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Design Strategies for Color Use in Residential Interiors

Fazila DUYAN®*
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Turkiye.
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Abstract

This study aims to propose color design strategies by examining the relationship between color preferences, user
psychology, and spatial perception in residential interiors. Colors were evaluated holistically, not only by their
basic types (hue) but also by their value (lightness/darkness) and saturation. The analyses reveal that warm colors
are suitable for social interaction and dining spaces, while cool colors should be preferred in resting, sleeping, and
working spaces. The research findings indicate that the same color type can elicit different psychological and
physiological responses at different value and saturation levels, and that color effects vary significantly depending
on the space's function, user profile, and contextual factors. Based on these findings, the study provides practical
color strategies to optimize the user experience for different residential spaces (living rooms, bedrooms,
workspaces, etc.).

Keywords: Space color, Residence, Color effect, Color components.

Konut Mekanlarinda Renk Kullanimina Yonelik Tasarim Stratejileri
0z
Bu ¢alisma, konut ic mekdnlarinda renk tercihleri ile kullanici psikolojisi ve mekdnsal algi arasindaki iliskiyi
inceleyerek, renk tasarim stratejileri 6nermeyi amaglamaktadir. Calismada, renkler yalnizca temel tiirleriyle (hue)
degil, deger  (agikhik/koyuluk) ve doymusluk bilesenleriyle  birlikte ele alinarak  bitincil  bir  sekilde
degerlendirilmistir. Yapilan analizler, sicak renklerin sosyal etkilesim ve yeme-icme mekdnlan igin uygun
oldugunu, soguk renklerin ise dinlenme, uyuma ve ¢alisma alanlarinda tercih edilmesi gerektigini ortaya
koymaktadir. Arastirma bulgulari, ayni renk tiiriiniin farkl deger ve doymusluk diizeylerinde farkli psikolojik ve
fizyolojik tepkilere yol agabildigini, renk etkilerinin mekdanin islevi, kullanici profili ve baglamsal faktérlere gére
6nemli 6l¢iide degiskenlik gdsterdigine isaret etmektedir. Calismanin sonucunda, bu bulgulardan hareketle, farkli
konut mekdnlari (oturma odasi, yatak odasi, ¢alisma alani vb.) igin kullanici deneyimini optimize etmeye yénelik
pratik renk stratejileri icin uygulanabilir bir kilavuz sunulmaktadir.

Anahtar kelimeler: Mekan rengi, Konut, Renk etkisi, Renk bilesenleri.
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1. Introduction

Residential space is not merely a physical structure, it is a multidimensional collective of spaces that
fulfills an individual's fundamental needs for security, privacy, and belonging while encompassing all
functions of daily life. As the setting where people spend more than half of their lives, the residential
environment hosts a wide array of activities, and its multifaceted design directly shapes both individual
experience and behavioral and emotional processes. Consequently, residential interiors, with areas
designated for sleeping, dining, socializing, reading, watching television/movies, studying, and
increasingly, working, respond to diverse needs through design components such as form, color,
texture, and lighting. The holistic composition of these components creates not only perceptual but
also psychological and physiological effects on the user. Within this holistic framework, color, in
particular, stands out as one of the most fundamental design elements that determines the perception
of a space, guides user attitudes and behaviors, and shapes the identity of a residence. Mahnke (1996)
defined color as a phenomenon 'created by light and an energy form that affects bodily functions and
directs mental and emotional processes,' emphasizing its influence on the nervous system and
hormonal activities. In this context, the colors used in interior spaces are not merely an aesthetic
element but a powerful tool that directs users' physiological responses, moods, and spatial perception.
The color of a space can create a stimulating effect by increasing heart rate, a relaxing effect by slowing
it down, or at times, a cheerful effect, while also mediating the perception of the space as gloomy,
peaceful, spacious, or bright.

