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Abstract

that attack many agriculture insect pests.

Background Macrolophus caliginosus Wagner is one of the most important polyphagous predatory mirid bug

Methods The present study was carried out to show the effect of different prey stages as Tuta absoluta (eggs

and fourth larval stage), Bemisia tabaci (eggs and three nymph stages) and Aphids gossypii (1st nymph stage)

on the life cycle and consumption rate of male and females of M. caliginosus as predator under laboratory condition.
The experiments were started by collecting the first stage of M. caliginosus nymph and placed separately on acalypha
plants situated on saturated cotton pads inside Petri dishes with an excess of each prey.

Results The results showed that the developmental period of the total immature stages of M. caliginosus female
are affected by type and stage of tested prey. So, the duration of larval stages of female was significantly recorded
the longest in case of feeding on eggs of T. absoluta compare to 1st nymph of A. gossypii. In addition to extension
the adult longevity of female M. caliginosus, which fed on the 1st nymphal instar of B. tabaci more than the other
pests. The consumption rate of total immature stages and adult M. caliginosus female were fed on eggs of B. tabaci
was more than the other test pests. While the consumption rate of total immature stages and adult of male M. caligi-
nosus were fed on eggs of B. tabaci was higher than that of the other pests.

Conclusions The search was given the highlight focus on ability of mirid bugs to consume different insect species
“stages” that might be facilitate rear predatory bugs under laboratory condition.
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Background

Leaf bugs belong to the family Miridae, order Hemiptera
are classified as omnivorous insects which had the ability
to disperse, persist and colonize new habitats (Messelink
et al. 2014; Salas et al. 2017). These types of bugs had a
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wide range of food sources, such as pollen, nectar or
other plant material of cultivated and wild origin rather
than insect pests. However, the benefits of controlling
pest species may be counteracted by the economic dam-
age they may cause as herbivores (Castaiié, et al. 2011;
Urbaneja et al. 2019; Pérez-Hedo et al. 2017).

Recently, the use of these insects in biological control
programs against sucker insects and small larvae of Lepi-
doptera among other horticultural pests has increased
and around 20 species are currently commercialized (van
Lenteren et al. 2018).
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Macrolophus caliginosus Wagner is one of the most
important polyphagous predatory mirid bugs, which
attack many insect pests, especially whiteflies, aphids,
and thrips which infested vegetable plants under green-
houses. In last decade, Integrated Pest Management
(IPM) in tomato was focused on using mirid bugs in
decreasing harmful insect population especially under
green house and considered it promising predator
(Albajes and Alomar 1999).

In Egypt, the tomato crop is considered one of the most
economic export crop which was recorded as second
of the most important tomato producers in the world
(WPTC 2019). The most of tomato production is lost due
to severe damages caused by destructive pests and dis-
eases (Khalil 2013). Since the tomato is infected by many
pests, including sap-sucking pests and Tomato leaf miner
(TLM), T absoluta caused a reduction in the quality and
quantity of the crop product (Alston 2007; EPPO 2008,
2009; Desenex et al. 2011; FERA 2009; Sabbour 2014).

In Egypt, T. absoluta was recently considered a key
insect pest on tomato plants, both in greenhouses and
open-fields. Damage is caused by larval tunneling and
they can penetrate young stems and fruits which finally
result in the loss of over 80% of fruits (Desneux et al.
2011). The whitefly Bemisia tabaci and Aphids gossypii
is a notorious devastating sap-sucking insect pest that
causes substantial crop damage and yield losses. Glob-
ally they cause severe damage to the agriculture crops
estimated to be at least $470 billion per annum (Gurr and
You 2016).

The objectives of the present work are studied the role
of different pests’ stage of T. absoluta, B. tabaci and A.
gossypii as preys on development of M. caliginosus under
laboratory conditions. From the perusal of studies; it seen
that this is the first report from Egypt on the suitability of
various pest insect species as prey for the Egyptian strain
of M. caliginosus.

