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ABSTRACT
Received The supply of pollens as an alternative food can enhance the performance of phytoseiid
ecewved: . o .
08 June, 2025 predatory mites. The study determined the effects of three different pollens (sunflower,
Accepted: tamarix, and common mallow) as supplementary diets on the life table parameters and
31 August, 2025 predation rate of Neoseinlus californicus McGregor (Acari: Phytoseiidae) in the absence and
Published: presence of Tetranychus urticae Koch (Acati: Tetranychidae) eggs. The chemical compositions
15 October, 2025 of the pollens were also analyzed. The results showed that the fecundity of N. californicus on
Subject Editor: T. nrticae in the presence of pollen was significantly higher than that on pollen alone. The

M. Seiedy intrinsic rate of increase (r) on T. urticae in the presence of tamarix and common mallow

pollens (0.131 and 0.132 day~!, respectively) was significantly higher than those recorded on
the other diets. The net reproductive rate (Ro) varied from 0.585 offspring (on sunflower
pollen) to 8.465 offspring (on tamarix pollen + T. urticae). The cohort reared on common
mallow pollen + T. urticae had the highest values of both intrinsic rate and the finite rate of
increase, followed by tamarix pollen + T. #rticae. The predation rate of T. urticae by N.
californicus fed on tamarix pollen was the highest compated to other pollens. Tamarix pollen
had the highest protein content, while sunflower pollen contained higher levels of lipid,
phenol, and flavonoid compounds. Due to its higher protein content, tamarix pollen had
favorable effects on the survival, development, fecundity, and predation rate of IN. californicus.
Tamarix pollen can be used as a supplementary medium alongside T. wrticae, since the
treatment with tamarix pollen + T. urticae eggs showed most of the superior parameters.
Therefore, N. californicus reared on tamarix pollen can be helpful in controlling T. #rticae.
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INTRODUCTION

The increasing demand for food due to global population growth makes crop protection a major
concern in agriculture (Rodrigues ez a/. 2023). One significant threat is the two-spotted spider mite,
Tetranychus urticae Koch (Acari: Tetranychidae), a destructive pest in both greenhouse and field crops. Its
high reproductive rate and resistance to acaricides have reduced the effectiveness of chemical control
and disrupted the balance with natural enemies (Khanamani ef @/ 2017a; Havasi ez al. 2020). As a result,
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biological control using predatory mites, such as Neosezulus californicus (McGregor), an important species
of the Phytoseiidae family, has gained interest as an eco-friendly and sustainable alternative (Fathipour
and Maleknia 2016; Havasi ef a/. 2020). This species feeds on spider mites from the Tetranychidae and
Tarsonemidae families and successfully controls mite populations in fields and greenhouses (Havast e a/.
2020). This predatory mite is one of the natural enemies of the two-spotted spider mite, which is suitable
for biological control of this pest in various climatic conditions (Khanamani e /. 2017a). In addition, this
predator has a broader diet and can feed on various preys, such as thrips and alternative food sources,
including plant pollens. In times of scarcity of its main prey, it can survive and reproduce by feeding on
other alternative food sources, such as plant pollens (Gugole Ottaviano ez a/. 2015). The possibility of
mass rearing of this predatory mite on a pollen-containing diet has gained increased interest in using this
predator as a biological control agent (Khanamani ez a/. 2017a).

Pollen grains can be used as an available food source for the mass rearing of phytoseiid mites.
Using them is specifically important when the population of natural prey (e.g., two-spotted spider mites)
is low and leads to reduced rearing costs (McMurtry ez a/. 2013). In addition to increasing the efficiency
of mass-rearing of predatory mites, identifying and using available plant pollens with high nutritional
value can improve their efficiency as biological control agents and reduce prey populations (Hashemi e#
al. 2021). Pollen offers a significant source of nutrients essential for phytoseiid mites; however, the
nutritional value of pollen from various plants varies, resulting in differing impacts on the life stages of
predatory mites (Khanamani e a/. 2017c; Pascua ef al 2020). Some phytoseiid species gain higher
reproductive ability by feeding on plant pollens, and the survival and viability of their embryonic stages
increase (Khanmani ez a/. 2017b; Soltaniyan ez al. 2018).

To mass rear predatory mites, examining life table parameters is a useful tool for determining
survival, developmental duration, and reproduction. This identifies the most vulnerable age and
developmental stage with high mortality rates and predicts population growth (Carey 1993). Few studies
have compared the effects of different pollens on the survival, growth period, and reproduction of .
caltforniens (Khanamani ez al. 2017¢; Eini ez al. 2022). Also, researchers reported that N. californicus shows
the highest total fecundity when feeding on pistachio pollen (Soltaniyan ez a/. 2018). Predatory mite IN.
californicus is reported to have the longest adult longevity by feeding on almond pollen (Khanmani e a/.
2017b). Laboratory studies can provide valuable information for mass production programs of pollen-
feeding natural enemies and biological pest control projects. Therefore, this study investigated the life
table parameters and the predation rate of N. californicus reared on common mallow (Malva sylvestris L.),
tamarix (Tamarix aphylla 1..), and sunflower (Helianthus annuus 1..) pollens, alone and in the presence of
two-spotted spider mite eggs and evaluated the best pollen for feeding predatory mites. Also, the
compositions of common mallow, tamarix, and sunflower pollens were studied.

MATERIAL AND METHODS
Host plant cultivation

The seeds of bean (Phaseolus vulgaris L., cv. Khomein), used as a host plant, were soaked in plastic
containers for three days to allow germination. Then, five to six germinated seeds were transferred to the
plastic pots (8 cm in diameter and 12 c¢m in height) filled with a mixture of petlite and peat moss (2:1
ratio). The plants were kept in a room under a photoperiod of 16:8 h (light:dark) and temperature of 25
°C. The pots were irrigated daily as needed. Plants showing signs of pest infestation or disease infection
were removed from the growing area daily.

Rearing of two-spotted spider mite

The two-spotted spider mite was collected from infested bean plants in the University of Zabol's
research greenhouse. The mites were reared in the laboratory on detached bean leaves placed on wet
cotton wool in plastic containers. The containers were maintained in a growth chamber at 25 & 2 °C with
a 16:8 (light: dark) photoperiod, and 60 £ 5% RH. Fresh bean leaves were provided three times a week
to ensure a continuous and stable supply of healthy mites for experimental purposes. After rearing three
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generations, the resulting colony was used for the experiment.
Rearing of predatory mite

The predatory mite N. californicus was purchased from Koppert (The Netherlands) and reared under
controlled conditions (27 £ 1 °C, 60 * 5% RH, and 16:8 h light:datk). A novel rearing setup was
employed, consisting of a plastic plate (talc) placed on a water-saturated sponge within a water-filled
container, with wet paper towel strips along the edges to prevent mite escape. Different biological stages
of two-spotted spider mites and corn pollen were used to rear this predatory mite. Pollen was applied
every three days onto bean leaf substrates using a fine brush, while spider mites of varying developmental
stages were introduced as live prey. Adults of N. californicus were transferred using a moistened brush.
This optimized method improved rearing efficiency compared to conventional protocols (Hatherly ez a/.
2005).

