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ABSTRACT

In Egypt, serious piercing-sucking pests such as the western flower thrips, Frankliniella occidentalis, white fly,
Bemisia tabaci, the broad mite, Polyphagotarsonemus latus, and the two-spotted spider mite, Tetranychus urticae
cause significant yield losses in sweet pepper crop grown in greenhouses. The purpose of this research is to assess the
effectiveness of two phytoseiid mites, Amblyseius swirskii and Neoseiulus californicus, as biological control agents
for piercing-sucking pests on sweet pepper in greenhouses, compared with chemical acaricides. Three release rates
were assessed: 10 adults of A. swirskii/plant, 10 adults of N. californicus/plant, and 7 adults of A. swirskii + 7 adults
of N. californicus combined. The highest population density of B. tabaci and F. occidentalis was on yellow ‘Qiuda’
followed by significant damage with T. urticae. Red ‘Grand bell’, on the contrary, was consistently more susceptible
to T. urticae and moderately prone to whitefly infestation. Both biological and chemical pest control were efficient in
reducing pest populations on sweet pepper in greenhouses. The results indicated that A. swirskii, alone or in
combination with N. californicus, was more effective against F. occidentalis, B. tabaci, and P. latus on both pepper
cultivars than acaricides sprayed under the same conditions. Moreover, the predatory mite, N. californicus,
outperformed A. swirskii and acaricides against T. urticae. Together, the predatory mites, A. swirskii and N.
californicus can improve biological control of piercing-sucking pests. The yield increased by 37.4 to 40.0% over the
control treatment using the biological control candidates. Furthermore, biological control program resulted in the
highest cost reductions for sweet pepper production (35.7-40.7 and 16.2-27.2%) compared to the control and
acaricides treatments, as well as a safe yield free of chemical residues.
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INTRODUCTION

Sweet pepper, Capsicum annuum L. (Solanaceae), is one of the important economic vegetable crops
worldwide, due to the nutritional content of its fruits and its economic significance (Howard et al.
2000).
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In Egypt, sweet pepper crops are attacked by several piercing-sucking pests causing significant
yield losses due to malformation of leaves, flower and fruits under protected cultivation, e.g., the
western flower thrips, Frankliniella occidentalis Pergande (Thripidae); white fly, Bemisia tabaci
(Gennadius) (Aleyrodidae); the broad mite, Polyphagotarsonemus latus (Banks) (Tarsonemidae);
and the two-spotted spider mite, Tetranychus urticae Koch (Tetranychidae) (Ellaithy et al. 2015;
Ibrahim 2017; Sanad and Hassan 2019). Both nymphs and adults of such pests feed on the cell sap
of the pepper leaves and delicate portions, causing aging prematurely.

Frankliniella occidentalis is one of the more dangerous polyphagous and widespread insect
pests, causing noticeable harm and severe effects on the flowers and fruits of over 200 host plants
(Yang et al. 2015). Because it lays the eggs inside plant tissues and feeds in more hidden sites like
flower buds, where it is shielded from insecticide effects, it is challenging to control it using
insecticides (Brodsgaard 2004). It is a primary pest of sweet peppers infesting flowers, feeding on
pollen and leaves.

Bemisia tabaci is also a serious pest on vegetables in greenhouses causing great damages by
feeding and transmitting viruses, due to its pesticide resistance and effectiveness as a vector for
many plant viruses (Gerling 1990). Bemisia tabaci causes economic damage ranging from minor to
devastating, with yearly worldwide losses in several crops exceeding billions of dollars (Hasan et
al. 2019).

Polyphagotarsonemus latus is a serious mite pest of greenhouse crops like pepper, cucumber,
and eggplant; attacking young, growing parts and causing lower fruit weight in young plants
(Gerson 1992; Weintraub 2003; Jovicich et al. 2009). Tetranychus urticae is one of the most
important mite pests feeding on about 1161 host plant species worldwide including vegetables,
fruits, crops, and ornamentals (Migeon and Dorkeld 2023). Spider mite density should not exceed
three mobile stages per leaf; they can rapidly grow and cause significant economic damages (yield
losses reach 90%) (Warabieda 2015).

Biological control is a key component of environmentally sustainable integrated crop
protection systems. The benefits of local natural enemies and controlling pests prone to pesticide
resistance with low-cost sustainable treatments and minimal risks to the environment are the main
advantages of such an approach.

Phytoseiid mites are widely used in biological control operations to eradicate pests of field
crops and greenhouse plants around the world (Hajiganbar and Farazmand 2021). Highly effective
biological control agents for thrips, whiteflies, broad mites, and spider mites have been described
for ornamental plants and vegetable crops, e.g., Amblyseius swirskii Athias-Henriot, Neoseiulus
californicus (McGregor), N. barkeri Hughes, and N. cucumeris (Oudemans) (Fan and Petitt 1994;
Weintraub et al. 2003; Calvo et al. 2009, 2011; van Maanen et al. 2010; Yari et al. 2023).

The generalist predatory mite, A. swirskii is a primary agent used in the biocontrol of thrips
larvae and whitefly eggs and crawlers in sweet pepper crops (van Maanen et al. 2010; Barghout et
al. 2022; Perera and Senanayake 2023). This mite is frequently used in biological control strategies
for ornamental and vegetable crops (solanaceous and cucurbit). The efficacy of A. swirskii
population management of sucking pests in commercial paper production in greenhouses in Egypt
is rare.

Neoseiulus californicus is one of the major and selective predators that feed on many species of
tetranychids [type Il according to McMurtry et al. (2013)]. It is an economical biological control
candidate for phytophagous mites and insect pests in many countries worldwide in the integrated
pest management (IPM) programs (Hoddle et al. 2000; Rhodes and Liburd 2006; Monteiro et al.
2008; Jovicich et al. 2009; Ibrahim et al. 2010; Farazmand et al. 2012; El-Saiedy and Fahim 2021).
Thus, the objective of the present study is to evaluate the release rates of two phytoseiid mites, A.
swirskii and N. californicus in controlling piercing-sucking pests on two sweet pepper cultivars in
greenhouses.
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MATERIAL AND METHODS

Experimental site

Experiments were carried out at Ghita village (31° 31' 51.33" E, 30° 22' 20.43" N), Bilbis
district, Sharkia governorate, Egypt, during 2022/2023, under natural infestation conditions. Daily
temperature (°C) and relative humidity (%) were obtained from the Central Laboratory for
Agriculture Climate, Dokii, Giza, Egypt.