The effects of color in a space extend beyond its physiological and emotional dimensions, directly
relating to its functional context. The purpose of a space is a decisive factor in color selection. While
more neutral and calming colors are suitable for study areas that require intense attention and mental
focus, vibrant and stimulating colors are prominent in spaces for socializing, dining, or entertainment.
In relaxation and sleeping areas, serene colors that provide peace and tranquility are prioritized, while
circulation areas utilize color schemes that guide movement and increase dynamism. This context
demonstrates that color selection is a strategic tool that shapes the user experience according to the
intended use of the space.

Interior wall colors, as a design component, hold a significant place in spatial perception due to the
large surface area they cover. As noted by Hutchings et al. (2012), walls are a design component of
interiors through their colors. Walls have been the backdrop of human life since humanity began living
in caves (Ulusoy et al., 2020). They provide a background for the objects within the space, playing a
role in highlighting them or making them recede. In this context, color studies for interior spaces are
largely based on wall colors.

On the other hand, color preferences vary from person to person, from culture to culture, and
according to geographical conditions and spatial context. For example, an individual who likes purple
may use this color in their clothing choices but may not show the same inclination when choosing a
car or interior color. Studies conducted independently of context have shown that blue tones are
generally preferred, and the main reason for this is that the sky, seas, and clean water sources are blue
(Palmer & Schloss, 2010). However, the colors used in living spaces vary depending on the function of
the space, the color-texture characteristics of furniture and fixtures, and the psychological impact of
the space on the user. Therefore, color selection in residential interiors should be considered as a
holistic design decision that supports the function of the space and guides the user experience.

1.1. Theoretical Framework of Color

To understand the effects and perception of color in architecture, it is first necessary to grasp color
science. The subject of color is a broad and profound scientific field, extending beyond simple
adjectives like red, blue, or purple used to identify an object or surface. The word "renk" in Turkish is
derived from the Persian word "reng." The Greek word "chroma" means color, and the term
"chromatic" refers to having a color other than black, white, and gray. To perceive, define, or use color,
one must understand its various properties. Scientifically, colors are addressed in two forms: light
colors and surface colors. Color is a property of light, and the specific color is determined by the light's
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wavelength. The visible spectrum, or colored radiation, constitutes the region between 360-780 nm of
the electromagnetic spectrum (Figure 1).

350 400 450 500 550 600 650 700 740 (nm)

Figure 1. Visible spectrum of radiation and wavelengths of colors (Created by the Author)

Color, an intermediary that surrounds our visual world and helps us distinguish, define, and even form
emotional connections with objects or surfaces, consists of light stimuli that originate from a light
source, strike surfaces/objects, and are reflected to our eyes, stimulating our brain through the visual
system (Figure 2). The contrasts between colors in our environment also help us define and evaluate
our surroundings. A bird's ability to spot a red berry among green plants and survive stems from the
perception created by this color contrast (Mahnke, 1996). Similarly, the widespread use of yellow for
taxis in many parts of the world is due to this color being in the area to which the visual system is most
sensitive, making it more visible than other objects and allowing users to notice it from a distance.

Gelen Isin

Yansiyan Isin
(Yesil)

Figure 2. Reflection of light from a surface (Created by the Author)

Color perception is a complex process that influences how we interpret and experience our
environment, and its foundation is shaped by both scientific and artistic approaches. The first
systematic studies on color began with Isaac Newton's separation of white light with a prism, which
established color as a physical reality. The "Young-Helmholtz Three-Color Theory," developed by
Thomas Young and Hermann von Helmholtz, proposed that three types of cone cells in the eye (red,
green, blue) are sensitive to different wavelengths (Wandell, 1995), while Ewald Hering’s "Opponent-
Process Theory" argued that colors are processed in opposing pairs (red-green, blue-yellow) (Hering,
1878). In addition to these scientific approaches, concepts such as hue, value (lightness/darkness), and
saturation were first brought together in Philipp Otto Runge's Farbenkugel (Color Sphere) model
(Gage, 1999). Subsequently, the Munsell Color System developed by Albert H. Munsell (1915) and the
CIE 1931 Color Space created by the International Commission on Illumination (CIE) enabled the
quantitative and objective definition of colors (Fairchild, 2013). All these developments demonstrate
that color is not merely a visual element in spatial design but a physiological and psychological tool
based on scientific principles.