Preparing plant pollens

In this research, pollens of common mallow (Malva sylvestris 1..), tamarix (Tamarix aphylla 1..), and
sunflower (Helianthus annuns 1.)) were collected from their natural habitats in Sistan and Baluchestan
Province, Iran, on a sunny day. Common mallow and sunflower pollens were gathered from flowering
plants growing in rangelands and agricultural margins. Tamarix pollen was collected from mature trees in
arid regions near Zabol. Then, the cleaned pollen was oven-dried at 37 °C for 48 hours to reduce moisture
content and prevent microbial contamination. For long-term storage, the pollen was frozen at —20 °C.
For short-term use, pollen was stored in airtight containers at 4 °C for up to 2 weeks during the
experiments.

Experimental unit

Leaf discs were prepared following the methods described by Kostiainen and Hoy (1994). Freshly
excised bean leaf discs (variety Khomein), each measuring 1.5 X 1.5 cm, were placed upside down in Petri
dishes (6 cm in diameter) on a cotton layer saturated with water, in which a 5 mm diameter hole was
drilled. This also prevented the mites from leaving the arenas and drowning. Cotton threads, 0.5 cm thick,
were arranged in circular barriers to prevent predators from escaping and maintain humidity. The
prepared Petri dishes were placed inside larger dishes with a diameter of 8 cm. Water was added daily to
the larger dishes to keep the leaves fresh. The mixture of pollen and spider mite eggs was replaced daily
during both the immature development and adult stages of mites. All experimental units were kept in a
growth chamber at 25 + 1 °C, 75 * 5% RH, and photoperiod of 16:8 h (light:dark).

Life history study of the predatory mite

In this study, 5 mg of pollen from the tested plant species and 20 eggs of I. urticae were provided
daily to the larvae and nymphs of predatory mite in each Petri dish. A total of six treatments were
evaluated, including pollen from common mallow, tamarix, and sunflower, as well as combinations of
these pollen sources with kidney bean leaves containing T. #rticae eggs. For treatments involving natural
prey, 20 eggs of the two-spotted spider mite (1. urticae) along with leaf discs were added to the
experimental arenas daily. To minimize fungal contamination, the leaf discs inside the Petri dishes were
replaced every 24 h. Food availability and moisture levels were carefully monitored and adjusted as
needed. To obtain same-aged eggs of N. californicus for the life table study, 40 male-female pairs of the
predator were transferred onto a plastic sheet. After 24h, newly laid eggs (< 24h old) were collected and
individually transferred to experimental units, yielding 60 replicates per treatment (six treatments total).
Upon hatching, the respective test diet was immediately provided as food. The egg incubation period of
N. californicus was recorded by measuring the time from oviposition to hatching. Egg mortality rates were
calculated as the proportion of unhatched eggs to the total number of eggs. Petri dishes containing
predatory mites were inspected at 24-hour intervals to determine mortality rates during the larval and
nymphal stages, based on the number of dead larvae and nymphs observed. The developmental duration
of both the larval and nymphal stages was recorded daily. Upon reaching maturity, the numbers of males
and females were counted to establish the sex ratio in each treatment. Male mites were subsequently
introduced into Petri dishes containing adult females for further observations. Daily oviposition rates
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were recorded and monitored until the death of all individuals. Additionally, the lifespan of adult mites,
along with pre-oviposition and post-oviposition periods, was documented for each treatment group.

Predation rate study

In the predation rate study, IN. californicus was reared on a mixed diet comprising all developmental
stages of T. urticae (egg, larva, protonymph, deutonymph, and adult), supplemented with corn pollen. To
prepare prey eggs for the predation rate experiment, the adult females of two-spotted spider mite were
placed in each experimental unit to lay eggs daily. The same types of experimental arenas were used for
the predation rate study. After each day, the females were removed without removing their web, and the
eggs were reduced to the needed density. To assess the prey (1. #rticae eggs) consumption by IN. californicus,
20 eggs of T. wurticae were added daily to discs. The experimental units were monitored daily, and the
number of consumed prey (1. urticae eggs) was recorded. The same number of new eggs was added to
each experimental unit. After adult emergence and pairing males and females, each pair was given 75 eggs
of T. urticae, and the number of consumed eggs was recorded until the predators died. To separate the
predation rate of males from that of females, the consumption prey rate of 20 single males was determined
under similar conditions. To specify the daily consumption rate of females, the average male consumption
was subtracted from the consumption of pairs (Farhadi ez a/. 2011; Moghadasi e al. 2014).

Determination of pollen chemical compositions

The chemical compositions (total carbohydrate, total lipid, and total protein) of pollens were
determined as follows:

For protein extraction, pollen samples were homogenized in a 50 mM potassium phosphate buffer
(pH 7.2). The homogenate was centrifuged at 14,000Xg for 30 min at 4 °C. The supernatant (25 pl) was
collected for protein assay and Bradford solution (250 pl) was added to it. Then, the mixture absorbance
was measured at 595 nm by a spectrophotometer (Elisa Microplate Reader, BioTek 800TS) according to
the method described by Bradford (1976). Finally, the total protein content was reported as mg g~ ' using
an equation obtained from the bovine serum albumin calibration curve. Total lipid content in the studied
pollens was extracted by Soxhlet method using the solvent n-hexane, and the extract weight was
determined by gravimetric analysis as crude lipid (Khanamani ez /. 2017c¢).

To measure the sugar content of various pollens, high-performance liquid chromatography
(HPLC) (Waters, Milford, MA) equipped with a supelcogel carbohydrate column of 300 by 7.8 mm
(Supelco, Bellefonte, PA) was used, as shown by Qian e a/. (2008). The mobile phase used was HPLC-
grade water at a flow rate of 0.5 ml min~". Before running samples, sugar standard solutions (5-1000 ppm
for sucrose, glucose, and fructose) were injected into HPLC. Sugars were identified according to the
retention time of standards and the peaks appearing at each retention time in injected samples. Total
flavonoid content was measured by a colorimetric method at 415 nm, described by Bonvehi ¢z a/. (2001).
The total phenolic content was measured using the Folin-Ciocalteu method (Bonvehi ez a/. 2001).

