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Fitness and Wellness Advertisements: Their Impact on Consumer Behavior and
Physical Health

*Prof. Noorah Saleh Al-Sowayan
**Prof. Bader Almohaimmeed

Abstract

The fitness and wellness industry continues to experience
exponential growth due to increasing consumer knowledge
and sensitivity to health and well-being. This industry
influences consumers’ overall lifestyle choices, including
how they exercise and what they eat. Despite playing an
influential role, the effects of advertisements on behavioral
intentions and behaviors for improved health and well-being
have not been examined in detail. This study analyzes the
impact of fitness and wellness advertisements on consumer
behavior, particularly regarding nutrition and physical
activity. It examines the extent to which these effects align
with TPB and TRA theories. It also identifies the most
influential types of advertisements that shape consumer
health and dietary decisions. A quantitative survey was used
for data collection, and 982 participants participated in the
study. Descriptive and inferential statistics were used for the
data analysis. The inferential statistics were analyzed using
SPSS. The results indicate that fitness and wellness
advertisements have a strong impact on individuals' behavior
and physical health. The effects can be positive or negative,
depending on the exposure frequency and type of
advertisements. Therefore, consumers need to be aware of
their rights, and fitness and wellness advertising companies
need to promote ethical practices, foster trust, and ensure
consumer health and well-being.
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Introduction

1 Significance of the Study
Fitness and wellness advertisements play an integral role in promoting the mental and physical
health of consumers. These factors influence consumers’ health and product purchase
decisions. Advertisements create an impression of health and wellness, which can influence
consumers’ overall lifestyle choices, including how they exercise and what they eat (Raggatt
et al., 2018)“]. These influences can drive consumers towards purchase certain nutritional
supplements or adopt specific dietary plans, thereby impacting their nutritional behavior.
Evidence indicates that accurate advertisements promote healthy living by increasing
nutritional awareness, whereas misleading advertisements contribute to increasing cases of
obesity and other chronic ailments (Boyland et al., 2016)[2]. Significant psychological effects
were associated with fitness and wellness. While some advertisements inspire people to adopt
healthier habits, others exert undue pressure, resulting in extreme guilt and pressure. For
instance, certain advertisements set unachievable body standards that can cause
dissatisfaction and mental health disorders (Sama, 2019)[3]. In most cases, advertisements
target vulnerable demographics, raising ethical and regulatory issues. Even so,

(Buchanan et al. 2023)“ stated that the economic impact of fithess and wellness
advertisements cannot be disregarded. Advertisements influence household budgets in terms
of lifestyle choices for health and wellbeing. Therefore, examining the impact of fitness and
wellness advertisements is integral to shaping consumer behavior and physical health.

2 Literature Review
The fithess and wellness industry continues to experience exponential growth due to
increasing consumer knowledge and sensitivity to health and well-being. According to

(Bellary et al. 2024)[5], this rising level of health consciousness is one of the pivotal drivers
of the industry. According to the report developed by the (Global Wellness Institute 2021)!¢),
the fitness and wellness industry expanded at an annual rate of 6.4 % from 2015 to 2018.
Several factors have instigated this growth, including increased awareness and concerns
about mental health and chronic diseases. Most consumers become more sensitive to self-

care by adopting preventive care methodologies (Coates et al., 2019)[7]. Advertisement

2
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agencies have taken advantage of these consumer shifts by promoting fithess and wellness
products and services in tandem with customers’ health goals. They capitalized on the
growing influence of social media to develop advertisement content that is appealing and
informative to meet the demands and expectations of consumers. Social media platforms,
such as TikTok, YouTube, Instagram, and X (formerly Twitter), have provided effective media
for influencers and top brands to reach an expandable global audience. According to a study
conducted by (Al-Dmour et al. 2020)®), influencers are perceived as trustworthy and relatable
to influence their social media followers to become new or loyal consumers of a brand. Hence,
the fitness and wellness advertisement industry has partnered with influencers in their social
media strategy to amplify the reach of their messages and expand their business.
Furthermore, continuous innovation and technological advancement have played an essential
role in the expansion of the fithess and wellness industry. The emergence of online fithess
platforms, mobile applications, and wearable fitness devices has led to new growth
opportunities in advertising (loannidou & Sklavos, 2021)®. For example, fitness applications
such as MyFitnessPal and Fitbit use data analytics to develop useful insights for industry
players to craft advertising content that addresses consumer demand. These applications
have enabled companies to deliver personalized advertisements and marketing content that
not only resonate well with consumers but also meet their health goals. (Yang et al. 2024)“0]
posited that integrating fithess and wellness advertising strategy with suitable and modern
technologies enhances consumer engagement, trust, and loyalty to the brand, ensuring the
industry’s growth. This integration makes it possible to predict consumers’ behavior and
determine patterns that can influence their lifestyle choices and purchasing decisions.
Appropriate use of technology can help promote positive health outcomes by influencing
positive dietary habits and physical activity.

Advertisements shape consumer behavior in various ways, including influencing attitudes,
perceptions, and purchasing choices. In this respect, the fitness and wellness advertisements
industry often strives to create an image that promotes the health and fithess of people to
attract consumers or motivate them to adopt healthy lifestyles. As noted in research conducted
by (De Mooji 2019)!'", increased exposure to fitness and wellness advertisements has a huge

influence on the intentions of the audience to participate or purchase tools and equipment to
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enable physical activity. These researchers also established that advertisements that
incorporate attainable and relatable fitness and wellness activities are effective tools for
encouraging audiences to become consumers of healthy products. Such advertisements can
reinforce positive consumer behavior. Similarly, Murphy and Dweck (2016)!'? analyzed the
effects of wellness advertisement programs on consumer behavior. The researchers opined
that fithess and wellness advertisements that focus on the merits of healthy living will motivate
audiences to make positive health decisions regarding their lifestyles. Advertisements with
such an influence will always incorporate mental well-being and improved energy-level
elements. In addition to focusing on physical appearance, advertisements with a massive
influence on consumers aim for the intrinsic benefits of fitness and wellness (Nagar, 2()20)“3].
As such, they promote long—term positive consumer behavioral changes.

Apart from impacting consumer health, fitness and wellness advertisements influence physical
health outcomes. Advertisements can encourage the audience to adopt physical health habits
such as exercise (Kumar et al. 2016!"Y; Powers & Greenwell, 2017!"%). For instance, certain
programs can be run on mainstream media or social media to help guide the audience in
physical exercises. A study conducted by Bullo et al. (2015)® indicated that people who are
continuously exposed to fithess and wellness advertisements can start engaging in physical
activity. Most people who are regular participants in physical activities witness that they were
influenced by fitness and wellness advertisement programs watched from their televisions or
accessed through social media platforms (Hudders et al., 2021)!"). Chatzopoulou et al.
(2020)'8 and De Keyzer et al. (2022)!""! also agree that advertisements that provide
actionable and simple counsel to meet daily fithess and wellness goals have a higher
probability of being accepted by the audience. They also had positive and desirable health
outcomes. Moreover, research findings established by Hussain et al. (2016)[20] in their study
indicate that advertisements advocating for stress management techniques and mindfulness
are directly related to improved physical and mental health outcomes. The researchers also
demonstrated the significance of advertisement agencies in this industry to address the holistic
fitness and well-being of their consumers, including their physical, mental, and emotional

health.
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The most significant influence of fithess and wellness advertisements on consumer behavior
is through the lens of dietary habits. Such advertisements often promote the consumption of
healthy foods with nutritious dietary supplements (Taillie et al., 2020)[2”. The primary focus
of such advertisements is to encourage the audience to make valuable nutritional decisions.
Notably, the overall well-being of a person in dietary plans and choices is made (Sun &
Wang, 2020)[22]. Having fitness and wellness advertisements that consider these parameters
will positively impact consumers’ development of dietary habits that incorporate healthy food
choices, dietary patterns, and nutritional supplements. According to the findings of Parguel et
al. (2015)[23], advertisements that advocate for consuming healthy food substances, such as
whole grains, plenty of vegetables, and fruits, can significantly impact consumer dietary
choices. Additionally, advertisements featuring simple and easy-to—-decipher nutritional
information and benefits to the body will motivate viewers to adopt healthy eating habits.
Another study by Mejova et al. (2018)™% indicated that consumers who promote plant-based
diets are more likely to follow this pattern, which is often related to several health benefits.
Akestam et al. (2021)2¥ also agreed that fitness and wellness advertisements that promote
nutritional supplements can influence viewers to adopt similar dietary habits. For instance,
advertisements containing information on the benefits of consuming a balanced diet containing
minerals, vitamins, proteins, fats, oils, and other supplements will result in improved nutritional
consumption.

The psychological factors involved in fitness and wellness advertisements that convince
consumers to adopt dietary habits are multifaceted and complex. All advertisements capitalize
on self-efficacy, social proof, and emotional appeals to motivate people to adopt healthy
eating habits (Tong, 2023)¢\. Advertisements that highlight the negative consequences of
poor eating habits and the benefits of eating healthy diets will always evoke emotions.
Responses to such advertisements are usually positive. Bellary et al. (2024)[5] and Bezner
(2()15)[27] acknowledge that fitness and wellness advertisements developed for emotional
appeal can increase people’s motivation to adopt positive dietary habits. The concept of social
proof is when a person considers others as guides to his or her behavior. People have role
models that attempt to imitate or build their lifestyles. As such, most successful advertising

agencies consider that this phenomenon in their content development influences people’s
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dietary choices. Influencers have been used to endorse and feature testimonials that can
evoke the emotions of their followers. On the other hand, self-efficacy is based on beliefs
and confidence. Successful fithess and wellness advertisements will always seek to increase
consumer beliefs and confidence in their products. Feng et al. (2021)2% noted that
advertisements that demonstrate achievable outcomes and with high reliability can increase
consumers’ confidence levels and maintain their belief in healthy dietary habits.

Behavioral changes and adoption of dietary habits are often short-term goals. This can be
sustained in the long term by constant reminders of fitness and wellness advertisements.
Several studies, including a research conducted by Lim et al. (2022)™"), affirmed that healthier
eating habits and engagement in physical activities usually decline to naught over time, unless
there is a reliable source of reinforcement and motivation. Other studies also posit that
exposure to positive advertisements is not the only factor for sustained behavioral change
and participation in fitness and wellness programs. Significant factors can contribute to the
sustainability of this change, including access to fithess and wellness resources, community
support, and educational or awareness events (Murphy & Dweck, 2016)!2. Cultural
consciousness is a factor to be considered in sustaining positive behavioral changes. Fitness
and wellness advertisements should respond to or address health perceptions and practices
that are unique across cultures. Tailoring these advertisements to various cultural contexts
specific to certain people will enhance their efficacy in motivating people to adopt positive
behavioral changes. A study by Krouwer et al. (2020)[30] affirmed that culturally sensitive
health promotion messages have a higher probability of resonating with the targeted audience
for positive and sustainable change.

3 Theoretical Framework

The Theory of Reasoned Action (TRA) formulated by Fishbein and Ajzen in 197581 states
that people’s behavior is anchored to their behavioral intention, influenced by subjective norms
and attitudes toward the behavior (Namoco & Zaharudin, 2021)1?. Subjective norms refer to
the perceived social pressure to adopt or reject a certain behavior because of the expectations
of friends, family, and society, whereas a person’s ability to evaluate the positivity or negativity
of performing a behavior formulates the acquired attitude. Notably, fithess and wellness

advertisements can shape people’s attitudes by tailoring their content towards the benefits of
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eating healthy diets and engaging in physical activity (Al-Dmour et al., 2020)®!. Such
advertisements can create a positive attitude and motivate the audience to engage in fitness
and wellness. Furthermore, advertisements can influence subjective norms by portraying
societal trends and approvals. This factor can significantly impact viewers’ participation in
adopting healthier lifestyles, including buying fitness products, joining a morning run and gym,
and eating healthy diets.

In 1985, Ajzen™®! extended the TRA into the Theory of Planned Behavior (TPB) by adding a
critical consumer influential factor of Perceived Behavioral Control (PBC). According to
Panjaitan and Cahya (2025)[34], PBC is a person’s ability to develop a certain behavior based
on external and internal constraints such as skills, resources, and time. Similar to TRA, TPB
indicates that behavioral intention is impacted by subjective norms and attitudes towards
behavior. Siddiqui (2022)P° opines that fitness and wellness advertisements can enhance
PBC by providing reliable, reliable, and easy-to—-implement solutions for progressive
behavioral change. Advertisements can also help in addressing behavioral change barriers
and constraints, which can increase viewers’ confidence and ability to develop healthy living
habits. Therefore, when an advertisement addresses subjective norms, attitudes, and PBC, it
can effectively influence positive behavioral changes.

As already established, fitness and wellness advertisements can integrate TPB and TRA
models into their content to shape their consumers’ social norms, attitudes, and PBC. Siddiqui
(2()22)[35] posits that this integration can drive purchasing decisions and ultimately reinforce
positive changes in behavior. Notably, advertisements that align with customer self-
improvement and health values, as well as meet social trends, have higher acceptability and
influence rates on behavioral intentions (Tong, 2023)?%. Advertisements can also encourage
the development of long—term behavioral changes if positive attitudes towards healthy eating,
self-care, and physical exercise are promoted. The advertisements should always emphasize
tenable goals and, if possible, increase accessibility to requisite resources to improve
behavioral intentions (Panjaitan & Cayhya, 2025)[34]. Increased accessibility reduces
constraints on behavioral control and the adoption or maintenance of healthy lifestyles.

4 Research Problem Statement
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The fitness and wellness advertising industry continues to expand due to the increasing
interest in personal health and wellness. Currently, in almost all mainstream print and social
media platforms, advertisements and promotional content on fithess and wellness have
become prominent (Mejova et al., 2018)24. Although the primary goal of these
advertisements has been to advocate for healthy living, their influence on consumer health
and dietary habits is underexplored. Most current studies have focused on how fitness and
wellness advertisements promote unhealthy foods and their ultimate negative outcomes on
overall health. This leaves a potential gap in understanding the effects of advertisements on
behavioral intentions and behaviors to improve health and wellbeing. Moreover, the
psychological mechanisms of fitness and wellness advertisements are not well considered in
the existing literature to determine their influence on shaping consumer dietary behaviors
(Bellary et al., 2024)[5]. In this sense, this research seeks to conduct an extensive analysis
of the impact of fitness and wellness advertisements on consumer behavior and physical
health. Specifically, this research discusses the influence of advertisements on consumers’
psychological and physical factors. The relationship between advertisement viewing and
dietary changes was also reviewed in this study. Therefore, the main research question is
“‘what is the impact of fithess and wellness advertisements on consumer behavior and physical

health?”

Obijectives
The primary objective of this study is to analyze the impact of fithess and wellness
advertisements on consumer behavior and physical health. Specific objectives are to:
Analyze the impact of fitness and wellness advertisements on consumer behavior,
particularly regarding nutrition and physical activity.
Examine the extent to which these effects align with the TPB and TRA theories.
Identify the most influential types of advertisements in shaping consumer health and dietary

decisions.
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Materials and Methods
1. Study Design
The primary objective of this study is to determine the impact of fithess and wellness
advertisements on consumer behavior and physical health. This study adopted a quantitative
survey to measure various aspects of this objective, including consumer health behaviors and
dietary habits. A cross—sectional approach was adopted in this study design, implying that
data were collected from a targeted population at a single point in time. However, these data
were assessed to determine the participants’ exposure to different levels of fithess and
wellness advertisements. The assessment also factored into the outcomes of behavioral
changes. Additionally, this study quantified the relationship between exposure to fitness and
wellness advertisements and possible research outcomes, including health-related product
purchases, increased physical activity levels, and the adoption of healthy dietary choices.
2. Participants
The survey was distributed using online platforms, including social media, fitness and wellness
websites, and Google Addresses. A convenience random sampling approach was used to
recruit participants for the study. The targeted number of participants was approximately 1,000
adults aged 18 to over 45 years. This sample size ensured sufficient statistical power to
establish the meaningful relationships of the variables examined in this research. The inclusion
criterion was whether the participants had been exposed to any form or content of fitness and
wellness advertisements in the past two months. A disclaimer statement accompanied the
survey that affirmed the purpose of the research and assured respect for the privacy and
confidentiality of the data provided. There was also a statement for participants to demonstrate
their willingness to participate in the study by clicking on the link that would lead to the survey.
This means that anyone who did not click on the link did not participate or access the survey.
A total of 982 participants willingly clinked on the link and successfully completed the survey.
Their age distribution was 356 years (range, 18-25 years). Other age groups were 26-35
years, 36—45 years, and above 45 years, distributed as 145, 177, and 271, respectively.
Regarding gender, 542 of the participants were female and 440 were male. Regarding the
level of education, 547 participants held a bachelor’s degree, 153 had a high school diploma

or lower, and 264 had completed graduate studies.
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3. Data Collection Tools

The survey tool was designed with structured questions to analyze the integral variables of
the research questions. It is divided into five sections, with the first being demographics. In
this section, the participants were asked questions that enabled them to indicate their age,
sex, and level of education. The second section sought to determine participants’ healthy
behaviors. Participants were asked about their frequency of engaging in physical exercise.
Section three was about the influence of advertisements on the participants. The questions
asked about the frequency of watching advertisements, the most influential types of
advertisements, the impact of advertisements, and dietary changes. Section four focused on
the effects and emotions of the advertisements. In this section, the researcher asked
questions related to side effects, injuries, excessive exercise, and emotions after the
advertisements. The last section covered the evaluation and attitudes of the participants. The
questions in this section highlight unrealistic standards, regret over products, and the need
for monitoring.