1.2. Color Compenents

To comprehend color more effectively, it is insufficient to define it merely with basic designations like
red, yellow, or blue. Color can be understood more comprehensively when examined beyond these
simple classifications, by considering its different components. For this reason, the systematic
explanation of the color phenomenon becomes apparent in systems like the Munsell Color System
(Munsell, 1915).

The chromatic properties of both light and surface colors are defined by three components that can
vary independently of each other: hue, value (lightness/darkness), and saturation. Hue specifies a
color's fundamental identity, such as its name, like red, yellow, or green. Value indicates how light or
dark a color is. This component also expresses the amount of black or white within a color. In the
Munsell system, value is defined by a ten-step gray scale between black (0) and white (10). For
example, increasing the value of red turns it into a lighter shade, or pink. Saturation, on the other hand,
expresses a color's purity or intensity. This determines how vivid or how dull a color appears. A color
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with low saturation contains more gray and looks duller, while a high-saturation color looks more vivid
and pure. In the Munsell system, saturation increases as one moves away from the gray axis on a hue
page. For example, increasing the saturation of a red turns it into a brighter and more intense red
(Figure 3).

Colors are defined by color ordering systems. In these systems, similar colors are placed next to each
other, and color changes or perceptual steps are arranged in a sequential manner. Colors defined in a
specific order are matched with particular coordinates in space and transformed into a three-
dimensional system called a "color solid" (Figure 3). The Munsell Color System, one of the surface color
systems, was created based on the decimal system in accordance with equal perceptual steps. In this
system, defined by hue, value, and saturation components, each hue is shown with its different values
and saturations on a single page (Figure 4). In the Munsell color system, on any hue page, as one moves
away from the value bar extending from black to white, the proportion of gray in the color decreases,
and the purity, or saturation, of the color increases. In the red hue (Munsell 7R) page in Figure 4, it can
be seen that as one moves from low to high saturation, the red color becomes purer, i.e., its saturation
increases. If the proportion of white within a specific hue and saturation is increased, the color will
lighten; in other words, its value will increase. For example, the dark red of a red hue, maroon, will
evolve toward pink (Figure 4).

Figure 3. Munsell Color System (Munsell Color, 2025)

Most fundamental color terms are based on hue or refer to it (e.g., red, orange, yellow), but some
describe lightness (e.g., pink is a light red, brown is a dark yellow or orange) or color saturation (e.g.,
gray, light blue) (Jonauskaite & Mohr, 2025). However, a single hue is defined across a very broad color
scale with different values and saturations.

Considering the explanations above, defining color only in terms of hue—such as red or yellow—is a
very superficial approach, given that the human visual system can distinguish up to 2.5 million color
sensations (Pointer & Attidrige, 1998; Linhares et al., 2008). In this context, the relationship established
in the context of hue, value, and saturation, rather than just hue, will play an effective role in
understanding color's effect on humans and the studies to be conducted in color design within a
specific systematic framework.
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Figure 4. Colors of the red type (Munsell 7R) with different values and saturations (Created by the Author)

1.3. Use of Color in Interiors and Residential Spaces

Interior colors are one of the most fundamental elements shaping the spatial experience. Colors not
only affect visual perception but also influence individuals' psychological states, physiological
reactions, and behaviors within a space (Mahnke, 1996; Kaya & Epps, 2004). Therefore, in interior
design, color emerges as a powerful design parameter that must be evaluated in conjunction with its
functional, physiological, and psychological dimensions. The literature, particularly studies on color
preferences in residential spaces, indicates that colors have a direct effect on individuals' quality of life
and perception of spatial comfort (Yildirim et al., 2011; Jonauskaite & Mohr, 2025). Consequently,
examining the psychological associations created by different color in interiors and their contribution
to user experience is significant from both a theoretical and an applied perspective.

