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a b s t r a c t

The green lacewing, Plesiochrysa ramburi (Schneider) (Neuroptera: Chrysopidae), is a dominant preda-
tory insect in cassava fields. The suitability of different cassava mealybug species as prey for Pl. ramburi is
important information for mass rearing in the laboratory. Phenacoccus manihoti Matile-Ferrero, Phena-
coccus madeirensis Green and Pseudococcus jackbeardsleyi (Gimpel &Miller) were compared to determine
their potential as prey for Pl. ramburi larvae by testing the green lacewing's preference and performance.
Non-choice tests showed that Pl. ramburi larva could feed on all three cassava mealybug species. Choice
tests showed that the 1st and 2nd instars of Pl. ramburi preferred Ph. manihoti and the 3rd instars
preferred Ph. madeirensis. However, life table parameters showed that the highest net reproduction
number (19.1967) and gross reproductive rate (46.0156, females/female/generation) occurred when Pl.
ramburi fed on Ps. jackbeardsleyi. This indicates that Ps. jackbeardsleyi is the most suitable diet for the
mass rearing of Pl. ramburi to allow releases in integrated pest management programs.
Copyright © 2017, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Cassava mealybugs are important cassava insect pests, with
more than 15 species of mealybugs attacking cassava in the
Americas, Africa and Asia (Bellotti, 2002). The pink mealybug,
Phenacoccus manihoti Matile-Ferrero, and the cassava mealybug,
Phenacoccus herreni Cox & Williams, originated in the Neotropical
region and are the most economically important insect pests
causing severe yield reduction in cassava fields (Herren and
Neuenschwander, 1991; Bellotti, 2002).

Five species of cassava mealybugs attack cassava in Thailand:
pink mealybug, Ph. manihoti, madeira mealybug, Phenacoccus
madeirensis Green, Jack Beardsley mealybug, Pseudococcus jack-
beardsleyi (Gimpel & Miller), striped mealybug, Ferrisia virgata
(Cockerell), and solenopsis mealybug, Phenacoccus solenopsis
Tinsley. Among these, Ph. manihoti, Ph. madeirensis, and Ps. jack-
beardsleyi are considered as the key insect pests of cassava in
Thailand (Calatayud and Le Rü, 2006; Soroush et al., 2012).

Ph. manihoti originated in central South America
(Neuenschwander, 2003) and was accidentally introduced into Af-
rica in the early 1970s. It rapidly increased in numbers and dispersed
ong).
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across the cassava-growing regions, causing yield losses in large
areas of cassava fields in Africa. In the Americas, Ph. manihoti was
first recorded in Paraguay in 1980 andwas later collected from areas
of Bolivia and Mato Grosso do Sul State of Brazil but did not cause
economic damage in the 1980s (L€ohr et al., 1990). Meanwhile, Ph.
manihoti was also found in Cambodia and Indonesia and caused
damage to cassava there. In addition, Ph. manihoti has also attacked
cassava in the Brazilian States of Paran�a, Sao Paulo, Bahia and Per-
nambuco, where it seriously reduced cassava yields (Bellotti et al.,
2012). In Thailand, Ph. manihoti was first found in 2008 and the
economic loss due to Ph. manihoti on cassava in Thailand rapidly
increased up to USD 1 million (Winotai et al., 2010).

Ph. madeirensis is distributed worldwide and attacks a wide
range of plant species (Williams and Granara deWillink,1992; Ben-
Dov, 1994), being an insect pest on ornamental plants both out-
doors and in greenhouses (Pellizzari and Germain, 2010) and has
become an important insect pest of greenhouse ornamentals in the
southeastern USA since the early 1990s (Townsend et al., 2000).

Ps. jackbeardsleyi is a polyphagous species that originated in the
Neotropical region and can attack more than 93 plant species
including vegetables, fruits and ornamental crops (CAB
International, 2001). In Asia, Ps. jackbeardsleyi was first recorded
in Singapore in 1958, followed by Malaysia (1969), Indonesia
(1973), the Philippines (1975), Brunei (1979), Thailand (1987) and
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in 1994 in the Maldives and Vietnam (Williams, 2004a,b;
Muniappan et al., 2009).

