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ABSTRACT

The world is facing a hidden hunger crisis, where millions of people are suffering from
nutritional deficiencies despite having access to food. While much research has focused on
the quality and quantity of food, recent studies have shown that soil microbial diversity
may also play a crucial role in human nutrition. Soil microbes interact with plants in
complex ways, influencing the absorption of nutrients and producing compounds that are
essential for human health. However, factors such as intensive agriculture, climate change,

Nutritional deficiencies
Soil microbial diversity

and soil pollution can lead to a decline in soil microbial diversity, which may contribute to
the rise of hidden hunger. In this paper, we explore the link between soil microbial diversity

and nutritional deficiencies, examining the latest research on the topic and discussing
potential solutions to this pressing global issue. Our findings suggest that promoting soil
EzEE health and biodiversity could be a key strategy for addressing hidden hunger and improving

global nutrition.

Please cite this paper as follows:

Yetgin, A. (2023). Exploring the link between soil microbial diversity and nutritional deficiencies. Journal of Agricultural
Production, 4(2), 81-90. https://doi.org/10.56430/japro.1279830

1. Introduction

Hidden hunger, also known as micronutrient deficiency, is
a form of undernutrition that occurs when people lack access to
essential vitamins and minerals in their diet, even if they are
consuming enough calories (Biesalski & Biesalski, 2013).
Unlike acute hunger, which is characterized by a severe lack of
food, hidden hunger can go unnoticed for years as it does not
result in immediate starvation. The term “hidden” refers to the
fact that the deficiency is often not visible and does not manifest
in the same way as other forms of malnutrition. The hidden
hunger crisis is a global challenge, affecting an estimated 2
billion people worldwide and contributing to a range of health

® Correspondence
E-mail address: ali1992yetgin@gmail.com

problems, including stunted growth, impaired cognitive
development, and increased susceptibility to infections
(Saltzman et al., 2014).

The hidden hunger crisis disproportionately affects
vulnerable populations, particularly women and children in
low-income countries who have limited access to nutrient-rich
foods, such as fruits, vegetables, and animal products.
Inadequate soil quality and poor agricultural practices can also
contribute to hidden hunger by reducing the nutrient content of
crops. The depletion of soil microbial diversity, which plays a
crucial role in carbon, nitrogen, phosphorus nutrient cycling
and plant growth, can have negative impacts on the nutritional
quality of food and the health of the surrounding ecosystem.
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Addressing the hidden hunger crisis requires a multifaceted
approach that involves promoting access to nutrient-rich foods,
improving agricultural practices, and enhancing public
awareness and education (Carducci et al., 2020). Strategies for
addressing hidden hunger include fortifying staple foods with
essential micronutrients, promoting the cultivation of nutrient-
rich crops, such as fruits and vegetables, and promoting
sustainable agricultural practices that support soil health and
biodiversity. The hidden hunger crisis is a complex and
pressing global challenge that requires coordinated efforts to
address (Frona et al., 2019). By promoting soil health and
biodiversity, improving agricultural practices, and increasing
public awareness and education, we can work to address hidden
hunger and promote food security and nutrition for all.

Soil microbial diversity plays a crucial role in maintaining
healthy and productive ecosystems. Microbes in soil, such as
bacteria, fungi, and protozoa, contribute to nutrient cycling,
decomposition of organic matter, and the formation of soil
structure (Koshila et al., 2019). They also play a critical role in
plant growth and health by helping to solubilize nutrients, fix
nitrogen, and promote disease resistance. The importance of
soil microbial diversity extends beyond agricultural
productivity to ecosystem services such as carbon
sequestration, water filtration, and climate regulation.
Microbial diversity in soil is also important for maintaining
biodiversity and supporting wildlife habitats.

However, soil microbial diversity is under threat due to
factors such as land-use change, pollution, and climate change.
Loss of microbial diversity can have negative impacts on soil
health and productivity, as well as on the health of surrounding
ecosystems and human communities that depend on them
(Sharma et al., 2011). Therefore, it is crucial to promote
practices that support soil microbial diversity, such as reducing
tillage, promoting crop rotation, and avoiding the use of
synthetic fertilizers and pesticides. By supporting soil health
and microbial diversity, we can help to maintain healthy and
productive ecosystems, support food security and nutrition, and
mitigate the impacts of climate change.

In addition to its role in promoting plant growth and
supporting ecosystem services, soil microbial diversity has also
been linked to human health. Recent research has suggested that
the microbiome of the soil and the human gut are connected and
that exposure to diverse soil microbiota can positively influence
human health outcomes, including reducing the risk of allergies
and autoimmune diseases (Blum et al., 2019). Moreover, soil
microbial diversity plays a critical role in addressing the hidden
hunger crisis. As mentioned earlier, soil microbial diversity is
important for nutrient cycling and can impact the nutrient
content of crops. Therefore, promoting practices that support
soil microbial diversity can lead to an increase in the nutritional
quality of crops, and subsequently, help address the hidden
hunger crisis.

Soil microbial diversity is a crucial component of healthy
and productive ecosystems that provides a range of benefits,
from supporting plant growth to promoting human health. With
increasing threats to soil microbial diversity, it is important to
promote practices that support soil health and biodiversity, such
as reducing tillage, promoting crop rotation, and avoiding the
use of synthetic fertilizers and pesticides (Dias et al., 2015). By
doing so, we can support sustainable agriculture, address the
hidden hunger crisis, and mitigate the impacts of climate
change. The study aims to understand how the depletion of soil
microbial diversity, which can occur as a result of intensive
farming practices and the use of synthetic fertilizers, can impact
the nutrient content of crops and contribute to the hidden hunger
crisis.

By exploring this link, the study seeks to identify potential
strategies for promoting soil health and microbial diversity to
improve the nutritional quality of crops and address the hidden
hunger crisis. Additionally, the study aims to raise awareness
about the importance of soil health and biodiversity in
agricultural systems and the role of sustainable agriculture in
promoting food security and nutrition (Thrupp, 2000).
Ultimately, the study seeks to contribute to a broader
understanding of the interconnections between soil health,
agriculture, and human nutrition, and to inform policy and
practice in support of sustainable and equitable food systems.

2. Hidden Hunger: Causes and Consequences

The consequences of hidden hunger can be severe,
particularly for vulnerable populations such as children and
pregnant women. Micronutrient deficiencies can lead to a range
of health problems, including stunted growth, impaired
cognitive development, weakened immune systems, and
increased risk of infections and chronic diseases (Brownie,
2006; Bailey et al.,, 2015). In children, micronutrient
deficiencies can result in developmental delays, decreased
academic performance, and increased mortality rates. Pregnant
women with micronutrient deficiencies are at increased risk of
complications during pregnancy and childbirth, including
anemia, pre-eclampsia, and low birth weight (Hovdenak &
Haram, 2012).

Moreover, the economic costs of hidden hunger are
significant.  Productivity losses, increased healthcare
expenditures, and reduced earning potential can result from the
long-term health impacts of micronutrient deficiencies. The
economic burden of hidden hunger can be especially
challenging for low-income countries and vulnerable
populations, exacerbating existing inequalities and hindering
development (Redon Lago, 2021). In addition to the human and
economic costs, hidden hunger can have wider social
implications. Poor nutrition can lead to social exclusion, as
individuals may face discrimination or stigma due to their
physical appearance or perceived intellectual capacity.
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Moreover, hidden hunger can undermine social cohesion and
contribute to social unrest, as individuals and communities
struggle to meet their basic needs. The consequences of hidden
hunger are far-reaching and can have serious impacts on human
health, economic development, and social cohesion.
Addressing hidden hunger requires a comprehensive approach
that involves promoting access to nutrient-rich foods,
enhancing agricultural practices, and improving public
awareness and education. By addressing hidden hunger, we can
promote human well-being, reduce economic burdens, and
build more equitable and resilient societies.

To expand on the consequences of hidden hunger,
micronutrient deficiencies can also have implications for global
sustainability and environmental health. Malnutrition can
exacerbate environmental degradation by increasing demand
for land use, water, and energy resources. For instance, in low-
income countries, the over-reliance on staple crops, which are
often low in essential micronutrients, can lead to extensive land
use and deforestation, which can further impact soil health and
lead to biodiversity loss. Furthermore, the impacts of hidden
hunger can extend beyond individual health to affect entire
populations and even future generations. For example, maternal
malnutrition can lead to adverse outcomes for both mothers and
children, including low birth weight, premature birth, and
developmental delays. These outcomes can have lasting
impacts on individuals' health and well-being, as well as their
economic and social opportunities (Jetten et al., 2014; Kansky,
2017).

In addition, hidden hunger can have broader implications
for global health security. Micronutrient deficiencies can
increase the risk of infectious diseases, particularly in regions
with poor water and sanitation. Inadequate nutrient intake can
also impact the efficacy of vaccines, leading to reduced
immunogenicity and effectiveness (Calder et al., 2022).
Addressing hidden hunger requires a coordinated and
collaborative approach across multiple sectors, including
agriculture, health, education, and social welfare. Efforts to
promote access to nutrient-rich foods, improve agricultural
practices, and enhance public awareness and education are
critical to reducing the prevalence and impact of hidden hunger.
By addressing hidden hunger, we can improve individual health
and well-being, promote sustainable development, and
contribute to a more equitable and resilient future.

Hidden hunger is a global issue that affects millions of
people, particularly in low- and middle-income countries.
According to the World Health Organization (WHO), over 2
billion people worldwide suffer from micronutrient
deficiencies (WHO, 2006). The prevalence of hidden hunger
varies by region and is often highest in sub-Saharan Africa,
South Asia, and parts of Latin America. The populations most
affected by hidden hunger are often those who are already
vulnerable due to poverty, limited access to healthcare, and

inadequate nutrition. Children, pregnant and lactating women,
and the elderly are among the groups most at risk of
micronutrient deficiencies. In low-income countries, over 90%
of children under the age of 5 and 75% of pregnant women
suffer from one or more micronutrient deficiencies (Durkin,
2002; Gernand et al., 2016).

In addition to individual vulnerability, hidden hunger can
also disproportionately impact entire communities and regions.
Populations living in areas with poor soil quality or limited
access to nutrient-rich foods are at increased risk of
micronutrient deficiencies (Miller & Welch, 2013). Conflict,
displacement, and natural disasters can also exacerbate the
prevalence of hidden hunger, as individuals and communities
face disrupted food systems and limited access to essential
nutrients. Addressing the prevalence of hidden hunger requires
a targeted and equitable approach that prioritizes the most
vulnerable populations. Efforts to improve nutrition outcomes
must be integrated with broader development goals, including
poverty reduction, improved water and sanitation, and
enhanced economic opportunities. By addressing the root
causes of hidden hunger and promoting access to essential
nutrients, we can improve the health and well-being of
individuals and communities, reduce inequalities, and build
more resilient and sustainable societies.

Hidden hunger is not only a problem in low- and middle-
income countries but also affects certain populations in high-
income countries. In developed nations, hidden hunger can
arise due to a lack of diversity in diets, as well as food insecurity
and poverty. Vulnerable populations in high-income countries,
such as the elderly, low-income families, and immigrant
communities, may also be at increased risk of micronutrient
deficiencies. Moreover, the impact of hidden hunger goes
beyond individual health and can have significant economic
consequences. According to the Global Panel on Agriculture
and Food Systems for Nutrition, the economic cost of
malnutrition worldwide is estimated to be around $3.5 trillion
per year, equivalent to 3.5% of global GDP (Agriculture and
Food Systems for Nutrition, 2016). These costs are associated
with a range of impacts, including decreased productivity,
increased healthcare expenditures, and reduced earning
potential.

Addressing hidden hunger requires a comprehensive and
integrated approach that addresses both individual and systemic
factors contributing to micronutrient deficiencies (Burchi et al.,
2011). Efforts must focus on promoting access to diverse and
nutrient-rich foods, improving agricultural practices and food
systems, and enhancing public awareness and education on
nutrition and health. Additionally, it is essential to address the
root causes of poverty, inequality, and social exclusion that
contribute to hidden hunger, as well as to strengthen health
systems and improve access to essential health services. The
prevalence and impact of hidden hunger are significant and far-
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reaching, affecting millions of individuals and communities
worldwide. Addressing this issue requires a coordinated and
multisectoral approach that prioritizes the most vulnerable
populations, promotes sustainable development, and builds
more equitable and resilient societies. By working together to
address hidden hunger, we can improve individual and
population health, reduce economic burdens, and promote a
more just and sustainable world.

3. Soil Microbial Diversity and Nutrient
Availability

Soil microbial diversity refers to the variety and abundance
of microorganisms present in the soil, including bacteria, fungi,
and other microscopic organisms. These microorganisms play
a critical role in soil health and ecosystem functioning,
influencing a range of processes from nutrient cycling to plant
growth and disease suppression (Chourasiya et al., 2017). The
importance of soil microbial diversity stems from its
fundamental role in sustaining plant growth and crop yields.
Microorganisms in the soil play a critical role in breaking down
organic matter and releasing essential nutrients such as
nitrogen, phosphorus, and potassium, making them available
for plant uptake. They also help to suppress plant pathogens and
promote disease resistance, which is essential for maintaining
healthy plant populations.

Furthermore, soil microbial diversity is crucial for
maintaining the overall health and resilience of terrestrial
ecosystems. Microorganisms in the soil are key drivers of soil
carbon sequestration and contribute to the regulation of
greenhouse gas emissions, helping to mitigate climate change.
They also play a critical role in maintaining soil structure and
stability, reducing erosion and improving water infiltration
(Adugna, 2016). In addition to their ecological importance, soil
microorganisms have significant potential for promoting
sustainable agriculture and addressing global food security
challenges. For example, microbial inoculants can be used to
improve plant growth and nutrient uptake, reduce the need for
synthetic fertilizers, and promote the use of sustainable farming
practices. The importance of soil microbial diversity lies in its
critical role in sustaining plant growth, ecosystem functioning,
and overall soil health. By promoting soil microbial diversity
and harnessing its potential for sustainable agriculture, we can
help to ensure food security, mitigate climate change, and
promote more resilient and sustainable ecosystems.

Soil microbial diversity also plays a crucial role in
supporting human health and well-being. Microorganisms in
the soil are a source of beneficial compounds such as
antibiotics, enzymes, and other bioactive molecules, many of
which have potential therapeutic applications (Challinor &
Bode, 2015). In addition, studies have shown that exposure to
soil microbes can help to promote immune system development
and function, particularly in early childhood. Moreover, soil

microbial diversity is essential for maintaining global
biodiversity and ecosystem services. The diversity of
microorganisms in the soil is closely linked to the diversity of
plant and animal species that depend on them for survival. By
supporting healthy soil ecosystems and promoting biodiversity,
we can help to preserve the essential ecosystem services that
underpin human well-being, such as nutrient cycling, water
purification, and climate regulation.

However, soil microbial diversity is under threat from a
range of human activities, including intensive agriculture,
deforestation, urbanization, and pollution. These activities can
disrupt soil ecosystems and reduce microbial diversity, leading
to reduced soil fertility, increased soil erosion, and decreased
resilience to climate change (Qiu et al., 2021). Soil microbial
diversity is a critical component of healthy soils, sustainable
agriculture, and overall ecosystem functioning. By promoting
soil microbial diversity and protecting soil ecosystems from
human-induced threats, we can help to ensure a more resilient,
sustainable, and healthy planet for generations to come.

Microbes play a fundamental role in soil nutrient cycling,
which is the process by which nutrients such as nitrogen,
phosphorus, and carbon are cycled through the soil ecosystem.
This process is essential for the growth and survival of plants
and other organisms, as it ensures that essential nutrients are
available for uptake. In soil nutrient cycling, microbes act as
decomposers, breaking down organic matter such as dead plant
material and animal waste into simpler forms that can be taken
up by plants. Microbes also play a critical role in transforming
and recycling nutrients, converting them from one form to
another as they move through the soil ecosystem (Prasad et al.,
2021).

For example, nitrogen-fixing bacteria convert atmospheric
nitrogen into a form that plants can use, while other bacteria
and fungi break down organic matter and release nutrients such
as phosphorus and potassium into the soil (Van Der Heijden et
al., 2008; Rashid et al., 2016). In addition, mycorrhizal fungi
form symbiotic relationships with plant roots, helping to
enhance nutrient uptake and improve plant growth. Moreover,
soil microbial diversity is crucial for maintaining nutrient
cycling processes and ensuring the availability of essential
nutrients for plant growth. When microbial diversity is reduced,
soil nutrient cycling can be disrupted, leading to reduced soil
fertility and decreased crop yields. Microbes play a critical role
in soil nutrient cycling, which is essential for maintaining
healthy soil ecosystems, promoting plant growth, and ensuring
sustainable agricultural production. By promoting soil
microbial diversity and supporting nutrient cycling processes,
we can help to ensure the long-term health and resilience of our
soils and ecosystems.

Soil microbial diversity is affected by a range of biotic and
abiotic factors, including soil type, climate, land use, and
management practices (Barto et al., 2010). Understanding these
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factors can help us to promote healthy soil ecosystems and
support the important functions of soil microorganisms. Soil
type is a key factor affecting soil microbial diversity, as
different soils have different physical and chemical properties
that can influence the types of microorganisms that thrive in
them. For example, soils with high levels of organic matter are
often more diverse, as they provide a rich source of nutrients
for microorganisms.

Climate also plays a role in soil microbial diversity, as
temperature and moisture can affect microbial growth and
activity. In general, warmer and wetter climates tend to support
more diverse microbial communities, while colder and drier
climates are less conducive to microbial activity (Brockett et
al., 2012). Land use and management practices can also have a
significant impact on soil microbial diversity (Tardy et al.,
2015). Intensive agriculture, for example, can lead to soil
compaction, erosion, and nutrient depletion, all of which can
reduce microbial diversity. Conversely, organic farming
practices, such as cover cropping and crop rotation, can
promote microbial diversity and support healthy soil
ecosystems. Other factors that can affect soil microbial
diversity include soil pH, nutrient availability, and the presence
of pollutants or other stressors. By understanding the factors
that influence soil microbial diversity, we can take steps to
promote healthy soil ecosystems and support the essential
functions of soil microorganisms, such as nutrient cycling,
disease suppression, and carbon sequestration.

4. Linking Soil Microbial Diversity and Hidden
Hunger

There is growing evidence of a strong correlation between
soil microbial diversity and nutrient availability. Studies have
shown that soils with high microbial diversity tend to have
higher levels of available nutrients, such as nitrogen,
phosphorus, and potassium, compared to soils with low
microbial diversity. One reason for this correlation is that soil
microorganisms play a crucial role in nutrient cycling, breaking
down organic matter and releasing essential nutrients into plant-
available forms. Soils with a greater diversity of
microorganisms are likely to have a greater capacity for nutrient
cycling and a more efficient use of available nutrients (Hooper
& Vitousek, 1998; Bhowmik et al., 2017).

In addition, soil microorganisms can also help to create
nutrient-rich soil environments through their interactions with
plant roots. Certain types of bacteria and fungi form symbiotic
relationships with plant roots, known as mycorrhizal
associations, which can help to increase nutrient uptake by the
plant. Several studies have also shown that soil microbial
diversity can be positively correlated with crop productivity
(Tautges et al., 2016). For example, soils with high microbial
diversity had significantly higher crop yields than soils with
low microbial diversity. The evidence suggests that promoting

soil microbial diversity can have significant benefits for
nutrient availability, crop productivity, and ecosystem health
(Chaparro et al., 2012). By supporting healthy soil ecosystems
and promoting sustainable management practices, we can help
to ensure that soils remain productive and resilient in the face
of changing environmental conditions.

Recent research has also shown that soil microbial diversity
can have a significant impact on plant health and disease
resistance. Certain soil microorganisms, such as rhizobacteria
and mycorrhizal fungi, can form beneficial relationships with
plants, promoting their growth and helping to protect them
against pathogens. Studies have found that soils with higher
microbial diversity tend to have a greater abundance and
diversity of beneficial microorganisms, leading to healthier and
more resilient plant communities (Ambrosini et al., 2016). In
addition, soil microbial diversity may be particularly important
in mitigating the impacts of climate change, as healthy soil
ecosystems can help to store carbon, improve soil water-
holding capacity, and reduce the risk of soil erosion.

However, despite the growing recognition of the importance
of soil microbial diversity, many agricultural practices continue
to rely on inputs such as synthetic fertilizers and pesticides,
which can disrupt soil ecosystems and reduce microbial
diversity. As a result, there is a growing movement towards
more sustainable and regenerative farming practices that
promote soil health and support healthy microbial
communities. The evidence suggests that soil microbial
diversity plays a critical role in nutrient cycling, plant health,
and ecosystem functioning. By promoting healthy soil
ecosystems and supporting sustainable management practices,
we can help to ensure that soils remain productive and resilient
in the face of environmental challenges (Lal et al., 2021).

Soil microorganisms contribute to nutrient availability
through several mechanisms (Blagodatskaya & Kuzyakov,
2008; Kumar & Verma, 2019). One of the most important
mechanisms is  nutrient  mineralization, in  which
microorganisms break down organic matter in the soil and
release nutrients such as nitrogen, phosphorus, and sulfur into
plant-available forms. Microorganisms can also play a role in
nutrient immobilization, in which nutrients are taken up by
microorganisms and temporarily stored in their biomass. This
can help to regulate nutrient availability and prevent nutrient
loss through leaching or runoff.

In addition, some microorganisms are capable of fixing
atmospheric nitrogen, converting it into a plant-available form
that can be used by crops. This process is particularly important
in systems with low soil nitrogen availability, such as those
found in many tropical soils. Microorganisms can also help to
improve soil structure and water-holding capacity, which can
further enhance nutrient availability by promoting root growth
and nutrient uptake. The mechanisms by which soil
microorganisms contribute to nutrient availability are complex
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and multifaceted and are influenced by a wide range of biotic
and abiotic factors (Jayaraman et al., 2021). Understanding
these mechanisms and their interactions is critical for
developing sustainable soil management practices that promote
healthy soil ecosystems and support optimal plant growth and
productivity.

Another  important  mechanism by  which soil
microorganisms contribute to nutrient availability is through
symbiotic relationships with plants. Certain microorganisms,
such as mycorrhizal fungi, form symbiotic associations with
plant roots, providing them with nutrients in exchange for
carbohydrates produced by the plant (Johnson & Gehring,
2007; Nanjundappa et al., 2019). Mycorrhizal fungi, for
example, can increase plant access to soil phosphorus, which is
often limiting in many agricultural systems. By extending the
reach of plant roots, mycorrhizal fungi can access soil nutrients
that are otherwise unavailable to plants and can also help to
protect plants against environmental stressors such as drought
and disease.