Methods

Rearing of tested prey

The experiment was started by raring and maintained the
tested preys under laboratory conditions as follows:

Tuta absoluta

A laboratory colony of T. absoluta was established from
larvae and pupae collected from a tomato crop located
at Berncht, Al-Ayat Giza province, Egypt. The labora-
tory colony was kept under controlled conditions: tem-
perature (25+0.5 °C), photoperiod (12 h L: 12 h D) and
relative humidity (65+5%) in a wooden entomological
cage (50x30x30 cm?) covered with fine mesh (Silva
et al. 2011). The larvae were provided with fresh tomato
leaves until pupate and adult emerged. The emerging
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adults were collected by aspirator to be placed in another
glass cage (20x 10x20 cm®) which contain pots of fresh
tomato plant). A piece of cotton saturated with sugar
solution was placed inside the cage as a food source for
adults. Daily, deposited eggs were collected and counted
under a stereoscopic binocular microscope. A part of the
eggs was placed on tomato leaflets to be subsequently
used in experiments. The other eggs were put on fresh
tomato leaves which were placed on wet cotton pieces
at petri-dish (30 cm) to obtain newly hatched larvae
(1st instar larvae). After hatching the larvae go through
four instars, which completed in about 20 days, i.e., each
instar spends 4—5 days to transfer to other one under lab-
oratory condition (Attwa et al. 2015; El-Shafie 2020).

Bemisia tabaci and Aphis gossypii

A laboratory colony of B. tabaci and A. gossypii were
established with immature stages which collected from
leaves of tomato plants and were placed in a separate
wooden cage containing pots of tomato plants. In the
case of B. tabaci cage will continue until adults emerge
and then female will deposited eggs in the fresh tomato
plant. The next day the plants were taken out of cages
and eggs placed on tomato leaflets to use in experiment,
eggs are white when first laid, and become brown prior
to hatching (eggs hatched in 5 days) to the first nymphal
stage which is called crawlers. After 5 days it develops to
the third nymphal instars which use in the experiment
(Lutfi et al. 2019). On other cage containing Aphids cul-
ture, the 1st nymphal instar were collected to use in the
test (Gavkare and Gupta 2013).

Predator rearing

Females and males of M. caliginosus were collected from
field and placed individually inside plastic vials with
soaked cotton plugs and covered with toll. One day later,
cotton plugs were removed and then the adults placed
inside a cage (30x50x30 cm?®) that contained tomato
plants infested with various stages of T. absoluta (eggs
and larvae) for two days. The female of M. caligino-
sus oviposit in the tissue of leaf, vein or stalk of tomato
plants. For this reason, after 48 h plants cut into small
parts and the pieces were placed on acalypha plants situ-
ated on saturated cotton pads inside Petri dishes (10 cm
in Diameter) for 5-6 days until the first newly hatched
nymphs emerged.

Influence of diets on the development, adult longevity

and consumption rates of females and males of M.
caliginosus

Leaf discs of Acalypha (Acalypha hispida) (3 cm) were
put on a cotton pad (5 cm) soaked in distilled water in a
petri-dish (10 cm), the margin of each disc was covered
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with water to force the insect to stay on the leaf disc.
Water was added daily to the petri-dishes to maintain the
cotton soaked.

A total of 30 newly nymphal instars of M. caligino-
sus/prey considered for each food item (7. absoluta, B.
tabaci, and A. gossypii) were transferred singly to each
leaf plants. Each 1st nymphal stage and subsequent life
—stages were provided with surplus amounts of each
food item in the following amounts: 30-35 eggs; 25—30
1st larval instars; 15-20 2nd larval instars; 10-15 3rd
and 4th larval instars of T. absoluta 0.50—-100 eggs; 20—40
1st nymphal; 10-30 4th nymphal of B. tabaci. 5-15 1st
nymphal instar of A. gossypii (more than that consumed
daily). Food was replenished every other day. Develop-
mental times and consumption rates were observed every
12 h. Observation was extended also for females or males
till all individuals died.

Statistical analysis

Data on the developmental period and consumption
rates of the females and males per each prey and then
per all prey were analyzed by one-way ANOVA (Howell
2008). The means were compared by Tukey HSD at a 5%
probability level.
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Results

Influence of different prey stages on the development

and consumption rates of the females and males of M.
caliginosus.

The developmental period of the total immature stages
of M. caliginosus female was significantly the longest
(28.2+0.1 day) when fed on eggs of T. absoluta compared
to its’ feeding on its’3rd larval stage (18.46+0.1 day)
or/and to 1st nymph of A. gossypii was 20.1+0.3 days
(Table 1).

While the adult longevity of female M. caliginosus was
significantly the longest (24.0+0.3 day) when fed on 1st
nymphal instar of B. tabaci compared to its’ 3rd instar
was 19.5+0.3 day or/and 1st nymph of A. gossypii was
19.2+0.6 days.

