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ABSTRACT

A survey of mite fauna on ‘Siem’ (Citrus reticulata Blanco) citrus was carried
out at the Indonesian Tropical Fruit Research Institute in order to know their diversity
and composition as well as to determine their distribution and abundance at different
growth stages of arboreal plant parts, weeds and in plant residues (litter) on the
orchard floor. Ten plants were used as sampling units for each of the six growth
stages namely; dormant, flush, flowering, at fruit development phases (Fdp) I, Il and
I11. A total of 10,937 mites belonging to112 species were collected during the survey;
the results of which showed atotal of the phytophagous, predatory, and detritivorous
mites, at 316, 3,861 and 6,760 respectively. The diversity of trophic groups of mite at
Fdp Il was the least at flush growth stage (H'=1.27), and the most at Fdp Il growth
stage (H'=1.93). Predatory mites were the most diverse of the three trophic groups
whether on the arboreal parts of citrus trees, weeds and litter under the canopy of the
citrus trees. The phytophagous mites were relatively abundant in the arboreal parts of
the citrus trees, making up for 74.19% of al individual mites collected. Based on
citrus phenological stages, the lowest numerical populations of phytophagous mites
were on the leaves at flush growth stage, with an average of 1.4 mites per sample, and
the highest at the Fdp Il growth stage, with an average of 11 mites per sample. In
these cases the population of the phytophagous mites was scarce and far from
reaching economic threshold level. Weeds and litter contributed towards the
population development of predatory and detritivorous mites which regulate
phytophagous mites in the ‘Siem’ citrus orchard. The present study implies that
knowledge of the phenological stage relating to the composition of mite fauna is
important. Hence, our studies have shown that the most appropriate time to control
phytophagous mite pest on ‘ Siem’ citrusisat Fdp I1.
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INTRODUCTION

Spider mites are consdered to be
important pests of citrus in many
growing regions throughout the world
(Jeppson & d., 1975). For ingance, the
citrus red mite, Panonychus citri
(McGregor), is able to reduce pro-
duction of ‘Tahiti' lime by 29.25%
(Childers and Abou-Setta, 1999). Many
species of spider mites aso cause direct
injury to fruit resulting in scarring on
the skin surface. Other effects of this
mite may cause fruit to drop
prematurely or mature with blemishes
that reduce their quaity and market
vadue (Jeppson e d., 1975, Smith
Mayer, 1981). This can have a serious
impact on the profitability of citrus
production.

The application of improper
pesticides on citrus trees has resulted in
an increase of spider mite population,
due to their deeterious effects upon
predators and the development of the
spider mite's redgance to them
(Jeppson, 1963; Helle, 1963; Bynum et
d., 1997, Kim and Seo, 2001).
Consumer health awareness has
increased  significantly, requiring
agricultura products free from pesticide
resdues. To fulfil this requirement,
knowledge of phenologicd stage and
composition of mite faunain relation to
citrus phenologicd sage reflected by
diversity of mite trophic groups, i.e.
phytophagous, predatory and detri-
tivorous, is important, so that proper
kind and time of interventions can be
applied. Hence, andlysis of the diversity
of dl trophic group species, monitoring
their relative abundance and ther
interrelationships in the ecosystem, are
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al essentid factors in evauaing and
predicting population outbresks of pest.
Mite fauna diverdty is rdated to the
number of predators in the system and
their efficiency in preventing single
species  from monopolizing food
resources. Therefore, predators play an
important  role in maintaining the
community in diverse and dable
conditions, and dabilizing factors
involved in predator-prey population
dynamics (Price, 1997).

Hence, this sudy was proposed in
order to collect basc information on
acarine gpecies inhabiting citrus for
future ecologica work needed for the
citrus Integrated Pest Management
(IPM) program in Indonesia The
study specificaly pursued the following
objectives. (1) To compare the diversity
of mite fauna of the citrus orchard at
different stages of crop growth; (2) To
determine  the  didribution  and
abundance of these mites a the
different stages of development of
arbored plant parts, and on weeds and
litter in the citrus orchard.