A color's hue is defined by its wavelength in the light spectrum. Colors with short wavelengths are
associated with "cool" colors. The shortest wavelength color is violet (360-400 nm), followed by blue
(400-480 nm) and green (520-565 nm). The longest wavelength is red (625-740 nm), followed by
orange (590-625 nm) and yellow (565-590 nm), which are associated with "warm" colors (Nakasian,
1964; Crowley, 1993; Yildinm et al., 2011). Cool colors (blue, green) generally have calming, peaceful
effects, while warm colors (red, orange, yellow) have stimulating, energizing effects. These general
psychological effects are consistently observed in studies on interior color perception (Valdez &
Mehrabian, 1994; Nelson et al., 1984). Research on color use in spaces indicates that colors with short
wavelengths are predominantly preferred by users. This preference suggests a general relationship
between mood and wavelength in spatial perception (Valdez & Mehrabian, 1994). Experimental
research suggests that, in parallel with the relaxing effect of the natural environment, such as the blue
sky and vast green vegetation, cool colors with short/medium wavelengths like blue and green have a
calming effect and make an interior space appear more peaceful (Yildirim et al., 2011; Ulusoy et al.,
2020; Jonauskaite & Mohr, 2025). Depending on its value and saturation components, the color blue
can, in some cases, also create a melancholic and somber effect, making the space feel dull, static, and
boring (Manav, 2015).

A great deal of evidence in the literature shows that colors have strong effects on individuals'
emotional states (Jonauskaite & Mohr, 2025; Valdez & Mehrabian, 1994; Mahnke, 1996; Kaya & Epps,
2004). Levy’s (1984) study demonstrated a systematic relationship between color and emotion, finding
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that warm colors, especially red, activate more active emotions like "anger," and yellow, "sadness,"
while cool colors evoke feelings of "calmness" in blue tones and "serenity" in purple tones. Jonauskaite
& Mohr’s (2025) comprehensive literature review systematically presents common inferences about
the color-emotion relationship. According to their review, yellow, green, green-blue, blue, and pink
colors, as well as white, light/bright, and saturated colors, are more frequently associated with positive
connotations, whereas brown, gray, black, and dark colors tend to create more negative associations.
Furthermore, red, yellow, and saturated colors in general are linked to high arousal levels, while blue,
green, white, and gray are associated with low arousal.

Red is the most debated color in the literature, with both positive and negative connotations. While it
is attributed with positive effects such as increasing blood pressure, and being stimulating, powerful,
passionate, and appetite-inducing, it can also trigger negative emotions like aggression, hyperactivity,
and anger (Kaya & Epps, 2004). Research by Kiiller et al. (2009) in rooms painted with saturated red
found that red increased brain activation and heart rate. In contrast, pink, a low-saturation and high-
value tone of red, creates a different effect with its calming and happiness-inducing properties. Indeed,
Schauss’s (1979) study in a prison setting reported that pink wards reduced aggression and aggressive
behavior among inmates.

Many studies on color show that green is most associated with nature (Sakarya & Canpolat, 2015; Kaya
& Epps, 2004). The renewal and freshness of nature express this color's association with concepts such
as peace, harmony, relaxation, freshness, silence, contentment, happiness, and hope in a space
(Ulusoy et al., 2020). While green gives positive results in creating a serene environment, its intensive
use can create laziness and sluggishness (Manav, 2015).

In interior design, the effect of color has been examined by classifying it primarily based on hue in
many studies. However, this approach may be insufficient to fully explain color’s perceptual and
psychological effects, as the same hue can create entirely different experiences and contrasting effects
at different value and saturation levels (Elliot, 2015). For instance, a high-saturation red can have a
stimulating and aggressive effect, while a low-saturation, high-value red (e.g., pastel pink) can be
calming. Therefore, considering the hue, value, and saturation components together is of critical
importance for understanding color's effect.

