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Abstract

Tangerine is a cash crop in Thailand which is heavily vulnerable to insect pests. Heavy use of pesticides has severely affected
environment and people’s health. This study was conducted to assess the biological pest management potential using pest
attractive plant species to reduce the use of highly toxic pesticides and to improve the quality of the product and environment
health.

Sixteen suspected weed species were allowed to grow with tangerine and tested their pest attractiveness for four key insect
pests for 12 weeks. From this study, three weeds [viz. goat weed (Ageratum conyzoides), Siam weed (Chromolaena odorata),
and buffalo grass (Paspalum conjugatum)] were identified for further studies and tested together with cowpea (Vigna
unguiculata), rice (Oryza sativa) and chilly pepper (Capsicum frutescens) based on farmers’ information in an organically
grown tangerine farm.

All plant species tested attracted citrus leafminers and citrus whiteflies as tangerine pests, and among the natural enemies,
ladybird beetle and weaver ants. Asian citrus psyllids were attracted on buffalo grass, rice and chilly peppers, while black
citrus aphids were attracted on Siam weed and chilly peppers only. The two natural enemies namely, green lacewings and
tropical orb weaver spiders were attracted by Siam weed, buffalo grass and rice, which together with chilly peppers attracted
tropical orb weaver. The Asian citrus psyllids and citrus whitefly damage on tangerine associated with chilly peppers was
minor-moderate, minor with Siam weed, buffalo grass and rice, but not observed on tangerine associated with goat weed and
cowpea. Black citrus aphid damage was minor on tangerine associated with all plants, except cowpea. Citrus leafminer
damage was between minor-moderate in tangerine associated with Siam weed and cowpea, and above moderate-heavy with
rest of the plant species. These results show that pest attraction varies with plant species and by selecting plant species in a
mixed stand with cowpea and chilly peppers and by leaving these weeds can help managed tangerine pests and minimize use
of toxic pesticides.
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damage on tangerine varies with the species of insects
due to their feeding habits (Chapman, 1998). Heavy

Introduction

Tangerine is an economic crop grown mainly at
the central and northern regions in Thailand. It is
largely grown as a sole crop, and managed with a
combination of manual and mechanical methods
(Bedford et al., 1998). Due to its perennial nature
combined with extensive management the tangerine
cultivations provide a fine habitat for many insect pests
(Bedford et al., 1998). The economically important

infestation of leaf eating species affect the plant
growth and can rapidly kill a young citrus tree (Anon,
2009), while piercing and sucking types damage both
leaves and fruits causing heavy economic losses
(Broughtom, 2007).

pests in tangerine include citrus psyllid (Diaphorina
citri), black citrus aphid (Toxoptera aurantii), golden
green weevil (Hypomeces squamosus), thrips
(Scitrotrips sp.), citrus red mites (Panonychus citri),
citrus leafminer (Phllocnistis citrella), oriental fruit fly
(Bactocera dorsalis), spherical mealybug (Planococcus
citri), citrus whitefly (Dialeurodes citri), and hard scales
(Chrysomphlus aonidum) (Morakot and Nunta, 1996;
Joemsiri and Pannim, 2000). The nature of pest
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The management of tangerine pests is mainly
reliance on chemical pesticides due to the large extent
of cultivation (Paradornuwat et al., 1999; Yimsaman,
2004). The common insecticides used are dimethoate,
cypermethrin, methamidophos, flufenoxuron, methomyl,
monochrotophos, imidacloprid, and carbosulfan, which
lead to contamination of the environment and affects
human health (Jungbluth, 2000). Tangerine farmers
have experienced symptoms of acute pesticide
poisoning such as dizziness, muscular pain, headache,
nausea and difficulty in breathing (Khuankaew, 1995).



Boonrahong and Ranamukhaarachchi / Rec Res Sci Tech 2 (2010) 32-44

Sinhaseni (1994) reported that almost 50% tangerine
growers in Pathumthani province suffered from
pesticide poisoning. Paradornuwat et al. (1999) noted
that the knowledge of insects pest species and natural
enemies would be required if the pest management to
be deviated towards environmentally friendly activity.

Increasing the diversity of plant species is one of
the practical means of reducing the impact of pests.
The intercropping and trap cropping with attractant
plants enhance the plant diversity and reduce the pest
incidence (Stoll, 2000). According to Van Emden and
Williams (1974) the components of diversity is more
important than vegetation diversity for optimal
biological control of insect pests in crops. Weeds also
influence the diversity and abundance of insect
herbivores and associated natural enemies in crop
systems (Altieri, 1994). The destroying of weed flora
from the orchards and canal areas severely enhanced
the incidence of citrus leaf miner and the citrus red mite

in sweet orange (Citrus sinensis) and Tieu mandarin (C.

reticulata) in the Mekong Delta, Vietnam (Mele and van
Lenteren, 2002).

Certain weeds from the family Umbelliferae,
Leguminosae and Compositae play an important
ecological role by harboring beneficial arthropods that
aid in suppressing insect pest populations (Altieri et al.,
1977; Altieri and Whitcommb, 1979 and 1980).
Furthermore, Altieri and Schmidt (1985) reported that
orchards with rich floral undergrowth exhibited a lower
incidence of insect pests than clean-weeded orchards,
which was due mainly to increased abundance of
predators and parasitoids. The use of herbicides in
intensive agriculture has reduced floral diversity,
resulting in reduction of the number of arthropods by
half and their biomass by two-thirds (Van Emden and
Williams, 1974).

