed
[19]
. High temperatures, dry conditions and the absence of
shade are conducive to outbreak of this pest. The optimum
temperature for growth and development is 30ºC [20] the lower
threshold for development is 10ºC and 23.26 degree days are
required to complete the life cycle from egg to egg [26].
6. Life stages and life cycle of RSM
6.1 Eggs
Eggs are laid singly on the upper surface of the leaf along the
mid-rib and veins [23, 56]. The eggs are blood red to chrome red
glossy and shining, but change to light orange before hatching
[20]
. The egg is ovoid or spherical, smooth, with a slight
depression on the exposed top side and flattened on the lower
surface [19, 46].
6.2 Larva
The larva is almost round and has three pair of legs. A freshly
hatched larva is yellow orange. The larval period is followed
by the first quiescent stage.
6.3 Nymphs
The protonymph carries four pairs of legs. The body is oval,
the anterior legs are pale crimson, whereas the posterior pairs
are deep reddish brown. Deutonymphs are like protonymphs,
but larger. At the deutonymph stage the sexes can be
differentiated; the female is slightly bigger and has the
abdomen rounded at the posterior end, whereas the abdomen
of the male is pointed. After the third quiescent stage the adult
emerges.
6.4 Adult
Both males and females are sexually mature on emergence
[19]
. Males are short-lived whereas females are known to live
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for about 3 weeks during summer and for a couple of months
or more during winter [46]. The male differs from the female in
size and also in shape of the body. The female is nearly
elliptical or oval, the abdomen being broadly rounded at its
posterior end. The male is smaller, and has a slimmer body,
the abdomen being much narrower posteriorly, almost
tapering to a point [19].
6.5 Life cycle
The bio ecology of these mites was studied on tea in India by
(Das, 1955) [21]. The duration of the various stages in days at a
constant temperature of 22 0C are eggs 4 to 5, larva 4 to 5,
protonymph 4, deutonymph 2 to 3, development from egg to
adut occupies 10 to 15 days. Females are capable of laying 40
to 50 eggs each. In North East India, the duration of egg to
adult is shorter in the summer months and may be completed
in 9.4–12 days in May and June, whereas it may take as much
as 28 days in cold weather [19]. Hu and Wang (1965) reported
that under laboratory conditions, the mites passed through 22
generations in a year [32]. Das and Das (1967) and Haque et al.
(2007) studied the effect of temperature and relative humidity
(RH) on its biology and identified 30 0C as the critical
temperature. They also reported that the mite did not survive
beyond 35 0C [20, 30]. Eggs failed to hatch under constant
temperature of 34 0C and 17% RH [20]. At 33 0C none of the
eggs hatched if RH was below 72% [20]. However, in their
natural habitat the mite is not only affected by abiotic
challenges like temperature, RH, and others, but also by biotic
factors, mainly host plant and predators [23].
7. Habitats
The RSM live under the cover of a silken web spun on the
leaf surface as a protection against inclement weather [22].
Leaf temperature and light penetration within tea bushes also
influence mite distribution; O. coffeae prefers the middle zone
of the bush (30 cm below the plucking surface) because of
optimum temperatures associated with plant shading [6]. The
temperature in the upper zone of the tea plant may reach 40–
45 0C yet shading can bring down the temperature of the
middle tier of a bush to ambient levels of 30–32 0C [29].
8. Dispersion
Dispersion is also effected by wind, which carries the mites
for considerable distances. Labourers working in tea
plantations are also responsible for spreading the mites by
carrying them on their clothes and baskets. Cattle, goats, birds
and insects too play an important role in dispersion, carrying
the mites on their bodies [19]. The bushes touch each other, and
it is reasonable to expect that mites migrate from bush to bush
by crawling from leaf to leaf and some time by crawling over
the intra bush ground [19, 34].
9. Integrated Pest Management
9.1 Pruning
Pruning is an essential agronomic practice implemented in
winter for renovating vegetative growth at the expense of
reproduction, to increase crop productivity in subsequent
years. Pruning removes a large part of the RSM populations
present on the Leave. Red spider mite, scarlet mite and purple
mite are removed during pruning operation [36].
9.2 Shade regulation
The culture of shade trees and many ancillary crops in the tea
ecosystem is considered to be a necessary evil. In tea, shade
regulation plays a predominant role in mites is seen more in

tea fields devoid of shade. So, the recommendation of shade
management will help to prevent the excessive build up of
mites.
9.3 Filed sanitation
Field sanitation assumes significance in the management of
several pests. Weeds offer excellent hiding places and serve
as alternate hosts for Red spider mites. Weeds like Urena
lobata weeds act as alternate host of Red spider mite. Weed
free cultivation and preventing trespassing of cattle, goat, and
other animals from RSM-infested fields reduce its spread [37].
9.4 Trap crop
A trap crop also manipulates the habitat in an agro ecosystem,
which can be included under the ecological engineering
approaches for the purpose of IPM [28]. However, Marigold is
an ornamental plant and in tea it can be used as a trap crop of
red spider mite. In cases where part of a garden becomes
badly affected with Red spider mite every year it is essential
to put down a protective barrier between the affected and
unaffected tea. One row of marigold can be planted at the
outer periphery and also in the vacant area of the section.