In addition to mycorrhizal fungi, other soil microorganisms
such as nitrogen-fixing bacteria and rhizobacteria can also form
beneficial relationships with plants, contributing to nutrient
availability and promoting plant growth. The contributions of
soil microorganisms to nutrient availability are diverse and
complex and are influenced by a wide range of factors including
soil type, climate, and management practices (Van Der Heijden
et al., 2008; Fierer, 2017). As such, developing effective
strategies for promoting soil microbial diversity and enhancing
nutrient availability requires a holistic and context-specific
approach that takes into account the unique characteristics of
each soil system.

Soil degradation can have significant impacts on soil
microbial diversity and nutrient availability, with potentially
far-reaching consequences for agricultural productivity and
ecosystem functioning. One of the primary impacts of soil
degradation is the loss of soil organic matter, which is a key
source of nutrients for soil microorganisms. As soil organic
matter declines, microbial biomass and activity can also
decrease, leading to reduced nutrient cycling and decreased
plant productivity. Soil degradation can also result in changes
in soil structure and compaction, which can reduce water
infiltration and air exchange in the soil, leading to reduced
microbial activity and nutrient availability. Similarly, soil
erosion can lead to the loss of topsoil and nutrient-rich organic
matter, further reducing soil fertility and microbial diversity
(Xiao et al., 2017).

In addition to physical changes in the soil, soil degradation
can also lead to chemical changes that can impact soil microbial
communities. For example, the use of synthetic fertilizers and
pesticides can disrupt soil ecosystems and reduce microbial
diversity, while high levels of soil acidity or salinity can also
inhibit microbial activity and nutrient availability. The impacts

of soil degradation on microbial diversity and nutrient
availability are complex and multifaceted, and are influenced
by a wide range of biotic and abiotic factors (Prashar et al.,
2014). As such, developing effective strategies for mitigating
the impacts of soil degradation and promoting soil health
requires a holistic and context-specific approach that takes into
account the unique characteristics of each soil system.

In addition to the direct impacts on soil microbial
communities and nutrient availability, soil degradation can also
have indirect impacts on ecosystem services such as carbon
sequestration and water filtration (Faucon et al., 2017). For
example, declines in soil organic matter and microbial activity
can reduce the ability of soils to sequester carbon, potentially
exacerbating climate change. Similarly, soil degradation can
reduce water infiltration and increase the risk of soil erosion,
leading to decreased water quality and increased flood risk.
Given the interconnected nature of soil health, it is essential to
take a holistic approach to addressing soil degradation and
promoting soil health (Louwagie et al., 2011; Keesstra et al.,
2018). This may involve a combination of strategies, such as
reducing tillage and increasing the use of cover crops to
promote soil organic matter and microbial diversity, as well as
reducing the use of synthetic fertilizers and pesticides to
minimize chemical impacts on soil ecosystems. In addition to
these on-farm strategies, it is also important to consider broader
policy and institutional changes that can support soil health and
promote sustainable land use practices. For example, policies
that support conservation agriculture and promote the use of
agroforestry and other land-use systems that promote soil
health and biodiversity can play a key role in mitigating the
impacts of soil degradation and promoting sustainable land use
practices.

5. Solutions for Addressing the Hidden Hunger
Crisis

Agricultural practices play a crucial role in enhancing soil
health and promoting microbial diversity. One of the most
effective strategies for promoting soil health is reducing tillage.
Reduced tillage practices can help to maintain soil structure and
promote soil organic matter accumulation, which in turn can
support microbial diversity and nutrient cycling. In addition,
reduced tillage practices can help to reduce soil erosion and
conserve soil moisture, leading to improved water infiltration
and plant growth. Another key strategy for promoting soil
health and microbial diversity is the use of cover crops
(Vukicevich et al., 2016). Cover crops can help to reduce soil
erosion, improve soil structure, and promote nutrient cycling.
They can also provide a habitat and food source for soil
microorganisms, which can help to maintain microbial
diversity and activity. In addition, cover crops can help to
suppress weeds and reduce the need for synthetic herbicides.
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In addition to reducing tillage and using cover crops, there
are a variety of other practices that can promote soil health and
microbial diversity. These may include crop rotation,
intercropping, agroforestry, and the use of compost and other
organic amendments. Each of these practices can help to
maintain soil organic matter and promote nutrient cycling,
while also providing additional benefits such as improved pest
and disease management and increased biodiversity. Promoting
soil health and microbial diversity requires a multifaceted
approach that considers the unique characteristics of each soil
system (Nannipieri et al., 2003; Hartmann et al., 2015). By
reducing tillage, using cover crops, and adopting a range of
other practices that support soil health, farmers can help to
maintain soil fertility and productivity, while also promoting
the long-term sustainability of their agricultural systems.

In addition to reducing tillage and using cover crops, there
are a variety of other practices that can promote soil health and
microbial diversity. One such practice is the use of organic
amendments such as compost, manure, and other organic
materials (Hue & Silva, 2000). These amendments can help to
increase soil organic matter, which in turn can promote
microbial diversity and nutrient cycling. They can also improve
soil structure and water holding capacity, leading to improved
plant growth and productivity. Another strategy for promoting
soil health and microbial diversity is crop rotation. By rotating
crops, farmers can help to break pest and disease cycles,
promote nutrient cycling, and maintain soil organic matter. This
can lead to improved soil health and increased crop productivity
over time.

Intercropping and agroforestry are other strategies that can
promote soil health and microbial diversity. Intercropping
involves planting different crops together in the same field,
which can help to promote biodiversity and reduce pest and
disease pressure. Agroforestry involves planting trees or shrubs
in agricultural fields, which can provide additional habitat for
soil microorganisms and improve soil structure and nutrient
cycling (Smith et al., 2013). Reducing the use of synthetic
fertilizers and pesticides can help to promote soil health and
microbial diversity. These chemicals can have negative impacts
on soil microorganisms, which can lead to decreased nutrient
cycling and reduced soil fertility over time. By reducing or
eliminating the use of these chemicals, farmers can promote the
long-term sustainability of their agricultural systems and
maintain soil health and productivity. Promoting soil health and
microbial diversity requires a holistic approach that considers
the unique characteristics of each soil system (Lehmann et al.,
2020). By adopting a range of practices that support soil health
and microbial diversity, farmers can help to maintain soil
fertility and productivity, while also promoting the long-term
sustainability of their agricultural systems.

Dietary interventions and food fortification are important
strategies to address hidden hunger, particularly in populations

that are at risk for nutrient deficiencies. Dietary interventions
involve promoting the consumption of nutrient-dense foods,
such as fruits, vegetables, whole grains, and lean protein
sources (Flock & Kris-Etherton, 2011; Smethers & Rolls,
2018). These foods are rich in a variety of essential vitamins
and minerals and can help to ensure that individuals are meeting
their daily nutrient requirements. Food fortification is another
important strategy for addressing hidden hunger. Fortification
involves adding essential vitamins and minerals to commonly
consumed foods, such as wheat flour, rice, and salt. This can be
a cost-effective way to ensure that individuals are receiving
adequate amounts of essential nutrients in their diets,
particularly in populations where access to a variety of nutrient-
dense foods is limited.

In addition to these strategies, it is important to ensure that
individuals have access to clean water and sanitation facilities.
Poor water quality and sanitation can increase the risk of
nutrient deficiencies, as well as other health problems such as
diarrhea and other infectious diseases. A combination of dietary
interventions, food fortification, and improvements in water
and sanitation can help to address hidden hunger and improve
overall nutrition and health outcomes (Burchi et al., 2011,
Godecke et al., 2018).

Policy and institutional interventions are crucial to
addressing hidden hunger, particularly at the national and
global levels. One important policy intervention is the
development and implementation of nutrition-specific policies
and programs, such as nutrition education and counseling,
micronutrient supplementation, and food fortification programs
(Mason et al., 2014). These interventions can help to ensure that
individuals are receiving the necessary nutrients for good health
and wellbeing, particularly in vulnerable populations such as
pregnant women, children, and the elderly. Institutional
interventions are also important to address hidden hunger.
These interventions can include strengthening health systems to
ensure that individuals have access to appropriate health
services, including diagnosis and treatment of nutrient
deficiencies. They can also involve improving food systems to
ensure that nutrient-rich foods are available and accessible to
all individuals.

At the global level, international organizations such as the
World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) play a critical role in
addressing hidden hunger (Dalmiya & Schultink, 2003;
Amoroso, 2016). These organizations work to raise awareness
of the issue, provide technical assistance to countries, and
develop global guidelines and standards for addressing nutrient
deficiencies. In addition to these interventions, it is important
to address the underlying social, economic, and environmental
determinants of hidden hunger. This can involve addressing
poverty, improving access to education and employment
opportunities, and promoting sustainable agriculture and food
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systems. By addressing these underlying determinants, it may
be possible to prevent nutrient deficiencies from occurring in
the first place, and to promote overall health and wellbeing for
all individuals.

6. Conclusion

The link between soil microbial diversity and nutritional
deficiencies is an important area of research that requires
further exploration. The depletion of soil microbial diversity
through practices such as intensive farming and the use of
synthetic fertilizers has been shown to have negative impacts
on the nutritional quality of crops and the health of the
surrounding ecosystem. By better understanding the
relationship between soil microbial diversity and the nutritional
content of food, we can develop more sustainable and effective
strategies for addressing hidden hunger and promoting public
health. This research highlights the importance of promoting
soil health and biodiversity in our agricultural systems as a
means of promoting food security and addressing global
nutrition challenges.
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ABSTRACT

In the research, socio-economic and demographic factors affecting the fish consumption amount of
consumers in [gdir province were tried to be determined. The main material of the research is the
survey data obtained from 325 consumers residing in the province of Igdir and determined by using
the commensurate sampling method. In the research, the factors affecting the fish consumption
amount of the consumers were analyzed with the sequential probit model. In the sequential probit
model created, the fish consumption levels of the consumers were used as the addict variable, and
the inaddict variables were determined as gender, income level, frequency of fish consumption, type
of fish consumed, annual red meat consumption and type of fish consumption. The model results;
The variables of gender, income level, frequency of fish consumption, type of fish consumed, annual
red meat consumption and fish consumption pattern were all found to be statistically significant.
According to the ordinal probit model results, it was determined that the gender of the consumer
decreased the fish consumption level. As expected in the research, it was defined that there was a
negative relationship between income level and fish consumption level, and a positive relationship
between fish consumption frequency and consumption amount. With respect to the model
conculsions, it was defined that there is a positive relationship between the amount of red meat
consumption of consumers and the amount of fish consumption.

Please cite this paper as follows:

Askan, E. (2023). Analysis of the factors affecting the tendency of fishery consumption: Case of Igdir province. Journal of
Agricultural Production, 4(2), 91-99. https://doi.org/10.56430/japro.1319991

1. Introduction

Today, the rapidly increasing world population, global

this rate is around 65% (Anonymous, 2013). Fish, which is
among the animal proteins, meets the body’s basic nutritional
needs with its rich protein content and polyunsaturated fatty

warming and pandemic processes have increased the tendency
to healthy and balanced nutrition. Animal proteins play an
active role in a healthy and balanced diet.

Today, it is stated that a healthy person should consume 1 g
of protein per kilogram of body weight per day, of which 42%
should be of animal origin (WHO, 2020). In developed
countries, less developed while the amount of daily protein
consumption per capita has doubled compared to developing
countries or developing countries, the rate of protein intake
from animal products in developing countries is around 20%
(Béné et al., 2007; Belton et al., 2016). In developed countries,

®Correspondence
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acids in its structure. In addition, fish play an active role on
human physiology and metabolic functions (Yiicel, 2001; Kaya
et al., 2004; Roos et al., 2007; Marques et al., 2019).

Production of fishery products is not distributed
homogeneously throughout the world. China is the leader in
world aquaculture production, accounting for 35% of the total
production (62.8 million tons), followed by India, Indonesia,
Vietnam and Peru. In aquaculture, the total production of sea
and inland water fishing has been at the level of 90 million tons
in recent years. In the amount of hunting production, China has
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the largest share (14.6%), followed by Indonesia, Peru, India,
Russia, USA and Vietnam. While 51% of the aquaculture
production is obtained through hunting, 52% of the fishing is
carried out in the Asian continent (FAO, 2022). Of the world
aquaculture production, which was 177.8 million tons in 2020,
87.5 million tons (49%) were obtained from aquaculture. 33
million tons of aquaculture production was obtained from the
sea and 54 million tons from inland waters (FAO, 2023).

In aquaculture, China produced 49.62 million tons in 2020,
57% of the world's total production. Tiirkiye became the largest
producer country in the European continent in 2021 with
799851 tons. In addition to being surrounded by the sea on three
sides due to its location in Tiirkiye, it has an important
aquaculture potential with its inland waters, lakes and dam
lakes. Aquaculture constitutes 59% of Tirkiye’s aquaculture
production. 71% of aquaculture production took place in seas
and 29% in inland waters. 89% of aquaculture production in
Tiirkiye consists of sea bass (33%), sea bream (28%) and trout
(Turkish Salmon) (28%). Trout production constitutes 98.6%
of the fish produced by aquaculture from inland waters. 36.4%
of the production carried out by aquaculture in the seas was
realized in Mugla, 16.6% of the production in inland waters was
realized in Elazig. While almost all of the aquaculture
production in the seas consists of sea bass and sea bream, only
trout in inland waters. The most important share in fishing from
the seas belongs to the Black Sea with 77.5%, the Aegean with
12.6%, the Mediterranean with 5.1% and the Marmara Region
with 4.9%. The most important species caught from the seas in
Tirkiye is anchovy (TEPGE, 2021).

Seventy-two percent of the 157 million tons of aquatic
products consumed in 2019 were consumed in the Asian
Continent. China, Indonesia, India, USA and Japan come first
in seafood consumption. Looking at the world in general, it has
been designated that 17% of animal protein needs are met from
fish in 2019 and this figure corresponds to 7% of all protein
consumed (FAO, 2022). While the world fish consumption was
9 kg per capita in 1961, it reached 20.5 kg in 2019. In 2019,
75% of the per capita aquaculture consumption was met from
fish. While the annual per capita consumption of fisheries
products in Tirkiye was 6.3 kg in 2019, it was determined as
6.5 kg in 2021 (TUIK, 2023). Per capita aquaculture
consumption in Tirkiye is lower than the world average.

In addition to being related to factors such as consumption
amount, consumption habits, production amount and price of
fishery products, consumer purchasing power, the way it is
presented to the market and consumption time, the consumption
of fishery products in Tiirkiye also varies by region. Although
the average annual fish consumption per capita in Tiirkiye is
low in Eastern Anatolia, Southeastern Anatolia and Central
Anatolia regions, it is quite high in the Black Sea and other
coastal regions (Aydin & Karadurmus, 2013; Ercan & Sahin,
2016). Similarly, per capita consumption in regions near the

sea, for example, is 28.08 kg per year in Giresun and Trabzon
(Aydin & Karadurmus, 2013), 25.8 kg per year in Mersin; 21.5
kg per year (Demirtas et al., 2014; Sen & Sahin, 2017), 15 kg
per year in Izmir, 13 kg per year in Tokat, 12.4 kg per year in
Isparta, 6.5 kg per year in Erzurum, 4.13 kg per year in
Kahramanmaras, 3.8 kg per year in Nigde (Hatirli et al., 2004;
Erdal & Esengiin, 2008; Caylak, 2013; Ercan & Sahin, 2016;
Bashimov, 2017; Uzundumlu, 2017), and 3.4 kg per year in
Ankara (Giil Yavuz et al., 2015).

Igdir is a province located in the Eastern Anatolia Region of
Tiirkiye and in the easternmost part of Tirkiye. Azerbaijan
(Nakhchivan), Iran and Armenia are border neighbors. The
province of Igdir is completely within the basin of the Aras
River. The important streams that join the Aras River within the
provincial borders are the Gaziler Stream, Buruksu Stream in
the west, and the Asagi and Orta Karasu Streams in the east.
There is a trout facility in Tuzluca district of Igdir province and
its production capacity is around 25 tons in year. The aim of our
research is to determine the amount of fish consumption and the
socio-demographic and behavioral characteristics of the factors
affecting the consumption level of the consumers living in the
city center of Igdir, where it is far from the sea and there is very
little aquaculture.

2. Materials and Methods

The basic material of the survey is the original data picked
up through questionnaires from 325 consumer living in the
urban area of Igdir. The survey took place between the autumn
and winter of 2022. The sample size was decided by the simple
random sample method (Top¢u & Dagdemir, 2017). In
accordance with Article 10/1 of the Igdir University Scientific
Research and Publication Ethics Directive, the survey complies
with scientific research and publication ethics.

2.1. Econometric Analysis

In the study, the factors impressive the fish consumption
level were analyzed with the help of Ordered Probit Model
estimation. In cases where the addict variable is categorical or
ordinal, ordered logit or probit probability estimators can be
used. Maximum Similarity functions are used in both methods.
Although the ordinal probit model is rested on the normal
probability dispensation, the ordinal logit model is derived from
the standardized logistic probability dispensation. The feature
that distinguishes the ordinal probit model from the ordinal
logit model is the normal dispensation of errors. In the ordered
probit model, it is assumed that there is a continuous but
unobservable latent addict variable behind the observable,
interval and ordered categories (y). The unobservable, latent
addicted variable (y*) is explained by the vector of illustrative
variables and the error term. It is assumed that the error term
has a normal distribution (Greene, 2008).

n =t[1+ (0,02)(b — 1)] * pq/E"2 1)
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In the ordered probit model, it is assumed that there is a
continuous but unobservable hidden addict variable behind the
observable, interval and ordered categories (y). The
unobservable, hidden addicted variable (y*) is explained by the
vector of explanatory variables and the error term. It is assumed
that the error term has a normal distribution (Greene, 2012).

Y* =X'B + ee~N[0,1] 2

Here, y*; unobservable addicted variable, x; vector of
explanatory variables, B; parameter vector to be estimated and
¢; indicates the error term. The relationship between the addict
variable (y) and the unobserved addict variable (y*) is
considered as a function of the threshold values (1) that take
separate values according to the consumers and are estimated
using the regression coefficients (). In the research, the fish
consumption level of the consumers was classified in four
different sequential categories (Y=0, 1, 2, 3). According to this;
The relationship between the addict variable (y) of the model
and the unobserved addict variable (y*) will be as follows
(Chen et al., 2002; Greene, 2012).

ifo<y* <y, y=0 3)
ifun, <y <u y=1 4)
ifu,<y* <u, y=2 ®)
ifu, < y* y=3 (6)

The “p” in the equaty are the threshold values that are
estimated in the model and form the lower and upper limits of
the values that y will take (Greene, 2008). The ordinal
categories of the addict variable used in the model, “Y=0"
variable 1-3 kg fish consumption level, “Y=1" variable 4-6 kg
fish consumption level, “Y=2" wvariable 7-10 kg fish
consumption level and “Y=3" variable represents the fish
consumption level of more than 10 kg.

In the ordered probit model, the error term is assumed to be
normally distributed. The probability that consumers will be in
one of the 4 categories of fish consumption level is as follows:
(Greene, 2012).

Prob (y = 0]x) = ® (— xB), (7)
Prob (y = 1[x) = ® (ul —xB) = @ (= x B), (8)
Prob (y =2[x) = ® (u2 = x’ B) = @ (u1-x’ B), 9)
Prob (y=3[x) =1 —-® (u3 — xP) (10)

For these likelinesses to be positive; It should be 0 < pl <
p2. @ denotes the cumulative normal distribution function. It is
inconvenient to directly interpret the coefficients of the
variables of the ordered probit model estimated using the
maximum likelihood method (Akbay et al., 2007). The effects
of explanatory variables on probabilities are not the same as
parameter () estimates because they depend on the values of
explanatory variables. It is not clear how to interpret the
coefficients without additional computation in the ordered
probit model. This entailes estimating the marginal effects of
interpretive variables so as to determine the effect on
probabilities. The marginal effects of the variables are
calculated for each likelihood as follows (Greene, 2012).

dprob(y = 0[x))/ 3x = B(B)B, (11)
dprob(y = 1]))/ 3x = [D("'B)B, ~(u1 — x"B)B], (12)
dprob(y = 21))/ 3x = [0(ul — xVB)B,, ~9(u2 — x*'B)]B, (13)
dprob(y = 31)/ 3x = [0(u3 — xVB)B, (14)

The ordered probit model, which is one of the limited addict
variable model types, was estimated using the Limdep
Econometric Computer Program.

3. Results and Discussion

In the econometric analysis made for the fish consumption
desire and tendency of the participants in Igdir province, the
annual fish consumption amount is the addict variable. The
average age of the consumers participating in the survey is
30.25, the youngest consumer is 15, and the oldest is 75 years
old.

Table 1. Variable definitions and instance statistics (Case=325, Missing=0).

Variable Explanation
Gender (Q1) (Binary) 1: Female; 0: Male
Household (person) (Q3) 1:2-5 2:5-7 3:7-10 4:10-15 5:15
Education (year) (Q4) 1: llliterate  2: Primary Education
3: Secondary Education 4: High School 5: University
. 1: Farmer 2: Self-Employed 3: Officer 4: Worker
Occupation (Q5) 5: Retired 6: Student i 7:>/Housewife
Income (B/month) (Q6) (Binary) 1: Fixed Income 0: Others
Income level (b/month) (Q7) 1: 5000 1> 2:50015-10000 b
3:100018-150008 4-15000 1<
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Table 1. (continued)

Variable

Explanation

Income status (B/month) (Q8)

115000 b<;  0: 15000 ¥>

The most readily available type of meat (Q9)

: Cattle 2:Sheep 3: Goat 4: White Meat 5: Fish

Frequency of consuming fish (Q10)

: Once A Week 2: Every 15 Days
: Once A Month 0: Less

Are there any places where fish are sold regularly in the region? (Q11)

(Binary)

- Yes
:No

Where do you buy the fish? (Q12)

: Marketplace 2: Fish State 3: Fish Market 4:
eddler

Where do you buy the fish? (Q13)

: Marketplace + Peddler  0: Others

The most consumed type of fish (Q14)

: Trout 2:Bream 3:Perch 4: Horse Mackerel
: Anchovy 6: Sardines 7: Acorn

The most consumed fish species) (Binary) (Q15)

: Anchovy + Horse Mackerel
: Others

Annual fish consumption amount (kg/year) (Q16)

'1-3Kg 1:4-6Kg 2:6-10Kg 3:10 Kg<

Annual red meat consumption amount (kg/year) (Q17)

1 1-3Kg
14-6 Kg

1 6-10 Kg
:10-15 Kg
1 15-20 Kg
: 20kg<

Annual white meat consumption amount (kg/year) (Q18)

1-3Kg
2-6 Kg
16-10 Kg
:10-15 Kg
1 15-20 Kg
: 20kg<

How to consume fish (Q19)

: Fresh
Canned
: Salty
: Brine
: Other

How to consume fish (Q20) (Binary)

: Fresh
: Others

What is your method of cooking fish? (Q21)

: Frying

: Grid

: Steaming
: Others

What is your method of cooking fish? (Q22)

: Fry + Grill
: Others

Are you fishing? (Q23)

Yes
No

Do you care about being balanced and healthy? (Q24)

- Yes
:No

orlorlorlrwNnRrRloRrlOMwWNROORLONROORAWNRIOORUORRP|TRORIF VLR

While the number of household members is 48.31%,
families with 2 to 5 individuals, 32.61% are families with 5-7
individuals, 11.69% have 7-10 individuals, and 6.77% have 10-
15 individuals. families and 0.62% are families with 15 or more
individuals.

