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ABSTRACT

. Neoseinlus barkeri (Hughes) is a common predatory mite in the Middle East region. In the
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(r=0.165 day ™!, A = 1.179 day™"). Our results suggest that IN. barkeri could be considered as
a potential biocontrol agent for controlling these pests.
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INTRODUCTION

Neoseinlns barkeri (Hughes) (Acari: Phytoseiidae) is a common predatory mite in the Middle East
region (Jafari ez al. 2010); it is a type-III generalist phytoseiild (McMurtry ef a/. 2013) that feeds on many
small pests infesting trees, vegetables, and stored fruits (e.g., thrips, spider mites, and plant
nematodes) (Khaliq ez a/ 2018; Yang e al. 2020; Fahim and Momen 2022a). This phytoseiid is an efficient
commercial predatory mite (van Lenteren ef o/ 2018) that is extensively utilized as a bio-control agent in
several countries (Mcmurtry ef al. 2013; Gomez-Martinez ez al. 2017; Yu et al. 2024). It is commercialized
in different regions for the management of the tarsonemid mite Po/phagotarsonemus latus (Banks) (Fan and
Petitt 1994), Thrips tabaci L. (Thysanoptera: Thripidae) (van Lenteren ez a/. 2018), and the tenuipalpid
mite Raoiella indica Hirst (Filgueiras e al. 2020a, b, c).

Mites belonging to the superfamily Eriophyoidea are small phytophagous mites that can cause
considerable loss in crop productivity (Lindquist ez a/. 1996). Species of Eriophyoidea have been
documented to be the second main Acari pest after tetranychid mite pests (van Leeuwen ez 2/ 2010).
Eriophyid and diptilomiopid mites occur on shrubs, herbaceous plants, and trees, causing serious damage
to leaves, fruits, and buds (Zaher 1980).

In Egypt, tig (Ficus carica L..) 1s an important economic fruit (Abou El-Saad and Salem 2011). This
fruit has great nutritional value as it is rich in vitamins and minerals in addition to containing essential
amino acids and carbohydrates (Desoky e# a/. 2021). Many pests attack fig orchards (Halawa 2017) and
cause crop loss (El-Halawany e# a/. 1986; Ali 2006). The fig bud mite, Aceria ficus (Cotte) (Eriophyidae), is
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found in and around the buds on developing foliage. It is the key mite pest that attacks fig leaves (Abo-
Taka et al. 2014). This mite is very damaging since, in addition to feeding on fig tree (Abou-Awad e7 a/.
2000b), it is a vector of fig mosaic virus disease too (Caglayan ez a/. 2012). The fig leat mite Rhyncaphytoptus
fucifoliae Keifer (Diptilomiopidae) is a free-living mite living on the surface of the plant. It is an important
phytophagous pest that affects fig trees (L.ouni ez 2/ 2014). In Egypt, eriophyoid mite pests are causing
damage to fig trees, and infestation rates have increased to considerable levels in the past few years
(Desoky ez al. 2021).

Chemical pesticides are usually used in Egypt for the management of phytophagous mites on fruit
trees. However, mite infestation remains high in fig orchards despite pesticide treatments (Bahiraei ez /.
2019). In fact, the widespread utilization of chemical pesticides can cause resistance besides their harmful
influence on non-target organisms (Bergeron and Schmidt-Jeffris 2020), humans, and the environment
(Momen ez al. 2014). Hence, it is crucial to use other effective tactics to manage fig mite pests. In several
cases, the biological control procedures are environmentally and economically viable alternatives to
chemical treatments (van Lenteren and Bueno 2003). Actually, the hymenopterans offered the first
principal set of bio-control agents followed by the predatory mite species (van Lenteren 2012). In the
ecosystem, predatory mites can play a substantial role in reducing eriophyid mite populations (Abou-
Awad ez al. 2011). Indeed, studies offering information on the life table features of predator species when
reared on mite prey are significant for predicting their success in prey control programs (McMurtry ez al.
2013; Fahim and Momen 2022a). From the literature review, some phytoseiids could complete their
growth and reproduce on eriophyoid mite species (Abou-Awad ef a/. 2010; Louni ef al. 2014; Halawa
2017; Fahim and Abdel-Khalek 2022; Fahim and Momen 2022b). Although IN. barkeri was found to exist
in high populations in the soil of fig orchards (Desoky e a/ 2021), no study has investigated the
demographic parameters of this predator when preying on R. ficifoliae and A. ficus that infest fig trees.
Therefore, to fill this knowledge gap, our study aimed to assess the developmental and life table
parameters of N. barkeri when fed on R. ficifoliae and A. ficus as a key step in determining the appropriate-
ness of N. barkeri as a biocontrol agent for these fig mite pests. However, R. fiifoliae is a leaf-surface
feeding mite, whereas A. ficus primarily attacks developing buds, which may influence predator efficiency.