Border plantings of Adhatoda vesica serve as a barrier for red
spider mite, Oligonychus coffeae [59].
9.5 Effect of shade
Shade is an integral part of tea cultivation in most of the teaproducing countries. Temperature of tea leaves under shade is
1–2 C below ambient temperature while in the unshaded areas
it may go up by 2–4 C [43, 45]. The incidence of RSM is less in
shaded areas and their vertical distribution is also remarkably
different in shaded and unshaded bushes, indicating the
influence of leaf temperature and light penetration [43].
9.6 Water management
Water plays a significant role not only in plant nutrition [8],
but also in IPM [31]. Mulching also helps to increase humidity
in the field, and therefore may help to control mites.
9.7 Use of botanicals
Botanical products are environmentally safe, less hazardous,
economic and easily available. Certain products derived from
indigenous plants are used for tea pest control.
Recently, Neem (Azadirachta indica), in various commercial
formulations, is widely recommended in tea plantations
against the RSM [44, 57]. Clerodendrum extracts may also
effective against major pests of tea such as red spider mites
etc [37] and Melia azadirach (Meliaceae) showed great
promise in controlling RSM population at field level [49, 50].
Roy et al. (2008) reported that effectiveness of garlic lectin
(The LC50 value: 12.4 ± 1.918 lg/ml) on RSM in tea [48].
Roobakkumar et al. (2010) indicated that Neem Kernel
Aqueous Extract (NKAE) @ 5.0% concentration was
effective against RSM [47].
9.8 Biological control
Biological methods of control involve the conservation,
preservation and introduction of natural enemies like
predators, parasitoids and pathogens for suppression of pests
within tolerable levels. Sarkar et al. (2007) reported that the
period of peak incidence of the predatory mites groups was
March– April followed by another small peak during
October–November. The density of predatory mites
(Amblyseius sp. and Agistemus sp.) coincided with that of
RSM population in N.E India [53]. Borthakur and Das (1987)
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and Borthakur et al. (1992, 2005) reported that Agistemus sp.
was the predominant natural enemy in North East Indian tea
plantation and has promising biological control potential
against RSM in tea [11-13]. Saha et al. (2001) suggested that
Amblyseius coccosocius Ghai and Menon was the most
suitable predator of tea RSM in North East Indian tea
plantation [52]. All these studies indicated richness of
predatory mite species in tea which acts as natural biocontrol
agents against RSM. Oligota flaviceps is identified as a
predator of Red spider mite in tea [4]. The ladybird beetle,
Stethorus gilvifrons Mulsant, is a major predator of the RSM.
Adults and larval stages of S. gilvifrons predate
indiscriminately on the eggs, nymphs and adults of the RSM
(Banerjee, 1971). Roy et al. (2010) reported that Micraspis
discolor F. was the dominant coccinellid predator of RSM in
the conventionally managed tea plantations in North Bengal,
India [51]. Green lacewings (Neuroptera) are important
predators of various soft-bodied arthropods, including RSMs
in tea. Mallada boninensis Okamoto, Mallada basalis Walker
and Mallada desjardinsi Navas had been reported as efficient
predators of RSM infesting tea in India [58].
9.9 Pathogens
Use of entomopathogenic fungi is a new area of research for
management of RSM. Fungi are the predominant pathogens
found in RSM populations, and are unique in their ability to
infect their hosts through the external cuticle. Paecilomyces
fumosoroseus from south Indian tea field has been found
effective against RSM [54] and another fungal pathogen
Hirsutella thompsonii has been found efficient against RSM
in North East India [24].
9.10 Chemical control
Chemical control is the primary mode of management of
RSM and a wide range of acaricides belonging to different
chemical groups is currently used worldwide to control this
pest. Elbert et al. (2005) reported that Spiromesifen (oberon)
240 SC @ 72-96 g.a.i/ha gave an excellent result for the
control of red spider mite, O. coffeae in tea [25]. Chakrabotry
et al. (2015) reported that Cyflumetofen 20 SC which at 125 g
a.i./ha gave excellent (95 to 100%) reduction and the
molecule was found to be soft on natural enemies and all the
doses did not produce any phytotoxic symptoms on tea bushes
[14]
. Mamun et al. (2016) reported that Hexythiazox (75.88%)
showed the highest performance in reducing red spidermite
population on tea followed by Fenazaquin (74.12%) in the
laboratory. The similar trend was observed in case of field
condition. The order of performance of the tested pesticides
was
Hexythiazox>
Fenazaquin>
Spiromesifen>
Fenpyroxymate> Propargite> Fenpropathrin> Chlorfenapyr>
Abamectin [38]. Biswas et al. (2009) reported that sedna 5 SC
Sedna 5 SC (fenpyroximate) @ 600 ml/ha was highly
effective to combat red spider mites of tea up to 35 days of
application followed by propargite 57 EC @ 400 ml/ha
compared to other acaricides [10].
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