On the other hand, the consumption rates of their
nymph stage were significantly recorded as the highest
when feeding on eggs of B. tabaci. (564 +0.1 prey/day)
compared to 1st aphid nymph was 43.2+0.1 prey/day
(Table 2). In addition of the highest consumption rate
to prey from adult females was recorded on eggs of B.
tabaci (715 + 3.9 prey/day) compared to 1st aphid nymph
was 61.3 1.6 prey/day. The lowest consumption rate to
nymph stages and adults was recorded on the 3rd or 4th
larvae of T. absoluta (20.07 £0.3 and 38.3 + 1.3 prey/day).

Table 1 Mean developmental period of Macrolophus caliginosus female fed on various stages of Tuta absoluta, Bemisia tabaci and

Aphis gossypii
Prey Developmental stages
1st Nymphal 2nd Nymphal  3rd Nymphal 4th Nymphal 5th Nymphal Developmental Adult longevity
instar instar instar instar instar period of total
immature
Tuta absoluta
Egg 33+0.12bD 3.8+0.14aC 37+0.11aE 37+0.11aE 48+0.17 cC 282+0.1aC 222404 bD
1st Larvae 25+0.13bD 3.0+0.00aC 24+0.13 bE 2.7+0.13 bE 25+0.13 bA 21.06+0.1 bC 17.7+0.2bD
2nd Larvae 35+0.13aC 35+0.13aD 4.07+0.16 cE 4.07+0.16 cC 42+0.16 cC 2728+0.1 ak 20.0+04 cE
3rd and 4th 34+0.14aC 23+0.13 bE 32+0.12aD 32+0.12ak 3.0+04aC 1846+0.1 cB 146+0.18 dF
Larvae
ANOVA F=125P=000 F=304P=000 F=297P=000 F=298P=000 F=390P=000 F=600P=000 F=81.0P=0.00
dfys6 dfys6 dfys6 dfys6 dfyse dfss6 dfyse
Bemisia tabaci
Egg 39+0.17 aA 36+0.19aA 3.7+0.15aC 434021 bB 45+40.16 bD 20.0+£0.1aB 23£05aA
st Nymph 37+0.15bB 36+0.15bC 40+0.16 aC 46+0.13 aA 54+0.13aA 214+02aA 240£03cC
3rd Nymph 35+0.15bB 36+0.18aD 42+0.17 aC 40£0.19 aA 4.1+£0.11bB 19.6+0.1aA 19.5+03 bB
ANOVA F=14P=00259 F=0044 F=227P=0.119 F=244P=0.102 F=266P=000 F=390P=000 F=451P=0.00
dfy36 P=0957 df, 3 df) s df) 6 dfy 36 dfy 36 df) s
Aphis gossypii st 3.65+0.17 B 37+£023A 33+£033A 36+0.26 A 44+0.17D 20.1+£0.32A 19.2+062 8B
nymph
ANOVA(all prey) F=475P=000 F=39.09P=000 F=472P=000 F=3641P=000 F=5407P=000 F=15407 F=47327 P=0.00
f7.124 df7.124 df7124 df7.124 df7.]24 P=0.00 df7.124 df7.124

Means (+ SE) within a column in small letter (between various stage in each prey tested) and with the capital letter (between all prey tested) followed by the same
letter are not significantly different
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Table 2 Mean consumption rate of Macrolophus caliginosus female fed on various stages of Tuta absoluta, Bemisia tabaci and Aphis