Biological control is globally recommended to control cassava
mealybugs in cassava plantations. Many any species of natural en-
emies are used for the control of cassava mealybugs, including:
Anagyrus lopezi (De Santis), Apoanagyrus diversicornis (Howard),
Parapyrus manihoti Noyes, Allotropa sp., Hyperaspis notata Mulsant,
SympherobiusmaculipennisKimmins,Diomus spp. and Exochomus sp.
(L€ohr et al., 1990; Neuenschwander, 1994; Ru and Makosso, 2001).
Uraichuen et al. (2011) reported that in Thailand, there are several
natural enemies that are present in fields: Plesiochrysa ramburi
(Schneider), Mallada basalis (Walker), Allotropa suasaardi Sarkar &
Polaszek, Wollastoniella rotunda Yasunaga & Miyamoto, Orius max-
identex Ghauri and Nephus ryuguus (H. Kamiya). Among these, Pl.
ramburi is the dominant natural enemy of cassava mealybugs.

Pl. ramburi is an important predatory insect of a number of
mealybugs such as the pineapple mealybug, Dysmicoccus brevipes
(Cockerell), citrophilus mealybug, Pseudococcus calceolariae (Mas-
kell), longtailed mealybug, Pseudococcus longispinus (Targioni Toz-
zetti), and an unidentified species belonging to the genus Pulvinaria
(Tauber et al., 2001; Miller et al., 2004). In Thailand, the mealybug
prey of Pl. ramburi include citrus mealybug, Nipaecoccus viridis
(Newstead) and hibiscus mealybug, Maconellicoccus hirsutus
(Green) (Kantha et al., 2004). Recently, it has been reported as an
important natural enemy of cassava mealybugs in cassava fields in
Thailand (Uraichuen et al., 2011).

To produce great numbers of predators, effective mass-rearing
techniques need to be developed. The quality and quantity of
prey species influences the biology and behavior of the predatory
lacewings (Thompson,1951; Canard and Principi, 1984; Strohmeyer
et al., 1998; Thompson and Hagen, 1999) and preference and suit-
ability of prey for predator development are important character-
istics in determining the potential of predators as biological control
agents for a specific pest, as this can decide the success or failure of
predators in biological control (Thompson, 1951). For example,
Osman and Selman (1993) showed that M. persicae and Acrthosi-
phon pisum Harris were the most suitable prey for Chrysoperla
carnea (Stephens), whereas Aphis fabae Scopoli was an unsuitable
prey species because it caused high juvenile mortality and resulted
in smaller cocoons and lower fecundity compared to M. persicae.
Similarly, the developmental durations of immature stages of
Chrysopa pallens (Rumber) were 23.2 d, 8.5 d and 10 d when fed on
Tetranychus urticae Koch, Aphis craccivora Koch and Uroleucon
nigrotuberculatum (Olive), respectively; however, C. pallens cannot
develop to adults when fed on T. urticae (Nakamura et al., 2000).

The objectives of the current studywere to evaluate the influence
of prey type on the biology of Pl. ramburi and specifically, the prey
preference of Pl. ramburi feeding on three species mealybug that
occur as pests and the influence of food on the development of the
green lacewings. Such knowledge will constitute a basis for further
researchon the roleofPl. ramburi as apredator in cassavaplantations.

Materials and methods

All experiments were carried out under constant laboratory
condition (25 ± 2 �C and 50 ± 5% relative humidity) at the National
Biological Control Research Center, Kasetsart University, Kam-
phaeng Saen Campus, Nakhon Pathom, Thailand during
2012e2013.

