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STELLINGEN

o1 .
Aanplant van meer resistente klonen uit het beschikbare sortiment kan plagen
van oranje mijt in thee voorkomen.

Dit proefschrift.

2. .
Een biologische bestrijding van plagen is beter mogelijk in eenvoudige dan in
complexe ecosystemen.

B. Secuser, 1970. Zeitschrift fiir angewandte Entomologie, 66,
145-160. T
Dit proefschrift.

3.
De ‘World Conservation Strategy’ besteedt ten onrechte zcer weinig aandacht
aan de noodzaak om de bevolkingsgroei in de wereld af te remmen.

LU.C.N., World Conservation Strategy.
Gland, .U.C.N., 1980. 4 losse delen in map.

4,
De traditionele teeltmethoden in ontwikkelingslanden verdienen meer land-
bouwkundig onderzoek.

.~ J. HANLON, 1982. New Scientist, 93 (1292), 393.

5.
Termen van latijnse of griekse oorsprong moetert niet gemengd gebruikt wor-
den voor begrippen of begrippenparen met een verwante betekenis op straffe
van een babylonische spraakverwarring.

Voorbeelden; insect — entomeologie,
alaat — apteer,
gynopara, andropara.

6.
Onvoorspelbaarheid van verkeerssituaties is nuttig als oefening in oplettend-
heid van de verkeersdeclnemers.

7.
Ontwikkelingswerkers staan onder druk (‘culture shock’) om zich aan te passen
aan en te verdiepen in de gewoonten en cultuur van het ontwikkelingsland. Re-
patriéring daarna leidt dikwijls tot een ‘reverse culture shock’.



8.
Het vragen naar het soctale milieu van sollicitanten door de Rijks Psychologi-
sche Dienst bij psychologische testen bergt het risico in zich van bevooroor-
deelde aanstellingsadviezen aan de eventuele werkgever.

Standaard veagenformulier RPD,

9.
De merkwaardige schrijfwijze van ‘oecologie’ naast ‘cconomie’ suggereert dat
oecologen vrezen als ‘ecologen’ met economen geassocicerd te worden op de-
zelfde wijze waarop astrologen geassocieerd worden met astronomen.

. 10.
De hedendaagse tendens om informatie weer te geven in pictogrammen en vig-
netten is een terugkeer naar het analfabetisme.

Proefschrift van P, A, Oomen
Studies on population dynamics of the scarlet mite, Brevipalpus phoenicis, a pest of tea in Indonesia.

Wageningen, 28 mei 1982
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ABBREVIATIONS

A. Amblyseius or Agistemus

B. Brevipalpus

DDT dichlorediphenyltrichloroethane

df = - number of degrees of freedom

EC emulsifiable concentrate

L. Lasioseius or Lestodiplosis

LAI Leaf area index

In natural logarithm (with base )

log logarithm (with base 10)

NS non-significant

P Phytoseius

PH 6042 insecticide manufactured by Duphar B.V., the Netheriands
RITC Research Institute for Tea and Cinchona, Indonesia.

SD standard deviation ’

SE standard error

sp. species

1. Typhlodromus

w. Wollastoniella

WOTRO Stichting voor Wetenschappelijk Onderzoek van de Tropen
WP wettable powder

Z. - Zetzellia
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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 :
instantancous 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
cormmon outside the tropics. It has been found as far north as the Netherlands
{where it was described from the Pheenix 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 St 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; LAvcock and TEMPLER, 1973; BANERJEF, 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 Baksr (1958) list 63 host plant genera; NAGESHA CHAN-
DRA and CHANNABASAVANNA (1974) found 35 genera as host plants of scarlet
mites in India. Important crops on which scarlet mites.occur as a pest include
papaya and passion fruit (Hmmom 1969), citrus (JEPPSON, 1978), tea and
coffee (BANERIEE, 1976)."

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

In most tea producing countrles, scarlet mites constitute a serious pest prob- i
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: ALt and Hag; 1973; Keny'a:
PreBBLE, 1972; Malawi: FINDLAY, 1971; Mauritius: RAMLOGUN, 1971). -+ <"

Tea is a national drink in Indonesia. Intestinary infections, common in trop1-
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 {0 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

Meded. Landbouwhogeschool Wageningen 82-1.(1982) 1



mites. According to unpublished statistics for 1976, of a large organization of
tea estates, Perseroan Terbatas Perkebunan 12, 14% of this whole tea area of
12,000 ha was treated three times, predominantly against scarlet mites, even
though it was no exceptional mite year.

The scarlet mite was early recognised as an important pest of tea in Java
(KONINGSBERGER, 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; Lier-
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 need apparent for a change to 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 publlshed in this paper..

In the laboratory, the development and reproductlon 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 ¢nemies reviewed by KRrTant 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 manlpula-
tion, are discussed in chapter 3.
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2. THE OBJECT AND CONDITIONS OF STUDY

2.1. TAXONOMIC STATUS OF BREVIFALPUS 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 DONNADIEU 1875 is separated into two major
groups according to the number of marginal hysterosomal sctac (GONZALEZ,
1975). The larger group has 6 pairs of these setae and contains 46 specics 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 ounly 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. farus according to the new revisions of GONZALEZ
(1975) and MEver (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 seem 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-
venlarization, in particular to B. australis. Reporis 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

BAKER (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 BERNARD (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

Meded. Landbouwhagesiﬁool Wageningen 82-1 (1982) 5



The reproduction of scarlet mites is parthenogenctic (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 Brevipalpus specics is not clear (PUNACKER et al., 1980). Males
do copulate but the transfer of sperm is ineffective (HELLE, pers. comm.). Males
in populations of B. phoenicis arc few, on tca about 1.5% (RaZoux SCHULTZ,
1961), on papaya about 17 (HAROMOTO, 1969). To simplify calculations on
multiplication, in this publication scarlet mite adulis 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 SYMPTOMS 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.

Tenuipalpidac 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

Y o~

Fig. 2. Tea estates and tea areas on Java {after SCHOOREL, 1950).
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Fig. 3. The plucking table of a tea bush heavily affected by scarlet mites. Few maintenance leaves
remain,

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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