[ Downloaded from jast.modares.ac.ir on 2025-07-29 |

J. Agr. Sci. Tech. (2022) Vol. 24(3): 635-648

Effects of Prey Species and Host Plants on Development and
Life History of Stethorus gilvifrons (Coleoptera: Coccinellidae)

M. Jafari, H. Ranjbar Aghdam?®’, S. Goldasteh®, A. Zamani®, and E. Soleiman Nejadian*

ABSTRACT

Stethorus gilvifrons (Mulstant) is an important voracious predator of the spider mites,
which consumes all the life stages of spider mites. In this study, the effects of prey species
and host plants on development and life table parameters of S. gilvifrons were studied. To
this end, preimaginal development, survival, adult longevity and fecundity of S. gilvifrons
fed on Tetranychus urticae Koch (on maize and cowpea) and Eutetranychus orientalis
Klein (on castor bean plants) were studied. Experiments were conducted based on two-sex
life table procedure under laboratory conditions at 27+1°C, 60-70% RH and 16:8 hours
L:D. The shortest developmental time and female longevity were recorded on maize and
cowpea, respectively, and the longest was on castor bean. While the lowest values of
fecundity, net Reproductive rate (Ry) and intrinsic rate of increase (r) were estimated at
107.65+11.49 offspring, 20.63+4.41 offspring and 0.1001+0.0072 d* on castor bean,
respectively, the highest values of the mentioned parameters were 158.67+20.18 offspring,
43.63+8.47 offspring, and 0.1448 + 0.0069 d* on maize, respectively. The results proved
the significant effects of the host plants and prey species on developmental time and
demographic parameters of S. gilvifrons. The obtained results could be useful for mass
rearing of S. gilvifrons and for better understanding of its population dynamics in relation
to the prey species and host plants.
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INTRODUCTION (Jeppson et al., 1975; Chazeau, 1985). They
cause significant damage on horticultural
plants in both fields and greenhouses.

The two spotted spider mite, Tetranychus - oo
P P y Unfortunately, control of the spider mites is

urticae Koch (Acari: Tetranychidae) is one

of the most economically important pests in difficult ‘and using acaricides is the
greenhouses and field crops worldwide commonly used method to control the pest.

(Helle and Sabelis, 1985; Bolland et al., While they have high developmental rate,

1998). The citrus brown mite, Eutetranychus short .I'fe span, _and high reproqluctlve
orientali s (Klein) (Acari: Tetranychidae), is potential, thel_r .ab|I|ty to develop re3|stapce
also an important polyphagous pest, mainly to Tarl]y e;czirr:pldes,_thas mtgdel thle Cgﬁfp'c?,l[
found in association with citrus crops in the control 0 IS mite particularty ditricu

. L . . Luczynski et al., 1990; Van Leeuwen et al.
tropical regions in the Middle East, Africa, ( ) ’ ’ '
Southern and Eastern Asia and Australia 2008; Van Leeuwen et al., 2010). Therefore,

there are many problems associated with the
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use of pesticides, including secondary pests’
outbreak and resistance development,
pesticides impact on the environment, high
costs and human safety; therefore,
researchers look for alternative methods of
managing the spider mites (Helle and
Sabelis, 1985; Van Leeuwen et al., 2007;
Attia et al., 2013).

Stethorus gilvifrons (Mulstant)
(Coleoptera: Coccinellidae), is an important
voracious predator of the spider mites on
various crops, which consumes all of the life
stages of the spider mites, in particular, the
female needs abundant prey supplies before
oviposition period (McMurtry and Johnson,
1966; McMurtry et al., 1970; Hull et al.,
1977; Helle and Sabelis, 1985). This species
is capable of effective dispersal and is
currently  produced for augmentative
biological control (McMurtry and Johnson,
1966; Riddick and Wu, 2011).

Plants, herbivores and natural enemies are
tightly entwined (Awmack and Laether,
2002). Tritrophic interactions may include
direct effects of host plants on herbivores
and direct or indirect effects of host plants
on the natural enemies of herbivores (Price
et al., 1980; Gassmann et al. 2010). Host
plants may reduce the fitness of herbivores
through the presence of  toxic
allelochemicals or physical defenses
(Rosenthal and Berenbaum, 1991). These
interactions may be mediated by either the
nutritional, defensive, or physical qualities
of the host plants (Vet and Dicke, 1992;
Awmack and Laether, 2002; Dick et al.,
2009). For instance, variation in host plant
quality may affect the body size, egg size
and quality, the performance of male insects,
delaying herbivore establishment, and thus
an increased chance of exposure to natural
enemies and herbivore sex ratios of
herbivorous insects, which, in turn, can
determine life history parameters such as
fecundity, fertility, longevity and survival,
all directly relevant to population dynamics
(Awmack and Laether, 2002; Karimzadeh et
al., 2004; Karimzadeh and Wright, 2008;
Reynolds et al., 2009, Karimzadeh et al.,
2013). However, harmful effects of host
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plants may be offset by benefits if the plant
defenses are detrimental to the natural
enemies of herbivores and increase survival
of herbivores when challenged with natural
enemies (Price et al. 1980, Jeffries and
Lawton 1984).

Although previous studies on Stethorus
spp. were mostly focused on biological
characteristics (Putman, 1955; Biddinger,
2009; Fiaboe et al., 2007), functional
response (Osman and Bayoumy, 2011;
Karami Jamour and Shishehbor, 2012;
Bayoumy et al., 2014), life table (Rattanatip
et al, 2008, Imani et al, 2009;
Perumalsamy et al., 2010 ; Handoko and
Affandi, 2012), and the effect of temperature
(Rott and Ponsonby, 2000; Roy et al., 2002;
Taghizadeh et al., 2008a, b; Matter et al.,
2011; Khan and Spooner-Hart, 2017); the
effect of host plants and prey species on
development and demographic parameters
of S. gilvifrons has not been studied yet.
Therefore, the present study was conducted
to examine the effect of spider mites species
reared on different host plants on life history
of S. gilvifrons.

