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RITC Research Institute for Tea and Cinchona, Indonesia.
SD standard deviation
SE standard error
sp. species
T. Typhlodromus
W. Wollastonielia
WOTRO Stichting voor Wetenschappelijk Onderzoek van de Tropen
WP welttable powder

Z. Zetzellia



o E N el R o F

SYMBOLS

statistically significant (P < 0.05)
statistically very significant (P < 0.01)
diameter

index of population trend

number of observations

probability level

correlation coefficient (PEARSON)
mean vector

instantaneous rate of increase
registered trade mark

intrinsic rate of increase

rate of multiplication in one generation
mean generation time



1. INTRODUCTION

Brevipalpus phoenicis is distributed widely over the world, primarily through-
out the tropics (HARAMOTO, 1969). A more intensive search for this mite would
probably establish that it is present in most tropical countries. The mite is also
common outside the tropics. It has been found as far north as the Netherlands
(where it was described from the Phoenix palm in a glasshouse by GEIISKES,
1939) and as far south as Argentina (HARAMOTO, 1969).

Brevipalpus phoenicis has several common names in English: red-and-black-
flat mite in Hawaii (HARAMOTO, 1969), scarlet mite in India and Sri Lanka
(Das, 1961; BANERIEE, 1969, 1971; BAPTIST and RANAWEERA, 1955; CRANHAM,
1966; DANTHANARAYANA and RANAWEERA, 1970, 1974), red-crevice mite in
East Africa (PREBBLE, 1972; LAYCOCK and TEMPLER, 1973; BANERJEE, 1976), To
designate B. phoenicis the common name ‘scarlet mite’ will be used throughout
this publication.

Scarlet mites are common on many crops in tropical and subtropical coun-
tries. PRITCHARD and BAKER (1958) list 63 host plant genera; NAGESHA CHAN-
DRA and CHANNABasavanNa (1974) found 33 genera as host plants of scarlet
mites in India. Important crops on which scarlet mites.occur as a pest include
papaya and passion fruit (HARAMOTO, 1969), citrus (JEPPSON, 1978), tea and
coffee (BANERJEE, 1976).

On citrus, apart from causing feeding damage, scarlet mites transmit the vi-
rus disease ‘citrus leprosis’ (CARTER, 1973; KITAJIMA et al., 1972) and can cause
‘Brevipalpus gall’ and “halo scab’ with ‘phoenicis blotch’ — a combination of
fungus and mite attack (KNoRR and DENMARK, 1970; CARTER, 1973). On coffee
it transmits ringspot virus disease (CHAGAS, 1973).

In most tea producing countries, scarlet mites constitute a serious pest prob-
lem in this crop (e.g. Sri Lanka: KinG, 1936; BAPTIST and RANAWEERA, 1955;
CRANHAM, 1966; DANTHANARAYANA and RANAWEERA, 1970; India: Das 1961;
BANERIEE, 1965; 1971; Rao, 1974a; Bangladesh: ALl and Haq, 1973; Kenya:
PREBBLE, 1972; Malawi: FINDLAY, 1971; Mauritius: RAMLOGUN, [971).

Tea is a national drink in Indonesia. Intestinary infections, common in tropi-
cal countries as a consequence of infected water, are prevented by habitual tea
drinking. The production provides many rural communities with a modest liv-
ing. The production however, is affected by pests of which I found the scarlet
mite to be one of the most important. Tea bushes without scarlet mites are dif-
ficult to find. In random leaf samples from tea estates all over West Java (the
main tea growing area of Indonesia) and some of Central Java, I found scarlet
mites on 57% of the leaves, while in North Sumatra the same percentage of
leaves was infested. Only in exceptional cases did the samples not contain scar-
let mites. A survey of 21 tea estates on Java and Sumatra revealed that 16 man-
agers sprayed routinely between one and sixteen times annually against scarlet
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mites. According to unpublished statistics for 1976, of a large organization of
tea estates, Perseroan Terbatas Perkebunan 12, 149/ of this whole tea area of
12,000 ha was treated three times, predominantly against scarlét mites, even
though it was no exceptional mite year.

