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Abstract

The generalist predatory mite, Neoseiulus cucumeris (Oudemans) is known as one of the most effective nat-
ural enemies on many pests. This economically important biocontrol agent was reared for 20 generations on
date palm and castor bean pollen as well as a mixture of pollen types, including date palm, castor bean, and
almond. The performance of this predator was evaluated by comparing its life table parameters after different
generations (G1-G20) fed on each diet in a laboratory at 25 + 1°C, 60 + 5% RH, and a photoperiod of 16:8 (L: D)
h.The development time of the predator reared on all tested diets had no significant difference in G20.The in-
trinsic rate of increase (r) of N. cucumeris by feeding on the mixed pollen (0.197 day~") was significantly higher
than that on castor bean, or date palm pollen (0.146 or 0.152 day~" in G1, respectively). Our results indicated
that the predator’s performance was not affected by long-term feeding on the pollen diets, as well as there was
no considerable difference between pollen alone and pollen mixture diets. Furthermore, mites reared on pollen
diets had higher quality than those reared on natural prey, Tetranychus urticae Koch.
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Biological control has long been known as a highly efficient and en-
vironmentally safe pest management procedure, and predatory mites
as biocontrol agents are increasingly used in pest control programs
across the globe (van Lenteren 2012). The phytoseiid predatory
mites can control tiny insect and mite pests, which have been clas-
sified as specialists and generalists. The generalist predatory mites
can feed on different food and diets, including small arthropods,
nematodes, fungi, and pollen (McMurtry et al. 2013).

Neoseiulus cucumeris (Oudemans) is a generalist phytoseiid
predator known because of its success in controlling a wide range of
pests in greenhouses (Zhang et al. 2011, Delisle et al. 2015). Feeding
and reproducing on a pollen diet is a considerable characteristic of
this predatory mite that facilitates the cost-effective production of
large numbers of this predator so-called mass rearing. Since the per-
formance of a predator is conditioned by long-term mass rearing
(Nemati and Riahi 2020), the potential of N. cucumeris has already
been evaluated on Tetranychus urticae Koch (Acari: Tetranychidae) as
main prey and Tyrophagus putrescentiae (Schrank) (Acari: Acaridae)
as factitious prey for 30 generations (Yazdanpanah et al. 2022).

It is generally accepted that both inbreeding-mediated reduction
in fitness and loss of genetic variation induced during long-term
rearing can lead to poor quality natural enemies, inappropriate

control results, and unpredictable consequence of augmentative bi-
ological control (van Lenteren 2003, Consoli et al. 2010). Therefore,
the quality of mass-reared organisms should be evaluated during
mass rearing to monitor their quality to be sure they are still in a
condition to be reared and appropriately control the target pest after
release (van Lenteren 1991, Bellutti 2011, Serensen et al. 2012).

Although several pollen grains such as castor bean and date
palm are suitable alternative diets for N. cucumeris (Yazdanpanah
et al. 2021a), they have not been tested as a long time food source.
Therefore, in the current study, we investigated the multigenerational
impacts of date palm pollen, castor bean pollen, and a mixture of
two mentioned pollen as well as almond pollen on N. cucumeris over
20 consecutive generations. Furthermore, the data were compared
with the previously obtained data on a long time rearing of the pred-
ator on the main prey, T. urticae (Yazdanpanah et al. 2022).

Materials and Methods

Pollen Collection

Pollen of castor bean (Ricinus communis L.) was collected from the
plants grown at the campus of the Faculty of Agriculture, Tarbiat
Modares University, Tehran, Iran. Pollen of date palm (Phoenix
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dactylifera 1.) was collected from trees planted in Bandar-Abbas,
Hormozgan province, Iran. Almond pollen (Prunus amygdalus
Batsch) was collected from trees in Shiraz city, Fars province, Iran.
The pollen grains were oven-dried at 25°C for 24 h and then frozen
at —-18°C for long-term storage or refrigerated at 4°C for up to 2 wk
for early use in the experiments. For preparing the mixed pollen
diet, three mentioned pollen grains were mixed in equal volume
ratios.