This survey tool is sufficient to capture integral variables in the impact of fitness and wellness
advertisements on consumer behavior and physical health. However, there are certain
limitations related to overreliance on self-reported data, which can make it difficult to ascertain
the truthfulness of the information provided. There are also difficulties in determining the
causality. Regardless of these limitations, this survey tool provided valuable insights that
helped us understand the objectives of this research.

4. Statistical Analysis

The data analysis was conducted using descriptive and inferential statistics. Descriptive
statistics were used to summarize the participants’ characteristics, whereas inferential
statistics were used to analyze the relationship between exposure to advertisement content
and consumer behavioral intentions. Logistic regression was used to analyze the influence of
several fithess and wellness advertisement factors on dietary changes. Chi-square and
Fisher’s scales were used to examine the relationships between variables. All these
measurements were performed using SPSS statistical software. The researcher also
conducted a subgroup analysis to determine moderating factors such as age.

Results
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The results presented an analysis of the data collected from the survey, which aimed to study

the impact of fitness advertisements on individuals' health behaviors. The results were

categorized into descriptive analysis, chi—square test, Fisher's exact test, and logistic

regression analysis, where each set of findings explained the relationships between different

variables.

1 Descriptive Analysis of Survey Results

This section presents our findings using a descriptive approach. Table 1 shows a descriptive

analysis of the results of the survey on the impact of fitness and wellness advertisements.

Table 1: The descriptive analysis of the results of the survey on the impact of fitness

advertisements
Number of
respondents/%
Variable Category/Scale Notes
age

(approximate)

Demographic Information
18-25 years 356 / 36% The most represented age group
26-35 years 145/ 15% indicates a potential interest among
Age
36-45 years 177 [ 18% young people in fitness
Over 45 years 271 [ 28% advertisements.
Female 542 [ 55% Females are more actively participating
in the survey, which may reflect a
Gender greater interest in health and fitness, or
Male 440 [ 45%
that advertisements are more heavily
targeted towards women.
Bachelor's
547 | 56% A majority of participants have a
Educational degree
university education, which may
level High school or
153/ 16% influence their ability to critically
lower
11
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Variable

Category/Scale

Number of
respondents/%
age

(approximate)

Notes

evaluate the information presented in

Graduate studies 264 [ 27%
advertisements.
Healthy behaviors
| do not exercise 341 [/ 35%
A significant proportion do not engage
Yes, 1-2 times
Frequency 285/ 29% in regular exercise, which may make
a week
of exercise them more susceptible to the influence
Yes, 3-5 times
276 [ 28% of advertisements.
a week
Influence of advertisements
Frequency | Rarely (less than
454 [ 46%
of watching 3 times) Most participants do not frequently
advertiseme | Sometimes (3-7 watch advertisements.
343 / 35%
nts times)
Personal trainer
292 [ 30%
Most advertisements
influential Supplement
140 / 14% This may indicate trust in experts or a
types of advertisements
desire for personalized guidance.
advertiseme Quick weight
nts loss program 140 / 14%
advertisements
Impact of A little impact 418 [ 43%
The overall impact is limited, yet still
advertiseme
Moderate impact 320 / 33% present.
nts
No impact 297 [ 30% This suggests that advertisements can
Dietary
Yes, more than lead to repeated changes in dietary
change 406 [ 41%
once habits.
12
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Variable

Category/Scale

Number of
respondents/%
age

(approximate)

Notes

Effects and emotions

No, | did not feel

490 / 50% It indicates that some diets or
any side effects
Side effects exercises promoted in advertisements
Yes, | felt tired
159 / 16% may be strenuous and unsustainable.
and exhausted
No, it did not It suggests that advertisements may
553 | 56%
Excessive affect me encourage some individuals to engage
exercise Yes, but in excessive exercise, even if only
354 [ 36%
moderately moderately.
No, | did not
suffer any 682 [ 69%
Injuries injuries
Yes, a minor
206 [/ 21%
injury
Positive effects are the most common,
Motivation and but attention should be given to the
546 [ 55%
Emotions positivity negative feelings experienced by
after others.
advertiseme Psychological
This indicates that advertisements can
nts pressure and
204 [/ 21% contribute to negative body image
dissatisfaction
among some individuals.
with my body
Evaluation and attitudes
Unrealistic Yes, but to a
437 [ 44%
standards limited extent
13
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Number of
respondents/%
Variable Category/Scale Notes
age

(approximate)

There is an awareness of the
Yes, to a large
403 [ 41% existence of unrealistic standards, but

extent
it is not definitive.
No 732 [ 74% It suggests that nearly a quarter of
Regret over participants regretted trying products
products Yes 250 / 26% based on advertisements, highlighting
the importance of critical evaluation.
Yes, strongly 544 [ 55% The majority of participants support
Need for
Yes, but not monitoring advertisements to reduce
monitoring 289 [ 29%
necessarily misleading information.

1.1 Distribution of Age, Gender, and Educational Level

The findings indicate that the most represented age group in the study was 18 to 25 years
(36%), suggesting a significant interest among young individuals in fitness advertisements.
other age groups were 26 to 35 years (15%), 36 to 45 years (18%), and > 45 years (28%).
Regarding gender, 55% of respondents were female, while 45% were male, which can reflect
a greater interest among women in fitness-related advertisements or those advertisements
are primarily targeted at them. As for the educational level, 56% of participants held a
bachelor’s degree, 16% had a high school diploma or lower, and 27% had completed
graduate studies. This indicates that most respondents had a university education, which
could positively influence their ability to critically understand and respond to survey questions.
Figure 1 shows the distribution of educational levels by gender. The results indicate that
females have higher educational qualifications than males. Hence, they were more likely to
understand and correctly complete the survey.

Figure 1: Education Level Distribution by Gender
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1.2 Participants’ Health Behaviors

Figure 2 shows the impact of the advertisements on participants’ health behaviors. The data
revealed that 35% of respondents did not engage in regular exercise, which might make them
more susceptible to fitness advertisements promising quick and easy results. Meanwhile, 29%
performed physical exercise about once or twice per week, and 28% exercised between three
and five times per week.

Figure 2: Change in Health Behavior

Impact of Exercise on Dietary Change
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1.3 The Influence of Advertisements on Consumers

Regarding the frequency of exposure to fitness and wellness advertisements, 46% of
respondents indicated that they rarely watched advertisements (less than three times per
week), while 35% watched them occasionally (3-7 times per week). Figure 3 shows the
relationship between the frequency of advertisement viewing and dietary changes. People

who rarely watch advertisements are more likely to change their diets.
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Figure 3: Advertisement Viewing and Diet Change
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The most influential types of advertisements were personal trainer advertisements (30%),
followed by supplement advertisements (14%) and quick weight loss program advertisements
(14%). Regarding the level of impact, 43% of respondents stated that advertisements have
little influence on them, while 33% reported a moderate impact. Additionally, 41% indicated
that they had changed their diet more than once due to the advertisements, suggesting a
recurring influence of these marketing campaigns.

1.4 Side Effects and Emotional Responses to Advertisements

Figure 4 details the side effects experienced after following the advertisements on diets. A
half (50%) of respondents reported no side effects from following recommendations gained
from the advertisements, while 16% reported feeling tired and exhausted. Regarding
excessive exercise, 56% stated that advertisements did not influence their level of physical
activity, whereas 36% reported engaging in moderate excessive exercise due to
advertisements. Psychologically, 21% of respondents experienced psychological pressure and
dissatisfaction with their body image due to advertisements, while 55% reported feeling
positively motivated by them.

Figure 4: Side Effects on Following Advertisements
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Side Effects Experienced After Following Ads-Promoted Diets
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results also indicate that 250 (26%) respondents regretted on trying a product after watching
an advertisement, but 732 (74%) did not. The results are shown in Figure 5. These results
suggest the importance of critically evaluating advertisements to achieve positive behavioral
changes and physical health.

Figure 4: Regrets in Trying a Product after Watching an Advert
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2. Results of Chi-Square and Fisher’s Exact Tests on Statistical Relationships between
Variables

This section provides an extensive analysis of the descriptive results based on Chi—-Square
and Fisher’s tests. Table 2 shows a summary of the results of these tests regarding the
relationship between the study variables related to fitness and wellness advertisements and
healthy consumer behavior.

Table 2: Summary of the results of the Chi-square and Fisher's tests regarding the
relationships between the study variables related to fitness advertisements and healthy

behavior
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The relationship
X-squared p—value | Notes
between variables
There is a strong statistically
The frequency of ad
< 2.2e- | significant relationship between the
viewing and dietary 87.026
16 frequency of ad viewing and dietary
changes
changes.
There is a statistically significant
The type of
0.00049 | relationship between the type of
advertisement and -
98 advertisement and dietary changes,
dietary changes
using Fisher's exact test.
There is a statistically significant
Gender and dietary 0.00012
17.986 relationship between gender and
changes 43
dietary changes.
There is no evidence of a statistically
Educational level and
7.8404 0.25 significant  relationship between
dietary changes
educational level and dietary changes.
There is a strong statistically
The frequency of ad
5.84E- | significant relationship between the
viewing and excessive | 53.783
11 frequency of ad viewing and
exercise
excessive exercise.
There is a strong statistically
The impact of
significant relationship between the
advertisements and < 2.2e-
202 impact of advertisements and feelings
feelings of 16
of psychological pressure and body
psychological pressure
dissatisfaction.

2.1 Relationship between Frequency of Advertisement Viewing and Dietary Change
The results indicate that the chi—square value is 87.026, while the p—value is < 2.2e-16

(highly significant). The results show a strong statistical relationship between the frequency
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of viewing advertisements and dietary changes, suggesting that individuals who frequently
watch advertisements are more likely to adopt new dietary habits.

2.2 Relationship between Advertisement Type and Dietary Change

The p-value of the relationship between the type of fitness and wellness advertisement and
the influence on dietary change was 0.0004998 (statistically significant). This result indicates
a significant relationship between the type of advertisement and its impact on dietary change,
meaning that certain advertisements, such as quick weight loss programs or personal trainer
endorsements, have a stronger influence than others do.

2.3 Relationship between Gender and Dietary Change

Different genders also react differently to the advertisements. Their responses to dietary
changes after the influence of advertisements are also different. The Chi-Square and p-value
of the relationship between sex and dietary change were 17.986 and (.0001243,
respectively. The findings reveal a statistically significant relationship between gender and
dietary change, where women are more likely to alter their diet due to advertisements than
men.

2.4 Relationship between Frequency of Advertisement Viewing and Excessive Exercise

The impact of fitness and wellness advertisements can also be attributed to viewers’
engagement with excessive exercise. The Chi-Square value and p-value of the relationship
of these variables are 53.783 and 5.84E-11 (highly significant), respectively. These results
show that individuals who frequently watch fithess advertisements are more likely to engage
in excessive exercise, highlighting both the motivational power of advertisements and potential
health risks associated with overtraining.

2.5 Relationship between Advertisement Impact and Psychological Pressure

Results from the analysis of data from respondents indicated a chi-square value of 202 and
a p-value < 2.2e-16 (highly significant). These results confirmed that advertisements play a
major role in increasing psychological pressure and body dissatisfaction, suggesting that some
advertisements promote unrealistic beauty and fitness standards.

3. Results of Logistic Regression Analysis for Dietary Change
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This analysis aimed to identify the factors that increase or decrease the likelihood of dietary
changes based on advertisements. Table 3 provides a summary of the results of the logistic
regression analysis for dietary change and model equation.

Table 3: Summary of the Results of the Logistic Regression Analysis for Dietary Change and

the Model Equation

Coefficient
. Estimation Std.
Variable z Value | P Value Brief Interpretation
Error
(Estimate)
It represents the
expected value of the
(Intercept) 0.688543 2.857 .
3 4 dietary change when

all other variables are

set to zero.

Frequency of Advertisement Viewing

Frequent viewing of

advertisements

Frequently (more 0.26880 0.00031 | oo o
than 7 times) 0.968524 3.603 signiticantly increases
7 3 the likelihood of dietary

change.

Rarely viewing

advertisements

Rarely (fewer than 0.17185 0.00491
~0.48332 | 2812 | significantly decreases

3 times) 1 7
the likelihood of dietary

change.

Type of Advertisement
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Coefficient

, Estimation Std.
Variable z Value | P Value Brief Interpretation
Error
(Estimate)
Advertisements for
Quick Weight quick weight loss
Loss Program 0.668394 | 0.26503 | 2.522 | 0.01167 | Programs increase the
Advertisements likelihood of dietary
change.
Personal Trainer
This type of composite
Advertisements;
0.38674 0.00781 | advertisement
Sportswear and 1.028787 2.66
) 4 1 increases the likelihood
Equipment
of dietary change.
Advertisements
Personal Trainer This type of composite
Advertisements; advertisement
Quick Weight 2.164921 | 0.7641 7.833 000460 significantly increases
Loss Program 7 the likelihood of dietary
Advertisements change.
Personal Trainer
This type of composite
Advertisements;
. 0.57460 0.0224] | advertisement
Dietary 1.312017 2.283 . -
8 1 increases the likelihood
Supplement
of dietary change.
Advertisements
Personal Trainer This type of composite
Advertisements; .
0.71189 0.01172 | dvertisement
Dietary 1.794264 6 2.52 2 increases the likelihood
Supplement of dietary change.
Advertisements;
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Coefficient
Estimation Std.

Variable z Value | P Value Brief Interpretation
Error

(Estimate)

Quick Weight
Loss Program
Advertisements;

Sportswear and

Equipment
Advertisements
Age
Youth (under 18 years
Under 18 years 0.45877 0.03363 .
-0.97464 2.124 old) are less likely to
old
3 2 change their diet.
Gender
Males are less likely to
0.15488 0.02336 -
Male ~0.35119 -2.267 change their diet
2 1
compared to females.

3.1 Frequency of Advertisement Viewing

Individuals who watched advertisements more than seven times per week were significantly
more likely to change their dietary plans, as indicated by the p—value of 0.000315. In addition,
individuals who watched advertisements fewer than three times per week were less likely to
change their diet, as shown by the p—value of 0.004917.

3.2 Type of Advertisement and Its Influence on Dietary Change

The results also indicate that quick weight loss program advertisements significantly increased

the likelihood of dietary change (p = 0.01167). Further results showed that personal trainer
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advertisements combined with quick weight loss programs had the strongest influence,
doubling the likelihood of dietary change (p = 0.004607).

3.3 Age and Gender Influence on Dietary Change

Analysis of the data shows that individuals under 18 years of age are less likely to change
their diet due to advertisements (p—value = 0.033632). In addition, men were less likely to
change their diet than women (p = 0.023361).

3.4 Analysis of the Most Common Types of Dietary Changes

Table 4 shows the analysis of the most common types of dietary change based on the analysis
of the survey data. This shows that exposure to fitness and wellness advertisements
influences viewers to reduce their intake of calorie diet, carbohydrates, and sugars.
Significantly, viewers also engaged in intermitted fasting. This represented a cumulative
frequency of 669 (68.12%). Additionally, 7.4% (73 respondents) increased their intake of
supplements after getting exposure to advertisements. While 13% engaged in intensive
physical exercise after the exposure to advertisements, 11.4% did not experience any

changes.

Table 4: Types of Dietary Changes Made Based on Advertisements

Cumulative
Types of Dietary Changes
Frequency Frequency
Low—Calorie Diet 228 228
Reducing Carbohydrates and Sugars 225 453
Intermittent Fasting 216 669
Intensive Exercise 128 797
Not Applicable 112 909
Increasing Supplement Intake 73 982

Discussion
The discussion section provides a detailed explanation of the results based on the research

objectives. Specifically, it provides an interpretation of the results from the lens of the TPB
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and TRA theories. The results were compared with those of previous studies. In addition, the
psychosocial and social impacts of fitness and wellness advertisements were discussed. The
chapter ends with the practical application of the research and recommendations that can be
adopted by advertisement industry players, regulatory agencies, and consumers.

1. Results Based on TRA and TPB Theories

Advertisements are essential in shaping individuals’ intentions and actual behavior using
targeted messaging, psychological factors, and persuasive approaches, as outlined in TRA
and TPB theories (Siddiqui, 2022)5. The initial step in advertising is to introduce people to
new ideas, services, and products on offer to spark their interests. When the benefits are
demonstrated in the advertisement content, it can influence viewers’ intentions to adopt the
message or make a purchase. In addition to awareness and interest creation, advertisements
strive to shape viewers’ attitudes and perceptions. The emotional appeals created in the
advertisements can encourage the audience to desire a relationship with the product or brand.
Continuous exposure to adverts can create a positive impression of the product and earn
consumers’ favor (Boyland et al., 2016)[2]. Almost all advertisement content ends with a call
for action. For instance, it can encourage viewers to “sign up today,” or to “buy today.” These
calls to action phrases speak directly to the audience with the purpose of encouraging specific
intentions. Other advertisements use testimonials and endorsements from influencers to
increase viewers’ intent to act.