Kaya & Crosby (2006) investigated color preferences in residential buildings and found that
preferences were shaped more by value and saturation than by hue. The study showed that low-
saturation and light colors provided a low arousal level, but this did not always align with a calming
home atmosphere, indicating a complex interaction. Al-Ayashi et al. (2016) stated that users perceived
all high-saturation colors as "vibrant," regardless of whether they were warm or cool. The same study
reported that high-saturation yellow and red tones were found to be disturbing and unsuitable for
work environments. The findings of Valdez & Mehrabian (1994) support this view. These results
suggest that the primary determinant of color effect is not hue but rather saturation and lightness.

Some studies have shown that gender differences also play a decisive role in color preferences. Duyan
& Unver's (2018) study on living room color preferences found that female participants preferred
warm colors (red, orange, yellow), while male participants leaned toward medium and high-value
tones of cool colors (especially blue and blue-violet). Similarly, in their studies on dormitory buildings,
Costa et al. (2018) found that women preferred purple hues more intensely compared to men, while
men showed a more pronounced inclination toward blue hues. However, the literature on such
gender-based differences is limited.

The relationship between the color of a space and its function is one of the key elements that guide
user experience in interior design. Colors are not merely emotional, meaningful, or perceptual, they
are also functional tools that support the intended use of the space and guide user behavior (Kwallek,
Lewis & Robbins, 1997; Manav, 2007). For example, the preference for cool hues like blue and green
in work areas is associated with increased focus and productivity, while the use of warm hues like red
and orange in social areas promotes vibrancy and interaction. Similarly, it has been reported that light
and neutral colors used in healthcare spaces create a calming atmosphere by reducing stress levels
(Dalke et al., 2004; Aydogdu, 2024). Kaya & Crosby (2006) examined 18 different colors and various
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building types (residences, restaurants, religious buildings, hospitals, hotels, shopping malls,
educational structures, entertainment venues, official buildings, and factories) and found that color
preferences were linked to emotional associations, and these associations were influenced by the
knowledge individuals gained from their color experiences in the built environment. In this context, it
can be stated that selecting colors that are compatible with the function of the space positively affects
both the effective use of the space and the psychological and behavioral reactions of the users.

Color is a powerful tool for manipulating the perceived physical properties of a space. It is known that
different hues and their use at high/low values or high/low saturation affect the perception of a space
as large/small, narrow/wide, bright/dark, or focusing/distracting. Studies on the perception of room
size have shown that cool hues like blue and green have a relaxing and refreshing effect by making the
space appear larger (Kaya & Epps, 2004). Studies with warm colors suggest a tendency to make an
interior look narrower but more active (Nelson et al., 1984; Whitfield & Wiltshire, 1990; Crowley,
1993). Freiling stated that painting all walls in warm tones creates a surrounding, unifying, and visually
restrictive effect (Freiling, 1979). Gage (1999) suggested that dark colors help gather attention and
make boundaries perceptually more defined. The literature also emphasizes that dark colors make the
ceiling appear lower (Evans & McCoy, 1998). Specifically, dark and warm colors (e.g., dark red, brown)
can make surfaces stand out, making the space feel narrower, lower, and more intimate (Mahnke,
1996). In general, some studies have stated that light and cool colors (e.g., light blue, lavender) push
surfaces back, making the space appear wider and higher and increasing the sense of spaciousness
(Gage, 1999; Savavibool & Moorapun, 2017). High-saturation (vivid) colors reinforce the feeling of
narrowness and intensity in spatial perception, while low-saturation and high-value colors create a
more expansive, calm, and refreshing feeling, thereby having a soothing effect (Kiiller et al., 2009).