Statistical analysis

Before analysis, the normality of all data was tested with Mintab software. The biological
parameters of predatory mites were calculated based on the age-stage, two-sex life table theory, which
considers both sexes (male and female) and variable development between individuals and sex (Chi and
Liu 1985; Chi, 1988). Population parameters including the intrinsic rate of increase (7), finite rate of
increase (1), net reproductive rate (Ry), and mean generation time (1) were calculated according to the
Goodman (1982) method. Age-stage specific survival rate (s) (where x is age and j are stage), age specific
survival rate (4), age-stage specific fecundity (f;), age-specific fecundity (»), f which is the number of
stages, and population parameters were estimated using TWO SEX-MS Chart software (Chi 2025a) as
below:
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Intrinsic rate of increase (7) was estimated using the iterative bisection method and Euler-Lotka
Equation (x started from 0) as below (Goodman 1982):
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Variance and standard error for life table statistics and population growth parameters were
estimated by the bootstrap method and compared using the paired bootstrap test based on confidence
interval (95%) with a sample size of 10000 (Huang and Chi 2013). The graphs were depicted using
SigmaPlot software (Sigmaplot 2011).

Raw data of daily predation for all individuals were analyzed to calculate the predation rate
according to Chi and Yang (2003) by CONSUME-MSChart software (Chi 2025b). The age-specific
predation rate (£., the average number of consumed preys per predator of age x) could be determined
by the following formula (Chi and Yang 2003):

b = 2511 SxjCxj

Coxisx
Where, f is the number of stages and ¢ is the age-stage specific consumption rate of individuals at age x
and stage /.

The age-specific net predation rate (¢, the weighted number of consumed preys by a predator of
age x) showed the survival rate and was calculated as below (Chi and Yang 2003):

q e — /x/éx

The net predation rate (Cy) indicates the average number of preys consumed by a predator during
its life span that was estimated as below:

Co = Xx=o lxkx = X350 qx

The ratio of the net predation rate to the net reproductive rate gives the transformation rate from
prey population to predator offspring, which was defined as ¢, and calculated as below Chi and Yang
(2003):

_co
9=

This rate indicates the average number of prey required for a predator to produce an egg. Standard
errors of predation parameters were also calculated by the paired Bootstrap test.

In this research, one-way analysis of variance was performed using SPSS version 16 statistical
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RESULTS
Life history

The average period of different life stages for IN. californicus feeding on the studied pollens as well
as on the two-spotted spider mite along with pollens is shown in Table 1. Variations in the egg, larval, or
other developmental stages of IN. californicus reared on plant pollens-based diets can significantly impact
its biological role, particularly in biological control of spider mites. The results indicated that tamarix
pollen increased the development time and survival rates (e.g. protonymph period, larval period, male
longevity, female longevity, total life span, and oviposition period) of IN. californicus compared to other
pollens. The longest incubation period (3.7 days) and the shortest larval period (1.92 days) in N. californicus
were obtained by feeding on sunflower pollen + T. urticae, which did not differ significantly from feeding
on common mallow pollen + T. urticae. When exclusively feeding on each of the studied pollens, the
shortest incubation period and the longest larval period were observed. The longest larval period of NN.
caltfornicus (2.62 days) was associated with exclusive feeding on tamarix pollen (Table 1).

Table 1. Developmental biology (Mean t+ SE) of Neoseinlus californicus fed on different plant pollens and Tetranychus

urticae eggs.
. Common  Sunflower + Tamarix + Common mallow

Parameter Sunflower Tamarix . . .

mallow T. urticae T. urticae + T. urticae
Egg (days) 1.67 £0.07¢ 1.52 £0.07¢ 1.59 £0.08c 3.7 £ 0.07= 2.58 + 0.07° 3.36 £ 0.082
Larva (days) 2.55+0.09* 2.62+0.07* 255+0.070 1.92%0.19¢ 2.3 +0.09° 1.96 £ 0.14¢
Protonymph 243 011> 255+ 0.08 247 +032% 211+ 023 2.57 £ 0.11» 1.72 £ 0.154
(days)
Deutonymph 244 +0.18 276+0.08> 262*0.39> 159+ 0.154 2.9+ 0.192 1.74 £ 0.174
(days)
Male longevity 13 £ 1 17.5 £ 0.500 14.70 £ 1.75> 15.67 & (.88 17.4 £ 1.52 15 £ 1b
(days)
Female longevity 13.14 £ 0.63¢ 16.77 = 1.38> 15 + 2¢ 17.86 £ 1.02>  19.29 £ 0.44» 15.66 £ 0.43¢
(days)
Total life span 7.16 £ 0.48¢ 13.86 £ 0.62> 11.14 £ 0.64¢ 11.22 £0.73¢  17.08 + 0.662 14.08 £ 0.51¢
(days)
APOP* (days) 2+ 0266 2.80%0.09 252%0.26> 0.14 % 0.144 1.2 +£0.124d 1.41 £ 0.134
TPOP* (days) 11.16 £ 0.31¢ 12.07 £ 0.14> 11.14 £ 0.89¢ 8.64 = 0.86¢4 13.68 £ 0.322 10.88 £ 0.33¢
Oviposition days 9+ 0.5° 9.27 £0.12> 931 £0.15> 859 = 0.21¢ 10.38 £ 0.252 8.63 + 0.25¢
Fecundity 7 +1.014d 852+ 0.55¢ 526+ 0.43¢ 1514+ 1.74¢ 12.09 = 0.88> 8.11 £ 0.57¢
(eggs/female)

Means within a row with the same letter are not significantly different based on the Tukey test (a = 5%).
* APOP: Adult preoviposition period; TPOP: Total preoviposition period of female counted from birth.

Among the six studied treatments, the tamarix + 1. wrticae treatment showed the longest

protonymph period (2.57 days), which was not significantly different from the tamarix pollen treatment
(2.55 days). The longest deutonymph period (2.9 days) was achieved by feeding on tamarix pollen + T.
urticae. 'The shortest deutonymph period (1.59 days) was related to feeding on sunflower pollen + T.
urticae, which did not show a significant difference with the common mallow pollen + T. urticae treatment
(Table 1). Exclusive feeding on tamarix pollen resulted in the highest male longevity (17.5 days), which
was not significantly different from the feeding on tamarix + T. urticae (17.4 days). The longest female
longevity and total life span in the predatory mite N. californicus were related to feeding on tamarix pollen
+ T. urticae (19.29 days and 17.08 days, respectively) and their shortest periods (13.14 days and 7.16 days,
respectively) were achieved through exclusive feeding on sunflower pollen (Table 1).