MATERIAL AND METHODS

The research was conducted in the
*Siem citrus orchard of the Indonesian
Tropica Fruit Research Inditute a
Solok, West Sumatra, Indonesia, from
December 2003 until October 2004.
Ten plants were used as sampling units
for each of the sx growth dtages,
namdy; dormant (Drmt), flush (Flsh)
and flowering (Fwr), a fruit
devdlopment phase |, which was
sampled one month after flowering
stage (Fdp 1); fruit development phase
I, which was sampled three months
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after flowering stage (Fdp 1), and fruit
development phase Ill, which was
sampled five months after flowering
stage (Fdp 111). One sample from each
growth stage was taken from those parts
of citrus plants that could be reached
eadily. Five termind twigs, of appro-
ximately 15 cmin length, were cut from
eech sample plant during the flush
growth stage, immediatdly put in zp-
lock plastic bags, properly labelled and
brought to the laboratory for the next
trestment stage. Here, five citrus leaves
from each of the termina twigs were
randomly chosen and immediaey
placed into the Berlese-Tullgren funnd,
which was used for the extraction of the
mites. Extraction continued for at least
24 hours and a40-watt bulb was used to
creste a gep gradient of temperature
and moigture in the mite's habitat. The
extracted mites were collected into
small wide-mouthed jars with the aid of
70% ethyl acohol, which had been
placed under each funnd. They were
then separated from accompanying bits
of debris under adissecting microscope,
before being mounted on glass dides.
For the other plant growth dages, i.e
flowering, Fdp I, 1l and 1lI, the gaks,
containing the reproductive parts with
leaves, were cut to a length of
approximatdy 15 cm. Each five dugter
sample was taken from tree branches
which were easily accessible from each
of the 10 trees. These samples were
trested as for the termind twigs,
including the reproductive parts
(flowers, Fdp I, 1l and I11) and at given
growth stages, and were placed in the
Berlese-Tullgren funnd to trgp the
mite's fauna. All specimens of phyto-
phagous, predatory, and detritivorous
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mites contained in the named plant parts
were collected and mounted on glass
dides for identification, sorting and
counting.

To determine dternative hosts of
phytophagous mites and the habitat
range of predators and detritivores
(Objective No. 2), weeds were collected
from under the canopy of citrus plants
and sampled for their mites' fauna. Ten
twig samples from each weed species,
adong with five litter samples, each
weighing approximaey 0.5 kg, were
taken from under the canopy of citrus
plants during al growth stages, put in
zipdock plagic bags and properly
labelled. Each sample was then treated
asthese of theterminal twigs.

To prepare the specimens of
predatory, phytophagous and detri-
tivorous mites for sorting, identi-
fication and counting, al mites taken
from al samples were mounted on glass
dides using Hoyer's medium. A com-
bination of Krantz (1978) and
Henderson (2001) methods were used
for the mites dide mounting. All of the
mounted mites in each sample were
sorted and identified to species leve
under a dissecting microscope using
appropriate taxonomic references. They
were then verified at the laboratory. All
species of phytophagous, predatory, and
detritivorous mites collected from the
samples taken a dl citrus growth
gages, as well as those collected from
weeds and litter, were counted.

Index of diversity (H) of
phytophagous, predatory and detri-
tivorous mites of each sample was
andyzed (objective No. 1), using
Shannon-Wiener function (Walwork,
1976):
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H=C/N-(NlogN — Zl ni log ni)
r=

Where: C = 3.321928
N = total number of individual
ni = number of individual for each species

S

This index has the following dements:
the number of species (), and
equitability (E) of the digtribution of
individuas from the various species.

Temperature and relative humidity
within the orchards was aso recorded

during the experiment.

RESULT AND DISCUSSION

A total of 10,937 mites belonging
to 112 species were collected during
the survey. These included mites
inhabiting citrus trees, weeds, and
litter in the citrus orchard. Based on
the generd knowledge of the primary
feeding habits, mites were categorized
into three trophic groups. saprophagous
or detritivorous, phytophagous and
predatory. The totd number of the
phytophagous, predatory, and detri-
tivorous mites were 316, 3,861 and
6,760, respectively.

Diversity of mites

The average H' vaues of the three
trophic guilds from arbored parts taken
together were 0.65, 0.92, and 0.00 for
phytophages, predators and detritivores,
respectively (Fig. 1).

Weeds in the citrus orchard
probably served as aternative hosts,
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since the phytophagous mites were
consistently present in weed samples.
The average H' values of the three
trophic guilds for al weeds taken
together were 0.63 for phytophagous,
2.81 for predators and 2.41for detri-
tivores (Fig. 2).

The diversity index analysis for
the litter was shown at an average H’
value for the three trophic groups as
follows. 0.84, 3.35 and 284 for
phytophages, predators and detritivores,
respectively (Fig. 3).

