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Abstract Two-spotted spider mite (TSSM) and onion
thrips are serious pests of potatoes in the Ardabil region
(Iran). In the present study, anthocorid species were identi-
fied in potato fields of this region during 2006 and 2007.
The results of the abundance study indicate that Orius niger
(Wolff) and O. minutus (Linnaeus) are major predators of
these pests in potato fields. The life table parameters of
these predators were compared when they were fed 2nd
instar larvae of onion thrips or female TSSM on potato
leaves. In these experiments, O. niger had a lower nymphal
mortality, longer oviposition period, higher net reproduc-
tive rate (R,), and higher intrinsic rate of natural increase
(r,,) when fed thrips instead of mites. O. minutus feeding on
mites compare to thrips had a lower nymphal mortality,
longer oviposition period, higher net reproductive rate, and
higher intrinsic rate of natural increase. Based on these
results, it can be concluded that these predators could be
useful as biological agents in potato fields.

Keywords Anthocoridae - Life history - Thrips tabaci -
Tetranychus urticae

Introduction

The two-spotted spider mite (TSSM), Tetranychus urticae

Koch, and onion thrips (OT), Thrips tabaci Lindeman, are
important crop pests throughout the world (Lewis 1997;
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Venzon et al. 2001). These pests regularly cause economic
damage to the potato crop in the Ardabil region of Iran.
Potato growers in the region often use insecticides at high
doses and short intervals to control pests. Continuous use of
insecticides is not a suitable control method of TSSM and
OT, since these pests has developed resistance to most of
the available insecticides in many parts of the world (Cran-
ham and Helle 1985; Lewis 1997). Therefore, there has
been an increasing interest in using biological control
agents, especially Orius species, against these pests (Tom-
masini and Nicoli 1993; Yasunaga 1997; Kohno and
Kashio 1998; Lattin 1999; Blaeser et al. 2004; Zhang et al.
2006). Yano et al. (2002) mentioned that the use of indige-
nous predator species is preferable to the use of imported
species. The longevity and fecundity of Orius species vary
according to the consumed prey species (Kiman and Year-
gan 1985; Venzon et al. 2001, 2002; Deligeorgidis 2002).
The purpose of this research was to (a) identify the domi-
nant anthocorid species in potato fields infested with OT
and TSSM, (b) determine the relationship between the den-
sities of the dominant species of anthocorid and OT and
TSSM, and (c) study the life table parameters of Orius
niger (Wolff) and O. minutus (Linnacus) when fed OT and
TSSM on potato leaves.

Materials and methods

Abundance study

The abundance study was conducted at the Agricultural
Station of the University of Mohaghegh Ardabili in the
Ardabil province of Iran (elevation of 1,332 m; longitude

48°17'E; latitude 38°15'N). Potato tubers (cv. Agria) were
planted in four experimental fields during the spring of
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2006 and 2007. These experiments were conducted in a
randomized complete block design with four replicates.
Alfalfa had been planted in these experimental fields in the
previous years. Each field consisted of 14 rows of potato
plants with 75 cm spacing between rows. These fields were
managed according to the local practice with weekly flood
irrigation and hand weeding. No insecticide was applied to
the plants. Dithane fungicide (Mancozeb, Rohm and Haas
Co., Philadelphia, PA) was used to prevent foliar disease
before inflorescence emergence. In each experimental field,
40 randomly selected plants were sampled at each of the
four growth stages of potato (inflorescence emergence, full
flowering, petal fall, and ripening stages) between 10:00
and 11:00. These samples consisted of a mixture of adults
and nymphal stages of anthocorid species. Nymphal stages
of anthocorid species were reared on potato leaves infected
with OT and TSSM inside 2 1 rearing units until adult emer-
gence to identify the species. These units were maintained
in a growth chamber at 24 + 1°C, 50 £ 5% RH and a pho-
toperiod of 16:8 h (L:D). Anthocorid species in each sam-
ple were identified under the stereomicroscope by their
morphological characteristics (Pericart 1996). In each sam-
ple, the number of every anthocorid species, OT and TSSM
were recorded for 2 years.

Life table study

O. niger and O. minutus were collected by sweep net from
unsprayed potato fields (cv. Agria) in the Ardabil plain dur-
ing July of 2007. These predators were reared on alfalfa
(cv. Hamadan) planted in plastic pots, which were placed
inside 101 rearing units. These units were maintained in a
growth chamber at 24 + 1°C, 50 £ 5% RH and a photo-
period of 16:8 h (L:D). They were provided with flour moth
eggs (Ephestia kuheniella Zeller) and corn pollen on a
piece of napkin every day. Ten green bean pods were
placed on the top of the soil inside a unit as oviposition sub-
strate for the predators (Cocuzza et al. 1997; Steiner and
Goodwin 1998; Honda et al. 1998; Kakimoto et al. 2005).
One-day-old eggs of O. niger and O. minutus on green bean
pods were used in the laboratory experiments.