Some weeds such as goat weed (Ageratum
conyzoides), Siam weed (Chromolaena odorata and
buffalo grass (Paspalum conjugatum) attract some
insects of the order of Orthoptera, Hemiptera,
Thysanoptera, Diptera, Lepidoptera and Coleoptera.
Mesochorus spp. from the Ichneumonidae family (i.e.
parasitoids, wasps) must feed on nectar for their egg
maturation (Waterhouse, 1994; Van Emden, 1965).
Similarly, Leius (1967) reported that carbohydrates
from the nectar of certain Umbelliferae are essential in
normal fecundity and longevity of three Ichneumonidae
spp. Murraya paniculata (L.), an ornamental plant
attracts citrus psyllids, the vector of the citrus greening
disease (Aubert, 1990). Similarly, Napier grass
(Pennisetum purpureum) and Sudan grass (Sorghum
vulgare sudanese) attract natural enemies of maize
stem borer, the parasitic wasp (Cofesia sesamiae)
(Khan et al., 1997). On the other hand, molasses grass

(Melinis -~ minutifolia) repelled ticks, and silverleaf
(Desmodium spp.) suppressed the parasitic weed
Striga (Khan et al., 1997).

The above information indicated that crop pests
could be managed by modifying the plant diversity with
increasing pest attractive plants or even retaining
effective weeds and maintaining beneficial rich floral
undergrowth in croplands. The findings will help make
use of effective plant species instead of highly toxic
pesticides in conventional pest management, reduce
health risks and maintain environment health
associated with tangerine cultivation. However, there
was no research in such direction in tangerine
plantations. Therefore, the objective of this study was
to identify and evaluate plant species that could attract
or repel key insect pests in tangerine and attract their
natural enemies.

Materials and Methods

This study was conducted during June 2006 to
May 2008 in the Fang Watershed, Chiang Mai,
Thailand (latitude 19-35-0 N - 20-5-0 N, longitude 99-5-
0 E - 99-30-0 E and altitude 465 m above mean sea
level). In the experimental area of Fang watershed,
annual temperature varies from 8.9¢ to 36.1°C and
relative humidity from 18 to 100 %. The rainfall in the
study year of 2006 was 1,506 mm (Anon, 2010a). Soil
is friable, well-drained with pH of 4.5-5.5 and CEC of
1.45-6.70 meqg/100g (Anon, 1998).

The study included two parts. The first part was a
field observation cum survey-based study to select
plant species that attract or repel selected insect pests
of tangerine and their natural enemies. The second
part evaluated the suitability of selected plants from the
first field study for insect pest behavior and their impact
on tangerine.

An organically-managed tangerine farm was used
for the study. This was due to the fact that organic fruit
production is an area of popular demand in Thailand to
avoid high pesticide residue in tangerine and its impact
on export and foreign exchange earnings and to
ensure that there was no disruption of both insect pests
and their natural enemies and their populations by
synthetic pesticides. The details of the study are
described below:

The Experiment 1: Identification of plant species
associating with tangerine capable of repellence
and/or pest attraction of economically important
insect pests and their natural enemies-

This study was conducted in an organically
managed tangerine farm in Maenawang sub-district,
Mae Ai district, Chiang Mai province, Thailand
(Longitude 99-5-0 E - 99-30-0 E and latitude 19-35-0
N - 20-5-0 N and altitude at 465 m AMSL), during June
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06, 2006 to August 27, 2006. Tangerine trees of five
spacing of 4 m x 4 m, without any vacancies in the field
were used for the study. The crop was rainfed and had
been managed with weeding at bi-weekly intervals
using motor-driven grass-cutter, applied with compost
and pruned excessive branches.

Initially the field was fully examined for profusely
growing weeds associating with tangerine trees, and
the trees associated with such weeds were marked,
the weeds were later identified to species levels using
weed identification manuals, keys and personal
experience. From these plant species, most common
and abundant once were selected for the study. In the
selection, the species with a continuous patch covering
at least 20% of the area around the tangerine tree and
when there were at least three citrus trees available
with that weed were chosen. Accordingly, 16 weed
species were used in the first study for monitoring pest
and natural enemy.

The selected weed species were allowed to grow
for three weeks before beginning to monitor insect
pests and natural enemies. One square meter area of
each selected weed growing under or overlapping with
the tangerine tree canopy was demarcated using four
wooden pegs and twine to record insect pests and their
natural enemies. Prior to commencing insect counts,
there was a familiarization exercise for tangerine pests
and their natural enemies, in which insect pests on
citrus and other natural enemies were collected from
the trees and weeds growing outside the demarcated
plots. The insects were identified using insect
identification keys (Malaipun, 1995; Morakot and Nunta,
1996; Jamornmarn, 1997; Namrungsri et al., 2005) and
plant pest manuals (Waterhouse, 1994). Especially
those unfamiliar natural enemies were identified with
the assistance of a person specialized in entomology
and plant protection as well as entomologists at Mae
Jo University, Chiang Mai.

