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ABSTRACT

The present study was conducted during the two seasons, 2017/2018 and 2018/2019 to evaluate the effect
of some stimulating compounds on the mean population number of the movable stages of the two-spotted
spider mite Tetranychus urticae per leaflet in two strawberry cultivars, Fortona and Festival. The six
tested compounds included fulvic acid 10%, humic acid 15%, salicylic acid 99%, potassium silicates
45%, potassium citrate 55%, and calcium carbonate 95%, with a control untreated group for comparison.
The control group had the highest number of T. urticae across all weeks. Treatments with fulvic acid,
humic acid, salicylic acid, potassium citrate, potassium silicates, and calcium carbonate showed
significantly lower mite counts compared to the control, especially in the later weeks. However, calcium
carbonate and potassium silicates were the most effective in reducing T. urticae populations in both
strawberry cultivars. Salicylic acid significantly increased trichome density, which may contribute to
enhance a kind of resistance against pests. These results suggest that certain stimulating compounds can
effectively boost strawberry plants’ resistance to T. urticae by reducing mite populations and increasing a
control mechanism such as trichome density.
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INTRODUCTION Innovations in pest and disease management, such
as integrated pest management (IPM) and the use
of biological controls, help maintain crop health
while  minimizing hazardous chemical use

(Deguine 2021). These advancements are helping

Strawberry is a quite significant crop in Egypt’s
agricultural sector, where it is one of Egyptian
major non-traditional export crops (Moussa et al.

2019). The country exports a substantial amount of
strawberries, primarily to Europe and The Middle
East countries, which helps in earning foreign
currency (Shehata et al. 2020). Egypt produces a
large quantity of strawberries, with estimates
suggesting around 1 million tons annually that
includes both high-quality ~ export-grade
strawberries and those used for industrial purposes
like confectionery and jams (Shehata et al. 2020).
There are many strawberry cultivars grown in
Egypt but the most common are Fortuna and
Festival.

However, strawberry’s production
encounters some phytosanitary problems, which
involve managing different kinds of pests and
diseases. Addressing these issues effectively is
crucial but adds to the overall production expenses.

to make strawberry production more sustainable,
efficient, and profitable. However, the infestation
of the two-spotted spider mite
(TSSM), Tetranychus urticae Koch, is a
significant challenge for strawberry production
(Sato et al., 2004). This mite can severely reduce
plant growth and yield, impacting both the quality
and quantity of strawberry produced (Klamkowski
et al. 2006; Rezaie et al. 2013).

Tetranychus urticae is considered as a
major pest for strawberry plants due to its rapid life

cycle, high reproductive rate, and ability to
reproduce  without  mating  (arrhenotokous
parthenogenesis) (Zhao et al. 2023a). Its

adaptability to various hosts and environmental
conditions allows it to build high population
densities quickly, making it a significant challenge
for growers (Agut et al. 2018).
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The primary method for controlling mites
has been the use of acaricides, however, a
significant challenge is the mite’s ability to quickly
develop resistance to these chemicals after just a
few applications (Adesanya et al. 2021). This
resistance makes it increasingly difficult to manage
TSSM populations effectively, necessitating the
exploration of alternative and integrated pest
management strategies to ensure sustainable
control (De Ponti 1985; Van Pottelberge et al.,
2008). Moreover, the use of pesticides may have
detrimental side effects on natural enemies,
particularly the predatory mite, Phytoseiulus
persimilis (Athias-Henriot), which is a key
biological control agent against T. urticae (Ditillo
et al. 2016). This predator is highly effective in
managing TSSM populations, but its effectiveness
can be compromised by pesticide applications that
harm it (Croft 1990). To mitigate these side effects,
integrated pest management (IPM) strategies are
crucial (Helle and Sabelis 1985) to provide an
ecological balance between pests and their natural
enemies and to provide a more reasonable form of
pest management (Kogan1998). So, the use of low
toxic forms of chemical agents to natural enemies
and/or the use of pesticide- resistant predatory
mites have been exploited in integrated pest
management programs (Croft1990). It's important,
in the integrated pest management programs, to
select efficient pesticides with little negative
effects on the natural enemies (Colomer et al.
2011).