When the education level is examined in the research,
university with 31.38% and high school graduates with 31.38%
are in the first place, primary education is in the second place
with 16.32%, secondary education is in the third place with
16.00% and 4.92% is in the first place. and illiterate consumers
take the fourth place.

When the occupational status is examined, self-employment
with a rate of 22.46% and students with a rate of 22.46% are in
the first place, while civil servants with a rate of 15.69% and a
worker with a rate of 15.69% take the second place. In case of
occupation, 13.85% of the participants are housewives, 7.39%
are self-employed and 2.46% are retirees.

When the income status is examined, it is determined that
17.85% of the participants have an income level of less than
5000 b and 17.85% of them have an income level between 5
001 and 10 000 %, while 61.84% of them have an income level
between 10 001-15 000 b, It has been determined that 2.46% of
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them have an income level of over 15 000 b. Within the scope
of the research, the most easily obtained meat type in the region
is white meat with a rate of 32.31%. In the preferences of
consumers, beef is in the second place with 31.38%, sheep meat
is in the third place with 27.38%, goat meat is in the fourth place
with 7.69%, and fish is in the fifth place with 1.23%.

When the frequency of fish consumption was analyzeed, it
was defined that 9.54% of the participants consumed fish less
than once a week, 19.69% every 15 days, 36.62% once a month
and 34.15% less than once a month. In Tirkiye, 50% of the
consumers in Erzincan (Karakaya et al., 2020) and in another
study conducted in Mexico, 24.24% of the individuals reported
that every fortnight (Pérez-Ramirez et al., 2015), South Korea
In the study conducted in the province of Ardahan, Tirkiye,
7.3% of the households were found to be more than once a week
(Lee & Nam, 2019), and in another study conducted in Serbia,
52.24% of the participants (Djordjevic et al., 2015) 26.16%
(Kili¢ et al., 2019), in the study conducted in Mersin, 42.00%
(Sen & Sahin, 2017), and in the study conducted in the USA,
24% of the individuals (Hicks et al., 2008) It was determined
that they consumed fish once.

In the research region, it was defined that 31.69% of the
participants bought fish from the markets where fish are sold,
27.08% from the market place, 25.23% from the fish market
and 16.00% from the peddlers. In the study handled in Ankara,
it was determined that consumers who prefer to consume fresh
fish do not buy fish from fixed consumption places (Giil Yavuz
et al., 2015).

When the most consumed fish species were examined,
28.31% of the participants were trout, 28.00% of sea bream,
16.92% of anchovy, 11.69% of sea bass, 8.31% of horse
mackerel and 6% of participants. It was determined that 77 of
them consumed bonito. In a study handled in Ankara, it was
determined that 56.10% of consumers consume anchovy (Giil
Yavuz et al., 2015). In the study handled in Mersin, it was
determined that the consumers consumed the most (27%) sea
bream and the second (21%) anchovy (Sen & Sahin, 2017).

It was determined that 34.15% of the participants consumed
more than 6-10 kg, 28.31% of them 4-6 kg, 23.69% of them 1-
3 kg and 13.85% of them consumed more than 10 kg of fish per
year.

Considering the annual consumption of red meat, 24.62%
of the participants are 10-15 kg, 19.38% are 6-10 kg, 18.15%
are 4-6 kg, 17.85% are over 20 kg. and 9.23% consume 1-3 kg
of red meat. In the study conducted in the province of Erzincan,
it was determined that 54.40% of the consumers and in the
study conducted in the province of Mersin, 46.00% of the
consumers tended to consume red meat (Sen & Sahin, 2017,
Karakaya et al., 2020).

Considering the annual consumption of white meat, 30.46%
of the participants are over 20 kg, 24.92% are 10-15 kg, 22.15%

are 2-4 kg, 11.38% are 6-10 and again, it was determined that
11.38% consumed white meat between 1-3 kg and 10.77% 15-
20 kg.

When the fish consumption pattern was examined, it was
determined that 61.54% of the participants preferred to
consume fish as fresh, 33.54% preferred grilled, 12.92%
steamed and 11.39% preferred fish in other ways. In the study
handled in Erzincan, it was determined that 53% of the
consumers consumed fish in the pan, 20% on the grill, 17% in
the oven and 10% as steamed fish. Karakaya et al. (2020) in the
province of Erzincan and Bayraktar (2015) in the provinces of
Ankara and Canakkale found that 62.00% of consumers prefer
grilled and steamed and 27.00% fry. In a study conducted in
Diyarbakir, it was reported that 44.30% of consumers prefer the
frying method (Aydin & Odabagi, 2017), while in Tunceli,
34.00% of individuals prefer to cook the fish in the oven (Balci
et al., 2016). In the study conducted by Kirict et al (2018) in
Siirt province, pan-fried consumption as a form of fish
consumption is in the 1st place with a rate of 31.70%,
Olgunoglu et al (2014) in Adiyaman and Terin et al. (2016) in
Van. In their study, they found that the fish consumption type
was frying at a rate of 41.00% and 40.20%, respectively.

When the fish cooking method was examined, it was
determined that 42.15% of the participants cooked fish as fried,
33.54% grilled, 12.92% steamed and 11.39% others (sushi,
soup, etc.). In the study conducted in Erzincan, 53.00% of the
consumers were in the pan (Karakaya et al., 2020), in the study
conducted in Mersin, 42.00% was grilled (Sen & Sahin, 2017),
and in the study conducted in Diyarbakir 44.30%. fried (Aydin
& Karadurmus 2013), and in a study conducted in Tunceli, it
was determined that 34.00% of consumers prefer to consume
fish in the oven (Balci et al., 2016).

The coefficient and unit (marginal) effect results of the
sequential probit model created to analyze the factors affecting
the fish consumption level of consumers living in the urban area
of Igdir Province are given in Table 2. In the sequential probit
model created, the fish consumption levels of the consumers
were used as the addict variable, and the inaddict variables were
determined as gender, income level, frequency of fish
consumption, type of fish consumed, annual red meat
consumption and type of fish consumption.

The model estimated by the maximum likelihood method is
statistically significant (p<0.000). According to Maddala
(1983), the threshold values of the model should be positive and
Mu(1) < Mu(2). According to the model results, the threshold
value parameters Mu(1) and Mu(2) of the model were positive
and statistically significant at the 1% level. The fact that the
threshold values are econometrically important indicates that
the fish consumption level grouping is accurate.
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Table 2: Ordered Probit model results.

Marginal Effects

Variables Estimated Y=0 Y=1 Y=2 Y=3
Coefficients - - - -
(1-3 kg) (4-6 kg) (7-10 kg) (10< ko)
Constant 0.21779 -- -- -- --
(0.2918)
Gender -.25246** 0.07406** 0.02614** -0.05104** -0.04916**
(0.0384) (0.0394) (0.0467) (0.0385) (0.0432)
Income -.15235** 0.04462** 0.01602** -0.03088** -0.02975**
(0.0310) (0.0323) (0.0419) (0.0340) (0.0346)
Frequency of .24565*** -0.07194*** -0.02584*** 0.04980*** 0.04798***
consuming fish (0.0001) (0.0002) (0.0013) (0.0002) (0.0004)
The most consumed -.27460* 0.08451* 0.02370** -0.05879* -0.04942**
type of fish (0.0536) (0.0660) (0.0267) (0.0663) (0.0395)
;thagﬁ‘;ﬂ:n%md 20466%** -0.05994%** -0.02152%** 0.04149%** 0.03997***
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
annually
Fish cooking method -.17544* 0.05138* 0.01845 -0.03557* -0.03426*
g (0.0916) (0.0932) (0.1036) (0.0966) (0.0942)
0.85393***
Mu(1) (0.0000)
1.98151***
Mu(2) (0.0000)
Log likelihood function -406.72780
Restricted log likelihood -435.20795
Chi squared [6 d.f.] 56.96031
Significance level 0.00000

Note: *** ** * ==> Severity: 1%, 5%, 10%. Values in parentheses are p values.

According to the model results; The variables of gender,
income level, frequency of fish consumption, type of fish
consumed, annual red meat consumption and fish consumption
pattern are all statistically significant.

Since the interpretation of the coefficients of the sequential
probit model results may cause errors, the comments on the
factors affecting the fish consumption level were made by
evaluating the marginal effects. Among the marginal effects,
except for the coefficient of the fish consumption pattern
variable (Y=1), the marginal effects are statistically significant
and the comments were made on these variables.

According to the ordinal probit model results, the fact that
the gender of the consumer is female reduces the level of fish
consumption. Since Igdir is a male-dominated province and
men are more likely to be fed outside the home than women,
the fact that the consumer is male increases fish consumption.
Being a female consumer increases the probability of
consuming 1-3 kg (Y=0) fish by 7.41%, and the probability of
consuming 4-6 kg (Y=1) by 2.61%, while the probability of
consuming 7-10 kg (Y=2) fish and 10 kg (Y=3) reduces fish
consumption by 5.10% and 4.92%, respectively.

There is a negative correlation between income level and
fish consumption level. In previous studies, the opposite was
found, and a positive relationship was determined between
household income level and fish consumption (Akinbode &

Dipeolu, 2012; Can et al., 2015; Dauda et al., 2016; Terin,
2019). Since the fish species consumed in Igdir are cheaper than
red meat and the fish caught from rivers and lakes in the region
are sold at low prices, they are more preferred by those with
low income. While income level above 3000 b increases the
probability of 1-3 kg (Y=0) fish consumption by 4.46% and 4-
6 kg (Y=1) fish consumption probability by 1.60%, while 7-10
kg ('Y=0) fish consumption probability at the same income level
increases by 4.46%. Y=2) and over 10 kg (Y=3) reduce the
probability of fish consumption by 3.01% and 2.98%,
respectively.

As expected, there is a positive relationship between the
frequency of fish consumption and the amount of consumption.
As the frequency of fish consumption increases as a period, the
probability of fish consumption level (Y=0) and (Y=1)
decreases by 7.19% and 2.58%, while the probability of being
(Y=2) and (Y=3) decreases by 4.98% and (Y=3). increasing by
4.80%

One of the issues examined in the model is the relationship
between the type of fish consumed and the level of fish
consumption. According to the model results, it is possible that
those who consume anchovy and horse mackerel, which are the
most common sea fish in Tiirkiye, have lower fish consumption
levels. Those who prefer anchovy and horse mackerel in fish
consumption increase the probability of being in the (Y=0) and
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(Y=1) groups by 8.45% and 2.37%, respectively, while the
probability of being in the (Y=2) and (Y=3) groups is 5%, 88
and 4.94% decrease.

According to the model results, there is a positive
relationship between consumers' red meat consumption and fish
consumption. Red meat is mainly consumed in the region and
there is no comparison with fish meat. While fish meat is
consumed more seasonally and according to its availability in
the region, red meat is constantly reached and consumed.
Therefore, red meat and fish meat are not considered as
substitutes for each other. This reveals a positive relationship
between them in terms of consumption. The increase in the
amount of red meat consumption of consumers (Y=0) and
(Y=1) decrease the probability of being in the fish consumption
group by 6.00% and 2.15%, respectively, while the probability
of being in the fish consumption group (Y=2) and (Y=3)
decreases by 4.14%. and increases by 4.00%.

Fish cooking method has also been identified as one of the
variables that determine the amount of fish consumption. It has
been determined that those who prefer their fish consumption
by frying and grilling are less likely to consume fish than those
who consume it in other ways. That is, the probability of finding
(Y=0) and (Y=1) fish frying and grilling was 5.14% and 1.85%,
while the probability of finding (Y=2) and (Y=3) was 3.56%
and (Y=1). It decreases by 3.43 percent.

4. Conclusion and Recommendations

In the research, the gender, income, frequency of fish
consumption, the most consumed fish species, the amount of
red meat consumed annually and the method of cooking fish
determine the fish consumption tendency of the consumers. In
the study, when the relationship between fish consumption and
gender is examined, it has been determined that the level of fish
consumption decreases if the consumers are women and the
income level is high.

In order to increase the consumption of aquatic products,
which are a healthy food source in terms of balanced and
healthy nutrition and sustainability, the region should be
enriched with facilities where aquaculture products can be
produced regularly and fish can be kept. In this way, the
consumer group that tends to red meat can be directed to
seafood. It is possible to improve the fish consumption habits
of the consumers by conducting training activities on healthy
and balanced nutrition in the province. The public and private
sectors and even professional organizations can play an
effective role in changing the consumption preferences and
habits of consumers. With all these activities, the aquaculture
sector can be developed in all societies with the same ecological
characteristics and consumer tendencies.
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ABSTRACT

Vegetables are not only consumed fresh but also have an important place in nutrition in
terms of vitamins, carbohydrates, fats and proteins. Parts of these plants such as roots,
stems, leaves, fruits and seeds are used and consumed. This study was carried out in the
laboratories of Bingol and Ege Universities in 2022. In the study, some physical properties
(length, width, surface area, mean arithmetic and geometric diameters, and sphericity) of
seeds belonging to five different vegetables (dill, lettuce, parsley, arugula and tongue grass)
were investigated. Since the seeds examined in the study are "heirloom seeds", the values
obtained will enable sowing operations to be carried out with minimum seed loss by
making use of mechanization applications in small and narrow areas as well as breeding
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Dumanoglu, Z., & Ozturk, G. (2023). Agrotechnical characteristics of some vegetable seeds commonly grown in Denizli-
Acipayam. Journal of Agricultural Production, 4(2), 100-104. https://doi.org/10.56430/japro.1326502

1. Introduction

Vegetables are not only consumed fresh but also have an
important place in nutrition in terms of vitamins, carbohydrates,
fats and proteins. Parts of these plants such as roots, stems,
leaves, fruits and seeds are used and consumed. Vegetables are
used in human nutrition and they are rich in minerals such as
Ca, P and Fe, as well as vitamins A, B, C and D (Vural et al.,
2000). Moreover, some of the spices are considered as
medicinal plants, are added to food products and are used to
enhance the sensory properties of that food product such as taste
and flavor. Furthermore, these spice extracts have antimicrobial
activity against many microorganisms. This creates a great

®Correspondence
E-mail address: zdumanoglu@bingol.edu.tr

advantage in terms of human and food health against synthetic
preservatives in extending the shelf life of products naturally
(Negi, 2012). There are approximately 100 families of aromatic
plants within the Apiaceae (Umbelliferae) family (Al, 2019).
Some of these plants, which are used both as vegetables and
spices, are given below:

Arugula (Eruca Sativa L.): It is an annual gramine plant in
the Cruciferae (Brassicaceae) family. Arugula is pile-rooted
and its stem is rosette-shaped (Vural et al., 2000). The arugula
plant can be 10-50 cm tall, its leaves are toothed, and its flowers
are white and purple (Keles, 2015). Arugula, which is a biennial
plant, is used for its leaves in the first year and for seed
formation in the second year. It is grown in Mediterranean
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countries as fresh salad and garnish (Bianco & Boari, 1996). In
the Far East, it is used as an oil plant for human nutrition and
medicine (Esiyok, 1996; Vural et al., 2000). For cultivation,
between 100-150 kg of seeds is taken per decare (Vural et al.,
2000). Its leaves contain plenty of vitamin C, and its seeds have
stimulant, cough suppressant and aphrodisiac properties
(Isbilir, 2008).

Dill (Anethum graveolens L.): It is an annual cool climate
plant belonging to the Apiaceae or Umbelliferae family from
the Apiaceae family (Elik, 2010). The roots of dill are stinger-
shaped and white in color, the plant grows up to 90 cm in height
and has yellow flowers with umbrella shape and hermaphrodite
characteristics. The number of seeds per gram is 500-600.
Spread sowing is common in dill planting and the planting norm
is 1.5-2 g/m? (Esiyok, 2012). Dill seeds are used as essential oil
and spice, and its dried leaves are used as tea. Moreover, it has
been stated that it reduces the risk of cancer (Elsayed et al.,
2020). Its seeds have carminative, stomachic and diuretic
properties, moreover, relieve intestinal spasms and eliminate
bad breath. It is generally used as a sweetener in the food
industry as well as flavoring various foods such as pickles,
salads, sauces and soups. Since it prevents the growth of various
bacteria, it has a versatile use as a preservative (Jana &
Shekhawat, 2010).

Parsley (Petroselinum crispum L.): Parsley is a biennial
herb belonging to the genus Petroselinum from the Apiaceae
family. Parsley is used as a spice and medicinal plant for food
use and therapeutic purposes. Parsley, which is a Mediterranean
plant, is pile-rooted, 120 cm tall and has umbrella-shaped white
flowers (Vural et al., 2000; Menglan et al., 2005; Halag, 2018).
In the first year the green parts are grown for leaves and flowers
and in the second year the seeds are used (Telli & Uremis, 2010;
Al, 2019). Its seeds are rich in essential oil, while its green
leaves are rich in vitamins A, C and E (Ceylan et al., 2005). It
is consumed fresh in salads and meals. Parsley is harvested 3-5
times a year (Oztirk et al., 2014; Al, 2019). It has been
determined that parsley is effective against inflammatory
diseases and protects the liver with its high antioxidant
properties (Cagin, 2005; Ozbek et al., 2008).

Lettuce (Lactuca sativa L.): Lettuce is one of the most
important vegetables whose leaves are used. It is produced in
many countries around the world (Devlez, 2022). It is
considered as one of the most important vegetables of the leafy
vegetables group. The seeds are generally 3-6 mm long, 0.8-1.0
mm wide and 0.3-0.6 mm thick, and the color of the seeds can
vary between dirty white, yellow, cream, brown and black
(Cekim & Ozarslan, 2020). It can be grown in about 30-60 days
under field and greenhouse conditions in Tiirkiye and can be
produced throughout the year (Karaaga¢ & Balkaya, 2017).

Cress (Lepidium sativum L.): It is an annual gramineas
plant belonging to the cruciferous family (Brassicaceae) whose
leaves are consumed as a spice. This plant, whose origin is Asia
and North Africa, is consumed as a salad or side dish vegetable
due to its pleasant smell and slightly spicy structure (Karaali,
2011). The roots are pile rooted, the stem is rosette-shaped and
green in color. Flowers are scattered on the stem and on the
lateral and main branches. Erselic flowers are white and purple
in color. Seed yield per decare is between 60-70 kg (Vural et
al., 2000). Its leaves are rich in calcium, magnesium,
phosphorus, potassium, copper and manganese and vitamins A,
B6, C and K. Tongue grass is used in the treatment of diseases
such as cancer and asthma (Yanmaz et al., 2010; Haziroglu,
2022). Since the leaves and seeds of the plant contain secondary
metabolites called glucosinolate, they are especially used in
cancer treatment (Gil & Macleod, 1980; Yavasoglu, 2012).

In this study, some agrotechnical characteristics of seeds
belonging to five different vegetables (dill, lettuce, parsley,
arugula and cress) were determined. These vegetables, which
can be produced not only commercially but also in hobby
gardens, are among the products that are mostly produced and
consumed. Production can be made in large areas by using
mechanization from sowing/planting to harvest. However, in
the absence of sufficient facilities, portable agricultural tools
can be used. It is much easier to use these tools on narrow, non-
uniform, uneven and sloping land with leveling problems or in
hobby gardens. Determining the appropriate planting unit,
especially for such simple agricultural tools used for sowing
and planting, increases the possibility of producers to produce
without loss of seed under limited conditions. Therefore, it is
predicted that the basic physical properties investigated in the
study will be beneficial for the design and production stages of
such machines and for manufacturers.

2. Materials and Methods

This study was carried out in the laboratories of Bingol and
Ege Universities in 2022. The seeds examined in the study were
obtained from Acipayam district of Denizli province in Tiirkiye
(Figure 1). Five different vegetable seeds have been growing in
this region for about 30 years and are known as “heirloom
seeds”. These seeds, which are known to have 98-99%
germination ability, were sown in the 2021-2022 production
period.

Since Acipayam plain has a sandy soil structure, it creates a
suitable environment for growing vegetables and fruits.
However, due to the insufficient level of irrigation canals,
producers benefit from alternative irrigation methods
(www.acipayam.bel.tr/cografya-iklimi/).
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Figure 1. Map of Tiirkiye and Denizli province (www.cografyaharita.com).

In this study, some agrotechnical characteristics such as
length (mm), width (mm), surface area (mm?), mean arithmetic
and geometric diameters and sphericity of seeds belonging to
five different plants were determined (Dumanoglu & Ozturk,
2021). For the examination, 100 seeds were selected randomly
for each vegetable. Parameters such as length, width and
surface area were measured by using a stereo microscope

(Nikon SMZ 745T) with its own software (Dumanoglu &
Geren, 2020). Using the data obtained, mean arithmetic
diameter ((L+W)/2), geometric diameter ((L*D?)Y?) and
sphericity (Do/L) values were determined (L: Seed length value
(mm) W: Seed width value (mm), D: Mean arithmetic diameter
(mm); Do: Mean geometric diameter (mm)) (Mohsenin, 1970;
Alayunt, 2000; Kara, 2012, 2017).

Table 1. Classification of the seeds according to their geometric properties and shapes (Yagcioglu, 2015).

Classification by geometric Grain width/Grain length Classification by Length (a), Width (b), Thickness
properties (b/a) (mm) shape (¢) (mm)

Long <0.6 Round axb=c

Medium 0.6-0.7 Oval a3<b=c

Short >0.7 Long c<b<al3

3. Results and Discussion

In this study, some agrotechnical characteristics of seeds
belonging to five different vegetables, which are produced
intensively, were investigated.

According to the data obtained (Table 2), it was determined
that dill seeds had an average length of 3.835 mm, a width of

Table 2. Agrotechnical characteristics of some vegetable seeds.

1.648 mm, a surface area of 4.711 mm?, an arithmetic diameter
of 2.742 mm, a geometric diameter of 9.828 mm and a
sphericity of 2.525. The values found coincide with the seed
characteristics stated (its seeds are fragrant, small, 4-5 mm long,
1.5-3.5 mm wide, flat and slight, with gray-brown lines on it)
by some researchers (Ceylan, 1997; Rekha et al., 2010; Elsayed
etal., 2020).