OT and TSSM were collected from the same potato
fields and reared on bean pods (Phaseolus vulgaris Lin-
naeus) that were planted in pots placed inside 101 rearing
units. These units were maintained in a growth chamber at
24 £ 1°C, 50 = 5% RH and a photoperiod of 16:8 h (L:D).
Newly emerged 2nd instar larvae of OT and female TSSM
were collected from the colony and used in the laboratory
experiments as preys because 2nd instar larvae of OT and
female TSSM did not fly and were observed more easily on
potato leaves.

The life table parameters of O. niger and O. minutus, fed
either 2nd instar larvae of OT or female TSSM, were
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studied in the laboratory. In these experiments, 1-day-old
eggs of O. niger and O. minutus on green bean pods were
transferred separately into transparent cylindrical plastic
cages (10 cm diameter and 25 cm high) with a mesh lid.
These units were maintained in a growth chamber at
24 £ 1°C, 50 + 5% RH and a photoperiod of 16:8 h (L:D).
After the predator’s egg hatched, 30 2nd instar larvae of OT
or 30 female TSSM on the lower surface of a potato leaf
(with 5 leaflets) were offered separately to each newly
hatched nymph of O. niger and O. minutus. Every 24 h, the
status of the predators’ nymphs, the death or completion of
their development to the adult stage, and their gender (the
apical segment of abdomen in female is straight and in male
is curved and swollen) was recorded and the potato leaves
were renewed in each unit. Twenty-four hours after the
adult emergence, 30 2nd instar larvae of OT and 30 female
TSSM on the lower surface of the potato leaf were offered
separately to each of the adult pairs of O. niger and O. minutus
inside a unit using protocol similar to the one described
above. The potato leaves were renewed every 24 h for all
treatments. Survival of Orius females and the number of
eggs laid on the potato leaves were counted under the ste-
reomicroscope every 24 h until the death of the predators’
females. If the male of O. niger and O. minutus died before
the mated females began to oviposit, another newly
emerged male from the same treatment was introduced.
Non-ovipositing females were also included in calculations
of longevity and fecundity of each predator species. Each
treatment was replicated 40 times.

Data analyses

Prior to analysis, in order to correct for the heterogeneity of
variance, all the data were log-transformed (In x + 2). In the
field experiments, the abundance of every anthocorid spe-
cies, OT and TSSM at four growth stages of potato in
2 years were analyzed by a combined analysis, split plot
design in 2 years, and the differences were compared by
Tukey’s HSD test (PROC GLM, SAS Institute 1999).
A simple regression analysis was also performed between
the densities of OT and TSSM with the densities of O. niger
and O. minutes, respectively, in potato fields during 2006
and 2007 (PROC CORR, SAS Institute 1999). In the labo-
ratory experiments, the data of the life cycle parameters of
the two predator species when fed two prey species were
analyzed by two-way ANOVA, and the differences were
compared by the SNK test (PROC ANOVA, SAS Institute
1999). The intrinsic rate of natural increase (r,, = In(R,)/T),
the net reproductive rate (R,=>/m), generation time
(T = 3,1 m x/R,), the finite rate of increase (day™") (A =¢?),
the intrinsic birth rate (day ') (b = Ye "+ O'S)IX), the intrin-
sic death rate (day’l) (d=b — r), gross reproductive rate
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(eggs/female) (GRR=2X M), and doubling time (days)
(DT = (In 2)/r) were calculated for two Orius species when
fed 2nd instar larvae of OT and female TSSM (Birch 1948;
Laughlin 1965). In these formulas, x was the age of the
female in days, [, is survival of the female until x, m, is
the number of female offspring produced at age x, and M, is
the total number of offspring (= number of eggs) produced
at age x (Birch 1948; Laughlin 1965).