Exploring alternative methods is crucial for
effective integrated mite management (IMM).
Induced resistance is a promising approach, where
chemical elicitors like jasmonic acid, salicylic acid,
and ethylene are used to enhance the plant’s natural
defenses against mites (Roychowdhury et al.
2024). These compounds can trigger the plant’s
immune response, making it more resistant to mite
infestations and reducing the reliance on chemical
pesticides (Shivaji et al. 2010; War et al. 2012;
Afifi et al. 2015). By incorporating such methods
into an IMM program, growers can achieve more
sustainable and effective control of the two-spotted
spider mite while minimizing the negative impacts
on beneficial predators and the environment.

Foliar spraying of chemical elicitors and
fertilizer compounds like salicylic acid, methyl

jasmonate, potassium humates, and potassium
silicate can significantly enhance tomato plants’
defense against the red spider mite (T. urticae)
(Asghari et al. 2020). These substances boost the
concentrations of essential oil components and
both enzymatic and non-enzymatic antioxidants in
the plants (Sharma et al. 2022). As a result, they
help suppress mite damage and improve the plants’
tolerance to infestations, making them a valuable
tool in integrated mite management programs
(Afifi et al. 2015). The morphological and
chemical characteristics of plants, along with their
defense mechanisms, play a crucial role in
influencing mite infestations (Borges et al. 2024).
Factors such as leaf surface texture, the presence of
trichomes (hair-like structures), and the production
of secondary metabolites can either deter or attract
mites (Karabourniotis et al. 2020). Additionally,
plants with robust defense mechanisms, including
the production of defensive chemicals and proteins,
are better equipped to resist mite attacks (Ali et al.
2015; Vasquez et al. 2018). Understanding these
plant traits and leveraging them through breeding
or treatment with such elicitors can significantly
enhance the effectiveness of integrated mite
management programs.

The elicitors of induced responses can be
sprayed on crop plants to build up the natural
defense system against damage caused by
herbivore (War et al. 2012). These resistance
inducers can trigger a variety of defense
mechanisms in plants. These mechanisms include:
antioxidative enzymes, that help protect plant cells
from oxidative damage; proteinase inhibitors (PIs),
that inhibit the activity of enzymes that herbivores
use to digest plant proteins; volatile organic
compounds (VOCs), that can attract natural
predators of herbivores or repel the herbivores
themselves; alkaloid production, that can be toxic
to herbivores and deterring them from feeding on
the plant; trichome formation, that can physically
deter herbivores; and secretion of extrafloral nectar
(EFN), which attracts beneficial insects that can
protect the plant from herbivores (Walters and Heil
2007). These responses collectively enhance the
plant’s ability to defend itself indirectly by either
deterring herbivores or attracting their natural
enemies (Bagheri et al. 2021; Bezerra et al. 2021).
It’s a sophisticated and dynamic system that


https://edis.ifas.ufl.edu/publication/IN1216

showcases the complexity of plant defense
strategies (Dickens 2006; Pauwels et al. 2009).

It is well known that fertilizing strawberry
plants with calcium sulfate (CaSO,4) and potassium
sulfate (K;SO,4) can enhance the plant’s natural
defenses. The increase in total phenols and amino
acids in the plants due to these fertilizers helps in
reducing the infestation of T. urticae_(Smith et al.
2023). Phenols have antioxidant properties that can
deter pests, while amino acids are crucial for
various plant metabolic processes, including the
synthesis of defense-related compounds (Samtani
et al. 2019). This combination makes the plants
less attractive or more resistant to pests like T.
urticae_(Afifi et al. 2010).

There are many compounds that work by
activating or priming the plant’s immune system,
and help plants bolster their defenses against
various stresses, including pests and diseases.
Among those effective plant resistance inducers:
chitosan, a natural biopolymer derived from chitin,
which can enhance plant defense mechanisms
against pathogens and pests; jasmonic acid, a plant
hormone that plays a crucial role in regulating
plant defenses against herbivores and pathogens;
ethylene, another hormone involved in the
regulation of various plant processes, including
defense  responses;  beta-aminobutyric  acid
(BABA), a non-protein amino acid that can induce
resistance against a wide range of pathogens;
oligosaccharides, which can act as signaling
molecules to trigger plant defense responses; and
microbial elicitors, certain beneficial microbes that
can induce systemic resistance in plants (Yang et
al. 2022; Dewen et al. 2017; Zhou and Wang
2018). Also, there are some other compounds that
could be used to induce the plant resistance such as
fulvic acid, which enhances nutrient uptake and
stimulates plant growth; humic acid, which
improves soil structure and increases nutrient
availability; salicylic acid, which plays a key role
in systemic acquired resistance (SAR) by
activating defense genes (Urban et al. 2022);
potassium citrate, that provides potassium, which is
essential for various plant functions, including
stress resistance; potassium silicates, which
strengthen cell walls, making plants more resistant
to pests and diseases; and calcium carbonate,
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which helps in maintaining cell wall integrity and
can act as a pH buffer (Isah, 2019).