Seed Properties Dill Lettuce Parsley Arugula Cress
Length (mm) 3.835 3.387 2.685 1.686 2.580
Width (mm) 1.648 0.927 1.125 1.333 1.137
Surface area (mm?) 4,771 2171 2.423 1.891 2.622
Mean arithmetic diameter (mm) 2.742 2.157 1.905 1.510 1.859
Mean geometric diameter (mm) 9.828 5.366 3.328 1.298 2.992
Sphericity 2.525 1.562 1.219 0.763 1.154

Lettuce seeds were found to have an average length of 3.387
mm, a width of 0.927 mm, a surface area of 2.171 mm?, an
arithmetic diameter of 2.157 mm, a geometric diameter of 5.366
mm and a sphericity of 1.562. Cekim and Ozarslan (2020)
determined that lettuce seeds had a length of 3.36 mm, a width
of 0.84 mm and a thickness of 0.54 mm, and a projection area

of 2.79 mm? with a sphericity value of 0.34. The values
obtained coincide with the data found in this study.
Furthermore, it was determined that parsley seeds had 2.685
mm length, 1.125 mm width, 2.423 mm? surface area, 1.905
mm arithmetic diameter, 3.328 mm geometric diameter and
1.219 sphericity. Arugula seeds were found to have a length of
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1.686 mm, a width of 1.333 mm, a surface area of 1.891 mm?,
an arithmetic diameter of 1.510 mm, a geometric diameter of
1.298 mm and a sphericity of 0.763. Besides, it was determined
that cress seeds had 2.580 mm length, 1.137 mm width, 2.622
mm? surface area, 1.859 mm arithmetic diameter, 2.992 mm
geometric diameter and 1.154 sphericity.

According to the values obtained and the seed
characteristics in Table 1, it was determined that dill, lettuce,
parsley and cress seeds had a long and oval structure, while
arugula seeds had a short and oval structure. Accordingly, dill,
parsley, arugula and cress seeds have similar seed properties,
thus, it is possible to plant them using the same planting
arrangement. However, the morphological structure of lettuce
seeds is different from the other four vegetable seeds. Hence,
choosing a planting unit suitable for lettuce seeds is important
in terms of preventing possible seed losses.

The seed of each plant has its own characteristics. However,
knowing these agrotechnical characteristics makes the sowing
process more practical and economical. The ancestral seeds
used in this study meet the predictions of the producers in terms
of yield and quality because they maintain their seed
characteristics over time and adapt to the climatic
characteristics of the region. It is also expected to contribute to
the design of new machinery and tools.
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1. Introduction

The blue crab, characterized by its superior meat quality and
elevated market value, holds prominence within regions of
cultivation, notably within Western nations. Additionally, the
blue crab demonstrates commercial viability within Tiirkiye,
with its significance exhibiting an upward trajectory (Millikin
& Williams, 1984; Agbas et al., 2008; Kaya & Yalgin, 2018).
Blue crabs live mostly in the Western Atlantic Ocean and the
Gulf of Mexico (Jivoff et al., 2017; Weatherall et al., 2018). In
later periods, they were transported to European and Far
Eastern waters around large fishing ships and through the ships’
ballast water. Over time, the blue crabs that continue their lives
here have come to the fore as an important commercial product.

®Correspondence
E-mail address: ovgu.gencer@ege.edu.tr

(Havens et al., 2008; Nehring et al., 2008). The confluence of
its meat’s exceptional attributes and its commensurate premium
pricing has induced a discernible escalation in global crab
capture rates, prompting commensurate investments within the
domain of agquaculture (Atar et al., 2001). Within the Turkish
context, blue crabs, which densely populate the Beymelek,
Akyatan, and Yumurtalik regions, have attained escalating
significance (Enzerob et al., 1997).

Blue crabs, inhabitants of various locales, notably the
Mediterranean and Aegean coastlines, exhibited a catch of 2.1
tons in the year 2012, as documented by the Turkish Statistical
Institute (TUIK). Subsequent years witnessed a notable surge,
with figures reaching 8.8 tons in 2017 and approximately 10.5
tons in 2018. However, a discernible decline ensued, as
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evidenced by a reduced capture of 1.5 tons by the year 2021.
An assessment of the cumulative haul of crustaceans and
molluscs extracted within the territorial waters of Tirkiye
reveals a discernible trend. Specifically, the aggregate capture
amounted to 80,685 tons in 2012, a metric that saw a
consequential contraction to approximately 32,728.30 tons by
the year 2021 (TUIK, 2023).

Crustaceans and molluscs, distinguished by their
prominence as consumable sustenance, owe their dietary appeal
to their elevated protein quotient, mineral abundance, and fatty
acid composition (Reichmuth et al., 2009; Bembe et al., 2017).
The present endeavor embarks on a scrutiny of the causal
factors underlying the fluctuations in the cultivation and
capturing of aquaculture produce within environments tainted
by contamination. This pursuit further entails a comprehensive
inquiry into the repercussions these perturbations wield upon
the yields of analogous crustacean and mollusc species. The
methodology employed herein encompasses rigorous statistical
analyses, applied to the dataset at hand.

The aim of this study was to determine the relationship
between blue crab production amounts and the catch rate of
other crustaceans and molluscs in Tiirkiye. In this context, other
factors affecting the amount of blue crab production are also
wanted to be included in the analysis. In addition, as a result of
the study, it is aimed to estimate the blue crab production
amounts for the coming years.

2. Materials and Methods

Within the ambit of this study, analytical methodologies
were diligently applied to the corpus of data culled from the
official online repository of TUIK. Complementing the
meticulous examination of the quantum of blue crab extractions
spanning the years 2012 to 2021, a comprehensive ensemble of
marine organisms was subjected to meticulous analysis. These

Table 1. Basic statistics of the data.

encompassed, inter alia, octopuses, insect species, sea crayfish,
lobsters, calamari, male and jumbo shrimp, karabiga shrimp,
cockles, black mussels, cuttlefish, mackerel, as well as sundry
other members of the crustacean and mollusc taxa. In parallel
to these entities, an assortment of additional variables were
seamlessly integrated into the analytical framework. These
encompassed the collective volumes of crustaceans and
molluscs (10° m3), total freshwater fish (10° m®), renewable
water resources per capita (10° m®), renewable surface water
(10° m3), total water withdrawal per capita (10° m3), and water
allocation designated for aquacultural purposes (10° m3).
Moreover, the finalization of the analytical phase was
effectuated by means of a comparative investigation. This
investigation facilitated the discernment of patterns and
dynamics by juxtaposing the quantities of marine produce,
aquaculture-derived products, and freshwater commodities
across identical temporal intervals.

Statistical computations were performed, founded upon the
assemblage of accumulated data. Subsequently, variables
affiliated with diverse biological entities identified as
crustaceans and molluscs, in conjunction with volumetric
measurements  pertaining to water quantities, were
systematically identified. The relationships between blue crab
and other crustaceans and molluscs, water related statistics,
aquaculture statistics were examined by regression analysis.
The reason for using regression analysis between dependent
and independent variables is that the variables are continuous.

3. Results and Discussion

The dataset harnessed for the purposes of this investigation
was procured from the online repository maintained by TUIK.
Comprising a comprehensive compendium, the dataset enlists
a total of 23 distinct variables, encompassing the blue crab
among others, spanning the temporal scope from 2012 to 2021.

Median Standard Deviation Minimum Maximum

Octopus 259.230 55.507 162.70 361.00
Insect 4.120 3.835 .50 11.50
Crayfish 2.570 2.551 .10 6.90
Lobster 3.450 2.407 1.40 8.00
Calamari 487.550 91.869 367.20 631.40
Male Shrimp 85.610 85.626 26.60 255.10
Jumbo Shrimp 586.900 117.717 451.80 758.80
Karabiga 251.660 72.326 171.60 383.90
Cockles 21.840 27.110 .80 83.40
Black Clam 499.930 296.000 48.70 887.40
Cuttlefish 846.980 126.727 696.80 986.00
Scallop 7.580 6.088 1.30 21.60
Blue Crab 3.570 3.456 .60 10.50
Other 271.170 216.075 25.00 761.90
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Table 1. (continued)

Median Standard Deviation Minimum Maximum
Total Shelled Mollusks 49266.020 14753.546 32728.30 80685.00
Total Freshwater 33549.940 1939.994 30139.00 36134.00
Per Capita Renewable Water Supply 2836.335 125.603 2691.52 3040.81
Renewable Surface Water 171.800 .000 171.80 171.80
Total Water Extraction Per Person 56.307 5.039 48.28 62.21
Water Extraction for Aquaculture 706.388 34.965 646.68 744.08
Seafood 336404.100 54975.635 266078.00 431572.00
Aquaculture Products 303215.800 89632.605 212410.00 471686.00
Freshwater Products 33549.900 1939.959 30139.00 36134.00

Upon reviewing the data presented in Table 1, it becomes
evident that blue crabs exhibited an average catch of 3.57 tons
(£3.456) over the past decade. The year of least catch yielded
0.6 tons, while the peak year observed a capture of 10.50 tons.
Correspondingly, the 10-year average for lobsters, classified
within the same category of crustaceans and molluscs as blue
crab, stands at 3.45 tons (£2.407), mirroring the pattern seen in
blue crab. Notably, the preeminent mean within the crustaceans
and molluscs category was attributed to cuttlefish, recording a
substantial 846.980 (+126.727). In addition, it is noteworthy
that the dataset indicates an average freshwater volume of

33,549.940 x 10° m? (£1,939.994). Furthermore, it is observed
that the amount of renewable surface water remained unaltered
and constant throughout the ten-year span, maintaining a
volume of 171.800 x 10° m>.

Since the data in the data set are continuous variables and
the statistical method of measuring the relationship between
continuous variables is regression analysis, the values between
the variables were compared with the regression analysis
method.

Table 2. Comparison of blue crab with other crustaceans and molluscs.

Constant B R square

Octopus 10.553 -0.27 0.187 F test: 1.842
p value: 0.212

Insect 4.632 -0.258 0.082 F test: 0.712
p value: 0.423

Crayfish 3.717 -0.057 0.002 F test: 0.014
p value: 0.908

Lobster 4.209 -0.185 0.017 F test: 0136
p value: 0.722

Calamari -0.429 0.008 0.048 F test: 0.399
p value: 0.545

i 4.583 -0.012 0.086 F test: 0.753
Male Shrimp p value: 0.411
Jumbo Shrimp -9.604 0.022 0.584 F test: 11.250
p value: 0.010

Karabiga 8.661 -0.020 0.179 F test: 1.746
p value: 0.223

Cockles 4.642 -0.049 0.148 F test: 1.393
p value: 0.272

Black Mussel 2.526 0.002 0.032 F test: 0.265
p value: 0.621
Cuttlefish -13.751 -0.020 0.562 F test: 110.274
p value: 0.013

Crab 3.272 0.039 0.005 F test: 0.038
p value: 0.849

Other 0.423 0.012 0.526 F test: 8.895
p value: 0.018

All Variables 7.564 -0.013 0.223 Ftest: 7.112
p value: 0.321
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Based on the regression outcomes presented in Table 2, it is
discernible that a statistically significant association exists
between Jumbo shrimp (58.4%), Cuttlefish (56.2%), and other
species (52.6%), and blue crab. Conversely, when scrutinizing
the associations with the remaining variables, it is evident that

Table 3. Comparison of blue crab and water related statistics.

the p-values surpass the threshold of 0.05. As such, a lack of
statistical significance prevails in relation to these variables. It
can be said that when all data are included in the equation at the
same time, the p value is greater than 0.05 and the model is not
statistically significant.

Constant B R square
-0.417 . A1 F test: 1.014
Total Crustaceans and Molluscs 0 0.00008 0.119 est: 1.0
p value: 0.328
1.377 -0.001 .64 F test: 14.201
Total Fresh Water 513 0.00 0.6 es 0
p value: 0.005
Renewable Water Per Person 31.473 -0.012 0.189 F test: 1.860
p value: 0.210
-8. 217 1 F test: 0.897
Total Water Extraction Per Person 8.665 0 0.100 test: 0.89
p value: 0.372
. -18.160 0.031 0.097 F test: 0.858
Water Extraction for Aquaculture
p value: 0.381
2. 14 221 F :1.321
All Variables 62.335 0.143 0 test: 1.3
p value: 0.310

Upon dissecting the data encompassing blue crab catch
statistics and water-related metrics, as delineated in Table 3, an
observation surfaces. Specifically, among the considered
parameters, solely the aggregate proportion of freshwater
exhibits a noteworthy linkage with the blue crab catch statistics,
as underscored by a p-value of 0.005, which stands below the

Table 4. Comparison of blue crab and aquaculture statistics.

predetermined significance threshold of 0.05 (p=0.005<0.05).
Significantly, it can be deduced that a singular modification in
this variable accounts for 64% of the variability observed in the
recorded blue crab capture quantities. It can be said that when
all data are included in the equation at the same time, the p value
is greater than 0.05 and the model is not statistically significant.

Fixed B R square
7.524 -0.00001 0.035 F test: 0.290
Seafood
p value: 0.605
1.910 0.00005 0.020 F test: 0.165
Aquaculture Products
p value: 0.696
51.378 -0.001 0.640 F test: 14.201
Freshwater Products
p value: 0.005
. 40.185 -0.000315 0.320 F test: 7.325
All Variables
p value: 0.371

Upon juxtaposing blue crab, seafood, aquaculture products,
and freshwater commodities as presented in Table 4, a
noteworthy observation emerges. Specifically, the sole
discerned instance of statistical significance pertains to the
influence of variations in freshwater products on blue crab
catch statistics, substantiated by a p-value of 0.005, which

resides below the established threshold of significance (0.05)
(p=0.005<0.05). This interrelation exhibits a calculated ratio of
0.64. It can be said that when all data are included in the
equation at the same time, the p value is greater than 0.05 and
the model is not statistically significant.
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Table 5. Regression analysis results of variables significantly associated with blue crab.

Beta Coefficient R Square F Test p value
Fixed 23.226 0.819 5.655 0.042
Freshwater Products -.001
Other 0.004
Cuttlefish 0.002
Jumbo Shrimp 0.008

In reference to Table 5, a comprehensive regression analysis
was conducted to investigate the interplay between blue crab
and the pertinent variables, namely freshwater products, other,
cuttlefish, and jumbo shrimp, which have been statistically
determined to bear significance in relation to blue crab. The
scrutiny of this relationship proves substantiated, signified by
the notable R square value of 0.819 and the p-value falling
below the established threshold of 0.05. Consequently, it can be
asserted that the alterations observed across the aforementioned
four variables collectively account for a substantial 81.9% of
the variations discerned within the blue crab capture quantities.

Table 6. Blue crab catch estimates for the next 5 years.

Estimate (ton)

2024 151
2025 .61
2026 2.01
2027 8.81
2028 10.51

Utilizing the formulated equation, prognostications for
forthcoming years' blue crab catch statistics have been derived,
as showcased within Table 6.

4. Conclusion

In conjunction with the documented blue crab catch
quantities spanning the interval from 2012 to 2021, as extracted
from the TUIK website, a diverse array of marine entities has
been embraced for analytical contemplation. This
comprehensive roster encompasses octopus, insect species,
crayfish, lobsters, calamari, male and jumbo shrimp, karabiga
shrimp, cockles, black mussels, cuttlefish, mud crab, and
assorted other specimens within the crustacean and mollusc
classification. Expanding the analytical purview, an assortment
of hydrological metrics has been amalgamated. These
encompass a spectrum of parameters, including the aggregate
volumes of total crustaceans and molluscs (10° m?), total
freshwater fish (10° m®), per capita renewable water resources
(10° m?), renewable surface water (10° m?), total water
withdrawal per capita (10° m?), and water withdrawal
designated for aquaculture activities (10° m?). Furthermore, the
ambit of analysis incorporates catch statistics pertaining to

overall seafood yields, aquaculture-based products, and
freshwater commaodities.

When the relationships between the variables in the data set
and the blue crab were examined, firstly, each variable and the
blue crab were included in the regression analysis one by one.
As a result of these analyses, it was determined that there was
a significant relationship between jumbo shrimp, cuttlefish and
other groups and blue crab. Additionally, the relationship is
statistically significant when all variables are taken together.

When the relationship between blue crab and water-related
measurements was examined, it was concluded that there were
significant relationships only when the Total Fresh Water
variable and all variables were analyzed together. The
relationship between other variables and blue crab was not
statistically significant. At the same time, when the statistics of
blue crabs and aquaculture were compared, it was concluded
that there was a statistically significant relationship only
between the freswater products variable and blue crabs.

The predictions for the next 5 years regarding blue crab
statistics are as follows; 1.51; 0.61; 2.01; It was estimated at
8.81 and 10.51 tons.

As inferred from the outcomes of the conducted analysis:

- Within the cohort of 13 analyzed crustaceans and
molluscs, noteworthy correlations have been established
between the catch rates of jumbo shrimp, cuttlefish, and the
other subgroup, and the catch rate of the blue crab variable.

- Amidst the considered hydrological metrics, sole
statistical significance has been attributed to the realm of total
freshwater statistics, which exhibits a substantial relationship
with the blue crab catch rate.

- Upon comparative evaluation vis-a-vis aquatic
products, it is deduced that a statistically significant
relationship manifests exclusively with the catch rates
attributed to freshwater products.

- When the cases in which all variables are included in
the equation at the same time in all analyzes are examined, it
can be said that the p value is greater than 0.05 and all models
are not statistically significant.

In order to gauge the collective relationship of these
statistically significant variables, a regression analysis was
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employed. The outcome of this analysis unveiled an impressive
R square value of 0.819, attesting to the substantial significance
of the interrelations among these variables. Drawing from the
regression findings, when prognosticating future blue crab
catch statistics, the predictive model indicates an ascent.
Specifically, the catch rate, which stood at 1.51 tons in 2024, is
anticipated to ascend to 10.51 tons by the year 2028.

Furthermore, in subsequent research endeavors, there exists
a strategic intent to conduct a comparative analysis. This
prospective investigation aims to juxtapose the relationship
between freshwater products and the catch statistics of blue
crab and other crustaceans and molluscs, utilizing datasets from
other nations. By doing so, an overarching study of enhanced
scope will be undertaken, thereby facilitating a comprehensive
examination of blue crab catch statistics. This envisaged
approach is poised to further amplify the depth and scope of the
present study.
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Cadmium (Cd) is omnipresent trace element in environmental that is unessential in plants.
Cd levels rise because of anthropogenic activity such as the combustion of fossil fuels,
phosphate fertilizer manufacturing, mineral fertilizers, batteries technology. It is extremely
toxic metal and reduces plant growth. In this context, the aim of this study was to
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investigate the effect of different concentrations (5/10/20/40 ppm) of Cd on germination of
seeds and physiological effects in early developmental stage of tomato Solanum

Germination lycopersicum Lam. seedlings. 20 ppm (80%) and 40 ppm (83.3%) Cd concentrations

HeaVY metal caused significantly decrease in germination percentage. All Cd treatments were resulted
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Vigor index with decrease in Vigor Index, especially in 20 ppm (42% decrease compared to control).

Application of 5 ppm Cd caused decreases in chlorophyll and carotenoid contents in

seedlings. Finally, significant decrease in protein content of 5 ppm, 10 ppm and 20 ppm

i treated seedlings were determined compared to control. As a conclusion, Cd negatively

iEl : affected germination and physiological parameters of tomato in early developmental stage.

Overall, these results indicate that Cd affects different physiologic processes and pathways
according to concentration.
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1. Introduction

water, soil, and food effect on nervous, and respiratory systems
leads to cancer (Mahajan & Kaushal, 2018).

Some heavy metals (Cu, Zn, Fe, etc.) are micronutrients that

essential in very small amounts for plant growth, but others (Cd,
Co, Pb) are metals that have a toxic effect even at very low
concentrations (Verbruggen et al., 2009). The average dietary
cadmium (Cd) uptake by populations in low-income countries
are below World Health Organization limits of concern.
However, Cd intake increases in some developing countries;
therefore, managing Cd transfer across the food chain is critical
to limiting human exposure. Long-term exposure to Cd via air,

®Correspondence
E-mail address: omerbingol@yyu.edu.tr

Cd toxicity is effective on plant growth because of its great
mobility and assimilability. Cd enters plants through the roots
and then transported by transporters through shoots and into
vascular bundles (such as phloem and xylem) in the ionic state
(Dong et al., 2019). The most obvious effect of Cd toxicity on
plants is on photosynthesis. Iron (Fe®*) reductase enzyme is
inhibited by Cd induction and it has a major impact on the
photosynthetic process and its components. Cd causes stomatal
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closure and overall photosynthetic suppression by degradation
of chlorophyll, which is essential for photosynthesis (Hasan et
al., 2009).

One of the most important actions in the plant lifecycle is
seed germination. Seed germination physiology is combination
of different aspects as dormancy, imbibition, mineral uptake
and hormone balance (Guilherme et al., 2015). Toxic amounts
of Cd in plants restrict germination, affect growth and
production, interfere with physiological processes in seedlings,
and thereby reduce agricultural productivity (Raza et al., 2020).

Cd has been shown in recent research to limit seed
germination via various mechanisms, despite the fact that some
cultivars continue to germinate in the presence of high Cd
concentrations. There are two proposed routes for effect of Cd
on seed germination. First, Cd reduces hydrolyzing enzyme
levels, starch mobilization, and seed imbibition, all of which
have a negative impact on metabolic reactivation. Second, Cd
can affect signaling pathway by Calcium (Ca), mitogen-
activated protein kinases (MAPKSs), and transcription factors
(TFs). This interaction will naturally trigger the phytohormonal
mechanism, especially gibberellic acid, auxin and stress
hormone abscisic acid. All these interactions crucial in the seed
germination process (Huybrechts et al., 2019).

Cd exposure influences not only germination but also
seedling formation; nonetheless, investigations linking the
relationship between Cd administration and physiological
parameters during seedling formation are still scarce. In the
study, germination and physiological parameters were analyzed
to understand the responses of tomato seedling to different Cd
concentrations.

2. Materials and Methods
2.1. Materials

All chemicals were purchased from Sigma-Aldrich, Thermo
Fischer, Carlo Erba, Isolab and Duchefa.

The seeds of Solanum lycopersicum cultivar H2274 was
used as plant material. Tomato seeds were surface sterilized
with sodium hypochlorite (3%) for ten minutes. Seeds were
washed with sterile distilled water for four or five times.
Additionally, seeds were treated with ethanol (80%) for 30 or
40 seconds. Surface sterilized seeds were rinsed with sterile
distilled water for several times. Sterilized seeds are used for
germination and seedling for Cd toxicity tests.

