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Abstract. The citrus red mite, Panonychus citri (McGregor), can cause severe
damage to citrus trees. 7Typhlodromips caspiansis Denmark & Daneshvar is an
indigenous predatory mite that was recently reported in association with P. citri in
the Northern provinces of Iran. This study aimed to investigate the bottom-up
effect of potassium and salicylic acid on the development and life table parameters
of T caspiansis on P. citri reared under host-plant treatment. Two-year-old citrus
seedlings were sprayed with a solution containing potassium fertilizer (0.02 g/L)
plus salicylic acid (1 mM). The survival rate and duration of the immature stages
of the predator, as well as the longevity of adults and fecundity, were recorded.
There was no significant difference in the egg and larval duration of 7. caspiansis
fed on P. citri reared on potassiums+salicylic acid-treated and untreated (control)
citrus seedlings. In comparison to the control, the duration of deutonymph was
prolonged by the application of this treatment. Also, the longevity of females that
came from immatures under host-plant treatment. The net reproductive rate (Ro),
intrinsic rate of increase (r), and finite rate of increase (A) of 7. caspiansis did not
show significant differences between potassium+salicylic acid-treated and Asticle historv
untreated citrus seedlings; while the mean generation time (T) differed Received: 08 June 2024
significantly. It can be concluded from the previous study and the present study =~ Accepred: 21 November 2024
that the positive effects of potassium+salicylic acid on P. citri control entail no Published: 12 January 2025
negative outcomes regarding predator fitness. However, further field-based studies
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Introduction

Citrus, originally from southwestern China, northeastern India, Malay Archipelago, and Burma, has spread to
tropical and subtropical regions worldwide (Langgut, 2017). Since the late 1930s, the citrus red mite,
Panonychuscitri (McGregor) (Acari: Tetranychidae), has become increasingly abundant and is now recognized as a
significant citrus pest in many countries (Childers &Fasulo, 2009; Zhang er al., 2020). The escalation of 2. citrifrom
a minor to a major pest is linked to the frequent use of broad-spectrum pesticides, which disrupt the natural predator-
prey balance and lead to outbreaks of secondary pests (Hill ez a/,, 2017; Qayyoum et al, 2021). Therefore, it is crucial
to reduce pesticide application by exploring alternative methods to promote sustainable agricultural production.

The significance of synthetic fertilizers and the role of natural enemies in regulating pest populations in citrus
orchards have recently brought integrated management into the spotlight of public research aimed at safeguarding
this crop (Ullah er al, 2019; Urbaneja er al,, 2020). Among the natural enemies, predatory mites from the family
Phytoseiidae (Acari) have gained considerable attention due to their potential as biological control agents for
phytophagous mites and thrips on various crops (Novljan er al, 2023). Based on field observations in the northern
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provinces of Iran, 7TyphlodromipscaspiansisDenmark &Daneshvar is one of the most common predator species
(Hajizadeh&Nazari, 2012; Omidi er al, 2016; Cokendolpher ez al., 2019). This species is capable of controlling
P. citriin citrus orchards if conserved through eco-friendly practices (Rahmani er a/, 2004; Rahmani ez a/, 2010).

Fertilization is a common practice in agricultural landscapes to enhance pest resistance in plants (Singh &
Sarkar, 2021; Mwangangi et al, 2021). In tri-trophic systems involving plants, herbivores, and natural enemies,
fertilization and salicylic acid (SA) application can affect the morphological and biochemical characteristics of
plants, which in turn can influence natural enemy performance through changes in the quality of prey (Filgueiras
etal., 2019; Erb er al, 2021). Additionally, fertilizer and SA may improve the quality of host plants, leading to an
increase in the abundance or quality of the herbivore population, which could impact the performance of natural
enemies (Turlings& Wackers, 2004; Horgan ez al., 2019).