Research focusing on residential spaces shows clear differences in color preferences according to
different room functions. A study on residential interiors examined the color suitability of living rooms
and bedrooms and concluded that the use of a color changes according to the function of a room
(Slatter & Whitfield, 1977). In Manav's (2007) study, participants preferred pink (high-value red) for
bedrooms, light blue for living rooms, and light yellow for dining areas. Similarly, Torres et al.'s (2020)
research in a nursing home revealed that warm colors (yellow, orange, red) were preferred in social
living areas, while cool colors (blue, purple, green) were preferred in bedrooms. In a study on spatial
color preference, participants associated cool colors and blue with residences, hotels, and hospitals,
and warm colors and red with entertainment buildings like restaurants, theaters, and shopping malls.
The study also found that purple was the least preferred color for residential building types, whereas
blue (due to its calming associations like peace and relaxation) or red (due to participants' prior
experiences with brick colors) emerged as the most preferred colors (Kaya & Crosby, 2006).

A study by Costa et al. (2018) revealed that blue and green were the most preferred colors in dormitory
rooms. Ulusoy (2024), in a color study on geometric wall surfaces in bedrooms, determined that the
most preferred colors were purple, followed by brown and blue. This shows that color preference can
vary depending on the context (e.g., shape). Another study by Ulusoy et al. (2020) emphasized that
the color green creates positive emotions in interiors, referencing 'home,' 'peace,' and 'joy of life.' The
results of the same study suggest that purple should be used more carefully in residential spaces
(Ulusoy et al., 2020). In their study on living room colors, Yildirim et al. (2011) described warm color
schemes as "high arousal," "exciting," and "stimulating," while cool colors tended to be associated with
"not very exciting," and were also described as "spacious" and "relaxing." Generally, the literature
assumes that cool and achromatic colors evoke more calm and peaceful feelings (Yildirim et al., 2011).

Interior colors are influenced by many contexts, including individual preferences, function, gender,
cultural background, and spatial perception. However, studies conducted specifically on the dimension
of spatial function indicate the existence of some objective tendencies in the evaluation and
preference of colors. As a powerful design parameter that directly affects users' psychological and
physiological comfort, color emerges as a fundamental element in residential spaces that supports
functional differences, defines the identity of the space, shapes its atmosphere, and guides its use. The
conscious and strategic use of color enriches the spatial experience while supporting the functionality
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and success of architectural design. This study aims to provide a comprehensive theoretical framework
for color use in residential spaces, conduct a systematic analysis of the studies in the literature, and
develop design strategies for color use in residences in light of the findings. The goal is to create a
comprehensive resource, both academic and practice-oriented, that will provide guidance in color
selection within the context of different usage areas and functions in residences.

2. Method and Method

This study adopts a qualitative approach to analyze color knowledge from a theoretical foundation,
conducting a systematic literature review on its use in residential spaces. The methodology is
structured in two phases.

In the first phase, national and international studies in color theory, color psychology, and spatial
design were reviewed to define the psychological and physiological effects of each color for residential
use. This phase identified fundamental colors used in interior spaces and correlated them with their
functional applications in a residential context.

The second phase involved analyzing the effects of colors on user experience (e.g., stimulating,
relaxing, calming) and matching them with appropriate application areas within residential spaces. The
data gathered from the literature review were categorized using the Munsell Color System as a
reference, including chromatic primary colors (red, yellow, green, blue, purple), intermediate colors
(orange, yellow-green, blue-green, blue-purple, and red-purple), and achromatic colors (white, gray,
black). The psychological and physiological effects of each color were systematically organized into a
tabular format, providing a framework that highlights the functional roles of colors in a residential
context.

3. Findings and Discussion

A literature review on residential interiors examined numerous studies and conducted comprehensive
evaluations of colors in terms of their functional, affective, and component-based properties.
Accordingly, the relationship between color and function is seen as a particularly important factor in
interior design. While the spatial arrangement of residences is often shaped by individual or family
preferences, existing studies show that color perception reveals not only subjective differences but
also certain objective tendencies.