In the experiment, two places were targeted for
pest monitoring: a) already demarcated area of the
weed patch (one square meter), and b) randomly
selected branches of each tangerine tree up to one-
meter area of the canopy perimeter, facing the
demarcated weed patch. Monitoring of insect pests and
natural enemies commenced on the second month
after allowing the weeds to grow freely with no
interruption, and continued for ten consecutive weeks
on a weekly basis. Insect collection was begun from
06:00 to 09:00 am. and 4:30 to 6:30 p.m. on
designated sampling dates. The collection,
identification and recording were made by collecting
insects using a net for flying insects and predators and
parasitoids, and direct counting for aphids and
observing of affected leaves with tunnels for leafminers.
The insects were examined with the help of a

years old, healthy and bearing, and established with a
magnifying glass for small pests such as thrips, mites,
aphid and leafminer. The insects collected were
released to the same area after completing the
counting and recording.

The study concentrated on four key pests of
tangerine as their damage affects the plant health and
quality and quantity of tangerine fruits produced, and
promotes uncontrolled application of pesticides
affecting the environment health. These pests were
Asian citrus psyllid, black citrus aphid, citrus leafminer
and citrus whitefly. In addition, important natural
enemies of the same four pests, namely ladybird beetle,
green lacewing, tropical orb weaver spider and weaver
ant (Oecophylla smaragdina) were monitored on both
tangerine and selected weeds.

During the ten week period, selected weeds were
maintained by removing other weed species that
emerged in the patch. There was no pesticide applied,
no irrigation adopted, and no pruning of tangerine
branches made.

The data were subjected to descriptive analysis.
Graphical presentation was made to understand
population variations of both insects and natural
enemies. Three weed species were chosen based on
the attraction of insect pests and natural enemies for
the next study for further evaluation.

Experiment 2: Evaluation of selected plant species
for repellence/attraction of tangerine pests and
natural enemies

This experiment was conducted to re-evaluate the
three weed species screened from the field study
together with three other plants species nominated by
farmers for pest attraction based on their long
experience and to determine their influence on pest
damage on tangerine. The farmers’ choice plants were
cowpea (Vigna unguiculata), chilly pepper (Capsicum
frutescens L) and rice (Oryza sativa L). There were six
plant species associated with tangerine as treatments
in the experiment, which were replicated four times. A
single tangerine tree was considered as an
experimental unit. The experiment was conducted in
complete randomized design with four replicates.
There were 24 tangerine trees selected, and
treatments (three weeds and three plants nominated by
the farmers) were randomly assigned among these
trees.

In the preparation of each tangerine tree and
weed/plant association for the experiment, the selected
plant species were multiplied in sufficient numbers in
pots and maintained for two weeks. The six weeds
species were transplanted underneath and around the
trees. Plants were watered every day for two weeks to
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facilitate their establishment. Once the plants were in
active growth stages - determined by growth habit and
greenness of the foliage together with 75% ground
cover establishment — pest and natural enemy counting
was commenced. Pests and natural enemies were
examined at two one-square meter areas of
weeds/plants marked on opposite sides under each
tangerine tree, and on branches at lower part of the
tangerine tree.

Extent of pest damage was estimated using
different ranking methods for specific insects. Number
of leaves curled (per shoot) was counted and recorded
for black citrus aphid due to its piercing-sucking mode
of feeding (Broughtom, 2007). Number of leaves with
shallow tunnels was recorded to judge citrus leafminer
damage (Anon, 2008). Number of shoots with sooty
mold fungus was used for estimating Asian citrus
psyllid and whitefly damage (Fasulo, 2007).  Citrus
whiteflies consume a large volume of sap using
piercing and sucking mouth parts, and further injury
caused by sooty mold fungus which grows over fruit
and foliage on honeydew excreted by the citrus whitefly
(Majumdar, 2009). High populations of Asian citrus
psyllid nymphs and adults also cause significant sap
removal and permanent deformation of leaves and
shoots, and honeydew produced by nymphs and adults
allows growth of sooty mold that coats leaves and
further reduces photosynthesis in plants (Majumdar,
2009). Pest counting was done in the morning hours
from 6:00 to 9:00 a.m. and 4:30 to 6:30 p.m., while pest

damages were estimated during 11:00 a.m. to 3:30 p.m.

The evaluation of pest repellence/attraction was carried
out on a weekly basis for ten consecutive weeks during
October 31, 2007-January 17, 2008 period. Insect
counts were analyzed using descriptive statistics, and
categorical data analysis procedure. Graphical
presentations were made to illustrate population
variation during the study period.

Results
Experiment 1: Distribution of selected insect pests

The insect pests and natural enemies observed on
16 weed species are shown in Table 1. Eight weed
species were observed to having Asian citrus psyllid,
and its number ranged from one in wild spider flower
(Cleome gynandra) to 12 in Siam weed. Eight weed
species did not have Asian citrus psyllid during the 10-
week period of observation. Black citrus aphids were
found only on four weed species namely Siam weed,
crowfoot grass, buffalo grass and goat weed.  Siam
weed had the highest number of black citrus aphid
(352). Citrus leaf minor was found on nine out of
sixteen weed species, and the highest number was on
bitter cucumber (Mormordica charantia) while the
lowest was on American weed (Synedrella nodiflora)
(only 2/weed). Citrus white flies were observed on

seven out of 16 weed species, and its population was
high on green kyllinga (Kyllinga brevifolia), Siam weed,
and buffalo grass.