These observations are supported by existing evidence. For instance, fertilizers were found to have a negative
impact on the predation and larval development of Aphidoletesaphidimyza (Rondani) (Diptera: Cecidomyiidae)
on canola plants (Fallahpour er a/, 2013). On the other hand, copper and zinc fertilizers did not influence the
population growth of A. aphidimyza on Myzuspersicac (Sulzer) (Hemiptera: Aphididae) (Mirab-balou &
Alizamani, 2022), and salicylic acid (SA) did not affect the development time, consumption, and weight of
Chrysoperlacarnea (Stephens) (Neuroptera: Chrysopidae) on melon plants (Moreno-Delafuente er al, 2020).
Additionally, the presence of predators increased in eggplant (Moursy er al,, 2021) and rice (Indhumathi er af,
2019) yields following the application of fertilizer and SA, respectively. However, there has been relatively less
focus on investigating the positive or negative effects of fertilizing citrus trees on the natural enemies of 2. citri.

In plants, Potassium (K) plays a crucial role in various physiological pathways (Zorb er al, 2014), activating
a diverse range of K-dependent metabolic enzymes, regulating photosynthesis, facilitating nitrogen uptake, and
aiding in protein synthesis (Wang er a/, 2013; Hasanuzzaman er al, 2018). Additionally, it is widely believed that
the application of potash fertilizer can decrease the prevalence of numerous invertebrate pests (Vieira et al, 2016;
Mamunur Rashid er al, 2016; Jeer er al., 2021). Numerous studies have demonstrated that treating plants with
exogenous salicylic acid (SA) enhances resistance against various herbivores, as well as fungal, bacterial, and viral
pathogens, while also triggering the expression of systemic acquired resistance genes across a broad spectrum of
plant species (War er al., 2013; Filgueiras er al., 2019; Jafarbeigi er al., 2020; Feng et al,, 2021). Furthermore, in
citrus plants, SA treatment has been found to effectively reduce pest incidence (Patt er al, 2018; Ibanez er al,
2022).

We previously found that Potassium+Salicylic acid treatment activated the highest level of resistance against
P. citri in citrus seedlings (Mahpuya er al, 2024). However, the effects of induced resistance on 7. caspiensis, a
predator of P. citri, remain unknown. Therefore, the aim of this study was to explore the effect of foliar exposure
of citrus plants to potassium+salicylic acid on some fitness parameters of 7. caspiansis. We applied this elicitor to
the aboveground parts of citrus seedlings, and then 2. citri larvae (< 12 h) were fed on these treated plants until
the deutonymphal stage (within 24-48 h). These specimens were introduced into 7. caspiansis, and their
developmental time, survival, and fecundity were monitored.

Materials and methods
Plant material and treatment

In July 2022, citrus seedlings of the Thomson Novel cultivar were cultivated in garden soil (pot size: 14 x 14 cm)
within the research greenhouse at the Citrus and Subtropical Fruits Research Center in Ramsar, Iran. The
greenhouse maintained a temperature of 25°C and a relative humidity of 60 + 5%, with artificial lighting provided.
Two-year-old citrus seedlings were utilized for the experiments. They were treated with a solution containing
potassium fertilizer (27% EDTA-chelated potassium; Khazra, SodoorAhrarShargh Co., KhorasanRazavi, Iran, at
a dosage of 0.02 g/L) along with salicylic acid (Merck Co., Germany, dissolved in acetone at a concentration of 1
g/ml and diluted in water to achieve a 1 mM solution). The untreated (control) group of seedlings received sprays
of distilled water. The experimental setup followed a randomized block design, with 20 seedlings divided into two
groups: those treated with potassium+salicylic acid and the untreated (10 seedlings in each group). To prevent
insect infestation, the pots were covered with 50-mesh muslin and watered once a week with 1 L of distilled water.
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The colony of prey and predator

A population of P. citri, originally collected from a citrus orchard in Ramsar (Mazandaran, Iran), was reared on
citrus seedlings (Thomson Novel cultivar) in a growth chamber under controlled conditions (25 + 2°C, 16L: 8D,
RH 65 + 5%) without exposure to pesticides. After two generations, they were then exposed to both untreated
and treated citrus seedlings for one generation. 7yphlodromips caspiansis adults, also collected from a citrus
orchard in Ramsar, were introduced to potted citrus seedlings covered with 50-mesh muslin. Each day, 20 2. cieri
deutonymphs were placed inside the cage for feeding. Monthly, the 77 caspiansis adults were moved to a new
caged seedling, and prey was provided.