Many plants utilize their trichomes to
produce physical barriers and chemical defenses,
effectively repelling a wide range of pests. If we
induced the plant to have more trichomes that can
help reduce pest populations naturally. Trichomes
provide a multifaceted defense against many pests
by acting as physical barriers, producing toxic and
sticky substances, modifying insect behavior, and
enhancing the plant’s overall defense mechanisms
(Han et al. 2022; Wang et al. 2021). These
functions make trichomes a crucial component of
the plant’s defense strategy against herbivores.
Stimulating  compounds  enhance  trichome
development through a combination of nutrient
supply, hormonal regulation, and stress response
mechanisms. By optimizing these factors, the
compounds promote the formation and growth of
trichomes, which serve as a physical defense
against pests and environmental stresses (Wang et
al. 2021; Li et al. 2021).

In this study, we used some plant resistance
elicitors on strawberry, including potassium citrate,
potassium silicate, calcium carbonate, salicylic
acid, humic acid, and fulvic acid, to induce
resistance against the two-spotted spider mite. The
life table parameters, especially intrinsic rate of
increase (rm), have been used as indicators of pest
population performance to assess the level of plant
resistance to herbivorous pests (Adango et al.
2006; Golizadeh et al. 2016). The scanning
electron microscope was used to determine the
number of strawberry leafs’ trichomes in response
to the application of plant resistance elicitors
applied.

MATERIALS AND METHODS

The present study was conducted during the two
seasons, 2017/2018 and 2018/2019 to evaluate the
effects of various stimulating compounds on the
mean number of T. urticae movable stages per
leaflet in the two strawberry cultivars, Fortona and
Festival. The six compounds tested were fulvic
acid 10%, humic acid 15%, salicylic acid 99%,
potassium silicates 45%, potassium citrate 55%,
and calcium carbonate 95%, with a control group
for comparison.
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Experimental procedures

The two strawberry cultivars, Fortuna and Festival
commonly grown in Egypt, were selected to
determine the effect of six stimulants compounds
on the induction of resistance in strawberry plants
against the two-spotted spider mite, T. urticae
during the two seasons, 2017/2018 and 2018/2019.
Seedlings of the two tested strawberry cultivars
were planted on terraces containing four rows of
strawberry plants in a greenhouse (9 x 40 m?) at
the farm of the Faculty of Agriculture, Cairo
University, Egypt.

The experimental area was divided into
seven blots (treatments), counting in the control,
with each strawberry cultivar (Fortuna and
Festival) according to a randomized complete
block design including four replicates for each
treatment. Strawberry plants received all normal
agricultural processes without any pesticide's
application or other fertilization. The stimulating
compounds were applied on the two strawberry
cultivars (treatments) one month after plantation,
whereas the control sprayed with water only. A
compressor spryer (20 | capacity) was used in all
treatments except for humic acid, which was added
manually as a soil application. The strawberry
plants are sprayed weekly until the end of the
experiment during two seasons. The details and
application rates of these compounds were
mentioned by Afifi et al. (2015) and Abdelwines
and Ahmed (2022). The infestation of T. urticae on
strawberry plants appeared seven weeks after
planting date. Sampling was conducted weekly,
then the number of movable stages of mite/10 plant
/ replicate were weekly recorded for each treatment
and cultivar before each application.

Estimation of leaf trichomes using the scanning
electron microscope

Estimation of the leaf trichomes was conducted to
evaluate the effect of wvarious stimulating
compounds on the density of trichomes on the
lower leaf surface of Fortona cultivar. The density
of trichomes on the lower leaf surface was
measured in cm? after the application of each
treatment. The mean number of trichomes was
recorded for each treatment. Leaf samples of
strawberry cultivars were collected from the upper
third of plants when they were about two months

old and prepared for scanning electron microscope
(SEM) imaging to calculate the density of
trichomes (Joel jsm. 6390 LA) according to
(Karnowsky 1965 and Fischer et al. 2012). The
density of trichomes (numberss/mm?)  was
determined in ten spots per leaf using the Compu
Eye, Leaf, and Symptom Area program techniques
(Bakr 2005).