Stock culture of N. cucumeris

To establish the stock culture of N. cucumeris, a package contains
individuals of this predator was received from Bio-Planet, Italy. To
constitute the laboratory colony of N. cucumeris, the individuals
were transferred to a Plexiglas box (30 x 15 x 12 c¢m) half-filled
with water with a water-soaked sponge inside and a green plastic
sheet (16 x 11 x 0.1 cm) on it. All plastic sheet edges were covered
using moist tissue paper which acted as a barrier prohibiting mites
escaping (Walzer and Schausberger 1999). The stock culture of N.
cucumeris was kept in a growth chamber at 25 = 1°C, 60 = 5% RH,
and a photoperiod of 16:8 (L:D) h. The fresh pollen was offered at
4-day intervals as food over 20 generations.

Experimental Setup

Life Table Construction

The experimental units were quite similar to the stock culture rearing
unit, but their size was smaller. In other words, 3-cm-diameter
rearing units consisted of green plastic sheets (3 x 3x 0.1 cm), plastic
trays (7 x Sx 4 cm), and wet sponges were used for designing the ex-
perimental units. Some cotton fibers were stuck on the plastic sheet
to provide a suitable place for oviposition. To supply the moisture
needed for the mites, the edges of the sheet were covered with moist
tissue paper, and water was added daily to prevent the strips from
drying out.

To have the same-aged eggs of N. cucumeris, more than 30 pairs
of the predator were selected randomly from the stock culture and
kept on the new experimental units for less than 24 h. The eggs laid by
females were transferred to the experimental units individually. After
larval emergence, the pollen grains were offered as a food source. The
presence of exuvial as moulting evidence was used for determining the
duration of each life stage of N. cucumeris. Immature development
and survival were recorded daily until they reached adulthood. After
adult emergence, females were coupled with the males of the same
treatment. In total, 40 replicates per treatment were prepared and
checked daily. Daily monitoring was continued until the adults’ death.
Opviposition, survival, adult longevity, and oviposition periods of the
mites were recorded. The predators were reared on the respective
pollen diet (date palm, castor bean, and the mixture of pollen types)
for 20 generations. For each pollen diet, three generations, including
the first generation (G1), 10th generation (G10), and 20th generation
(G20) were evaluated. All experiments were conducted in the labora-
tory condition at 25 = 1°C, 60 = 5% RH, and a photoperiod of 16:8
(L:D) h. Fresh pollen was added at 4-day intervals after removing the
old pollen in all treatments and replicates. In order to compare the
performance of N. cucumeris on pollen diets and the main prey T.
urticae, we used the data of 20 generations on this prey for multiple
comparisons that was originated from Yazdanpanah et al. (2022).

Data Analysis
The values of all life table parameters, including the net reproductive
rate (R,), gross reproductive rate (GRR), finite rate of increase (1),

intrinsic rate of increase (r), and mean generation time (T), as well
as age-stage-specific survival rate (s,), age-specific survival rate (/)
(the probability that a newborn will survive to age x, calculated by
pooling all of the surviving individuals of different stages), age-stage-
specific fecundity (f, ), and age-specific fecundity (172,) were calculated
according to the age-stage, two-sex life table procedure (Chi and
Liu 1985, Chi 1988) using the TWOSEX-MSChart software (Chi
2021) at different generations on different diets. The variances and
standard errors of all life table parameters were estimated using the
bootstrap procedure with 100,000 samples. Multiple comparisons
among different generations of each diet and the corresponding gen-
eration among different diets were carried out using the paired boot-
strap test (Reddy and Chi 2015, Bahari et al. 2018).

Results

Effects of Pollen Diets on Life Table Parameters of N.
cucumeris

The deutonymphal durations did not differ among generations on
all diets except for castor bean pollen. Overall, no significant dif-
ference in the total pre-adult duration was observed between G1
and G20, whereas the shortest developmental time was recorded in
G10 when pollens were offered separately. Furthermore, when the
mixed pollen was a diet, the developmental time was longest in G20,
while there was no significant difference between G1 and G10 (Table
1). Adult pre-oviposition period (APOP) of females on castor bean
and mixed diet did not differ among three generations, whereas it
was longest in G20 on date palm pollen. When the date palm pollen
was the food source, the total pre-oviposition period (TPOP) was
longest in G20 and shortest in G10, while on the castor bean pollen,
this parameter was not affected by the generation. The oviposition
period and fecundity of N. cucumeris did not differ among genera-
tions on all diets tested, except for date palm pollen. The mentioned
parameters in G10 were lower than those in G1 and G20 on date
palm pollen. Male longevity had no significant difference among
tested generations on all diets except for castor bean pollen which
males in G10 had shorter longevity than G10 and G20. Female lon-
gevity and the total life span (from birth to death) of N. cucumeris
were not significantly different among different generations. When
date palm pollen was offered, the female longevity and total life span
in G20 was longer than G10, while on the mixture of pollen grains,
the mentioned parameters were not different between G10 and G20.
Whereas the immature survival of N. cucmeris did not differ among
three generations on all diets; survival in all tested generations was
100% when the mixed diet was offered (Table 1).