2.2. Methods

2.2.1. Determination of cadmium effect on
germination and Vigor Index test

Cadmium chloride (CdCl,) was used for Cd exposure. Ten
uniform seeds were placed in sterile petri dishes covered by
double filter paper for each application as triplicate. Hoagland’s

solution was used for control, different Cd concentrations
(5/10/20/40 ppm) were used to determine Cd effect on
germination.

Germination percentage was calculated as following
formula at the end of the fifth day when germination was
completed in the control group;

Germination Percentage (%) = (Germinated seeds/Sowed
seeds) * 100

The vigor level of each treated seed lot was calculated
according to formula (Kumar et al., 2012);

Vigor Index = Seedling length (mm) x Germination
percentage (%)

2.2.2. Determination of cadmium effect on seedling
growth

Surface sterilized seeds were planted in plastic pots
(including 180 ml of Hoagland’s medium). Seven days old,
seedlings were exposed to different Cd treatments (5/10/20/40
ppm) for five days. Seedlings were harvested at the 12" day.
Shoot and root length were measured by a ruler. Fresh weight
was weighed for shoot and root tissues. Tissues were incubated
at 72 °C for 48 hours to measure dry weight. Finally, Relative
Water Content (RWC) was calculated following formula
(Smart & Bingham, 1974):

RWC (%) = (Turgid weight-Fresh weight)/(Turgid weight-
Dry weight) x 100

2.2.3. Determination of cadmium effect on pigments
and protein content

Chlorophyll a, b and carotenoids were determined by using
spectrophotometer (AE-S90-MD UV-VIS). Leaf samples
(approximately 0.1 g) were homogenized using 80% acetone to
measure pigment content. Chlorophyll and carotenoids contents
were assessed by determining absorbance at 470, 645 and 662
nm (Arnon, 1949). Chlorophyll and carotenoids contents were
calculated as mg/g fresh weight (Lichtenthaler & Wellburn,
1983).

Protein content of tomato seedlings was determined using
the Bradford technique. 5 ml sodium phosphate buffer (pH 6.1),
homogenized and centrifuged for 20 minutes at 2300 g.
Bradford reagent was added to the supernatant, and the
absorbance at 595 nm was measured. The absorbance was
measured on a spectrophotometer using a standard curve
produced with BSA (bovine serum albumin, concentration of
0.1 - 1%) (Bradford, 1976).

2.2.4. Statistical analysis

Data were presented as average and standard error of mean
(SEM). Experiments were conducted as at least three
independent replicates. GraphPad Prism 8 package program
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one-way anova Fisher’s LSD test was used to compare groups.
P value lower than 0.05 was accepted as statistically significant.

3. Results and Discussion

3.1. Determination of Cadmium Effect on
Germination

Cd exposure affected germination percentage of tomato
plant. The highest germination percentage (96.7 %) was in the
control group. 20 ppm (80%) and 40 ppm (83.3%) Cd
concentrations caused significantly decrease in germination
percentage compared to control (Figure 1A). The germination
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of soybean, lettuce, and sugar beet (Beta vulgaris L.) seedlings
was reduced by 8.0%, 19.0%, and 18.0%, respectively, after
exposure to 5 mg/L Cd (Li et al., 2013; Guilherme et al., 2015).

In addition, Cd treatments affected significantly Vigor
Index parameters; the highest vigor index value was calculated
in the control group (Figure 1B). Cd stress causes decrease in
the release of starch from cotyledons due to the reduction in
amylase activity (Kalai et al., 2016). The lower mobilization of
storage in sorghum seeds (Sorghum bicolor L.) has been
attributed to a restriction of hydrolyzing enzymes, specifically
acid phosphatases, proteases, and —amylase so germination was
affected (De Lespinay et al., 2010).
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Figure 1. Germination percentage and vigor index of tomato seeds exposed to different Cd concentrations. Different lowercase letters
on the columns indicate significantly difference between treatments, P<0.05.

3.2. Determination of Cadmium Effect on Seedling
Growth

The highest root length was measured in 5 ppm Cd treated
tomato seedlings. Probably, tomato seedlings adapted to low
concentration of Cd. On the other hand, 10 ppm, 20 ppm and
40 ppm Cd treatments caused significantly decreases in root
length compared to control (Figure 2A). The highest shoot
length was measured in control seedlings. The lowest shoot
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length was measured in 40 ppm treated seedlings. Cd treatments
caused significantly decreases in shoot length according to
control (Figure 2B).

Our results indicated that Cd affected on seedling growth.
Especially shoot lengths were more effected by increase in Cd
concentrations. Root and shoot length are most sensitive end-
points and considered good indicators for metal toxicity
(Ahmad et al., 2011).
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Figure 2. Root and shoot length measurements (cm) exposed to different Cd concentrations. Different lowercase letters on the columns

indicate significantly difference between treatments, P<0.05.
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3.3. Determination of Cadmium Effect on Pigments
and Protein Content

Cd is a toxic heavy metal that can have detrimental effects
on plant photosynthesis (Gallego et al., 2012). Considering the
effects of chlorophyll in seedling development; 5 ppm Cd
treatment caused significantly decrease in pigment content
compared to control. (Figure 3A). Cd toxicity has an effect on
plants by limiting carbon fixation and lowering chlorophyll
content and photosynthetic activity (Gallego et al., 2012). The
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interaction between Cd and chlorophyll production reduces
chloroplast density and causes chlorosis in oilseed crops such
as rapeseed (Baryla et al., 2001).

5 ppm, 10 ppm and 20 ppm Cd treatments caused
significantly decrease in carotenoid content according to
control (Figure 3B). Cd mainly affects photosynthesis
metabolism and its pigments, carotenoids and chlorophyll
synthesis (Rafiq et al., 2014).
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Figure 3. Chlorophyll and carotenoid contents of tomato seedlings exposed to different Cd concentrations. Different lowercase letters
on the columns indicate significantly difference between treatments, P<0.05.

The highest protein content was determined in control
seedlings. 5 ppm (1301 pg/g FW), 10 ppm (1070 pg/g FW) and
20 ppm (1368 pg/g FW) Cd treatments caused significantly
decrease in protein content according to control (1697 pug/g
FW) (Figure 4). Metal pollution disrupts plant metabolism
through interactions with enzymes and biochemical events that
occur within the plant (Ashraf et al., 2011).
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Figure 4. Protein content of tomato seedlings exposed to
different Cd concentrations. Different lowercase letters on the
columns indicate significantly difference between treatments,
P<0.05.

Cd related DNA damage destroys cell membranes and
nucleic acids, damages photosynthetic proteins, and reduces
protein synthesis, all of which have an impact on organism
growth (Abbas et al., 2017). Protein expression of numerous
metabolic pathways was negatively affected by Cd entrance in
plants. Several proteins abundance decreased associated by
oxidative stress response to Cd toxicity (Haider et al., 2021).

4. Conclusion

In conclusion, Cd has reached extremely serious and
alarming levels in terms of food safety all over the world,
especially with the development of technology. High Cd
concentration in plants, which are primary producers, delays
their development and photosynthetic activity, which reduces
crop productivity. In addition, Cd appears to have a serious
effect on germination by acting on enzymes and on early
development stage Cd effect primary carbon metabolism and
oxidative stress response mechanism, caused to the appearance
of chlorosis and changes in protein profile especially in
youngest leaves and reduction in growth and yield. However,
bioremediation technologies used to decontaminate Cd,
understanding Cd accumulator plant mechanisms, and selecting
resistant species may provide economically viable and
environmentally options for remediating Cd-contaminated soil.
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ABSTRACT

Water stress poses a significant challenge for plant growth and productivity, impacting
both yield and quality. With the ongoing changes in global climate, mitigating the adverse
effects of water deficiency on plants has become crucial. In this study, the focus is on
enhancing the tolerance of Ocimum basilicum L., a plant highly susceptible to water stress.
To achieve this, in this study examined the effects of zinc fertilizer supplementation at
varying rates (2.5 - 5 and 10 mg/kg) on O. basilicum grown in silty sandy soil and subjected
to water stress conditions. Several parameters, including mineral uptake, morphological
characteristics, total phenol and flavonoid contents, and essential oil compounds, were
evaluated in sweet basil. The results revealed that water stress had a detrimental impact on
the morphological properties and secondary metabolites analysed. Estragole emerged as
the main compound in the essential oil analysis, with the highest concentration (69.37%)
observed in the group treated with 10 mg/kg of zinc fertilizer. Conversely, the lowest
concentration (66.14%) was recorded in the water-stressed group without fertilizer.
Notably, the application of zinc fertilizer at concentrations of 5 and 10 mg/kg significantly
ameliorated the negative effects induced by water stress. Furthermore, zinc exhibited
diverse mechanisms of action concerning the uptake of other nutrients from the soil.
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and morphological properties. Journal of Agricultural Production, 4(2), 117-127.

1. Introduction

Plants are exposed to abiotic stress factors such as drought,

limits the growth and productivity of plants more than other
stress factors. Due to the global climate change experienced in
recent years, the decrease in the amount of water that can be

abnormal temperature changes, salinity, UV, which can cause
harmful effects on plant growth many times throughout their
lives. Drought, one of these stress factors, negatively affects the
phenological, morphological and physiological characteristics
of the plant, causing yield and quality losses (Zulkiffal et al.,
2021; Pulvento et al., 2022). In this respect, water deficiency

®Correspondence
E-mail address: fulusu@kmu.edu.tr

used in agricultural lands causes a lack of nutrients in the
products, resulting in serious yield losses (Weisany et al.,
2021). In this context, it will be beneficial for the future of
agricultural production to develop alternative methods that can
increase the drought tolerance of products that are less sensitive
to global climate change or to be grown.
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Ocimum basilicum L. (Sweet basil) is a member of the
Lamiaceae family and is renowned for its rich secondary
metabolites, including phenolic acids and terpenoids (essential
oils), which have been widely studied for their medicinal and
aromatic properties (Shahrajabian et al., 2020; Celikcan et al.,
2021). This highly valuable plant plays a significant role in
various industries such as pharmaceuticals, food, and
perfumery, contributing to the economy (Rezaei-Chiyaneh et
al., 2021). Sweet basil contains phytochemicals that exhibit
diverse therapeutic properties, including antioxidant,
anticancer, and antimicrobial effects, making it a crucial
component in agricultural practices worldwide (Ahmed et al.,
2019; Chu et al., 2022; Perna et al., 2022). However, the
sensitivity of basil, especially when exposed to water stress in
arid and semi-arid regions, negatively impacts its performance
and leads to reduced essential oil production (Garcia-Caparros
et al., 2019). This decline in essential oil output hinders the
industrial utilization of the plant. Consequently, several studies
have focused on developing strategies to enhance the
adaptability and tolerance of basil to abiotic stress factors,
resulting in the emergence of various applications and
techniques (Farouk et al., 2020; Hozayn et al., 2020; Taha et
al., 2020; Kahveci et al., 2021).

While various agricultural practices have successfully
enhanced crop yield, improper usage of chemical fertilizers has
led to significant issues, causing damage to soil physiology and
biochemistry (Ahmadi & Souri, 2020; Zargar Shooshtari et al.,
2020). Although plant genetics primarily determine the
composition and quantity of phytochemicals, studies have
shown that different cultivation techniques employed during
plant development can also influence these phytochemicals
through distinct mechanisms (Jeffery et al., 2003). Among the
commonly employed cultivation techniques, the application of
plant nutrients to the soil or directly to the plants remains a
popular choice. By utilizing different fertilizers (organic,
vermicompost, chemical) at various doses, these techniques
have proven to positively impact the phytochemical profiles of
medicinal and aromatic plants, offering support for both
increased yield and improved quality (Ulusu & Sahin, 2021). It
is important to carefully consider and implement appropriate
fertilization strategies to maximize the benefits while
minimizing any adverse effects on soil health and plant

physiology.

Zinc (Zn), a micronutrient, plays a crucial role in vital bio-
physicochemical processes within plants, including protein
synthesis and gene regulation, among others. Additionally, zinc
serves as a cofactor for antioxidant enzymes, helping to
mitigate oxidative damage in plant cells during abiotic stress
conditions (Marreiro et al., 2017). Moreover, zinc holds a
special significance in safeguarding plants against water
deficiency stress (Noman et al., 2019). A study demonstrated
that the application of zinc fertilizer increased the essential oil
production in Matricaria recutita L. plants exposed to drought

stress (Jeshni et al., 2017). Similarly, in another study, it was
reported that the application of zinc fertilizer to Galanthus
elwesii Hook. significantly enhanced the content of total
flavonoids, phenolic compounds, alkaloids, galanthamine, and
lycorine (Ay et al., 2023). Furthermore, zinc improves the
uptake efficiency of other nutrients such as nitrogen and
phosphorus by plants (Shivay et al., 2015), thus, making it vital
for minimizing the detrimental effects caused by nutrient
deficiencies in plants. In this context, assessing the efficacy of
zinc in enhancing the drought tolerance of basil plants holds
significant value for agricultural production. Currently, there is
limited literature available on the evaluation of various fertilizer
applications for medicinal and aromatic plants, particularly in
the case of O. basilicum (Kalamartzis et al., 2020; Celikcan et
al., 2021; Kulak et al.,, 2021). Thus, this study aims to
investigate the potential effects of different dosages of zinc
fertilizer on the drought tolerance of basil plants, focusing on
alterations in morphological properties and phytochemical
components such as total phenolics and essential oils. By
examining these aspects, the study seeks to provide valuable
insights into optimizing the cultivation practices of basil plants
under drought-stress conditions.

2. Materials and Methods
2.1. Plant Material

O. basilicum seeds were obtained from Genta (Simagro
Agro & Seed Company) for the experiment. Prior to the
planting date, the seeds were stored at 4 °C. To ensure seed
sterilization, the basil seeds underwent a surface sterilization
process, involving a 1 min incubation in a 1% NaClO solution.
The study was conducted in a greenhouse, providing optimal
conditions including temperatures ranging from 25 to 30 °C,
suitable lighting, and adequate humidity levels. The experiment
took place during the 2021-2022 period, following a
randomized plot design with three replications to ensure
reliable results. For planting, the seeds were spaced 20 cm apart
in rows, and the process was carried out in March. The
physicochemical properties of the soil samples utilized in the
study are detailed in Table 1.

Table 1. The physicochemical properties of the experimental
soil.

Physicochemical Normal Fertilized
Properties Soil Soil

Sand (%) 52.83 51.32

Silt (%) 27.46 26.34
Clay (%) 19.21 19.25
Field capacity (%) 24.58 24.76

pH 7.35 7.13

E.C (mhos/cm) 0.37 0.36
CaCOs (%) 16.98 17.46
Organic matter (%) 4.12 4.53
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Table 1. (continued)

Physicochemical Normal Fertilized
Properties Soil Soil
N (%) 1.38 1.25
P (%) 8.52 9.67
K (%) 71.37 70.67
Mg (%) 6.26 6.31
Ca (%) 14.14 14.56
Cu (ppm) 3.31 3.31
Fe (ppm) 3.60 3.56
Mn (ppm) 16.25 16.58
Zn (ppm) 1.43 2.25

2.2. Zn Fertilizer and Water Stress Treatments to
Plants

After the emergence of plants in all pots, separate
applications of zinc fertilizer were administered. The fertilizer
was introduced to the soil at three distinct rates (2.5 - 5 and 10
mg/kg) using a stock solution of zinc sulphate (Zn,SO4 - 0.22%
wi/v) (as outlined in Table 2). Pots without zinc fertilizer were

Table 2. Experimental design of the study.

designated as the control group for comparative purposes. The
plants receiving the fertilization treatment were irrigated every
two days with a Zn,SO, solution for a period of 30 days prior
to the initiation of water deficiency conditions. Conversely, the
control group and without fertilized plants were irrigated solely
with distilled water. The drought conditions were maintained
for a duration of three weeks. Following the drought period,
plant tissues (specifically leaves) were collected for analysis.
The freshly harvested tissues were promptly frozen in liquid
nitrogen and subsequently stored at -80 °C to maintain their
integrity. The drought conditions implemented in this study
adhered to the specifications outlined by Bettaieb et al. (2009),
as detailed in Table 2. Given that previous research (Kulak et
al., 2021) reported 25% of the field capacity to induce stress in
basil plants, two distinct water regimes were employed: 100%
well-watered (maintaining optimal water levels) and 25%
severe water deficit. The control group, on the other hand, was
evaluated under 100% field capacity (FC) conditions. The
water content at field capacity was expressed as a percentage
relative to the maximum pot capacity. To ensure reliability, all
measurements were conducted in triplicates.

Treatment

Abbreviation Water Regime

No-fertilizer + well-watered plants

No-fertilizer + severe water stressed plants

Zn fertilizer (2.5 mg/kg) + well-watered plants

Zn fertilizer (2.5 mg/kg) + severe water stressed plants
Zn fertilizer (5 mg/kg) + well-watered plants

Zn fertilizer (5 mg/kg) + severe water stressed plants
Zn fertilizer (10 mg/kg) + well-watered plants

Zn fertilizer (10 mg/kg) + severe water stressed plants

NF-100 (Control) 100%
NF/WS 25%
2.5 ZnF 100%
2.5 ZnF/WS 25%
5.0 ZnF 100%
5.0 ZnF/WS 25%
10.0 ZnF 100%
10.0 ZnF/WS 25%

NF: No-fertilizer; ZnF: Zinc fertilizer; WS: Water stress.

2.3. Morphological and Phytochemical Analysis

The effects of all treatments on the morphological
characteristics of the plants were evaluated. These
morphological properties were plant height (cm), plant weight
(9), leaves weight (g), leaves length (cm), leaves width (cm)
and root length (cm). In addition, mineral content, total
phenolics and flavonoids content, essential oil characterization
and ratio were evaluated as phytochemical analysis. All
measurements were performed with triplicates.

2.4. Mineral Content Analysis

A comprehensive quantitative elemental analysis was
conducted, encompassing nine different elements. The leaves
samples, comprising three samples per plant and three plants
per replicate, were subjected to rigorous preparation. Prior to
analysis, the leaves were carefully washed with deionized water
and subsequently dried at a temperature of 70 °C for a duration
of 48 hours. The specific analytical techniques employed for

each element were as follows: N analysis using the Kjeldahl
method, P.Os analysis utilizing spectrophotometric methods,
and K;0, Mg, Fe, Zn, Cu, Mn, and Ca analysis performed
through atomic absorption spectroscopy. The methodology
employed in this study was based on established protocols
outlined in the work of Kulak et al. (2021), ensuring reliable
and consistent results.

2.5. Total Phenolics and Flavonoids Content
Analysis

To extract the dried and ground leaf tissues, a 5 g sample
was mixed with 50 mL of 80% methanol solution in a magnetic
stirrer. The mixture was left to stir for 24 hours at room
temperature. Subsequently, the solution was filtered using a
sterile filter with a pore size of 0.22 pm. The filtrate was then
evaporated to dryness using a rotary evaporator set at 40 °C.
The resulting green residue, which yielded approximately 9.5%
of the initial weight, was stored at +4 °C until further analysis.
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The determination of total phenolic content (TPC) was
carried out using the Folin-Ciocalteu colorimetric assay, while
total flavonoid content (TFC) was assessed using the
aluminium chloride assay. The methods utilized in this study
were based on the procedures reported by Ulusu et al. (2017)
and Ulusu and Sahin (2022). For TPC, the concentration of
gallic acid (mg eq. GAE/g DW) was determined using a
calibration curve (y=0.7144x+0.0903, R?=0.9934) derived
from gallic acid standards. On the other hand, TFC was
determined by calculating the quercetin equivalent (mg eq.
QE/g DW) using a calibration curve (y=2.0714x-0.0003,
R?=0.9925) generated from quercetin standards.

2.6. Essential Oil Extraction

To extract the essential oil from the dried and ground basil
leaves, 1 g of the sample was subjected to hydro-distillation
using a Clevenger type apparatus for a duration of 4 h. The
solution obtained after hydro-distillation was then subjected to
liquid-liquid extraction using n-hexane. The upper phase,
containing the essential oil, was carefully collected and
transferred to a flask. To remove any remaining water, the
solution underwent evaporation, followed by drying with
sodium sulphate. The resulting sample was stored at -20 °C
until it could be subjected to GC-MS analysis, as described in
the methodology outlined by Ulusu and Sahin (2021).

2.7. GC-MS Conditions

The essential oil analysis and identification were conducted
using an Agilent 7890A Gas Chromatograph (GC). For the
analysis, an HP-5MS capillary column with dimensions of 30
m x 0.25 mm x 0.25 um was employed, with helium used as
the carrier gas at a flow rate of 0.8 mL/min. The injector
temperature was set to 240 °C. The oven temperature was
initially set at 40 °C and then ramped up to 240 °C at a rate of
4 °C/min. The split ratio used was 1:10. In the electron pulse
(EI) mode, the mass spectrometer operated at 70 eV. The scan
range for mass detection spanned from 15 to 550 amu. To
identify the components, present in the essential oil, reference
compounds from the Wiley275 and NISTO8 libraries were
utilized, allowing for accurate identification based on
comparison with known compounds.

2.8. Statistical Analysis

The experimental design involved triplicate replicates for
each treatment group, with a total of eight plants analysed. The
collected data, which included both fertilizer application and
water stress variables, were subjected to statistical analysis
using two-way ANOVA. Post-hoc analysis was conducted
using Duncan's test. The statistical analysis was carried out
using SPSS software, specifically version 24.0 by IBM Corp.
located in Armonk, NY, USA. Statistical significance was set
at p<0.05.