MATERIAL AND METHODS

Predatory mite

The predatory mite N. barkeri was initially collected from debris under fig trees in orchards at
Qalyubia Governorate, Egypt. Colonies of N. barkeri were kept separately on R. ficifoliae and A. ficus in
the laboratory. The rearing units were made from clean fig leaf discs on wet cotton layers placed in the
middle of Petri dishes. Wet cotton strips were placed around the edges of the discs to prevent mite escape.
Water was supplied frequently to keep the cotton wet. When the leaf substrate began to deteriorate (e.g.,
color change or wilting), it was replaced with a fresh one. All rearing units were kept in an incubator at
26 £1°C, 70 £ 5% RH, and 16L: 8D photoperiod.

Prey mites

In our study, R. ficifoliae and A. ficus were provided as food sources for N. barkeri. 1t is difficult to
maintain eriophyoid colonies in the laboratory, and there has been difficulty in transporting the various
stages of the eriophyoids tested (Abou-Awad e /. 2000a). Therefore, small pieces of developing foliage
or leaves infested with A. ficus or R. fictfoliae, respectively, were carefully examined and introduced directly
to the leaf unit to feed IN. barkeri. These pieces were changed daily with fresh ones to ensure that there is
sufficient prey. Both R. ficifoliae and A. ficus were collected from infested fig trees in orchards at Qalyubia
Governorate, Egypt.

Individuals from the predatory mite and the two tested prey were mounted separately on slides for
examination under a stereomicroscope and were identified at the Acarology laboratory, Pests and Plant
Protection Department, National Research Centre (NRC). The two tested prey were confirmed by Abou-
Awad, B.A., Pests and Plant Protection Department, NRC. The predatory mite was confirmed by the
third author, Momen, F.M., following the most recent keys to Egyptian phytoseiid species by Abo-Shnaf
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and de Moraes (2014).

Experiments

Based on preliminary consumption observations, each individual of N. barkeri was supplied daily
with excess numbers of moving stages of the prey (more than that consumed daily; 50-70 active stages
of R. fuifoliae or 100-120 active stages of A. fuus). A small piece of leaf or developing foliage heavily
infested with R. ficifoliae or A. ficus was inspected under a stereomicroscope and introduced directly to
each experimental unit designated for R. ficifoliae or A. ficus, respectively, to feed N. barkeri. For each prey,
mated females of N. barkeri were transported to new leaf units and left to deposit eggs for 12 h, then the
females were removed. Thirty-five newly laid eggs (0-12 h) were transported separately to the
experimental units and checked daily to determine the duration of immature stages of IN. barkeri on each
prey. After maturity, each female of this predator (for each prey) was paired with a male. The mated
predatory females were checked daily to estimate their fecundity, longevity, and reproductive periods.
Because multiple mating is needed for IN. barkeri (Bonde 1989; Momen 1993), a predatory male was added
weekly to every experimental unit. When the leaf discs began to deteriorate (e.g., color change or wilting),
they were carefully replaced with fresh ones, so as not to affect predation rates or survival. All
experimental predatory individuals were inspected every day until their death.

Statistical analysis

The present data on IN. barkeri were analyzed according to the age-stage, two-sex life table method
(Chi et al. 2022) using the TWOSEX-MSChart (Chi 2023). All tested parameters such as, age-stage-
specific fecundity (f;) (where x = age and j = stage), age-stage-specific survival rate (s), age-specific
survival rate (4), age-specific fecundity (z.), age-stage specific life expectancy (ey), and age-stage specific
reproductive value (z;) along with population growth parameters [finite rate of increase (), intrinsic rate
of increase (1), gross reproductive rate (GRR), net reproductive rate (Ro), and mean generation time (1)]
were estimated using TWOSEX-MSChart program (Chi 2023). The means and standard errors of
developmental stages durations, adult pre-oviposition period (APOP), total pre-oviposition period
(TPOP), oviposition days, fecundity, and lifespan as well as the population parameters (7, A, Ro, T, and
GRR) were estimated by the bootstrap method with 100,000 re-sampling using the TWOSEX-MSChart
program (Chi 2023); while means were compared by the paired bootstrap test based on the confidence
interval of difference (P < 0.05) (Huang and Chi 2013; Weti ez a/. 2020).