Age-stage survival rate (s,) of N. cucumeris fed in the first, 10th,
and 20th generation on different diets are shown in Fig. 1. The adult
stage began around the age of 6, 5, and 6 d in G1, G10, and G20, re-
spectively, when the diet was date palm pollen. Furthermore, females
of the first generation and males of the 20th generation lived more
(Fig. 1). The adult stage began around the age of 5, 4, and 6 d on
castor bean pollen in G1, G10, and G20, respectively. In addition,
females in G1 and G20 lived more, whereas males of G10 had the
shortest lifetime (Fig. 1). The beginning of the adult stage on the
mixed diet was around the age of 4, 6, and 6 d in G1, G10, and G20,
respectively, and females in G10 lived more (Fig. 1). Based on the
fecundity curves, the peak of fecundity when date palm pollen was
offered was observed in G10 (2.32 eggs/female) at the age of 10 d,
followed by G20 at the age of 13 d (2.17 eggs/female) (Fig. 2). It was
highest in G10 (1.77 eggs) at the age of 30 d, followed by G20 (1.72
eggs) at the age of 20 d when castor bean was offered, while in G1
(2.85 eggs) at the age of 18 d on the mixed diet (Fig. 2).
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Fig. 1. Age-stage survival rate (s ) of sequential generations (G) of Neoseiulus cucumeris reared on date palm pollen, castor bean pollen, and mixed pollen diet.
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Fig. 2. Age-specific survivorship (/), age-specific fecundity (m ), and age-stage-specific fecundity (fx/) of sequential generations (G) of Neoseiulus cucumeris

reared on date palm pollen, castor bean pollen, and mixed pollen diet.
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The highest gross reproductive rate (GRR) and net reproductive
rate (R ) when the food was date palm pollen were observed in G20;
however, there was no significant difference between G20 and G10
(Table 2). In addition, the highest values of the intrinsic and finite
rate of increase (7 and A, respectively) were observed in G10, whereas
there was no significant difference in the mentioned parameters be-
tween G1 and G20 (Table 2). When castor bean was the diet, R
and 7 in G10 and G20 were significantly higher than G1. The GRR,
R,, and 7 parameters were not influenced by the generation when
the mixed diet was offered. N. cucumeris individuals reared on the
mixed diet for one generation had the shortest mean generation time.
In contrast, they had no significant difference with those fed on the
mentioned diet for 10 generations (Table 2).

Comparing Life Table Parameters of N. cucumeris
Reared on Pollen Diets and T. urticae

Although the pre-adult duration of N. cucumeris was shortest
in G1 when the mixed diet was offered, developmental time was
significantly shorter in G10 when date palm pollen and castor bean
pollen were offered compared with both the mixed pollen and the
main prey (Table 1). TPOP was shortest on a mixed diet in G1,
while it was the fastest in G20 on T. uricae and castor bean pollen.
The predator had the shortest oviposition days and lowest fecun-
dity by feeding on the prey in all generations tested; however, no
significant difference was observed between predators reared on
date palm pollen and the prey in G1 (Table 1). In addition, in all
generations tested, the shortest total life span was recorded when
the predator individuals fed on T. wurticae. In G1, immature sur-
vival rate differed significantly among different treatments, while in
other generations, there was no significant difference among food
diets (Table 1).

Females reread on the prey had the highest GRR in G1; however,
it did not differ from those fed on the mixed diet, but the mentioned
treatment showed the lowest value in the other generations (Table
2). In G1, R did not differ among treatments, while it was highest
on the mixed diet and castor bean pollen in G20. In G1, the females
reared on the mixed diet showed the highest growth rate, similar to
those raised on the prey. No differences were observed among dif-
ferent pollen diets in terms of the intrinsic and finite rate of increase
in G10 and G20. In G1, the females supplied with castor bean
pollen had the longest mean generation time than others. In con-
trast, feeding on castor bean pollen and the mixed diet resulted in
the longest T'in G10, while it was longest on the mixed diet and date
palm pollen in G20 (Table 2).