MATERIALS AND METHODS
Plant Materials and Preys

Tested host plants were maize, Zea mays
(Var. KSC 704), cowpea, Vigna catjang
Endi (Var. Khomein) and green bean,
Phaseolus vulgaris cv. (Var. Sunray) as
natural hosts for mass rearing of T. urticae;
and castor bean, Ricinus communis L. was
applied as host for the citrus brown mite, E.
orientalis. Maize and castor bean seeds were
planted in plastic pots with 24 cm diameter
and 26 cm height, and cowpea and green
bean were planted in plastic pots with 18 cm
diameter and 20 cm height. All the pots were
filled with a mixture of sandy loam, loam
and compost in equal proportions. No
pesticides were used during the growing
period of the plants. All of the pots were
planted in separate greenhouse at 27+5°C
temperature, 50+10% RH and natural
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photoperiod, during growing season. Maize,
cowpea, green bean and castor bean were
continuously planted every two weeks in the
greenhouse.  About 4  weeks after
germination, when all the plants had grown
enough in the greenhouse, each plant was
infested by one of the spider mite species.
Two-spotted spider mites were originally
collected from bean fields of Varamin
Region located in Tehran Province, Iran, and
citrus brown mites were collected from
castor beans planted in campus of Shahid
Chamran University, Ahvaz, Iran. Two-
spotted spider mite, T. urticae was used for
infestation of maize, cowpea and green bean
plants, and citrus brown mite, E. orientalis,
was used for infestation of castor bean.

In order to provide sufficient density of the
mites for rearing of the predatory
coccinellid, the mites were reared for several
generations on the host plants in the
greenhouse.

Predator Colony Establishment

Adults of S. gilvifrons (= 300
cocclinellids) were collected from the
sugarcane fields, located in Ahvaz District,
Khuzestan Province, southwest of Iran (48°
40" E, 31° 20" N) using an aspirator, and
transferred in a Plexiglas jar (5x14x19 cm)
containing sugarcane leaves infested by
Oligonychus sacchari (McGregor) (Acari:
Tetranychidae). Collected adults were
randomly divided into three equal groups.
Each group had about 100 individuals, and
were reared separately on the determined
hosts in growth chamber at 27+1°C
temperature, 50+10% RH and a photoperiod
of 16:8 (L:D) hour. The second laboratory
generation (F,) of S. gilvifrons was used for
the current study. Rearing of the predatory
coccinellid was carried out in insectarium at
27+1°C, 60-70% RH, and 16:8 hours (L:D),
inside cage. Rearing cages were 70x70x120
cm in dimensions and covered by fine metal
nets to prevent the coccinellids from exit.
Within each rearing cage, 2-4 pots were
placed, depending on the size of the plants.
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In each cage, 20 individuals (10 males and
10 females) of S. gilvifrons were released
from wild population. Each cage was
checked weekly and, if needed, its pots were
replaced with new infested pots. Irrigation of
the pots was done every week.

Life Table Study

We could not establish the colony of S.
gilvifrons on green bean (Phaseolus
vulgaris cv.) and all of larvae died before
completing their development. Thus, life
table studies were done by using three
treatments; first treatment was feeding of S.
gilivfrons by T. urticae reared on maize,
second treatment was feeding S. gilivfrons
by T. urticae reared on cowpea, and third
treatment was feeding of the predatory
coccilelid by E. orientalis, reared on castor
bean plants. Then, 120 eggs with less than
24 hours-old were selected as a cohort for
each treatment. For this purpose, three fold
10 pairs of S. gilivfrons were isolated for 24
hours in three plastic containers (19x14x4
cm), separately on maize, cowpea, and
castor bean leaf discs (6-10 cm diameter)
that were infested by T. urticae and E.
orientalis, respectively. Then, the laid eggs
were collected and individually transferred
on leaf discs of the tested plants. After
hatching the eggs, each larva was located in
an individual rearing plastic container (8
cm in diameter and 3 cm height).
Depending on the treatment, larval feeding
was carried out by providing about 300
individuals of T. urticae or E. orientalis for
each larval rearing container daily. Life
table studies were carried out in growth
chamber at 27+1°C temperature, 60—70%
RH and a photoperiod of 16:8 hours (L:D).
Then, developmental time and mortality of
the immature stages were recorded at daily
intervals. Different larval instars of the
predator were determined according to their
size and observing larval exuviae in the
containers. Based on the data, incubation,
larval and pupal periods were determined
for the individuals.
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Newly emerged adults were paired in
plastic containers with the dimension of
19x14x4 cm for mating and oviposition.
Survival and oviposition of the coccinellids
were recorded daily until death of all the
individuals. By the beginning of the
reproduction, females and males were
transferred daily to new containers with
freshly infested leaf discs by the spider
mites. Moreover, longevity and fecundity
of the adults were recorded. The obtained
eggs were kept separately until hatching to
estimate hatch rate. The number of hatched
eggs were used to estimate female
fecundity. A fine brush (no. 0.000) was
used to transfer mites and different stages
of predators on the leaf discs in petri
dishes.

Life Table Data Analysis

The raw data of S. gilvifrons individuals
were analyzed by using the Two sex-MSChart
computer program (Chi, 2017), according to
the age-stage two-sex life table theory (Chi
and Liu, 1985) and the method described by
(Chi, 1988).

The bootstrap technique (Efron and
Tibshirani, 1993; Yu et al., 2013) was used to
estimate the variances, and standard errors of
the  population  parameters.  Because
bootstrapping uses random sampling, a small
number of replications will generate variable
means and standard errors. To generate less
variable results, we used 100,000 replications
in this study. The paired bootstrap test based
on confidence interval (Efron and Tibshirani,
1993; Akca et al., 2015; Reddy and Chi, 2015)
was used to compare the difference in
developmental time, adult longevity, Adult
Preoviposition  Period  (APOP),  Total
Preoviposition Period (TPOP), oviposition
period, and fecundity among treatments. The
population parameters, including intrinsic rate
of increase (r), finite rate of increase (1), net
Reproductive rate (Ro), and mean generation
Time (T) among treatments were also
compared by using the paired bootstrap test
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(Reddy and Chi, 2015). The graphs were
drawn using SigmaPlot 12 software.