Source of predatory mites

Both predatory mites, A. swirskii and N. californicus colonies were collected from sweet pepper
plants at Ghita village, Bilbis district, Sharkia governorate, Egypt on March 2021. The colonies of
N. californicus were reared in plastic pots planted with Phaseolus vulgaris (L.) (Fabaceae) infested
with T. urticae. The mass-rearing method followed that of Ibrahim et al. (2010). However, A.
swirskii was reared and maintained on Carpoglyphus lactis (L.) (Carpoglyphidae) and Tyrophagus
putrescentiae (Schrank) (Acaridae) as a food source in an environmental chamber at 25 + 2 °C and
65 + 5% RH and photoperiod of L16:D8 h according to Elhalawany et al. (2023).

Acaricide/Insecticide used

Three acaricides were used in the current study, Abamectin (Gold 1.8% EC) at the rate of 450
ml per ha, Chlorfenapyr (Challenger Super 24% SC) at the rate of 600 ml per ha, and Spirodiclofen
(Concor 24% SC) at rate of 300 ml per ha. The three acaricides had 17 applications during the
experiment (Table 1).

Experimental design and sampling

After a month and half of germination, the two sweet pepper cultivars: red ‘Grand bell” and
yellow ‘Qiuda’ seedlings were transplanted to one acre of net greenhouse. The two net greenhouses
were planted with 1350 sweet pepper seedlings on 15 August 2022. Each variety was planted in a
separate greenhouse. The experimental area for each sweet paper variety consisted of five equal
plots of 100 m? (5 x 20 m) each. Each plot contained three double row beds of sweet pepper, where
each bed contained 100 plants (totally 270 plants/plot). The experiments were arranged in a
randomized complete block design (RCBD) with three replications. To avoid pest transmission
between plots, each plot was completely separated using a vertical polyethylene sheet. The growing
season extended from August 2022 to June 2023. Plants were fertilized and irrigated by a drip
irrigation system. The recommended agricultural process was performed.

The two predatory mites were released three times after plantation (four, eight, and 16 weeks).
This experiment had five treatments with three replicates each: T1 (10 adults of A. swirskii/plant),
T2 (10 adults of N. californicus/plant), T3 (7 adults of A. swirskii + 7 adults of N. californicus
combined), T4 (Abamectin/Chlorfenapyr or Spirodiclofen), and T5 (untreated plot served as
control). The infestation by pests occurred naturally. Release of two predatory mites was done using
100 ml plastic bottles that contained predatory mites and carrier (a mixture of wheat bran and
vermiculate material by 1:1 ratio). In each greenhouse, the application of acaricides/pesticides on
the two sweet paper cultivars was alternated biweekly.

Plants were monitored at weekly intervals for 43 weeks after plantation, beginning on 22
August 2022. Population densities of the targeted pests, F. occidentalis, B. tabaci, P. latus, and T.
urticae were estimated weekly throughout the plant growing season. Thirty randomly selected
leaves and 10 randomly selected flowers from each treatment were picked from the top, middle, and
bottom levels of the plant. Samples were maintained in coolers and brought to the laboratory for
inspection using a stereo-microscope (BS-3030B, China). All motile stages of each pest found on
sweet pepper leaves were counted along with the number of two predatory mites.

At the end of the growing season, the sweet pepper production yields from the two greenhouses
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were calculated. Additionally, cost-benefit analyses of the outcomes of applying biological and
chemical control were conducted (EL-Halawany et al. 2000; Adly 2015; EI Arnaouty et al. 2020) as
follows: Cost-benefit = costs of yield production — control costs. The reduction percentage in yield
was calculated according to Abbott's formula (1925) as follows: Reduction % = 100 x [(Ta-Tc)/ Ta]
where: Ta = total yield in biological treatment, Tc = total yield in control (untreated) treatment.

Statistical analysis
The effects of the predatory mites on thrips, whitefly, broad mite, and spider mite populations
were compared to the pest populations in the control greenhouses on the mean week until the end of

the experiment after 43 weeks. Reduction percentages were calculated according to Henderson and
Tilton (1955) as follows:

Reduction % = 1 — (Number of pests in control before application x Number of pests in treatment

after application)/(Number of pests in control after application x Number of pests in treatment
before application) x 100.

For each cultivar, the overall mean of percent reduction of sucking-pests (during the period
from the first sample after treatment to the last sample of the study, the weekly values of percent
reduction of mite were averaged over this period to obtain the overall mean of reduction
percentages of sucking-pests on each treatment) were also calculated at the end of study. The
obtained results in this study were statistically analyzed using (SAS Institute 2003) software. Two-
way analysis of variance (ANOVA) was performed and the differences among the means were
uncovered using Tukey's HSD test at a. = 0.05.

RESULTS

Weather conditions

The mean weekly temperature varied from 16.2 to 29.9 °C. The minimum and maximum
temperatures varied in the range of 8.7-25.6 and 16.2-34.9 °C, respectively. The average relative
humidity ranged from 41.7 to 66.9% (Fig. 1). The three acaricides (Gold 1.8% EC, Challenger
Super 24% SC, and Concor 24% SC) were applied alternately biweekly in the current study 17
times for control piercing-sucking pests on the two sweet pepper cultivars. In the biological control
trend, the two predatory mites A. swirskii and N. californicus were released three times on the 4™,
8" and 16" weeks after cultivation (Table 1).
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Figure 1. Minimum and maximum temperatures (°C) and mean relative humidity (%) per week from mid-Aug. 2022
until 12 June 2023 under IPM conditions in greenhouses.
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Table 1. Release date of two predatory mites, Amblyseius swirskii and Neoseiulus californicus and three acaricides on
sweet pepper in greenhouses.