Discussion

Since pollen from different plant species may differ in their nutri-
tional value and affect the predatory mites’ performance (McMurtry
and Scriven 1966), the current study investigated the potential of
three types of pollen diets for N. cucumeris during 20 generations.
Additionally, the results of long-term rearing on these alternative
diets were compared to the effects of long-term rearing of the pred-
ator on T. urticae as a main prey.

The long-term effects of feeding on pollen grains on a predator’s
performance must be evaluated if such a diet is used for mass rearing
(Bellutti 2011, Serensen et al. 2012). The results of the present study
revealed that N. cucumeris could be reared for 20 generations on
castor bean, date palm pollen, and the mixture of pollen types.
Similarly, this predator was able to develop and reproduce on al-
mond pollen for 50 generations (Yazdanpanah et al. 2021b) and

Table 2. Life table parameters (mean + SE) of Neoseiulus cucumeris reared on date palm pollen, castor bean pollen, and mixture of date palm, castor bean and almond pollen types for 20 gen-

erations (G) compared with those raised on Tetranychus urticae

Castor bean Mixed pollen Tetranychusurticae®

Date palm

G20

G10

G10 G20 Gl G10 G20 Gl G10 G20

Gl

Parameter

35.08 = 7.838%A  38.24 + 5.887**  27.18 = 5.805*"®  45.70 = 8.960* 8.87 =2.772¢ 18.87 = 4.327"

33.94 = 5.00%*

30.35 = 3.4777*A  23.85 = 3.865"  43.21 + 3.419**

24.10 = 2.793%8

GRR (eggs/ 18.12 = 3.984"

indi-

vidual)

20.96 = 2.513"  28.13 + 3.501*4 19.55 + 3.267"  35.79 = 4.626**  31.86 = 4.962** 29.92 = 7.237*  37.19 + 5.854**  25.98 = 5.659**  18.38 = 3.910* 6.15 +2.014¢  12.34 = 2.774%

14.93 = 3.039%

RO (eggs/

indi-

vidual)

0.158 = 0.015"

0.109 = 0.023"
1.116 = 0.026"
16.04 = 0.699"

0.164 = 0.01148

0.167 = 0.01448
1.182 + 0.016%%

19.37 = 0.511*

0.199 = 0.01224
1.220 = 0.014*
18.13 = 0.419%*

0.197 = 0.0174
1.218 + 0.021*
17.13 £ 0.715*®

0.180 = 0.008"®  0.146 = 0.011"®  0.186 = 0.009**  0.200 = 0.010**
1.205 = 0.011°*

1.198 + 0.01004®
18.46 = 0.332*

0.208 = 0.0104

0.152 = 0.013%®

7 (day™)

1.172 £ 0.017%

1.178 + 0.014*®
17.58 = 0.659*

1.222 + 0.0124
17.25 = 0.515*®

1.157 + 0.012%®
20.29 = 0.637**

1.165 + 0.015"®  1.231 = 1.173*
14.61 = 0.349"°

17.62 = 0.473%

A (day™)

15.69 = 0.420¢

19.16 = 0.586*

T (day)

The means followed by different lowercase letters within the same row are comparisons among different generations of each diet. The means followed by different capital letters within the same row are comparisons between

corresponding generations of four diets (P < 0.05, paired-bootstrap).

“For more details on comparisons among tested generations when T. urticae was the diet, please see Yazdanpanah et al. (2022).
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cattail pollen for 25 generations (Gravandian et al. 2022). Successful
long-term rearing on pollen grains for other phytoseiid mites
such as Neoseiulus californicus (McGregor) (Acari: Phytoseiidae)
(Khanamani et al. 2017) and Amblyseius swirskii Athias-Henriot
(Acari: Phytoseiidae) (Nemati and Riahi 2020) have been reported
beyond 20 and 6 generations, respectively when fed on almond
pollen.