Rearing of cassava mealybug species

Three cassava mealybug speciesdPh. manihoti, Ph. madeirensis
and Ps. Jackbeardsleyidwere collected from cassava plantations in
Phanom Thuan, Bo Phloi and Huai Krachao districts in
Kanchanaburi province, Thailand. In the laboratory, the mealybugs
were sorted and reared on Thai pumpkin fruit (Cucurbita moschata
Duchesne). Medium-sized (approximately 1 kg and approximately
20 cm in diameter) pumpkins were used as diet for rearing the
mealybugs. Each pumpkin fruit was infested with 150 adult female
mealybugs with well-formed ovisacs. The egg sacs and crawlers of
each mealybug species were transferred individually onto the up-
per surface for settling and development. The infested pumpkin
fruits were kept in circular plastic boxes (22 cm in diameter, 11 cm
in height) and placed on shelves. To avoid cross species contami-
nation, all plastic boxes were covered with nylon cloth and boxes of
each species were placed on separate shelves. The cultures were
maintained in the dark. Then, 4 wk after initial infestation, the
mealybugs were collected and used for rearing Pl. ramburi.

Rearing of Pl. ramburi

The initial stock culture of Pl. ramburi was collected from a
cassava field and reared in the laboratory. Larvae were transferred
to pumpkin fruit bearing mealybugs aged 20e25 d, which were
placed in the circular plastic boxes and covered with nylon cloth. A
mixture of honey and yeast at a ratio of 1:1 was provided as food for
the Pl. ramburi adults. Adults usually laid eggs on the inner surfaces
of the boxes or on the nylon cloth. Eggs were immediatelymoved to
Petri dishes and kept until hatching. The newly hatched larvaewere
used in the following experiments.

Prey species preference

No-choice tests
No-choice tests were conducted by providing 3rd instars of each

of the threemealybug species to 1st, 2nd and3rd instars of Pl. ramburi
(treatments). Larvae of Pl. ramburi were transferred to Petri dishes
(9 cm in diameter and 1.5 cm in depth) individually after starvation
for 24 h. Each instar of Pl. ramburi was provided with 30 nymphs of
each mealybug species. Each treatment consisted of 20 replications.
The numbers of mealybugs remaining after 6 h were counted. A
generalized linear model (GLM) with a Poisson error structure and a
log-link function was used to test for differences in the numbers of
each prey species fed on by each instar of Pl. ramburi. The basemodel
included Ps. jackbeardsleyi because its number was lowest.

Choice tests
The choice tests used three treatmentsd1st, 2nd and 3rd instar

of Pl. ramburi (treatments). Ten 3rd-instars of each mealybug spe-
cies were placed in a Petri dish that contained one Pl. ramburi
larva. Each treatment was replicated 20 times. A filter paper (8 cm
diameter) was placed on the bottom of each Petri dish and a
few drops of water soaked on cotton were added for moisture. The
numbers of mealybug nymphs of each species remaining after 6 h
were counted. Multinomial logistic regression was used to test
for differences in the numbers of each prey species fed on by each
instar of Pl. ramburi. The base model included Ps. jackbeardsleyi
because its number was lowest.

Prey species suitability

Development periods
Newly hatched larvae of Pl. ramburi were transferred into indi-

vidual plastic boxes (11 cm in width, 11 cm in length and 6 cm in
depth) using a size 0 linear brush. A filter paper was placed on the
box bottom. Each larva was fed 3rd instars of each mealybug spe-
cies daily. The experiment had 20 replications. The mean devel-
opmental period of Pl. ramburi that consumed each mealybug
species was compared and the female longevity and fecundity were



Table 2
Numbers (mean ± SD) of Phenacoccus manihoti Matile-Ferrero, Phenacoccus
madeirensis Green and Pseudococcus jackbeardsleyi (Gimpel & Miller) consumed by
Plesiochrysa ramburi (Schneider) in choice testing for 6 h under laboratory condi-
tions using a multinomial logistic regression with Ps. jackbeardsleyi as the base
model.

Instar of Pl. ramburi Number of mealybugs consumed

Ph. manihoti Ph. madeirensis Ps. jackbeardsleyi

1st 3.50 ± 0.51y,* 3.45 ± 0.51* 2.50 ± 0.51
2nd 6.55 ± 0.51NS 6.40 ± 0.50NS 5.60 ± 0.50
3rd 4.45 ± 0.51NS 4.60 ± 0.50NS 3.60 ± 0.50

yNS ¼ p > 0.1; * ¼ p < 0.1.