gossypii
Prey Consumption rate of (prey/day)
1st Nymphal 2nd Nymphal  3rd Nymphal 4th Nymphal 5th Nymphal Total Adult
instar instar instar instar instar consumption
Tuta absoluta
Egg 346+1.12aB 51.0+1.29aB 43.6+152 aF 443+1.08 aB 539+1.13aB 227.7+0.1 aB 503.6+6.7 aB
1st Larvae 70+033bD 79+02bD 7.0+0.2 bE 8.2+0.36 bF 9.7+0.5bD 39.66+0.3 bG 764+2.1 bE
2nd Larvae 6.0+0.26 bD 72+04bD 6.07+0.3 bE 8.7+0.22 bF 75+0.2aD 358+0.5cG 52.5+09cF
3rd and 4th 23+0.14fC 26+0.2 bC 43+024bB 53+0.18 bG 56+05cD 20.07+03 dH 383+1.3¢cG
Larvae
ANOVA F=5642P=000 F=9834P=000 F=497.09 F=926.16 F=1042 P=0.188 F=1033P=0.158 F=3541P=0.00
dfss6 dfss6 P=0.00 df; 5 P=0.00 df; 56 dfss6 dfss6 dfss6
Bemisia tabaci
Egg 557+23aA 953+2.5aA 1026+23 aA 1153427 aA 1955+3.6aA 564+0.1 cA 715+3.9aA
1st Nymph 15.0+0.9 bC 11.2+0.81 bD 12.7+05bD 223+1.1bD 417+2.1bB 102+0.2 bD 335.7+7.1bC
3rd Nymph 9.2+03cD 12.0+£0.65 bD 14.0+£0.3bD 157406 cF 244406 bC 74.5+0.3cE 194.5+29cD
ANOVA F=337 P=0.00 F=1130P=0.00 F=1713P=000 F=11126 F=1500P=0.00 F=1700P=0.00 F=1978P=0.00
dfz6 dfy 36 dfy s P=0.00 df, 3 dfyz6 df s df s
Aphis gossypii 1st  4.7+0.21 D 6.3+0.21D 8.7+0.26D 10+023E 134+03C 432+0.1F 613+16E
nymph
ANOVA(all prey) F=289.6 P=0.00 F=3533P=000 F=670P=0.00 F=6889 P=0.00 F=23852 F=53852 F=1798 P=0.00
dfy 124 dfy 124 dfs 104 dfy 124 P=0.00df;;5, P=0.00 df; 4 df7 124

Means (+ SE) within a column in small letter (between various stage in each prey tested) and with the capital letter (between all prey tested) followed by the same

letter are not significantly different

Table 3 illustrates that the developmental period of
total immature stages and adult of M. caliginosus male
were noticeably significantly the longest in case of fed on
1st nymph B. tabaci (20.9+0.3 and 21.1+0.4 day) com-
pared to 1st nymph of aphids was 18.4+ 0.3 and 19.2 days.

On the other side, the consumption rates of the nymph
stages was significantly recorded as highest one when
feeding on eggs of B. tabaci (571.7 prey/day) compared
to 1st nymph of aphids was recorded at 51.5 prey/day
(Table 4).

Discussion
The present study indicated that the polyphagous M.
Caliginosus successfully preyed upon various stages of
different preys: T. absoluta, B. tabaci and A. gossypii on
tomato plants and their developmental period and con-
sumption rate were affected by prey instars under labora-
tory conditions. Similar to the present results, Urbaneja
et al. (2009) which studied the prey suitability of T. abso-
luta, eggs and larval instars under laboratory conditions
to Macrolophus pygmaeus (Rambur) and N. tenuis Reuter
in Spain. They found that both predators preyed actively
on T. absoluta eggs and all larval stages, especially first-
instar larvae.

Furthermore, Castane et al. (2004) noticed that the
establishment population of mirid bugs in majority of
greenhouses which was prevented treatment crops by

chemical insecticide and that caused increased pupal
mortality of white fly more than other predators in a
survey.

Olivier et al. (2006) studied the predation choices
of different M. caliginosus stages toward various devel-
opmental stages (eggs and nymphs) of whitefly B. tabaci.
They found that M. caliginosus preferred older nymphs of
B. tabaci than any other stages.

Mohd et al. (2009) indicated that M. caliginosus adults
could be fed on all immature stages of the greenhouse
whitefly, Trialeurodes vaporariorum without significant
variation noticed in their consumption rate.

Generally, many authors recorded that the polyphagous
mirid bugs prefers to feed on different kinds of prey as
white fly (Lykouressis et al. 2009), or aphids (Perdikis and
Lykouressis 2002) or/and moths such as T. absoluta (De
Backer et al. 2014).

Calvo et al. (2012) and Pérez-Hedo and Urbaneja
(2015), indicated that the mirid predator Macrolophus
pyamaeus proved to be efficient predators against B.
tabaci and T. absoluta in tomato fields.