Furthermore, advertisements can use messages, such as “only a few is left,” or “limited—time
offers” to prompt immediate action that would influence instant behavioral change.
Advertisements can also use incentives and reminders to motivate viewers to change or adopt
behavior (De Mooij, 2019)!'!l. They can reinforce the habits and loyalty of their current
customers. In most cases, the use of discounts, free trials, or warranty can make viewers
reciprocate this generosity by buying a product. The power of influencers and other social
influences exerts authority on advertisements. This often creates a desire for individuals to
try a product or service. Advertisements that factor personalization are highly likely to align
with individuals® intentions, shaping actual behavior (Hussain et al., 2016)?%. Effective
advertisements will also address several constraints, including affordability, reliability, and

ease of use. Addressing these factors reduces hesitation and encourages instant actions.
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The results of this study are consistent with the parameters established under the TRA and
TPB theories. They underscore the idea that dietary decisions are driven more by personal
conviction than by social pressure. With a p—value of < 2.2e-16, the results affirm the idea
that individuals who frequently watch fitness and wellness advertisements are more likely to
follow the new dietary habits being advocated. Additionally, the type of advertisement matters
in this respect. The results indicate that advertisements with a higher reliability and
dependability index will provide solutions with immediate and achievable goals. Such
advertisements drive individuals’ intentions and motivate them to adopt dietary changes.
These results further affirm that many people can significantly change their dietary plans from
consistent exposure to fitness and wellness advertisements. The types of dietary changes
established in the findings included diets with low calories, less sugars and carbohydrates,
and an increase in supplement intake. This shows that people become conscious of their
health by viewing advertisements that appeal to and convince them.

2. Result Analysis with Previous Literature

Fitness and wellness advertising agencies wield massive power and influence consumer
behavior. The research findings of this project established a strong statistical relationship
between the frequency of advertisement viewing and dietary changes. This finding is
consistent with those of Boyland et al. (2016)? and Taillie et al. (2020)®!". For instance,
Boyland et al. (2016)” noted that continuous exposure to advertisements promoting
unhealthy foods results in the consumption of these products. On the other hand, Taillie et
al. (2020)[2” found that advertisement restrictions and limited exposure to unhealthy
advertising content will enable people to choose healthy diets. These researchers affirm this
study’s finding that advertising is a powerful tool for shaping dietary choices. A high frequency
of exposure to these advertisements will positively or negatively impact dietary behavior.
However, the type of advertisement significantly matters in this respect. This research has
established that certain types of advertisements have a greater impact on dietary change than
others do. Sama (2019)[3] agrees with this finding, indicating that different types of
advertisements, such as digital advertisements, print advertisements, and traditional television
advertisements, have varying influences on consumer behavior and dietary choices. Kumar

et al. (2016)“4] indicated that advertisements that integrate social media platforms and
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influencers have a greater impact on consumer behavior. This influence is evident in people’s
dietary choices. Social media and influencers promote targeted messages to consumers,
aimed at reaching specific demographics and addressing the direct interests of consumers.
In this era of data analytics, it is possible to determine the online behavior of people on social
media (Al-Dmour et al., 2020)[8]. The insights gained will form part of the business intelligence
that companies often adopt to develop their advertisement content.

The results also indicated a strong relationship between the frequency of advertisement
watching and engagement in excessive physical exercise. Powers and Greenwell (2017)!
confirmed that advertisements are intertwined with exercise. It is a promotional strategy that
fitness and wellness advertisement companies have adopted to encourage consumers to
participate in physical exercise for enhanced health. The aim of incorporating exercises with
advertisements is to shape consumer perceptions and create interest, motivation, and a
change in behavior related to fitness.

The targeted content of advertisements often uses factors to target the gender. The findings
of this study revealed a highly significant relationship between sex and dietary change.
Akestam et al. (2021)1) and Chalke et al. (2025)5% prove this finding by indicating that most
companies tailor their advertisements using gender-based ideals. For instance, Akestam et
al. (2021)"*! revealed the negative stereotypical portrayal of men as masculine and women
as thin in most advertisements. This results in body dissatisfaction and unhealthy eating
habits. Chalke et al. (2025)1%%! established that luxury hotel brands use gender-related content
in their Instagram advertisement strategies to influence consumer behavior across genders.
The researcher confirms the findings of this research that women are more influenced than
men and can change their diet due to the advertisements that target them.

Advertisements are associated with psychological pressure emanating from body
dissatisfaction. This study establishes a highly significant relationship between these
variables. De Keyzer et al. (2022)!"" confirm this finding by stating that advertisements can
result in psychological pressure through social comparisons, intrusiveness, and fear of missing
out. Hussain et al. (2016)[20] added aspects of religious obligation or gilt, social pressure, and
fear of noncompliance. These factors create feelings of inadequacy, prompting consumers to

engage in physical exercise or change their dietary plans. It can be more stressful if they
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cannot achieve the desired results on time or after engaging in the fitness and wellness
practices demonstrated in advertisements. Psychological pressure and burden can lead to
other mental complications such as anxiety, depression, and eating disorders.

3. Psychological and Social Impact

A significant proportion (26%) of the respondents reported that their exposure to fitness and
wellness advertisements resulted in side effects. They feel tired and exhausted. This meant
that the advertisements instigated them to engage in strenuous and unsustainable forms of
physical exercise or dietary plans. In addition, this result indicates that advertisements can
have a negative influence on making some viewers engage in excessive exercise, whose
outcome would be the side effects. As posited by Raggatt et al. (2018)!, fitness and wellness
advertisements can contribute towards psychological burden and body dissatisfaction,
especially when advocating for unrealistic beauty standards and intense fitness programs.
Most advertisements and promotions in mainstream, print, and social media often feature
people (influencers) with “ideal” bodies. These features exert considerable pressure on
viewers, yet they are unachievable for an average person. Featuring “ideal” body images
creates a sense of inadequacy, resulting in people negatively comparing themselves to the
influencers and models in the advertisements. The perpetual ideals of a perfect body have
reinforced societal pressures that equate thinness to self-worth, happiness, and success.
This factor has led to body dissatisfaction, particularly in women who are pressured to have
a “model” body.

Many fithess and wellness advertisements use before and after images to portray body
transformations. This situation often creates unrealistic expectations for viewers regarding the
extent to which one can achieve change. Psychological pressure is high, mostly due to
frustrations and disappointments that can follow if similar outcomes are not achieved (De
Keyzer et al., 2022)!""). Prioritization of physical appearance over general health and well-
being of individuals can distort the actual meaning of staying healthy. A continuous focus on
aesthetics has led to an increasing practice of unhealthy fitness and wellness behaviors, such
as the misuse of nutritional supplements, engaging in intense exercises, and extreme dieting.
Some fitness and wellness advertisements intentionally target people’s insecurities to market

products and services. The intention of these companies is profit maximization, but they hide
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the agenda behind the emotions of their viewers. Increased feelings of inadequacy in people
and the strive for validation prompts them to pursue unattainable goals and purchase
products.

Influencers and brands always post edited, filtered, or curated content on social media to
portray an “ideal” body, which is not a reality. However, constant exposure to these images
has resulted in low self-esteem, loss of self-confidence, and extreme body dissatisfaction
(Chatzopoulou et al., 2020)!'8.. These images have created psychological pressure on people
who attempt to conform, resulting in anxiety, stress, depression, and eating disorders. Body
dissatisfaction is a risk factor for the development of mental health disorders such as bulimia,
anorexia nervosa, and body dysmorphic disorders. There are other aspects of discrimination
and stereotypes brought about by fitness and wellness advertisements. Men are always
stereotyped as muscular, while women are toned and thin (Akestam et al., 2021)%%. This
gender stereotype limits people’s self-expression, and can lead to body dissatisfaction.
Misleading advertisements have significant negative impacts on public health in various ways,
including promotion of unrealistic and unachievable expectations, encouragement of unsafe
practices, erosion of public trust, financial exploitation, and diversion from proven scientific
approaches (Bellary et al., 2024)"!. People can be overwhelmed, frustrated, and disappointed
with a sense of failure to attain unrealistic expectations set by influencers in advertisement
content. If people do not achieve quick results from the fitness and wellness practices
advocated, the resultant discouragement will cause them to fail to pursue realistic, achievable,
and sustainable health goals. Misleading advertisements can promote dangerous physical
exercise, unproven scientific supplements, and extreme diets (Boyland et al., 2016)[2]. The
outcomes of these practices include injuries, nutritional deficiencies, mental health challenges,
and long—-term health complications. Additionally, misleading advertisements can promote
unnecessary solutions that are expensive and ineffective. This can lead to a financial burden,
espegcially if an individual strives to achieve the promised outcomes. (Buchanan et al. 2023)
acknowledge that if people realize fitness and wellness programs do not deliver promoted
outcomes, they will lose trust even in proven legitimate scientific interventions. This will
prevent affected people from seeking appropriate medical care or accepting healthier

lifestyles. Beyond their psychological and social effects, fithess and wellness advertisements
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can have serious physiological consequences. These advertisements influence metabolic
processes, organ functions, and overall energy levels, potentially leading to long—term health
complications. Therefore, it is essential to examine these risks to gain a comprehensive

understanding of how such advertisements impact public health and individual wellbeing.

4. Physiological Risks of Fitness and Wellness Advertisements

Fitness and wellness advertisements influence health behaviors but can also pose
physiological risks. Misleading promotion of extreme diets, excessive exercise, and
unregulated supplements may lead to metabolic imbalances, organ strain, and long-term
deficiencies (Boyland et al., 2016)?.

Extreme Diets and Metabolism:

Highly restrictive diets promoted in ads can slow metabolism, leading to weight gain and
nutrient deficiency. A lack of essential vitamins and minerals can cause fatigue, hair loss, and

weakened immunity (Taillie et al., 2020)?".

. Supplement Risks:

Many supplements advertised for fithess contain stimulants such as caffeine and ephedrine,
which increase the risk of heart issues and liver damage. The overuse of protein—-based
supplements may affect kidney function (Hudders et al., 2021)!17.

. Overtraining Consequences:

Ads often push for excessive exercise, which can lead to muscle fatigue, joint injuries, and
immune suppression due to elevated cortisol levels. Lack of rest and proper nutrition further
exacerbate these risks (Buchanan et al., 2023)1.

5. Practical Recommendations

The creation of responsible advertisements is integral for companies to promote ethical
practices, foster trust, and ensure consumer health and wellbeing. Advertisement companies
can promote reliable, realistic, and tenable goals by avoiding extreme transformations or quick
fixes (Deshmukh & Tqate, 2024)17. They should encourage progressive solutions to enhance
sustainability. Advertisements should reflect people’s diversity in age, fitness level, and body
type without being biased toward specific expectations. Companies should not prioritize
aesthetics over the overall health and well-being of people. The focus of advertisements
should be on the physical and mental health benefits of engaging in fithess and wellness
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practices, including better sleep, reduced stress levels, and improved energy. Additionally,
advertisement content should avoid body shaming by implying that certain body types are
undesirable (Boyland et al., 2016)[2]. This can reduce the audience’s extreme psychological
burden and body dissatisfaction. It is essential for companies to provide evidence—based
information on their advertisement content. They should use scientific evidence to back their
claims, as well as disclose potential risks, side effects, and limitations of their fitness and
wellness programs. Furthermore, companies should integrate mental health awareness
messages into their advertising content. They should encourage their customers to avoid
extreme diets and physical exercise to achieve a more balanced lifestyle. Lastly, companies
should avoid the exploitation of vulnerable populations with targeted messaging but commit
to corporate social responsibility.

Regulatory bodies such as the Food and Drug Administration (FDA) and the Federal Trade
Commission (FTC) play vital roles in ensuring that advertisements are ethical and accurate.
The primary objective of these organizations is to protect consumers against misleading
advertisements that can harm public health. To enhance the mandate of regulatory bodies,
they need to set guidelines and standards that epitome truthfulness, use evidence-based
content, and avoid the use of misleading or edited imagery (Chong & Patwa, 2023)[38]. To
ensure compliance, it is critical for regulatory agencies to review and approve advertisements
before they are published. This will ensure that advertisement companies support their claims
with appropriate evidence and are certified by the relevant authorities. Monitoring and
enforcement is another vital role that regulatory bodies can play in protecting consumers
against exploitation. They should manage the surveillance of social media, print, and
mainstream media to identify any form of advertisement violation. In the case of any consumer
complaints, these agencies can help in the investigations and enable the prosecution or
removal of harmful content. At all times, agencies should protect vulnerable populations
against exploitation, including children, teenagers, and the elderly (Widijowati & Denysenko,
2023). They should raise awareness of consumer rights and ways of identifying misleading
advertisements. The agencies should also collaborate with industry players, health
professionals, and international bodies to ensure compliance with advertising guidelines and

standards.
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Improving consumer awareness of misleading fithess and wellness advertisements is critical
in helping people make informed decisions about the suggested actions in the advertisements
(Widijowati & Denysenko, 2023)[39]. Increased awareness enables consumers to avoid
deceptive practices. The first strategy for enhancing consumer awareness involves public
education campaigns. Governments and the private sector can finance and facilitate
educational programs and awareness campaigns to educate consumers on strategies to
identify misleading advertisements. These campaigns can be conducted on social media,
print, and mainstream media, as well as through workshops and seminars. Notably, integrating
media literacy education into the academic curriculum can help horn skills in analyzing and
understanding advertisements (Chong & Patwa, 2023)"8l. Online tools and resources can be
used to increase consumers’ awareness of misleading advertisements. For instance, fact-
checking websites can help people to debunk false claims. Creating a consumer rights portal
can enable consumers to understand their rights, verify product reviews, and report on
misleading advertisements. Despite the use of influencers to promote advertisements,
partnerships with trusted ones can help promote consumer awareness through social media.
Recommendations for Consumer Protection Against Misleading Advertisements:
To reduce the negative effects of misleading fitness and health advertisements, consumers
must be equipped with knowledge to critically assess these marketing messages. The
following recommendations can help consumers make informed decisions:
1. Verify Scientific Credibility
Consumers should always check whether the advertised product or service has a
credible scientific backing. Reliable health claims should be supported by studies
published in peer-reviewed medical journals or verified by recognized health
institutions.
2. Recognize Digitally Enhanced Images
Many advertisements use photo editing, filters, and digital modifications to enhance
their physical appearance. Consumers should be aware that these images do not
necessarily represent the real effects of a promoted product.

3. Carefully Examine Product Ingredients
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Before purchasing supplements or weight loss products, consumers should review the
listed ingredients and avoid products that do not disclose their components

transparently.

. Seek Professional Advice Before Following Advertised Diets or Exercise Programs

Before adopting any diet or exercise plan promoted in advertisements, consulting a
certified nutritionist or fithess coach is essential to ensure that it aligns with the
individual health conditions.

Be Skeptical of Quick-Fix Promises
Advertisements that claim “Lose 10 kg in one week” or “Get a six—pack in 30 days”
are often exaggerated and unrealistic. Consumers should approach these messages
cautiously.

Read Consumer Reviews and Avoid Fake Testimonials
Many advertisements use fabricated testimonials to increase credibility. Consumers
should rely on independent reviews and real user experiences rather than solely trust

promotional content.

. Stay Updated on Consumer Awareness Campaigns

Consumers should engage with health authorities, consumer protection organizations,
and regulatory agencies to remain informed about misleading advertising practices and
how to avoid them. Raising awareness of deceptive fithess and wellness
advertisements is crucial for public health. Certified nutritionists and health care
professionals should play an active role in educating consumers on how to critically
evaluate dietary claims, ensuring that they make informed decisions about their health.
Encouraging professional consultations before adopting advertised diet plans or
supplements can help prevent negative health consequences from misleading or
exaggerated claims.

Future Research Directions:

Given the growing influence of health and fitness advertisements, further studies are needed

to understand their long—term effects and regulatory framework. Future research should focus

on the following aspects:

Long-Term Effects of Health and Fitness Advertisements on Consumer Behavior
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Most studies have concentrated on immediate reactions to commercials. Future
research should examine the long—-term effects of regular exposure to fitness and
health advertisements on consumers’ decisions and actions.
2. Comparative Studies on Advertisement Regulations in Different Countries
Studies that contrast nations with more lax advertising rules (such as the U.S. and
Europe) with others with more stringent controls may shed light on how policy
variations affect public health and consumer perception.
3. Social Media Influencer’s Impact on Consumer Health Choices
Due to the rapid advancement of influencer marketing, future research should
determine whether the use of influencers promotes or impedes consumer trust and
change compared to traditional marketing techniques.
Conclusion
The main objective of this study was to evaluate the influence of fithess and wellness
advertisements on consumer behavior and health. The findings indicate that such ads seem
to have a positive influence on food and exercise choices and encourage healthy behaviors
but also at times exert undue psychological pressure and set unattainable targets. It is
important to develop clearer policies aimed at combating unethical advertising, so that fitness
firms do not set unrealistic and unscientific health targets. More advertisements should be
aimed at achieving realistic and non-exaggerated health habits. Educating consumers also
helps them know how to spot deceptive advertisements and what their rights are. More studies
should be conducted on the impact of specific ad types, particularly those created on social
media by influencers, to target children, youth, the elderly, and even disabled persons.