Statistical analysis

The data were analyzed using Analysis of Variance
(ANOVA) to determine the overall effect of the
treatments on the mean number of T. urticae
movable stages. Post-hoc comparisons were made
using Tukey’s Honest Significant Difference
(HSD) test to identify significant differences
between treatment means. The significance level
was set at (P < 0.05) (Tukey 1949).

The statistical analysis was performed using
SPSS. The F-values and P-values for each week
and treatment combination are presented in Tables
1 and 2 (IBM Corp. 2017).

RESULTS AND DISCUSSION

The stimulating compounds were generally
effective in reducing the number of T. urticae
movable stages, where fulvic acid, humic acid, and
potassium silicates showed the highest consistent
results. The most effective stimulants were calcium
carbonate and potassium silicates, especially in the
later weeks of experiments. The control group
consistently had the highest number of spider mite,
which obviously indicated to the efficiency of these
compounds.

Strawberry cultivars response

When comparing the Fortona and Festival cultivars
based on the data provided for both seasons (table
1 and 2) the results clearly showed that the initial
infestation on Fortona cultivar in the first season
(2017/2018) started with low mite numbers
(0.75/leaf in the first week), then it increased over
the weeks. Fulvic acid, humic acid and salicylic
acid showed moderate control, with numbers
increasing but staying lower than the control group.
On the other hand, potassium citrate, potassium
silicates and calcium carbonate highly reduced the
mite numbers, especially in the initial weeks.



In the second season (2018/2019), the
initial of spider mite infesting Fortona cultivar had
similar low starting numbers (1.00 in the first
week). Then an increase in mite numbers observed,
but treatments were more effective compared to the
first season. Similarly, fulvic acid, humic acid and
salicylic acid continued to show moderate control,
with better performance than the first season. On
the other hand, potassium citrate, potassium
silicates and calcium carbonate showed significant
reduction in mite numbers, especially in the early
weeks. The Fortona cultivar showed a consistent
pattern of lower mite numbers with treatments
compared to the control in both seasons. The
second season showed slightly better control
overall.

Concerning Festival cultivar, the initial
infestation number in the first season (2017/2018)
was higher than on Fortona cultivar (1.75 in the
first week). Also, it had a steeper increase in mite
numbers over the successive weeks. Fulvic acid,
humic acid and salicylic acid showed some control,
but mite numbers increased more rapidly than in
Fortona. Potassium citrate, potassium silicates and
calcium carbonate significantly reduced mite
populations, but it was lower than on Fortona
cultivar.

In the second season (2018/2019), the
initial mite infestation in Festival cultivar had
similar starting occurrence, which was 1.75
mite/leaflet in the first week. There was an increase
in mite numbers, but the results clearly showed that
stimulant treatments were more effective in
reducing mite populations compared with the
results obtained in the first season. Moreover,,
fulvic acid, humic acid, salicylic acid continued to
show moderate effect in mite control, with a better
performance than the first season, but potassium
citrate, potassium silicates and calcium carbonate
showed a significant reduction in mite numbers,
especially in the early weeks. The mite population,
which found on Festival cultivar, also showed a
considerable reduction as compared to the
untreated control group, but the stimulant impact
on mite population was more obvious in the second
season.

Fortona cultivar generally started with a
lower mite infestation rate compared to Festival in
both seasons. Both cultivars clearly showed an
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increase in mite population over time, but the
increase was steeper on Festival cultivar. Also,
stimulant treatments were generally more effective
on Fortona compared to Festival cultivar. Both
cultivars showed improvement in mite control in
the second season. The control group of untreated
cultivars had the highest mite numbers in both
cultivars and seasons, highlighting the significance
of treatments but there were a slight variation in the
efficiency of the tested stimulants.

Effectiveness of treatments

Fulvic acid: In both seasons, fulvic acid
consistently reduced the number of mites, but the
reduction was more pronounced in the second
season. Many studies highlight the potential of
fulvic acid as a natural solution for pest
management. Zhao et al. (2023b) found that fulvic
acid, when used with various manures,
significantly improved soil health and reduced pest
populations, including mites. Sun et al.
(2020) highlighted the broader benefits of fulvic
acid in enhancing plant health and resilience,
which can indirectly reduce pest populations.