Week Date Predatory mite Rate Acaricides Rate
4 12 Sep. 2022 A. swirskii 10 pred./plant Abamectin 40 m|~1o0

N. californicus 10 pred./plant

A. swirskii + N. 7 + 7 pred./plant

californicus
6 Chlorfenapyr 60 m|~o0t
8 10 Oct. 2022 A. swirskii 10 pred./plant Spirodiclofen 30 m]100t

N. californicus 10 pred./plant

A. swirskii + N. 7 + 7 pred./plant

californicus
10 Abamectin 40 m|~100t
12 7 Nov. 2022 - Chlorfenapyr 60 m|1o0L
14 Spirodiclofen 30 m|ooL
16 5 Dec. 2022 A. swirskii 10 pred./plant Abamectin 40 m|~o0

N. californicus 10 pred./plant

A. swirskii + N. 7 + 7 pred./plant

californicus
18 Chlorfenapyr 60 m]|-100L
20 2 Jan. 2023 - Spirodiclofen 30 m]|100t
22 Abamectin 40 m|~o0
24 30 Jan. 2023 - Chlorfenapyr 60 m|1o0L
26 Spirodiclofen 30 m|ooL
28 27 Feb. 2023 - Abamectin 40 m|~100-
30 Chlorfenapyr 60 m|1o0L
32 27 Mar 2023 - Spirodiclofen 30 m|ooL
34 Abamectin 40 m|~100-
36 24 Apr. 2023 - Chlorfenapyr 60 m]|-200L

Thrips management

Frankliniella occidentalis population remained significantly lower in all treatments where
predatory mites were released and acaricides applied than in the control treatment (Fig. 2). The
population appeared on leaves and flowers of the two pepper cultivars after eight weeks of
cultivation (Oct. 10, 2022). Then, the thrips gradually increased in number and reached its highest
in late December “16 weeks (Dec. 26, 2022)” and late May “40 weeks (May 22, 2023)” (15.4 and
42.0 individuals/leaf on yellow ‘Qiuda’, respectively). Red ‘Grand bell’ it had one peak in late
May “40 weeks (May 22, 2023)” (recorded 36.5 individuals/leaf in control) (Fig. 2).

The population density of F. occidentalis on ‘Qiuda’ and ‘Grand bell’ pepper differed
significantly after application than in the control treatment during 43 weeks. The biweekly
treatment of acaricides significantly decreased the population of F. occidentalis immediately, and
then the population increased gradually during the season. It was observed after six weeks of release
that the two predatory mites, A. swirskii and N. californicus, and their combination exhibited a
similar significant efficacy on F. occidentalis control compared to control treatment until the end of
experiment. The mean numbers of thrips per pepper leaf and flower in biological control treatment
and acaricides were significantly lower than in the control treatment (F = 57.72, P < 0.0001; F =
54.28, P = 0.001; on ‘Qiuda’ and ‘Grand bell’ pepper, respectively).

Whitefly management

Few B. tabaci appeared in the first week post cultivation August 22, 2022, then increased
gradually to reach its peak in the “15 weeks (Nov. 28, 2022)”and “29 weeks (Mar. 6, 2023)” on
‘Qiuda’ (17.2 and 24.5 individuals/leaf in control). However, on ‘Grand bell’, the population was
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(8.8 and 9.0 individuals/leaf), in the “18 weeks (Dec. 19, 2022)” and “26 weeks (Feb. 13, 2023)”

(Fig. 3).

Mean no. of F. occidentalis/ leaf

Mean no. of F. occidentalis/ leaf

50

45 1

40

35 4

30 4

25 4

20 1

15

10

0

50

45

40

35

30

25

20

15

10

= A swirskii

=== N.californicus

ey A swirskii+ N.californicus
=== A caricide

=t C ontr ol

Qiuda

ST =N C =N TN =M TN~
ﬁv—lv—h—h—lw—lv—lv—lv—lv—lNNNNENNNNNMMMMMMMMMMH‘H‘H‘?

Weeks

——A.sWirskii

Ll V. californicus
—yr=A.swirskii+ N.californicus
e A caricide

et C o0t T O]

Grand bell

[] 3 o -

.’:";!ﬂ' .—"“\‘!‘l'-i-l:f;fﬁ'vv",-i.‘- P, ";;.-":".’.“" e

Figure 2. Mean numbers/leaf (+ SE) of Frankliniella occidentalis motile stages recorded weekly after application on
red ‘Grand bell’ and yellow ‘Qiuda’ pepper at Sharkia governorate, Egypt during 2022-2023.
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Figure 3. Mean numbers/leaf (+ SE) of Bemisia tabaci motile stages recorded weekly after application on red ‘Grand
bell” and yellow ‘Qiuda’ pepper at Sharkia governorate, Egypt during 2022-2023.
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The two predatory mites release and acaricides treatments significantly decreased B. tabaci
population than in the control treatment. The mean numbers were 1.0, 1.7, 0.9, and 1.9
individuals/leaf on ‘Qiuda’ pepper, and 0.8, 1.2, 0.7, and 1.2 individuals/leaf on ‘Grand bell’
respectively for A. swirskii, N. californicus, A. swirskii + N. californicus combined, and acaricides
compared with 10.4 and 4.1 in the control (Table 2). There were significant differences among the
population of B. tabaci in the biological and chemical control treatments compared with control (F
= 54.24, Poos = 0.0001 and F = 38.66, Poos = 0.0001 on ‘Qiuda’ and ‘Grand bell’ pepper,
respectively). It was clear that all treatments exhibited similar effects during the 43 weeks; both
predatory mites significantly reduced the population of B. tabaci on both tested cultivars.

Table 2. Yield production and cost benefits of sweet pepper after using predatory mites and acaricides for controlling
some piercing-sucking pests in greenhouses.