Safeguard public health.
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Abstract

This research aims to develop urban heat mitigation
strategies in Ajman through the application of the
InVEST Urban Cooling Model and deep learning. The
study evaluates the simultaneous advantages of green
spaces and reflective surfaces and their ability to: (a)
reduce Urban Heat Island (UHI) effects, (b) increase
energy efficiency, and (c) decrease built structure
energy consumption. The proposed method uses
geographical space analysis together with temperature
prediction modelling, along with energy consumption
statistics, to analyze multiple cooling techniques. Using
the InVEST model, temperature reduction effects and
passive cooling capabilities that exist in urban areas
were evaluated. Spatial temperature mappings, which
help determine the effects on energy savings through
projected thermal modifications, were created in GIS.
Then, energy savings of infrastructure were assessed
through the evaluation of cooling energy needs by
analyzing local energy effects of diverse cooling
reduction strategies. The InVEST Model was used to
assess energy efficiency alongside energy savings
valuation of UHI mitigation using green spaces and
reflective surfaces supported by GIS-based temperature
modeling for urban and climate adaptation purposes.
The Heat Mitigation Index (HMI) layers resulted from
the InVEST model were validated using a Fully
Connected Neural Networks (FNN) model considering
Land Surface Temperature (LST) data. The FNN model
Mean Absolute Error (MAE) and Coefficient of
Determination (R?) were 0.015 and 0.98, respectively,
which show the robustness of the model. The results of
this study can guide decision making processes by
helping government officials who lead urban
development initiatives for improving energy efficiency
and environmental resilience.
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Model; Energy Efficiency; Energy Savings Valuation;
Urban Planning, Climate Adaptation
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1. Introduction

The formation of urban heat islands (UHI) presents itself as a major environmental and societal
problem which affects locations worldwide [1,2]. Temperature increases in cities surpass those
of rural areas due to expanding urbanization and worsening climate conditions, which leads to
various health problems and both greater energy costs and environmental damage [3]. The
problem becomes more severe within crowded cities that preserve their infrastructure systems,
including roadways as well as construction developments, while maintaining restricted spaces for
vegetation [4]. The research invests efforts to study different heat mitigation techniques while
focusing on their behavioral effects upon the environment along with utility savings. The study
focuses on determining which heat-reduction methods prove most efficient when applied to urban
heat islands. The research explores maximum energy preservation techniques that appear with
cooling infrastructure deployment. The roles of green spaces, together with reflective surfaces,
help decrease urban temperatures. The research will deliver transformative knowledge to
policymakers and urban planners together with environmental scientists across the world due to
its answer to these key questions.

The urgent need for a UHI solution became evident globally through international research, which
established direct relationships between hot urban zones and operational challenges affecting
the environment and communities. United Nations (2018) reports that urban populations will
dramatically increase, leading to greater issues regarding urban heat problems. The research
conducted by [5] showed that urban heat islands cause a 30-50% elevation in summertime

energy use for cooling, which generates extra greenhouse gas pollution and raises utility bills.
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The incidence of heat-related diseases and fatalities grows substantially because of heat
exposure, especially for vulnerable groups [6]. The urgency of developing adequate heat
mitigation programs has reached critical levels because population expansion and global warming
are simultaneously affecting the planet [7]. The study utilizes existing research about UHI to focus
on practical solutions for heat reduction in urban regions, thus providing immediate contributions
to the global sustainability discourse about urban development.

Some types of heat island reduction strategies have been presented within international academic
works. Many scientific investigations demonstrate the cooling effects of expanding urban green
areas, which include parks, green roofs and urban forests due to their evapotranspiration
capabilities and shading properties [8—10]. Reflective materials combined with cool roofs and
cool pavements represent two proven solutions for reducing surface temperatures, which also
decrease cooling energy requirements [11,12]. The different locations generate contrasting
results for these strategies because their outcomes depend on location—specific geographical and
climatic variables and urban conditions. According to Santamouris [12], laboratories in
Mediterranean cities such as Athens demonstrate large reductions in building cooling expenses
through white roof implementation, but urban greening functions as the primary cooling
mechanism in tropical cities like Singapore. Programs studying integrated cooling strategies
together with their total impact on energy savings still need extensive cross—context assessment.
Several investigation studies during recent times dedicated their research to the specific regions
where Urban heat island effects occur, which led to important localized heat mitigation solutions.
The incorporation of reflective building materials in Middle Eastern cities (specifically Dubai)
through Balaban and de Oliveira, (2017) [13] has proven its effectiveness in combating UHI

effects. The expansion of urban green spaces as well as urban planning incorporating vegetation
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constitutes a primary strategy to combat heat buildup in Asian metropolitan areas [14]. Research
conducted in specific areas delivers vital information, but there exists a need to unify multiple
mitigation approaches across international regions. The existing research centers on detached
cooling methods lack investigation into comprehensive plans which combine urban infrastructure
with natural spaces across various climate regions. This research holds international importance
because it evaluates comprehensive UHI mitigation solutions which cities across the globe can
use for their implementation.

Multiple essential reasons support this present study. The research fills an important void in
scholarly literature because it examines holistic heat reduction techniques that unite green spaces
with structure—facing reflective elements together with appropriate water management
techniques. This investigation applies to a new analytical strategy that evaluates the whole
mitigation framework while examining the linked performance of multiple protective measures on
energy performance alongside environmental advantages. The research novelty stems from
examining various cities in divergent climates to identify optimal heat mitigation strategy
combinations. The main research goal examines the performance of urban cooling techniques
for reducing UHI influence with benefits to urban efficiency and sustainability in development.
This research examines various strategies to find practical solutions for citywide urban heat
mitigation, which will expand current urban heat management discussions. This research
analyzes UHI mitigation from a global perspective through a detailed and complete investigation
of various cities beyond previous study constraints. Despite extensive research on urban heat
island mitigation, there remains a notable gap in city—scale studies that integrate spatial heat
mitigation assessment with energy—savings valuation in arid environments. Few studies provide

locally grounded, policy-relevant analyses that translate urban cooling benefits into
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infrastructure—level energy implications for rapidly growing desert cities. To address this gap, the
present study applies the INVEST Urban Cooling Model within a GIS framework and complements
it with energy—savings estimation and data—driven validation, thereby linking urban heat mitigation
strategies directly to local planning and energy—efficiency objectives in Ajman, UAE.
2. Materials and Methods
2.1. Study Area

The northern section of the United Arab Emirates known Ajman as a city which exists in an arid
desert climate environment (Figure 1). The urban district operates as the main domain for UHI
research and Urban Cooling Model implementation to address this climate issue. The physical
environment of Ajman requires study to understand the effects of UHI and evaluate methods to
control its growth. Ajman establishes its position at 25°30'N latitude and 55°30'E longitude within
the UAE, where the hot desert climate prevails across most of the year. Summer heat throughout
Ajman reaches exceptionally high levels, which exceed 45°C and winter temperatures commonly
remain at approximately 20°C. The combination of minimal rainfall under 50 mm with substantial
solar radiation creates conditions that raise temperatures in urban zones of the city. During the
daytime, both temperature and nighttime temperatures demonstrate substantial differences in this
specific region. Temperature fluctuations worsen the UHI effect when urban surfaces made of
roads and buildings hold heat throughout the daytime before releasing it over the nighttime. The
persistent heat accumulation between daytime and nighttime hours requires additional energy
consumption for cooling the area, primarily in summertime. During the last few decades, Ajman
has experienced explosive urban development that triggered major changes throughout its land
mass. Most of the city territory contains residential areas together with commercial buildings and

factories while it has few designated green space areas. The metropolitan area now features
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overwhelming amounts of asphalt roads and concrete buildings, creating an environment that
retains heat. An outgrowth of urbanized areas into surrounding desert areas makes the UHI effect
stronger since desert regions naturally produce less environmental cooling. The city center of
Ajman contains dense built-up land usage while development becomes sparse toward its
borders. The regions experience increasing urbanization to establish new residential areas for an
expanding population. The ongoing expansion of the city requires urgent, sustainable urban

planning because it serves as an essential tool to reduce UHI-related negative effects.
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Figure 1: Location of the study region

2.2.  Methodology
The research investigates both heat mitigation opportunities throughout an urban environment as
well as energy conservation effects within the same study area. The research design follows a
systematic approach to evaluating all data factors properly while delivering precise outcomes,
which include the following stages:
i Evaluation of Cooling Potential and Heat Reduction begins with estimating how different
variables affect these outcomes during this initial phase. The urban parameters that will be
examined include land use and cover characteristics as well as building densities and vegetation
types. The study examines temperature regulation and cooling across urban areas by analyzing
different land cover types with urban areas alongside green spaces and water bodies through
integrated variable evaluation of this model.
ii. The InVEST Urban Cooling Model operates during the second phase to measure heat
mitigation and cooling capacity currently operational in the study area. InNVEST stands as a
reputable modeling platform which combines environmental information to evaluate urban cooling
services. The model utilizes high—quality space—based data to measure the heat stress reduction
effects of urban vegetation combined with evapotranspiration through meteorological inputs in
urban areas. The act of data entry with suitable datasets allows the system to determine present
urban cooling performance and potential heat mitigation through simulation.
iiii. The final step determines the impact that energy efficiency has on cooling operations.
The assessment focuses on understanding which heat mitigation approaches lower urban district
energy consumption with particular emphasis on cooling systems like air conditioning. Analysts

assess energy savings by establishing direct connections between environmental cooling
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resources and lower energy consumption figures. The study evaluates the economic values of

urban cooling benefits through its understanding of energy-saving relationships between heat

mitigation strategies and decreased power consumption.
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Figure 2: Methodology flowchart
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The urban cooling model incorporates diverse datasets, as shown in Table 1, that aid both

precision and extensive study research. Providing the Land Use and Land Cover (LULC) map

preparation capabilities is the Sentinel 2a dataset offered by the European Space Agency (ESA).

High-resolution observations contained in satellite imagery data enable crucial identification and

classification of residential, commercial, industrial and green space areas. Using the Land Use

and Land Cover reference map, researchers can define the mechanisms through which different

types of land affect heat storage patterns across urban regions. Reference Air Temperature (°C)

data from the National Center for Meteorology enables significant meteorological research for

UHI effect modeling. The air temperature measurements enable researchers to assess
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temperature variations between urban and rural districts to support the development of urban
cooling systems. The spatial distribution and structural characteristics of buildings inside the
urban area can be obtained from building datasets from open—source mapping sources. This
dataset examines how building structures contribute to urban heating and cooling processes since
buildings act as essential heat storage components in urban areas. The relationship between
urban heat distribution and cooling potential and building structures depends on their size as well
as the way they are spread across the area. EarthData provides Evapotranspiration data from
satellites that delivers information about vegetation along with water bodies that estimate natural
surface cooling effects. Temperature regulation occurs through evapotranspiration because water
vaporizes from soil and vegetation, which absorbs heat. The provided dataset quantifies cooling
benefits from both urban green spaces and natural features to assist sustainable cooling
strategies. The datasets feed into the urban cooling model to conduct a thorough analysis of
urban temperature regulation elements, which directs the creation of better cooling approaches.

Table 1: Database used in urban cooling model

S| No. Dataset Purpose
1 Sentinel 2a For the preparation of the LULC map
2 Reference Air | The National Center for Meteorology

Temperature (°C)

3 Buildings From open-source map

4 Evapotranspiration | Earthdata

2.4.  InVEST Urban Cooling Model
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Through its set of equations, the InVEST Urban Cooling Model replicates key elements that
determine urban cool-down and evapotranspiration alongside heat-impact reduction. Both
equations are essential tools for modeling heat island formation along with land cover cooling
potential. The following discussion explains in detail how the equations function as part of urban
cooling and heat mitigation calculations.

Three main variables used to determine the Cooling Capacity (CC) measurement for areas

through the CC equation shown below.

CC=06.5+0.2.ETI+0.2.A (1)

The variable S stands for the shading capability of vegetation and structures and blocking
elements that deny direct sunshine. Shading works as an effective solar radiation blocker, which
creates surface temperature reduction. The ETI (Evapotranspiration Index; shown in equation
(2) below) evaluates water evaporative cooling and plant water—loss cooling effects. The higher
the ETI, the greater the cooling effect from vegetation and green spaces. A (Albedo): Albedo
refers to the reflectivity of surfaces. Surfaces painted white or other reflective materials reflect
higher percentages of solar radiation, so they experience less heat absorption. Dark materials,
including asphalt and dark roofs, absorb greater quantities of heat, which intensifies urban heat
island formation. Shade stands as the primary element affecting overall cooling capacity
according to this model because its weight factor (0.6) exceeds those of temperature and wind

speed (0.2 each).

ET,
E Tmax

ETI =

(2)
The Evapotranspiration Index (ETI) normalizes actual evapotranspiration (ET a; shown in equation
(3) below) relative to the maximum evapotranspiration (ETmax) for the region. This index helps

quantify the cooling effect due to evapotranspiration across different land cover types. It is

10
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especially useful for comparing areas with varying levels of vegetation and water bodies, as areas
with higher ETI values (e.g., forests) tend to cool the environment more effectively than areas

with little or no vegetation [15].

ET, = ET.K, (3)

Actual Evapotranspiration (ETa) represents the combined result of reference evapotranspiration
(ET) with the crop coefficient (K_c). ET refers to the reference evapotranspiration, a standard
measure for evapotranspiration in a hypothetical reference crop. The crop coefficient (K_c)
applies reference evapotranspiration values based on the vegetative presence in local spaces
(forests, grasslands or crops). Open forests obtain higher crop coefficients compared to urban
areas having grassy vegetation. The formula enables the model to determine local
evapotranspiration rates from analyzing plant characteristics in the area [15].

The Reference Evapotranspiration (ET,; shown in equation (4) below) method evaluates potential
evapotranspiration by measuring solar radiation (Ra), average temperature (Tavg), temperature
difference between day and night (TD) and precipitation (P) conditions (Allen et al., 1998). The

formula incorporates:

ET, = 0.0013.0.408.R,. (Tapg + 17).(TD — 0.0123.P)°7¢ 4)

Solar radiation acts as the main driver of evapotranspiration since it is represented by Ra in the
formula. The factor for evapotranspiration rates is Tavg, which represents the average daily
temperature. Daytime—to—nighttime temperature variation, referred to as TD, directly affects both
heat dissipation rates and evapotranspiration conditions. The water content and
evapotranspiration levels depend heavily on precipitation amount (P).

The maximum theoretical evapotranspiration calculation produces standards that professionals
apply to actual plant conditions using the crop coefficient (Kc).

11
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CCifCC; = CCpgry 07 GA; < Zha} -

HMI; = { CChari; Otherwise

Model cells adjust their cooling capacity through the application of the Heat Mitigation Index
(HMI). The model applies cell cooling capacity (CCi) as it is when CCi exceeds CCparki or when
the surrounding green space area falls below 2 hectares. The cooling capacity remains
unchanged when no nearby green space or park exists, but it gets adjusted otherwise for such
situations. The methodology enables surrounding areas near green spaces or parks to receive

cooling advantages, although these areas may individually lack significant cooling potential.

GA; = Cellarea'Zjerradious gi (6)

fromi

The calculation of Green Area (GA) consists of adding green area values (gj) from all adjacent
cells inside a predetermined radius for cell (i). Nearby green areas contribute to the cooling
abilities of the vicinity, which determines the final green area value. Green areas with enlarged
dimensions create stronger cooling effects through evapotranspiration processes accompanied
by shading elements from plants.

—Ln) )

Clpark; = Zjerradious gj-CC.e ( d
cool

fromi

The Cooling Capacity of Park (CCparki) calculates the park or green space cooling abilities within
a defined distance from a specific cell. This factor applies cooling power to the relationship
between the park location and the cell using the distance variable (d(i,j)) because distance affects
the cooling impact. A cooling distance parameter (dcool) defines how extensive an air-cooling
effect from parks reaches. The calculation includes green area sums within the defined radius as
well as the cooling power of adjacent cells and an exponential decay model for distance to

minimize cooling effects on distant cells.

12
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The simulation executes daily evapotranspiration rates through conversion formulas that produce
energy values. The transformation between one millimeter each day of evapotranspiration results
in MJ (MegaJoules) as the energy measurement. The conversion factor is:

1 mm/day =1 W m2 x 0.0864 MJ day "W x 0.408 mm day 'm2day'MJ™"  (8)

The formula described makes it possible to transform evapotranspiration readings into energy
measurements and supports urban area cooling assessments.

Surface reflectivity rates according to the scientific measure of albedo play a central role in
reducing urban heat during summers. The calculation method for LULC-type albedo requires the
application of the following equation:

Albedo = Blue 0.246+Green 0.146+Red 0.191+NIR0.304+SWIR1 0.105+SWIR20.008 (9)
The formula uses spectral bands (Blue, Green, Red, NIR, SWIR], and SWIR2) to determine
various urban surface albedo values, which affect the heat island characteristics.

Multiple bio—physical factors used for urban cooling are quantified for different LULC types in
Table 2. The parameters encompassing shade combined with crop coefficient (KC), albedo and
green area and building intensity function within this system [17]. For instance:

Water remains unshaded and effectively brings cooling through its high crop coefficient value of
1. The cooling effect of vegetation remains strong because it provides full shade and possesses
a maximum KC value of 1.003927. The cooling effects of agricultural land can be observed in
its KC value which stands at 0.717214. The area covered by Built Areas demonstrates minimal
cooling potential because of its low albedo value combined with its high building density. The
quantitative findings from this table support the creation of efficient cooling strategies since they
measure land-based heat reduction contributions. Table 3 presents important factors necessary

to calculate urban heat mitigation as follows: The baseline temperature for the study region is
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34°C based on the designated value of Tref (Reference Temperature of Air). The maximum
possible rate of evapotranspiration reaches 4.67 millimeters per day and applies to the cooling
mechanism of vegetation. The maximum possible temperature rise from urban heat island
phenomena has been established at 7°C while setting UHImax. Therefore, Sw, along with Aw
and Ew represents weights measuring 0.60, 0.20, and (.20 for shade, albedo and
evapotranspiration regarding urban cooling ratios.

Figure 3 presents a visual representation of the intermediate variables used in heat mitigation
evaluation to illustrate their connected elements. The five factors combining albedo and building
intensity (refer to equation (10) below) with green space and evapotranspiration and the urban
heat island effect enable the assessment of urban cooling capacity. The biophysical variables
and additional parameters work in conjunction with intermediate factors to create the foundation
for creating powerful urban cooling strategies. This research quantifies the cooling effects of
varied land use types and determines intervention areas to minimize urban heat islands while
reducing energy use through analysis of these collected data.