RESULTS

Development, lifespan, and fecundity

The obtained data exhibited that N. barkeri can reproduce and grow on R. fuifoliae or A. ficus.
Neoseinlus barkeri individuals fed on A. fiens (9.24 days) reached adulthood statistically faster than those
fed on R. ficifoliae (10.35 days) (Table 1). The eriophyoid prey considerably influenced the TPOP and
APOP of N. barkeri (all P’s < 0.05). A marked reduction in oviposition days was observed in N. barkeri
females preyed on R. ficifoliae (23.82 days) compared to those fed on A. fieus (27.94 days) (P < 0.05). The
longevity of this predator was considerably longer for individuals reared on A. fieus (37.76 days) than for
those preyed on R. ficifoliae (35.29 days; P < 0.05). The oviposition of N. barkeri females reared on K.
ficifoliae (35.53 eggs/ Q) was lower than that of those reared on A. ficus (44.12 eggs/ 9 ; P < 0.05) (Table

1.

The age-stage, two-sex life table

The age-stage specific survival rate (sy) of N. barkeri (the possibility that a newly oviposited egg of
this predator will survive to age x and stage /) is displayed for each prey tested in Figure 1. Because of the
variations in growth rates of N. barkeri individuals, an overlap amongst different N. barkeri stages have
been detected. The highest possibility that a newly deposited egg of N. barker: survived to adulthood was
0.63 in the case of females and 0.37 in the case of males for the two species of eriophyoids.
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Table 1. Developmental durations, lifespan, and fecundity of Neosezulus barkeri reared on Aceria ficus and Rhyncaphytoptus ficifoliae.

Parameters Eriophyoid mites
A. ficus R. ficifoliae
Egg (days) 3.47 £ 0.12a 3.53 £ 0.12a
Larva (days) 1.35+0.12a 1.47 £ 0.12a
Protonymph (days) 2.00 £ 0.00b 2.65 % 0.13a
Deutonymph (days) 2.41 £ 0.13a 271 £ 0.11a
Pre-adult (days) 9.24 + 0.10b 10.35 £ 0.20a
APOP (days) 2.53 £0.12b 353+ 0.12a
TPOP (days) 11.76 £ 0.13b 13.88 £ 0.26a
Oviposition days (days) 27.94 = 0.34a 23.82 = 0.41b
Adult female (days) 37.76 = 0.33a 35.29 £ 0.29b
Fecundity (eggs/female) 4412 £ 0.28a 35.53 £ 0.32b
Lifespan (days) 47.00 £ 0.33a 45.65 + 0.40b
Means in each row followed by similar letters are insignificantly different (P < 0.05; Paired bootstrap test with 100,000 re-
sampling).
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Figure 1. Age-stage specific survival rates (s) of Neoseinlus barkeri ted on Aceria ficus and Rhyncaphytoptus ficifoliae.

The age-specific fecundity (7z.), age-specific survivorship (4), and age-stage-specific fecundity (f)
of N. barkeriwhen reared on R. ficifoliae and A. ficus are exhibited in Figure 2. The f,; of N. barkeri presented
the number of eggs deposited by individuals of this predator of age x and stage j/day. Cutrently, the
maximum values of f; of N. barkeri were 2.41 eggs/day for A. fieus and 2.12 eggs/day for R. ficifoliae.

Age-stage specific reproductive value () of N. barkeri when reared on R. ficifoliae and A. ficus is
presented in Figure 3. The v, of N. barker: represents the contribution of IN. barkeri individuals of age x
and stage ; to the future offspring. The v, peaks of N. barkeri were 12.74 for A. ficus and 12.15 for R.

ficifoliae.
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Figure 2. Age-specific fecundity (), Age-specific survival rate (4), age-stage specific fecundity (f) of Neoseinlus barker: fed
on Aceria ficus and Rhyncaphytoptus ficifoliae.
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Figure 3. Age-stage specific reproductive value (2y) of Neoseinlus barkeri ted on Aceria fiens and Rbyncaphytoptus ficifoliae.
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Age-stage specific life expectancy (ey) of N. barkeri when reared on R. ficifoliae and A. ficus is given
in Figure 4. The e,; of N. barkeri showed the predictable period that an individual of N. barkeri of age x
and stage / will survive. The 38.00 and 36.65 days were the peaks of e,; of N. barkeri female for A. ficus
and R. ficifoliae, respectively. Moreover, the uppermost ¢y values of N. barker; males were 35.70 days for
A. fiens and 35.60 days for R. fucifoliae.
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Figure 4. Age-stage specific life expectancy (ey) of Neoseinlus barkeri fed on Aceria ficus and Rhyncaphytoptus ficifoliae.