Yield/treatment  Yield price  Control cost ~ Cost benefits  Increase yield

Treatments (Kg) (LE) (LE) (LE) (%)
Qiuda cultivar

A. swirskii 1104.03 22080.6 405 21675.6 37.5
N. californicus 1119.74 22394.7 405 21989.7 38.4
A. swirskii + N. californicus 1099.76 21995.1 567 21428.1 37.3
Acaricides 803.61 16072.2 472.5 15599.7 14.2
Control 689.09 13781.7 - 13781.7

Grand bell cultivar

A. swirskii 1058.90 21177.9 405 20772.9 40.0
N. californicus 1054.35 21087 405 20682.0 39.7
A. swirskii + N. californicus 1049.31 20986.2 567 20419.2 39.4
Acaricides 921.56 18431.1 472.5 17958.6 31.1
Control 635.04 12700.8 - 12700.8

The two-spotted spider mite management

As shown in (Fig. 4), at the beginning of the experiment, the mean number of T. urticae per
leaf was similar in all treatments. In the control, the number of T. urticae increased in “6 weeks
(Sep. 26, 2022)” on ‘Qiuda’ and in the “7 weeks (Oct. 3, 2022)” on ‘Grand bell’ and continued until
the end of the season. Then, the population density increased gradually and reached the highest
(27.7 and 24.1 individuals/leaf) at the “35 weeks (Apr. 17, 2023)” and “41 weeks (May 29, 2023)”
on ‘Qiuda’, while on ‘Grand bell’ it was 33.1 individuals/leaf in the “34 weeks (Apr. 10, 2023)”.
There were significant differences among the population of T. urticae in the biological and
chemical control compared with control (F = 104.8, Poos = 0.0001 and F = 105.2, Poos = 0.0001 on
‘Qiuda’ and ‘Grand bell’ pepper, respectively).

Broad mite management

In all treatments, the broad mite appeared in the “4 weeks (Sep. 12, 2022)” with low numbers.
In control, the population had two peaks in “11 weeks (Oct. 31, 2022)” and “32 weeks (Mar. 27,
2023)” on the two pepper cultivars and gradually declined thereafter. Sweet pepper plants in the
control had significantly more mites than those treated with acaricides and predatory mites (F =
15.62, P =0.0001) on ‘Qiuda’ and (F = 13.07, P = 0.0001) on ‘Grand bell’. The acaricides treatment
always caused a rapid decline in broad mite population after application. The release of predatory
mites and acaricides resulted in successful control of broad mites on leaves and flowers and reduced
the density significantly until the end of the experiment (Fig. 5).
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Figure 4. Mean numbers/leaf (+ SE) of Tetranychus urticae motile stages recorded weekly after application on red
‘Grand bell’ and yellow ‘Qiuda’ pepper at Sharkia governorate, Egypt during 2022—-2023.
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Figure 5. Mean numbers/leaf (+ SE) of Polyphagotarsonemus latus maotile stages recorded weekly after application on
red ‘Grand bell’ and yellow ‘Qiuda’ pepper at Sharkia governorate, Egypt during 2022—2023.

Overall reduction percentage
In two pepper cultivars, the statistical analysis showed that the overall mean of reduction
percentages of F. occidentalis varied significantly among treatments (F = 5.20, Poos = 0.0020; F =
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2.5, Poos = 0.0624). The highest value was recorded with A. swirskii + N. californicus combined
and A. swirskii alone, however, the lowest was recorded with N. californicus and acaricides
treatments with no significant difference in each cultivar (Fig. 6).
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Figure 6. Reduction percentages of Frankliniella occidentalis, Bemisia tabaci, Polyphagotarsonemus latus, and
Tetranychus urticae after 43 weeks of application on yellow ‘Qiuda’ and red ‘Grand bell’ pepper at Sharkia
governorate, Egypt during 2022-2023. The same letter above column shows values are not significantly different,
according to Tukey's HSD test at a = 0.05; T1 = A. swirskii, T2 = N. californicus, T3 = A. swirskii + N.
californicus, T4 = acaricides.
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It can be noticed that the reduction percentage of B. tabaci population on the two pepper
cultivars varied in all treatments. The overall mean reduction percentages caused by A. swirskii
alone and A. swirskii + N. californicus combined were 87.7 and 89.9% on ‘Qiuda’; and 79.6 and
83.0% on ‘Grand bell’, respectively, with no significant differences, especially between N.
californicus and acaricides treatments on each cultivar (Fig. 6).

The highest reduction percentage of P. latus was 83.6 and 83.3% for A. swirskii alone and A.
swirskii + N. californicus combined on ‘Qiuda’, at the end of season, while the lowest (59.6%) was
for acaricides with significant differences (F = 12.03, Po.os = 0.0001). A similar result was recorded
on ‘Grand bell” with significant differences (F = 10.37, Poos = 0.0001) (Fig. 6).

The overall mean of reduction percentages of T. urticae caused by N. californicus and A.
swirskii + N. californicus combined on the two pepper cultivars varied significantly among
treatments (F = 2.67, Poos = 0.0500; F = 12.79, Poos = 0.0001). The lowest reduction percentage
was recorded at the end of season after release of A. swirskii (75.1 and 66.8%) on ‘Qiuda’ and
‘Grand bell’, respectively (Fig. 6).

Pest control costs

The total cost of purchasing predators and chemical acaricides in both pepper cultivars was
similar. The cost of releasing both A. swirskii and N. californicus is 405 LE per treatment, 567 LE
for A. swirskii + N. californicus combined, and 472.5 for three acaricide applications 17 times
(Table 2).

Cost benefits

The economic benefits of applying biological control (A. swirskii, N. californicus, and A.
swirskii + N. californicus combined) on ‘Qiuda’ pepper were higher (31.6, 37.3, and 35.6%,
respectively) than in the control treatment. These values were (38.8, 42.2, and 40.7%, respectively)
on ‘Grand bell” pepper. However, the cost benefits were (28.0, 29.0, and 27.2%, respectively) on
‘Qiuda’ pepper, higher than using acaricides. While those on ‘Grand bell” pepper were (13.5, 18.3,
and 16.2%, respectively) higher than acaricides; attaining a safe yield free of any residues was also
a priority (Table 2).

Sweet pepper yield

When biological control agents were used, the highest yield production increase of ‘Quida’
pepper ranged from (37.3 to 38.4%) than in the control, while that of ‘Grand bell’ pepper ranged
from (39.4 to 40.0%). Acaricide application increased yield from 14.2 to 31.1% compared to the
control for ‘Qiuda’ and ‘Grand bell’ pepper (Table 2).