Building intensity = ) (Building Area xFloors) + Land Area (10)

Table 2: Different Bio—physical variables and its associated input

LULC Code LULC Description | Shade | KC Albedo | Green Area | Building Intensity
1 Water 0 1 0.056 |0 0
2 Vegetation 1 1.004 |0.140 |1 0
4 Grass 0 0.932 |0.171 1 0
5 Crops 0 0.717 |0.161 1 0
7 Built Area 0 0.179 |0.162 |0 1
8 Bare ground 0 0.932 |0.171 1 0
11 Rangeland 0 0.968 |0.189 |1 0
14
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Table 3: Additional Parameters in urban heat mitigation estimation

Parameters Description Value
Tre Reference temperature of air 34°C
ETrax Maximum evapotranspiration 4.67 mm/day
dair Distance from maximum blending of air | 2000 m
temperature
deool Distance of cooling from the vegetation 100 m
UHI ax Urban heat island effect 7°C
RHayg Average relative humidity 64
Sw Shade Weight (optional) 0.60
A, Albedo Weight (optional) 0.20
Ew Evapotranspiration Weight (optional) 0.20
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Figure 3: Intermediate variables for urban heat mitigation model

2.5. Model setup and Conditions
The InVEST Urban Cooling Model is set up to estimate the cooling capacity and heat mitigation
potential of the urban area using several critical datasets. These include LULC, building data, air
temperature, and evapotranspiration. LULC data helps categorize the urban area into different
land types, while temperature data enables the identification of heat variations across the region.

17
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Building data is used to simulate heat retention based on the density and materials of structures.
Evapotranspiration data from Earthdata models the cooling effects of green spaces and water
bodies. The model assumes homogeneous climate conditions, a constant evapotranspiration rate,
and static land use patterns throughout the study period. It also assumes that the INVEST model
is calibrated for the region, ensuring that the cooling capacity is estimated accurately. The model
connects temperature reduction with energy savings, assuming a direct link between cooler urban
areas and reduced demand for air conditioning. Furthermore, the model factors in the urban heat
island (UHI) effect, where urban areas experience higher temperatures than surrounding rural
areas due to heat-retaining surfaces like buildings and roads. These assumptions simplify the
modeling process but may not capture all dynamic changes or local variations in temperature.
Despite these limitations, the model provides valuable insights into heat mitigation and the
potential for energy savings through urban cooling strategies. The model assumes spatially
homogeneous climatic conditions and static land-use patterns during the study period. This
assumption is justified by the relatively limited geographic extent of Ajman and the absence of
pronounced intra—urban climatic gradients in available meteorological observations. Static land-
use conditions were adopted to isolate the cooling effects of mitigation strategies under current
urban morphology, consistent with scenario-based urban climate assessments. While these
assumptions simplify complex urban—climate interactions, they enable a focused evaluation of
mitigation potential and are acknowledged as sources of uncertainty in fine—scale temperature

estimates.

2.6. Calibration and Validation
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The calibration procedure of INVEST Urban Cooling Model depends on Sensitivity Analysis and
Iterative Refinement together with Performance Evaluation for ensuring accurate and robust
predictions of heat mitigation and cooling effects. The model optimization process uses these
three steps to adjust parameters and predictions and confirm its reliability as it operates under
various setting conditions. The following continuous explanation depicts these steps in detail.

The Sensitivity Analysis constitutes an essential part during model calibration execution. The
model requires an analysis to identify which factors influence its output primarily when calculating
temperature, evapotranspiration and cooling capacity. Utilizing this evaluation process allows
researchers to recognize which factors need correction for better results alongside those which
produce minimal impact on model accuracy. To start this analysis, researchers need to select
essential model parameters, which include crop coefficient (Kc), albedo values and
evapotranspiration rates. Multiple model parameters control how the predictions of the cooling
function operate. The evapotranspiration rate depends heavily on the crop coefficient (Kc) value
since it determines vegetation cooling potential measurements. Examining parameter
modifications helps us understand how they affect the calculated results for temperature and
cooling effects. Analyzing parameter variations in standard sensitivity models requires single—
variable changes followed by model output assessment for each independent variation. The
model recalculates temperature predictions after adjusting either the crop coefficient (Kc) or the
surface albedo value. Symptoms measuring the model response toward parameter adjustments
help determine how each parameter influences the model’s results. The procedure aids in
determining which model parameters create the greatest change to output results to guide
subsequent calibration modifications. The formula for measuring how sensitive model parameters

@ are toward predicted temperature Tpredicted appears as:
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_ anredicted

B 50 (11)

The sensitivity evaluation of predicted temperature to model parameter 0 is denoted by S@ and
0 represents Kc value or albedo or evapotranspiration rate [18]. The calibration process requires
focus on parameters identified through sensitivity analysis because they most influence the
model's predicted temperature results.

After completing the sensitivity analysis, the following process will be Iterative Refinement. The
model parameters receive adjustments through this process according to sensitivity analysis and
real-world data evaluation to enhance precision. During iterative refinement, the first step requires
running the model with its initial parameter collection. The parameters are derived from literature
sources and expert input together with data obtained from the study area (here: Sharjah). The
predictive model generates output data for three measurements, including cooling power and
temperature readings and measurement of evapotranspiration levels. The predicted model values
undergo comparison against observational data obtained from temperature recordings as well as
evapotranspiration measurements derived from ground stations or satellite images. The
researchers should adjust model parameters once the predictions generated by the model fail to
match with observed data. An underestimation of cooling capacity in areas with dense vegetation
would trigger an increase in the crop coefficient (Kc). High estimates of cooling effects in urban
zones could lead to reducing the albedo value for impervious surfaces. Model refinement occurs
through multiple execution loops that merge simulation runs with parameter adjustment steps
before data verification takes place. Accurate predictions for temperature, along with
evapotranspiration, require the highest possible reduction of calculation errors. The evaluation of
model performance relies on the implementation of Mean Absolute Error (MAE) together with
Root Mean Square Error (RMSE) shown in equations (12) and (13) below:
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n
1 ) )
MAE = EZlTlobserved _Tlpredictedl (12)

i=1
n
1 i i 2
RMSE = EZ(T observed — 1 predicted) (13)
i=1

The formula computes for Tobservedi and Tpredictedi as observed and predicted temperature
values at each data point { together with the number of data points n. The process requires
multiple iterations because the errors need to decrease to acceptable levels until predicted values
properly reflect observed data. The continuous model refinement along with comparative analysis
establishes an accurate model for predicting cooling effects before it can be implemented to
estimate energy savings and develop heat mitigation strategies.

The essential step after refining the calibrated model requires Performance Evaluation. The goal
of performance evaluation examines if the calibrated model assumes a strong and steady
predictive role across multiple environmental situations. Independent data forms the basis for
conducting performance evaluation as part of the process. Remote sensing products, including
satellite—derived land surface temperatures and independent monitoring station readings, serve
as the test basis for evaluating the model's accuracy. Observed values of temperature reductions,
evapotranspiration rates and cooling capacity undergo comparison with predictions made by the
model. Several statistical assessment procedures determine the model's accuracy using Pearson
Correlation Coefficient (p; shown in equation (14) below) for understanding linear relations
between observed and predicted values. The model demonstrates satisfactory accuracy because
it effectively mirrors the actual trends.

Z?:l(Tlobserved - To)(Tlobserved - Tobserved)

\/Z?=1(Tiobserved - _observed) Z?=1(Tiobserved - _observed)

(14)
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In this study, a Fully Connected Neural Network (FNN) was utilized to predict the HMI based on
Land Surface Temperature (LST) values. The prediction model was validated using a dataset
containing LST, HMI, and spatial coordinates (latitude and longitude) of the data points. The
following steps outline the methodology adopted for model development, training, and evaluation.
The dataset consisted of columns for latitude, longitude, LST, and HMI. Since latitude and
longitude were not considered features for prediction but were instead used for spatial reference,
they were excluded from the input features of the neural network model. The LST and HMI values
were subjected to MinMax Scaling using the MinMaxScaler from scikit—learn, which scaled these
features within the range [0, 1]. This step was crucial for ensuring that the model received data
with uniform scale, improving the training efficiency and the overall model performance. Missing
values were removed from the dataset using dropna() to ensure that only valid data points were
included for model training. After cleaning, the dataset was split into a training set (80% of the
data) and a testing set (20% of the data) using train_test_split from scikit-learn. The model was
built using a FNN architecture, with two hidden layers. The first hidden layer contained 64
neurons, and the second contained 32 neurons. ReLU (Rectified Linear Unit) activation functions
were applied to both hidden layers to introduce non-linearity, allowing the model to learn complex
patterns in the data. Dropout layers with a dropout rate of (.2 were inserted after each hidden
layer to prevent overfitting by randomly disabling some neurons during training. The output layer
consisted of a single neuron with a linear activation function, as this is a regression task, with
the model predicting continuous HMI values. The model was compiled using the Adam optimizer
with a learning rate of 0.001 and the mean squared error (MSE) loss function, which is
appropriate for regression tasks. The model was trained over 100 epochs, with a batch size of

16, allowing the model to learn iteratively and update weights with each mini batch of data. The
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training loss and validation loss were monitored during training to ensure that the model was
learning effectively without overfitting. The model training was conducted using TensorFlow's
Keras API. To assess the model's performance, several evaluation metrics were used, including
MAE and R? (Coefficient of Determination). MAE measures the average magnitude of errors in
predictions, providing an understanding of how far the model's predictions are from the actual
HMI values. R? provides an indication of how well the model explains the variance in the HMI
values, with higher values indicating better model fit.
3. Results
3.1. Heat mitigation strategies

The heat mitigation scenario presented in Figure 4 shows the utilization effectiveness of different
heat reduction strategies across the examined region. Statistical grouping into five categories
allows researchers to determine both urgent cooling priority areas and zones where current
cooling methods function optimally. Very Low (0.06 — 0.29): Areas in this category exhibit
minimal heat mitigation potential. The UHI effect affects these urban regions because their dense
infrastructure exists alongside minimal natural vegetation. The reduction of heat absorption
requires organizations to implement three basic approaches, which include creating new green
spaces while installing reflective surfaces and planting more trees. The areas under this category
present some potential for heat reduction yet cannot make up for significant heat accumulation.
The implementation of mitigation strategies requires an increase in park availability as well as
cool roofing materials combined with surface improvements to enhance water absorption. The
expansion of green corridors aids in lowering the intensity of heat trapped within specific locations.
These areas within the moderate range demonstrate adequate heat mitigation performance

because of their current green spaces, together with cooling surfaces. Existing strategies can
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bring more enhancement to the efforts. The microclimate improves through additional vegetation
expansion combined with the creation of parks and the implementation of water features, including
ponds and fountains. Areas falling under the high category (0.75 - 0.90) already possess
extensive green infrastructure that includes urban parks together with water management
systems. UHI effect reduction and the preservation of cooler temperatures can be achieved
through the implementation of additional green corridor expansion and sustainable building
integration together with strengthened water management systems. Extensive green
infrastructure synergy with efficient cooling systems in these areas results in strong resistance
against UHI effects, which classify them as very high. The main strategies for these areas should
aim to sustain and boost current green practices through biodiversity enhancements and green
wall installation, as well as adding renewable energy systems to increase cooling potential. The
heat mitigation map from Figure 3 displays both areas needing immediate heat reduction
measures together with currently reaping benefits from existing effective heat reduction practices.
Planners at urban departments use this map to direct their heat intervention efforts toward areas

needing immediate attention so heat reduction strategies achieve maximum impact.
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Figure 4: Heat Mitigation scenario of the study region
3.2. Heat Island Scenario

According to the InVEST Urban Cooling Model heat island scenario analysis, we gain in—depth
information about the environmental and energy-related UHI effects inside the study area. The
analysis yields outcomes that emerge from primary metrics related to temperature readings,
thermal potential and energy usage levels essential for UHI evaluations. The urban environment
experiences an average temperature decrease of (.1 degrees Celsius (Figure 5). The low cooling
numbers demonstrate that present-day parks and cooling programs inside the heat island zone
cannot effectively offset its typical local heating patterns. This discovery demands innovative
cooling methods that involve extending vegetative cover along with the implementation of

reflective materials to reduce this phenomenon. Studies show the study area maintains an
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average temperature level of 39 degrees Celsius. The measurement of elevated temperatures
confirms the presence of the urban heat island effect because cities generate temperatures above
their neighboring country areas because built-up areas combined with human activities and
infrastructure reduction of vegetation result in higher ambient heat. This recorded value reflects
the high intensity of the heat island effect occurring in this specific area. The Average
Temperature Anomaly measures 5.2°C, which demonstrates that the study region's urban
locations hold elevated temperatures of 5.2°C versus their surrounding rural areas. The UHI
effect generates this anomaly because urban areas contain numerous heat-absorbing impervious
surfaces that maintain stored heat. Research data shows that the wet-bulb globe temperature
(44°C) in the study region considers humidity and temperature measurements. Human comfort
evaluation and public health assessments heavily depend on this important measurement. The
elevated WBGT measurement indicates substantial human discomfort for residents, particularly
during heat wave periods and creates health risks, including heat-induced stress and heat-
related sicknesses. The urban surfaces exhibit substantial heat retention properties because the
recorded average land surface temperature reaches 75°C. Surface temperatures of concrete and
asphalt, and other impenetrable materials rise significantly because these materials prompt local
climate change and worsen urban climate islands. The recorded average value shows that cities
need urban planners to advance heat-reducing measures through green roofs and permeable
pavement installations. The average measurement of high—velocity layer surface at 75 confirms
that extensive hot air mass accumulation occurs at upper atmospheric layers across urban
environments. The high—level heat transfer process contributes significantly to UHI expansion
because it modifies both community weather patterns and citywide climate characteristics. The

measured average energy consumption reaches 113,982,154.7. The extreme amount of power
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usage results primarily from the heightened need to cool buildings during hot summer months.
The increasing urban heat island temperatures drive greater demand for air conditioning, thus
requiring additional energy consumption for cooling and refrigeration. Local cooling systems
require high amounts of energy for operation, thus creating environmental problems, including
elevated carbon emissions and power consumption levels. The InNVEST Urban Cooling Model
shows that heat island analysis reveals major environmental and energy-related issues that arise
due to urban heat island formation. The intense UHI effect makes itself obvious through elevated
temperatures and increased land surface temperatures as well as wet-bulb globe temperatures.
Elevated energy usage in these conditions proves the necessity of developing strong mitigation
measures for UHI impacting both nature and finance. The research indicates that developing
more green spaces together with improved building materials, as well as investing in energy-
saving cooling technologies, represent fundamental steps for managing the UHI effect and its

related environmental difficulties.
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Figure 5: Output of average values for heat island phenomenon

3.3.  Calibration and Validation
Precise and dependable temperature forecasting requires accurate predictive model calibration
and validation processes. The model parameters need refining while testing the model

performance through comparison against actual data points. The calibration process includes
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three sequential stages, which start with sensitivity analysis followed by iterative refinement and
complete performance evaluation. An assessment of how changes in crop coefficient (Kc) affect
temperature predictions took place first during the model calibration stage through sensitivity
analysis. The simulations in Figure 6 reveal that the predicted temperature values increase
directly with greater Kc levels because the model has high sensitivity to this parameter. Results
from error bars demonstrate that prediction ranges exist, yet the model consistently reflects
increases in crop coefficient values when forecasting temperature changes. The accurate
estimation of Kc stands as a vital factor to develop better model functionality. The model
refinement process proceeded through repeated cycles for error reduction based on Figure 6. As
the model completed additional iterations, its Mean Absolute Error decreased steadily, which
showed improved model performance. The iterative refinement process let the model gain
accuracy through parameter adjustments and decreased the differences between its predictions
and real-world temperatures. This method successfully improved the precision of the model
because of its effective error reduction capabilities. The model predictions received evaluation
through their comparison with existing temperature measurements. The predicted temperature
outcomes match the observed measurements as shown in Figure 3 where data points rest near
the perfect fit line (red dashed line). An accurate temperature forecast emerges from this method
due to its minimal deviations from the perfect fit line, while error bars represent both the predicted
and observed value uncertainties. The model performance assessment proves its capabilities for

delivering trustworthy temperature prediction results.
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Figure 7: Validation of the model

The performance of the neural network model was evaluated based on the loss values, the

evaluation metrics (MAE and Rz), and the visualizations generated during and after training. The

following results were obtained: The training curve (Figure 8) demonstrates a rapid reduction in
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the training loss in the initial epochs, indicating that the model quickly learned to minimize the
error between predicted and actual values. The test loss remained relatively stable during training,
showing a good balance between the training and testing datasets. This trend suggests that the
model generalizes well and is not overfitting with the training data. The scatter plot (Figure 9)
comparing actual vs predicted HMI values shows that the predictions closely follow the perfect fit
line, with most points being very close to the red dashed line. This indicates that the model
successfully predicted HMI values with high accuracy. The points form a nearly straight line,
suggesting strong agreement between the predicted and actual HMI values. The Mean Absolute
Error (MAE) for the model was found to be 0.015 (on a scale of ( to 1), indicating that, on
average, the model's predictions were within (0.015 units of the true HMI values. The R?
(Coefficient of Determination) was calculated to be 0.98, showing that the model explained 98%
of the variance in the HMI values. These values highlight the model's effectiveness in predicting
HMI based on LST. To further analyze the model's performance, feature importance was
examined by analysing the weights from the first hidden layer of the neural network. The average
absolute weights for LST and HMI were computed, revealing that LST was the most important
feature for predicting HMI, with a higher weight compared to HMI itself. This finding aligns with

the expectations that LST has a strong correlation with the Heat Mitigation Index.
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Figure 9: Comparison between actual and predicted heat mitigation index
3.4. Energy Savings Valuation of Infrastructure

Attaining energy conservation benefits in urban infrastructure acts as a vital element for both heat
reduction and environmental preservation efforts. Analyzing how cooling measures and
modifications to urban infrastructure affect energy consumption gives scientists the necessary
information about the financial and environmental advantages of fighting urban heat islands.
Mean air temperatures in the built infrastructure of the study region show their spatial distribution
patterns, as shown in Figure 10. The map shows temperature zones beginning with areas in red,
which display temperatures from 40.43°C to 40.45°C, and these hot regions exist within high—
density built-up zones without much vegetation. UHI impacts the affected areas substantially,
resulting in greater cooling energy requirements. The heat map displays built environment

temperature fluctuations by showing green regions as cooler places that usually contain
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vegetation and reflect light from materials. The analytic results indicate that heat reduction in
high—temperature zones requires priority because decreasing these areas' temperatures leads to
substantial decreases in energy usage for air conditioning systems. The mean air temperature in
hot urban zones becomes more manageable through the implementation of measures like urban
green space development, cool roof installation and surface permeability improvement for energy
savings. Figure 11 demonstrates the expected energy conservation achieved by implementing
heat reduction techniques throughout various built areas of the infrastructure. Multiple energy
savings levels exist within the map, which uses red to indicate lower savings and blue to indicate
higher savings. The areas which achieve the most substantial energy savings, ranging from
798,712.56 to 3,154,493.64, are in zones with elevated mean air temperatures, where
implementing urban cooling measures results in significant reductions of energy consumption.
This technique produces outstanding outcomes in confined urban districts because it enhances
heat retention, which cuts down requirements for air conditioning and cooling infrastructure. The
UHI impact on temperature is lower in areas with little energy—saving potential, indicated by
yellow and red zones on the temperature map. The applied cooling measures produce energy
reduction in these locations however, they achieve lower scale savings compared to regions with
intense heat levels. Energy conservation opportunities are best found among regions which
experience higher average air temperatures, as shown through these two maps. Authorities
should focus their heat mitigation strategies on heat—-dynamic regions because defining areas
with high mean air temperatures enables major reductions in cooling energy usage, which lowers

building operational costs and enhances the overall urban energy performance.