The longest oviposition period of the female (2.80 days) was obtained with exclusive feeding on
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tamarix pollen and the shortest was related to the feeding on sunflower + T. urticae (0.14 day). The longest
total oviposition period of the female counted from birth (13.68 days) was related to feeding on tamarix
pollen + T urticae and the shortest (8.64 days) was obtained in the treatment feeding on sunflower pollen
+ T. urticae (Table 1). The longest oviposition period (10.38 days) was observed with feeding on tamarix
pollen + I urticae, and the shortest period (8.59 days) was associated with feeding on sunflower pollen +
T urticae. Among the six studied treatments, the sunflower pollen + T. wrticae treatment showed the
highest fecundity (15.14 eggs/female) and the lowest value (5.26 eggs/female) was related to the exclusive
feeding on common mallow pollen (Table 1).

Population parameters

The investigation of population parameters in N. californicus (Table 2) showed that the highest
intrinsic rate of increase (r = 0.132 day™') was obtained when fed on common mallow pollen + T. urticae,
which did not differ significantly from tamarix pollen + T. urticae (0.131 day™"). The lowest r (0.041 day™)
was recorded under exclusive feeding on sunflower pollen (Table 2).

Table 2. Population growth parameters (Mean £ SE) of Neoseiunlus californicus fed on different plant pollens and Tezranychus
urticae eggs.

Life table . Common Sunflower + Tamarix + Common
Sunflower Tamarix . , mallow + T.

parameters mallow T. urticae T. urticae urticae

r(day™) 0.041 £ 0.0394  0.112 £ 0.009> 0.075 = 0.011¢ 0.117 £ 0.020>  0.131 £ 0.008*  (.132 + 0.0092

A (day™) 0.959 + 0.0364 1.119 £ 0.009> 1.078 £ 0.012¢  1.123 £ 0.020>  1.131 £ 0.009*  1.142 + 0.0102

Ry (offspring/ 0.585 + 0.242¢  5.286 = 0.675> 2.845 £ 0.434  4.240 £ 1.071c  8.465 + 0.9902

e . 5.685 * 0.658P

Individual)

T (day) 13.01 £ 1.447> 14.807 + 0.144> 13.864 £ 0.167> 12.382 £ 0.34c  16.348 £ 0.330* 13.115 + 0.303b

Means within a row with the same letter are not significantly different based on the Tukey test (a = 5%). »: Intrinsic
rate of increase; A: Finite rate of increase; Rop: Net reproductive rate; T Mean generation time

The highest finite rate of increase (A = 0.142 day ') was recorded when fed on common mallow
pollen + T. urticae, which did not differ significantly from tamarix pollen + T. urticae (0.131 day™). The
lowest 4 (0.959 day™") was related to the exclusive feeding on sunflower pollen (Table 2).

The investigation of population parameters in N. californicus (Table 2) showed that the highest
intrinsic rate of increase (r= 0.132 day ') and finite rate of increase (1 = 0.142 day ') were obtained when
fed on common mallow pollen + T. urticae, which did not differ significantly from tamarix pollen + T.
urticae (0.131 day™' and 0.131 day ™', respectively). The lowest values in 7 (0.041 day™") and A (0.959 day ™)
were recorded under exclusive feeding on sunflower pollen (Table 2).

The highest net reproductive rate (8.465) of N. californicus was obtained by feeding on tamarix pollen
+ T. urticae, and the lowest value (0.585) was related to exclusive feeding on sunflower pollen. Exclusive
feeding on tamarix pollen and the treatment of common mallow pollen + T. wrticae did not show
significant differences in net reproductive rate (Table 2).

The results of mean generation time among the six studied treatments indicated that the average
period of one generation when fed on tamarix pollen + T. urticae was longer (16.348 days) than other
tested treatments. The lowest mean generation time (12.382 days) was obtained by feeding on sunflower
pollen + T. urticae. Other treatments showed no significant differences in mean generation time compared
to one another (Table 2).

Predation parameters

Predation parameters of IN. californicus fed on different plant pollen are presented in Table 3. The
net predation rate showed that the mean number of consumed prey (1. wrticae eggs) by the average
individual N. californicus ted on the combination treatments of T. urticae eggs + common mallow, tamarix,
and sunflower pollens during its life span was 57.804, 81.605, and 26.525 prey, respectively (P = 0.95).
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The highest finite predation rate of N. californicus (3.215 day™") was related to the diet of T. urticae eggs +
tamarix pollen (Table 3). The transformation rate of N. californicus fed on T. urticae eggs + common mallow
pollen, T. urticae eggs + tamarix pollen, and T. urticae eggs + sunflower pollen was 10.27, 9.727, and 6.24
preys, respectively. These results showed that N. californicus ted on T. urticae eggs along with common
mallow, tamarix, and sunflower pollen required 10.27, 9.727, and 6.24 T urticae, respectively, to produce
each egg, among which the lowest value was related to the diet of T. #rticae eggs + sunflower pollen (Table
3). The stable predation rate of N. californicus was the highest (2.821 Prey/predator) on diet of 1. wurticae
eggs + tamarix pollen (Table 3).

Table 3. Predation rates (Mean * SE) of Neaseiulus californicus fed on Tetranychus urticae eggs under different pollen-based diets.

Parameters Sunflower Tamarix Common mallow
G (Prey) 26.525+5.220¢ 81.605£6.8092 57.804%4.837>
 (day™) 1.6051+0.272¢ 3.215£0.201~ 2.766%0.205P

Q, (Prey/ offspring) 6.240+1.027> 9.72710.901» 10.27010.7252

Y (Prey/ predator) 1.429+0.220P 2.82110.1637 2.423+0.161~

Means within a row with the same letter are not significantly different based on the Tukey test (a = 5%).
Co: Net predation rate; w: Finite predation rate; 0p: Transformation rate; ¥ Stable predation rate.