3.1. Evaluation of Colors in Residential Spaces

Studies on the effects of interior colors on users show that warm colors have stimulating, activating
effects (Figure 5), while cool colors have calming, relaxing effects (Jonauskaite & Mohr, 2025). Many
studies indicate that red, at medium to high saturation, is stimulating, and yellow and orange are
slightly stimulating but also cheerful (Silters et al., 2023; Jonauskate & Mohr, 2025).

Figure 5. Interiors using warm colors; Left and right (Hygee & Home, 2025), middle (Stylishspaceglobe, 2025)

In the literature, it is reported that the effects of red, the most stimulating of the warm colors
(especially its saturated tones), can be both positive and negative (Jonauskaite & Mohr, 2025).
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Specifically, red is suggested to negatively impact activities requiring fine psychomotor coordination
and cognitive performance (Elliot, 2015; Yildirim et al., 2011; James & Domingos, 1953; Nakashian,
1964). A study in primary school classrooms found that red wall color distracted students and led to
hyperactivity (Duyan & Unver, 2022). Similarly, research by Kiiller and colleagues in rooms painted red
showed that this color increased brain activity (Kdller et al., 2009). However, red’s metabolism-
accelerating and stimulating effect is positively evaluated as an appetite stimulant, which is why it is
frequently recommended for use in dining spaces like restaurants and cafeterias (Elliot, 2015). The
effects of pink, a high-value (light) tone of red, and maroon, a dark tone, differ from that of saturated
red. In the literature, pink is associated with positive emotions (Jonauskaite & Mohr, 2025), while dark
red, similar to other dark colors, creates a focusing and space-constricting effect (Gage, 1999; Duyan
& lIsik, 2024).

Yellow and orange are reported in many studies to have a high potential for arousal as warm colors
(Jonauskaite & Mohr, 2025). Yellow, the color of the sun, is generally associated with happiness and
energy, and stands out for its positive effects on individuals (Boyatzis & Varghese, 1994). Due to
yellow's warmth and its association with the sun, it is noted that it can make users perceive a space as
warmer than it is. Additionally, some research has shown that yellow has a supportive effect on mental
activity (Duyan & Unver, 2022). Orange, formed by the combination of long-wavelength red and
yellow, is evaluated as a color associated with dynamism, energy, joy, and creativity (Figure 5).
However, it is also emphasized that high saturation and intensive use of orange can cause restlessness
(Manav, 2015).

In light of these findings, it can be said that medium and saturated colors of red and other warm colors
are suitable for use in residential interiors, particularly in spaces where socialization and dining are
prominent, such as living rooms and dining rooms. In contrast, limiting the use of red in spaces where
focus and tranquility are important, such as study, relaxation, or sleeping areas, will provide a more
balanced design approach. When warm hues are examined based on their value and saturation
components, it is reported that light colors of red (pink) have a calming effect (Schauss, 1979).
Therefore, warm colors with high value and low saturation may be appropriate for use in bedrooms,
relaxation, and study areas. Figure 6 shows the different effects created by the use of light,
medium/saturated, and dark tones of red in a bedroom.

Figure 6. Light, saturated and dark shades of red (Created by the Author)

In contrast to warm colors, cool colors such as purple, blue, and green have been shown to have
'relaxing' and 'calming' effects in numerous studies (James & Domingos, 1953; Nakashian, 1964). Blue,
in particular, has been highlighted in various studies for its association with improved mood and a
sense of tranquility (Rosenstein, 1985; Stone, 2003). Manav's (2007) research also indicated that
participants gravitated more toward cool blue colors in living rooms. Similarly, a laboratory study by
Killer et al. (2009) revealed that blue rooms had a calming effect on users, reducing their heart rate.
It is generally accepted in the literature that while warm colors create a more dynamic atmosphere in
a space, cool colors shape spatial perception in a more static, peaceful, and positively associated
manner with low arousal levels (Jonauskaite & Mohr, 2025).