The scarlet mite was early recognised as an important pest of tea in Java
(KONINGSRERGER, 1903; BERNARD, 1909). Since then, it has frequently been
studied. The morphology, life history, host plants, distribution on the host
plant and symptoms of attack were well studied. Methods of chemical control
are standard in the later publications (BERNARD, 1909; HOMBURG, 1955; LIEF-
STINGH-HARDICK, 1955; Razoux ScHULTZ, 1961; NARA et al., 1972; WARDOJO
et al., 1974). However, little is known of the background information necessary
for a rational control, such as on the ecology and the abundance of the scarlet
mite, the relation between this and crop loss (economic injury level), and the
possibilities of biological and cultural control. The climatological conditions,
cultural methods and plant material in Indonesia are different to those in other
tea producing countries, so papers from these countries contain little informa-
tion relevant to Indonesia, other than the biology of the scarlet mites and the
sensitivity to acaricides.

The increased use of pesticides in the Indonesian tea industry, the size of the
pest problems in tea and the expectation that the pests could be controlled by
natural and cultural means, made a nced apparent for a change 1o integrated
control of tea pests. These arguments seemed especially applicable to the scar-
let mites, This made the scarlet mites and the population dynamics a suitable
subject for study as a foundation for integrated control, as it was felt that the
mite problems are in some way related to the extensive use of pesticides,
especially the copper fungicides. These considerations led to a study on the
scarlet mites, carried out at the Research Institute for Tea and Cinchona
(RITC, Gambung, West Java) from 1975 to 1980. Practical aspects such as the
recognition of mites and the signs of attack, the economic injury level, and the
efficiency of acaricides, were studied from 1975 to 1977 and will be published
elsewhere. Fundamental aspects of the population dynamics of the scarlet
mites were studied by descriptive and experimental approaches especially dur-
ing the second period of the study. The resulis are published in this paper.

In the laboratory, the development and reproduction of scarlet mites were
studied under favourable conditions within the range of local conditions
{chapter 4.1.). Observations on the migration of scarlet mites are included in
the same chapter. In the field, the abundance of scarlet mites was studied as
influenced by: the host plant, time after pruning, weather, and pesticide appli-
cation notably copper fungicides (chapter 4.2.).

Particular attention was given to the predators of scarlet mites. Predators
of mites on leaves were collected and identified in detail on one RITC tea estate
at Gambung in West Java, and more generally on tea estates elsewhere in Java
and Sumatra (chapter 4.3.). The predatory behaviour, development and repro-
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ductive potential of the most common predators reared on a diet of scarlet
mites were studied in the laboratory (chapter 4.4.).

The role of predators in natural scarlet mite control and regulation was in-
vestigated by manipulation of the predators in the field. Predators were ex-
cluded as far as possible from plots by the pesticidal check method (DEBAcH
et al., 1976), one of the methods for quantitative assessment of the effectiveness
of natural enemies reviewed by Kirrrant and DEMPSTER (1973). This method
employs selective toxic chemicals in one series of plots to kill a large proportion
of the natural enemies while, ideally, having little or no adverse effect on the
pest population (DEBACH and HUFFAKER, 1971). In the laboratory, potential
pesticides for this experiment were tested as to the way they affected the mor-
tality, fecundity etc. of the pest. Three pesticides were used in different plots,
with the intention of killing respectively all predators, the predatory mites, and
the predatory insects. The experiment was continued for about 16 months dur-
ing which the numerical fluctuations of both scarlet mites and predators were
followed, together with the species composition of the predatory fauna. The
importance of the predators for the control of scarlet mites was assessed by
studying the correlation between the densities of the prey and different preda-
tor species after the populations were considered to have adapted to the experi-
mental treatments (chapter 4.5.).