Life table parameters

Individuals of N. barkeri reared on R. ficifoliae showed cleatly lower intrinsic (7 (0.141 day™") and
finite rates of increases () (1.151 day™") than those reared on A. fieus (r = 0.165 day ™', A = 1.179 day™).
Furthermore, it was observed that the mean generation time (1) was markedly shorter when N. barkeri
was fed on A. fuus (20.143 days) compared to that on R. ficifoliae (22.096 days). Nevertheless, non-
significant variations in gross (GRK) and net reproductive rates (Ro) were seen between N. barkeri reared
on R. fucifoliae and A. ficus (Table 2).

Table 2. Life table parameters (Mean + SE) of Neoseinlus barkeri reared on Aceria ficns and Rhyncaphytoptus ficifoliae.

Life table parameters Eriophyoid mites

A. ficus R. ficifoliae
Intrinsic rate of increase (r) 0.165 = 0.008a 0.141 £ 0.007b
Finite rate of increase (4) 1.179 £ 0.009a 1.151 £ 0.008b
Net reproductive rate (f) 27.778 £ 3.753a 22.370 £ 2.976a
Mean generation time (7) 20.143 £ 0.198b 22.096 £ 0.319a
Gross reproductive rate (GRR) 28.070 £ 3.693a 22.411 £ 2.974a

Means in each row followed by similar letters are insignificantly different (P < 0.05; Paired bootstrap test with 100,000 re-
sampling).
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DISCUSSION

The biological control strategy involves the utilization of natural biocontrol agents versus the target
pests in order to keep their density under the level of causing economic loss to plants (van Driesche and
Heinz 2004). Phytoseiid mites are important predators due to their use in biological control of several
arthropod pests that infest various plants (Mandape and Shukla 2017; Hajiqanbar and Farazmand 2021).
Both tested prey species, R. ficifoliae and A. fueus, commonly attack fig orchards in Egypt (Halawa 2017).
Research into indigenous phytoseiids (such as, N. barkeri) that have been adapted to the native
environment of fig orchards and can prey on fig mite pests may yield favorable outcomes in the biological
control strategies for these pests. Herein, IN. barkeri was successfully developed and reproduced when
reared on R. ficifoliae and A. ficus. In the same way, Amblyseins swirskii Athias-Henriot, A. largoensis (Muma),
and Phytoseius finitimus (Ribaga),(all Acari: Phytoseiidae) were preyed and developed on these fig mite pests
(Abou-Awad et al. 2000a; Abou-Awad e al. 2018; Fahim and Abdel-Khalek 2022).

In our study, the duration of the pre-adult stage in IN. barkeri was shorter than that observed for
this predator feeding on Colomerus vitis (Pagenstecher), Tetranychus urticae Koch, and Brevipalpus lewisi
McGregor (at 25 °C) (Al-Azzazy 2021). The pre-adult development of N. barkeri when reared on thrips
(Bonde 1989), Aceria dioscoridis (Soliman & Abou-Awad) (Momen 1995), Aceria guerreronis Keiter (Negloh
et al. 2008), Eotetranychus kankitus Ehara, Panonychus citri (McGregor) (Li et al. 2017), and Oligonychus
mangiferns (Rhaman & Sapra) (Fahim and Momen 2022a) was faster than that observed in the current
study.

Fecundity of IN. barkeri feeding on the tested eriophyoids was higher than that reported for this
predator when other prey, e.g., Aleuroghphus ovatus (Troupeau) (at 32 °C) (Xia e al 2012),
Oligonychus afrasiaticus McGregor) (at 35 °C) (Negm ¢# al. 2014), E. kankitus, T. urticae, P. citri (Li et al.
2017), and B. fewisi (at 25 °C) (Al-Azzazy 2021) were offered. Similar fecundity was observed when IN.
barkeri was fed either A. fieus (44.12 eggs/P; current study) or A. dioscoridis (44.21 eggs/ S at 25 °C)
(Momen 1995). The total oviposition of N. barkeri females reared on Thrips tabaci Lindeman (47.1 eggs/ 9
at 25 °C) (Bonde 1989) was higher than our findings.