Among the natural enemies both ladybird beetle
and weaver ants were abundant in the organic tangerine
farm. Green lacewings were very few and found only on
six weed species, and tropical orb weaver spider on six
weed species. Weaver ant was common on 12 weed
species, while ladybird beetle was found on ten weed
species. A few weed species did not have any of the
selected pest and natural enemies (Table 1).

The presence of selected insect pests on specific
weeds indicates that a) such pests may have varying
degree of affinity to some plant species, b) specific
weeds have strong attraction for such insect pests
against other plants and /or ¢) there would be a
potential for reducing insect pest incidence by selecting
suitable pest attractive plants species in tangerine.
The pests were absent in a few weed species such as
goose grass (Eleusine indica), Maxican fireplant
(Euphorbia heterophylla), snake weed (Euphorbia hirta)
and crab grass (Digitaria ciliaris). Asian citrus psyllid,
black citrus aphid and citrus whitefly were not observed
on benghal dayflower (Commelina benghalensis), but
citrus leafminer were present. Asian citrus psyllid and
black citrus aphid were absent on spreading dayflower
(Commelina diffusa), while black citrus aphid and citrus
leafminer were absent on wild spider flower.

Similarly, some natural enemies were present on
some weed species and not observed on other weeds.
The presence or absence of natural enemies indicates
the availability or level of abundance of their prey. The
absence of natural enemies could be a result of a)
absence of insect pests (prey) on specific weeds, b)
total destruction of insect pests by natural enemies in
the location, c) total insect pest repellence by weed
species, d) absence of insect pests at all in the plant
patch selection, and e) complete attraction of the insect
pests by the associated tangerine trees. On the other
hand, the presence of some insect pests may give the
message of a) inadequate number of natural enemies
in a high pest infested site, and b) absence of natural
enemies. It would be hard to reach a realistic
conclusion based on the presence or absence of insect
pests andfor natural enemies due to the frequent
mobility of insects.

Three weed species Siam weed, goat weed, and
buffalo grass had a greater attraction of selected pests
and their enemies during the experiment, and hence
were chosen for the second experiment.
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observed at one day per week for 10-week period.

Table 1. Plant species examined for pest repellence and pest attraction, and mean daily pest and natural enemy populations

Pest, no./m’ Predator, no.m*
Name of Weed Foyllid Aphid Leaf White Lady Green Tropical Weaver
miner  fly bird  lace  orh ant
beetle  wing  weaver
niamn weed {Chromolaena odorale) 12835 352841 7211 1045 =11 543 B+l 30428
Green kyllinga (Kpllinga breviblic) I I 0 54432 0 &l 53 I
Goose grass (Bleusine ndica) I I 0 I I 0 24l 53
npreading dayflower {Coxmeling diffisa) I 0 64 Izl I 0 I fid
Mazican fireplant (Buphobia heterophylla) 0 0 0 I 2£] 0 1zl 2]
Goat weed (Ageratum conpeoides) &2 3326 31 0 10£5 64 543 3l
Benghal dayfower {Commeling benghalensis) I 0 316 0 10£5 0 0 443
Cogon grass (percata cplindrica) 31 0 0 543 12£34 543 0 842
nriake weed [Buphorbia hiriz) I I 0 0 o 0 I 4£3
Crowfoot grass (Dactploctenium aegy ptium) fid A2 5] 0 Tell 443 0 512
American weed (Snedrella nodiflora) 4£3 0 2= 2+20 53 I 0 4£3
Buffalo grass (Raspalum conjugatum ) 71l 4£3 Bl 1843 105 31 1x] 18
Crab grass (Digitaria ciliaris) 0 I 0 0 3l I 0 4£3
Wild spider lower { Cleome gynandra) 1£1 0 TREY T 0 I
Bitter cucumber Mormodica chayantia) I 0 20+l1 I 4+3 I 0 I
Tvy gourd (Coccinic grandis) 3| 0 105 I o 0 0 I

Experiment 2: Insect pest populations on selected
plant species

Asian citrus psyllid: Asian citrus psyllid
population behaved similarly on all tangerine trees
associated with selected plant (Figure 1Aa). However,
Asian citrus psyllid populations had varying degree of
infestation on tangerine trees associated with all plants
during the 12-week period. Rice had its peak
infestation in the first week and also in the 11th week.
Cowpea had a minor peak in the 10t week and a
major peak in the 11th week and then declined. Goat
weed too had a minor peak during the 5th week and a
higher peak in the 9th week, buffalo grass having one
major peak between 5th and 6th week, chilly pepper
had a peak infestation in the second week and then in
the 6th week. Tangerine associated with Siam weed
had Asian citrus psyllid populations below 5 insects per
tree during the 12 weeks period.

The number of Asian citrus psyllids on associated
plants species was around 2-7 during the study period,
except in the 5th and 7th weeks in rice, chilly pepper,
buffalo grass, and Siam weed (Figure 1Ab). No other
plant species had Asian citrus psyllids during any other
days.

Black Citrus Aphid: Black Citrus Aphid
population on tangerine fluctuated during the
observation period (Figure 1Ba). Black Citrus Aphid
was not found on tangerine at the beginning, but later
its population increased up to 250 insects per tree.