The age-stage predation rate (e, the age-stage specific consumption rate of individuals at age x
and stage ;) of N. californicus fed on sunflower, tamarix, common mallow pollen along with T. #rticae eggs
is shown in Figure 1 illustrating the average number of consumed prey (1. #rticae eggs) by a predator with
age xin stage /. The curve related to predation rate in each age group-life stage indicates the different life
stages separately and the overlap between these stages. The age-stage predation rate was greatly
influenced by pollen diet. In feeding on each of the studied pollens, the adult female exhibited the highest
age-stage predation rate compared to other developmental stages. The highest age-stage predation rate
(15) was associated with 6-day-old female of N. californicus fed on T. wurticae eggs + tamarix pollen.
However, as the female age increased, the age-stage predation rate decreased. In females that had fed on
tamarix and common mallow pollens with the 1. #rticae eggs, the age-stage predation rate started at age
of 5 days, but in females that had fed on T. #rticae eggs + sunflower pollen, it started at age of 6 days (Fig.
1). Male adults fed on T. urticae eggs + tamarix pollen could show a higher age-stage predation rate than
those fed on other pollens, whereas when fed on T. urticae eggs + common mallow pollen, their age-stage
predation rate was zero compared to other growth stages. In total, the highest number of prey eaten by
males (10 prey) was obtained when feeding on a I. #rticae eggs + tamarix pollen at 17 days of age (Fig.
1). Only under the T. #rticae eggs + tamarix pollen diet, the age-stage predation rate of N. californicus raised
with increasing predator stage for 1. wurticae eggs. Therefore, under these conditions, adults consumed
more 1. urticae eggs compared to immature stages (Fig. 1). At T. urticae eggs + sunflower pollen diet,
immature stages showed the highest number of eaten prey (8 preys) at 5 and 6 days of age (Fig. 1).

The age-specific survival rate (/x, the probability that a newborn will survive to age x), the age-
specific predation rate (£x, the average number of consumed prey per predator of age x), and age-specific
net predation rate (¢gx, the weighted number of consumed prey by a predator of age x) of N. californicus
fed on sunflower, tamarix, and common mallow pollens along with T. #rticae were combined for all stages
and are plotted in Figure 2. The highest age-specific survival rate was observed at 5 and 6 days of age
while feeding on T. wrticae eggs + tamarix pollen. Predatory mite N. californicus that fed on T. urticae eggs
+ tamarix pollen had a higher age-specific survival rate with increasing age and also in adults compared
to the other pollens (Fig. 2). In T. urticae eggs + sunflower pollen, the age-specific survival rate reduced
rapidly to 37% from O to 10 days and then slowly decreased to 0% at the age of 28 days. In T. urticae eggs
+ tamarix pollen, it diminished slowly to 78% from 0 to 12 days and then rapidly decreased to 0% at the
age of 23 days. In T. urticae eggs + common mallow pollen, survival rate reduced slowly to 91% from 0
to 8 days and then rapidly diminished to 0% at the age of 21 days (Fig. 2).
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Figure 1. Age-stage specific predation rate (Cxy) of Neoseinlus californicus fed on T. urticae eggs supplemented separately with
sunflower, tamarix, or common mallow pollen.

The age-specific predation rate showed the average number of T. urticae eggs consumed by the
predator at age x. In this study, the age-specific predation rate refers to the average number of 1. urticae
eggs consumed by N. californicus at age x, which was examined by feeding separately on sunflower, tamarix,
and common mallow pollens. Under T. wrticae eggs + tamarix pollen diet, the highest age-specific
predation rate (0.8) was obtained at the age of 12 days, followed by the ages of 13, 14, and 15 days,
respectively. Under T. urticae eggs + common mallow pollen diet, the highest age-specific predation rate
(0.7) was observed at the age of 10 days, followed by the ages of 9, 11, and 12 days, respectively. Under
T. urticae eggs + sunflower pollen diet, the highest age-specific predation rate (0.6) was at the age of 10
days, followed by the ages of 9, 11, 12, and 13 days, respectively. In terms of pollen type, the age-specific
predation rate of N. californicus was in T. urticae eggs + tamarix > T. urticae eggs + common mallow > T.
urticae eggs + sunflower (Fig. 2). The age-specific predation rate curve is a simplified version of the age-
stage specific predation rate curves, and by considering survivorship, the age-specific net predation rate
can be specified. Under T. wrticae eggs + tamarix pollen diet, the highest age-specific net predation rate
of N. californicus (0.7) was obtained at the age of 12 days. Under T. #rticae eggs + common mallow pollen
diet, the highest age-specific net predation rate (0.6) was at the age of 10 days and under T. #rticae eggs +
sunflower pollen diet, its maximum amount (0.3) was observed at the age of 8 days. Predatory mite .
californicus that fed on T. urticae eggs + tamarix pollen had a higher age-specific net predation rate
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compared to those feeding on the other two pollens, even at older ages (Fig. 2).
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Figure 2. Age-specific survival rate (4), age-specific predation rate (£.), and age-specific net predation rate (¢.) of Neoseinlus
californicus fed on T. urticae eggs supplemented separately with sunflower, tamarix, or common mallow pollen.

The results of the total age-stage predation rate for the N. californicns (Fig. 3) indicated that all
developmental stages responded more to feeding on 1. #rticae eggs + tamarix pollen. Under conditions
of feeding on all three pollens, female adults had a higher total age-stage predation rate compared to
other developmental stages, and male adults had a lower value. The lowest total age-stage predation rate
across all ages was for adult males feeding on 1. #rticae eggs + common mallow pollen. Under T. urticae
eggs + tamarix pollen diet, the highest total age-stage predation rate (360) was observed for adult females
at the age of 12 days and under 1. #rticae eggs + common mallow pollen diet, the highest value (340) was
for adult females at the age of 10 days. Under T. wrticae eggs + sunflower pollen diet, the highest total
age-stage predation rate (120) was obtained for female adults at the ages of 9 and 10 days. After the age
of 12 days, the total age-stage predation rate of female adults at all ages was higher in T. urticae eggs +
tamarix pollen than in T. wrticae eggs + common mallow pollen and in T. #rticae eggs + common mallow
pollen than in T. urticae eggs + sunflower pollen (Fig. 3).

Pollen chemical compositions

The results of pollen composition showed that the amount of total carbohydrates, fructose,
sucrose, and glucose was higher in common mallow pollen (238, 3.81, 2.86, and 2.85 mg g™/, respectively)
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than other pollens (Table 4). The highest protein content (33 mg g~') was observed in tamarix pollen,
while the lowest was found in common mallow pollen (Table 4). Sunflower pollen contained the highest
lipid content (5.1%) and the lowest content was recorded in common mallow pollen (Table 4). Sunflower
pollen had the highest amount of phenols and flavonoids (155 mg g~ and 96 mg g, respectively), and
tamarix pollen contained the lowest amount of these compounds (Table 4).
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Figure 3. Total age-stage predation rate of Neoseiulus californicus ted on T. urticae eggs supplemented separately with sunflower,
tamarix, or common mallow pollen.

Table 4. Chemical compositions of common mallow, tamarix, and sunflower pollens.