Recently, integrated Pest Management (IPM) in toma-
toes was interested by encouraging the researcher to
develop Miridae bugs to increase the density of preda-
tors to overcome tomato white fly and other insect pest
populations below the economic threshold (Mohd et al.
2009). The role of generalist natural enemies in biological
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Table 3 Mean developmental period of Macrolophus caliginosus male fed on various stages of Tuta absoluta, Bemisia tabaci and Aphis

gossypii
Prey Developmental stages
1st Nymphal 2nd Nymphal  3rd Nymphal 4th Nymphal 5th Nymphal Total duration  Adult longevity
instar instar instar instar instar period of
immature stage
Tuta absoluta
Egg 29402 bC 25+0.15bD 26+0.18 bC 4.1+0.16aC 35+0.15aD 15.75+0.2 aD 15.5+03bD
1st Larvae 24+0.16 bE 34+0.16 aE 25+02cD 26+02bC 24+0.22 aF 13.3+03 bE 14.1+03aD
2nd Larvae 32+02aC 30+033aE 30+£02cD 35+0.17aD 34+0.17 aD 16.2+0.5 aD 18.0+£04 bD
3rd and 4th 33+0.18aC 2.5+0.19aC 33+0.14aC 33+0.14 aE 3.0+£0.24 aE 154+02aD 13.3£04 bD
Larvae
ANOVA F=403P=000 F=393P=000 F=188P=000 F=136P=000 F=59P=0.00 F=192P=000 F=232P=0.00
dfse dfss, dfsa dfs dfse dfse dfs
Bemisia tabaci
Egg 35+0.15aA 3.6+0.15aA 36+0.15aB 39+0.2bC 3.7+0.19 aBC 184402 aB 19.6+04 aA
1st Nymph 407+0.17 bB 36+0.2 bb 40+02aB 46+0.18 aA 45+0.14aB 209+03aB 21.1+£04 cC
3rd Nymph 35+0.15bB 39+0.16 bb 42+0.16aB 4.0+0.16 bB 4.0+0.19aC 19.63+0.3 aC 17.9+03 bB
ANOVA F=355P=000 F=040P=0000 F=1532P=000 F=3.5P=0.00 F=579P=000 F=1089P=000 F=1589P=0.00
de 36 df2 36 df2.36 df2.36 df236 df236 df2,36
Aphis gossypii 1st  345+0.2 B 37+03A 327+£02A 36+03 AB 43+06CD 1845+03 A 19.27+038B
nymph
ANOVA (all prey) F=375P=000 F=29.09P=000 F=372P=000 F=2641P=000 F=6407P=000 F=124.07 F=463.27 P=0.00
df7104 df7‘104 df7.104 df7.104 df7.104 P=0.00 df7.104 df7.104

Means (+ SE) within a column in small letter (between various stage in each prey tested) and with the capital letter (between all prey tested) followed by the same
letter are not significantly different

Table 4 Mean consumption rate of Macrolophus caliginosus male fed on various stages of Tuta absoluta,Bemisia tabaci and Aphis

gossypii
Prey Consumption rate of (prey/day)
1st Nymphal 2nd Nymphal  3rd Nymphal 4th Nymphal 5th Nymphal Total Adult
instar instar instar instar instar consumption
Tuta absoluta
Egg 320+1.32bC 42.1£1.09bD 39.4+0.01 bC 422+06aD 50.1+1.7aD 206+1.5aD 433.1+£53aB
1st larvae 6.1+0.3 bE 84+045 aC 59+023cD 78+0.3 bE 8.2+0.6 bF 364+0.5 bE 580124 bG
2nd larvae 53+04aC 6.2+0.32 aC 474027 cD 7.1+£04aD 64+03aD 29.8+13bE 47.7+15¢G
3rd and 4th 27+02aC 29+0.22 aE 4.2+0.27 aC 51+02aD 6.5+0.3 ak 2158+24cE 306+1.2bG
larvae
ANOVA F=329P=000 F=7904P=000 F=860P=000 F=1742P=0.00 F=458P=0.004 F=2616 F=3616 P=0.002
df3 42 df3 42 df3v42 df3 42 df3 42 P=0.002 df3.42 df3v42
Bemisia tabaci
Egg 50.9+0.7 aA 81.18+24 aA 97.8+2.1 aA 105.18+2.5aA 175.6+3.2aA 510£2.3aA 571.7+103 aA
st Nymph 14.1+0.9 bc 9.0£03bD 11.0£0.5 bD 20.0+£1.02 bD 333+0.7 bD 87.53+35bC 246.9+93 aC
3rd Nymph 6.9+02cD 9.7+03 bD 13.1£04 bD 16.6+£0.6 bD 228+0.5bD 69.27+22bD 1405+1.8cD
ANOVA F=8733P=000 F=8952 F=1535.15 F=9987P=0.00 F=2025P=054 F=1697P=000 F=697P=0.00
dfy34 P=0.000 df, 34 P=0.20 df, 3 dfy34 dfy34 dfy34 dfyza
Aphis gossypii 1st  45+0.5D 53+06D 7.£609D 102+09¢E 11.1+£01D 39.18+24E 515+13E
nymph
ANOVA(all prey)  F=425P=000 F=49.09P=000 F=572P=000 F=6641P=000 F=7407P=000 F=13407 F=563.27 P=0.00
f7.104 df7.]04 df7.104 df7.]04 df7.]04 p=0.00 df7.]04 df7.104