RESULTS
Developmental Time

Out of 120 same-aged eggs, 118 eggs
successfully hatched on maize leaf discs infested
by T. urticae, and 79 larvae developed to pupal
stage. Among pupae, 62 individual developed to
adult stage. On cowpea leaves infested by T.
urticae, however, all of the eggs (n= 120)
hatched into larvae, completely developed larvae
and pupae were, 45 and 41 individuals,
respectively. In addition, 53 eggs hatched on
castor bean leaves infested by E. orientalis and
34 larvae, pupae and adult developed
successfully to this stage. No significant
differences were detected in the duration of pupal
period among S. gilvifrons on three examined
host species (Table 1). Mean total development
times of S. gilvifrons female on infested cowpea
was (12.39+0.29 days) shorter than those on
infected maize and castor bean (Table 1).

Fecundity

Females began oviposition at the 11", 12" and
15" days on cowpea, maize, and castor bean,
respectively (Figure 4). The effect of the infected
host plants on the development of S. gilvifrons
was also be observed in the Adult Preoviposition
Period (APOP) and the Total Preoviposition
Period (TPOP). The shortest APOP (1.789 days)
and TPOP (14.37 days) were observed on
cowpea, while the longest APOP (5.09 days) and
TPOP (18.87 days) were found on castor bean.
The mean fecundity of S. gilvifrons reared on
maize (158.67 eggs) was considerably higher
than that of individuals that developed on castor
bean (107.65 eggs). However, there was no
significant difference between cowpea and the
other two host plants (Table 2).

Life Table and Population Parameters

According to the age-stage survival curve
(Figure 1), development of S. gilvifrons on
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Table 1. Mean (£SE) developmental time of different immature stages of Stethorus gilvifrons on maize, cowpea,
and castor bean.?

Preys and host plants

Gender  Immature Stage n T. urticae on n T. urticae on n E. orientalis on
maize cowpea castor bean
'”;‘;E’iité"” 118 327+010a 120  352+0l4a 53 4.26 £ 0.09b
Female Larval stage 79 7.21+0.18a 45 6.00 £ 0.21b 34 6.61 + 0.24b
Pupal stage 62 2.82+0.07a 41 2.87 £ 0.10a 34 2.91 +0.09a

Immature stage 33 13.30 £ 0.02a 33 12.39 £ 0.29bh 23 13.78 £ 0.26a
'”g‘éf’iit('f” 118  355+0.15a 120  356+015a 53 4.36 £ 0.20b
Male Larval stage 79 7.03+0.21a 45 6.17 £ 0.20b 34 6.27 + 0.30b
Pupal stage 62 2.90 £ 0.08a 41 3.06 + 0.06a 34 3.09 £ 0.09a

Immature stage 29 13.48 £ 0.24a 18 12.78 £ 0.22b 11 13.73+ 0.47ab

% SEs were estimated by using 100000 bootstraps. Followed means by different letters within rows are
significantly different, using paired bootstrap test at P= 5%.

Table 2. Adult longevity, Adult Preoviposition Period (APOP), Total Preoviposition Period (TPOP), oviposition
period and fecundity of Stethorus gilvifrons on maize, cowpea, and castor bean.?

Preys and host plants

Biological parameters T.urticae on maize T.urticae on cowpea E. orientalis on castor
bean
n Mean + SE n Mean + SE n Mean + SE
Female life span (Day) 33 37.06 £1.81a 23 37.26+4.28a 23 47.91+2.35b
Male life span (Day) 29 22.14+1.48a 18 41.39+£3.45b 11 31.91+3.29¢
APOP (Day) 33 2.55+0.123 a 19 1.789+0. 3202b 23 5.09+0.2661c
TPOP (Day) 33 15.58+0.2348a 19 14.37+0.3648b 23 18.87+ 0.384c
Oviposition period (Day) 33 18.15+1.71a 19 21.42+4.05a 23 23.09+1.90a
Fecundity (Eggs) 33 158.67+20.18a 23 151+36.30ab 23 107.65+11.49b

& SEs were estimated by using 100000 bootstraps. Followed means by different letters within rows are
significantly different, using paired bootstrap test at P= 5%.

maize was faster than the other host plants.
The highest value for the age-stage survival
rate of the male and female predator were
obtained on maize as 0.2166 and 0.2666 at 15"
and 16™ days, respectively. In contrast, this
parameter for the S. gilvifrons male and female
on cowpea were 0.1416 and 0.1916 at 14™ and
15" days, and 0.05 and 0.1916 at 13" and 18"
days on castor bean respectively.

The number of offsprings produced by an

the lowest value of age-specific maternity for
m, and f, were 5.03 and 6.63 eggs per female
on castor bean, respectively (Figure 2).

The values of age-stage life expectancy of S.
gilvifrons female at the age zero on maize,
cowpea and castor bean were 25.99, 27.26 and
35.91 days, respectively (Figure 3).

Based on the results, the reproductive value
of predator was affected considerably by hosts,
Lo o . . and the highest reproductive value was 63.94
individual of S. gilvifrons in age x and stage j obtained on cowpea in oph day. On maize, an
is shown in Figure 2. Moreover, age-specific increase in reproductive value occurred at age
survival rate (l,), age-specific fecundity (m), 20" day with the value of 53.80. The highest

and_ gge-specific_: maternity_ (Ixm¥) show reproductive values on castor bean were

periodic peaks in reproduction (Figure 2). 4874 in 24" day (Figure 4). The net

Based on the estimated data for these curves, Re.pro ductive rate (Rq) varie d. from the
0,

the highest values for m, and f, were 9.45 and . .
11.55 eggs per female on maize. In contrast, highest 43.63+£8.47 on maize to the lowest
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Figure 4. Age-stage specific reproductive value (v;;) of S.
gilvifrons reared on three infected host plants.
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20.63+4.41 offspring/individual on castor
bean.