Humic acid: Similar to fulvic acid, humic acid
showed consistent effectiveness in both seasons,
with a slightly better performance in the second
season. There is a relevance of Humic acid on crop
growth, plant hormone production, nutrient uptake
and assimilation, vyield, and protein synthesis
(Ampong et al. 2022). Humic substances (HSs)
exhibit properties similar to auxins, which modify
plant metabolism which leads to positive outcomes
for plant growth and productivity, including
enhanced nutrient utilization and greater tolerance
to both abiotic and biotic stresses (Rathor et al.
2023).

Salicylic acid: Its treatment showed a gradual
reduction in mite numbers over the weeks in both
seasons in comparison to the control, but the
reduction was slower in the second season.
Homayoonzadeh et al. (2020) found that salicylic
acid can induce plant resistance to certain
herbivores, including mites. The application of
salicylic acid altered the activity of mite digestive
enzymes, reduced their energy reserves, and
increased their susceptibility to pesticides. Vilela
de Resende et al. (2021) studied the relationship
between salicylic acid and resistance to mites in
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strawberry and stated that exogenously applied
salicylic acid induced resistance to biotic stresses
in strawberry plants. Their study observed morpho-
anatomical changes in the plants that made them
less favorable to mites, resulting in fewer mite eggs
and live females on treated plants.

Potassium citrate and silicates: Both showed
moderate effectiveness in reducing mite numbers,
with a slight improvement in the second season.
Nikpay and Soleyman (2014) conducted field
applications of silicon-based fertilizers against
sugarcane yellow mite, they examined the effects
of foliar application of potassium silicate on
sugarcane varieties. The results showed a
significant reduction in mite populations on treated
plants compared to control groups. Ramirez-Godoy
et al. (2018) Also, mentioned that potassium
silicate applications can enhance plant resistance to
pests, suggesting similar potential benefits for mite
management.

Calcium carbonate: This treatment was effective in
both seasons, with a noticeable reduction in mite
numbers, especially in the second season. Calcium
treatments improved cell membrane stability and
regulated reactive oxygen species metabolism in
peanut plants, enhancing their resistance to biotic
stresses (Yan et al. 2024). Negi et al. (2023)
discussed how calcium signaling plays a crucial
role in plant immune responses, including the
activation of various calcium-dependent proteins
that help plants resist microbial pathogens.

Mohamed and El-Tawashy, (2024) studied
the effect of bio-stimulant on strawberry for two
consecutive seasons and revealed that calcium
carbonate consistently enhanced chlorophyll a and
b content in strawberry plants across both seasons,
with potassium silicate and potassium citrate also
showing significant positive effects in the second
season.  Conversely, fulvic acid reduced
chlorophyll a and total chlorophyll in the first
season. While all bio-stimulants generally reduced
total carotenoid concentration, fulvic acid was an
exception in the second season, maintaining
carotenoid levels. This indicates that the choice of
bio-stimulant can significantly influence the
chlorophyll and carotenoid content in strawberry
plants, with calcium carbonate being particularly
effective for chlorophyll enhancement.

In our study, there is a relation between the
two seasons in terms of the effectiveness of the
treatments. The second season generally showed
better control of T. urticae across most treatments.
This could be due to various factors such as
environmental conditions or improved application
techniques.

Density of Trichomes (Mean number /cm?)

The density of trichomes on the lower leaf surfaces
of the Fortona strawberry cultivar was conducted
after applying the stimulating compounds, Table 3.
The mean trichome density with salicylic acid was
1518.00 + 3.46 representing the highest density of
trichomes, indicating a strong stimulatory effect on
trichome formation. Figure 1 likely shows a very
dense coverage of trichomes. Potassium silicates
was the second highest trichome density (1131.06
+ 5.74), suggesting a significant increase in
trichome formation. The leaf shows a dense
coverage of trichomes, though less than salicylic
acid. Potassium Citrate also showed a significant
increase (708.09 = 1.79) compared to the control,
though less pronounced. Humic Acid and Calcium
carbonate had moderate effects. Fulvic Acid had
the least impact among the treatments (210.74 +
1.42), similar to the control (214.51 + 1.53). These
observations align with the quantitative data
provided, highlighting the varying effectiveness of
different stimulating compounds in promoting
trichome development in strawberry plants.