DISCUSSION

A few phytoseiid mite species have been released to control some of the most significant
greenhouse pests. Growers would profit from more biological control agent alternatives because
they would be able to select species that are better suited for use in diverse crop pest and
environmental conditions. According to Ellaithy et al. (2013), depending on the color of the fruit,
red pepper cultivar was more susceptible to T. urticae infestation; conversely, yellow fruit was more
likely to be infested by T. tabaci. Our findings support this; the highest population density of B.
tabaci and F. occidentalis was on yellow ‘Qiuda’, followed by moderate damage with T. urticae.
On the contrary, red ‘Grand bell” was consistently more susceptible.

The present study indicated that the predatory mites, A. swirskii and N. californicus, when
combined, can decrease the population of F. occidentalis, B. tabaci, T. urticae, and P. latus on
sweet pepper in greenhouses. Abou-Haidar et al. (2021) found that A. swirskii and P. persimilis are
particularly successful in controlling whitefly, thrips, and two-spotted spider mite populations on
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cucumber in greenhouses when combined with other IPM strategies. They suggested that
biologically based integrated pest management in the Mediterranean region could provide health
benefits to consumers, farmworkers, and the environment by reducing the use of pesticides.
However, crucial considerations include proper scouting, considering abiotic factors, choosing
disease-resistant plant cultivars, and considering the high cost of international transport. Barghout
et al. (2022), indicated that A. swirskii suppressed B. tabaci and T. tabaci populations, while
Cydnoseius negevi (Swirski & Amitai) and Neoseiulus cucumeris reduced B. tabaci populations.
Tetranychus urticae densities were decreased by Phytoseiulus persimilis Athias-Henriot with A.
swirskii and N. cucumeris, all combined treatments being the most effective. Amblyseius swirskii
has been considered as a potential whitefly and thrips control agent for sweet pepper (Bolckmans et
al. 2005) and cucumber (Calvo et al. 2011). Furthermore, even at low pest levels, A. swirskii can be
released preventively when the crop is flowering and persists in the crop throughout the growing
season. Barghout et al. (2022) showed that all combined treatments, including A. swirskii as a
shared predator, greatly reduced the populations of B. tabaci, T. urticae, and T. tabaci on the red
delta star pepper cultivar.

The release of N. californicus resulted in a considerable reduction in the number of piercing-
sucking pests during the full growing season. Predator population densities are tracked closely with
the density of all pests. Similarl to the findings of this study, several authors demonstrate the impact
of inundative release of predatory mites in pest management. El-Saiedy and Fahim (2021)
demonstrated that N. californicus with a rate of 1:7 predator:prey appears to be a more competent
strategy for controlling T. urticae on strawberry than chemical control. The current study showed
that N. californicus suppressed T. urticae populations better than A. swirskii, possibly due to
different levels of phytoseiid specialization in terms of diet. Our results agreed with those of
Elmoghazy et al. (2011), who showed that N. californicus reduced T. urticae populations by
87.22%, while A. swirskii reduced T. urticae numbers by 57.49% on Vicia faba L. (Fabaceae).

In this investigation, the population suppression of B. tabaci, F. occidentalis, and P. latus was
lowest with N. californicus and acaricides. The highest suppression of these pests' populations was
observed in the combination of A. swirskii + N. californicus, and A. swirskii alone. In greenhouses,
N. californicus outperformed A. swirskii and acaricides in controlling T. urticae. According to Adly
(2016), there was a substantial difference between biological control and pesticides for whitefly and
mite populations on cucumbers in greenhouses. Ibrahim et al. (2010) found that releasing N.
californicus at a rate of 30 predators/apple seedlings resulted in the greatest reduction (66.89% of
the T. urticae). Elhalawany et al. (2019) showed that N. californicus had the highest reduction in
Thrips tabaci Lindeman population (73.42%) on onion crops. According to EI Arnaouty et al.
(2020), the biological control approach was the most effective in managing the complex of sweet
pepper pests.

Moreover, our findings support those of Abou-Haidar et al. (2021), who found that A. swirskii
kept whitefly and thrips populations below the economic threshold of 4.6 whiteflies/cucumber leaf.
Predatory mites are as effective as, if not more effective than, many insecticidal and acaricidal
sprays. In this investigation, acaricide treatment was effective but not as effective as A. swirskii and
N. californicus together on B. tabaci and F. occidentalis; nevertheless, it did not differ from N.
californicus on B. tabaci and F. occidentalis. Shehawy et al. (2021) surmised that A. swirskii, C.
negevi, and the Vertemic + Egyxide combination had the highest reduction percentage of B. tabaci
infesting tomato crop, whilst N. cucumeris and N. californicus had more moderate reduction effects.

Using the biological control agents, we found that the yield increased over the control
treatment. In addition, the application of the biological control candidates resulted in the biggest
cost savings for sweet pepper production, higher than the control and acaricides treatments, as well
as a safe yield free of any chemical residues. These results matched those of El-Halawany et al.
(2000), who found that the cost of biological control by P. persimilis was 300 LE less than the cost
of chemical control, which was 416 LE. Adly (2015) reported a 40% increase in cucumber yield
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when a biological management program was used on cucumber in greenhouses. In cucumber yield,
Adly (2016) found that the biological control was (62.15%) greater than the chemical control. On
pepper, the cost benefits of the biological control program were (31.61%) higher than the control
treatment and (26.45%) higher than chemical treatment (EI Arnaouty et al. 2020).

CONCLUSIONS

In conclusion, the results revealed that A. swirskii, alone or in combination with N. californicus,
was significantly more effective against F. occidentalis, B. tabaci, and P. latus on two pepper
cultivars than the chemical control under the same conditions. Moreover, the predatory mite, N.
californicus outperformed A. swirskii and acaricides against T. urticae. Our findings suggest that
combining the two predatory mites, A. swirskii and N. californicus, can improve biological control
of piercing-sucking pests. The yield increased by around 37.4 to 40.0% over the control treatment
using the biological control agents. Furthermore, the biological control led to the highest cost
reductions for sweet pepper production (35.7-40.7 and 16.2-27.2%) compared to the control and
acaricides treatments, and a safe yield free of residues as well.

ACKNOWLEDGMENTS

Deepest gratitude to Prof. Reham Abou-Shnaf (Plant Protection Research Institute, Agricultural
Research Centre) for valuable comments and suggestions.