However, tangerine associated with goat weed had
1,275 insects during 7th and 8th weeks and 325 in the
10th week. The lowest black citrus aphid population on
tangerine (37) was found in cowpea association.

Among associated plant species, only Siam weed
had black citrus aphids in the 3-6 weeks with a peak of
503 in the 5th week (Figure 1Bb). The black citrus
aphid population began to increase in the 3rd week
with 50 /m2 and reached 503 and decreased to 25 in
the 6th week. There were 53 black citrus aphids on
chilly pepper in the 4th week. Other plant species
showed no attraction for black citrus aphids. It also
showed that both Siam weed and chilly pepper have
some regulatory effects on black citrus aphid in
tangerine.

Citrus leafminer: Citrus leafminer population on
tangerine trees associated with all plant species
behaved in the same pattern during the study period,
except in the number per tree (Figure 1Ca.). Citrus
leafminer population on tangerine was initially high,
and decreased towards 3rd week and maintained low
until 8th week, then exploded in the next 3 weeks, and
finally declining in the 12th week. The citrus leafminer
population was highest on tangerine associated with
rice and declined in the order of goat weed, buffalo
grass, chilly peppers, Siam weed and cowpea.

This shows that there is a regulation of citrus
leafminer population by associated plant species, rice
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having the lowest attraction and cowpea with the
Figure 1. Population of selected citrus pests on tangerine and associated plant species in organic tangerine

&% Asian cibus peyllid

highest (Figure 1Cb). Both Siam weed and cowpea

B Black citrus aphid
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had the highest number of citrus leafminers among
associated plants, chilly pepper, buffalo grass and goat
weed being moderate and the rest of the plant species
having low populations. As per populations of citrus
leafminer on tangerine and selected plant species,
citrus leafminer appeared to have been regulated and
also capable of regulation by using the associated
plant species.

Citrus whitefly: Citrus whiteflies on tangerine behaved
similarly as citrus leafminer (Figure 1Da). The trend of
population dynamics showed its variation, started with
a low population which gradually increased until 5t
week. In tangerine associated with buffalo grass had
the highest number of citrus white flies which increased

until 9t week and declined thereafter. Similar trend but
slightly lower population was observed in rice
association. Tangerine associated with goat weed,
Siam weed and chilly pepper had approximately similar
populations of citrus whiteflies. On the other hand,
cowpea association had the lowest citrus whitefly
population on tangerine trees.

Al selected plant species had citrus whitefly
populations ranging from 6-15 at the beginning of the
observation period and fluctuations resulted as the time
continued. Based on the total citrus whiteflies found on
each association of tangerine and weeds, there was

37



Boonrahong and Ranamukhaarachchi / Rec Res Sci Tech 2 (2010) 32-44

still a reduction of citrus whitefly population on
tangerine due to associate weeds. Both goat weed
and chilly pepper showed the opposite trends of citrus
whitefly populations on weeds as compared to that on
associated tangerine trees. In addition, increasing
citrus whitefly population on cowpea after the sixth
week showed its pest attractive effect. However, the
reduction of citrus whitefly population on both tangerine
and associated plant species could also be attributed
to aging effects of insects and maturity of plants.

Populations of Natural enemies

Ladybird beetle: Ladybird beetle population on
tangerine was prominent on goat weed and chilly
pepper at the first week, but decreased drastically to
none during the remaining period (Figure 2Aa).
Ladybird beetle was not found on Tangerine
associated with all other plant species during any of the
remaining sampling dates after 2nd week.

Ladybird beetle populations on associated plant
species showed a heavy diversity during the study
period (Figure 2Ab). The highest ladybird beetle
population was in the goat weed followed by buffalo
grass with the same trend. In addition, there was often
a fluctuation of ladybird beetle population on
associated plant species. Ladybird beetle being an
active feeder of many insects such as aphids, white
flies, mites, thrips, and other small insects, its ability to
rapidly increasing the population on associated plant
species is expected in effective biological pest
management (Weeden et al., 2007). In addition,
although many ladybird beetles were not found on
tangerine, its frequent association with the plant
species growing underneath tangerine indicates the
frequent availability of prey. In this aspects all plant
species used appeared to have different types of
insects whether they belonged to pests or not, that
could provide prey for ladybird beetle and keeping its
population within the crop.

Green lacewing: Green lacewing population was
very low in the tangerine farm with the mean number
ranging from 0 to the highest of 5 per tangerine tree
(Figure 2Ba). There was no comparison made in their
populations with other tangerine habitats. The number
of green lacewings increased until 4th week and then
declined. There was green lacewing found on
tangerine associated with buffalo grass and chilly
pepper, but not on the associated weeds or crop plants
during the period of study. Siam weed had green
lacewings only until the 7th week, but none was
observed in the rest of the period.

On associated plant species, Siam weed had the
highest number of green lacewing. According to Walker
et al. (2007) usually green lacewing populations will not
increase largely in tangerine due to mortality that can

result directly from contact with insecticides and/or
indirectly from the consumption of insecticide-
intoxicated prey. However, green lacewing population
was found high on tangerine trees which increase from
a mean of 2.5 to 4 per tree during 1-4 weeks, and then
declined gradually. Siam weed too had two green
lacewings at the beginning and decreased over time.