Table 3
Developmental duration (mean days ± SD) of Plesiochrysa ramburi (Schneider) when
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also calculated. A GLM with a Poisson error structure and a log-link
functionwas used to test for differences in the periods of each stage
of Pl. ramburi when fed on each of the three prey species. The base
model included Ps. jackbeardsleyi.

Biological life table study
A life table analysis of Pl. ramburi was carried out using each of

Ph. manihoti, Ph. madeirensis and Ps. jackbeardsleyi as prey. Samples
of 300 newly laid eggs of Pl. ramburi were used in each set of the
study. Larvae of Pl. ramburi were reared in circular plastic boxes.
Emerged adults were collected daily and kept in the circular plastic
boxes covered with a nylon cloth and supplied with a diet mixture
of water:honey:yeast at the ratio 1:1:1. The numbers of larvae and
adults that survived were determined each day, and the number of
eggs laid by each adult was recorded every day until the adult died.
A biological life table was constructed using a technique given by
Laughlin (1965) and Jervis and Copland (1996).

Results and discussion

Prey species preference

No-choice tests
In the no-choice tests, all three mealybug species were preyed

on by Pl. ramburi larvae (Table 1). The 1st instars of Pl. ramburi ate
more Ph. manihoti (10.10) than Ph. madeirensis (9.85) or Ps. jack-
beardsleyi (8.60) although the differences were not significant
(GLM, p > 0.1). The 2nd instars ate more Ph. manihoti (18.10) than
Ph. madeirensis (17.75) and Ps. jackbeardsleyi (16.70), but again, the
differences were not significant (GLM, p > 0.1). The 3rd instars ate
more Ph. madeirensis (114.90) than Ph. manihoti (14.80) and Ps.
jackbeardsleyi (12.50). The numbers of Ph. madeirensis and Ph.
manihoti eaten were significantly greater than those for Ps. jack-
beardsleyi (GLM, p < 0.05).

In no-choice testing, Uraichuen et al. (2010) found that the
larvae of Pl. ramburi can feed on M. hirsutus, B. tabaci, Corcyra
cephalonica (Stainton), an unidentified species belonging to the
genus Tetranychus, unidentified species belonging to the genus
Thrips and eggs of Spodoptera litura (F.). The current results showed
that Pl. ramburi larvae could also feed on Ph. madeirensis, Ph.
manihoti and Ps. jackbeardsleyi. Kantha (2006) showed that the 2nd
instars of Pl. ramburi were the most voracious when fed on
M. hirsutus. This was consistent with the current results, in which
2nd instars of Pl. ramburi consumed the greatest numbers of the
three cassava mealybug species. Larvae of Pl. ramburi could feed on
all three mealybug species; thus, it could be applied to control the
cassava mealybugs in the field.

Choice tests
The results of the choice tests were similar to those in the no-

choice tests. The 1st instars of Pl. ramburi ate more Ph. manihoti
(3.50) than Ph. madeirensis (3.45) and Ps. jackbeardsleyi (2.50). The
Table 1
Numbers (mean ± SD) of Phenacoccus manihoti Matile-Ferrero, Phenacoccus
madeirensis Green and Pseudococcus jackbeardsleyi (Gimpel & Miller) consumed by
Plesiochrysa ramburi (Schneider) in no-choice testing for 6 h under laboratory con-
ditions using a generalized linear model with a Poisson error structure and a log-link
function to test the effects of species and Ps. jackbeardsleyi as the base model.