Results
Abundance study

In this study, four anthocorid species, O. niger, O. minutus,
O. horvathi (Reuter), and Anthocoris pilosus (Jackovlev),
were collected and identified in potato fields of the Ardabil
region. The abundance of anthocorid species were signifi-
cantly different at four phenological stages of potato in
2 years (F'=25.47; df=9, 936; P=0.0001). The abun-
dance of O. niger was higher than O. minutus at inflores-
cence emergence, full flowering and petal fall stages
(P < 0.05), whereas the abundance of O. niger was similar
to O. minutus at the ripening stage (P > 0.05) (Fig. 1). For
the four phenological stages of potato, the populations of
O. horvathi and A. pilosus were significantly lower when
compared with O. niger and O. minutus (P < 0.05) (Fig. 1).
The abundance of OT and TSSM were significantly
different for the four growth stages (F =348.86; df=3,
312; P=0.0001). The abundance of OT and TSSM
increased at inflorescence emergence, full flowering, and
petal fall stages, but their abundance was significantly
decreased during the ripening stage (P < 0.05) (Fig. 2).
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Fig. 1 Mean abundance of four anthocorid species at four different
phenological stages of potato in 2006 and 2007 (different letters indi-
cate significant differences at P < 0.05). The columns 1-8 represent
O. niger 2006, O. niger 2007, O. minutus 2006, O. minutus 2007, O. hor-
vathi 2006, O. horvathi 2007, A. pilosus 2006 and A. pilosus 2007
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Fig. 2 Mean abundance of T. tabaci and T. urticae at four different
phenological stages of potato in 2006 and 2007 (different letters indi-
cate significant differences at P < 0.05). The columns 1-4 represent
T. tabaci 2006, T. tabaci 2007, T. urticae 2006 and T. urticae 2007

A significant and positive correlation was observed
between the population densities of O. niger and OT
(F=14.05; df=1, 6; P=0.01; R*=0.701) (Fig.3) and
O. niger and TSSM (F = 8.48; df = 1, 6; P = 0.027; R* = 0.58)
(Fig. 4). A significant and positive correlation was observed
between the population densities of O. minutus and TSSM
(F=51.6; df=1, 6; P=0.0001; R*>=0.896) (Fig.5),
whereas the correlation between the population densities of
O. minutus and OT was not significant (F =4.04; df =1, 6;
P =0.09; R? = 0.402) (Fig. 6).

Life table study

The nymphal development time and pre-oviposition period
of O. niger were not significantly different when fed 2nd
instar larvae of OT instead of female TSSM, and the
nymphal development time and pre-oviposition period of
O. minutus were not significantly different when feeding on
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150 T T T v v
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Population of onion thrips

Fig. 3 Regression between the population densities of O. niger and
OT in 2006 and 2007
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Fig. 4 Regression between the population densities of O. niger and
TSSM in 2006 and 2007
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Fig. 5 Regression between the population densities of O. minutus and
TSSM in 2006 and 2007
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Fig. 6 Regression between the population densities of O. minutus and
OT in 2006 and 2007

mites compare to thrips (F =3.47; df=1, 156; P=0.064
and F =3.76; df = 1, 156; P = 0.054) (Table 1).

O. niger had significantly lower nymphal mortality per-
centages, higher sex ratio, and a longer oviposition period
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when fed 2nd instar larvae of OT instead of female TSSM,
however, O. minutus had significantly lower nymphal mor-
tality percentages, higher sex ratio, and a longer oviposition
period with feeding on mites compare to thrips (F = 30.79;
df=1, 156; P=0.0001 and F=14.11; df=1, 156;
P=0.0002 and F=39.74; df=1, 156; P =0.0001)
(Table 1).

O. niger fed 2nd instar larvae of OT when compared
with female TSSM showed a higher intrinsic rate of natural
increase (r,,), higher net reproductive rate (R)), higher gross
reproductive rate (GRR), higher intrinsic birth rate (), and
higher finite rate of increase (/) (Table 2). However, the
intrinsic rate of natural increase, the net reproductive rate,
the gross reproductive rate, the intrinsic birth rate, and the
finite rate of increase of O. minutus were higher when fed
mites (Table 2).

O. niger fed 2nd instar larvae of OT had a lower intrinsic
death rate (d), whereas the intrinsic death rate of O. minutus
was lower when fed mites (Table 2). The generation time
(T) of O. niger was longer when feeding on thrips, how-
ever, O. minutus feeding on mites compare to thrips had
longer generation time (Table 2). The doubling time (DT)
of O. niger and O. minutus was shorter when feeding on
thrips and mites, respectively (Table 2).

Discussion

Our data on the abundance and life table studies suggest
that O. niger is a primary predator of OT and O. minutus is
a primary predator of TSSM. There are also other important
biotic and abiotic factors that can affect the abundance of
these predators. Atakan and Gencer (2008) concluded that
the populations of O. niger were more abundant in normal-
planted cotton fields and its population density significantly
correlated with the Frankliniella occidentalis (Pergande)
population. With regard to predator—thrip interactions, they
suggested that O. niger might be an efficient biological con-
trol agent to regulate western flower thrips, especially in
normal-planted cotton.