Means (+ SE) within a column in small letter (between various stage in each prey tested) and with the capital letter (between all prey tested) followed by the same
letter are not significantly different
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control was increased attention to (Symondson et al.
2002; Janssen and Sabelis 2015).They caused researchers
to look more toward generalist predatory bugs instead
of specialists to control aphids. Ongoing researches
were focused on several predatory bugs that recorded
effectiveness in aphid control in sweet pepper and mirid
bugs proved to be better suited for this than anthocorid
bugs, with Macrolophus pygmaeus Rambur (Heterop-
tera: Miridae) and N. tenuis showing very promising
results (Perdikis and Lykouressis 2004; Messelink et al.
2011; Messelink and Janssen 2014; De Backer et al. 2015;
Messelink et al. 2015; Pérez-Hedo and Urbaneja 2015;
Bouagga et al. 2018).

Conclusions

The present research results demonstrated that the M.
caliginosus female’s developmental period was signifi-
cantly longer when fed on the first nymphal instar of B.
tabaci than the other pest eggs and consumed eggs of B.
tabaci more than the other pests, and the male’s develop-
mental period was significantly longer when fed on the
first nymphal instar of B. tabaci than the other pests and
consumed 1st nymphal instar of B. tabaci more than the
other pests. These predators might be employed in the
future as biological control agents in greenhouses or in-
filled tomato green house as part of an integrated pest
management (IPM) program.

Acknowledgements
Many thanks to The National Research Centre for experimental facilities during
this work.

Author contributions

This work was carried out in collaboration between all authors. HES involved
in writing review and editing, writing methodology, formal analysis, data cura-
tion, and conceptualization. IMA involved in conceptualization, methodology,
investigation, validation, formal analysis, data curation, writing review and
editing, and writing original draft. SSM involved in resources, conceptualiza-
tion, investigation, methodology, supervision, writing original draft, and writ-
ing review and editing. All authors have read and approved the manuscript.

Funding
This work was supported by National research center.

Availability of data and materials
All data are available in the article and the materials used in this work are of
high quality and grade.

Declarations

Ethics approval and consent to participate
The manuscript does not contain studies involving human participants or
human data.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interest.

Page 6 of 7

Received: 25 January 2024 Accepted: 17 May 2024
Published online: 28 May 2024

References

Albajes R, Alomar O (1999) Current and potential used of polyphagous preda-
tors. In: Integrated pest and disease management in greenhouse crops.
Kluwer Academic Publisher, Dordrecht, pp 265-275

Alston D (2007) Insect pests in greenhouse and nursery crops. In: Utah State
University extension Utah green conference January, vol 22, no. 200

Attwa WA, Omar NA, Ebadah IMA, Wahab AE, Moawad TE, Hanaa SM, Sadek E
(2015) Life table parameters of the tomato leaf miner, Tuta absoluta (Mey-
rick) and Potato tuber moth Phthorimaea operculella Zeller (Lepidoptera:
Gelechiidae) on tomato plants in Egypt. Agric Sci Res J 5(1):1-5

Bouagga S, Urbaneja A, Pérez-Hedo M (2018) Combined use of predatory
mirids with Amblyseius swirskii (Acari: Phytoseiidae) to enhance pest
management in sweet pepper. J Econ Entomol 111:1112-1120

Calvo FJ, Lorente MJ, Stansly PA, Belda JE (2012) Preplant release of Nesidiocoris
tenuis and supplementary tactics for control of Tuta absoluta and Bemisa
tabaci in greenhouse tomato. Entomol Exp Appl 143:111-119