Instar of Pl. ramburi Number of mealybugs consumed

Ph. manihoti Ph. madeirensis Ps. jackbeardsleyi

1st 10.10 ± 1.29NSy 9.85 ± 1.75NS 8.60 ± 1.14
2nd 18.10 ± 1.51NS 17.75 ± 1.71NS 16.70 ± 2.55
3rd 14.80 ± 1.32* 14.90 ± 1.11* 12.50 ± 0.94

yNS ¼ p > 0.1; *p < 0.05.
significance of the differences was marginal between Ps. jack-
beardsleyi and each of the other two species (multinomial logistic
regression, p < 0.1 (Table 2). The 2nd instars ate more Ph. manihoti
(6.55) than Ph. madeirensis (6.40) and Ps. jackbeardsleyi (5.60). The
3rd instars ate more Ph. madeirensis (4.60) than Ph. manihoti (4.45)
and Ps. jackbeardsleyi (3.60). The differences among the species 2nd
instars and 3rd instars were not significant (multinomial logistic
regression, p > 0.1; Table 2).

The results showed that more individuals of Ph. manihoti and Ph.
madeirensis were preyed on by Pl. ramburi than Ps. jackbeardsleyi.
This was likely related to the body sizedPh. manihoti and Ph.
madeirensis are smaller (length 0.98 and width 0.53 mm, length
1 and width 0.59 mm, respectively) than Ps. jackbeardsleyi (length
1.98 and width 1.23 mm), and are softer. Pl. ramburi has difficulty
in dealing with Ps. jackbeardsleyi using its mandibles (Wardani
et al., 2014). Uraichuen et al. (2010) reported that larvae of Pl.
ramburi preferred to feed on M. hirsutus compared to B. tabaci,
C. cephalonica, Tetranychus sp., Thrips spp. and eggs of S. litura.

Prey species suitability

Development period
The developmental durations of Pl. ramburi larvae feeding on

the three mealybugs species are shown in Table 3. There were no
significant differences in the developmental duration of each of the
developing stages when fed on the three different prey species with
the one exception of the pupae where there was a significant dif-
ference between Ph. madeirensis and Ps. jackbeardsleyi (p ¼ 0.067).
The larval-pupal stage of Pl. ramburi fed on Ph. manihoti, Ph.
madeirensis and Ps. jackbeardsleyi were 20.1 d, 20.08 d and 21.08 d,
respectively. The adult longevity of each sex did not differ when fed
on the threemealybug species (p > 0.05). The adult longevities of Pl.
ramburi females fed on Ph. manihoti, Ph. madeirensis and Ps. jack-
beardsleyi were 19.33 d, 18.09 d and 20.42 d, respectively, while for
males fed on Ph. manihoti, Ph. madeirensis and Ps. Jackbeardsleyi,
they were 15.50 d, 14.50 d and 17.0 d, respectively (Fig. 1).
fed on Phenacoccus manihoti Matile-Ferrero, Phenacoccus madeirensis Green and
Pseudococcus jackbeardsleyi (Gimpel & Miller) under laboratory conditions using a
generalized linear model with a Poisson error structure and a log-link function
employed to test the effects of species and Ps. jackbeardsleyi was used as the base
model.

Stage Developmental duration, days ± SD

Ph. manihoti Ph. madeirensis Ps. jackbeardsleyi

1st instar 3.25 ± 0.44 3.90 ± 0.72 3.50 ± 0.51
2nd instar 3.53 ± 0.51 3.94 ± 0.73 3.37 ± 0.50
3rd instar 3.61 ± 0.50 3.36 ± 0.54 3.39 ± 0.50
Pupa 9.72 ± 1.81 8.88 ± 1.50y 10.83 ± 2.09
Larval-pupal stages 20.10 ± 3.26 20.08 ± 3.48 21.08 ± 3.60

yp < 0.1.



Fig. 1. Mean adult longevity of Plesiochrysa ramburi (Schneider) when fed on each of
the three mealybug species (error bars show ± SD).

Table 4
Life table parameters of Plesiochrysa ramburi (Schneider) when fed on Phenacoccus
manihoti Matile-Ferrero, Phenacoccus madeirensis Green and Pseudococcus jack-
beardsleyi (Gimpel & Miller) under laboratory conditions.