34

(15/6/2026 oyt 55) Jp¥1 stall (g 2ally ald! Alsh) S ly bl ll Slasms 2l



e

iy
(S e b
o , o=
‘Energy Savings
0.00 - 25765.95 o
B ~
P L 2
i 25785.95 - 100965.18
e
100965.18 - 270305.70
270309.70 - 798712.56
L)
0, 12 2.4 “w 48 Saurces: Maxar, Aithus DS, USGS, NGA, NASA, CGIAR, GEBGO, N Robinsoli BICEAS, NLS, OS5, MMA,
g1 1 L] = | "_‘:" ~ Geodatastyrelsen and the GIS Uset Sammunity, Esrl, NASATNGA, USGS, Sources: Esti, TomTom,
Kilometers 5 Garmin, FAD, NOAR, USGS, ¥ OperiStreetMap contributors; and the GIS User Community
%) T

Figure 10: Mean air temperature of the built infrastructure

35

(15/6/2026 oy 5) 5 sall (g, ly ol Al &gy Slalyal] Olasms 2l



“,

“Energy Savings .

- 0.00 - 25765.95 “

25785.95 - 100965.18
S

10096518 - 270309.70

270309.70 - 798712.56

0 1.2 2.4 4.8

|
Kilometers

Figure 11: Energy savings of the built infrastructure
4. Discussion

Research findings provide relevant knowledge which aids our understanding of UHI mitigation
approaches by analysing the simultaneous effects of urban green spaces together with reflective
materials on urban temperature reduction and energy savings. The research outcomes
demonstrate that the combined usage of diverse heat reduction strategies effectively diminishes
UHI effects, according to numerous international studies. The study presents specific details
regarding adaptation possibilities in various urban settings that need to be fully understood for
the future implementation of these solutions.

The main findings of this investigation demonstrate how urban green spaces play an essential

part in reducing the UHI effect. Worldwide research demonstrates that vegetation serves as a
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main instrument for minimising surface and air temperatures in urban areas [19]. Urban parks,
along with green roofs, demonstrate their role in temperature reduction by using shading and
evapotranspiration, according to relevant [19,20]. The study demonstrates that urban vegetation
has reduced cooling potential when cities reside in regions with arid and semi-arid climatic
conditions. Supplemental irrigation systems might be needed to effectively implement green
spaces in arid cities since these areas receive limited rainfall compared to temperate regions.
Sussams et al., (2015) [21] agree with this analysis because they discovered that both climate
conditions and water resources heavily determine green intervention success rates.

The research demonstrates that reflective building surfaces, including cool roofs and pavements,
serve as essential tools beside green infrastructure for fighting UHI effects. The results from
Santamouris, (2014) [12] agree that reflective high—albedo materials effectively decrease urban
temperatures. Various international studies show reflective surfaces decrease both building
surface temperatures and cooling energy requirements [22]. The research reveals that optimal
heat island mitigation approaches can combine reflective materials with green spaces since green
areas deliver ongoing environmental advantages, which include better air quality alongside
greater biodiversity improvement. Urban sustainability requires multiple simultaneous solutions
instead of individual interventions, according to the increasing evidence.

These research findings establish the requirement to develop solutions which target specific
locations. Our research reveals that Middle Eastern cities, with their exceptional heat conditions,
need customised versions of cool roofs and urban greenery to monitor their efficiency. These
extreme heat conditions force additional cooling solutions, such as water bodies, generous shade
trees and increased plant cover past typical requirements for temperate climates. In relevant

study demonstrates that cooling strategies should align with specific regional climates and urban
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structures to produce optimal results [23]. Site—specific research studies represent a crucial
aspect of urban heat mitigation investigations because they establish the importance of adapting
solutions to local conditions. These localised investigations remain missing from global studies
about heat mitigation.

The discovered energy—saving capabilities from this study validate mounting proof showing
environmental sustainability benefits and the monetary value of heat-mitigation techniques.
Because energy usage for cooling dominates in hot areas such as Middle Eastern and some
South Asian cities, the implementation of green spaces and reflective surfaces becomes essential
for cooling relief. Numerous international papers, including Li et al., (2019) [24], verify that
lowering UHI effects will reduce cooling expenses, especially in regions with limited energy
resources . The data indicates that energy conservation is most in densely populated urban
districts because these areas experience the strongest UHI effects.

The results highlight spatially differentiated heat mitigation and energy—savings potential that is
directly relevant to local planning in Ajman. Areas characterized by dense built-up land and
elevated land surface temperatures demonstrate the highest potential cooling energy reductions,
indicating priority zones for targeted interventions such as cool roofs, reflective pavements, and
urban greening. Given Ajman’s strong dependence on air—conditioning during extended summer
periods, even modest temperature reductions can translate into substantial energy savings at the
building and district scales. These findings provide actionable insights for municipal authorities
by aligning urban heat mitigation with local energy—efficiency and infrastructure investment
strategies.

Research indicates a critical omission in existing studies which analyze the indefinite durability of

heat reduction methods. Studies mainly focus on describing rapid cooling results from
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interventions, yet these studies lack investigation into long—term maintenance requirements and
adaptive measures. The effectiveness of these interventions requires ongoing monitoring for
successful adjustments. The effectiveness of green roofs and cool pavements reduces over time
due to reflective material degradation as well as poor urban vegetation conditions. Research
about cooling strategy life—cycle management and urban climate resilience emerges from this
observation as an important academic discussion.

This study verifies earlier findings about heat island effect mitigation by using greenery and
reflective surfaces yet introduces new insights about their dynamic operational relationship. This
research delivers a deeper comprehension of the geographical conditions, together with weather
elements, which shape the performance of these defense approaches. The generalizable trends
observed in UHI mitigation studies match international research, yet local elements and specific
urban characteristics remain essential for achieving successful results in such interventions.
Upcoming research should investigate area—dependent heat mitigation answers while examining
the long-term results of combined cooling methods.

While the methodological framework is transferable, the quantitative results of this study are
primarily applicable to arid and semi-arid cities with similar climatic conditions, urban morphology,
and energy-use patterns. Direct generalization to cities in humid, temperate, or cold climates is
limited without recalibration of biophysical parameters, land—cover characteristics, and energy-
response relationships. Future studies should extend this framework to multiple cities and
incorporate dynamic land-use scenarios to improve generalizability and long-term planning

relevance.
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5. Conclusion
This study examines how combination heat reduction measures work by analyzing urban green
spaces together with reflective materials when fighting against urban heat island (UHI) effects.
The research proves that joint implementations of green infrastructure with reflective materials
create substantial benefits in lowering urban temperature and reducing energy use for cities that
fight against rising UHI challenges. The study presents essential findings that policy leaders
should use to support the implementation of these methodologies within city development plans
for better environmental and energy sustainability. The study delivers applicable evidence-based
strategies which address the urgent challenge of UHI that urban areas face due to fast urban
development and climate change. The research presents convincing evidence of green space
partnership with reflective surfaces to create a planning paradigm shift in urban development
which focuses on environmental conservation along with energy efficiency. Research findings
establish solid bases to deal with rising urban heat temperatures together with increasing cooling
requirements. For local communities, especially in heat-prone and low-income areas, the
findings of this study hold significant practical benefits. The execution of heat mitigation strategies
serves to decrease temperatures, enhancing air quality features and reducing health hazards
originating from heat stress. These strategies will help decrease the financial pressure on cooling
energy systems, thus benefiting the economy and society at the same time. The research
produces direct benefits for the public by creating an affordable environment with enhanced health
benefits in urban areas. Policy officials and urban planners, along with stakeholders, can deploy
the obtained knowledge to create smarter decisions regarding urban planning and infrastructure

spending. This investigation establishes a plain road map for policy creation through its
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identification of green infrastructure intersection with reflective materials essentials. The research
will provide essential guidance for sustainable development to direct administrators toward
prioritizing cooling programs that save energy throughout urban planning stages, particularly in
areas where UHI is most pronounced. The study uses dual qualitative and quantitative analysis
of urban cooling strategies that establish solid groundwork for following research efforts. Users
can apply this approach to different areas to determine how different mitigation plans scale across
different climate zones and urban designs. The research methodology can be used for the long-
term analysis of urban cooling solutions because it enables the evaluation of their sustainable
and effective characteristics. The research provides important information, yet its single—area
investigation restricts the universal value of its obtained results across different climatic zones.
To establish wider adaptability of results, researchers must analyze different urban locations,
especially the ones present in tropical and arid areas in upcoming research. Additional analysis
of the long—term operational expenses and maintenance requirements for cooling interventions
becomes necessary due to their absence in the current study. Future research needs to explore
both economic effects and social consequences when extensive deployment of these urban
cooling interventions occurs while guaranteeing equal access to advantages to all city residents.
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Sustainable and eco-friendly approaches for controlling olive tree mites and enhancing fruit yield
and quality
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Abstract

Olive (Olea europaca L.) is an economic tree grown in
moderate, arid and dry areas globally. Olive trees suffer
from severe mite infestations in different regions worldwide.
The current research aimed to investigate the efficacy of the
exogenously applied putrescine (PUT), spermine (SPM) and
salicylic acid (SA) as environmentally friendly sustainable
strategies for controlling harmful mites affecting olive plants
(Aceria olivi, Tegolophus hassani, Tetranychus urticae and
Oxycenus niloticus) under both laboratory and field
conditions. Field experiments were performed on 7-year-old
Manzanillo olive trees during two successive growing
seasons (2023 and 2024). The results showed that the
application of 1 mM PUT, 1 mM SPM and 100 mg/L SA
resulted in considerable mortality rates for harmful mites
under both laboratory and field conditions. In addition,
single and combined application of PUT, SPM and SA
considerably alleviated the mites-induced damages through
improving the growth traits and fruit yield and quality as
well as via enhancing relative water and chlorophyll
contents and levels of flavonoids, nutrients, enzymatic
antioxidants (POD and CAT) and expression of stress-
associated genes in infested olive plants when compared to
untreated infested plants. Overall, the current study reveals
the effectiveness of these environmentally friendly
sustainable strategies in managing and controlling harmful
mites infesting olive trees, and highlights their potential as
safe alternatives to chemical pesticides and acaricides.

Keywords: Controlling Mites; Fruit yield; Olive tree;
Putrescine; Salicylic acid; Spermine.
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1. Introduction

Olive (Olea europaea L.) trees are grown in moderate, arid and dry areas globally (1-3). These
trees mostly suffer from a severe and a substantial invasion of mites, causing a considerable
decline in crop vyields (1, 4). Among the destructive mites infesting olive trees are the olive bud
mite Oxycenus niloticus (5), the olive rust mite 7egolophus hassaniKeifer (6), Tetranychus urticae
Koch. (Acari: Tetranychidae) and Aceria olivi (Acari: Eriophyidae) (7). The management of mites
affecting olive trees and other plants has included the application of different chemical pesticides
and acaricides such as methamidophos, dicofol, cypermethrin, avermectin, thuringiensin,
cyhexatin, and fenarimol (7—9). Nevertheless, these chemical pesticides exhibited adverse
impacts on humans, environment, and predators (7) Conversely, biological control and natural
agents stand as environmentally friendly, effective and safe approaches for managing mites
infesting plants, without causing harmful impacts on the environment (1, 3, 10).

An important approach to enhance the control of pests and mites infesting crop plants is the
exogenous application of eco—friendly natural agents, such as natural extracts, growth regulators,
organic compounds and osmoprotectants (e.g. polyamines) (11, 12). Putrescine (PUT) is a
polyamine which regulates plant growth and plays a promising role in alleviating the adverse
impacts of environmental stress by scavenging reactive oxygen species (ROS), adjusting
osmosis, accumulating osmolytes and antioxidants, enhancing photosynthesis, and regulating
physio—biochemical processes and gene expression in plant cells (12-15). Recent reports
revealed that the application of PUT could minimize the harmful impact of abiotic stresses on
plants such as salinity (12, 16-18), drought (15) and heat (14). Moreover, other reports revealed
the considerable inhibitory impacts of PUT on biotic factors, including pathogens and nematodes.
For example, PUT supplementation mitigated the susceptibility of Arabidopsis plants to
Pseudomonas syringae (19). In addition, PUT application reduced nematode pathogenicity in
tomato (20).

Spermine (SPM) is another polyamine involved in plant growth regulation and defence against
environmental stresses (21-22). Previous studies reported that the exogenous SPM significantly
could minimize the adverse impact of abiotic stresses (e.g. salinity and drought) on plants by
regulating photosynthesis, ROS scavenging, osmosis adjustment, enhancing organic solutes
production, modulating endogenous phytohormone levels and co-ordinating the biochemical
reactions required for augmenting stress tolerance (22-27). Moreover, application of spermine
and putrescine exhibited protective effects against herbicides (e.g. paraquat) and improved
oxidative stress resistance in maize plants (28). Exogenous SPM also enhanced Arabidopsis
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plants resistance against Pseudomonas viridifiava (29). Additionally, SPM induced various
defense—associated genes in Arabidopsis, and the increasing endogenous SPM levels were
found to be associated to the higher resistance to Hyaloperonospora arabidopsidis and
Pseudomonas syringae (30).

Salicylic acid (SA) has a crucial role in plant response to environmental stressors (22, 31).
Recent studies revealed that SA application could enhance plant growth and tolerance to different
abiotic stresses (e.g. salinity, drought, cold, and heavy metals) by mediating the photosynthetic
performance, minerals content, ROS detoxification, antioxidant defense machinery, proteins
biosynthesis, and osmolytes production (22, 32-37). Moreover, SA application triggered systemic
acquired resistance in plants through inducing SA-mediated signaling pathways, resulting in
improved resistance against numerous pathogens (38-40).

To the best of our knowledge, no reports to date have investigated the effects of PUT, SPM and
SA on mites infesting olive plants. We hypothesize that those eco—friendly plant growth regulators
(PUT, SPM and SA) might mediate and boost olive plants defense system against harmful mite
species. To test and validate this hypothesis, the current research aimed to assess the efficacy
of exogenous applications of PUT, SPM and SA as environmentally friendly strategies for
improving the control of three eriophyid mites (A. olive, O. niloticus and T. hassani) and one
tetranychid mite ( 7. urticae) infesting olive plants. Therefore, the current research would introduce
innovative environmentally friendly sustainable strategies that have the potential to serve as
alternatives to harmful chemical acaricides, providing effective control of mite infestations in olive
trees as well as enhanced fruit quality and yields.

2. Materials and Methods

2.1. Collection and identification of the mites infesting olive trees

In the current research, the mites infesting olive trees grown in a private orchard in Egypt were
chosen according to their prevalence and then isolated, identified morphologically and named
accordingly. Four mites, namely A. olivi, T. urticae, T. hassani and O. niloticus were identified
and examined in the current study.