According to the paired bootstrap test,
there was a significant difference among
some values of the mentioned parameters of
S. gilvifrons on maize, cowpea, and castor
bean. However, maize and cowpea were
more suitable hosts than castor bean for
development and population increase of S.
gilvifrons, considering all of the mentioned
parameters (Table 3). The highest intrinsic
rate of increase (r= 0.1448 d™ and finite rate
(A= 1.15 d'") were observed on maize, while
the lowest r (0.1001 d) and A (1.105 d?)
were observed on castor bean. The shortest
mean generation Time (T) was 26.06 d and
25.88 on maize and cowpea and this was
significantly shorter than that of the castor
bean (Table 3).

DISCUSSION

Plants provide the primary interface
between insect herbivores and their natural
enemies (Price, 1997). Effects of host plant
on the foraging and predation behavior of
predators as biological control have been
well studied (Evans, 1976; Messina and
Hanks, 1998; Rott and Ponsonby, 2000;
Stavrinides and Skirvin, 2003; Madadi et al.,
2009; Kasap 2011; Karami Jamour and
Shishehbor, 2012; Bayoumy et al., 2014).
Plant, pest, natural enemy and environment
are four components of an interactive system
in biological control that should be

understood to design a successful Integrated
Pest Management (IPM) program (Duffey et
al., 1986). To study more on these facts, we
focused here on the ways in which
components of the host plants of herbivory
insects indirectly affect natural enemy
development and their  demographic
parameters. As  expected, significant
differences between life history of S.
gilvifrons feeding on T. urticae or E.
orientalis on different host plants were
observed. The results of this study illustrate
that the development time of S. gilvifrons
female, in immature stages, was
approximately 13.00 days on both spider
mites (Table 1), which is close to the
findings of Roy et al. (2002) on the T.
mcdanieli as prey for S. punctillum on red
raspberry, Rubus idaeus L.. However, longer
developmental time (17.54 days) was
reported by Taghizadeh et al. (2008b) for S.
gilvifrons preying on two-spotted spider
mite and T. urticae, on bean leaves
(Phaseolous  vulgaris L.). Moreover,
according to Fiaboe et al. (2007),
developmental time of S. tridens Gordon
was reported 16.20 days feeding on T.
evansi on the leaves of Solanum
americanum Mill. Similarly, developmental
time of S. pauperculus (Weise) feeding on T.
urticae on the leaves of mulberry was more
than those found in the current study (14.05
days) (Rattanatip et al., 2008). On the other
hand, shorter developmental time for
Stethorus spp. was reported by many
researchers. e.g. 12.00 days was reported for

Table 3. Life table parameters (Mean+SE) of Stethorus gilvifrons on maize, cowpea, and castor bean plants by
spider mites.?

Preys and host plants

Life table parameters Tetranychus urticae T. urticae on Eotetranychus orientalis
on maize cowpea on castor bean

Gross reproductive rate (GRR) (Offspring) 283.43 £43.97a 180.76 £ 42.95ab 108.81+ 15.54b

Net reproductive rate (RO) (Offspring) 43.63 + 8.47a 28.94 £ 8.71ab 20.63 £ 4.41b

0.1001 + 0.0072b
1.105 + 0.0081b
30.236 = 0.756b

0.1448+ 0.0069 a 0.1300 + 0.011a
1.15 £+ 0.0080a 1.138 + 0.0135a
26.06 + 0.95a 25.877 £1.025a

Intrinsic rate of increase (r) (d*)
Finite rate of increase ( ) (d™)
Mean generation Time (T) (Day)

% SEs were estimated by using 100000 bootstraps. Followed means by different letters within rows are
significantly different, using paired bootstrap test at P= 5%.
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S. japonicas Kamiya preying on T. urticae
on lima bean (Phaseolus lunatus L.) by Mori
et al. (2005); 10.00 days was reported for S.
gilvifrons on castor bean, feeding on T.
turkestani and E. orientalis by Imani et al.
(2009); and 11.25 days for S. siphonulus on
mulberry, feeding on T. urticae by
Rattanatip et al. (2008) at the same
temperature. Total developmental time of
the males was very close to the females
feeding on both prey species. Similar trend
was reported for S. japonicas feeding on T.
urticae (Mori et al., 2005) and S. gilvifrons
feeding on T. turkestani and E. orientalis
(Imani et al., 2009). Differences between
these findings and ours may be due to the
differences in quantity and quality of
nutrients in different host plants, prey and
predator species, populations, rearing
procedure, and experimental conditions.

The highest egg mortality was observed on
the castor bean probably due to the
nutritional and defensive compounds of the
plant. Vermeer et al. (2003) estimated 1.8 p
g cm* of cuticular waxes from the extracts
of the primary leaves of castor bean.
Differences in plant chemistry may have
subtle influences on life table parameters,
either directly through toxic or repellent
effects (Vet and Dicke 1992), via defensive
compounds induced by herbivore feeding, or
via indirect effects on the palatability of the
prey (Sabelis et al, 1999). Thus,
contributions of leaf chemistry on host plant
effects cannot be ignored. On the other hand,
it seems more likely that the surface
structures  of  castor bean  leaves
mechanically impeded the movement of S.
gilvifrons and decreased reaction speed of
predator. In our study, S. gilvifrons female's
life span were 37.06 days and 47.91 days on
maize and castor bean, respectively. Similar

results were obtained (45.5 day) for S.
gilvifrons preying on E. orientalis by Imani
et al. (2009) and 35.24 days for S.
siphonulus preying on T. urticae (Rattanatip
et al., 2008). However according to Fiaboe
et al. (2007) life span of S. tridens was 71.60
days when it fed on T. evansi. In addition,
Taghizadeh et al. (2008a) found that
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longevity of S. gilvifrons was 14.50 days at
27+1°C, preying on T. urticae. Oviposition
of the predator on examined plants showed
the effect of host plants and prey type on
total fecundity. Total fecundity of S.
gilvifrons were 158.67, 151, and 107.65
eggs female™ on maize, cowpea, and castor
bean, respectively. Similarly, Imani et al.
(2009), Taghizadeh et al. (2008a), and
Fiaboe et al. (2007) reported 175.14, 145.20
and 123.00 eggs female™ for S. gilvifrons
preying on T. turkestani, T. urticae, and T.
evansi, respectively. In contrast, Rattanatip
et al. (2008) reported 348 eggs female™ for
S. pauperculus preying on T. urticae and
414 eggs female™ for S. siphonulus preying
on T. urticae, and Imani et al. (2009)
reported 318 eggs female™ for S. gilvifrons
preying on E. orientalis. These differences
can be attributed to differences in predator,
prey and host plant species, population and
experimental conditions. Plant quality may
affect higher—trophic level interactions
either via the diet of the prey (and therefore
prey quality) or by the provision of refuge
allowing prey to avoid natural enemies (van
Emden and Wratten, 1990; Obrycki and
Kring, 1998; Bottrell et al., 1998; Giles et
al., 2002).