Total Total . . Total Total
Pollen carbohydrate Fructose Sucrose Glucose protein Lipid phenol flavonoid
~ % w/w % w/w % w/w B % w/w _ _
(mg g™ ( ) ¢ ) ) (mg g™ ( ) (mgg™) (mgg™)
Sunflower 150 £0.92> 240 £0.01> 1.80 £ 0.01> 1.79 £0.01> 32+ 0.11> 5.1 +0.3* 155+ 0.972 96 + 0.222
Common 238 £0.492  3.81 £0.01= 2.86 £0.01= 2.85%0.01= 30+ 0.34c 3.2 £ 0.25¢106 + 0.32> 44 *+ (.15
mallow
Tamatix 91 + 0.66¢ 1.46 £ 0.01¢ 1.09 £ 0.01¢ 1.08 £ 0.01¢ 33+ 0.25¢ 4 +0.28> 85 % 0.19¢ 36 % 0.33¢

Means within a column with the same alphabetical superscript were not significantly different based on the Tukey test (x=5%).
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DISCUSSION

In greenhouses and/or fields experiencing a shortage or absence of natural prey, the survival,
growth, and reproduction of predatory mites on alternative foods, such as plant pollen, is essential for
the successful biological control strategies (McMurtry ef al. 2013; Hashemi ef /. 2021). In this study, the
suitability of common mallow, tamarix, and sunflower pollen as a sole or supplementary food sources
for the predatory mite IN. californicus was evaluated by determining life table parameters and comparing
them with the biological parameters of N. californicus ted on T. urticae and these pollens. By investigating
six diets having the pollen, this study improved the knowledge of the food source spectrum for rearing
N. californicus. Our findings indicated that IN. californicus can feed and develop into adults on all tested diets.
Exclusive feeding of IN. californicus with tested pollen types showed that the completion of the predatory
mite life cycle took a longer time by exclusive feeding on tamarix pollen. N. californicus has a greater
potential to survive, lay eggs, and complete its life cycle when fed on the tamarix pollen + T. #rticae eggs,
which could be due to the high protein content in tamarix pollen (Table 4). In this regard, it has been
reported that pollen protein content has an important role in nutritive value and predator performance
(Roulston and Cane 2000). Also, differences in the nutritional value and morphological characteristics of
pollen from various plants can affect the food supply required by mites, which in turn may lead to
variations in the period of developmental stages and egg-laying rates in predatory mites tested on pollen
(Goleva and Zebitz 2013; Khanamani e/ al. 2017c; Pascua ¢t al. 2020). Various studies have been
conducted about the effect of plant pollen on the biological characteristics of phytoseiid predatory mites
(Riahi ez a/. 2017; Rezaie 2019). Other researchers have also studied the effect of pollen types and quality
on the biological characteristics of the predatory mite N. californicus (Khanamani ef al. 2017¢; Soltaniyan
et al. 2018). Rezaie (2019) stated that sunflower pollen is not suitable for completing the life cycle of the
predatory mite Neoseinlus barkeri (Acari: Phytoseiidae).

The egg stage duration of IN. californicus, when fed on various pollen diets either alone or combined
with T. urticae, ranged from 1.52 to 3.7 days. Meanwhile, the larval stage lasted between 1.92 and 2.62
days. The egg stage of IN. californicus lasts 2.7 days when consuming date palm pollen and 2.68 days when
feeding on corn pollen (Khanamani e a/. 2017b). The larval stage of N. californicus, when fed on T. urticae
+ Typha angustifolia has been noted to last 0.5 day (Pascua e a/. 2020). The differences in the present
research compared to the mentioned studies can be attributed to variations in temperature, data analysis
methods, test accuracy, pollen type, prey type, and predation rate (Rezaie 2019). In this study, longevity
of IN. californicus ranged from 13.14 to 19.29 days (sunflower pollen and tamarix pollen + T. urticae eggs,
respectively) for females and 13 to 17.5 days (sunflower pollen and tamarix pollen, respectively) for males.
These values are notably shorter than reported in other studies. The lifespan of N. californicus temales was
recorded at 37 days when consuming date palm pollen and 36 days with corn pollen (Khanamani ez a/.
2017b). In contrast, their longevity extended to 52.38 days, 43.88 days, and 41.14 days when fed on
pistachio, date palm, and pomegranate pollens, respectively (Hashemi ez o/ 2021). The lifespan of .
californicns males was determined to be 35.61 days when fed on date palm pollen and 35.29 days when
consuming corn pollen (Khanamani e# a/. 2017b). In a different study, their longevity was 40.306, 38.7, and
36.12 days when fed on pistachio, date palm, and pomegranate pollens, respectively (Hashemi ez a/. 2021).
The shorter longevity of adults in this study compared to the mentioned studies can be attributed to
variations in experimental temperatures, pollen types, prey types, and data analysis methods, as reported
in another research (Rezaie 2019). In another study, the longest mean longevity (89.73 days) of NN.
californicus females was recorded when they continuously utilized maize pollen, while the shortest (35.09
days) was noted when continuously consumed T. #rticae eggs. The same previous trend was also observed
for the life span of females (Saber 2012). Another study demonstrated the longest mean longevity of IN.
caltfornicus females when continuously consumed plant pollen including sunflower, in comparison to 1.
urticae eggs (Sazo et al. 2000).

The total pre-ovipositional period (TPOP) varied significantly among diets, with the longest
periods observed for tamarix pollen + T. urticae. The shortest mean preoviposition period (2.55 days) of
N. californicus was recorded when continuously reared on T. wrticae eggs (control) (Saber 2012). Lower
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protein content in sunflower and common mallow pollens may explain the relatively shorter TPOP and
reduced fecundity under those diets. Although the diets varied, they all facilitated egg-laying; however,
the highest fecundity occurred with sunflower + T. #rticae, followed by tamarix + 1. urticae. Deficiency or
absence of primary essential nutrients (especially protein) in pollens for fecundity may be the source of
such differences (Khanamani ez /. 2017c). In this study, the protein content in sunflower and common
mallow pollens was lower than that of tamarix pollen (Table 4). The presence of T. urticae shortened total
pre-ovipositional period of N. californicus on the sunflower pollen (and after that the common mallow
pollen). Female phytoseiid mites lay eggs only when there is enough food for their offspring (Tsolakis
and Chiara 1994). All diets in this study were able to support N. ca/ifornicus fecundity. The highest average
tecundity of N. californicus was obtained by feeding on sunflower + T. urticae (after that on tamarix + T.
urticae). Exclusive pollen feeding did not make a difference in the fecundity of this mite; however, the
fecundity was higher in exclusive feeding on tamarix pollen than in exclusive feeding on the other two
pollens. The fecundity of N. californicus was the highest (53.91 eggs/female) in females continuously fed
on T. urticae eggs, while it was the lowest (27.91 eggs/female) in those continuously reared on maize
pollen (Saber 2012). The average fecundity of N. californicus feeding on T. urticae and cedar, pear, apricot
and pistachio pollens was reported to be 25.11%, 2.58, 2.82, 13.44, and 30.24 eggs per female, respectively
(Soltaniyan e# al. 2018). Researchers stated that IN. californicus fecundity was higher when feeding on T.
urticae and pollens (corn, date palm, and bee) than when the predatory mite fed only on pollens
(Khanamani e a/. 2017b). The results of the present study also showed the same result. Pollens from
sunflower and hazelnut were less suitable as food sources, leading to the poor performance of Awmblyseius
swirskii (Goleva and Zebitz 2013). Although the reproductive performance of the predator on the
sunflower and common mallow pollens (in the absence of T. #rticae) was low, because of their fitness for
the retention of predator adults they can be used as a food source supplied during mass production of
N. californicus. In the absence of natural prey, an alternative food source must be able to retain predatory
mites over the long term rather than raise the capacity for producing eggs, because their over-abundance
can cause the over-consumption of food resources and an increment in cannibalism frequency
(Schausberger 2003). Therefore, sunflower and common mallow pollens may be appropriate for
promoting the retention of IN. californicus populations during periods when natural prey is lacking in plants.