2.2. Assessing the impacts of exogenous applications of PUT, SPM and SA on mites infesting
olive plants

2.2.1. Determining the effective concentration of PUT, SPM and SA used for the treatment of

olive plants
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According to our initial experiments to identify the most effective concentrations, 1 mM PUT, 1
mM SPM and 100 mg/L SA were selected as the most effective doses and subsequently applied
to Manzanillo olive (Olea europaealL.) trees cultivated in a private orchard in the current research.
2.2.2. Assessing the effects of exogenous PUT, SPM and SA on mites under laboratory
conditions

Untreated olive leaves harboring mite infestations were randomly gathered from a private olive in
Giza, Egypt. The collected leaves were promptly kept in clean plastic bags and used for
immediate bioassays. Subsequently, the harvested olive leafy samples were organized following
a randomized complete block design. The rearing arenas were performed in Petri dishes provided
with a 4-cm wet cotton where the leaf lower surfaces faced upward. The cotton layer was soaked
with distilled water twice daily. A stereomicroscope was used to examine leaf discs to verify
absence of other mites and to record mites number (both moving stages and eggs) in order to
calculate pre—spray counts. In a controlled laboratory environment maintained at 25 + 3°C, with
14/10 h (light/dark) photoperiod and 65 + 5% relative humidity, plant leaves placed in Petri dishes
were treated with five treatments, including 1 mM PUT, 1 mM SPM, 100 mg/L SA,
PUT+SPM+SA, and a control (distilled water). Percentage of mite mortality was calculated 10
days after applying the treatments by recording the number of dead mites. The mortality
percentage of the mites (A. olivi, T. hassani, T. urticae and O. niloticus) was estimated using
the formula developed by Henderson and Tilton (41).

2.2.3. Assessing the effects of exogenous PUT, SPM and SA on mites and growth of infested
olive trees under field conditions

2.2.3.1. Field experimental site and applications of PUT, SPM and SA to olive trees

A field study was performed on Manzanillo olive trees (7-year-old) in a private orchard in Egypt
over the 2023 and 2024 growing seasons. The trees were cultivated at intervals of 6x6 meters
and consistently exposed to identical horticultural management practices. Consistently healthy
and uniform trees were utilized in the current experiments. Soil texture in the field was
predominantly sandy. Table 1 presents various chemical and physical attributes of the field soil
analyzed in March 2023. The field experimental site had a mean monthly air temperature varied
from 13.8 to 35.1°C and from 13.4 to 34.6°C during the 2023 and 2024 growing seasons,
respectively. Throughout the 2023 and 2024 growing seasons, relative humidity ranged between
57 and 70%. Each olive tree received a total of 35 m® of water annually through a drip irrigation
system. Irrigation was scheduled three mornings per week, with each time lasting 3 hours. During
the peak water demand in summer, the duration was extended to 4 hours, while in November,
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December, and January, it was shortened to 2 hours. Chemical attributes of irrigation water
applied for olive trees were documented in April 2023 and shown in Table 2. In addition, olive
trees were fertigated with a nutrient solution containing all the crucial plant nutrients three times
weekly from February to June, then the frequency was decreased to twice a week from July to
September and further reduced to once a week from October through January. Throughout the
entire year, olive trees received essential nutrients, including P, N, K, Mg, Cu, Fe, Ca, Mn, Mo,
Zn, B, and Na. The experimental orchard was divided into 5 treatment zones as follows: (1)
mite—infested trees treated with distilled water (control), (2) mite—infested trees treated with 1 mM
PUT, (3) mite—infested trees treated with 1 mM SPM, (4) mite—infested trees treated with
100 mg/L SA, and (5) mite—infested trees treated with a combination of 1 mM PUT, 1 mM SPM,
and 100 mg/L SA. Each treatment consisted of 12 trees, and the treatments followed a
randomized complete block design. Spraying was carried out at the beginning of May in both
growing seasons, with each tree receiving 5 L of the respective solution utilizing a motor sprayer.
2.2.3.2. Determination of mortality percentage of mites infesting olive trees under field conditions
During the 2023 and 2024 seasons, untreated mite—-infested olive leaves were randomly collected
from the field, and transferred to the lab for pre—spray mite counts under a stereomicroscope.
Ten days after treating the trees grown in the field with PUT, SPM, SA, the combined
PUT + SPM + SA solution, or distilled water (control), 12 leaves from each treatment were again
randomly collected and immediately examined under a stereomicroscope. Mite mortality, including
A. olivi, T. hassani, T. urticae, and O. niloticus, was calculated using the formula reported by
Henderson and Tilton (41).

2.2.3.3. Estimation of the growth traits and physio—biochemical and molecular attributes of olive
plants in field

Tree height (cm), increase percentage in trunk diameter (%) and canopy diameter (cm) of treated
and untreated olive plants were recorded at the end of experiments conducted over the 2023
and 2024 seasons. Average shoot length (cm) and leaf area (cm?) were determined in early
October during both growing seasons. In addition, a sufficient number of one-year-old leaves
were randomly sampled from each of the 5 treatments for subsequent physio—biochemical and
molecular analyses. Relative chlorophyll levels were assessed using a SPAD chlorophyll meter
in 12 fully expanded young leaves per tree, with measurements taken 4 times annually. The total
content of flavonoid was estimated by grinding 50 mg leafy tissues in 0.5 mL of 80% ethanol,
followed by centrifugation and collecting the resulting supernatants. The total content of flavonoid
was then estimated following aluminum chloride calorimetric procedure as previously described(*?)
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and represented as milligrams of catechin per gram of fresh tissue. Leaf relative water content
(RWC) was estimated. Electrolyte leakage (%) in plant leaves was calculated according to the
procedure previously reported (43). Malondialdehyde (MDA) levels were also measured following
the procedure previously described (44) and represented as nanomoles per gram of fresh tissue.
Peroxidase (POD) and catalase (CAT) activities were assayed in olive leaf samples following the
protocol previously described (45). Approximately 0.3 g of fresh leaf tissue was ground in 4 mL
of an extraction solution containing 1% PVP, 50 mM PBS, and 0.2 mM EDTA. The resulting
extract was centrifuged at 4°C for 8 min at high speed. Enzyme activities were quantified
spectrophotometrically by monitoring absorbance at 470 nm for POD and 240 nm for CAT.
Enzyme activity values were expressed as enzyme units (EU) per milligram of protein.

For measuring the nutrient content in the harvested plant leaves (one-year—old), samples with
uniform heights were rinsed with distilled water and oven—dried at 65°C (46). The dried leaf
material was then ground and digested using 30% H,O, and concentrated H,SO, as previously
described (47). Nitrogen (N) and potassium (K) contents were quantified using the Kjeldahl
method and flame photometry, respectively, as previously described (48), with results expressed
as percentages (%). lIron (Fe) concentration was measured by atomic absorption
spectrophotometry as previously reported (49) and represented as mg kg™ dry weight.
Expression analysis of stress—associated genes (OePOD, OeRD]9A, OeP5CS, and OeNHX7)
was carried out using quantitative real-time PCR in mite—infested olive trees treated with PUT,
SPM, and SA, following the protocol described by Mousavi et al. (50) with minor adjustments. In
brief, the extraction of total RNA from olive leaf samples was performed, followed by the synthesis
of cDNA. The analysis was then achieved using Qiagen QuantiTect SYBR Green PCR kit. The
amplification process was performed utilizing gene—specific primers that had been previously
designed (50, 51). Actin served as the internal control (51), and relative expression levels were
determined using 2-44% method (52).

2.2.3.4. Estimating olive fruit yield, oil content, quality and nutrient content in field

Yield per tree was determined at harvest in both growing seasons and expressed as kg per tree.
In addition, fruit samples were randomly collected to assess physical and chemical characteristics,
including fruit weight (g), flesh percentage (%), and flesh weight (g). Oil yield (kg/tree), fruit oil
concentration (%) and fruit mineral composition (K, N, P, Zn, and Fe) were determined as
previously described (46). Levels of K, N, and P were represented as percentages (%), while Zn

and Fe concentrations were reported in mg kg™ dry weight.
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2.3. Statistical analysis

Data were represented as means of 12 replicates + standard error. Data were statistically
analyzed following analysis of variance using SPSS version 16. Duncan’s multiple range test
was done to assess the differences among mean values. Values differ significantly at p < 0.05.
3. Results and Discussion

3.1. Exogenous applications of PUT, SPM and SA increase the mortality of mites infesting olive
plants in laboratory and field experiments

Pesticides have traditionally been used to control harmful mites on olive trees; however, their
application has been associated with adverse effects on human health and the environment (53).
Therefore, seeking eco—friendly plant growth regulators that enhance controlling these harmful
mites is of utmost importance. In the present study, PUT, SPM and SA were exogenously applied
for the infested olive trees in order to investigate their efficacy in managing and controlling the
harmful mites (A. olivi; T. hassani, T. urticae and O. niloticus) infesting olive plants. The chemical
and physical attributes of the field soil were presented in Table 1. The chemical attributes of the
irrigation water applied for olive trees were also shown in Table 2. Moreover, the percentage of
mortality of these harmful mites was determined 10 days post applications of PUT, SPM and SA
under both laboratory and field conditions (Table 3). The results revealed that the corrected
mortality percentage of mites in laboratory experiments was relatively high, ranging from 89.5%
for PUT-treated O. niloticus to 96.1% for the combined PUT + SPM + SA treatment on A. olivi
(Table 3). Moreover, in field experiments, the corrected mortality percentage of mites was high
in the two seasons (2023 and 2024), varying from 88.7% for SPM-treated A. olivito 96.2% for
the combined PUT+SPM+SA treatment on O. niloficus. Interestingly, the combined application of
PUT+SPM+SA exhibited relatively higher levels of mortality (Table 3). These findings
demonstrated the efficacy of single and combined application of PUT, SOM and SA, as
environmentally friendly strategies for controlling mites infesting olive plants. Our findings support
the previous reports that indicated the essential roles of PUT, SPM and SA in controlling various
pathogens (19, 29, 30, 38-40).

3.2. Exogenous applications of PUT, SPM and SA mitigate mite—induced damages and enhance
the growth and physio—biochemical and molecular attributes of olive plants in field

PUT, SPM and SA demonstrated their efficiency in enhancing the plant growth, photosynthetic
process, antioxidant machinery and tolerance to biotic stresses (19, 30, 38-40). However, no
reports have yet studied the effects of PUT, SPM, and SA on mites affecting olive trees. The
current research, therefore, assessed their efficacy for boosting controlling such harmful mites.

7
(15/6/2026 )laeoY) mp5) Jo¥1 stall 0gtally Saldl W) &goely Sl lll Sl 3l



Exogenous applications of PUT, SPM and SA considerably improved infested olive tree growth
parameters (tree height, percentage of increases in trunk diameter, average shoot length, canopy
diameter, and leaf area) in comparison to untreated infested plants (control) cultivated in field
during the two seasons (2023 and 2(024) (Table 4). These increases in olive tree growth traits
could be due to the key roles of PUT, SPM and SA in enhancing root function and nutrient uptake
as well as in regulating the physio—biochemical processes mediating tree growth.

Chlorophyll level in plant leaves is a key indicator of photosynthesis potential. The enhancement
of chlorophyll level in plant leaves is of utmost importance. In the current study, exogenous
applications of PUT, SPM and SA improved the relative water content, relative chlorophyll content,
and levels of flavonoid and minerals (Fe, K, N) in the infested olive plants, in comparison to the
untreated infested trees during the two seasons (Tables 5 and 6). These increments might be
due to the improvements of plant growth and photosynthetic rates. Moreover, these findings
demonstrate the important roles of PUT, SPM and SA in mediating mineral uptake,
photosynthesis, and underlying mechanisms in olive trees infested with mites. The key regulatory
roles of nutrients in leaf water potential and osmosis adjustment might also explain these findings.
Our results are in line with previous findings which reported the key role of PUT, SPM and SA in
enhancing levels of chlorophyll, minerals and osmolytes in plants exposed to different
environmental stresses (22, 28, 40).

Higher ROS levels are generated in plants subjected to environmental stresses (54). Oxidative
stress markers (e.g. electrolyte leakage and MDA) were determined in treated and untreated
infested olive plants in order to investigate the effects of PUT, SPM and SA on their levels.
Interestingly, the exogenous applications of PUT, SPM and SA considerably mitigated electrolyte
leakage and MDA level in olive trees infested with mites, when compared to the untreated infested
plants (Table 5). Additionally, under stress conditions, plants activate their antioxidant enzymes
to scavenge ROS. In this regard, antioxidant enzyme levels (POD and CAT) were measured in
treated and untreated infested olive plants. The exogenously applied PUT, SPM and SA
significantly enhanced POD and CAT activities in the infested olive plants, in comparison to
untreated plants (Table 6), demonstrating the key roles of antioxidant enzymes in controlling
mites infestation. Our results support the previous findings which reported higher antioxidant
enzyme levels in stressed—plants treated with PUT, SPM and SA (15, 28, 35).

Expression of genes mediating stress resistance was also evaluated in treated and untreated
infested olive trees in order to investigate the impact of PUT, SPM and SA at molecular levels
(Figure 1). Such stress-related genes involved OePOD (encoding peroxidase enzyme),
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OeRD19A (cysteine protease gene), OeP5CS (mediating proline synthesis), and OeNHX7
(mediating ion homeostasis). The results revealed that the exogenously applied PUT, SPM and
SA considerably enhanced the expression levels of OePOD, OeRD]19A, OeP5CS and OeNHX7
in infested olive plants in comparison to untreated plants (Figure 1). The combined treatment
(PUT+SPM+SA) revealed higher levels compared to single treatments. These findings indicate
that PUT+SPM+SA could combat mite infestation via up-regulating the molecular mechanisms
mediating stress—associated genes.

3.3. Exogenous PUT, SPM and SA enhance olive fruit yield and quality in field

Application of PUT, SPM and SA considerably improved fruit yield, fruit weight, fruit oil content,
flesh weight, flesh percentage, fruit nutrients (K, P, N, Zn and Fe) and oil yield per tree in infested
olive plants in comparison to untreated plants in the two seasons (Tables 7 and 8). The combined
treatment (PUT+SPM+SA) showed relatively higher increases than the single treatments. These
increments might be due to the important roles of PUT, SPM and SA in enhancing underlying
physiological and metabolic processes in mite—infested plants, thereby improving fruit yield and
quality.

4. Conclusion

The current research revealed that the exogenous applications of PUT, SPM and SA resulted in
higher mortality rates for harmful mites infesting olive trees and considerably improved growth
traits, relative water and chlorophyll contents, and levels of nutrients, enzymatic antioxidants, and
stress—associated gene expression. These treatments also improved the fruit yield and oil quality
of infested olive plants. Therefore, the current research presents promising environmentally
friendly approaches that could be used for controlling harmful mites infesting olive trees, and

could serve as alternatives to harmful chemical acaricides and pesticides.
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Table 1. Chemical and physical characteristics of the soil of the experimental site.

Soil depth (cm)
Parameter
0-40 40-80
Particle size distribution (%)
Sand 78.5 79.0
Silt 16.4 15.6
Clay 5.10 5.40
Texture class Sand Sand
Electrical conductivity (dS m-!) 1.35 1.47
pH 71.66 1.78
| Oraanic matter content (%) .01 1.04
CaCOa (%) 4.11 4.06
Soluble anions {mea/L)
S0,~? 7.02 6.94
HCOx— 2.07 2.13
Cl- 4.11 4.18
Soluble cations (mea/L)
Ca® 4.16 4.24
MaZ* 3.88 3.79
Na* 3.76 3.82
K* 0.86 0.90
Available soil nutrients (ma/ka soil)
P 17.4 17.7
N 13.5 13.8
Mn 4.02 3.91
K 141 149
Zn 1.24 1.26
Cu 0.51 0.54
Fe 3.79 3.72

Table 2. Chemical characterization of the irrigation water applied for olive trees.

Characteristics Value
Electrical conductivity (dS m—1) 0.79
pH 7.61
Soluble anions (mea/L)
Cl- 1.79
HCOx— 1.44
S0,-2 1.60
Soluble cations (mea/L)
Ca?*
Mg2*
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Na* 2.29
K* 0.21
Nutrients (ma/L)

HPO, 3.68
NO- 18.5
Mn 0.84
B 0.46
Zn 0.14
Cu 0.19
Fe 3.59

Table 3. Corrected mortality percentage of the mites infesting olive plants in laboratory and

field experiments during two growth seasons (2023 and 2024) as affected by single and

combined application of putrescine (PUT), spermine (SPM) and salicylic acid (SA).