Trichomes  serve several important
functions in plants, contributing to their survival
and overall health. They can act as a physical
barrier, making it difficult for herbivores to reach
the plant tissues (Levin 1973). Some trichomes are
glandular and can secrete substances like oils,
resins, or toxins that deter herbivores (Tholl 2015).
Glandular trichomes can secrete toxic compounds
such as alkaloids, terpenes, and phenolics that can
poison or repel pests. These chemicals can either
kill the insects or retard their growth and
reproduction  (Shanower 2008). Some other
trichomes produce sticky or gummy substances
that can trap insects, preventing them from feeding
or laying eggs. Trichomes can alter the oviposition
behavior of insects, making the plant less attractive
for laying eggs (Shahzad 2021). This can reduce
the population growth of pests on the plant.
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Table 1. Effects of spraying some stimulating compounds on Fortona and Festival strawberry cultivars on the mean number of Tetranychus

urticae movable stages / leaflet during 2017/2018 season.

Sampling Strawberry  Fulvic Humic  Salicylic Potassium Potassium  Calcium Control F
Weekly cultivars acid acid acid citrate silicates  carbonate
1°" week Fortona 0.75a 0.75a 0.75a 0.50a 0.75a 0.75a 1.75a 1.019 0.44
Festival 1.75ab 1.75ab 1.50ab 0.75b 1.00b 0.75b 3.00a 5.25 0.00
2" week Fortona 1.75b 1.50b 1.25b 1.25b 1.00b 0.50b 4.50a 12.71 0.00
Festival 4.00ab 2.50bc 2.25hc 1.75bc 1.25¢c 0.75¢ 6.50a 12.02 0.00
3" week Fortona 3.25b 2.00bc 1.50bcd 1.25bcd 1.50bcd 0.75c 10.25a 40.30 0.00
Festival 6.50b 5.50bc 3.00bc 2.25¢ 2.25¢c 1.50d 13.00a 26.06 0.00
4™ week Fortona 4.75b 4.00b 3.50b 2.25b 2.50b 1.75b 12.50a 10.50 0.00
Festival 8.25b 7.75b 3.75¢ 2.75¢ 2.50c 1.75¢ 15.25a 32.85 0.00
51 week Fortona 9.25b 7.75b 5.25bc 2.75¢ 3.00c 2.50c 16.50a 25.15 0.00
Festival 11.00b 9.25b 6.00bc 3.25¢ 3.00c 2.00c 21.50a 29.63 0.00
6" week Fortona 13.50b 11.50b 7.75bc 3.50c 3.75¢ 3.75¢ 21.75a 25.01 0.00
Festival 13.75b 12.00bc 10.00bcd 4.75cd 3.50d 2.75d 28.75a 26.88 0.00
7" week Fortona 12.25b 9.50bc 7.25¢ 2.50d 2.50d 2.25d 19.75a 41.11 0.00
Festival 12.25b 9.25bc 8.00c 3.00d 2.25d 2.25d 26.50a 97.34 0.00
8" week Fortona 13.75b 8.00c 7.00cd 2.50cd 2.00d 1.75d 21.25a 34.11 0.00
Festival 13.00b 8.50c 6.25¢ 2.00d 1.50d 1.25d 28.50a 127.41 0.00
o™ week Fortona 15.75b 10.00bc 8.00cd 3.00d 1.75d 1.50d 27.25a 39.09 0.00
Festival 13.25b 9.75c 7.50c 3.00d 2.25d 2.75d 33.75a 222.16  0.00
10™ week Fortona 12.50b 7.75bc 4.75cd 1.75d 1.00d 0.75d 20.75a 42.17 0.00
Festival 12.75b 7.50b 7.75b 1.75¢c 1.25¢ 1.50c 29.00a 67.85 0.00
11" week Fortona 8.00b 4.25bc 3.00bc 0.75¢ 0.75c 0.00c 16.00a 24.32 0.00
Festival 9.25b 5.25¢ 3.50cd 1.00d 0.25d 0.25d 21.75a 79.53 0.00
12" week Fortona 4.50b 1.75c 1.50c 0.25¢ 0.00c 0.00c 10.50a 49.70 0.00
Festival 4.25b 3.00bc 1.25cd 0.25d 0.00d 0.00d 17.00a 140.29  0.00

Means within a row followed by the same letter are not significantly different (Tukey’s test: P < 0.05)
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Table 2. Effects of applying some stimulating compounds on Fortona and Festival strawberry cultivars on the mean number of Tetranychus
urticae movable stages / leaflet during 2018/2019 season.