Many laboratory studies have reported a
variety of (r) values for S. gilvifrons. For
example, Fiaboe et al. (2007) found this
value as 0.104 d* when T. evansi was
provided as prey for this predator.
According to Imani et al. (2009), these
values were obtained as 0.171 and 0.221 d™
on T. turkestani and E. orientalis,
respectively. Taghizadeh et al. (2008b)
found this value as 0.145 d™ on T. urticae as
prey at 27+1°C. The intrinsic rate of
increase (r) for S. gilvifrons feeding on T.
urticae on maize (0.1448 d™) is similar or
higher than those reported for S. gilvifrons
feeding on different tetranychid species at
the same temperature. Differences in the
ecological factors, prey species,
geographical strains of the predator, and host
plant, as well as evaluation methods and
analysis may provide an explanation for
differences in r value in Stethorus spp.
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In the present study, it was shown that
most larval diets had a strong influence not
only on preimaginal development but also
on female longevity and fecundity.
Moreover, it is revealed that the influence of
the pests nourishing by host plants on the
development and reproductive of predators
as biological control agents has been
inevitable. For example, developmental and
reproductive parameters of Episyrphus
balteatus De Gecer (Diptera: Syrphidae),
were affected by prey and host plant species
(Vanhaelen et al., 2002). Riddick and Wu
(2011) reported that lima bean (P. lunatus)
hooked trichomes density, had negative
effect on survival of Stethorus punctillum
Weise to control spider mites and Putman
(1955) reported larvae of S. punctillum were
quickly killed by contact with the hooked
trichomes on scarlet runner bean, Phaseolus
coccineus L. leaves. In addition, results of
Giles et al. (2002) confirmed the interactions
among host plants, aphid prey, and
preimaginal  biology @ of  Coccinella
septempunctata L. All of the mentioned
studies showed that, because predators often
encounter  herbivores on plants, the
topography of plant surfaces may influence
herbivore and natural enemies interactions
(Dicke, 1996; Roda et al., 2001) and also
host plant quality is expected to enhance the
predators via nourishing of pests (Nachman
and Zemek, 2002).

In conclusion, the results obtained here
showed that host plant and prey species
influence developmental rate, survivorship,
and reproduction of S. gilvifrons. Moreover,
for mass rearing of S. gilvifrons, infected
maize plants by T. wurticae can be
recommended as a better host in comparison
with cowpea infected by the same spider
mite or castor bean infected by E. orientalis.

REFERENCES

1. Akca, I., Ayvaz, T., Yazici, E., Smith, C. L.
and Chi, H. 2015. Demography and
Population Projection of Aphis fabae
(Hemiptera: Aphididae): With Additional
Comments on Life Table Research

644

10.

11.

12.

Criteria. J. Econ. Entomol., 108 (4): 1466-
1478.

Attia, S., Grissa, K. L., Lognay, G., Bitume,
E., Hance, T. and Mailleux, A. C. 2013. A
Review of the Major Biological Approaches
to Control the Worldwide Pest Tetranychus
urticae (Acari: Tetranychidae) with Special
Reference to Natural Pesticides. J. Pest
Sci., 86(3): 361-386.

Awmack, C. S. and Leather, S. R. 2002.
Host Plant Quality and Fecundity in
Herbivorous Insects. Annu. Rev.
Entomol., 47(1): 817-844.

Bayoumy, M. H., Osman, M. A. and
Michaud, J. P. 2014. Host Plant Mediates
Foraging Behavior and Mutual Interference
among Adult Stethorus gilvifrons
(Coleoptera:  Coccinellidae) Preying on
Tetranychus urticae (Acari:
Tetranychidae). Environ.  Entomol., 43(5):
1309-1318.

Biddinger, D. J., Weber, D. C. and Hull, L.
A. 2009. Coccinellidae as Predators of
Mites: Stethorini in Biological Control. Biol.
Control, 51(2): 268-283.

Bolland, H. R., Gutierrez, J. and
Flechtmann, C. H. 1998. World Catalogue
of the Spider Mite Family (Acari:
Tetranychidae). Published by Brill, The
Netherlands.

Bottrell, D. G., Barbosa, P. and Gould, F.
1998. Manipulating Natural Enemies by
Plant Variety Selection and Modification: A
Realistic Strategy?. Annu. Rev.
Entomol., 43(1): 347-367.

Chazeau, J. 1985. Predaceous Insects. In:
“Spider Mites: Their Biology Natural
Enemies and Control”, (Eds.): Helle, W. and
Sabelis, M. W. Elsevier, Amsterdam, 1B:
211-246.

Chi, H. S. I. N. and Liu, H. 1985. Two New
Methods for the Study of Insect Population
Ecology. Bull. Inst. Zool. Acad. Sin., 24:
225-240.

Chi, H. 1988. Life-Table Analysis
Incorporating Both Sexes and Variable
Development Rates among

Individuals. Environ. Entomol., 17(1): 26-34.
Chi, H. 2017. TWOSEX-MSChart: A
Computer Program for the Age-stage, Two-
sex Life Table Analysis.
(http://140.120.197.173/

Ecology/Download/TWOSEX-MSChart.zip)
Dicke, M. 1996. Plant Characteristics
Influence  Biological Control  Agents:


https://jast.modares.ac.ir/article-23-50674-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-29 |

Prey Species and Host Plants on S. gilvifrons

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

JAST

Implications for Breeding for Host Plant
Resistance. IOBC/WPRS Bull., 19(5): 72-79.
Dicke, M., Van Loon, J. J. and Soler, R.
2009. Chemical Complexity of Volatiles
from Plants Induced by Multiple
Attack. Nat. Chem. Biol., 5(5): 317.