In comparison with the current results, shorter pre-adult duration and lower fecundity were seen
for other phytoseiid species, Phytoseins plumifer (Canestrini & Fanzago) feeding on R. ficifoliae (Louni et al.
2014). Currently, the fecundity of N. barkeri was higher than that of A. swirskii (Abou-Awad ez al. 2000a)
and A. largoensis (Fahim and Abdel-Khalek 2022) feeding on both of the tested eriophyoids. Herein, the
pre-adult period and fecundity of N. barkeri when feeding on A. ficus were shorter and higher, respectively,
than those of Neoseinlus californicus (McGregor) versus the same prey (Halawa 2017). After R. ficifoliae was
presented as food, the fecundity of N. californicus (Halawa 2017) was lower than that observed for IN.
barkeri in our results. In fact, N. barkeri is an important biological control agent and is superior to many
other predators due to its high reproductive potential, short growth period, low natural death rate, and
strong dispersal capacity (Bonde 1989).

The parameters r and Ry are principal growth parameters that show the developmental and
reproduction potential of the population of mite (Fahim and Abdel-Khalek 2022). Our study clearly
showed that the tested fig mite pests are appropriate prey for N. barkeri, and caused higher values of 7, 4,
and Ry than those achieved by a diet of E. gankitus (r = 0.116 day™', A = 1.12 day ™', Ry = 5.7 offspring),
P. citri (r=0.077 day ', A = 1.08 day ', Ro= 5.6 offspring), T. urticae (r = 0.099 day ', A = 1.10 day ', Ry =
10.7 offspring) (Li et al. 2017), and B. /ewisi (r = 0.095 day™', A = 1.020 day™', Ry = 10.70 offspring) (at 25
°C) (Al-Azzazy 2021). These tested slow-moving preys (A. ficus and R. ficifoliae) are easy to consume and
are present in large numbers, enabling the predator (IN. barkeri) to obtain the necessary amount of food
for its growth and reproduction in a better way compared to some other prey. However, higher values
of r, A were attained when N. barkeri was reared on thrips (= 0.22 day ™', A = 1.25 day™") (Bonde 1989),
and O. mangiferus (r = 0.234 day™', 1 = 1.264 day™") (Fahim and Momen 2022a).

When R. ficifoliae was utilized as a food source, lower values of 7, A, and Ry were documented for A.
swirskii (r = 0.122 day ™', A = 1.13 day ™', Ry = 15.62 offspring) (Abou-Awad ez a/. 2000a) compared with
our results. In this study, IN. barkeri reared on R. ficifoliae presented lower 7, A, and higher Ry values
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compared to other phytoseiid mites reared on this mite prey (e.g., P. plumifer (Louni et al. 2014) and A.
largoensis (Fahim and Abdel-Khalek 2022). Comparing the present results for A. ficus, Abou-Awad et al.
(20002) observed lower values of 7, A, and Ry for A. swirskii teeding on the same eriophyoid. Actually,
higher rand A values were recorded for A. Jargoensis (Fahim and Abdel-Khalek 2022) when reared on A.

fcus.

Our findings showed that .. ficus may be more favorable than R. ficifoliae as a prey for N. barkeri
population development. This may be explained by the easier consumption of A. ficus (a slender and
spindle-shaped mite) compared to R. ficifoliae (a fusiform and curved body mite). The present findings
reinforce other studies that have suggested that 4. ficus is a suitable prey for other phytoseiid mites such
as A. swirskii (Abou-Awad ef al. 2000a), C. negevi (Abou-Awad ez al. 1998), P. finitimus (Abou-Awad et al.
2018), and A. Jargoensis (Fahim and Abdel-Khalek 2022). The above-discussed results indicated that N.
barkeri may be a beneficial predatory mite in the control strategies of the tested eriophyoid mites.

CONCLUSION

Our study can help to understand the efficiency and applicability of N. barkeri as a biocontrol agent
for the tested eriophyoid pests. This study demonstrated that IN. barkeri can grow and reproduce on the
tested eriophyoids. These results indicate that N. barkeri could serve as a potential biocontrol agent against
A. fiens and R. ficifoliae and could be used in biological control systems against these fig pests in order to
decrease chemical control procedures.
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