The most preferred food source results in a higher intrinsic rate of increase and greater population
growth. Under conditions of exclusive feeding on pollens in the present study, the intrinsic rate of
increase for N. californicus was high only in tamarix pollen (0.112 day "), indicating the suitability of this
pollen as an exclusive food for this predatory mite. However, adding the tested pollen to natural prey (1.
urticae eggs) increased the intrinsic rate of increase more. Therefore, the intrinsic rate of increase in the
diets of common mallow + T. urticae and tamarix + T. urticae (0.132 and 0.131 day ™', respectively) was
higher than that of the other tested treatments. Similatly, Neoseinlus cucumeris (Oudemans) fed, developed,
and reproduced better when it was provided with pollen (maize, sweet pepper, mungbean, cucumber,
tomato, and rose) in combination with the prey (mold mite), compared to pollens offered alone (Sarwar
2016). Plant pollens, as appropriate supplementary food sources, can positively influence the growth
statistics of phytoseiid predatory mites. For example, the intrinsic rate of increase for N. californicus feeding
on almond, date palm, sunflower, and castor bean pollens was reported to be 0.129, 0.152, 0.123, and
0.146 day ', respectively (Yazdanpanah e a/. 2021). In another study, the intrinsic rate of increase for N.
californicns feeding on pistachio, date palm, and pomegranate pollens was estimated to be 0.190, 0.184,
and 0.168 day ', respectively, which was higher compated to other tested pollens. Also, pistachio and
date palm pollens resulted in high finite rate of increase and net reproductive rate for N. californicus
(Hashemi e 2/. 2021). The intrinsic rate of increase, finite rate of increase, and net reproductive rate of
N. californicus feeding on corn pollen in the presence of T. urticae (0.1409 day™', 1.1513 day ™', and 27.73
offspring/individual, respectively) were higher than when the predatory mite fed on corn pollen and T.
urticae separately (Khanamani ef a/. 2017b). These values in the above study were higher than the intrinsic
rate of increase and net reproductive rate in all six diets in our study, which could be due to the pollen
type and quality, rearing techniques, laboratory conditions, host plant used for rearing T. #rticae, and data
analysis method (Soltaniyan ez a/. 2018; Hashemi ¢f a/. 2021). The shortest mean generation time and the
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highest net reproductive rate (15.33 days and 34.08 offspring/individual, respectively) of N. californicus
occurred when continuously fed on T. wrticae eggs, while the longest mean generation time (16.90 days)
and the lowest net reproductive rate (19.07 offspring/individual) wetre recorded when continuously
reared on maize pollen. Also, the finite rate of increase was the highest (1.26) when N. californicus females
continuously consumed T. #rticae eggs (control), whereas it was the lowest (1.19) when continuously maize
pollen (Saber 2012). The finite rate of increase in all six treatments was lower than the control of the
above study. The intrinsic rate of increase and net reproductive rate for the predatory mite A. swirskii
were higher when feeding on almond pollen than on other pollens, and chemical analysis of pollens
showed a higher nutritional value of almond pollen (Riahi e a/. 2017). Peach pollen diet produced the
lowest intrinsic rate of increase, finite rate of increase, and net reproductive rate and the longest
oviposition period of female; hence, an inappropriate pollen for N. californicus (Hashemi et al. 2021).
Taking only the three pollens tested in the present study into consideration, it is indicated that tamarix
pollen due to its higher protein content was of higher nutritional value for N. californicus than the other
pollens. This pollen resulted in shortest pre-adult development and oviposition period of female, and the
highest net reproductive rate, oviposition duration, fecundity, intrinsic rate of increase, and finite rate of
increase, both in the absence and presence of T. #rticae. Similar results were reported for N. californicus ted
on date palm and pistachio pollens (Hashemi ez a/. 2021). Soltaniyan e a/. (2018) stated that the shortest
oviposition period, longest oviposition period, and fecundity, as well as the highest intrinsic rate of
increase, finite rate of increase, and net reproductive rate were on pistachio pollen, followed by apricot
pollen, which was related to the higher nutritional value of these pollens for IN. californicus. The sunflower
pollen diet produced the lowest intrinsic rate of increase, finite rate of increase, net reproductive rate, and
fecundity (despite the shortest oviposition period of female) than the other two pollens in the absence of
T. urticae, which indicated that this pollen was unsuitable for N. calfornicus. Similar results were reported
for N. californicus fed on peach pollen (Hashemi ez 2/ 2021). These differences may be related to pollen
nutritional composition, pollen sutface physiology (either by an impervious thick exine and/or by the
very long spines of the pollen surface), adaptation of mite mouthpart morphology to pollen morphology,
and mite digestive metabolism (Khanamani ez /. 2017b; Soltaniyan ez a/. 2018). In sunflower + I urticae
diet, shortest oviposition period and highest fecundity were observed, while intrinsic rate of increase,
finite rate of increase, and net reproductive rate had lower values in comparison to tamarix + 1. urticae
diet. On the other hand, higher fecundity compensated for longest oviposition period in tamarix + T.
urticae diet. In addition, intrinsic rate of increase, finite rate of increase, and net reproductive rate were
higher in tamarix + T. #rticae diet. Therefore, it is difficult to resist the result that tamarix pollen could be
a more suitable food source for the growth and reproduction of N. californicus both in absence and
presence of T. urticae.