Sampling Strawberry Fulvic Humic  Salicylic Potassium Potassium  Calcium Control F P.
Weekly cultivars acid acid acid citrate silicates  carbonate
1% week Fortona 1.00ab 0.75ab 0.25b 0.25b 0.00b 0.00b 1.50a 5.14 0.002
Festival 1.75a 1.75a 1.50a 1.25a 1.50a 1.50a 2.50a 1.32 0.29
2" week Fortona 1.75b 1.50b 1.00b 0.75b 0.50b 0.00b 3.75a 10.25 0.00
Festival 2.25b 2.00b 1.75b 1.50b 1.75b 1.75b 5.25a 7.72 0.00
3" week Fortona 3.25b 2.50bc 1.75bc 1.25bhc 1.25bc 0.50c 6.50a 13.04 0.00
Festival 6.00ab 5.50c 2.75bc 2.00bc 2.00bc 1.75bc 10.00a 12.22 0.00
4™ week Fortona 5.00b 3.75b 2.75b 1.50b 1.75b 1.25b 9.00a 11.30 0.00
Festival 6.50b 5.50bc 3.25bc 2.25¢ 2.00c 2.25¢ 13.75a 26.09 0.00
5™ week Fortona 7.50b 7.25b 3.50bc 1.75¢ 1.75¢ 1.50c 14.00a 21.92 0.00
Festival 9.00b 8.00bc 4.75cd 2.75d 2.50d 2.50d 18.25a 46.86 0.00
6" week Fortona 8.50b 6.50bc 3.25cd 1.50d 1.25d 1.00d 17.00a 42.44 0.00
Festival 11.75b 10.75b 6.00bc 4.00c 4.25¢C 4.00c 22.25a 27.36 0.00
7" week Fortona 9.00b 5.75bc 2.75cd 1.50cd 1.00d 0.75d 17.25a 39.92 0.00
Festival 11.00b 8.50bc 5.25cd 2.25d 2.75d 2.50d 21.50a 4251 0.00
8™ week Fortona 8.50b 6.50bc 3.75bc 1.75¢c 1.50c 1.25¢ 20.75a 22.51 0.00
Festival 9.75b 7.50bc 4.50bcd 2.00cd 1.50d 1.50d 23.50a 38.89 0.00
9™ week Fortona 10.50b 8.25hc 5.25bcd 2.50cd 1.75d 2.00d 26.75a 46.07 0.00
Festival 12.25b 9.25bc 6.50cd 3.25d 2.00d 2.25d 29.50a 60.29 0.00
10™ week Fortona 8.50b 7.50b 2.50c 1.75¢c 1.25¢ 1.25¢ 22.75a 84.64 0.00
Festival 11.50b 7.50bc 3.00cd 2.25d 1.50d 1.50d 26.25a 81.69 0.00
11" week Fortona 5.25b 3.75bc 1.50cd 1.00cd 0.75cd 0.00d 16.50a 63.15 0.00
Festival 7.75b 5.75bc 1.75cd 1.25d 0.75d 0.50d 23.25a 70.26 0.00
12™ week Fortona 1.75b 1.25b 0.25b 0.00b 0.00b 0.00b 13.50a 47.54 0.00
Festival 2.50b 1.75b 0.50b 0.00b 0.00b 0.00b 16.50a 80.59 0.00

Means within a row followed by the same letter are not significantly different (Tukey’s test: P < 0.05)



Also, Mohamed and EIl-Tawashy (2024)
highlighted the varied impacts of different bio-
stimulants on non-enzymatic components in
strawberry plants. While all bio-stimulants
negatively affected alkaloid concentrations,
potassium citrate and calcium carbonate stood out
for their positive influence on flavonoid content
and total phenolics. However, calcium carbonate
uniquely reduced antioxidant activity, contrasting
with other bio-stimulants like humic acid, which
significantly enhanced it. This suggests that the
choice of bio-stimulant can have diverse and
specific effects on the biochemical composition of
strawberry plants.

The stimulating compounds in our study
may promote trichome development through
various  mechanisms,  primarily  involving
phytohormones and other signaling molecules.
Salicylic Acid is a key player in plant defense
mechanisms. It activates defense genes and
pathways that can lead to increased trichome
formation as a physical barrier against pests (Li et
al. 2021). It also influences the activity of
transcription factors such as MYB, bHLH, and
HDZIP, which are crucial for initiating and
regulating trichome development.