Predatory mites were the most
diverse in al habitats observed
(arboreal parts, weeds and litter). The
fluctuations of the H' values of the
predatory mites, a the different growth
dages, were due to the verticd
movement between the citrus leaves,
weeds, and/or litter underneath. Species
such as Asca butuanensis, A. longiseta,
Amblyseius cinctus, Am. salebrosus, T.
transvaalensis, and Lasioseius Sp,
showed such fluctuations, since they
were found not only in the citrus
leaves but aso on both weeds and
litter. The genus Asca was the most
dominant predator which existed in
arborea part, weeds, and litter. These
mites appear to be generdist predators
which move upward to the citrus
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Figure 1. Fluctuation in diversity index (H") value of phytophagous, predatory, and
detritivorous mites at various stages of the citrus trees on the arboreal part of the

‘Siem’ citrus orchard
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Figure 2. Fluctuation in diversity index (H') value of phytophagous, predatory, and
detritivorous mites at various stages of the citrus trees on the weeds of the ‘Siem’

citrus orchard
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Figure 3. Fluctuation in diversity index (H’) value of phytophagous, predatory, and
detritivorous mites at various stages of the citrus trees on the litter in ‘Siem’ citrus

orchard

leaves from the weeds and litter. This
abundance of aternative prey gives
the predator population an advantage
over the later-developing pest
populations (Settle et al., 1996). This
process strongly suppresses pest
populations and generally lends
stability by decoupling predator
populations from a strict dependence
on phytophagous populations.

The average H' values for phyto-
phages were aways low in al
habitats observed, due to the dominance
of B. californicus. The phytophagous
mites, especidly Brevipalus spp, were
found to have high economic
importance on citrus, which is their
preferred host (Baker and Tuttle,
1987). Their occurrence on weeds
indicates that these plants are within
their natural host range. However,
their low populations were apparent
on the weeds, litter and the arboresal
part of citrus trees.
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Detritivores congtituted the second
most diverse group found on the
arborea parts, weeds, and litter of
the citrus orchard. This lower
diversity, in comparison to predatory
mites, was due to the dominance of
such detritivores as Scheloribates
praeincisus, the undetermined Noth-
roidea Sp. 1 and Nothroidea Sp. 2.
These mostly soil and litter inha-
biting mites are apparently used as
aternative prey by predators when
phytophagous mite population is
low.

Distribution and abundance of
mites

The phytophagous mites were
relatively abundant in the arborea
parts of the citrus trees, where they
made up 74.19% of al individual
mites collected. They were mainly
false spider mites (family Tenui-
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palpidae), notably Brevipalpus
californicus, B. obovatus, and B.
phoenicis. Observation a different
growth stages showed that the lowest
populations of phytophages were on
the leaves at flush growth stage and
the highest at the Fdp |1 growth stage
(Fig. 4).

All of the mentioned phyto-
phagous species are known as pests
of citrus throughout the world (De
Leon, 1961; Manson, 1963; McMurtry
et d., 1979, Barion and Corpuz-
Raros, 1975; Corpuz-Raros, 2001).
Jeppson et d. (1975) stated that false
spider mites attacked citrus, especidly
a fruit development growth phase.
Furthermore, Childers (2003) added
that the increases in temperature and
relative humidity caused rapid develop-
ment of population, as shown on the
fruit development phase Il (Fig. 4).

Four predatory families were
collected in associdtion with phyto-
phages inhabiting the leaves of citrus,
namely; Ascidae, Phytoseiidae,
Cunaxidae, and Cheyletidae, with
atotal relative abundance of 17.20%.
Predatory mites of the genera Asca
(Ascidag) and Amblyseius (Phyto-
sdiidae) were the most abundant among
them. The most frequent and abundant
of the predatory mites were species of
the genus Asca, especidly A. longiseta
and A. labrusca.

Two species of detritivorous
mites were also found on the leaves
of citrus, with atotal relative abundance
of 8.61%. These included the acarids,
Caloglyphus sp. and the oribatids,
Scheloribates praencisus praencisus.

Mites belonging to all trophic
groups inhabited weeds in the ‘' Siem’
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citrus orchard (Fig. 5). There were four
species of weeds, namdy: Achyranthes
aspera L., Axonopus compressus (SW.)
Beauv. and Chromolaena odorata (L.)
RM. King and H. Robinson, and
Borreria alata (Aubl.) DC. Altogether,
the number of mites totdled 9,428
individuds, didributed as follows
detritivores 5,597, predators 3,604 and
phytophages 227.