Duffey, S. S., Bloem, K.A. and Campbell,
B. C. 1986. Consequences of Sequestration
of Plant Natural Products in Plant-Insect-
Parasitoid Interactions. In: “Interactions of
Plant Resistance and Parasitoids and
Predators of Insects”, (Eds.): Boethel D. J.
and Eikenberry, D. Horwood Press,
Chichester, UK, PP. 31-60

Efron, B. and Tibshirani, R. J. 1993. An
Introduction to the Bootstrap. Chapman and
Hall, New York, NY, 320 PP.

Evans, H. F. 1976. The Role of
Predator-Prey Size Ratio in Determining the
Efficiency of Capture by Anthocoris
nemorum and the Escape Reactions of Its
Prey, Acyrthosiphon pisum. Ecol. Entomol.,
1(2): 85-90.

Fiaboe, K. K. M., Gondim Jr, M. G. C., De
Moraes, G. J., Ogol, C. K. P. O. and Knapp,
M. 2007. Bionomics of the Acarophagous
Ladybird Beetle Stethorus tridens Fed
Tetranychus evansi. J. Appl.
Entomol., 131(5): 355-361.

Gassmann, A., Stock, S. P., Tabashnik, B.
and Singer, M. 2010. Tritrophic Effects of
Host Plants on an Herbivore-Pathogen
Interaction. Ann. Entomol. Soc. Am., 103:
371-378.

Giles, K. L., Madden, R. D., Stockland, R.,
Payton, M. E. and Dillwith, J. W. 2002. Host
Plants Affect Predator Fitness via the
Nutritional Value of Herbivore Prey:
Investigation of a Plant-Aphid-Lady Beetle
System. Biocontrol, 47(1): 1-21.

Handoko, H. and Affandi, A. 2012. Life-
History Traits of Stethorus Gilvifrons
(Mulsant)(Coleoptera:  Coccinellidae) on
Phytophagous Mites Eutetranychus
Orientalis Klein (Acari:
Tetranychidae). AGRIVITA J. Agric.
Sci., 34(1): 7-13.

Helle, W. and Sabelis, M. W. 1985. Spider
Mites: Their Biology, Natural Enemies and
Control. Elsevier, Amsterdam, 1: 403.

Hull, L. A, Asquith, D. and Mowery, P. D.
1977. The Mite Searching Ability of
Stethorus punctum 1 within an Apple
Orchard 2 3. Environ. Entomol., 6(5): 684-
688.

645

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Imani, Z., Shishehbor, P. and Sohrabi, F.
2009. The effect of Tetranychus turkestani
and Eutetranychus orientalis  (Acari:
Tetranychidae) on the Development and
Reproduction  of  Stethorus  gilvifrons
(Coleoptera: Coccinellidae). J. Asia Pac.
Entomol., 12(4): 213-216.

Jeffries, M. J., and J. H. Lawton. 1984.
Enemy Free Space and the Structure of
Ecological Communities, Biol. J. Linn. Soc.,
23(4): 269-286.

Jeppson, L. R., Keifer, H. H. and Baker, E.
W. 1975. Mites Injurious to Economic
Plants. University of California Press.
Karami Jamour, T. and Shishehbor, P. 2012.
Host Plant Effects on the Functional
Response of Stethorus gilvifrons to
Strawberry Spider Mites. Biocontrol Sci.
Techn., 22(1): 101-110.

Karimzadeh, J., Hardie, J. and Wright, D. J.
2013. Plant Resistance Affects the Olfactory
Response and Parasitism Success of Cotesia
vestalis. J. Insect. Behav., 26(1): 35-50.
Karimzadeh, J. and Wright, D. J. 2008.
Bottom-up Cascading Effects in a Tritrophic
System: Interaction between Plant Quality
and Host-Parasitoid Immune Responses.
Ecol. Entomol., 33: 45-52.

Karimzadeh, J., Bonsall, M. B. and Wright,
D. J. 2004. Bottom-up and Top-Down
Effects in a Tritrophic System: the
Population Dynamics of Plutella xylostella
(L.)—Cotesia plutellae  (Kurdjumov) on
Different Host Plants. Ecol. Entomol., 29(3):
285-293.

Kasap, I., 2011. Biological Control of the
Citrus Rred Mite Panonychus citri by the
Predator Mite Typhlodromus athiasae on
Two Citrus Cultivars under Greenhouse
Conditions. BioControl, 56(3): 327-332.
Khan, 1. and Spooner-Hart, R. 2017.
Temperature-Dependent Development  of
Immature Stages of Predatory Ladybird
Beetle Stethorus vagans (Coleoptera:
Coccinellidae) at Constant and Fluctuating
Temperatures. Acta  Zool. Acad.  Sci.
Hung., 63(1): 83-96.

Luczynski, A., Isman, M.B., Raworth, D. A.
and Chan, C. K. 1990. Chemical and
Morphological Factors of Resistance against
the Two Spotted Spider Mite in Beach
Strawberry. J. Econ. Entomol. 83(2): 564-
569.

Madadi, H., Enkegaard, A., Brgdsgaard, H.
F., Kharrazi-Pakdel, A., Ashouri, A. and


https://jast.modares.ac.ir/article-23-50674-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-29 |

Jafari et al.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Mohaghegh-Neishabouri, J. 2009.
Interactions between Orius albidipennis
(Heteroptera: Anthocoridae) and Neoseiulus
cucumeris (Acari: Phytoseiidae): Effects of
Host Plants under Microcosm Condition.
Biol. Control, 50(2): 137-142.