The significance of the factors studied, and the prospects for their manipula-
tion, are discussed in chapter 3.
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2. THE OBJECT AND CONDITIONS OF STUDY

2.1. TAXONOMIC STATUS OF BREVIPALPUS PHOENICIS

Brevipalpus mites belong to the family Tenuipalpidae, the superfamily Tetra-
nychoidea, the order Prostigmata, the subclass Acari and the class of Arach-
nida. The genus Brevipalpus DonnNapIEU 1875 is separated into two major
groups according to the number of marginal hysterosomal setac (GONZALEZ,
1975). The larger group has 6 pairs of these setae and contains 46 species in-
cluding B. australis (syn: B. californicus) (PRITCHARD and BAKER, 1958). The
other group has 5 pairs of these setae and contains 9 species including B. phoen-
icis and B. obovatus (syn: B. inornatus). The division of this group is further
based on the number of sensory rods {solenidia) on the distal part of tarsus
1L Up till 1975 only B. phoenicis possessed a full combination of key characters
(5 pairs of marginal hysterosomal setae and 2 solenidia), but in that year Gon-
ZALEZ described another 4 species sharing these characters, among them B. tar-
us. Especially the reticulation of the dorsomedian propodosomal area and the
length of the propodosomal setae distinguish B. phoenicis from the new species.

The majority of the adults collected from the tea crop in Java has both key
characters. One specimen out of about 50 from 5 tea estates in West Java was
identified by Dr. G. L. van Eyndhoven as B. obovatus; all others as B. phoeni-
cis. Mr. C. F. van de Bund identified more than 100 specimens as B. phoenicis
and one specimen as B. tarus according to the new revisions of (GONZALEZ
(1975) and MEYER (1979). These mites originated from 7 tea estates in West
Java and 3 in North Sumatra.

The specimens from the tea in West Java which were collected for this study
are stored in alcohol and microscopic slides at the Laboratory for Entomology,
Binnenhaven 7, Wageningen, Holland, and in the Museum Zoologi, Bogor, In-
donesia.

Brevipalpus mites on tea in countries other than Indonesia share many mor-
phological, biological and ecological features with B. phoenicis but secem to in-
clude other species as well. BAPTIST and RANAWEERA (1955) collected three spe-
cies from tea in Ceylon, B. phoenicis, B. obovatus and B. australis, the latter
being the commonest. Later publications from Ceylon usually refer to this in-
ventarization, in particular to B. australis. Reports on tea pests in South India
refer to B. australis (Rao et al., 1970; Rao 1974a); in North India to B. phoeni-
cis (DAS, 1963; BANERIEE, 1969). The identification of these species has not been
well documented, or has been outdated by the revisions of PRITCHARD and
Baxzr (1958) and GonzaLez (1975). It is desirable that these species are again
identified.
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Fig. 1. A female scarlet mite,
Brevipalpus phoenicis (draw-
ing by F. Oomen-Kalsbeek).

2.2. LIFE HISTORY OF THE SCARLET MITE

The scarlet mite (fig. 1) is small and difficult to see with the naked eye (adult
size is 0.28 x 0.16 mm). The typical flat body is red with some black, which
explains another common name: ‘red-and-black-flat mite’. The eggs and juve-
niles are also red. The mites stay on the undersurface of the maintenance (=
mature) leaves of tea and move around slowly. They do not spin as suggested
by BERNARD (1909) and KALsHOVEN (1950). The morphology of the scarlet mite
has been described in detail by BErRNARD (1909), BAPTIST and RANAWEERA
(1955)*, HoMBURG (1955), HARAMOTO (1969), LaL (1978) and many others.
BAPTIST and RANAWEERA (1955)*, ANANTHAKRISHNAN (1963)*, Das (1965),
HaramoTo (1969), ZAHER et al. {1970), BANERJEE (1965, 1971, 1976) studied
the life cycle. After hatching from the egg, scarlet mites pass through three ac-
tive and three inactive (-chrysalis) stages, before reaching maturity. The life cy-
cle is egg — larva — protochrysalis — protonymph — deutochrysalis — deuto-
nymph - teleiochrysalis — adult. The immobile eggs and chrysalis stages re-
main stuck to the leaf substrate.