The life table parameters of predator species are impor-
tant for their capability of biological control. This study
showed that the type of prey can strongly influence the life
table parameters of Orius species. In the laboratory experi-
ments, feeding with 2nd instar larvae of thrips resulted in
better survival and higher fecundity of O. niger while feed-
ing with female mites resulted in better survival and higher
fecundity of O. minutus. Also, the analysis of the nymphal
development time, nymphal mortality percentage, pre-ovi-
position, and oviposition period indicated that the popula-
tion growth of O. niger was restricted mostly by a high
nymphal mortality, low sex ratio, and low r, when fed
female mites, and the population growth of O. minutus was
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Table 1 Means (£SE) of some life cycle parameters of two Orius species when fed on two prey species

Predator Prey species N Nymphal Nymphal mortality Pre-oviposition Oviposition Sex ratio
species development percentage period (days) period (days) (% of females)
time (days)

O. minutus ~ Female TSSM 40 157x192AB 476+£12.6C 1.6 £051B 162+ 122A 4923+41A
2nd instar larvae of OT 40 164 £2.05 A 674+ 14 A 2+05B 106 £1.17C 40.18+3.5C

O. niger Female TSSM 40 146x203AB 612+157B 36t 146 A 8.1+£122D 3827+£5.1D
2nd instar larvae of OT 40 13.7+1.97B 453 £123C 234+0.44 AB 127+ 1.1B 478 +£39B

Letters indicate significant differences (P < 0.05) in a life cycle parameter

Table 2 Life table parameters of two Orius species when fed on two prey species

Predators  Preys r,, Ln RYT) R, GRR A(day™") b(day™)) D(day!) T(days) DT (days)

(eggs/female)

O. minutus ~ Female TSSM 0.097 13.78 16.23 1.102 0.1 0.003 26.98 7.129
2nd instar larvae of OT  0.045 3109 397 1.047 0.063 0.017 24.83 15.17

O. niger Female TSSM 0.039 2.72 3.64 1.04 0.058 0.019 25.23 17.46
2nd instar larvae of OT ~ 0.099 15.25 16.76 1.105 0.102 0.002 27.36 6.96

The intrinsic rate of natural increase (r,,), the net reproductive rate (R,), the gross reproductive rate (GRR), the finite rate of increase (4), the intrin-

sic birth rate (b), the intrinsic death rate (d), generation time (7)) and doubling time (DT)

restricted mostly by a high nymphal mortality, low sex
ratio, and low r,, when fed 2nd instar larvae of thrips.

Few studies address the intrinsic rate of natural increase
for O. niger and O. minutus when fed OT and TSSM. Deli-
georgidis (2002) demonstrated that O. niger strongly pre-
ferred 2nd instar larvae of OT when compared with the 2nd
instar larvae of F. occidentalis, and concluded that O. niger
was a suitable predator to control OT. Baniameri et al. (2005)
estimated a high r,, (0.113) for O. niger at 26°C on a diet of
E. kuehniella eggs and suggested that the population growth
rate of O. niger was restricted mostly by juvenile mortality.
Toyoshima (2006) reported that O. minutus had the potential
to control TSSM populations on apple trees in Japan.

The intrinsic rate of natural increase of O. niger varies
by both the different species of prey offered and the greater
difficulty for Orius species to catch adult thrips than nymph
thrips (Salas-Aguilar and Ehler 1977; Teerling et al. 1993).
For example, Teerling et al. (1993) showed that O. tristi-
color (White) responded to specific semiochemical cues
from western flower thrips and preferred to feed on it in
comparison with other thrip species. Lichtenauer and Sell
(1993) concluded that in a no-choice test, O. insidiosus
(Say) and O. minutus consumed more thrip larvae than
adults. The fecundity of O. insidiosus varied when it con-
sumed thrips, mites, and the eggs of moths (Kiman and
Yeargan 1985). Venzon et al. (2001, 2002) reported that
O. laevigatus (Fieber) was attracted more to the TSSM-
infected cucumber than western flower thrip-infected
plants. Fritsche and Tamo (2000) found that the control of
Megalurothrips sjostedti Trybom by O. albidipennis

(Reuter) was less efficient than the control of Ceratothripo-
ides cameroni (Priesner) and F. schultzei Trybom.

Our results indicate that O. niger and O. minutus are rel-
atively abundant in Ardabil potato fields and these preda-
tors can be useful to biologically control onion thrips and
TSSM.
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