3. Results and Discussion

3.1. Morphological Properties

The response of O. basilicum to severe drought conditions
in soil treated with different doses of Zn fertilizer was evaluated
in terms of morphological characteristics (plant height, plant
weight, leaves weight, leaves length, leaves width and root
length). Water stress significantly negatively affected all
morphological parameters studied in the plants. NF-WS had
shorter plant height and leaves length, lighter plant weight
(DW) and smaller leaves width compared to the other treatment
groups (Table 3). Amending the soil with zinc fertilizer
generally affected all morphological parameters positively. In
addition, it has been noted that zinc fertilizer has a healing
effect in terms of related parameters in plants exposed to water
stress. Compared to the control group, shorter plant height and
lower plant dry weight were noted at 2.5 ZnF-WS. Water stress
caused significant losses in plant and leaf dry weight, while zinc
applications supported the increase in plant and leaves dry
weight. The dry weight gain of plant and leaves was more
pronounced, especially in plants of the applications of 5.0 ZnF
and 10.0 ZnF under non-stress conditions. However, in zinc
applications were determined higher values in terms of plant
dry weight, leaves dry weight, leaves width and root length
parameters, relative to plants applied zinc under water stress
conditions. In terms of all morphological parameters, 10.0 ZnF
treatment showed the best effect in plants. Drought is one of the
major constraints on crop yield, quality and productivity of
plants. The effects of drought on plants have been reported in
different studies (Jeshni et al., 2017; Avila et al., 2020; Ozturk
et al.,, 2021). The first response observed in plants to water
stress is generally seen in their phenological, physiological and
morphological characteristics (Galmés et al., 2007; He et al.,
2020; Ors et al., 2021). In the researches, different fertilizer
treatments were carried out to compensate the losses caused by
water stress and to increase the tolerance level of the plant
(Javan Gholiloo et al., 2019; Ahanger et al., 2021). For instance,
in a study investigating the effects of zinc fertilizer treatment
on the qualitative properties and oil yield of canola plants
grown in different moisture regimes, it was determined that zinc
treatments improved all morphological properties of canola
exposed to water stress. Especially, it was stated that it
contributed to the increase in grain yield (43.82%), biological
yield (73.99%) and harvest index (30.04%) (Shahsavari et al.,
2014). Gholinezhad (2017), investigated the effects of iron
nano fertilizer and different irrigation levels on morphological
properties and essential oil percentage in Anethum graveolens
L. and different properties investigated with the severity of
drought stress decreased significantly, but nano Fe contributed
towards compensating for these properties. In line with these
results determined in the literature, it is extremely important to
determine and understand the strengthening of the tolerance to
drought stress of medicinal and aromatic plants used in the
treatment of diseases with different applications (Sun et al.,
2020).
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Table 3. The changes in the morphological properties of the plants corresponding to treatments.

Treatments Plant height  Plant weight Leaves length Leaves weight Leaves width Root length
(cm) DW (9) (cm) DW (9) (cm) (cm)
Control 22.63+1.05¢ 1.12+0.02f 3.84+0.13% 0.38+0.03¢ 1.4240.15b¢ 22.54+1.08¢
NF/WS 15.42+1.72¢ 0.86+0.049 3.28+0.2° 0.24+0.02f 1.33+0.20%° 24.71+1.14%
2.5 ZnF 21.54+1.35¢ 1.64+0.05¢ 3.81+0.14% 0.6120.03¢ 1.84+0.15% 24.32+1.36"
2.5 ZnF/WS 19.21£2.12¢ 1.06+0.05f 3.86+0.61% 0.5240.05¢ 1.61+0.3280¢ 32.55+2.208
5.0 ZnF 32.34+1.02° 2.874+0.12¢ 4.014+0.528 1.5740.04° 1.97+0.35% 27.67+2.13%
5.0 ZnF/WS  29.1243.20P 2.14+0.14¢ 3.9440.432 1.12+40.04° 1.72+40.4% 31.41+1.112
10.0 ZnF 35.47+1.132 3.5240.062 4.2240.262 1.84+0.052 2.44+0.102 27.40+1.53b
10.0 ZnF/WS  28.45+2.64° 3.07+0.1° 3.83+0.42% 1.61+0.03° 2.14+0.372% 30.11+1.252

DW: Dry weight; NF: No-fertilizer; ZnF: Zn fertilizer; WS: Water stress. The same letters in the same column were not differed statistically (Duncan)

(p<0.05).

3.2. Mineral Content

When the literature is reviewed, there is little reference to
the effect of water stress on O. basilicum leaves mineral
composition. In this respect, it is worth mentioning the changes
in leaf macro and micronutrient concentrations in this study.
The changes in the mineral content of plants in response to
treatments are listed in the Table 4. In basil leaves, the
macroelement (N, P, K, Mg, Ca) and microelement (Cu, Fe,
Mn, Zn) contents determined in the control and treatment
groups are in a similar range with the previous study (Kulak et
al., 2021). In the Table 4, it is seen that the average phosphorus
content in basil leaves varies between 0.38 and 0.62 ppm.
Phosphorus content is maximum in control while it is minimum
in 10.0 ZnF treatment. Zn treatment significantly affected

Table 4. Changes in mineral contents in response to treatments.

phosphorus in the tissues and the P concentration decreased
with the increase of Zn concentration. That is, a negative
correlation was determined between Zn and P. This, in turn, is
considered as an interference with P uptake by plants as a result
of the interaction of these two nutrients (Keram et al., 2012;
Samreen et al., 2017). Furthermore, it is clear that Zn treatment
causes a negative effect on the Fe uptake of basil plants (Table
4). The highest dose of Zn fertilizer treatment (10.0 ZnF) to the
plant reduced the Fe content by 37% compared to the control.
The decrease in Fe content may be due to the antagonistic
interaction between Zn and Fe in plant roots. In other words,
excess Zn can cause a decrease in Fe uptake by plants. Our
findings are supported by some studies in the literature (Sresty
& Madhava Rao, 1999; Brunetti et al., 2011).

Treatments N (%) P (%) K (%) Mg (%) Ca (%)
Control 2.36+0.02¢ 0.62+0.012 0.80+0.018 0.52+0.01¢ 1.64+0.04f
NF-WS 1.57+0.018 0.58+0.02° 0.58+0.01" 0.44+0.02¢ 1.21+0.02¢
2.5 ZnF 2.32+0.02¢ 0.54+0.03° 1.38+0.15¢9 0.61£0.01°¢ 2.06+0.03¢
2.5 ZnF-WS 1.88+0.01° 0.56+0.03° 1.06+0.02° 0.56+0.01¢ 2.42+0.01¢
5.0 ZnF 2.42+0.01¢ 0.48+0.01¢ 1.45+0.02¢ 0.58+0.02°¢ 2.57+0.02b
5.0 ZnF-WS 2.04+0.158 0.46+0.01° 1.32+0.01° 0.50+0.03¢ 2.2240.02¢
10.0 ZnF 2.81+0.022 0.38+0.034 1.66+0.012 0.72+0.022 2.74+0.042
10.0 ZnF-WS 2.76+0.01° 0.40+0.02¢ 1.57+0.01° 0.66+0.01° 2.7240.012
Cu (ppm) Fe (ppm) Mn (ppm) Zn (ppm)

Control 8.44+0.11f 514.50+12.11° 53.45+0.41¢ 47.31+1.17¢

NF-WS 6.12+0.129 489.54+13.10° 42.21+0.549 39.04+1.408

2.5 ZnF 12.11£0.17¢ 548.72+12.202 70.88+0.47¢ 57.24+1.12¢

2.5 ZnF-WS 10.18+0.14¢ 515.17+11.02° 63.48+0.704 57.07+1.41¢

5.0 ZnF 14.24+0.26° 423.59+11.11¢ 102.57+0.30? 69.14+1.330

5.0 ZnF-WS 14.52+0.21°¢ 459.83+15.13¢ 87.45+0.82° 67.06+1.11°

10.0 ZnF 17.13+0.112 324.21+16.02f 62.82+0.494 81.28+2.612

10.0 ZnF-WS 16.54+0.20° 382.16+9.15¢ 51.93+0.52f 79.05+1.602

NF: No-fertilizer; ZnF: Zn fertilizer; WS: Water stress; DW: Dry weight. The same letters in the same column were not differed statistically (Duncan)

(p<0.05).
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It was observed that Zn fertilizer application positively
supported the uptake of other nutrients (N, K, Ca, Cu, Mn) by
plants. However, the effect of plants on Mg uptake was non-
uniform and an increase was observed at 2.5 ZnF and 5.0 ZnF
doses compared to the control, while a sharp decrease was
observed at 10.0 ZnF doses. This interaction between nutrients
is similarly supported by other studies (Fan et al., 2008; Rietra
etal., 2017).

According to the data, basil plants have average Zn contents
ranging from 39.04 to 81.28 ppm. The Zn content in plants
increased significantly with the application of Zn to the soil,
resulting in a maximum increase of 67.08% with 10.0 ZnF,
followed by a 46.14% increase with 5.0 ZnF. Zinc uptake by
plants has a parallel relationship with zinc treatments to the soil.
Data supporting our results were also reported by Samreen et
al. (2017). They examined the effect of zinc applied in different
doses (1 and 2 uM) to the Vigna radiata L. plant using
hydroponic culture and investigated that on growth, protein and
mineral content and determined that the Zn content in the plants
increased by 496.6% at the highest dose (2 uM). Nutritional
supplementation to the soil facilitates the uptake of mineral
elements by plants, and it is a known fact that these nutrients
affect important biochemical reactions (photosynthesis,
enzyme activity, protein synthesis, etc.) in plants (Prakash et
al., 2020; Maitra et al., 2022). According to the findings, water
stress generally prevented nutrient uptake in all applications.
However, it was observed in the study that zinc can generally
modulate other nutrients in plants exposed to water stress and
in other treatment groups. With nutritional supplements, plants
tolerate environmental stresses better, thus enabling the desired
yield and quality increase in addition to growth and
development in agriculture.

3.3. Total Phenolics and Flavonoids Content

TPC and TFC obtained from O. basilicum leaves samples
under water stress and treated with Zn fertilizer are shown in
Table 5. While water stress caused an increase in the total
phenol content of basil plants, it caused serious decreases in the
flavonoid content. However, zinc fertilizer application turned
this loss caused by water stress into gain and had an effect on
the increase of flavonoid content. In addition, all fertilizer
applications significantly increased the total phenolic and
flavonoid contents compared to the control (12.30 mg GAE/g
DW, 0.53 mg QE/g DW, respectively) and the effect of
fertilizer applications on these contents ranged from 14.27-
29.42 mg GAE/g DW, 0.81-1.95 mg QE/g DW, respectively.
By analyzing the data presented in Table 5, especially, 10.0 ZnF
application increased TPC by 107% and TFC by 267%
compared to control. In agreement with our results, it was stated
in the literature that Zn fertilizer application contributed to the
increase in total phenolic and flavonoid content (Ay et al.,
2023). Again, it was stated that the application of Zn to
Chrysanthemum balsamita L. had an effect on increasing the

total phenol content (Derakhshani et al., 2011). In addition,
Maity et al. (2023) reported that there is a positive correlation
between these phytochemicals of nutrients in their study. In
previous studies, similar to our study, different fertilizers
containing nutrients increased the rate of valuable
phytochemicals such as essential oil, saturated and unsaturated
oil, phenolic and flavonoid contents (Siddiqui et al., 2020;
Ulusu & Sahin, 2021). The main factors that differentiate the
synthesis of phenolic compounds in plants are considered to be
the amount of water supplied and the exposure time to drought
stress (Albergaria et al., 2020). This phenomenon is supported
by many studies. McKiernan et al. (2014) determined that the
ratio of phenolic compounds in the leaves of 2 different
Eucalyptus species (E. globulus Labill. and E. viminalis Labill.)
exposed to drought decreased. In another study, phenolic
compound levels of Salvia officinalis L. exposed to moderate
water deficiency were found to be significantly higher than the
control group (Bettaieb et al., 2011). In a study investigating
the phenolic and flavonoid contents of 3 different Achillea
plants (A. nobilis L., A. millefolium L. and A. filipendulina
Lam.) under moderate and severe drought, a significant
increase in phenolic and flavonoid contents was determined
under moderate water stress (%50 of field capacity) in plants.
However, under severe drought (%25 of field capacity), the
levels of these compound contents differed within species
(Gharibi et al., 2016). Furthermore, Melissa officinalis L.
exposed to water stress decreased in polyphenols content, while
flavonoid content did not change compared to well-watered
ones (Szabd et al.,, 2017). Similar to our study, it was
determined that the phenolic content of two basil varieties
exposed to drought stress was higher than the control group
(regularly irrigated) (Pirbalouti et al., 2017). When we look at
the studies, water stress shows intra and inter-species
significant differences in plants’ secondary metabolite
synthesis mechanisms.

Table 5. Total phenolic and total flavonoids content
corresponding to the treatments in O. basilicum leaves.

Treatments EC\(/:) (mg GAE/g [T)\'j\(/:) (mg QE/g
Control 12.30+0.309 0.534+0.02¢
NF-WS 13.21£0.03f 0.35+0.04"
2.5 ZnF 14.27+0.22¢ 0.81+0.03¢
2.5 ZnF-WS 16.33+0.10¢ 0.72+0.01°
5.0 ZnF 16.47+0.15¢ 1.57+0.01¢
5.0 ZnF-WS 19.86+0.10° 1.14+0.02¢
10.0 ZnF 25.50+£0.41° 1.95+0.012
10.0 ZnF-WS  29.42+0.18? 1.83+0.01°

NF: No-fertilizer; ZnF: Zn fertilizer; WS: Water stress; DW: Dry
weight; GAE: Gallic acid equivalents; QE: Quercetin equivalents. The
same letters in the same column were not differed statistically
(Duncan) (p<0.05).
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3.4. Essential Oil Components

The essential oil components identified in O. basilicum
leaves are shown in the Table 6. The main compound was
estragole (phenylpropene) in the range of 66.14-69.37% which
was followed by limonene (monoterpen) in the range of 11.38-
14.32%. In O. basilicum, the interaction of water stress, zinc
fertilizer and treatments significantly affected the content of
essential oil components. According to the data, all ZnF
treatments significantly increased the estragole content.
Similarly, the ZnF-WS interaction contributed to an increase in
the content of essential oil compound compared to NF-WS. NF-
WS caused a drastic decrease in the percentage of all
components. Regarding estragole and limonene, 10.0 ZnF
treatment significantly affected the increase in the percentage
of these two main compounds. Also, compared to control, all
zinc fertilizer treatments and zinc fertilizer - water stress
interaction treatments contributed to increases of p-cymene,
fenchone, methyle eugenol, germacrene D compounds. In O.
basilicum leaves, the reduction in essential oil content under
drought conditions can be associated with a decrease in dry
weight.

Water stress is a critical factor that significantly impacts the
content of essential oils, particularly in aromatic plants. When
plants experience water stress, there is a noticeable decline in
the synthesis of phytochemicals (Garcia-Caparros et al., 2019).
The extent and duration of drought conditions, along with the
morphological and physiological state of the plant, as well as

the plant species and varieties, can influence the essential oil
content. Similar to our study, reductions in essential oil content
were observed in Mentha arvensis L. (Misra & Srivastava,
2000) and Salvia officinalis L. (Govahi et al., 2015), both
belonging to the Lamiaceae family, when exposed to water
stress. However, it is worth noting that literature reports
indicate that drought conditions can also lead to an increase in
essential oil content in certain Lamiaceae species. For example,
in Thymus caramanicus Jalas. (Lamiaceae), water stress (at
20% of field capacity) resulted in an 11.9% rise in carvacrol,
the primary component of its essential oil (Bahreininejad et al.,
2014). Similar findings have been observed in Salvia officinalis
L. (Bettaieb et al., 2009) and Satureja hortensis L. (Baher et al.,
2002), both of which belong to the Lamiaceae family.
Furthermore, in other studies investigating the effect of Zn
fertilizer application on essential oil yield, a significant increase
in essential oil content was reported in parallel with fertilizer
treatment in Mentha piperita L. (Akhtar et al., 2009), Origanum
majorana L. (Farsi et al., 2017) and Moringa peregrina Forssk.
(Soliman et al., 2015) plants. In a study evaluating the effect of
Zn fertilizer on the O. basilicum essential oil content, it was
stated that fertilizer application contributed to the production of
essential oil, and the results are similar to our findings (Hanif et
al., 2017).

In line with our findings, the effects of Zn fertilizer
treatment on vegetative growth parameters and essential oil
yield of O. basilicum plants are similar.

Table 6. Alterations in essential oil components (%) of O. basilicum leaves corresponding to the treatments.

Treatments p-Cymene Limonene Fenchone Estragole Exo-fenchyle acetate

RT (min) 13.76 14.57 17.81 20.19 20.81

Control 2.32+0.22f 12.63£0.55° 3.02+0.13°¢ 67.12£1.13® 8.13+0.40%

NF-WS 1.87+0.119 11.38+0.42°¢ 2.78+0.149 66.14+1.12° 7.24+0.20P

2.5 ZnF 2.34+0.02 13.54+0.53% 3.18+0.15% 68.81+0.80% 8.66+0.30?

2.5 ZnF-WS 2.98+0.03¢ 13.11£0.30° 3.06+£0.21°¢ 67.86+0.11° 8.12+0.40%

5.0 ZnF 3.12+0.02¢ 12.18+0.10° 3.45+0.20%° 69.23+0.572 8.47+0.322

5.0 ZnF-WS 2.67£0.17¢ 12.86+0.44° 3.14+0.15% 68.70+0.522 8.82+0.532

10.0 ZnF 3.31+0.12° 14.32+0.352 3.66+0.10° 69.37+0.182 7.54+0.47°

10.0 ZnF-WS 3.56+0.012 14.18+0.60% 3.984+0.102 68.56+0.342 8.37+0.212
Carvacrole Methyle eugenol Germacrene D Total (%)

RT (min) 22.54 25.36 27. 41

Control 0.54+0.01° 0.14+0.01¢ 0.43+0.01¢ 94.33

NF-WS 0.42+0.01° - 0.21+0.02° 90.04

2.5 ZnF 0.64+0.022 0.18+0.03¢ 0.56+0.01° 97.91

2.5 ZnF-WS 0.31+0.014 0.15+0.02¢d 0.48+0.02° 96.07

5.0 ZnF 0.67+0.032 0.23+0.032 0.59+0.03% 97.94

5.0 ZnF-WS 0.52+0.02° 0.20+0.01° 0.55+0.02° 97.46

10.0 ZnF 0.63+0.012 0.24+0.022 0.62+0.012 99.69

10.0 ZnF-WS 0.54+0.01° 0.21+0.01° 0.35+0.04 99.75

NF: No-fertilizer; ZnF: Zn fertilizer; WS: Water stress; DW: Dry weight; RT: Retention time. The same letters in the same column were not differed
statistically (Duncan) (p<0.05).
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4. Conclusion

In summary, the results of this study indicate that water
stress caused serious effects on morphological properties, total
phenolics and flavonoids content and essential oil components
in O. basilicum. In addition, it is seen that Zn application under
water stress conditions can reduce the damage caused by water
stress. Furthermore, that optimum amount the application of Zn
that optimum amount to O. basilicum under normal conditions
positively affects all the investigated criteria, suggesting that
this may be due to the critical roles of Zn in plant nutrition and
influencing other nutrients. In general, the results showed that
the application of 10 mg/kg Zn fertilizer to O. basilicum plant
under normal conditions (irrigation based on 100% of field
capacity) can both improve the morphological characteristics of
the plant and synthesize phytochemicals at an optimum level.
Studies involving different experimental groups in O. basilicum
and evaluating them in terms of their biological activities
should be considered.
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ABSTRACT

Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria that promote plant growth by
adhering to the root surfaces in the rhizosphere region of plants. In addition to improving the physical
properties of soils, these bacteria increase plant growth and yield by positively affecting nitrogen
fixation, phosphorus solubility, water and nutrient uptake of plants. In this study, the effects of
bacteria applications on the vegetative development and yield levels of Karaerik and Narince grape
varieties, which are important table varieties of Erzincan and Tokat regions, grown in greenhouses
in Erzurum central conditions were investigated. In the study, 4 different bacterial combinations
(Pseudomonas chlororaphis + Paenibacillus pabuli + Bacillus simplex + Pseudomonas fluorescens)
that promote plant growth were applied to the plant root zone as a solution. In the study, the effects
of PGPR applications on the vegetative growth of vines, some pomological characteristics, yield
levels, macronutrient contents of leaves and physical and chemical properties of greenhouse soils
were determined. While aggregate stability and porosity values of PGPR treated soils increased,
water permeability and bulk density values decreased. Bacterial applications in both grape varieties
showed a positive effect on shoot length, shoot diameter, number of nodes, berry width, berry length,
cluster width, cluster length, number of seeds, number of clusters, cluster weight, number of berries,
berry weight, total yield and macronutrient content of leaves. According to the control group, PGPR
applied soils; organic matter content increased by 76.2%, aggregate stability values increased by
49.5% and porosity by 5.5%, while water permeability decreased by 18.3% and bulk density by 3.9%.
Depending on the application, it was determined that the yield increased by 42.8% in Karaerik grape
variety and 35.7% in Narince grape variety.

yield values in
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1. Introduction

plant growth. Microbial biostimulants include mycorrhizal and
non-mycorrhizal fungi, bacterial endosymbionts (such as

Soil is an environment that contains various
microorganisms and provides habitat for many plants and
animals. In recent years, in order to make agricultural
production more efficient and more sustainable, biostimulators
applied directly to plants or to the rhizosphere are defined as
substances or microorganisms that increase nutrient uptake and
product quality, reduce the need for fertilizer, and promote

®Correspondence
E-mail address: fazil@atauni.edu.tr

Rhizobium), and plant growth-promoting rhizobacteria
(PGPRs). The type and amount of microbial communities in the
soil is an important indicator of the soil quality index and is
effective in the management of agricultural systems (Elliott et
al., 1996; Maeder et al., 2002; Hoorman 2016). Among these
microorganism communities, the bacteria associated with plant

128


https://orcid.org/0000-0002-7225-8065
https://orcid.org/0000-0002-2897-8559
https://orcid.org/0000-0001-5963-3871
http://agriprojournal.com/
https://prensip.gen.tr/
https://doi.org/10.56430/japro.1372396

Kupe, Hacimuftuoglu and Yaganoglu (2023). Journal of Agricultural Production, 4(2), 128-137

roots are called root bacteria. Root bacteria are effective in the
decomposition and mineralization of organic residues in the
soil. In this process, bacteria give to soil an intense biochemical
activity and physical quality. This situation affects both the soil
structure and other living things in the soil ecosystem,
especially plants (Hacimiiftiioglu & Canbolat, 2022).

Many studies have shown that these bacteria living in the
rhizosphere support plant growth with different mechanisms of
action. Rhizobacteria that support plant growth are also known
as “Probiotic Rhizobacteria” due to the many benefits they
provide to the plant (John et al., 2020). These bacteria, called
PGPR, which inhabit the plant root surface and rhizosphere
soil, can promote plant growth through direct and indirect
mechanisms of action (Imriz et al., 2014). While some
rhizobacteria (Azotobacter, Azospirillum, Beijerrinckia and
Pseudomonas i.e.) play a role in nitrogen fixation (Reis et al.,
1994), it is reported that some bacteria increase the synthesis of
growth-regulating substances in plants (Zahir et al., 2004).
Plant growth-promoting PGPR bacteria, through biological
fixation and phytohormone production, promote nitrogen
fixation and enable the solubilization of phosphorus and heavy
metals in the rhizosphere region. These bacteria, in addition to
increasing water and mineral uptake by supporting root
development, play an important role in biological control of
plant diseases and pests (Mayak et al., 2004; Hynes et al., 2008;
Berg & Smalla, 2009; Lugtenberg & Kamilova, 2009;
Annapurna et al., 2011; El-Boray et al., 2013; Philippot et al.,
2013; Panke-Buisse et al., 2015; Tangolar, 2022). Addition of
bacteria to soils plays an important role in nutrient cycling in
plant development (Elo et al., 2000).