Matter, M. M., El-Shershaby, M. M., Farag,
N. A. and Gesraha, M. A. 2011. Impact of
Temperature and Prey Density on the
Predacious Capacity and Behaviour of

Stethorus punctillum Weise. Arch.
Phytopathol.  Pflanzenschutz, 44(2): 127-
134.

McMurtry, J. and Johnson, H. 1966. An
Ecological Study of the Spider Mite

Oligonychus punicae (Hirst) and Its Natural
Enemies. Calif. Agric., 37(11): 363-402.

McMurtry, J., Huffaker, C. and Van de Vrie,
M. 1970. Ecology of Tetranychid Mites and

Their Natural Enemies: A Review. I
Tetranychid Enemies: Their Biological
Characters and the Impact of Spray

Practices. Calif. Agric., 40(11): 331-390.
Messina, F. J. and Hanks, J. B. 1998. Host
Plant Alters the Shape of the Functional
Response of an Aphid Predator (Coleoptera:
Coccinellidae). Environ. Entomol., 27(5):
1196-1202.

Mori, K., Nozawa, M., Arai, K. and Gotoh,
T. 2005. Life-History Traits of the
Acarophagous Lady Beetle, Stethorus
japonicus at Three Constant Temperatures.
Biocontrol, 50(1): 35-51.

Nachman, G. and Zemek, R. 2002.
Interactions in a Tritrophic Acarine
Predator-Prey Metapopulation System |IlI:
Effects of Tetranychus urticae (Acari:
Tetranychidae) on Host Plant
Condition. Exp. Appl. Acarol., 26(1-2): 27-
42,

Obrycki, J. J. and Kring, T. J. 1998.
Predaceous Coccinellidae in Biological
Control. Annu. Rev. Entomol., 43(1): 295-
321.

Osman, M. and Bayoumy, M. 2011. Effect
of Prey Stages of the Two-Spotted mMite
Tetranychus urticae on Functional Response
of the Coccinellid Predator Stethorus
gilvifrons.  Acta Phytopathol. ~ Entomol.
Hung., 46(2): 277-288.

Pappas, M. L., Broufas, G. D. and Koveos,
D. S. 2007. Effects of Various Prey Species
on Development, Survival and Reproduction
of the Predatory Lacewing Dichochrysa

646

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

prasina (Neuroptera: Chrysopidae). Biol.
Control, 43(2): 163-170.

Perumalsamy, K., Selvasundaram, R.,
Roobakkumar, A., Rahman, V. J. and
Muraleedharan, N. 2010. Life Table and
Predatory Efficiency of Stethorus gilvifrons
(Coleoptera: Coccinellidae), an Important
Predator of the Red Spider Mite,
Oligonychus coffeae (Acari: Tetranychidae),
Infesting Tea. Exp. Appl. Acarol., 50(2):
141,

Price, P. W. 1997. Insect Ecology. John
Wiley & Sons, Inc., New York.

Price, P. W., Bouton, C. E., Gross, P.,
McPheron, B. A., Thompson, J. N. and
Weis, A. E. 1980. Interactions among Three
Trophic Levels: Influence of Plants on
Interactions between Insect Herbivores and
Natural Enemies. Annu. Rev. Ecol. Sys.,
11(1): 41-65.

Putman, W. L. 1955. Bionomics of
Stethorus punctillum Weise (Coleoptera:
Coccinellidae) in Ontario. Can. Entomol.,
87(1): 9-33.

Rosenthal, G. A., and M. R. E. Berenbaum.
1991. Herbivores, Their Interactions with
Secondary Plant Metabolites. Volume I: The
Chemical Participants. Second Edition,
Academic Press, San Diego, CA.

Rattanatip, J., Siri, N. and Chandrapatya, A.
2008. Comparative Biology and Life Table
of Stethorus pauperculus (Weise) and S.
siphonulus Kapur (Coleoptera:
Coccinellidae) Fed on Tetranychus urticae
Koch (Acari: Tetranychidae) in Thailand.
Thai. J. Agric. Sci., 41(3-4): 117-126.
Reddy, G. V. and Chi, H. 2015.
Demographic Comparison of Sweet Potato
Weevil Reared on a Major Host, Ipomoea
batatas, and an Alternative Host, I.
triloba. Sci. Rep., 5: 11871.

Reynolds, O. L., Keeping, M. G. and Meyer,
J. H. 2009. Silicon-Augmented Resistance
of Plants to Herbivorous Insects: A Review.
Ann. App. Biol., 155(2): 171-186.

Riddick, E. W. and Wu, Z. 2011. Lima
Bean—Lady Beetle Interactions: Hooked
Trichomes Affect Survival of Stethorus
punctillum Larvae. BioControl, 56(1): 55-
63.

Roda, A., Nyrop, J., English-Loeb, G. and
Dicke, M. 2001. Leaf Pubescence and Two-
Spotted Spider Mite Webbing Influence
Phytoseiid  Behavior and  Population
Density. Oecologia, 129(4): 551-560.


https://jast.modares.ac.ir/article-23-50674-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-29 |

Prey Species and Host Plants on S. gilvifrons

53.

54.

55.

56.

57.

58.

59.

JAST

Roy, M., Brodeur, J. and Cloutier, C. 2002.
Relationship  between Temperature an
Developmental Rate of Stethorus punctillum
(Coleoptera: Coccinellidae) and Its Prey
Tetranychus mcdaniel (Acarina:
Tetranychidae). Environ. Entomol., 31(1):
177-187.

Rott, A. S. and Ponsonby, D. J. 2000. The
Effects of Temperature, Relative Humidity
and Host Plant on the Behaviour of
Stethorus punctillum as Apredator of the
Two-Spotted Spider Mite, Tetranychus
urticae. BioControl, 45(2): 155-164.

Sabelis, M. W., Van Baalen, M., Bakker, F.
M., Bruin, J., Drukker, B., Egas, C. J. M.
and Scutareanu, P. 1999. The Evolution of
Direct and Indirect Plant Defense against
Herbivorous Arthropods. In: “Herbivores:
Between Plants and Predators”, (EdS.):
OIff, H., Brown, V. K. and Drent, R. H.
Blackwell Science, Oxford, UK, PP. 109-
166.