Detritivorous mites were domi-
nant on weeds in the ‘Siem’ citrus
orchard. They belonged to the
oribatid families Scheloribatidee and
Trhypochthoniidae, and the superfamily
Nothroidea. The fluctuation of their
populations paralded these of preda
tory mites, which were dominated by
Asca longiseta, A. labrusca, A. vul-
garis and of phytophagous mites,
which were dominated by fase spider
mites B. californicus, Tenuipalpus .
including B. obovatus. Hence, it is
possible that the detritivorous mites
also served as an aternative prey for
the predatory mites.

All trophic groups of mites were
found on litter below the canopy of
the citrus trees. The most abundant
were detritivores, totaling 1,115
individuals belonging to 26 species.
Predators followed with 241 indivi-
duals of 42 species, with Asca spp
being the most abundant among
them. A few individuals belonging to
4 gpecies of phytophagous mites,
mosily fase spider mites (Brevipalpus
$p.), were adso extracted from litter
samples. Their presence could have
been accidental and caused by leaves
of citrus and weeds that fell to the
ground as litter. The fluctuations in
detritivore population were generally
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Figure 4. Total numbers of phytophagous, predatory and detritivorous mites on the
arboreal part of the* Siem' citrus orchard at various growth stages
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Figure 5. Total numbers of phytophagous, predatory, and detritivorous mites on the
weeds of the ‘Siem’ citrus orchard at various stages of the citrus
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Figure 6. Total numbers of phytophagous, predatory, and detritivorous mites on the
litter of ‘Siem’ citrus orchard at various stages of the citrus

followed by those of predatory mites
that possibly took them as an
alternative prey. A fluctuation in the
population of mites faunain the litter

is presented in Figure 6.

Predatory mites belonging to
been as
extensively studied as phytoseiids

Asca have not

Spp.

and has been confined to genera

observations of their predation on
other mites, small insects like thrips,
collembolans
(Hurlbutt, 1963), as well as nematodes
(Epsky e 4., 1988). Predatory mites
Asca p are classified as generalist

insect eggs, and

predators and their habitats are moss,

sod, litter, the nests of spiders, birds,
mammals, citrus bark and the leaves
of severa types of plant, especialy
these of warm climates (Hurlbutt,
1963). In Austraia, for example,
Asca species are considered as a
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factor in the natural control of the
phytophagous mite family Tenui-
papidae, especialy Brevipalpus Sp.
(Wadter et d., 1993).

Furthermore, generalist predators
like Asca spp and phytoseiids can
continue to exist on the arboreal part
of citrus trees, even with the absence
of their principal prey phytophages,
due to there occasional move down
to the ground and the underlying
litter (Chuleui and Croft, 2000;
Gerson, 2003), where detritivorous
alternative prey is abundant. This
food searching behaviour (high
searching capacity), is exhibited
among the more advanced generalist
predators, which come, settle and
survive in every habitat where their
prey exist.

Therefore, the presence of these
alternative food sources is an impor-
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tant factor in the management of
pest. The contribution of weeds and
litter are numerous. They serve as
dternative host environments for detri-
tivorous mites and provide dternative
prey and breeding ground for the
predators. Consequently, when
prominent prey populations develop
and achieve pest proportions, the
predatory mites dready have afoothold,
in terms of population dendities, and are
more readily able to control and
diminish the pest population. Hence,
there would be no need for the regular
inundate rdleese of predators, as
usually done for predators that are
unable to settle and survive under
low populations of prominent prey.
Generdly, a high species diverdty
and reative abundance of mites
occurred on the citrus trees in the
orchard. Even though the citrus
growth stage Fdp 1l had high
population of phytophagous mites,
with an average of 11 mites per
sample, these were far from reaching
economic threshold level. The
predators, as regulators of phyto-
phage population, exhibited a high
richness in species diversity and
evenness of number distribution to
those of the other various species.
This non-pest condition, in the citrus
germplasm orchard of the Indonesian
Tropical Fruit Research Ingtitute
(ITFRI), very likely resulted from
their cultural practices, given that
pesticides are not applied and cover
crops of weeds are maintained as
standard practice.  Monneti  and
Fernandez (1995) and Nohara et al.
(2000) stated that abundant applica-
tion of pesticides often results in
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outbreaks of phytophagous mites and
a decrease in the population of
predatory mites. On the other hand,
Muma (1961), Huang (1978), Govena
et a. (1993) and Papaioannou-soulictis
et d. (2000) explained that weeds may
sarve as naturd ecologicd refuges and
potential sources of phytoseiid species
populations.