Life history experiments

Each pot was individually covered with 50-mesh muslin. One hundred mated females of 7. caspiansis were
introduced into each cage and allowed to oviposit for 24 hours. Subsequently, 100 newly hatched 7. caspiansis
larvae were individually placed in each Petri dish (10 cm in diameter, 1 cm in depth) along with citrus leaves and
twenty P. citri deutonymphs from the same treatment group. To maintain a consistent prey density for 7.
caspiansis, the P. citri deutonymphs were replenished every 24 hours.

The development of all 7. caspiansis immature stages was monitored daily under a stereomicroscope, and the
duration of eggs, larvae, and nymphs, as well as their survivorship, were individually recorded. To assess 7.
caspiansis longevity and fecundity, newly molted male and female adults (less than 12 hours old) from both the
treatment and control groups were paired individually in Petri dishes with citrus leaves and twenty P. cieri
deutonymphs from the same treatment group. Again, to maintain a consistent prey density, the P ciri
deutonymphs were replenished every 24 hours. All newly laid eggs of 7. caspiansis were counted under a
stereomicroscope and removed daily until the 7. caspiansis adults had perished. This experiment was conducted
in a growth chamber set at 25 + 2°C, with a light-dark cycle of 16 hours light and 8 hours dark, and a relative
humidity of 65 + 5%.

Data analysis

The mean developmental periods, survival rates, and reproduction data of 7 caspiansis were analyzed using the
TWO-SEX-MSChart program (Chi & Liu, 1985; Chi, 1988; Chi, 2022). Age-specific fecundity curves (m,) and
age-specific survival rates (4) were calculated following the methodology outlined by Chi (2022). Life table
parameters such as net reproductive rate (Ro), intrinsic rate of increase (r), finite rate of increase (A), and mean
generation time (T) were derived from the software output using the age-stage, two-sex life table approach (Chi
& Su 2006; Tuan er al., 2014; Yang et al., 2014). Standard errors for developmental periods, survival rates, adult
longevity, fecundity, and life table parameters (Ro, r, A, T) were obtained using the bootstrap technique with
100,000 resamplings, as described by Efron and Tibshirani (1994) and Huang & Chi (2012).

Results
Duration of immature stages

In the first year of the study, a notable difference was observed in the duration of immature stages of 7. caspiansis
(excluding egg and larvae) when fed P. citri from citrus seedlings treated with potassium+salicylic acid compared
to the control group (Table 1). Specifically, the protonymphal stage lasted longer in the control group (1.90 days)
compared to potassium+salicylic acid treatment group (1.77 days) (P < 0.05).

Conversely, the deutonymphal stage duration was longer in potassium+salicylic acid treatment group (2.29
days) than in the control group (2.09 days) (P < 0.05). Additionally, the total development time was significantly
longer in potassium+salicylic acid treatment group (7.29 days) compared to the control group (6.97 days) (P < 0.05).

In the second year of the study, there was no significant difference in the duration of the egg, larval, and
protonymphal stages of 7 caspiansis when fed P. citri from citrus seedlings treated with potassium+salicylic acid
compared to the control group (Table 1). However, the deutonymphal stage duration was significantly longer in
potassium+salicylic acid treatment group (2.42 days) than in the control group (2.16 days) (P < 0.05). Similarly,
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the total development time was significantly longer in potassium+salicylic acid treatment group (7.52 days)
compared to the control group (7.05 days) (P < 0.05).

Adult longevity and reproduction

In both years, there was no significant difference in the male longevity of 7. caspiansis when fed on P. citri reared
on potassium+salicylic acid-treated citrus seedlings compared to control seedlings (Table 2). However, the female
longevity of 7. caspiansis was notably longer when fed P. citri from control seedlings (27.25 days in the first year
and 28.39 days in the second year) than when fed 2. citri from potassium+salicylic acid-treated seedlings (26.62
days in the first year and 27.37 days in the second year). Additionally, in both years, both the adult pre-oviposition
period and the total pre-oviposition period of 7. caspiansis were extended when fed P. citri from
potassium+salicylic acid-treated seedlings (4.06 and 11.52 days in the first year, 3.85 and 11.40 days in the second
year) compared to feeding on 7. cizri from control seedlings (3.26 and 10.25 days in the first year, 3.17 and 10.24
days in the second year) (Table 2). Furthermore, the oviposition period was longer when fed on control seedlings
(9.99 and 10.72 days, respectively) compared to potassium+salicylic acid-treated seedlings (9.02 and 9.26 days,
respectively), while fecundity remained unaffected (Table 2).