Laboratory Field conditions
Mites Treatment
conditions 2023 2024

A. olivi Control 9.11 + 0.33¢ 9.06 + 0.34d | 9.01 + (0.32d
PUT 92.4 + 4.15b 91.7 + 4.75b | 91.8 + 4.36b
SPM 91.8 + 4.72b 88.9 + 5.04c | 88.7 + 4.65¢
SA 92.6 + 3.88b 91.8 + 4.47b | 92.2 + 3.98b
PUT+SPM+SA | 96.1 + 4.89a 94.0) + 4.54a | 94.3 + 4.95a

T. hassani Control 8.87 + 0.31c 7.96 + (0.32d | 7.89 + (0.35d
PUT 93.2 + 4.22b 92.5 + 4.07b | 92.8 + 4.89b
SPM 92.9 + 4.01b 90.3 + 3.91c | 90.1 + 5.04c
SA 93.4 + 3.95b 92.9 + 4.10b | 93.3 + 4.33b
PUT+SPM+SA | 95.9 + 3.66a 95.1 + 3.97a | 95.8 + 4.97a

T. urticae Control 9.74 + (0.29c 8.77 + 0.24c | 8.87 + (0.31c
PUT 91.4 + 3.93b 90.3 + 5.04b | 90.9 + 5.43b
SPM 94.2 + 3.98a 91.1 + 4.98b | 91.2 + 4.96b
SA 92.1 +4.12b 90.7 + 5.28b | 91.5 + 4.77b
PUT+SPM+SA | 94.7 + 4.27a 93.2 + 4.77a 193.7 + 5.11a

O. niloticus Control 7.81 + (0.25d 7.14 £ 0.27e | 7.21 + 0.30d
PUT 89.5 + 5.11c 89.4 + 4.88d | 90.1 + 5.23c
SPM 91.7 + 4.46b 93.4 + 5.32b | 92.5 + 4.95b
SA 92.3 + 3.87b 91.5 + 4.36¢c | 92.1 + 5.05b
PUT+SPM+SA 1 94.4 + 4.29a 96.2 + 5.03a 195.4 + 5.12a

Values indicate means + standard error (7= 12). Means followed by different letters within the

same season differ significantly at 2 < (.05. Control, indicates untreated plants infested with

mites; PUT, mite—-infested trees treated with putrescine; SPM, mite—infested trees treated with

16

15/6/2026 JaeoY) 5)5) Js31 saall 09 zally ealih) dlshl &ogmly ol lld Olame e
oY) m8) Jy 55l 5ol



spermine; SA, mite—infested trees treated with salicylic acid; PUT+SPM+SA, mite—infested trees

treated with putrescine, spermine and salicylic acid.

Table 4. Effect of single and combined application of putrescine (PUT), spermine (SPM) and
salicylic acid (SA) on growth parameters of olive plants infested with the mites A. olivi, T. hassani,

T. urticae and O. niloticus under field conditions during growth seasons (2023 and 2024).

Growth | Treatment Tree height | Average Increases in | Leaf area | Canopy
season (cm) new shoot | trunk (cm2) diameter
length (cm) | diameter (%) (cm)
2023 Control 228.4 +110.94 +|11.21 +14.39 +1203.2 +
PUT 248.2 +|13.71 + | 13.78 +15.10 +|212.5 +
SPM 246.7 +|13.52 +112.62 +15.09 +|211.2 +
SA 247.5 + | 13.75 +13.73 +15.12 +|214.1 +
PUT+SPM+S | 250.3 +114.92 +|14.99 +15.24 +1219.8 +
2024 Control 230.7 +]11.06 +111.32 +14.42 + | 204.8 +
PUT 251.3 +|13.82 +|13.84 +15.13 +|217.3 +
SPM 249.9 +|13.44 +[13.59 +15.11 +|216.1 +
SA 250.7 +]13.91 +|13.81 +15.14 *|217.5 +
PUT+SPM+S | 252.1 + | 14.98 +115.07 +5.28 +1221.6 +
Values indicate means + standard error (n = 12). Means followed by different letters within the
same season differ significantly at 2 < (0.05. Control, indicates untreated plants infested with
mites.
Table 5. Effect of single and combined application of putrescine (PUT), spermine (SPM) and
salicylic acid (SA) on the relative water content, flavonoid content, relative chlorophyll content
(SPAD), and levels of electrolyte leakage (EL) and MDA in olive tree leaves infested with the
mites A. olivii T. hassani, T. urticae and O. niloticus under field conditions during two growth
seasons (2023 and 2024).
Seaso | Treatments Relative Flavonoids | Relative EL (%) MDA
n water content (mg | chlorophyll (nmol/g)
content (%) | catechin/g) | (SPAD)
2023 Control 69.5 +10.51 +|73.4 + | 28.8 +12.51 +
PUT 79.3 +10.72 + | 84.7 +13.1 +1.10 +
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SPM 77.2 +10.71 + 814 +11.3 +11.13 +
SA 81.6 +10.72 +185.5 +13.6 +11.12 +
PUT+SPM+S | 84.2 +10.76 +1924 + | 11.2 +10.99 +
2024 | Control 71.2 +10.53 +|71.4 +127.3 +12.48 +
PUT 80.1 +10.72 +]82.7 +12.9 +]1.11 +
SPM 78.5 +10.73 +180.2 + [ 11.1 +]1.14 +
SA 80.4 +10.73 +182.4 +12.8 +11.13 +
PUT+SPM+S | 86.1 +10.77 +194.2 +11.0 +10.97 +

Values indicate means + standard error (n = 12). Means followed by different letters within the
same season differ significantly at 2 < (.05. Control, indicates untreated plants infested with

mites.

Table 6. Effect of single and combined exogenous application of putrescine (PUT), spermine
(SPM) and salicylic acid (SA) on the levels of enzymatic antioxidants and nutrients in olive tree
leaves infested with the mites A. olivii T. hassani, T. urticae and O. niloticus under field conditions

during two growth seasons (2023 and 2024).

Seaso | Treatments POD CAT Fe (mg/kg) | K (%) N (%)

n (EU/mg) (EU/mg)

2023 | Control 2.12 +10.84 +214.8 +10.81 + | 1.81 +
PUT 2.79 +11.04 £1269.5 £]0.96 +]2.13 +
SPM 2.98 +]1.02 +1260.7 £]0.95 +]2.12 +
SA 2.80 +]1.07 +1270.2 +£]0.97 +]2.14 +
PUT+SPM+S | 3.2 +|1.16 +|786.4  +[1.08 +12.19 +

2024 | Control 2.16 +10.86 +]216.7 +10.83 +|1.84 +
PUT 2.83 +1.07 + | 265.7 +10.98 +|2.17 +
SPM 2.95 +11.05 +261.1 +10.97 +]2.14 +
SA 2.84 +11.09 *+1269.3 +10.98 +]2.15 +
PUT+SPM+S [ 3.18 +11.19 + | 2R2.8 +11.14 +12.23 +

Values indicate means + standard error (n = 12). Means followed by different letters within the
same season differ significantly at 2 < (.05. Control, indicates untreated plants infested with

mites.
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Table 7. Effect of single and combined application of putrescine (PUT), spermine (SPM) and

salicylic acid (SA) on the yield, oil yield, oil content and quality of the fruits of olive trees infested

with the mites A. olivi T. hassani, T. urticae and O. niloticus under field conditions during two

growth seasons (2023 and 2024).

Fruit oil

Seas Fruit yield | Fruit Oil vyield Flesh
Treatment _ content Flesh (%) _

on (kg/tree) | weight () %) (kg/tree) weight (g)

2023 | Control 58.3 +[3.04 +116.8 +17.88 +|71.6 +1]2.24 +
PUT 71.2 +1]3.97 +[19.8 +19.96 +[183.5 +]3.18 +
SPM 68.9 +[4.14 +120.3 +110.1 + (827 +]3.22 +
SA 75.4  +14.16 +120.1 +[11.2 +[186.2 +]3.41 +
PUT+SPM+S | R0.3 + 1 4.38 +122.3 +112.3 + 1 90.1 + | 3.89 +

2024 | Control 56.7 +[3.11 +17.4 +17.94 1729 +12.23 +
PUT 76.8 +14.09 +120.4 +110.8 +[186.1 +]3.21 +
SPM 72.9  +14.14 +120.2 + [ 11.0 +[81.4 +]3.24 +
SA 73.5 +[4.12 +119.9 +110.7 +[88.3 +]3.48 +
PUT+SPM+S | 81.3 +14.42 +121.8 +112.4 +191.7 +13.95 +

Values indicate means + standard error (n = 12). Means followed by different letters within the

same season differ significantly at 2 < (.05. Control, indicates untreated plants infested with

mites.

Table 8. Effect of single and combined application of putrescine (PUT), spermine (SPM) and

salicylic acid (SA) on the fruit nutrients of olive trees infested with the mites A. olivi 7. hassani

T. urticae and O. niloticus under field conditions during two growth seasons (2023 and 2024).
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Seaso | Treatments N (%) P (%) K (%) Fe (mg/kg) | Zn (mg/kg)
n
2023 | Control 1.42 +10.15 +12.01 +175.2 +14.98 +
PUT 1.56 +10.24 +2.34 +184.2+2.9¢c|6.70 +
SPM 1.54 +10.29 +12.29 + | 88.1 +16.58 +
SA 1.66 +10.28 +12.36 + | 88.5 +]6.85 +
19




OePOD

OeRD19A

PUT+SPM+S | 1.75 +10.34 +[2.41 +1902.3 +16.92 +
2024 | Control 1.38 +10.16 +12.04 +174.6 +15.02 +
PUT 1.60 +10.26 +12.33 +182.2+2.9c|6.71 +
SPM 1.56 +10.27 +|2.27 + 1872 +]6.62 +
SA 1.61 +10.30 +12.34 +186.5 +16.80 +
PUT+SPM+S | 1.72 +10.33 +12.40 +193.4 +16.98% +

Values indicate means + standard error (n = 12). Means followed by different letters within the
same season differ significantly at 2 < (0.05. Control, indicates untreated plants infested with

mites.
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figure 1. Effect of single and combined application of putrescine (PUT), spermine (SPM) and
salicylic acid (SA) on stress—related gene expression in olive plant leaves infested with the mites
A. olivii T. hassani, T. urticae and O. niloticus under field conditions during two growth seasons
(2023 and 2024). Values indicate means + standard error (7 = 12). Means with different letters
above bars within the same season differ significantly at Z < (0.05. C, indicates untreated plants

infested with mites.
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Analysis of intellectual property rights issues in light of the development of artificial
intelligence :Generative Artificial Intelligence and Copyright as a Model
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Abstract
This study investigates the challenges posed to intellectual
property rights by the development of generative artificial
intelligence technologies. To achieve its research objectives
and address its core questions, the study employs descriptive-
analytical, comparative, and inductive methodologies. The
findings reveal a significant legislative vacuum within
existing legal frameworks, which have largely failed to adapt
to technological advancements and to incorporate
considerations pertaining to artificial intelligence systems,
particularly with respect to evolving notions of authorship
and ownership. Moreover, the study demonstrates that the
current copyright regime is increasingly strained by the
capacity of Al systems to autonomously generate content that
closely mirrors human-created works. Among the most
pressing issues identified is the difficulty in establishing legal
liability when Al systems infringe upon protected intellectual
property, often reproducing copyrighted materials without
the knowledge, consent, or compensation of the original
creators. Such infringements not only compromise the moral
and economic rights of authors but also undermine
fundamental principles of justice and respect for intellectual
labour.
Based on these findings, the study proposes several
recommendations, including: mandating that developers of
generative Al systems disclose the sources of training data,
particularly where copyrighted materials are involved, to
enhance transparency and accountability; promoting the
establishment of collective licensing agreements through
representative bodies such as collective management
organizations (CMOs); and urging the reform of intellectual
property legislation to establish clear, transparent standards
for data usage, model training, and content generation. The
study concludes that only through comprehensive legal
reform can the rights of creators be effectively protected in
the age of artificial intelligence .
Keywords: Intellectual Property Rights — Artificial
Intelligence — Copyright and Related Rights — Al Violations
— Al Ethics.
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The Effectiveness of Artificial Intelligence in Developing Problem-Solving Skills Among
Eighth-Grade Science Students in the Sultanate of Oman

*Abdallah Mohammed Ali Al Kamzari
**Dr.Walid Ahmed Aboraya

Abstract
This study investigates the effectiveness of artificial
intelligence (AI) in enhancing problem-solving skills
among eighth-grade science students in the Sultanate of
Oman. A quasi-experimental research design was
employed with a sample of 40 students, divided into an
experimental group and a control group. The
experimental group was taught using Al applications
such as "Copilot" and "ChatGPT," while the control
group received instruction through traditional teaching
methods. Both groups completed pre- and post-tests to
assess their problem-solving skill development. The
results indicated that students in the experimental group
demonstrated a significant improvement in problem-
solving skills compared to their counterparts in the
control group. These findings highlight the potential of
Al as an effective educational tool for fostering critical
thinking and analytical abilities. This study emphasizes
the necessity of integrating Al technologies into
educational practices to align with Oman Vision 2040,
which aims to enhance education and equip students
with essential 21st-century skills. The findings suggest
that Al-driven instruction can serve as a valuable
complement to conventional teaching methods,
promoting deeper engagement and cognitive
development. Based on these results, the study
recommends the broader implementation of Al
technologies in science curricula and the provision of
professional development programs for educators to
optimize Al-driven learning strategies. Furthermore, the
study advocates continued research on Al’s impact
across various academic disciplines to explore its
broader educational applications and long-term benefits.

[The research that won first place in the field of educational and
psychological studies for the 42nd session of the Rashid Bin Humaid
Award for Culture and Science]

* Ministry of Education Muscat, Sultanate of Oman.

**Dean of Academic Programs in the College of Education and
Director of Scientific Research« The Arab Open University in the
Sultanate of Oman.
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The Impact of Social Media Influencers on the Transformation of Youth Values and the
Role of Social Work in Mitigating Its Effects

*PDR. Jameelah mohammed ALlaboon

Abstract
In recent years, the rapid advancement of technology has
been accompanied by the widespread proliferation of
social media platforms and the growing presence of
influencers who utilize these platforms to attract large
numbers of followers and achieve high levels of
engagement. This phenomenon has granted influencers
significant power to shape and modify values and
cognitive orientations within society, particularly among
youth, who are the most frequent users of social media.
Accordingly, the present study seeks to examine **the
impact of social media influencers on value change
among youth and the role of social work in addressing
and mitigating these effects**. The study adopted the
descriptive-analytical methodology and was conducted
among Saudi youth aged 18 to 38 years. A cluster random
sampling technique was employed to select a sample of
(539) participants.
The findings revealed a high level of engagement among
youth in following social media influencers. The results
also demonstrated that influencers contribute to value
change in both positive and negative dimensions. Positive
effects included increased awareness across various fields
and saving time and effort in accessing information and
meeting personal needs. Conversely, participants
moderately agreed that influencers negatively affect
certain values, such as causing mood fluctuations and
promoting undesirable values that contradict Islamic
principles.
Furthermore, the study emphasized the pivotal role of
social work in limiting the negative impact of social
media influencers on youth. Based on these findings, the
study proposed several recommendations, most notably
the need for social work to collaborate with various Saudi
societal institutions to preserve cultural and moral values
and safeguard the dignity of Saudi youth. Additionally,
the study highlighted the importance of providing
innovative, family-oriented interventions aimed at
reinforcing and sustaining positive values among young
people.

[The research paper that won first place in the field of Social
Studies in the 42nd edition of the Rashid Bin Humaid Award
for Culture and Sciences. ]

*Professor of Social Work, Saudi Arabia.
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Literary Creativity Between Humans and Machines: Artificial Intelligence
as a Model.

*Dr.Aesha Ali Ahmed AL Ghais Al Zaabi
Abstract

This research, titled "Literary Creativity between
Humans and Machines (Artificial Intelligence),"
sought, through its four axes, to discuss the topic
of literary creativity between humans and
machines. It clarified the concept and
characteristics of human literary creativity,
revealed the potential and characteristics of
artificial intelligence, highlighted the issue of
creative intertextuality between human and
imitative models, and discussed the future of
intelligence and literary creativity, along with
current challenges. The research reached several
conclusions, the most important of which are:
How creativity evolves from being a purely
human act to a productive act through highly
intelligent machines that rely on algorithms that
mimic human creativity, such as the Deep Speare
model, the GPT model, BERT model, and Claude
model. It also revealed a broad debate between
those who view machine creativity as a threat to
talent, and those who consider it a tool that
expands the possibilities of expression.

The research revealed the technical challenges
facing these models, such as the absence of
emotion and feeling, the conditions that
accompany the creative experience, and weak
imagination. Nevertheless, the research sees
promising potential for integration between
humans and machines. It concludes that artificial
intelligence is not an adversary. For creativity, it
is an opportunity to reframe its concepts in a new
era, with a different vision, in accordance with the
laws of development and innovation.
Keywords:creativity,literature,machine,
artificial intelligence.

[The research that won first place in the field of literary criticism,
Baraka 42, for the Rashid Bin Humaid Award for Culture and
Science]

*Vice Chairman of the Board of Directors of the Arabic Language
Protection Association
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The Aesthetics of Sensory Imagery in Children's Dandling Rhymes in Classical Arabic

Poetr

Dr.shams Aleslam Ahmad Halou
Abstract

This research addresses the aesthetics of sensory
imagery in the poetry of children's dandling rhymes in
the classical Arabic heritage, as an important folk
poetic form that emerged from the spontaneity of
family and social life, in which adults express their
feelings of love and tenderness toward their children
through short rhymes accompanied by movement and
rhythm.

The research focuses on sensory imagery as a
fundamental aesthetic element in these rhymes, as it
embodies meanings through the five senses (sight,
hearing, smell, taste, and touch) in a way that helps
bring the meaning closer and deepen its psychological
and aesthetic effect on the recipient.

The problem of this research lies in revealing how
these images are formed in dandling rhymes between
simplicity and complexity, and the extent of their
ability to perform aesthetic and semantic functions
consistent with the particularity of the discourse
directed to the child and the classical Arab cultural
context.

The research relies on the descriptive-analytical
method in tracing the patterns of sensory imagery
(simple and composite), analyzing their significance,
and identifying their mechanisms and aesthetics,
highlighting the overlap of the senses in forming
composite images of greater impact. The research
concludes that sensory imagery represents the most
prominent aesthetic structure in these rhymes, as it
performs an expressive and educational function at the
same time by embodying emotion, enhancing
emotional communication, and instilling social values
in the child's conscience within a simple and
spontaneous artistic framework.

Associate Professor, Al Qasimia University, Sharjah, United
Arab Emirates.
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