Tropical orb weaver spider:  Tropical orb
weaver population on tangerine associated with plant
species was in a similar pattern, although the number
varied among the plant species (Figure 2Ca). The
highest tropical orb weaver population on tangerine
was found with buffalo grass, high populations with
cowpea, chilly pepper, moderate on goat weed and
low in Siam weed and rice. The trend of population
change remained nearly the same in all tangerine trees
under each associated plant species.

On associate plant species, Siam weed had the
highest number of Tropical orb weaver, which is
opposite of tangerine (Figure 2Cb). The same trend
was also found on rice. Tangerine associated with rice
had the lowest number of Tropical orb weaver, and its
population fluctuations depicted the shifting of Tropical
orb weaver between tangerine and the associated
plants. Other plant species did not have Tropical orb
weaver.

Weaver ant: Weaver ant is a major group of
natural enemies of many plant pests. Their numbers
were much higher on tangerine and often varied with
the associated plant species (Figure 2Da). The
populations of weaver ant was highest on tangerine
when associated with chilly pepper (between 300 and
500/m2.), moderate on buffalo grass associated
tangerine (300 and 430/m2.) and lowest on tangerine
associated with the rest of the plant species (60 to
250/m2.).

Among the plant species, Siam weed had the
highest weaver ant population (Figure 2Db). Goat
weed had a moderate population, while the rest of the
plants had low populations. The weaver ant
population changed overtime such as on goat weed
plant species started with 50 ants/m2 was maintained
until the 4th week, and then decrease by the 5th week
to 25 ants/m2 which remained unchanged until the 11th
week. Weaver ants presence on Siam weed was high
initially began with 100 ants/m?, decreased at 2nd
week and increasing again to 125 ants/m2 by the 6th
week and then gradually decreased to 75 ants/m2 in
the 12th week. Weaver ant presence on cowpea was
low which initiated with 50 ants/m2 and fluctuated
during the 12 week study period. On rice, weaver ant
population was low, and then numbers present at 1st
and 2nd week were 25 ants/m2 and again during 3rd-
5th and 11th-12th weeks 10 ants/m2 , and absent
during 6th-10th weeks. Weaver ant on buffalo grass
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was low with 10 ants/m2 during 1st-3rd week and again

in the 12th week. On chilly peppers, weaver ant

Figure 2. Selected natural enemy population on tangerine and associated plant species
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population was at the lowest, but 10 ants were found
during the 1st-3rd week.

Pest damage on tangerine

Asian citrus psyllid and Citrus white fly
damage: There was a difficulty in distinguishing the
damage on tangerine caused by citrus psyllid and
citrus white fly due to their piercing and sucking nature
of feeding, and the extent of damage of the two insects
was shown in Figure 3a. Following the damage by the
two insect pests further injury occurs due to infestation

—&— Cowpea (Vigna unguicilata)
—&- Rice (Criza sativa)

—&— Chilly pepper (Capsicum frutescens)

of sooty mold fungus which grows over fruits and
foliage in the copious amount of honeydew excreted by
the whitefly and nymphs and adults of psyllids. This
molds coats leaves and reduces light interception by
leaves thus reducing photosynthesis in plants. The
greatest threat of Asian citrus psyllids is that it acts as
vector transmitting the virus of citrus greening disease.
The black fungus due to its rapid growth and covering
affects physiological activites of the trees and
developing fruits. Heavily-infested trees become weak
and produce small crops of insipid fruit.
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The damage on tangerine due to citrus psyllid and
citrus white fly was minor in all associated plant
species, except chilly peppers, and the latter caused
minor-moderate damage on citrus since 7th week and
continued until 12th week. In buffalo grass associated
tangerine, there was a minor damage in the 1st week
and a slightly higher damage during 5th to 12th weeks.
The damage on tangerine in goat weed association
was similar to that of buffalo grass, but slightly
increased since 10th week and continued until 12th
week. Cowpea and rice had the same degree of
damage during 1st-12th week, yet it was minor. Siam
weed showed the lowest damage of the two insects
which remained throughout the experiment.

Black citrus aphid damage: The black citrus
aphid damages host plants by feeding with piercing-
sucking of mouthparts and extracting the plant sap
from leaves, green shoots and flowers (Broughtom,
2007). Leaves may curl as a result of feeding. A large
quantity of honeydew is also produced. Leaves and
fruits often turn to black with the growth of the sooty
mould fungus. The damage on tangerine by black
citrus aphids was minor moderate-heavy damage
(Figure 3b). Tangerine associate with goat weed had
no damage in the first 7 weeks, but increased to
moderate-heavy to heavy damage after 7th week. The
reason that may due to low number of ladybird beetle,
green lacewings and weaver ants on tangerine
associated with goat weed at the latter part of
experiment period, as ladybird beetle was presence
only the 1st week and absent since the 2nd-12th week,
green lacewings in the 1st week and gradually
increased and peak occurred during 4th week and then
decreased during 5th -8th week. Tropical orb weaver
was abundant during 1st-5th week to 8-11/tree and
decline during 6th-10th week. Again its population
increased during 11th-12th week to 9/tree. Only
weaver ants were abundant with of 150-200 /tree
during 1st-4th weeks and decreased during 5th -12th
week to 100-150/tree. Damage in buffalo grass and
cowpea was minor to minor-moderate during the 12
week observation period. Rice caused minor damage
during the 12 week period and Siam weed and chilly
pepper had the lowest damage was below minor but
above no apparent damage.