Stavrinides, M. C. and Skirvin, D. J. 2003.
The Effect of Chrysanthemum Leaf
Trichome Density and Prey Spatial
Distribution on Predation of Tetranychus
urticae  (Acari:  Tetranychidae) by
Phytoseiulus persimilis (Acari:
Phytoseiidae). Bull. Entomol. Res., 93(4):
343-350

Taghizadeh, R., Fathipour, Y. and Kamali,
K. 2008a. Influence of Temperature on
Life-Table  Parameters of  Stethorus
gilvifrons (Mulsant) (Coleoptera:
Coccinellidae) Fed on Tetranychus urticae
Koch. J. Appl. Entomol., 132(8): 638-645.
Taghizadeh, R., Fathipour, Y. and Kamali,
K. 2008b. Temperature-Dependent
Development of Acarophagous Ladybird,
Stethorus gilvifrons (Mulsant) (Coleoptera:
Coccinellidae). J. Asia Pac. Entomol., 11(3):
145-148.

Van Emden, H. F. and Wratten, S. D. 1990.
Tritrophic Interactions Involving Plants in

the Biological Control of  Aphids.
Proceedings  Aphid-Plant Interactions:
Populations to  Molecules, MP-132,

647

60.

61.

62.

63.

64.

65.

66.

Oklahoma  Agricultural
Station, PP. 29-44.
Vanhaelen, N., Gaspar, C. and Francis, F.
2002. Influence of Prey Host Plant on
Development and Reproduction of Two
Aphidophagous  Predators,  Episyrphus
balteatus (Diptera: Syrphidae) and Adalia
bipunctata (Coleoptera:
Coccinellidae). Eur.J. Entomol., 99(4): 561-
564,

Van Leeuwen, T. and Tirry, L. 2007.
Esterase-Mediated Bifenthrin Resistance in
a Multiresistant Strain of the Two-Spotted
Spider Mite, Tetranychus urticae. Pest
Manag. Sci., 63(2): 150-156.

Van Leeuwen, T., Vanholme, B., Van
Pottelberge, S., Van Nieuwenhuyse, P.,
Nauen, R., Tirry, L. and Denholm, 1. 2008.
Mitochondrial ~ Heteroplasmy and the
Evolution of Insecticide Resistance: Non-
Mendelian Inheritance in Action. Proc. Natl.
Acad. Sci. (PNAS), 105(16): 5980-5985.
Van Leeuwen, T., Vontas, J., Tsagkarakou,
A., Dermauw, W. and Tirry, L. 2010.
Acaricide Resistance Mechanisms in the
Two-Spotted Spider Mite Tetranychus
urticae and Other Important Acari: A
Review. Insect Biochem. Mol. Biol., 40(8):
563-572.

Vermeer, C. P., Nastold, P. and Jetter, R.
2003. Homologous Very-Long-Chain 1, 3-
Alkanediols and 3-Hydroxyaldehydes in
Leaf Cuticular Waxes of Ricinus communis
L. Phytochemistry, 62(3): 433-438.

Vet, L. E. and Dicke, M. 1992. Ecology of
Infochemical Use by Natural Enemies in a
Tritrophic Context. Annu. Rev.
Entomol., 37(1): 141-172.

Yu, J. Z., Chi, H. and Chen, B. H. 2013.
Comparison of the Life Tables and
Predation Rates of Harmonia dimidiata (F.)
(Coleoptera: Coccinellidae) Fed on Aphis
gossypii Glover (Hemiptera: Aphididae) at
Different Temperatures. Biol.
Control, 64(1): 1-9.

Experimentation


https://jast.modares.ac.ir/article-23-50674-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-29 |

FOCS S H9uldsT (TS5 J9u 9 909 (595 Ol OLLS 9 5L L5 O I
Stethorus gilvifrons (Coleoptera: Coccinellidae)

LBl 1 § Sl . & AiwddS . b FOS 38 ) & (S x> P

o>

.

Stethorus Qilvifrons «S;,ueis oy b glaasS’ 4, e o5 5 S

~6 8 6 rasy opl 5o kS e adis a8 ol S5 el e sle 1 &S it o(Mulstant)
S. &S5 5uiS T gt ol 5 g0d 5 L) Lg) (S35 Caltes Oljn OLLE 5 I8 gl
Olsse 5 oo s Gloods (HLL Jorlpm gl 8593 b o gt ol (gl ok < A9ilvifrons
s, Tetranychus urticae Koch ¢glaJ 5 5,6 &8 3l ads L Bl laesT5unis 650k
Eutetranychus orientalis Klein «oLs’ e (3,5 &8 5 Jb oo L 5 &3 0o R ky
23 oz 35 (S5 s b s Gk b leST 08 8 515 )y 3,50 1885 S olS (s,
VP (655 8533 5 do )3 VioFr s Susby (s B3 YVEY (los 3 A8 LT Ll 5
oo dsb 5 ged 5 by 393 o 5ol S (s elul il el St Cslu Ay sliy, Cole
635 OT oot 5 (kb o Lo 5 )3 A Ol 35 o 4 el B laes i
13 55 Ro) Judd 5 Lol 55 ol Jiie op S & Jl s ks o S5 8 oLS
5 (39) b YORYERRY () £l Ve VARV (o oa (D Comer B
SO w edd S laamialy e oppte 5 $So ST oy Gas ) Ve NE/eVY
b 35T D53 ol (555 5a p t/VFPA /00 PA 5 (55 FY/PY R ARV (o5 VON/SVEY +/IA
355485553 dob 59, K S S 5 0L e LS 5 s e Sl o Sy gl S
S el b 5 o1, S, gilvifrons 5K o550 6K mer slaanial
Carer Sk g ¢S5 5 S, QIVIFIONS 575 508dS" 055l oys 0 sbiwly 53 bl Jiagih

gl eslizal LB 5 dude (0L e OLLE 5,88 &8 56 Cou 0T

648

Jafari et al.


https://jast.modares.ac.ir/article-23-50674-en.html
http://www.tcpdf.org