Our results showed that the performance of N. cucumeris had
no reduction during long-term feeding on date palm pollen. In ad-
dition, the highest value of  in G10 showed the most adaptation of
the predator after ten generations of rearing on date palm pollen,
which this value (0.208 day') was close to the value obtained on to-
mato russet mite Aculops lycopersici (Massee) (Acari: Eriophyideae)
(0.211 day™') (Al-Azzazy and Alhewairini 2018). Date palm pollen
has been recommended as a favorable diet for mass rearing of
other phytoseiid mites such as A. swirskii (Riahi et al. 2017),
and Typhlodromus bagdasarjani Wainstein & Arutunjan (Acari:
Phytoseiidae) (Riahi et al. 2016).

Although some researchers indicated low quality or even toxicity
of castor bean pollen for phytoseiid species (Ranabhat et al. 2014,
Khanamani et al. 2016), we found that not only this pollen is not
toxic for this predator, but also it could support its long-term rearing
at least for 20 generations. Actually, the nutritional quality of pollen
which can be influenced by environmental conditions, method of
pollen preparation (Bogdanov 2006, Dabija 2010), plant genotype
(Linskens and Pfahler 1977), and plant age (Brodbeck et al. 2001)
may be a reason for different performance of predators on them. The
high value of R and 7 in G10 and G20 indicated that the castor bean
pollen could be a suitable diet for the long-term rearing of this pred-
ator. Similarly, the suitability of this pollen for N. cucumeris (van
Rijn and Tanigoshi 1999, Yazdanpanah et al. 2021a), Amblyseius
zaheri Yousef and El-Borolossy (Acari: Phytoseiidae), and Euseius
yousefi Zaher & El-Borolossy (Acari: Phytoseiidae) (Momen 2004)
has been recorded previously. In addition, the value of the intrinsic
rate of increase on castor bean in G1 (0.146 day™') was close to the
value of this parameter by feeding on apple pollen (0.149 day™),
Christmas cactus (0.156 day™') (Ranabhat et al. 2014), and T. urticae
(0.131 day™') (Al-Azzazy et al. 2018).

Some important parameters such as total life span, oviposition

days, fecundity, R, and 7 had no significant difference among all

»
tested generations (by feeding on the mixed pollen, which means that
this diet is a suitable food for long-term rearing of N. cucumeris. The
estimated values of 7 in the current study at the first generation were
higher than the value of » when the predator fed on cattail pollen
(0.120 day') (Gravandian et al. 2022) or fed on almond pollen
(0.128 day™!) (Yazdanpanah et al. 2021b) in G1.

Based on Yazdanpanah et al. (2022), long-term feeding on T.
urticae caused no decline in N. cucumeris performance, and its pre-
dation potential remained high; therefore, T. urticae can be one
of its main prey species. Comparison of the life table parameters
between the reared predators on the pollen diets and natural prey
(T. urticae) during 20 generations revealed that although pre-adult
duration, especially incubation and larval periods were affected by
maternal diets, developmental time in G20 had no significant differ-
ence in all pollen diets versus prey (T. urticae) diet. Consequently,
long-term rearing and adaptation to the diet have a similar effect
on the pre-adult period in all diets tested, including alternative or
main food.

The values of R,
tested diets at the first generation, but the values of the fecundity, ovi-
position days, and total life span were the lowest in all tested gener-
ations by feeding on T. urticae, while all mentioned parameters were

7, and A had no significant difference among all

the highest when the predator fed on castor bean or mixed pollen
diets (especially in the later generations). This may be due to prey
movement and the time spent subduing a prey individual (Hassell
1978, Yazdanpanah et al. 2022). Actually, pollen grains as immotile
food sources are more available than prey, conserving energy for the
rest of the predator’s life. Although N. cucumeris was successfully
reared on T. urticae for up to 30 generations (Yazdanpanah et al.
2022), rearing the phytoseiid mites on natural prey gives rise to high
labor costs.

In conclusion, mass rearing of N. cucumeris on castor bean,
date palm, and mixed pollen (castor bean + date palm + almond)
did not decrease its performance during 20 generations of rearing.
Furthermore, mites reared on pollen diets had higher quality
than those reared on natural prey (T. urticae); therefore, it can be
concluded that castor bean or date palm lonely, and mixed pollen
are good candidates for the mass rearing of N. cucumeris for use in
augmentative biological control programs.
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