Citrus leafminer damage: Citrus leafminer larvae
feed inside young leaves by creating shallow tunnels,
referred to as mines. It is most commonly found on
citrus. The larvae mine the lower or upper surface of
the leaves causing them to appear curl and distorted.
Citrus leafminer larva is likely to cause damage in
nurseries new plantings on newly developing leaves.
The growth of young trees is retarded by heavy
infestations of citrus leafminer larvae. However, when
its infestation is heavy, young frees are unlikely to die.

Citrus leafminer larvae damage was found on all
tangerine trees associated with all plants, except Siam
weed and cowpea. The latter had the lowest citrus
leafminer larvae damage which was between minor-
moderate to slightly above moderate (Figure 3c).
During the first four weeks, Siam weed associated
tangerine had between minor-moderate to moderate
damage, which gradually increased to moderate and
slightly above. The citrus leafminer larvae damage was
heavy when the tree was associated with rice goat
weed, buffalo grass and chilly and later increased with
cowpea to heavy.

Figure 3. Asian psyllid and citrus whitefly (a) black citrus
aphid (b) and citrus leafminer damage (c) on tangerine when
associated with specific plants as undergrowth.
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Discussion

Biodiversity refers to all species of plants, animals
and microorganisms existing and interacting in an
ecosystem (McNeely et al., 1990) and can play a
significant role, as prey and predator relationship
usually helps reduce insect pests in crops. Altieri
(1994) reported that orchards with rich floral
undergrowth exhibit a lower incidence of insect pests
than clean cultivated orchards, mainly because of an
increasing abundance of predators and parasitoids
which are capable of reducing pest populations.
Therefore, designing and constructing vegetation
architectures would be a useful approach to reduce
populations of pest herbivores by increasing attraction
of natural enemies.

The field investigation of the current study showed that

there are more than 16 weed species growing
underneath and around of the organically grown
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tangerine trees, and that more than 24 insects living on
both tangerine and on the 16 weed species. Of the 24
insects, Asian citrus psyllid, black citrus aphid, citrus
leafminer and citrus whitefly were already reported as
serious pests on tangerine (Nunta, 2000; Anon, 2010b),
while ladybird beetle, green lacewing, tropical orb
weaver spider and weaver ant as most effective
predators and parasitoids (Morakot and Nunta, 1996;
Nunta, 2000; Van Mele and Van Lenteren, 2002; Van
Mele, 2008). Of the 16 weed species, three species
namely Siam weed, goat weed and buffalo grass were
found to attract both insect pests and natural enemies,
and hence included for testing in the field experiment.
The presence of these three weed species was
considered to be effective in tangerine plantations.

In the field experiment, six plant species namely
goat weed, Siam weed, buffalo grass, cowpea, rice and
chilly pepper showed varying attractions of insect pests
and natural enemies and their ability to manage
tangerine pests through biological means. Tangerine
had higher number of Asian citrus psyllids in all
associated plant species, except Siam weed (Fig 1Aa).
Except in buffalo grass, rice and chilly pepper, other
plant species did not have Asian citrus psyllid (Fig 1Ab).
On the other hand, the damage estimates were minor
and minor-moderate by Asian citrus psyllid (Fig 3a).
The key natural enemies of Asian citrus psyllid include
ladybird beetle, green lacewings, tropical orb weavers
and weaver ants; which also use as prey (Morakot and
Nunta, 1996; Frank and Mizell, 2000; Nunta, 2000;
Stoll, 2000; Van Mele, 2008). Among these, ladybird
beetle was observed to be low in population on
tangerine after the second week, and the number
ranged from 2 to 15 on associated plant species. The
relationship between Asian citrus psyllid and ladybird
beetle is depicted in Figures 1A and 2A, which show
the pest-enemy relationship with increasing Asian
citrus psyllid on tangerine in the absence of ladybird
beetle and decreasing Asian citrus psyllid population
on associated plant species in the presence of ladybird
beetle. Majumdar et al. (2009) also observed reduction
in Asian citrus psyllid in the presence of ladybird
beetles, lacewings, hoverflies and spiders. This nature
of damage on pests by specific natural enemies
(predators and parasitoids) is shown with black citrus
aphid, citrus leafminer and citrus whitefly.

Crop damage estimate due to Asian citrus psyllid
and citrus whitefly is usually at or below “minor”, except
in tangerine associated with chilly pepper which has
‘minor-moderate”. It is hard to differentiate the crop
damage caused by Asian citrus psyllid and citrus
whitefly as both have piercing and sucking type of
damage. Increased population of Asian citrus psyllid in
tangerine when associated with chilly pepper was
observed in Figure 1Aa and also with an enhanced
damage in tangerine at “minor-moderate” level in

Figure 3a. This could be attributed to specific attraction
of Asian citrus psyllid by tangerine compared to chilly
pepper. However, increased populations of green
lacewings, tropical orb weaver spiders and weaver ant
as enemies of Asian citrus psyllid may have positively
contributed to the reduction of its damage, as these
insects have been reported as natural enemies of
Asian citrus psyllid and citrus whitefly (Frank and Mizell,
2000; Nunta, 2000; Stoll, 2000; Van Mele, 2008;
Majumdar, 2009).