Life table parameters

The age-specific survival rate (4)of 7. caspiansis, when fed on P. citri reared on potassium+salicylic acid-treated
and control citrus seedlings is illustrated in Fig. 1. Our findings indicate that, over two years, this predator
completed its development when feeding on both types of P. citri. Specifically, the age-specific survival rate (4) at
the time of adult emergence for 7. caspiansis was 0.98 and 0.91 in the first year (Fig. 1-A and B) and 0.97 and
0.89 in the second year (Fig. 1-C and D).

when fed on potassium+salicylic acid-treated and control seedlings, respectively. The last female adult
(maximum age) mortality occurred on days 32 and 31 in the first year (Fig. 1-A and B) and 31 in the second year
(Fig. 1-C and D) for both potassium+salicylic acid-treated and control seedlings. The age-specific fecundity (1z,)
of T. caspiansis, when fed on P. citri reared on potassium+salicylic acid-treated and control citrus seedlings is
illustrated in Figure 1. In both years, oviposition of the first female commences on the 9th day under
potassium+salicylic acid treatment (Fig. 1-A and C) and the 7th day in the control group (Fig. 1-B and D).

Table 1. The mean (+SE) duration of immature stages of 7yphlodromips caspiansis fed on Panonychus citri
reared on untreated and potassium+salicylic acid-treated citrus seedlings.

Developmental stage (day) First year Second year
Control Potassium+ Control Potassium+

Salicylic acid Salicylic acid
Egg 1.90 £+ 0.03 a 1.94+£0.02 a 1.89+0.03 a 1.91+0.03a
Larva 1.17 £ 0.03 a 1.29 + 0.05 a 1.16 + 0.04 a 1.25+0.05a
Protonymph 1.90£0.03 a 1.77£0.04 b 1.85+0.04a 1.85+0.04a
Deutonymph 2.09+0.03b 229+ 0.06 a 2.16 £ 0.04 b 242 +0.05 a
Total immature stages 6.97 +0.06 b 7.29+0.08 a 7.05+0.07 b 7.52+0.09 a

In each year, means in a row followed by different letters are significantly different at < 0.05 by using a paired bootstrap test.

Table 2. The mean (+SE) duration of adults’ longevity and reproductive parameters of 7yphlodromips caspiansis
fed on Panonychus citri reared on untreated and potassium+salicylic acid-treated citrus seedlings.

Parameters First year Second year
Control Potassium+ Control Potassium-+
Salicylic acid Salicylic acid
Male longevity (day) 269+0.5a 27.6+0.6a 26.6+0.5a 27.7+0.5a
Female longevity (day) 272+02a 26.6+0.3b 284+0.3a 27.4+0.3b
Adult pre-oviposition period (APOP; day) 3.26+0.10b 4.06+0.09 a 3.17£0.08 b 3.85+0.09a
Total pre-oviposition petiod (TPOP; day) 10.2+0.1b 11.5+0.1a 10.2+0.1b 11.4+0.1a
Oviposition period (day) 9.99+0.18a 9.02+0.15b 10.7+0.2a 9.26+0.18b
Fecundity (eggs/female) 21.0+04a 21.8+04a 21.8+0.3a 212+04a

In each year, means in a row followed by different letters are significantly different at P< 0.05 by using a paired bootstrap test.
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In the first year, the peaks of female progeny (highest daily fecundity) were 1.38 (at the age of 18 days) and 1.43
(at 13 days) females/female/day in potassium+salicylic acid treatment and control, respectively (Fig. 1-A and B).
In the second year, the peaks of female progeny were 1.37 (at the age of 17 days) and 1.38 (at age 16 days)
females/female/day in potassium+salicylic acid treatment and control, respectively (Fig. 1-C and D). The age-stage
specific survival rate (8y) of 7. caspiansis expresses the survival potential of newly hatched immatures in age x and
stage j. The results showed that potassium+salicylic acid treatment did not affect relative numbers of alive
larvae/nymphs compared with controls in both years (Fig. 2). The female age-specific fecundity (4) of 7.
caspiansis, when fed on P. citrireared on potassium+salicylic acid-treated and control citrus seedlings, is illustrated
in (Fig. 3). A similar trend with m, was observed in 4; changes of predators fed on control and treatment.