REFERENCES

Abbott, W.A. (1925) A method to computing the effectiveness of an insecticide. Journal of
Economic Entomology, 18: 265-267.

Abou-Haidar, A., Tawidian, P., Sobh, H., Skinner, M., Parker, B. & Abou-Jawdah, Y. (2021)
Efficacy of Phytoseiulus persimilis and Amblyseius swirskii for integrated pest management for
greenhouse cucumbers under Mediterranean environmental conditions. The Canadian
Entomologist, 153(5): 1-18. DOI: 10.4039/tce.2021.15

Adly, D. (2015) Comparative study of biological and chemical control programs of certain
cucumber pests in greenhouses. Proceeding of 4" International Conference, ESPCP2015,
Cairo, Egypt, 19-22 October, Egypt. Egyptian Journal of Biological Pest Control, 25(3): 691-
696.

Adly, D. (2016) Use of predators for controlling the whitefly, Bemisia tabaci Genn. and the two
spotted spider mite, Tetranychus urticae Koch, in cucumber greenhouses in Egypt. Egyptian
Journal of Biological Pest Control, 26(4): 701-706.

Barghout, M.E., Ibrahim, S.S. & El-Saiedy, E.M. (2022) Efficacy of phytoseiid mites and pesticides
to control Bemisia tabaci, Thrips tabaci and Tetranychus urticae on Capsicum annuum.
Persian Journal of Acarology, 11(3): 497-513. DOI: 10.22073/pja.v11i3.74508

Bolckmans, K., van Houten, Y. & Hoogerbrugge, H. (2005) Biological control of whitefies and
western flower thrips in greenhouse sweet peppers with the phytoseiid predatory mite
Amblysewus swirskii Athias-Henriot (Acari: Phytoseiidae) In: Hoddle, M.S. (Eds.), Proceedings
of the 2" international symposium on biological control of arthropods. 12—16 September 2005,
Davos, Switzerland. USDA Forest Service, Washington, DC, USA, pp. 555-565.

Brodsgaard, H.F. (2004) Biological control of thrips on ornamental crops. In: Heinz, K.M., Van
Driesche, R.G. & Parrella, M.P. (Eds.), BioControl in protected culture. Ball Publishing,

PREDATORY MITES AND ACARICIDES AGAINST SOME PESTS ON SWEET PEPPERS


https://doi.org/10.4039/tce.2021.15
https://doi.org/10.22073/pja.v11i3.74508

2024 PERSIAN JOURNAL OF ACAROLOGY 331

Batavia, IL, pp. 253-264.

Calvo, F.J., Bolckmans, K. & Belda, J.E. (2009) Development of a biological control-based IPM
method for Bemisia tabaci for protected sweet pepper crops. Entomologia Experimentalis et
Applicata, 133: 9-18. DOI: 10.1111/j.1570-7458.2009.00896.x

Calvo, F.J., Bolckmans, K. & Belda, J.E. (2011) Control of Bemisia tabaci and Frankliniella
occidentalis in cucumber by Amblyseius swirskii. BioControl, 56(2): 185-192. DOI: 10.1007/s1
0526-010-9319-5

El Arnaouty, S.A., ElI-Heneidy, A.H., Afifi, A.l., Heikal, I.H. & Kortam, M.N. (2020) Comparative
study between biological and chemical control programs of certain sweet pepper pests in
greenhouses. Egyptian Journal of Biological Pest Control, 30: 28. DOI: 10.1186/s41938-020-
00226-z

Elhalawany, A.S., AbdelKhalik, A.R. & Walash, E.H. (2023) Developmental and life table of
Neoseiulus californicus (McGregor) (Acari: Phytoseiidae) fed on three astigmatid mites and
Tetranychus urticae Koch. Egyptian Journal of Plant Protection Research Institute, 6(1): 64—
73.

Elhalawany, A.S., Sanad, A.S. & Khalil, A.K. (2019) Field trials to control Thrips tabaci
(Thysanoptera: Thripidae) infesting onion crop. Egyptian Journal of Plant Protection Research
Institute, 2(4): 724-733.

EL-Halawany, M.E., Abd El-Samad, M.A. & Ebrahim, H.M. (2000) Biological control of the spider
mite Tetranychus urticae Koch by the phytoseiid mite Phytoseiulus persimilis (A.H.) compared
with chemical control. Bulletin of the Entomological Society of Egypt/Economic Series, 27(63):
63-71.

Ellaithy, A.Y., Elseedy, E.M., EI-Kholi, M.Y., Abou-Ellela, M.M. & Svobodova, Z. (2013)
Population dynamics of major insect and mite pests and control on sweet pepper grown in net
house in Egypt. Integrated Control of Plant-Feeding Mites. IOBC-WPRS Bulletin, 93: 31-38.

Ellaithy, A.Y., Shafeek, M.R., Hussein, H.E. & Abo-Elella, G.M. (2015) Piercing-sucking pests,
growth and yield of sweet pepper varieties as affected by alternative covers under plastic tunnel
conditions. International Journal of ChemTech Research, 8(9): 149-161.

Elmoghazy, M.M., El-Saiedy, E.M. & Romeih, A.H. (2011) Integrated control of the two spotted
spider mite Tetranychus urticae Koch (Tetranychidae) on faba bean Vicia faba (L.) in an open
field at Behaira Governorate, Egypt. International Journal of Environmental Science Engineer-
ing, 2: 93-100.

El-Saiedy, E.M. & Fahim, S.F. (2021) Evaluation of two predatory mites and acaricide to suppress
Tetranychus urticae (Acari: Tetranychidae) on strawberry. Bulletin of the National Research
Centre, 45: 97. DOI: 10.1186/s42269-021-00558-2

Fan, Y. & Petitt, F.L. (1994) Dispersal of the broad mite, Polyphagotarsonemus latus (Acari:
Tarsonemidae) on Bemisia argentifolii (Homoptera: Aleyrodidae). Experimental and Applied
Acarology, 22: 411-415. DOI: 10.1023/A:1006045911286

Farazmand, A., Fathipour, Y. & Kamali, K. (2012) Functional response and mutual interference of
Neoseiulus californicus and Typhlodromus bagdasarjani (Acari: Phytoseiidae) on Tetranychus
urticae (Acari: Tetranychidae). International Journal of Acarology, 38: 369-376.