Predation capacity of predatory mites may change with pollen availability (Rezaie and Montazerie
2018). This study investigated the predation rate of IN. californicus with the availability of common mallow,
tamarix, and sunflower pollens. The ability of N. californicus to suppress 1. urticae varied depending on the
pollen type, and the predation rate of T. urticae by IN. californicus fed on tamarix pollen was the highest
value compared to other pollens. In this regard, it has been reported that plant pollens can increase the
efficiency of phytoseiid predatory mites to suppress the density of natural prey (e.g., 1. urticae), which
varies depending on the pollen type and phytoseiid species (Khanamani e# a/. 2017b). According to our
results, under conditions of feeding on all three pollens (especially, tamarix pollen), N. californicus female
adults had a higher predation rate than other growth stages. In fact, tamarix pollen enhanced the ability
of N. californicus to reduce T. urticae populations. In this regard, Rezaie and Montazerie (2018) stated that
the predation rate of N. californicus females on various growth stages of 1. urticae was different among the
predatory mite reared on corn, walnut, and date pollens and T. #rticae eggs and the highest predation rate
was related to IN. californicus reared on date pollen. When A. swirskii was reared on almond pollen, the net
predation rate, transformation rate, and finite predation rate were significantly higher (Ansari-Shiri ez a/.
2022). In another study, a diet consisting of T. /atifolia pollen supported the development and
reproduction of IN. cucumeris for 25 consecutive generations without diminishing its predation capacity,
making it an appropriate diet for the long-term rearing of N. cucumeris in augmentative biological control
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of tetranychid mites (Gravandian ef /. 2022). The age-specific survival rate shows the survival of various
development periods without considering the individuals differentiation. Predatory mite N. californicus
that fed on tamarix pollen had a higher age-specific survival rate with increasing age and in adults
compared to the other two pollens. In other words, in tamarix pollen, age-specific survival rate decreased
slowly to 78% from 0O to 12 days. This could be due to the high protein content of tamarix pollen. It has
been reported that the age-specific survival rate of N. californicus slowly decreased to 0% in pistachio and
date palm pollens (Hashemi e a/. 2021). The highest survival rate of N. ca/ifornicus after the emergence of
adult insects was observed on the diet of pomegranate, walnut, corn, saffron and olive pollens (Eini ez a/.
2022). Survival of A. swirskii was increased by feeding on a diet of apricot, soybean, sesame, and date
palm pollens and was much more efficient than feeding on pest eggs alone (Fadaei ef a/. 2018).

Pollen composition affects its suitability for predatory mites (Khanamani ez a/. 2017¢). This study
revealed that the amount of total carbohydrates, fructose, sucrose, and glucose in common mallow pollen
was higher than that of other pollens. Protein seems to be the most effective nutrient for N. californicus,
as the predatory mite, by exclusively feeding on tamarix pollen (having high protein), was able to complete
its life stages and exhibited higher fecundity, net reproductive rate, finite rate of increase, and intrinsic
rate of increase, while its performance was lower when feeding on sunflower pollen (having medium
protein) and after that common mallow (lowest protein). Pollen protein content is one of the important
indicators of nutritive quality as it is closely related to the performance of consumers (Roulston and Cane
2000). The high protein content may also indicate that pollen is a highly suitable food source (Stanley
and Linskens 1974; Goleva e al. 2015). Riahi ez al. (2016) reported that protein and sucrose play the most
effective role in the nutritional value of food sources for Typhlodromus bagdasarjani Wainstein & Arutunjan.
They also reported that almond pollen had the highest nutritional value for this predator due to its crude
protein level above 25%, while corn pollen came in second place due to its moderate protein level (below
20%) and the highest sucrose content. The higher performance of predatory mites on pollens having
greater protein content has been reported by Khanamani e a/ (2017c). Studying the chemical
compositions of 7 pollens (almond, corn, sunflower, date palm, bitter orange, bee pollen, and castor
bean) showed that the highest lipid content was found in sunflower and castor bean pollens, while bee
pollen had the highest amount of fructose and glucose (Riahi ez 2/. 2016). In the present study, the highest
amount of lipid was found in sunflower pollen, which was consistent with the above study. The lower
performance of N. californicus on sunflower pollen can be due to the higher content of phenol and
flavonoids. Whereas carbohydrates, proteins, lipids, and amino acids can be consumed as nutrients and
digestion and metabolization should be unproblematic for phytoseiid mites, the detoxification of
secondary compounds in pollen, like flavonoids, alkaloids, or saponins depends on the mite species
mechanisms, such as metabolizing enzymes (Bonvehi ef a/. 2001; Goleva ez al. 2015). Specifically, the
esterases, multifunctional oxidases, or glutathione-S transferases, are responsible for food adaptations in
herbivorous insects and detoxifying xenobiotics (Goleva e /. 2015). Additionally, certain pollens (e.g.,
maize pollen) may contain quercetin, a plant flavonoid and a potent protease inhibitor, that distrupts
protein digestion and adversely impacts food conversion (Larson 1971; Goleva ef a/. 2015). Similatrly,
Lilinm martagon pollen was called a toxic pollen because of its plant secondary compounds (Goleva and
Zebitz 2013). To better understand the feeding of phytoseiid mites on plant materials, such as pollen, it
is essential to know more about the chemical composition of pollen and the feeding physiology of these
mites.

CONCLUSION

The most striking findings from this study were that 1) the nutritional value of different pollen
varies, and 2) different pollens have different effects on biological parameters and predation rates of NN.
caltfornicus. Among the tested pollens, tamarix resulted in the shortest pre-adult period and oviposition
period of females, and the highest net reproductive rate, oviposition duration, fecundity, intrinsic rate of
increase, and finite rate of increase for N. californicus compared to other pollens, both in the absence and
presence of T. urticae. Also, the availability of tamarix pollen increased the predation rate of IN. californicus,
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which is beneficial for the control of T. urticae. This was due to the high nutritional value (protein content)
of tamarix pollen. Therefore, tamarix pollen is a very suitable diet for N. ca/ifornicus. Under conditions of
feeding on sunflower and common mallow pollens (in the absence of T. wurticae), IN. californicus
performance, especially reproductive was lower, but their adults were maintained in the long term.
Therefore, sunflower and common mallow pollens may be suitable as a food source during mass
production of N. californicus and to promote population maintenance of this predator when natural prey
(T. wurticae eggs) is scarce in crops. Thus, our findings provide important information in designing a
comprehensive program for the conservation or mass production of N. californicus to control T. urticae.
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