*Predominantly B. australis
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The reproduction of scarlet mites is parthenogenetic (thelytokous). Both
male and female are haploid and have two chomosomes (HELLE et al., 1980).
The significance of the rare males and the mechanism of sex determination in
the thelytokous Brevipaipus species is not clear (PIINACKER et al., 1980). Males
do copulate but the transfer of sperm is ineffective (HELLE, pers. comm.). Males
in populations of B. phoenicis are few, on tea about 1.5%, (Razoux SCHULTZ,
1961), on papaya about 1%, (Haromoto, 1969). To simplify calculations on
multiplication, in this publication scarlet mite adults have all been considered
female.

Many plants are known as hosts of scarlet mites (see introduction). In the
vicinity of infested tea gardens rose (Rosa sp.), rose mallow (Hibiscus rosa-sin-
ensis), geranium (Pelargonium zonale), aster (Aster amellus), passion fruit (Pas-
siflora edulis) and citrus (Citrus sp.) were found to harbour some scarlet mites.

2.3. FEEDING AND $YMPTOMS OF THE SCARLET MITE

Scarlet mites live on the undersurface of tea maintenance leaves, on petioles
and twigs with the exception of the lignified parts. Young leaves are invaded
if the maintenance leaves become overcrowded. A small proportion of the mite
population is occasionally found on the upper surface of the leaves, varying
from negligible numbers during rainy periods up to 20%, after prolonged peri-
ods of drought.

The mites prefer to stay at the midrib and other veins, in cracks, crevices
(which explains the common name ‘red crevice mites’), pits, curled edges and
axils. The most favoured places are those where these characteristics converge:
the leaf base and petiole. Consequently, these areas are most severely damaged
by the feeding of the mites.

Tenuipalpidae feed in the same way as Tetranychidac by continuously
punching the leaf epidermis with their chelicerae (JeppsoN et al., 1975). The sap
that oozes out of the wounded cells of the leaf is mixed with saliva and imbibed
into the digestive tract of the scarlet mite (HARAMOTO, 1969). The necrotic
spots are visible as a brownish shaded area on the affected leaves. Concentra-

JAVA SEA

INDIAN OCEAN

Fig. 2. Tea cstates and tea areas on Java (after SCHOOREL, 1950).
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Fig. 4. The Tilu mountain with on the NW slope the Research Institute for Tea and Cinchona
(RITC) and surrounding tea gardens.
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Fig. 6. A tea bush 12 wecks after pruning.
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tions of mites or eggs are just visible to the naked eve as red spots. Affected
areas are dotted by white, empty skins, The affected areas extend along midrib
and borders of the leaf. The whole underside of the leaf may become brown.
Most of the leaves are shed by the tea bush long before this severe stage is
reached (fig. 3). The bark of the twigs cracks, exposing more sheliers that can
soon be filled with eggs. I found no tea bushes killed by scarlet mites as re-
ported by GREEN (1900), BERNARD (1909) and Baker (1949). 1t is typical for
affected bushes that they have a thin canopy of maintenance leaves. The in-
creased light penetration into the frame of the bush permits the growth of
mosses and lichens. This is a traditional indication to tea planters that the
bushes are in a poor condition, although they are often not aware of the rela-
tion with scarlet mite infestation,

2.4. LOCATION, TIME AND CLIMATE

The study was carried out at the Research Institute for Tea and Cinchona
(RITC) in Gambung, West Java (fig. 2) from September 1975 to September
1980. The RITC experimental tea gardens and laboratory are situated on the
NW slope of the Tilu mountain between 1200 and 1600 m above sea level (fig.
4), and about 30 km SSW of Bandung. The soil of these tea gardens is 829
andosol, 14%, regosol and 4% latosol (Dakmawniaya and ParTovo, 1976). On
this estate of about 300 ha, the tea plants are 6080 years old, mainly seedlings
of the assam variety.