Although black citrus aphid population on
tangerine trees was high, their damage on tangerine
appeared to be “minor” (Fig 1Ba and b and Fig 3b).
The black citrus aphid damage increased to “moderate
to heavy” during 7th week on tangerine trees
associated with chilly pepper. The same four natural
enemies are known to be controlling the populations of
black citrus aphid too (Morakot and Nunta, 1996; Futch
et al., 2002; Van Mele, 2008).

Citrus leafminer population and their damage were
high on both tangerine and associated plants (Fig 3c).
The damage scores show minor-moderate damage in
tangerine associated with cowpea, moderate with Siam
weed which showed greater attraction than other
associated plant species, and moderate to high with
the remaining plants (Figures 1C and 3c). Result show
that citrus leafminers have not been effectively
controlled by natural enemies. This could be due to the
nature of feeding of citrus leafminer, as once an egg
hatched, the larva enters between epidermal tissues at
immature leaves and hence not visible or vulnerable to
natural enemies.

The effects of associated plant species indicate
that there is a varying attraction of specific insects by
such plants, thus varying the level of crop damage. Al
plants, except chilly pepper, effectively reduced the
damage by black citrus aphid and citrus whitefly.
Similarly, all plants, except goat weed, had lower
damage. With respect to citrus leafminer, all plants,
except cowpea caused a greater damage.

Pest attraction and repellence are two ways by
which the associated plant species could modify the
behavior of insect pests on specific plants
(Vandermeer, 1989; Anon, 2010b). The associated low
growing plant species could reduce the damage on
economic plants by attracting some pests and keeping
them away from tangerine trees. However, there has
been variation in pest populations on both tangerine
and associated plants species during the study period.
This could also be attributed to palatability of the host
plants which decreases overtime as the plant matures,
which is determined by the environmental conditions
such as moisture and temperature as both have
special influence on plant growth (Rao, 2000).

41



Boonrahong and Ranamukhaarachchi / Rec Res Sci Tech 2 (2010) 32-44

Therefore, different plant species inhabiting in
tangerine plantations could modify the population of
different insect pests and their threats based on the
degree of attraction or repellence. There are many
reasons for insect attractions suggested by the
previous researchers:  smell such as volatile
allelochemicals in the goat weed (Kong et al., 2005;
Unsicker, Kunert and Gershenzon, 2009; McPartland
and Clarke, 2000.), oil (Menut et al., 2006; Owolabi et
al., 2010), color (Demirel and Cranshaw, 2006),
palatability (Modder, 1984) glucan in Siam weed (Zhao,
Zhang and Liu, 2010) [the glucan content of the weed
stem was similar to that of sugarcane bagasse, but
higher than those of corn stover and wheat straw], etc.
In the same manner, the opposite, i.e. repelling insect
pests by several plant species, has also been reported
(Kianmatee and Ranamukhaarachchi, 2007a and
2007b). However in the management of pest in
tangerine, if would be more appropriate to explore the
plant species having pest attraction.

The current study clearly demonstrated the pest
attraction of goat weed, Siam weed, buffalo grass,
chilly pepper, cowpea and rice. Therefore, keeping the
first three plants as weeds and/or growing the latter
three crops as under-storey crops in tangerine
plantations could reduce pest populations and their
damage on tangerine. This will help reduce pesticide
use and health risks associated with heavy use of
highly toxic pesticides in tangerine. This will also
relieve people residing in tangerine cultivated areas in
the Fang watershed as well as other areas in Thailand.

Conclusion

The current study sought a solution to pesticide-
based insect pest management in tangerine as heavy
use of heavily toxic persistent pesticides imposed
adverse effects on people residing in the vicinity of
tangerine plantations by frequently breathing pesticide
contaminated air and consumers due to pesticide
contaminated fruits and pollution of environment. The
study concentrated on four common insect pests -
Asian citrus psyllids, black citrus aphids, citrus
leafminers and citrus whiteflies - and four natural
enemies — ladybird beetle, green lacewings, tropical
orb weaver and weaver ants. The study evaluated
three weeds from the weed flora - goat weed, Siam
weed and buffalo grass, and three crops - rice,
cowpea and chilly pepper - for insect pest and natural
enemy to enhance the biological management of
tangerine pests.

The results showed that chilly pepper and buffalo
grass attracted all insect pests, except black citrus
aphid. The former attracted ladybird beetle and tropical
orb weaver, while the latter attracted all four selected
natural enemies. Rice attracted all insect pests, except
black citrus aphids, and all natural enemies. Siam

weed too attracted all natural enemies and insect pests,
except Asian citrus psyllids. Both cowpea and goat
weed attracted citrus leafminer and citrus whiteflies
among the four insect pests and ladybird beetle and
weaver ants among the four concemed natural
enemies. The leafminer damage on tangerine was
minor-moderate to heavy and varied with the
associated weed species. Therefore, these findings
confirmed the potential for managing tangerine pests
by growing pest attractive plants and with natural
enemies without frequent reliance on heavily toxic long
persisting pesticides.
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