Analysis of the life table parameters of 7. caspiansis for both years revealed no significant differences between
potassium+salicylic acid-treated and control citrus seedlings in terms of net reproductive rate (Ro), intrinsic rate of
increase (r), and finite rate of increase (A). However, there was a significant difference in mean generation time
(T) between the two groups (first year: 16.42 vs. 15.49 days, respectively; second year: 15.82 vs. 16.27 days,
respectively) as shown in Table 3.
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Fig. 1. Age-specific survival rate (l,) and fecundity (m,) of Typhlodromips caspiansis fed on Panonychus citri reared on
untreated (B: first year, D: second year) and potassium+salicylic acid-treated (A: first year, C: second year) citrus seedlings.
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Fig. 2. Age-stage specific survival rate (&) of Typhlodromips caspiansis fed on Panonychus citri reared on untreated (B: first
year, D: second year) and potassium+salicylic acid-treated (A: first year, C: second year) citrus seedlings.

Discussion

Natural enemies, such as predators, play a crucial role in community assembly and ecosystem function. Their
success is dependent on the quantity and quality of their prey, which are greatly influenced by the quality and
availability of the host plant (Garratt er al, 2011).

Previous literature supports the idea of bottom-up cascades in plant-host-predator food webs (Borer et al,
2006; Daugherty er al, 2007; Chen er al, 2010; Riggi & Bommarco, 2019), suggesting that host resources
indirectly impact predator efficacy. Our study revealed that variations in the quality of P. citri affected the
developmental time of immature stages and reduced the female longevity of 7. caspiansis. However, it did not
have an impact on fecundity and life-table parameters, except for the mean generation time of the predatory mite.

In our study, the similar duration of 7 caspiansislarvae on potassium+salicylic acid-treated and control citrus
seedlings can be attributed to the species' facultative feeding habits during this stage (Rafatifard er a/, 2004). The
developmental period of deutonymphs and the overall immature stages of 7. caspiansis were prolonged when they
were fed P. citri from citrus seedlings treated with potassium+salicylic acid. Treatment of seedlings may offer low-
quality nutrients to insect herbivores, diminishing their fitness and weight. Consequently, the immature stages of
T. caspiansis develop at a slower pace to acquire the necessary food and mitigate the adverse effects of a subpar
diet. Our findings align with a study on a Bell pepper—aphid—predator system by Mirab-balou and Alizamani
(2022), where the larval development time of A. aphidimyza was extended by the application of Fe, Mn, Cu, and
Zn fertilizers. Conversely, in a separate study, the application of salicylic acid did not impact the developmental
rate of C. carnea immatures, predators of Aphis gossypii Glover (Hemiptera: Aphididae) (Moreno-Delafuente er
al., 2020).
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The extended lifespan of predators can effectively reduce populations of herbivorous insects (Barclay, 1982) as
predators have the potential to consume more prey, leading to stronger adults with higher reproductive success.
In our study, the adult longevity of female 7 caspiansis was reduced by the application of potassium+salicylic
acid. We hypothesized that 2. cizri may transfer harmful effects from plants, such as secondary metabolites, to its
predators. This decrease in longevity could have a negative impact on the control of 2. citri. Interestingly, the
treatment did not affect the longevity of male 7. caspiansis in our experiment, possibly because males allocate their
energy towards detoxification rather than egg production, thereby neutralizing the negative effects of the treated
prey. The difference in the results of the two studies may be due to differences in the nutritional characteristics of
the studied species. Because both nymphs and adults of 2. citri have feeding activity (Rafati-Fard er al, 2004),
poor-quality food probably has greater negative effects on this species.