The mountain climate in West Java up to an altitude of 3000 m is everwet
with an almost evenly distributed rainfall of 3000—4000 mm per year (VAN
SteENTS, 1972). The dry season (May-October) still has ample rain well distri-
buted over the whole period. The relative humidity at the level of the tea plant
is high. The amplitude of the fluctuations in temperature is small, somewhat
larger in the dry scason (11-28°C) than in the rainy season (14-26°C). For
details see fig. 25 and 33. The annual variation in photoperiod at the latitude
(-7°) of Java is 49 minutes (VAN AGT, pers. comm.),

2.5. THE TEA CULTURE

The Indonesian tea culture is concentrated in West Java which has 41400
ha under tea (fig. 2). Smaller areas are found in North Sumatra (10200 ha),
East Java (2600 ha) and Central Java (2700 ha) (BrRo PUSAT STATISTIK, 1978).

The plantations of tea (Camellia sinensis) in Indonesia traditionally consist
of bushes of the assam variety that occupy about 1 m? each. Most plantations
originate from seed and therefore have a large genetic variability, There are
few modern plantations of homogeneous clones. The natural shape of the tea
bush (fig. 9) is changed by pruning and plucking into a flat ‘plucking table’
of 1-1.50 m high (fig. 7). The frame of the young plants is formed by bending,

Meded. Landbouwhogeschool Wageningen 82-1 (1982) 9
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Fig. 7. A tea bush 3 years after pruning.

Flg 8. The pruning of a tea bush. Note the thin layer of maintenance leaves just below the pluck-
ing table.
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Fig. 9. The natural shape of a tea bush.

pruning and tipping, and after about 4 years the young bushes bear well. Tea
is harvested manually by plucking the young shools once in 7—14 days, de-
pending on the season. A proportion of the young shoot is not harvested but
left in order to maintain the plant. The leaves on this shoot mature and are
aptly called maintenance leaves. Especially these form the substrate of scarlet
mites, Every four years the bushes are pruned rigorously. All leaves, twigs and
thin branches are removed. Only the frame of thick branches is left intact (fig.
5). Four months after pruning these bushes produce again, Gradually the leaf
canopy and ptucking table rise (fig. 6, 7 and 8} until the next pruning. Some
tea bushes in the gardens of RITC have survived this rigorous treatment for
a 100 years! Normal garden maintenance in Indonesian tea estates further in-
cludes frequent manual and chemical weeding as well as fertilizing with NPK
or urea. Shade trees are no longer present except on smallholdings.
Important insect pests are the mosquito bugs Helopeltis theivora and H. an-

Meded. Landbouwhogeschool Wageningen 82-1 (1982) 11



tonii (Heteroptera: Miridae), the leaf roller Homona coffearia (Lepidoptera:
Tortricidae) and several species of looper caterpillars (Lepidoptera: Geometri-
dae) (KocH, 1978; DHAarMADI, 1979). These pesis are locally harmful and are
usually controlled by a variety of insecticides (DHARMADI, 1979).

Tea suffers from five mite pests: scarlet mites (Brevipalpus phoenicis; Tenui-
palpidae), purple mites (Calacarus carinatus: Eriophyidae), pink mites (Aca-
phyila theae: Eriophyidae), yellow mites (Tarsonemidae) and red spider mites
(Oligonychus coffeae: Tetranychidae). Of these, I found the scarlet mite to be
the most common and the most important. Control by applying the acaricides
dicofol or binapacryl is usual.

The fungus disease ‘blister blight’, Exobasidium vexans (Exobasidiales: Exo-
basidiaceae), is a key problem in the tea culture during the wet period of the
year (November—April). Protective applications of copper fungicides are usual
after each plucking round.

Spraying is performed by gangs using knapsack hand or motor sprayers.

12 Meded. Landbowwhogeschool Wageningen 82-1 (1982)



3. GENERAL TECHNIQUES

Techniques and methods generally used are described in this chapter. When
applied only in single experiments or scries of observations, the technical speci-
fications are given at the appropriate place in chapter 4.

3.1. MITE SAMPLING, COUNTING AND REARING

3.1.1. Sampling and counting

Mites were counted on 50 maintenance leaves collected at random from the
inner area of the fields, in the morning after moisture had evaporated (fig. 10).
Samples were packed in plastic boxes and, when stored at room temperature,
remained fresh for 3 weeks. Counting was done, however, within 3 days. Half
the underside of each leaf was inspected, using the 10 x magnification of a dis-
section microscope. Mites and eggs were counted separately. The few mites on
the upper surface were not counted.