CONCLUSIONS

A total of 10,937 mites belonging to
112 species were collected during the
survey. The total numbers of the phyto-
phagous, predatory, and detritivorous
mites were 316, 3,861 and 6,760
respectively. They belonged to 6, 62
and 43 species respectively.

Predators were the most diverse
of the three trophic groups, whether
on arborea parts of the citrus trees,
or weeds and litter under the canopy.

The diversity of trophic groups
of mites at the Fdp Il growth stage
was the least at flush growth stage
(H'=1.27), and the most (H'=1.93) at
Fdp 1l growth stage. Among the
weeds, Axonopus compressus had the
most diverse mite fauna, with an
average H'=2.70. Among the citrus
growth stages, the Fdp |l stage showed
the most dbundant populations of
phytophagous mites. These included
Brevipalpus califor-nicus, B. obovatus,
B.  phoenicis,  Tenuipalpus 9,
Panonychus citri, Eotetranychus .,
and Oligonychus sp. However, they
were relatively not numerous and far
from reaching economic threshold
level. Four predatory families,
Ascidae, Phyto-seiidae, Cunaxidae,
and Cheyletidae, were present with
citrus phyto-phagous mites and acted as

J. Fruit Ornam. Plant Res. vol. 15, 2007: 103-115



Phenological stage...of mite fauna...(Citrus reticulata Blanco)..

regulators for phytophagous mite
control. Mites of the genera Asca
(Ascidee) and  Amblyseius  (Phyto-
sdidee) were the most  abundant
predators. The Asca species, especidly
A. longiseta, A. labrusca, and A. vul-
garis, were the mogt frequent and
abundant among them.

Generally, weeds and litter
contributed towards the regulation of
predatory and detritivorous mite's
populaion development in the * Siem’
citrus orchard. Hence, weeds and
litter management in ‘Siem’ citrus
orchard should focus on cultural
practices that support establishment
and reproduction of natural predators
of phytophagous mites.
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STADIA FENOLOGICZNE MANDARY NKI
‘SIEM’ (Citrus reticulata Blanko) A SKLAD
GATUNKOWY FAUNY ROZTOCZY

Affandi
STRESZCZENIE

Badania fauny roztoczy mandarynki ‘Siem? przeprowadzano w Indonezyjskim
Instytucie Owocow Tropikanych. Celem badan byla ocena réznorodnosci i skiadu
gatunkowego oraz rozmieszczenia i liczebnosci réznych stadiéw roztoczy na nadziemnych
czesciach drzew, chwastéw i innych roslin zielnych rosnacych w podiozu (sciétce) sadu.
Préby pobierano z dziesieciu rodliny (powtdrzen) w kolgnych 6 fazach fenologicznych.
Zebrano facznie 10.937 roztoczy naezacych do 112 gatunkéw. Wérdd zebranych roztoczy
wyrézniono 3 grupy troficzne — roztocze roslinozerne, drgpiezne i detrytofagiczne
Z nastepujaca liczebnoscia: 316; 3,861 i 6,760 osobnikdw, odpowiednio. Wérdd tych trzech
grup ngbardzig réznorodne byty roztocza drapiezne. Rodlinozerne roztocza byty relatywnie
liczne w nadziemnych partiach drzew cytrusowych, stanowiac do 74,19% wszystkich
pozyskanych osobnikéw roztoczy. Bazujac na stadiach fenologicznych stwierdzono, ze
nagmnigsza liczebnie populagia roslinozernych roztoczy wysigpowata na lisciach
w poczatkowym stadium ich rozwoju, a ngwicksza w stadium wzrostu owocow Fdp
(Srednio 11 roztoczy/probe). Byla to populagja rodlinazernych roztoczy bardzo niewigka
i ddekaod osiagnieciaekonomicznych progéw szkodliwosd.

Chwasty i $cidtka przyczynialy se do rozwoju populagi roztoczy drapieznych
i detrytofagicznych, ktdre z kolei regulowaty liczebnos¢ roztoczy roslinozernych. Wykonane
badania wykazaty, ze zngomaos¢ relagji pomiedzy stadiami fenologicznymi a sktadem
i rozmieszczeniem roztoczy jest wazna. Stwierdzono tekze, ze wiasciwszy okres zwal czania
roslinozernych roztoczy na drzewach cytrusdw odmiany ‘Siem’ przypada na fazg
rozwojowa Fdpll.

Stowa Kkluczowe: roztocza, Citrus reticulate, stadia fenologiczne, sktad gatunkowy
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