Gerling, D. (1990) Natural enemies of whiteflies: Predators and parasitoids In: Gerling, D. (Ed.),
Whiteflies: Their Bionomics, Pest Status and Management. Intercept, Andover, UK, pp. 147—
185.

PREDATORY MITES AND ACARICIDES AGAINST SOME PESTS ON SWEET PEPPERS


http://dx.doi.org/10.1111/j.1570-7458.2009.00896.x
https://doi.org/10.1007/s10526-010-9319-5
https://doi.org/10.1007/s10526-010-9319-5
https://doi.org/10.1186/s41938-020-00226-z
https://doi.org/10.1186/s41938-020-00226-z
https://doi.org/10.1186/s42269021005582
https://doi.org/10.1023/A:1006045911286

332 ELHALAWANY ET AL. 2024

Gerson, U. (1992) Biology and control of the broad mite, Polyphagotarsonemus latus (Banks)
(Acari, Tarsonemidae). Experimental and Applied Acarology, 13: 163-178. DOI: 10.1007/BFO
1194934

Hajiganbar, H. & Farazmand, A. (2021) Biological control by mites in Iran. In: Karimi, J. &
Madadi, H. (Eds.), Biological control of insect and mite pests in Iran, pp. 89-141.

Hasan, I., Rasul, S., Malik, T.H., Qureshi, M.K., Aslam, K., Shabir, G., Athar, H. & Manzoor, H.
(2019) Present status of cotton leaf curl virus disease (CLCUVD): A major threat to cotton
production. International Journal of Cotton Research and Technology, 1: 1-13.

Henderson, C. & Tilton, E. (1955) Test with acaricides against the brown wheat mite. Journal of
Economic Entomology, 84: 157-161. DOI: 10.1093/jee/48.2.157

Hoddle, M.S., Robinson, L. & Virzi, J. (2000) Biological control of Oligonychus perseae (Acari:
Tetranychidae) on avocado: Ill. Evaluating the efficacy of varying release rates and release
frequency of Neoseiulus californicus (Acari: Phytoseiidae). International Journal of Acarology,
26(3): 203-214. DOI: 10.1080/01647950008684190

Howard, L.R., Talcott, S.T., Brenes, C.H. & Villalon, B. (2000) Changes in phytochemical and
antioxidant activity of selected pepper varietys (Capsicum species) as influenced by maturity.
Journal of Agricultural and Food Chemistry, 48: 1713-1720. DOI: 10.1021/jf990916t

Ibrahim, M.M. (2017) Population density of piercing-sucking pests and their associated natural
enemies on pepper, Capsicum annuum L. plants under greenhouse condition at Ismailia
governorate, Egypt. Journal of Plant Protection and Pathology, Mansoura University, 8(9):
451-458. DOI: 10.21608/jppp.2017.46376

Ibrahim, G.A., Metwally, A.M., Elhalawany, A.S. & El-Sayed, K.M. (2010) Evaluating the
efficiency of different levels of Neoseiulus californicus (McGregor) released for controlling the
spider mite Tetranychus urticae Koch and European red mite Panonychus ulmi Koch on young
apple trees. Egyptian Journal of Agricultural Research, 88(2): 451-463. DOI: 10.21608/EJAR.
2010.186972

Jovicich, E., Cantliffe, D.J., Osborne, L.S., Stoffella, P.J. & Simonne, E.H. (2009) Release of
Neoseiulus californicus on pepper transplants to protect greenhouse-grown crops from early
broad mite (Polyphagotarsonemus latus) infestations. In: Mason, P.G. & David, R. (Eds.),
Proceedings of the Third International Symposium on Biological Control of Arthropods.
Christchurch, New Zealand, pp. 347-353. DOI: 10.1007/s10493-010-9343-2

McMurtry, J.A., Moraes, G.J. de & Sourassou, N.F. (2013) Revision of the lifestyles of phytoseiid
mites (Acari: Phytoseiidae) and implications for biological control strategies. Systematic and
Applied Acarology, 18: 297-320. DOI: 10.11158/saa.18.4.1

Migeon, A. & Dorkeld, F. (2023) Spider mites web: a comprehensive database for the
Tetranychidae. Available from: http://www1.montpellier.inra.fr/CBGP/spmweb.

Monteiro, L.B., Doll, A. & Boeing, L.F. (2008) Effect of Neoseiulus californicus McGregor (Acari:
Phytoseiidae) density of on the control of red mite in apple trees. Revista Brasileira de
Fruticultura, 30(4): 902-906.

Perera, M.T. & Senanayake, N. (2023) Management of whiteflies (Bemisia tabaci (Gennadius)
using Amblyseius swirskii Athias-Henriot (swirski-mite) in chilli crop. Tropical Agricultural
Research and Extension, 26(1): 74-79. DOI: 10.4038/tare.v26i1.5623

Rhodes, E.M. & Liburd, O.E. (2006) Evaluation of predatory mites and acramite for control of two
spotted spider mites in strawberries in North Central Florida. Journal of Economic Entomology,
99(4): 1291-1298. DOI: 10.1603/0022-0493-99.4.1291

PREDATORY MITES AND ACARICIDES AGAINST SOME PESTS ON SWEET PEPPERS


https://doi.org/10.1007/BF01194934
https://doi.org/10.1007/BF01194934
https://doi.org/10.1093/jee/48.2.157
https://doi.org/10.1080/01647950008684190
https://doi.org/10.1021/jf990916t
http://dx.doi.org/10.21608/jppp.2017.46376
https://doi.org/10.21608/EJAR.2010.186972
https://doi.org/10.21608/EJAR.2010.186972
https://doi.org/10.1007/s10493-010-9343-2
https://doi.org/10.11158/saa.18.4.1
http://doi.org/10.4038/tare.v26i1.5623
https://doi.org/10.1603/0022-0493-99.4.1291

2024 PERSIAN JOURNAL OF ACAROLOGY 333

Sanad, A.S. & Hassan, G.M. (2019) Controlling the western flower thrips, Frankliniella
occidentalis (Pergande) (Thysanoptera: Thripidae) by releasing the predatory phytoseiid mites
and pesticides on pepper in a greenhouse. Egyptian Journal of Biological Pest Control, 29: 95.
DOI: 10.1186/s41938-019-0186-9

SAS Institute (2003) SAS Statistics and graphics guide, release 9.1.3. SAS Institute, Cary, North
Carolina 27513, USA.