Life/Fecundity table statistic Prey species

Ph.
manihoti

Ph.
madeirensis

Ps.
jackbeardsleyi

Net reproductive rate (R0) (females/
female/generation)

17.2600 17.1967 19.1967

Gross reproductive rate (GRR)
(females/female/generation)

41.8444 40.9767 46.0156

Innate capacity for increase (rc)
(females/female/d)

0.0353 0.0350 0.0360

Intrinsic rate of natural increase
(rm) (females/female/d)

0.0545 0.0517 0.0601

Finite rate of increase (l) (females/
female/d)

1.0359 1.0357 1.0367

Cohort generation time (Tc) (d) 35.0350 35.2574 35.6418
Mean generation time (T) (d) 22.7092 23.8759 21.3351
Doubling time (DT) (d) 5.5262 5.8176 5.0050
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The results showed that the developmental duration of Pl.
ramburiwas slightly different when feeding on the three mealybug
species. There have been similar reports. Kantha (2006) reported
that the larval stage of Pl. ramburi was an average 9e10 d when fed
onM. hirsutus and A. craccivora. Wardani et al. (2014) demonstrated
that the larval stage of Pl. ramburi was similar to the current ob-
servations when fed on Ph. manihoti. However, Choeikamhaeng
et al. (2010) reported 10e14 d for the larval stage when fed on C.
cephalonica and Pseudococcus cryptus Hempel.
Biological life table parameters
The life table parameters of Pl. ramburi feeding on Ph. manihoti,

Ph. madeirensis and Ps. jackbeardsleyi are shown in Table 4. The
greatest net reproduction number (R0) and gross reproductive rate
(GRR) were 19.1967 and 46.0156 (females/female/generation),
respectively, on Ps. jackbeardsleyi. The highest innate capacity for
increase (rc), intrinsic rate of natural increase (rm) and finite rate of
increase (l) was 0.0360, 0.0601 and 1.0367 (females/female/d),
respectively, on Ps. jackbeardsleyi. The highest cohort generation
time (Tc) was 35.6418 (d) on Ps. jackbeardsleyi. The shortest mean
generation time (T) and doubling time (DT) was 21.3351 d and
5.0050 d, respectively, on Ps. jackbeardsleyi.

The high R0 indicates that Pl. ramburi can be effective against the
pest mealybugs. Theoretically, natural enemies that have high
ability to produce offspring are proficient in controlling the popu-
lation growth of their prey (Huffaker et al., 1976; Iziquel and Le Rü,
1992). Kantha (2006), who documented the parameters of Pl.
ramburi on different prey species, showed that M. hirsutus was the
most suitable prey for Pl. ramburi with an R0 of 6.6669, which was
lower than the current results. The values for rc and l were 0.0356
and 1.0550, respectively, which were higher than the current re-
sults. However, the Tc (35.3674) was similar to the current results.
The intrinsic rate of natural increase (rm) is one of the main criteria
used for choosing the best biological control agent, as a high rm
indicates a high rate of multiplication per day of the natural enemy
(Vasanthakumar and Babu, 2013). The rm value in the current study
showed that Pl. ramburi can multiply more when fed on Ps. jack-
beardsleyi, which was consistent with the greatest GRR and the
shortest doubling times of Pl. ramburi. Life table analysis helps to
assess future offspring and estimate the number of natural enemies
to be released in the biological control program (Sudhida et al.,
2009). The current study showed greater reproductive parame-
ters and shorter doubling times when Pl. ramburi fed on Ps. jack-
beardsleyi, indicating that of the three mealybug species, Ps.
jackbeardsleyi was the most suitable prey of Pl. ramburi.

Pl. ramburi fed on Ph. madeirensis, Ph. manihoti and Ps. jack-
beardsleyi in the no-choice tests and showed stronger preference to
Ph. manihoti and Ph. madeirensis in the choice tests. Ps. jackbeard-
sleyiwas shown to be the most suitable for mass rearing Pl. ramburi
in the laboratory (25 ± 2 �C and 50 ± 5% relative humidity), whilst
Ph. manihoti and Ph. madeirensis can also be used as a substitute
diet. Pl. ramburi showed great promise as a natural enemy to con-
trol the cassava mealybug complex in cassava fields.
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