A mite brushing machine (HENDERSON and McBURNIE, 1943) was also used
(fig. 11) although this method gave no information on the distribution of mites
over the leaves and predators were usually damaged and could not be identi-
fied. Counts showed that brushing yielded 9494, on average, compared with
direct counting.

3.1.2. Accuracy of sampling and mite counting

The combined egg and mite counts in samples of 50 leaves from 58 single
bushes and 35 fields of tea (chapter 4.2.4.2.) were expected to be distributed
over the leaves according to the negative binomial distribution (cf. PERECIN and
OvLIvEIRA, 1979). The parameters p and k of the negative binomial distribution
with expectation pk and variance pk(1 +p), were estimated by the maximum
likelihcod method for each sample and tested for goodness of fit by PEARSON’S
X2.test. Only 8 out of 93 distributions showed a poor fit at P = 0.05; the other
85 showed no evidence of lack of fit to the negative binomial distribution.

The number of vnits in a sample required to attain a certain degree of accu-
racy of the estimated population mean in a negative binomial distribution can
be calculated according to SoutTHWoOD (1966, 1978) with corrections by Van
MONTFORT (pers. comm.):

_ l.lza / 1 1
N = %K + g)
with N: the number of units (leaves) in a sample.
Ug;2: value from the normal distribution with upper tail area o«/2.

f: the desired accuracy, expressed as a fraction of the expected number
of mites per unit at the confidence level of 1-a.,
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Fig. 11. The use of the ‘mite brushing machine’ by student Anita H. Sutadiredja.
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pand k: parameters of the negative binomial distribution.

Conversely, with N fixed, the accuracy can be assessed. At N =50, the accu-
racy is fairly low (table 1) but sufficient for our purpose. To achieve an accura-
cy of f = 0.1, the samples would have had to consist of N = 800 lcaves approx-
imately. This large number was not practical.

Table 1. Mean accuracy with SD of the mite estimates in 93 samples of 50 leaves each. The accura-
cy [ in each sample is caiculated at the confidence level 1-a = 0.95.

Number Qrigin Accuracy
of of

samples samples mean SD
58 bush 0.41 0.15
35 field 0.38 0.06

3.1.3. Reference of leaf surface

The fresh weight of 50 leaves, of varying size and origin, was significantly
correlated with the leaf area, as determined by planimeter (r = 0.96, P <
0.001). The average quotient of weight (g) to area (¢cm?) was 0.0304 with SD
= 0.0054. Hence, sample weight could be used to estimate the leaf area. The
average weight of 108 samples of 50 leaves was 43.4 g with SD = 2.78 g, corre-
sponding to 1427 em?, or 28.6 cm? per leaf.

The mite densities throughout this paper are expressed as numbers of mites
per leaf. As the variation of sample weights, and hence of sample surfaces, was
small, correcting the mite counts for deviations from average leal area was not
considered necessary. The influence of these deviations is negligible relative to
the inaccuracy of the estimates of the number of mites.

3.1.4. Reference to ground surface

In order to enable conversion of densities per leaf surface to absolute densi-
ties per ground surface, a leafl area index (AL i.¢. the ratio of leaf area to
ground area) was calculated. Sixteen bushes of four different ages
(11-27-34-48 months after pruning) were completely defoliated after measur-
ing the area of the bush projected on a horizontal ground surface. The leaves
of each bush were weighed and the total leaf area estimated from the known
correlation of weight on surface (chapter 3.1.3). The LAI was then calculated.
It appeared that the difference in LAI between the ages was not significant.
The average LAI of all 16 bushes was 2.91 with SD=0.67.