It has been demonstrated in many studies that the
germination rate, root and shoot performance, yield, leaf area,
chlorophyll ratio, nitrogen ratio, protein ratio, hydraulic activity
and drought tolerance in plants increase with PGPR
applications (Dobbelaere et al., 2001; Sahin et al., 2004; Altin
& Bora, 2005; Dos santos et al., 2020). Although soil and plant
nutrition are the most important factors for crop production,
intensive fertilization on the same agricultural land for many
years threatens the productivity of agricultural lands. Excessive
use of fertilizers in order to obtain more products per unit area
is increasing day by day, leading to environmental problems
and depletion of natural resources. Intensive farming practices
can cause water and wind erosion in agricultural areas,
depletion of nutrients, loss of soil organic matter and
deterioration of various physical properties of the soil (Ruzzi &
Aroca, 2015). This situation in crop production requires more
production with less input. Plant growth-promoting
rhizobacteria (PGPR) are used to minimize fertilizer
application and maximize plant development and nutrition
(Cakmakci et al., 2006; Sonneveld & Voogt, 2009; Yildirim et
al.,, 2011; Yadav et al., 2015). Studies have revealed that
rhizobacteria have significant potential on vegetative and
generative development in horticulture plants. Grapes, one of

the most widely grown fruits among horticultural crops, have
great potential for sustainable agricultural production. The
grapevine root system, which is the most important organs
involved in water and nutrient uptake and storage, is the first
plant part to be affected by soil properties. The development of
the above-ground parts of vines is closely related to the
structure and health of the root system (Southey, 1992; Smart,
1995). However, the main issue is to reveal the relationship
between the targeted yield and quality levels in the vine and
root functionality, soil structure and vine performance.

The purpose of this study; to reveal the effects of PGPR
bacteria, which have become increasingly used in organic
agriculture in recent years, on Karaerik and Narince grape
varieties grown under cover (greenhouse) in Erzurum central
conditions. Within the scope of this research, depending on the
changes caused by PGPR bacterial applications on the physical
and chemical properties of greenhouse soils; nutrient intake,
vegetative development levels and productivity of grapevines
were investigated.

2. Materials and Methods

In the research, 6-year-old vines of Narince and Karaerik
varieties grown on their own roots, which are widely grown in
Erzincan and Tokat regions, were used. The vineyards grown
under unheated greenhouse conditions were given water once a
month during the vegetation period. The total of 24 plants were
used in the study. While 3 plants were left for the control groups
and PGPR bacteria were applied to 9 plants in two different
grape varieties in the experiment.

Harvest was performed on September 21, 2022, at the end
of the 90th day of bacterial application. Shoot length values
were obtained by measuring the length of the summer shoots
randomly selected from the vines on the day of harvest, from
the point of attachment to an old branch, to the apical. The
average shoot diameter values were determined by measuring
the diameter between the 2nd and 3rd node of the branch used
in the shoot length measurements with a caliper. For each
application, the clusters on the vine were counted one by one,
before veraison and during the harvest period. The number of
clusters determined in two different periods was in harmony
with each other. Two clusters were taken from each vine and
weighed on a sensitive scale, and the average cluster weight
was determined by dividing the total value by the number of
clusters. Width and length values of the clusters were
determined with a caliper. The number of berry in the bunch
was determined by counting the fully ripened berries in 2
harvested clusters. The berries representing the cluster were
selected from the middle part of the cluster and the width and
height values were determined with a caliper. Berry weight
values were determined in grams by weighing 10 berries taken
from the clusters of vines on a 0.1g sensitive scale (Glirsoz,
1993). The number of seeds in 10 berries taken from the
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selected clusters was counted and the average value per berry
was determined. The yield value was obtained by multiplying
the number of clusters on a vine by the average cluster weight
(Kupe & Kose, 2015). In order to reproduce the bacteria,
‘Nutrient agar’ medium was prepared at the rate of 28 g/L,
sterilized and poured into petri dishes. The ‘Nutrient Agar’
medium was placed in a glass balloon and sterile distilled water
was added and made up to 1 L. The media were placed in an
autoclave and sterilized at 121 °C for 15 minutes and, it was
then poured into petri dishes without solidifying at about 40 °C
and left to cool at room temperature (Kiziloglu & Bilen, 1997).
Reproduction was made from bacterial cultures kept as stock
and kept at -70 °C, pure culture was cultivated on nutrient agar
medium and incubated at 28-30 °C for 5 days (Giirgiin &
Halkman, 1988). Bacteria prepared after incubation were
transferred onto nutrient broth medium sterilized at 121 °C for
15 minutes in order to multiply bacterial cultures. It was
incubated in a shaker for approximately 48 hours (50-60 rpm)
and made ready for planting (Kiziloglu & Bilen, 1997). In the
study, 4 different bacterial combinations (Pseudomonas
chlororaphis + Paenibacillus pabuli + Bacillus simplex +
Pseudomonas fluorescens) that support plant growth were
applied to the root zone of the plant in solution form, adjusted
to a concentration of 108 CFU. In the study, the effects of PGPR
applied on the vegetative growth, some pomological
characteristics, yield levels and macronutrient contents of the
leaves were determined.

According to USDA (1999), the soils used in the research
are in the sandy loam class. Sub-samples to be used for basic
analyzes were prepared by sieving through 2 mm sieves from
soil samples that were duly taken from the greenhouse and air-
dried under laboratory conditions. Soil texture was determined
by Bouyoucos hydrometer method (Gee & Bauder, 1986), soil
reaction (pH) by glass electrode pH meter (McLean, 1982),
lime content by Scheibler calcimeter (Nelson, 1982), organic
matter content by Smith Weldon method (Nelson & Sommers,
1982), electrical conductivity (EC) value with electrical
conductivity instrument (Rhoades, 1982), aggregate stability
(AS) using Yoder type wet sieving device (Kemper & Rosenau,
1986), water permeability (Klute & Dirksen, 1986), particle
density were determined by pycnometer method (Blake &

Hartge, 1986). On the other hand, soil bulk density by the
cylinder method (Blake & Hartge, 1986), total porosity was
calculated from bulk weight and particle density, P2Os, Ca**,
Mg**, Na* and K* contents of the soils were determined by
Kacar (2014)’s method. Statistical analysis was performed by
ANOVA, and differences between means were tested using
Duncan’s multiple range test.

3. Results and Discussion

Basic soil analysis results are presented in Table 1. In this
study, the texture class of the soils was determined as coarse
textured in the sandy clay loam texture class (62% sand, 30%
silt, 8% clay). Soil organic matter content (3.55%) is in the well
class; pH level was found to be 7.62 and neutral, the EC level
of the working soils is 1.23 dS/m without salt, the CaCOs3 level
was determined as 5.11% in the medium calcareous (Ulgen &
Yurtsever, 1995), class. According to the available phosphorus
contents, the class of the soils was determined as medium
(Ulgen & Yurtsever, 1995), Ca**, Mg**, Na*, K+ contents were
determined as 8.15, 5.38, 1.28, 2.24 me/100 g, respectively.
Particle density was determined as 2.68 (g/cm®) (Table 1).

Table 1. Results of some basic physical and chemical analyzes
of the researched soils.

Soil Properties

Sand (%) 62

Silt (%) 30

Clay (%) 8

Texture class Sandy loam
Particle density (g/cm?®) 2.68
Organic matter (%) 3.55

pH 7.62
Electrical Conductivity (dS/m) 1.23
CaCOs (%) 5.11

Ca, Mg, Na, K (me/100 g) 8.15, 5.38, 1.28, 2.24

Vegetative growth, pomological characteristics and yield
values of Karaerik and Narince grape cultivars were found to
be statistically higher in plants treated with PGPR bacteria than
control groups (Tables 2 and 3).

Table 2. Vegetative development parameters of Karaerik and Narince varieties.

Karaerik Variety

Narince Variety

Vegetative development parameters

Control Application Control Application
Shoot Length (cm) 3.80ab 4.80a 2.50b 3.50ab
Shoot Diameter (cm) 1.40b 1.63a 1.16¢ 1.30bc
Node Number (item) 28.6ab 34.6a 21.6b 27.3b

When vegetative development parameters were examined,
it was determined that there was a statistical difference between
the application and control groups (p<0.05). When the shoot

length parameters were examined, the highest value (4.80 cm)
was determined in the Karaerik grape variety application group.
Depending on the PGPR bacterial application, it was
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determined that the shoot length value in the Karaerik grape
variety increased by 26.3% compared to the control group, and
in the Narince grape variety, there was a 40% increase. When
the shoot diameters of the vines were examined, it was
determined that there was an increase of 16.4% and 12%,
respectively, in Karaerik and Narince grape varieties compared
to the control groups, depending on the applications. The
highest value was determined in the application group of

Karaerik grape variety, with 1.63 cm. When the average
number of nodes per shoot of vines was examined, it was
determined that the number of nodes increased in parallel with
the shoot length. It was determined that PGPR bacterial
application increased the number of nodes in Karaerik and
Narince grape varieties by 21% and 26%, respectively,
compared to the control group (Table 2).

Table 3. Pomological features and yield of Karaerik and Narince varieties.

Karaerik Variety

Narince Variety

Pomological features and yield

Control Application Control Application

Berry Width (cm) 2.03b 2.16a 1.70d 1.86¢
Berry Size (cm) 2.56b 2.70a 1.73d 1.93c
Cluster Width (cm) 14.87b 18.76a 14.06¢ 15.46h
Cluster Size (cm) 28.3a 29.03a 22.43c 24.46b
Number of Seeds (item) 3ab 3.33a 2c 2.33bc
Number of Clusters (item) 5.33b 6.66a 4.66b 5.33b
Cluster Weight (g) 629.3b 719.3a 367d 435.6¢
Number of Berry (item) 66.30b 82.00a 81.00a 81.30a
Berry Weight (g) 7.10b 7.83a 3.00d 4.03c
Yield (g) 3354.17b 4790.5a 1710.2d 2321.7¢

When pomological development and yield parameters were
examined, it was determined that there was a statistical
difference between the application and control groups (p<0.05).
When the berry width values were examined, the highest value
(2.16 cm) was determined in the Karaerik grape variety
application group. Depending on the PGPR bacterial
application, it was determined that there was an increase of
6.40% in the berry width value of the Karaerik grape variety
compared to the control group, and a 9.41% increase in the
Narince grape variety (Table 3). When the berry size was
examined, it was determined that there was an increase of
5.46% and 11.5%, respectively, in Karaerik and Narince grape
varieties compared to the control groups, depending on the
applications. It was revealed that the highest value was in the
application group of Karaerik grape variety, with 2.70 cm
(Table 3). When Table 3 was examined, it was determined that
there was a parallel relationship between cluster width and
cluster length values.

Depending on the PGPR application, it was determined that
cluster width and cluster length values increased by 26.2% and
2.58%, respectively, in Karaerik grape variety compared to the
control groups, and by 10% and 9.1% in Narince grape variety.
When the number of seeds in the berry was examined, it was
determined that the highest average value (3.33 items) was in
the Karaerik grape variety application group. Depending on the
PGPR bacterial application, it was determined that the number
of seeds in the Karaerik grape variety increased by 11%
compared to the control group, and in the Narince grape variety,

there was an increase of 16.5% (Table 3). When the number of
clusters on the vine was examined, it was determined that there
was an increase of 25% and 14.4%, respectively, in Karaerik
and Narince grape varieties compared to the control groups. It
was determined that the highest average number of clusters was
in the application group of the Karaerik grape variety with 6.66
units. When the cluster weight values were examined, the
highest value (719.3 g) was determined in the Karaerik grape
variety application group. Depending on the PGPR bacterial
application, it was determined that there was an increase of
14.3% in the Karaerik grape variety and 18.7% in the Narince
grape variety in cluster weight values compared to the control
groups. When the number of berries on the cluster was
examined depending on the applications, it was determined that
there was an increase of 23.7% and 0.37%, respectively, in
Karaerik and Narince grape varieties compared to the control
groups. It was determined that the highest average number of
berries was in the application group of the Karaerik grape
variety with 82 item (Table 3). When the berry weight values
were examined, the highest value (7.83 g) was determined in
the Karaerik grape variety application group. It was determined
that there was an increase of 10.3% in Karaerik grape variety
and 34.3% in Narince grape variety in berry weight values
depending on the treatments compared to the control groups.
When the average yields of the vines determined based on the
average number of clusters and average cluster weight values
were examined, it was determined that the highest yield value
was in the Karaerik application group with 4790.5 g.
Depending on the applications, it was determined that an
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increase of 42.8% occurred in Karaerik grape variety compared
to the control group. Similarly, depending on the application, it

Table 4. Macro elements contents of Karaerik and Narince leaves.

was determined that there was a 35.8% yield increase in
Narince grape variety compared to the control group (Table 3).

Karaerik leaves

Narince leaves

Macro elements (%)

Control Application Control Application
Ca 0.28b 0.37a 0.27b 0.36a
Mg 0.23c 0.26b 0.23c 0.31a
Na 0.12d 0.15¢c 0.23b 0.26a
K 1.42c 1.56a 1.40c 1.51b
N 1.44d 1.56¢ 1.66b 1.69a

When the macronutrient contents of leaves in Kararerik and
Narince grape varieties are compared, depending on the PGPR
bacterial application, the Ca, Mg, Na, K and N contents in the
Karaerik grape variety are 9%, 3%, 3%, 14%, 12%, and in
Narince grape variety are increased by 9%, 8%, 3%, 11%, 3%
respectively compared to the control groups. When Table 4 was
analysed, it was observed that the highest macro element
content was generally found in the leaves of Narince grape
varieties treated with PGPR.

3.1. Soil Physical and Chemical Properties

At the end of the 90th day of PGPR bacteria combination
application, the physical properties were determined on the soil
samples taken from the plant root zone. Aggregate stability,
water permeability, bulk density and porosity values of the
research soils are given in Table 5.

Table 5. Effects of application on the physical and chemical
properties of soils.

Control Application
AS (%) 41.20 61.60
WP (cm/h) 7.10 5.80
BD (gr/cmd) 1.54 1.48
Porosity (%0) 41.90 44.20
OM (%) 1.43 2.52
pH 7.64 7.78
EC 1.23 111
Lime (%) 9.17 9.20
P20s (kg/da) 6.78 7.45
K20 (kg/da) 246 246

AS: Aggregate stability, WP: Water permeability, BD: Bulk density
OM: Organic matter.

According to the results, it was determined that the PGPR
applications applied to the soils had a significant effect on the
physical properties of the soils. Rhizobacteria are known to
increase microaggregates in soil by binding soil particles
together (Ingham, 2009; Hacimuftuoglu, 2020). When
aggregate stability and porosity values of bacteria-inoculated
soils are examined, it is seen that there is a significant increase
compared to the control group soils. According to Table 5, it
was determined that aggregate stability and porosity values
increased by 49.5% and 5.5%, and water permeability and bulk

density values decreased by 18.3% and 3.9%, respectively, in
the treated soils compared to the control group. Vandevivere
and Baveye (1992) and Abdel Aal et al. (2010) found in their
research that the addition of bacteria to soils clogged soil pores
and significantly reduced soil permeability, depending on
microbial biomass.

When the soil chemical properties were examined, it was
determined that the most important effect occurred at the
organic matter level. It was determined that the organic matter
level, which was 1.43% in the control group, increased to
2.52% in the treated soils with an increase of 76%. Since
beneficial bacteria in the soil environment convert organic
content into usable nutrients, their presence and activities in the
soil are very important (Badalucco & Kuikman, 2001). This
situation can positively affect soil aggregation as well as soil
productivity (Hayes, 2010; Hoorman, 2016). Development of
structure in agricultural lands; is a key factor in soil quality and
crop production (Six et al., 2000; Diaz-Zorita et al., 2002;
Bronick & Lal, 2005). Soil structure provides soil formation
and stabilization by controlling biological activity, plant growth
and nutrient cycling (Denis & Caron, 1998). The application of
organic matter in the soil provides a more suitable environment
for plant growth by providing a positive effect on the soil's
aggregate stability, water permeability, air-water balance, and
uptake of plant nutrients in the soil (Bronick & Lal, 2005;
Ingham, 2009; Hacimiiftioglu & Kiipe, 2022). As a result of
the research, it was determined that PGPR bacterial
applications increased the organic matter content in soils by
increasing bacterial activity and had a positive effect on
aggregate stability values. It was determined that PGPR
bacterial applications changed the physical properties of the
soil, thus positively promoting vegetative and generative
development in vines.

When Figure 1 was examined, it was determined that while
the aggregate stability and porosity values of the soil increased
due to PGPR bacterial applications, the soil bulk density and
soil water permeability values decreased. Depending on these
changes in soil physical properties, it is seen that the shoot
development of the vines also increases.
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Figure 1. The relationship between soil physical properties and plant vegetative development.
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Figure 2. The relationship between soil physical properties and crop yield.

Depending on PGPR bacterial applications, the aggregate
stability of soils increased from 41.2% to 61.6%. In parallel
with this development, it was determined that the yield value of
the Karaerik grape variety increased from 3354 g/vine to 4770
glvine, and the vyield value of the Narince grape variety
increased from 1710 grams per vine to 2321 grams (Figure 2).

Soil nutritional status affects all parts of the grapevine, from
root growth and distribution through to shoot growth and grape
composition (Lanyon et al., 2004). The functional aspects of
soil structure, namely water supply (Hamblin, 1986) and

aeration (Gupta & Larson, 1982) are the two most important
soil characteristics determining suitability of soil for viticulture
(Northcote, 1988). These are properties that we need to
ascertain their degree of influence on vine performance, with
specific attention to root and shoot growth, yield and grape
quality. Few studies have been conducted on the effect of soil
strength on vine root growth. Among these, Myburgh et al.
(1996) found, in an extensive survey of soil conditions in
vineyards in all the major grape producing areas across South-
eastern and Western Australia, that poor vine performance
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(either yield or quality) could often be traced to restricted root
development. Rowe (1993) and Wang et al. (2001)
demonstrated that, even in situations where water and nutrient
availability are non-limiting, the size of the root system has a
direct effect on shoot growth and, hence, associated vine
balance. As a matter of fact, different studies have stated that
PGPR bacterial applications in grapevines have positive effects
on vegetative development and mineral uptake (Sabir et al.,
2012; Gunes et al., 2015; Korkutal et al., 2020). In this study, it
was determined that PGPR bacterial applications stimulated
root development in the soil of both grape varieties. In parallel
with, a positive effect occurred on shoot length, shoot diameter,
number of nodes, grain width, grain length, cluster width,
cluster length, number of seeds, number of clusters, cluster
weight, number of grains, grain weight and total yield values. It
has also been observed that it has a positive effect on the
macronutrient content of the leaves.

4. Conclusion

It is known that different rhizobacteria activate different
mechanisms on vyield parameters. In this study, multiple
bacterial combinations, which have been shown to be effective
on soil fertility in many studies, were applied to soils. The
findings revealed that bacterial treatments significantly
increased the degree of soil aggregation, plant vegetative
growth and yield parameters. These bacteria play a key role in
improving the physical properties of soils for plant root growth
and continue to be an important part of organic farming
activities. In today's world, where the need for access to plant
products comes to the forefront, the importance of bacterial
applications is becoming increasingly important for the
protection of human health.

It has been determined that PGPR bacteria applications have
a significant positive effect on vegetative growth and yield
parameters of vines. It was determined that the number of
clusters and cluster weights increased as well as the shoot
growth of the vines applied. In the light of the data obtained in
this study, it is thought that more comprehensive studies in
viticulture may be useful to reveal the specific activities and
physiological mechanisms of PGPR bacteria applied to soils.
We believe that the organic viticulture sector will be more
efficient and economical with the widespread use of PGPR
bacteria applications in vineyards.
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-ketoacyl-CoA synthase (KCS) is an important enzyme that catalyzes the biosynthesis of
very-long-chain fatty acids (VLCFASs). In this study, the genome-wide analysis and
functional characterization of the KCS gene family members in common bean (Phaseolus

Keywords
Genome-wide analysis

KCS

Phaseolus vulgaris L

vulgaris L.) plants were conducted, and the response of the identified gene family to abiotic
stresses was evaluated. In this study, 19 KCS genes were identified and characterized in
the P. vulgaris genome. The molecular weights of these KCS proteins ranged from 49.14
kDa to 60.57 kDa, their amino acid lengths varied from 437 to 534, and their pl values
ranged from 8.81 to 9.47, indicating a basic nature. Segmental and tandem duplications

VLCFA

were observed in the Pvul-KCS gene family. Phylogenetic analysis revealed that Pvul-KCS
proteins clustered into three main groups with Arabidopsis thaliana and Glycine max
species. Comparative mapping analysis was also conducted with A. thaliana and G. max.

B E‘ Expression profile comparisons indicated that these genes had different expression levels
B 3 in common bean varieties and played a role in the plant’s response to biotic and abiotic

stresses. This study provides important insights into the biological functions of KCS genes
in Phaseolus vulgaris and offers valuable information for improving drought and salt stress
tolerance in common beans.
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1. Introduction

Recent environmental developments, such as unstable

these crops and promote plant growth, such as bacteria,
hormones, and vitamins (Glick, 2012). From the earliest phases
of plant life, the two most common abiotic stressors-salt and

rainfall patterns, temperature extremes, and salinity, have been
linked to variations in soil composition (Verslues et al., 2006).
The need for crops to maintain or increase crop yields when
faced with unfavorable environmental conditions, such as
drought and high salinity, necessitates genetic improvement
(Araus et al., 2008) or the use of precursors that interact with

®Correspondence
E-mail address: ertanyil@atauni.edu.tr

drought-effect agricultural yield and production. Salt and
drought stress have a negative impact on both the quality and
yield of plants (Maggio et al., 2005). Water must be provided
to plants in the best possible quantity and quality because it is
essential to their effective growth. Extended periods of drought
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and excessive salinity can have long-lasting harmful effects on
plants, affecting their root and stem growth and resulting in a
reduction in the quantity and width of their leaves.
Additionally, a halt in plant development may result from cells’
reduced water capacity. The effects of salinity and drought
stress on photosynthesis, metabolism, and plant growth have
been shown in several research (Liu et al., 2016; Ors et al.,
2016; Sahin et al., 2018; Ekinci et al., 2020).