Castane C, Alomar O, Goula M, Gabarra R (2004) Colonization of tomato
greenhouses by the predatory mirid bugs Macrolophus caliginosus and
Dicyphus tamaninii. Department de Biologia animal, Spain. Sci Direct Biol
Control 30:591-597

Castané C, Arné J, Gabarra R, Alomar O (2011) Plant damage to vegetable
crops by zoophytophagous mirid predators. Biol Control 59:22-29

De Backer L, Megido RC, Haubruge E, Verheggen FJ (2014) Macrolophus
pygmaeus (Rambur) as an efficient predator of the tomato leaf miner
Tuta absoluta (Meyrick) in Europe: a review. Biotechnol Agron Soc Environ
18(4):536-543

De Backer L, Wackers F, Francis F, Verheggen F (2015) Predation of the peach
aphid Myzus persicae by the mirid predator Macrolophus pygmaeus on
sweet peppers: effect of prey and predator density. Insects 6:514-523

Desneux N, Luna MG, Guillemaud T, Urbaneja A (2011) The invasive South
American tomato pinworm, Tuta absoluta, continues to spread in Afro-
Eurasia and beyond: the new threat to tomato world production. J Pest
Sci 84:403-408. https://doi.org/10.1007/510340-011-0398-6

El-Shafie HAF (2020) Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae): an
invasive insect pest threatening the world tomato production. In: Inva-
sive species book, pp 1-16. https://doi.org/10.5772/intechopen.93390

EPPO (2008) Additional information provided by Spain on EPPOA1 pest. EPPO
reporting service (ESTa/2008-01)

EPPO (2009) First report of Tuta absoluta in France. In: EPPO reporting service
2009/003

FERA (2009) The first outbreak of the South American tomato moth Tuta
absoluta in the UK. http://www.fera.defra.gov.uk

Gavkare O, Gupta S (2013) An improved method for rearing green peach
aphid Myzus persicae (Sulzer). Internat J Plant Protec 6(2):492-493

Gurr GM, You M (2016) Conservation biological control of pests in the molecu-
lar era: new opportunities to address old constraints. Frontiers in Front.
Plant Sci 6:1255. https://doi.org/10.3389/fpls.2015.01255

Howell DC (2008) Fundamental statistics for the behavioral sciences, 6th edn.
Thomson Wadsworth, Belmont, pp 1-5

Janssen A, Sabelis MW (2015) Alternative food and biological control by gener-
alist predatory mites: the case of Amblyseius swirskii. Exp Appl Acarol
65:413-418

Khalil SM (2013) Abamectin and Azadirachtin as eco-friendly promising bio-
rational tools in integrated nematodes management programs. J Plant
Pathol Microb 4(4):1-7. https://doi.org/10.4172/2157-7471.1000174

Lutfi M, Hidayat P, Maryana N (2019) Correlation between epidermis thickness,
leaf trichome length and density with the whitefly Bemisia tabaci popula-
tion on five local soybean cultivars. J Perlindungan Tanaman Indones
23(1):23-31. https://doi.org/10.22146/jpti.34498

Lykouressis DP, Perdikis DC, Konstantinou AD (2009) Predation rates of Mac-
rolophus pygmaeus (Hemiptera: Miridae) on different densities of eggs
and nymphal instars of the greenhouse whitefly Trialeurodes vaporari-
orum (Homoptera: Aleyrodidae). Entomol Gen 32(2):105-112


https://doi.org/10.1007/s10340-011-0398-6
https://doi.org/10.5772/intechopen.93390
http://www.fera.defra.gov.uk
https://doi.org/10.3389/fpls.2015.01255
https://doi.org/10.4172/2157-7471.1000174
https://doi.org/10.22146/jpti.34498

Sadek et al. Bulletin of the National Research Centre (2024) 48:59

Messelink GJ, Janssen A (2014) Increased control of thrips and aphids in green-
houses with two species of generalist predatory bugs involved in intra
guild predation. Biol Control 79:1-7

Messelink GJ, Bloemhard CM, Kok L, Janssen A (2011) Generalist predatory
bugs control aphids in sweet pepper. Integr Control Prot Crops Temper-
ate Clim 68:115-118

Messelink G, Bloemhard CMJ, Hoogerbrugge H, van Schelt J, Ingegno BL,
Tavella L (2014) Evaluation of mirid predatory bugs and release strategy
for aphid control in sweet pepper. J Appl Entomol 139(5):333-341.
https://doi.org/10.1111/jen.12170