3.1.5. Rearing

Scarlet mites were reared to study the life cycle, fecundity, survival, multipli-
cation under favourable conditions, effects of pesticides, etc. Young, mature
maintenance leaves including 5 ¢cm of non-lignified stalk of the mite-sensitive
clone Cin 143 (chapter 4.2.2) were collected from the clonal garden of RITC.
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oil-filled gutter ¢ 15mm

leat cut back to 8.5 cm?

bud removed
A

1 petni dish lid (#57 mm)

fine nylon gauze { height 80 mm )

number written with batlpaint
petri dish lid [@# 57 mm)
petiole and stalk

water level
perforated plastic tray
plastic tube { 50x6mm ¢}

A R A R A o 5 bottom ot water tray

Fig. 13. Maintenance leaves of tea installed in a walter tray for rearing scarlet mites (A}, predatory
mites (B) and predatory insects (C).

Terminal leaves with a sleeping bud (*burung’ or ‘bandji’ shoot) were chosen
whenever possible. The leaves were cut in the laboratory to a fixed size of 5.6
x 3.1 cm?, resulting in a diamond shape of 8.5 cm?. The axillary bud was re-
moved. The leaves were cleaned by scrubbing with tap water and placed
upright in tubes in a water tray (fig. 12 and 13). The leaves were then inoculated
with young, field-collected females. Adults can be récognised as young for a

few days after their last moult by their colouring and brilliance (HARAMOTO,
1969).

16 Meded. Landbouwhogeschool Wageningen 82-1 (1982)



The leaves could easily be inspected under a dissection microscope and re-
mained fresh for up to one year (!), unless they were damaged by the mites.
The mites were kept in a well ventilated position under a window in the labora-
tory, at ambient temperature and humidity, but protected from direct sun. The
temperature and relative humidity were registered continuously.

3.2. PREDATOR SAMPLING AND REARING

3.2.1. Sampling

The numbers of scarlet and predatory mites on the 50 leaves of a sample
were counted simultaneously. Both sides of the leaves were inspected under a
dissection microscope at 10 x magnification. Eggs and other predatory mite
stages were counted separately but normally these were combined in further
calculations. Because there were fewer predators than scarlet mites, the count-
ing accuracy was also lower.

Predatory insects and mites were both sampled from the experimental plots
of the predator check experiment, by vigorously beating the overhanging side
of a bush over a large (70 x 42 ¢m?) cotton funnel net (fig. 14). In the morning
after moisture had largely evaporated, arthropods in about one liter of debris
were collected by beating 25 branches per plot. The collected material was
transported to the laboratory in closed plastic containers and placed in a Ber-
lese funnel for extraction of animals smaller than about 1 ¢m (fig. 15). The ani-
mals were collected in 60°%, ethanol. Animals remaining on the funnel sides
were washed into a 0.1 mim sieve and added to the others. The collected animals
were sorted out and counted under the dissection microscope at 10 x magnifi-
cation.

A device for sampling arthropods with a concealed way of life, consisted of
a 5 cm wide collar of corrugated cardboard, wrapped around the stems of tea
bushes at a height of about 20 cm. The collars were left in place from 4 to 12
months to serve as a shelter for small animals. The animals inside the collars
were extracted by means of a Berlese funnel either into 60% alcohol, and soried
and counted under the dissection microscope, or otherwise used alive for rear-
ing and testing purposes.

3.2.2. Rearing

Predatory mites and insects were reared on leaves in the laboratory as de-
scribed in chapter 3.1.5., with scarlet mites as prey. The predatory stigmaeid
mites did not escape from the leaves that were surrounded by water. The preda-
tory phytoseiid mites however appeared too mobile and vagrant, and easily es-
caped. A small gutter surrounding the holding tube and filled with a repetlent
of castor oil-canada balsam (the same mixture as used for this purpose by
SwirskI et al., 1967) did not prevent these escapes. Predatory insects hardly
escaped from the leaves as long as they could not jump or fly. The more mobile
insects were contained by a small cage of fine nylon gauze enclosing the leaf
(fig. 13).
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Fig. 14. The sampling of predators by beating branches of the tea bush over a funnel net by stu-

dent Wahyu Widayat.

Fig. 15. The extraction of
predators from beating
net samples in a large Ber-
iese funnel by F. Qomen-
Kalsbeek.