The cuticle wax layer, which is made up of long-chain
hydrocarbon compounds such alkanes, aldehydes, primary and
secondary alcohols, ketones, which are esters, and various other
related substances, acts as a barrier to protection for plants
when they are subjected to a variety of abiotic challenges (X.
Wang et al., 2017). Plant cuticle wax has a very intricate
chemical makeup. In the outer cells of the epidermal layer, plant
epidermal waxes are synthesized, and transported. The
production and release pathways for these waxes involve
several distinct organelles and enzymes working in unity
(Bernard & Joubés, 2013). All plant species that grow on land
have cuticular wax covering their aerial portions, which helps
to prevent bacterial and fungal invasion as well as non-stroma
transpiration. It coats the fruit. In the growth of fruits and post-
harvest storage, it defends against stress from both abiotic and
biotic sources by lowering fruit water loss, changing fruit luster,
and improving fruit storage quality.

The enzyme that restricts the rate of the synthesis of very
long-chain fatty acids (VLCFAs), known as KCS (B-ketoacyl-
CoA synthase), provides components for the biosynthesis of
cuticular wax (H. Yang et al., 2021). Animals, microbial
organisms, and plants all use fatty acids that contain greater
than eighteen carbon molecules as biological building blocks
for a variety of molecules. For instance, in plants, the epidermis
is the primary location of VLCFA synthesis. Here, they play a
role in the process of biosynthesis of cuticular waxes. In many
seed oils, triacylglycerols are primarily composed of VLCFAs.
The KCS genes regulate epidermal wax's volume and
composition. At every stage of plant growth and development,
they actively take part in biochemical and physiological
processes that also help plants adapt to stress. VLCFAs are also
the main component of triacylglycerols in various plant oils
(Ghanevati & Jaworski, 2001). The deletion mutant of the fatty
acid elongation gene (FAE1/KCS18) in Arabidopsis results in
a significant decrease in VLCFA content (Tong et al., 2021).
This gene is essential for erucic acid biosynthesis and is
involved in the production of VLCFAs in seeds (Kunst et al.,
1992). One of the most significant edible legumes in the world
is arguably the common bean (Phaseolus vulgaris L.), with a
global production estimated at 35.5 million hectares in 2020
(http://faostat.fao.org/). Common beans are an important source
of the daily requirement for protein in many countries,
particularly in Latin America, Africa, and parts of Asia. In
North America and Europe, common beans constitute a
significant vegetable and legume crop economically. African

nations consume considerable amounts of common beans; for
instance, per capita common bean consumption in Rwanda,
Kenya, and Uganda varies from 50 to 60 kg per year
(Broughton et al., 2003; Buruchara et al., 2011). In terms of
amino acid content and carbohydrates, vitamins (including A,
C, and folate), and biologically significant minerals like Mg,
Cu, and Zn, common beans are very nutrient-dense (Broughton
et al., 2003; Blair, 2013). Furthermore, through symbiotic
nitrogen fixation (SNF), common beans contribute to better soil
and environmental health.

One of the key legumes for direct consumption, common
beans encounter numerous difficulties as a crop. In their many
agroecological contexts, common beans, domesticated from
wild ancestors occupying a relatively small ecological niche,
are subject to several kinds of stress related restrictions. Abiotic
challenges include drought, salinity, chilling, and nutrient
deficits, or toxicity in the soil, while biotic stresses on common
beans include multiple fungal, bacterial, viral, and insect and
worm pests (Assefa et al., 2019). Given the importance of
common beans in both agriculture and economics, it is crucial
to comprehend the molecular processes through which KCS
genes in P. vulgaris function, particularly in response to abiotic
challenges. This study’s objectives were to locate KCS genes in
the common bean genome, describe their characteristics, and
analyze how they react to abiotic stressors. This research may
provide insights into the functional roles of KCS genes in P.
vulgaris and contribute to the development of stress-tolerant
common bean varieties.

2. Materials and Methods

2.1. Ildentification and Characterization of KCS
Genes in P. vulgaris

Using the Pfam Accession Number (PF08392) retrieved
from the Pfam database, sequence information of the KCS gene
family found in the P. vulgaris genome were obtained from the
Phytozome v13 (https://phytozome-next.jgi.doe.gov/)
database. To identify all possible KCS homologs in P. vulgaris
(Schmutz et al., 2014), G. max (Valliyodan et al., 2019) and A.
thaliana (Lamesch et al., 2012), the blastp in the Phytozome
vl3 database and the Hidden Markov Model (HMM)
(http://www.ebi.ac.uk) search with default parameters were
used. Additionally, the HMMER database was used to scan the
presence of the KCS domain with the sequence information.
KCS protein parameters were established by the earlier
investigation by Aygoren et al. (2023).

2.2. Phylogenetic Analysis

For the phylogenetic research, the Neighbor-joining (NJ)
method was performed with a bootstrap value of 1000
replicates. Sequence alignment was performed using the
ClustalW algorithm embedded in MEGA (Thompson et al.,
1997). Following this, using MEGA v11 phylogenetic tree was
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created (Tamura et al., 2011). The “Interactive Tree of Life”
(iTOL) web interface was then utilized to model the
evolutionary tree (Letunic & Bork, 2011).

2.3. Structure and Physical Location of Pvul-KCS
Genes, ldentification of Gene Duplication and
Conserved Motifs, Comparative Mapping Between
Other Species

“Gene Structure Display Server v2.0” (http://gsds.gao-
lab.org/) (Hu et al., 2015) web interface was used for drawing
exon and intron regions of Pvul-KCS genes to acquire
information about gene structures.

KCS genes’ chromosomal sites were found using the
Phytozome v13 database. All P. vulgaris chromosomes had
Pvul-KCS genes highlighted, which were then mapped using
MapChart software (Voorrips, 2002). The “Multiple
Collinearity Scan Toolkit” (MCScanX) database (Y. Wang et
al., 2012) was used to search for gene duplication occurrences
across P. vulgaris, A. thaliana, and G. max.

The exchange ratios between duplicated pairs of Pvul-KCS
genes were calculated with values non-homologous (Ka) and
homologous (Ks), and ratios non-homologous to homologous
(Ka/Ks). The formulation T=Ka/2\ was used to estimate the
timing of duplication and divergence of each KCS gene (A =
6.56x10°) (Z. Yang & Nielsen, 2000; Lynch & Conery, 2003;
Ilhan et al., 2023).

The “Multiple EM for Motif Elicition (MEME) Tool”
(https://meme-suite.org/meme/index.html) was used to find
further motifs that are conserved in Pvul-KCS proteins (Bailey
etal., 2006). The MEME tool’s settings were adjusted by earlier
descriptions and discovered motifs were scanned with
InterProScan database (Quevillon et al., 2005; Oner et al.,
2022).

2.4. Promoter Analyses of the Pvul-KCS Gene
Family, Intracellular Localization and Prediction of
3D Structures of Proteins

With PlantCARE (Lescot et al., 2002) database, cis-acting
element analysis was performed in the 2 kb 5° upstream region
DNA fragment of each gene of KCS (Rakhimzhanova et al.,
2023). TBtools software was used to create phenograms (Chen
et al., 2020) and WoLF PSORT tool was used to predict
intracellular localization (Horton et al., 2007). The protein
sequences obtained were visualized in 3D images using the
Phyre2 database (Kelley et al., 2015). A single image was
obtained by combining the protein images and intracellular
localization data.

2.5. In Silico Gene Expression Analysis

The Sequence Read Archive (SRA) datasets in the NCBI
database provided the Illumina RNA-seq data. SRR957668 and
SRR958469 are for salt stress which are leaf tissue under salt

treatment and salt control respectively (Hiz et al., 2014).
SRR8284481 and SRR8284480 are for drought stress which are
leaf tissue under drought stress treatment and drought stress
control respectively (Gregorio Jorge et al.,, 2020). These
accession numbers were used to access the expression level
values and these expression values were normalized as
demonstrated previously (Muslu et al., 2023). Heatmap graph
was produced by using the CIMminer server (Weinstein et al.,
1997).

3. Results and Discussion

3.1. P. vulgaris KCS Genes Features

The P. vulgaris genome in the Phytozome database v13 was
searched for KCS gene family members using the PFAM
accession number (PF08392). The investigation led to the
discovery of 19 KCS genes in the common bean genome. The
Pvul-KCS genes’ locations on chromosomes, as well as their
start and end positions, molecular weights, polypeptide lengths,
isoelectric points, and stability/unstability index, are listed in
Table 1.

It was observed that the identified Pvul-KCS genes were
located on Chrl, Chr3, Chr4, Chr6, Chr7, Chr9, and Chrll of
the common bean genome and the unidentified scaffold_30
(Figure 1). As a result of the data obtained, the molecular
weights of KCS genes were found to vary between 49.14 kDa
and 60.57 kDa, and amino acid lengths between 437 and 534.
The highest molecular weight of Pvul-KCS-14 was 60.57 kDa,
while Pvul-KCS-16 was 49.14 kDa. Pvul-KCS-14 contained the
highest number of amino acids with 534, while Pvul-KCS-16
contained the lowest number of amino acids with 437. It was
also determined that the identified genes were mostly stable and
the instability indices ranged between 29.59 and 49.80. It was
observed that all genes were in the alkaline character and pl
values ranged between 8.81 and 9.47.

In their study on the barley genome, Tong et al. (2021)
found that the molecular weights and isoelectric points of the
KCS proteins were 44.30-66.23 kDa and 6.95-10.2,
respectively, with the length of these proteins in the range of
398-600 amino acid numbers.

Genome-wide characterization and identification of the
KCS gene family in different species, Xiao et al. (2016)
identified 58 KCS gene on Gossypium hirsutum, 31 G.
arboreum and 33 G. raimondii, H. Yang et al. (2021) identified
13 KCS gene on Atalantia buxifolia, 16 KCS gene on Citrus
ichangensis, 21 KCS gene on Citrus medica, 14 KCS gene on
Citrus grandis, 16 KCS gene on Citrus sinensis, and 16 KCS
gene on Citrus clementina, You et al. (2014) 38 KCS gene on
Linum usitatissimum L., Lian et al. (2020) 28 KCS gene on
Malus domestica, Xue et al. (2020) 58, 33 and 30 KCS genes
on Brassica napus, B. rapa and B. oleracea, respectively, Tong
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et al. (2021) Hordeum vulgare L. 33 KCS gene on, Dai et al.
(2021) identified 18 KCS gene on Malania oleifera.

Table 1. Information about Pvul-KCS protein.

Gene Name  Pyhtozome ID Chr No. Start End Number of aa MW (kDa) pl Instability Index
Pvul-KCS-1 ~ Phvul.001G014100 Chr01 1058333 1061570 511 56.76 9.18 Stable
Pvul-KCS-2 ~ Phvul.003G031300 Chr03 3165537 3167339 492 55.66 9.12 Unstable
Pvul-KCS-3  Phvul.003G138226 Chr03 34519665 34522309 516 57.79 9.03 Unstable
Pvul-KCS-4 ~ Phvul.003G160400 Chr03 37852431 37855038 510 57.40 9.08 Stable
Pvul-KCS-5  Phvul.004G076300 Chr04 13184840 13190186 467 52.28 8.81 Stable
Pvul-KCS-6  Phvul.006G184900 Chr06 28607300 28609884 509 57.58 9.00 Stable
Pvul-KCS-7  Phvul.006G215000 Chr06 30773842 30775215 457 51.57 8.85 Unstable
Pvul-KCS-8  Phvul.007G009100 Chr07 657680 659317 483 54.81 9.06 Stable
Pvul-KCS-9  Phvul.007G009200 Chr07 661883 663334 483 54.98 8.92 Stable
Pvul-KCS-10  Phvul.007G027100 Chr07 2080156 2082926 496 56.00 9.15 Unstable
Pvul-KCS-11  Phvul.007G064000 Chr07 5712349 5713797 482 57.16 8.84 Unstable
Pvul-KCS-12  Phvul.007G279500 Chr07 39890399 39893153 519 58.07 9.33 Stable
Pvul-KCS-13  Phvul.009G023600 Chr09 5705803 5708064 512 57.58 9.47 Stable
Pvul-KCS-14  Phvul.009G084500 Chr09 13848281 13854143 534 60.57 9.14 Unstable
Pvul-KCS-15  Phvul.009G199000 Chr09 30198732 30201608 510 57.70 9.22 Stable
Pvul-KCS-16  Phvul.009G249200 Chr09 36980035 36983096 437 49.14 9.23  Unstable
Pvul-KCS-17  Phvul.009G257100 Chr09 37759369 37761230 525 58.57 8.82 Stable
Pvul-KCS-18 Phvul.011G068900 Chrll 6160872 6162607 469 53.31 8.61 Unstable
Pvul-KCS-19  Phvul.L003544 scaffold_30 265129 266550 473 53.59 8.94 Unstable

3.2. Chromosomal Location and Gene Duplication
Analysis

KCS genes’ chromosomal locations were specified, and the
genes were found that unevenly distributed across several
chromosomes. The evolution of the Pvul-KCS gene family was
caused by both tandem and segmental duplications, which can
be explained, in accordance with gene duplication studies.
Tandem duplications were observed for several gene pairs,
while segmental duplications involved genes located on
different chromosomes.

As a result of gene duplication analysis, segmental
duplication between Pvul-KCS-2/Pvul-KCS-10, Pvul-KCS-
8/Pvul-KCS-18 and Pvul-KCS-18/Pvul-KCS-19 and tandem
duplication between Pvul-KCS-8/Pvul-KCS-9 and their Ka, Ks
and Ka/Ks ratios are shown in Table 2. The Ka/Ks number
implies positive selection in the evolutionary process when it is

larger than 1, purifying selection when it is less than 1, and
natural selection in duplication occurrences when it is equal to
1 (Juretic et al., 2005; ilhan, 2018; Kasapoglu et al., 2020).

3.3. Interspecific Phylogenetic Analysis of Pvul-
KCS Proteins, Conserved Motif and Gene Structure

To explain the evolutionary relationships of Pvul-KCS
proteins and to predict their potential functions, a phylogenetic
tree was drawn using KCS-related proteins of P. vulgaris, A.
thaliana and G. max species. The Neighbor-Joining (NJ)
method was used with MEGA v11 (Molecular Evolutionary
Genetic Analysis) software to perform phylogenetic tree
analysis of a total of 70 KCS proteins from three plant species
(Figure 2). At the phylogenetic tree classification of 19 Pvul-
KCS gene were divided into 5 groups with A. thaliana and G.
max.

Table 2. Ka/Ks ratios and segmental-tandem duplications for P. vulgaris KCS genes.

Genl Gen 2 Ka Ks Ka/Ks Duplication Type
Pvul-KCS-2 Pvul-KCS-10 1.300 0.0526 0.0404 Segmental
Pvul-KCS-8 Pvul-KCS-18 20.5922 0.3774 0.0183 Segmental
Pvul-KCS-18 Pvul-KCS-19 2.2121 0.1493 0.0675 Segmental
Pvul-KCS-8 Pvul-KCS-9 0.0369 0.0202 0.5478 Tandem
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Figure 1. Chromosomal distribution of Pvul-KCS genes. Coloured parts indicate segmental duplications.
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Figure 2. Phylogenetic tree constructed using three plant species” KCS proteins. P. vulgaris and two additional plant species’ KCS full-
length amino acid sequences were aligned with ClustalW, and a phylogenetic tree was created using the neighbor-joining (NJ) method
with 1000 bootstraps using MEGA v11. Groups A, B, C, D, and E of the KCS subfamilies are denoted by the colours.
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In their study, Zhang et al. (2022) observed that 25 SbKCS
genes detected in the phylogenetic tree classification of
Sorghum bicolor were divided into 5 groups with A. thaliana,
Oryza sativa, Zea mays and Brochypodium distachyon.

Lian et al. (2020) observed that the 28 MdKCS genes
identified in the phylogenetic tree classification of apple fruit
(Malus domestica) were divided into 4 groups with A. thaliana
and that there was a close relationship between different
domains of KCS-related genes (KCS1-like, FAE1-like, FDH-
like and CER®). In light of the information obtained as a result
of the studies with KCS, it has been reached that KCS genes are
divided into groups ranging from 3 to 8 in evolutionary terms

and that these genes are mostly closely related to A. thaliana
and G. max species.

In the conserved motif analysis of Pvul-KCS proteins using
the MEME (v4.12.1) (Bailey et al.,, 2006) program, 10
conserved motifs were identified (Figure 3). It was discovered
that the length of the identified motifs ranged from 21 to 50
amino acids. Pvul-KCS-5, -7, -8, -9, -16, -18 and -19 (9 motifs)
had the least motifs, while the remaining Pvul-KCS’s were
equal and had the most motifs (10 motifs). Except for Motif 9,
all motifs were detected in all KCS proteins. Also, the best
matches corresponding to the motifs are given in Table 3.
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Name p-value  Motif Locations
Pvul-KCS-1 0.00e+0
Pvul-KCS-2 0.00e+0
Pvul-KCS-3 0.00e+0
Pvul-KCS-4 0.00e+0 EE BN |
Pvul-KCS-5 9.86e-263
Pvul-KCS-6  5.62e-262 BN
Pvul-KCS-7 1.25e-252
Pvul-KCS-8 2.31e-236
Pvul-KCS-9 1.11e-238
Pvul-KCS-10 0.00e+0
Pvul-KCS-11 6.54e-216
Pvul-KCS-12 0.00e+0
Pvul-KCS-13 0.00e+0
Pvul-KCS-14 0.00e+0
Pvul-KCS-15 0.00e+0
PvUl-KCS-16  9.14e-236 Bl [ s s
Pvul-KCS-17  0.00e+0 B
Pvul-KCS-18 9.57e-224
Pvul-KCS-19  1.40e221  HE [N N —_—— .
Motif Symbol Motif Consensus
1. I FYIPBFKLAFEHFCIHAGGRAVJIDELEKNLZLSEWHMEPSRMTLHREGNT
2. ] DIDILVVNCSLFNPTPSLSAMIINHYKLRGNIKSYNLGGMGCSAGLISID
3. [ ] SSSSLWYELAYTEAKGRVKKGDRVWQIAFGSGFKCNSAVWKALRDINPAK
4. I NCLFRMGGAAILLSNKSSDKRRAKYRLVHTVRTHKGADDKAYRCVYQEED
5. [ GVSLSKDLMAVAGDALKTNITTLGPLVLPVSEQLLFFFTLV
6. ] LOVHPNSYALVVSTENITLNWYFGNDRSM
7. [ YLPEAVHSIPPNPSMKEAREEAEEVMFGAJDNLFAKTGVKP
8. [ ] YFMTRPRPVYLVDFACYKPPEH
9. _ LPDFLQSVKLKYVKLGYHYLISHGMYLLLIPLILVIFIQ
10. — DEESLEFQRKILERSGLGEET

Figure 3. Predicted motif distribution in Pvul-KCS genes.

Zhang et al. (2022) predicted 10 motifs in SbKCS and
identified the presence of five unique conserved motifs of these
proteins; these five motifs were present throughout every single
25 SbKCS proteins, and they were placed in the same position

throughout the protein sequences. This shows that practically
all discovered KCS family genes exhibit a high degree of motif
conservation.
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Table 3. Predicted best possible matching information in Pvul-KCS genes.

MOTIFID WIDE BEST POSSIBLE MATCH

Domain

MOTIF-1 50
MOTIF-2 50
MOTIF-3 50
MOTIF-4 50
MOTIF-5 41
MOTIF-6 29
MOTIF-7 41
MOTIF-8 22
MOTIF-9 39
MOTIF-10 21

LQVHPNSYALVVSTENITPNWYQGNDRSM

YFMTRPRPVYLVDYACYKPPEH

DEENLEFQRKILERSGLGEET

PYIPDFKTAFEHFCIHAGGRAVIDELQKNLQLSEWHMEPSRMTLHRFGNT
DIDILVVNCSLFNPTPSLSAMIINHYKMRGNIKSYNLGGMGCSAGVISID
SSSSLWYELAYMEAKGRMKKGDRVWQIAFGSGFKCNSAVWKCMRDINPPK
NCLFRMGGAAILLSNKPSDKRRAKYQLVHTVRTHKGADDKAYRCVYQEED
GVSLSKDLMAVAGDALKTNITTMGPLVLPMSEQLRFFFTLV

CPPEAVHYIPPNPTMKEAREEAEQVMFGAIDQLFAKTGVKP

LPDFLQSVKLKYVKLGYHYLISHGMYLCLIPLIVVIFIQ

Very-long-chain 3-ketoacyl-CoA synthase
Very-long-chain 3-ketoacyl-CoA synthase
NA
Very-long-chain 3-ketoacyl-CoA synthase
Very-long-chain 3-ketoacyl-CoA synthase
NA
Very-long-chain 3-ketoacyl-CoA synthase
NA
Very-long-chain 3-ketoacyl-CoA synthase
NA

NA: Not applicable.

Exon sizes (bp) and intron numbers were determined as a
result of structural analyses performed on Pvul-KCS genes. As
a result of the data obtained, Pvul-KCS was found to have 27
exons and 8 introns (Figure 4). The highest number of exons
was 3 exons in Pvul-KCS-6 and Pvul-KCS-15 genes, while the
other genes had 1 exon. However, region analysis data using
the GSDS database showed that all Pvul-KCS members have
symmetrical exons. Exons with symmetric splice sites at both
ends are known as symmetric exons. Exon shuffling,
recombination fusion, and protein domain exchange are
probably facilitated by the abundance of phase 0 of symmetric
exons (Gilbert, 1987; Patthy, 1987). The intron numbers in

Pvul-KCS-3 = -
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Pvul-KCS-8 [} ]
Pvul-KC5-9
Pvul-KCS-18 [
Pvul-KCS-19

T—

Pvul-KCS genes range from 0 to 2. It was observed that there
were no intron regions in Pvul-KCS genes except Pvul-KCS-3,
-5, -6, -7, -13, -15, and -17.

In their study, Zhang et al. (2022) demonstrated that the 25
SbKCS genes exhibited a range of intron counts, spanning from
0to 1. Lianetal. (2020) showed that KCS genes within the same
subgroup exhibited similar exon-intron distribution. In
addition, it was observed that apple (M. domestica) KCS
members have similar lengths and number of exon-introns as
we determined in P. vulgaris.

Legend:

cDs @ upstreany' downstream === Intron
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kb kb i Sk

Figure 4. Exon and intron counts, lengths, and locations in Pvul-KCS genes.

3.4. Comparative Genomic Analysis

To better comprehend the Pvul-KCS gene family expansion
and evolution in the P. vulgaris genome and the genomes of
other species, synteny analysis was carried out. Tandem or
segmental duplications of the Pvul-KCS gene were used to
evaluate duplications. A comparative genomic analysis was

conducted to identify homologous KCS genes in Phaseolus
vulgaris, Arabidopsis thaliana, and Glycine max. The analysis
revealed that some KC