In contrast to our results, Mirab-balou and Alizamani (2022) demonstrated that the adult longevity and
fecundity of A. aphidimyza increased when feeding on hosts reared on fertilized treated plants. Additionally,
consistent with Soltaniyan ez a/ (2020), we observed that low food quality only delays oviposition by 7. caspiansis
without reducing or increasing it. The I, and m, curves demonstrate the bottom-up effects of fertilization on the
third level of the food chain (Fig. 1). A decrease in nutrition quality may lead to lower survival rates and delayed
reproduction (Razmjou er al, 2006; Gharekhani er af., 2020).
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Fig. 3. Female age-specific fecundity (4) of Typhlodromips caspiansis fed on Panonychus citri reared on untreated (B: first
year, D: second year) and potassium+salicylic acid-treated (A: first year, C: second year) citrus seedlings.

Journal of Entomological Society of Iran 2025 ¢+ 45 (1)



114 potassium and salicylic acid on Typhlodromips caspiansis: ...

Table 3. The mean (+SE) life table parameters of Typhlodromips caspiansis fed on Panonychus citri reared
on untreated and potassium+salicylic acid-treated citrus seedlings.

Developmental stage (day) First year Second year
Control Potassium+ Control Potassium+
Salicylic acid Salicylic acid
Ry (offspring) 14.4£1.0 a 14.4£1.0 a 15.5¢0.1a 15.7¢1.1a
fm(day™) 0.172+0.005 a 0.162+0.005 a 0/171£0.006 a 0.160+0.005 a
l(day’l) 1.19+0.01 a 1.18+0.01 a 1.19+0.00 a 1.17+£0.01 a
T (day) 15.5+0.1 b 16.4£0.1 a 15.8+0.1 a 16.3+0.1 b

In each year, means in a row followed by different letters are significantly different at < 0.05 by using a paired bootstrap test.

The similar or positive intrinsic rate of increase (r) and finite rate of increase (A) values in potassium+salicylic acid
treatment and control groups suggest higher birth rates compared to mortality rates (Santos et af., 2014). Similarly,
the identical Ry parameter values for these treatments indicate similar numbers of offspring (Menezes et al., 2014).
Typhlodromips caspiansis, when fed on P. citri reared on potassium+salicylic acid-treated citrus seedlings, exhibited
a longer mean generation time (T) compared to the control group. If does not impact the r value, a higher T value
is desirable in biocontrol programs as it extends the predation period. Some studies suggest that fertilization or
salicylic acid treatment triggers resistance mechanisms in plants, ultimately affecting predator performance (Walde,
1995; El-Doksh er al, 2005; Mallinger er al, 2011; Han er al, 2015; Yali & Sattari-Nassab, 2020), while others
indicate the absence of such cascading effects (Yang er al, 2016; Alakhdar & Abou-Setta, 2021; Rowen & Tooker,
2021). We believe that this dichotomy may be linked to species' life history strategies and how host plants alter the
quality of herbivorous hosts. In our study, the reduction in food quality forced immature stages to extend their
growth period to obtain the nutritional requirements (Mahpoya et al, 2023). However, the decrease in food quality
probably did not have an important effect on the physiology of predatory mites and their energy reserves. Therefore,
their vital factors, including the fecundity of female adults, were unaffected. Finally, the results showed that the
reduction in food quality does not have a negative effect on the life table parameters of 7. caspiansis population.

In summary, this study contributes an additional example to the existing research on interactions between plants,
herbivorous mites, and predators. In our previous study (Mahpoya er al, 2023), we observed that citrus seedlings
treated with potassium+salicylic acid significantly reduced the fitness parameters of . cieri. In the present study,
despite observing a decrease in survival rate, we found that the reproduction and population growth rates of the
predator were not affected when 77 caspiansisted on P. citrireared on citrus seedlings treated with potassium+salicylic
acid compared to the control group. These findings suggest that our study could offer valuable insights into the
combined use of inducers, fertilizers, and natural enemies in managing P. citri. However, further research is necessary
to assess the predatory performance of 7. caspiansis on fertilized/induced citrus under field conditions.
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Typhlodromips caspiansis (;553) J9sp Jala3 g az)ad )5)(5i s)Shac (59) sawl Galwgdlw g euwls y36
Denmark & Daneshvar (Acari: Phytoseiidae)
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