As for Potassium Silicates, it provides
silicon (Silicon Deposition), which is deposited in
plant tissues, including trichomes. This strengthens
the trichomes and enhances their protective
function. Silicon can also enhance the plant’s
overall stress response, indirectly promoting
trichome development as part of the plant’s defense
strategy (Li et al. 2021).

Potassium Citrate is a plant Nutrient
Supply; Potassium is an essential nutrient that
supports various physiological processes, including
cell division and growth. Adequate potassium
levels can promote the development of trichomes
by supporting overall plant health. in addition,
citrate can help regulate the pH of the plant’s
internal environment, optimizing conditions for
trichome development (Li et al. 2021).

Humic and fulvic acids enhance the uptake
of nutrients, which can support the growth and
development of trichomes and they can influence
the balance of phytohormones, promoting
conditions favorable for trichome initiation and
growth (Li et al. 2021).
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Calcium carbonate provides plants with
calcium which is vital for cell wall stability and
integrity. Adequate calcium levels can support the
structural development of trichomes. Besides,
Calcium ions play a role in signal transduction
pathways that regulate trichome development
(Wang et al. 2021; Li et al. 2021).

These stimulating compounds enhance
trichome development through a combination of
nutrient supply, hormonal regulation, and stress
response mechanisms. By optimizing these factors,
the compounds promote the formation and growth
of trichomes, which serve as a physical defense
against pests and environmental stresses.

The findings of current study have several
important implications for strawberry cultivation
and pest management; It highlights the potential of
natural stimulants to improve pest resistance and
plant health in strawberry cultivation. These
findings can lead to more sustainable, cost-
effective, and productive agricultural practices,
benefiting both farmers and consumers. Increased
trichome density in strawberries can lead to
enhanced pest and disease resistance, improved
water retention, protection from environmental
stress, better nutrient absorption, and overall
healthier plants. These benefits contribute to higher
productivity and potentially greater economic
returns for growers. Plant resistance inducers
support sustainable and organic farming practices,
contributing to healthier crops and ecosystems.

More  research  could provide a
comprehensive understanding of the potential and
limitations of these natural pest management
solutions, contributing to more sustainable
agricultural practices. For example, future studies
should address the potential synergistic effects of
combining different stimulating compounds. For
example, testing combinations of salicylic acid
with potassium silicates or calcium bicarbonate to
see if they provide enhanced protection against
mites and other pests. Also, it is important to
conduct detailed studies to understand the
underlying mechanisms by which these stimulating
compounds enhance trichome development and
pest resistance. This could involve molecular and
genetic analyses to identify key pathways and
genes involved.
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Table 3. Density of trichomes on the lower leaf surfaces of Fortona strawberry cultivar after applying
stimulating compounds.

Mean number of the trichomes on the lower leaf surfaces (cm?)

Fulvic Humic Salicylic Potassium  Potassium Calcium Water
Acid Acid acid Citrate silicates carbonate  (Control)

210.74+1.42f 447.91+1.82d 1518.00+3.46a 708.09+1.79c 1131.06+5.74b 397.73+1.74e 214.51+1.53f

Means in row with the different letters are significantly different according to Tukey's test (p < 0.05).
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Figure 1. Scanning Electron Microscopy (SEM) images of the lower leaf surfaces of Fortona strawberry
cultivar after applying fulvic acid, humic acid salicylic acid, potassium citrate, potassium silicates
and calcium carbonate in comparison with untreated plants (control) to visualize the densities of
trichome.



CONCLUSION

This study evaluated the effectiveness of various
treatments in reducing mite populations over two
seasons. Overall, the second season showed
better control of T. urticae across most
treatments. Potassium citrate and silicates
exhibited moderate effectiveness, with slight
improvements in the second season. These
findings are  consistent  with0020studies
suggesting that silicon-based fertilizers can
enhance plant resistance to pests. Calcium
carbonate was effective in both seasons, with a
noticeable  reduction in  mite  numbers,
particularly in the second season. This treatment
highlights its potential in enhancing plant
resistance to biotic stresses. The impact of
various stimulating compounds on the density of
trichomes on the lower leaf surfaces of the
Fortona strawberry cultivar revealed that salicylic
acid had the most significant effect, resulting in
the highest trichome density. This suggests a
strong stimulatory effect on trichome formation,
likely due to its role in activating plant defense
mechanisms and influencing transcription factors
crucial for trichome development. These findings
contribute to the growing body of knowledge on
natural pest management solutions and their
potential to enhance sustainable agricultural
practices.
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