Shehawy, A.A., Maklad, A.M.H., Ismail, G.H. & EIl Saiedy, E.M. (2021) Predacious effect of some
predatory mites on Thrips tabaci Lindeman (Thysanoptera: Thripidae) infesting Rogina tomato
hybrid. African Entomology, 29(1): 212-223. DOI: 10.4001/003.029.0212

van Maanen, R., Vila, E., Sabelis, M.\W. & Janssen, A. (2010) Biological control of broad mites
(Polyphagotarsonemus latus) with the generalist predator Amblyseius swirskii. Experimental
and Applied Acarology, 52: 29-34. DOI: 10.1007/s10493-010-9343-2

Warabieda, W. (2015) Effect of two-spotted spider mite population (Tetranychus urticae Koch) on
growth parameters and yield of the summer apple cv. Katja. Horticultural Science (Prague),
42(4): 167-175. DOI: 10.17221/259/2014-HORTSCI

Weintraub, P.G., Kleitman, S., Mori, R., Shapira, N. & Palevsky, E. (2003) Control of broad mite
(Polyphagotarsonemus latus (Banks)) on organic greenhouse sweet peppers (Capsicum
annuum L.) with the predatory mite, Neoseiulus cucumeris (Oudemans). Biological Control,
27: 300-309. DOI: 10.1016/S1049-9644(03)00069-0

Yang, X.M., Lou, H., Sun, J.T., Zhu, Y.M., Xue, X.X. & Hong, X.Y. (2015) Temporal genetic
dynamics of an invasive species, Frankliniella occidentalis (Pergande), in an early phase of
establishment. Scientific Reports, 5: 11877. DOI: 10.1038/srep1187

Yari, S., Hajiganbar, H., Farazmand, A., Fathipour, Y. & Rashed, R. (2023) Assessment of
Neoseiulus cucumeris at different release rates in control of Frankliniella occidentalis on rose
plant under some factors. Systematic and Applied Acarology, 28(3): 607-618.

COPYRIGHT

Elhalawany et al. Persian Journal of Acarology is under a free license. This open-access article is
distributed under the terms of the Creative Commons-BY-NC-ND which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original author and source are credited.

PREDATORY MITES AND ACARICIDES AGAINST SOME PESTS ON SWEET PEPPERS


https://doi.org/10.1186/s41938-019-0186-9
https://doi.org/10.4001/003.029.0212
https://doi.org/10.1007/s10493-010-9343-2
https://doi.org/10.17221/259/2014-HORTSCI
file:///D:/Dropbox/PJA/Vol.%2013,%20No.%202/10.2023.10.26,%20Elhalawany%20et%20al/Downloads/%20https:/doi.org/10.1016/S1049-9644(03)00069-0
https://doi.org/10.1038/srep11877

334 ELHALAWANY ET AL. 2024
la isas 4 (Acari: Phytoseiidae) Neoseiulus californicus (Amblyseius swirskii
LaaldS s adds JJMQBT R d RS 5

" e Loy el 5 el ealid ant Taald e (B B saw 320

LAalll) s o o S0 (sS4 o o S jalS Slidon o v e Ol (slaa S ST o
ashrafelhalawany@arc.sci.eg dr_ashraf_said@yahoo.com

Laaolill) o cojmm o S50 i 5y sliS liiioed 55 10 o SisonlS i dnjo i ol i OV pmmo 5 4y (slaass o .V
dr.asmaaredaa@gmail.com ahmedamer.aa35@gmail.com nawibrahim20@gmail.com

J‘ S”}Ja

(& &S Bemisia tabaci JLas. Frankliniella occidentalis « e 8 oy il sliSlo—ol; 4 bl e s
53 Gupes Jalb olS s Jlls s Shee mals Eeols Tetranychus urticae «slesd 5> 5,6 a5 5 Polyphagotarsonemus latus
Ol « Neoseiulus californicus s Amblyseius swirskii .53 s aS 55 iow 31 w5 (Ghass ool 5l OBl 55 s alslS
3550 el e do ol gl b ESAS L aslie 55 Il glaads Jils (g5 odiSlomodsy BT (gl s sl Jolss
Jols &s v + Alswirskii - Jls &5V .S 5 5 lS/N. californicus oS &5V LS/A. swirskii Jols &5 Ve i3 S 515 e
L eobs @oobest OF JLis 4 355 (13550 ek occidentalis ; B. tabaci sls <5 Cuxax 2500 o 2i N. californicus
St 0 Ml drtns S 40 5 T ULICAE @ Mol dats iy g Hsb @ 503 (o 5,50 03, ¢ oSo 5 A3 odalie T. Urticae
Al S sl 0l s o L e SldS s (gladds il ) bl Comaxr 2alS 55 plend Sl 2 5 e ol o
oo 2 2P latus , B. tabaci . occidentalis .|, ;5> s a5 o N. californicus L s 5 ;5 b sles 4 Swirskii
s A swirskii 51z N. californicus « $,IKa &8 (ol 55 0558 Wsd oo ool QLSS Lol 15 55 oS Sl pla 2S4S 5l 5 556 el
1y odiSlomokiy BT x5 Hlge Sl o e LN californicus , A. swirskii 3 ,\<s glaas 5 5 e T. urticae i, ;5 la isas
Sles aslp opl 2 0s3 il bl ass Dl Jolse 5l eslinal b dals jles 4 o dops £0/0 BYV/E 5 Sles dion 55
Oemen 5 L ESHS 5 dald Jlas b aeglie 53 (AYV/Y=VUY 5 £0V-YON) o pcd il W5 (ol ausn 2alS o i 40 aeie e

A b mS el sulesl 5l gole el 5 Shas

VETNNTY il ) VB TINNY tiaif s Tl g i pdy 06 V0 TAME 1l s 506 calie oMb

PREDATORY MITES AND ACARICIDES AGAINST SOME PESTS ON SWEET PEPPERS
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