Messelink GJ, Bloemhard CMJ, Hoogerbrugge H, van Schelt J, Ingegno BL,
Tavella L (2015) Evaluation of mirid predatory bugs and release strategy
for aphid control in sweet pepper. J Appl Entomol 139:333-341

Mohd Z, Fauziah I, Wan WAK, Che MR, Kamaruzaman J (2009) Biology of
Macrolophus caliginosus (Heteroptera: Miridae) Predator of Trialeurodes
vaporariorum (Homoptera: Aleyrodidae). Int J Biol 1(2):63-70

Olivier B, Louise C, Jacques F (2006) Feeding Preference of Macrolophus
caliginosus (Heteroptera: Miridae) on Bemisia tabaci and Trialeurodes vapo-
rariorum (Homoptera: Aleyrodidae). J Econ Entomol 99(44):1143-1151.
https://doi.org/10.1093/jee/99.4.1143

Perdikis DC, Lykouressis DP (2002) Life table and biological characteristics of
Macrolophus pygmaeus when feeding on Myzus persicae and Trialeurodes
vaporariorum. Entomol Exp Appl 102(3):261-272

Perdikis DC, Lykouressis DP (2004) Myzus persicae (Homoptera: Aphididae) as
suitable prey for Macrolophus pygmaeus (Hemiptera: Miridae) population
increase on pepper plants. Environ Entomol 33:499-505

Pérez-Hedo M, Urbaneja A (2015) Prospects for predatory mirid bugs as bio
control agents of aphids in sweet peppers. J Pest Sci 88:65-73

Pérez-Hedo M, Suay R, Alonso M, Ruocco M, Giorgini M, Poncet C, Urbaneja A
(2017) Resilience and robustness of IPM in protected horticulture in the
face of potential invasive pests. Crop Prot 97:119-127

Sabbour MM (2014) Bio control of the Tomato Pinworm Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) in Egypt. Middle East J Agric Res
3(3):499-503

Salas GNG, Pérez-Hedo M, Luna MG, Urbaneja A (2017) Intraguild predation
and competitive displacement between Nesidiocoris tenuis and Dicyphus
maroccanus, two biological control agents in tomato pests. Insect Sci
24:809-817. https://doi.org/10.1111/1744-7917.12361

Silva GA, Picanco MC, Bacci L, Crespo ALB, Rosado JF, Guedes RNC (2011) Con-
trol failure likelihood and spatial dependence of insecticide resistance in
the tomato pinworm. Tuta Absoluta Pest Manage Sci 67:913-920

Symondson WOC, Sunderland KD, Greenstone MH (2002) Can generalist
predators be effective bio control agents? Annu Rev Entomol 47:561-594

Urbaneja A, Montn H, Molla O (2009) Suitability of the tomato borer Tuta
absoluta as prey for Macrolophus pygmaeus and Nesidiocoris tenuis. J Appl
Entomol 133(4):292-296

Urbaneja-Bernat P, Bru P, Gonzalez-Cabrera J, Urbaneja A, Tena A (2019)
Reduced phytophagy in sugar-provisioned mirids. J Pest Sci
92:1139-1148

Van Lenteren JC, Bolckmans K, Kéhl J, Ravensberg W, Urbaneja A (2018)
Biological control using invertebrates and microorganisms: plenty of
new opportunities. Biol Control 63:29-59. https://doi.org/10.1007/
510526-017-9801-4

WPTC (2019) Report of world processing tomato council, 30 August 2019

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7


https://doi.org/10.1111/jen.12170
https://doi.org/10.1093/jee/99.4.1143
https://doi.org/10.1111/1744-7917.12361
https://doi.org/10.1007/s10526-017-9801-4
https://doi.org/10.1007/s10526-017-9801-4

	Assessment of development and consumption rate of Macrolophus caliginosus Wagner predator on different prey stages
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Rearing of tested prey
	Tuta absoluta
	Bemisia tabaci and Aphis gossypii

	Predator rearing
	Influence of diets on the development, adult longevity and consumption rates of females and males of M. caliginosus
	Statistical analysis

	Results
	Influence of different prey stages on the development and consumption rates of the females and males of M. caliginosus.

	Discussion
	Conclusions
	Acknowledgements
	References