The relaxing, calming, and refreshing effects of the blue, blue-green, and green color palette form the
primary rationale for their preference in residential interiors, especially in bedrooms, relaxation rooms,
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and study rooms (Figure 7). Green's association with happiness is another strong reason supporting its
use in all other spaces of the home (Ulusoy, 2020).

Purple, classified within the cool color group, exhibits properties partially similar to other short-
wavelength colors in terms of spatial perception and psychological effects (Figure 7). This color, which
ranges across a wide spectrum from red-purple to blue-purple, also offers a variety of color options
due to its rich saturation scale. Influenced by its red and blue pigments, purple can evoke feelings of
calmness and joy, but also sadness and fatigue. Findings in the literature suggest that purple
encourages creative thinking (Levy, 1984; Kaya & Epps, 2004). However, despite studies showing a
significant relationship between this color and empowering and motivating emotions, users generally
avoid using purple in residences (Ulusoy et al., 2020; Jonauskaite & Mohr, 2025).

:‘“ 3

Figure 7. Examples of interiors in cold colors (Left (Decoholic, 2025), center (Defrente Para Omar, 2025),
right (Haus und Gartentrend, 2025))

Formed by the combination of two colors at the beginning and end of the light spectrum, red-purple
has been associated with positive emotions such as happiness, love, and serenity, as well as partially
with depressive connotations (Kaya & Epps, 2004). A study in primary school classrooms found that
red-purple wall color calmed students and helped them focus (Duyan & Unver, 2022). Furthermore,
the lighter tones of this color fall into the pink range, reinforcing its calming potential (Schauss, 1979).
Based on these findings, it can be suggested that red-purple may yield positive results, especially in
spaces designated for rest, work, and sleep.

Achromatic colors refer to the neutral color group that lacks hue and includes different tones of black,
white, and gray. These colors, which range from white to black, are defined solely by the value variable
because they lack saturation (Figure 8). Consequently, in spaces designed with a purely achromatic
palette, other design elements such as form, texture, and light-shadow contrast take precedence over
the psychological or perceptual effects of color (Yildirnm et al., 2011). Nevertheless, it is acknowledged
in the literature that achromatic colors have certain emotional connotations. For example, the study
by Wilms & Oberfeld (2018) showed that achromatic colors caused a brief slowing of heart rate, a
condition linked to a low arousal level. This finding suggests that the intensive use of achromatic colors
might create a feeling of stagnation and sluggishness in a space. Other studies indicate that gray is
typically associated with low arousal and negative emotions (e.g., lifelessness, melancholy), black with
high arousal but negative connotations (e.g., power, authority, fear), and white with high arousal and
mostly positive connotations (e.g., purity, spaciousness, emptiness) (Jonauskaite & Mohr, 2025).
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Figure 8. Achromatic color schemes in the space. On the left, white (Freepik, 2025), in the middle, gray (Haus
und Gartentrends, 2025), on the right, black (Hgyee & Home, 2025)

Black, a color that absorbs the majority of all incoming light, is generally associated with death, and
thus linked to sadness, depression, fear, anger, mourning, and tragic events, as well as darkness and
night (Kaya & Epps, 2004). Positively, it is associated with concepts of power, elegance, and richness.
Dark gray and low-saturation colors are similarly regarded and can reflect similar characteristics. From
both a design and a lighting technology perspective, black is not highly suitable for use in residences.

Gray, which spans a scale from light to dark, is primarily associated with emotions and concepts such
as sluggishness, sadness, depression, fatigue, loneliness, and bad/rainy weather. In an experiment by
Adams & Osgood (1973), red was found to be the most active color for a sample group, while black
and gray were the most passive. However, in terms of value, gray is also associated with
"independence, separation, loneliness, and self-criticism" from white (light) to black (dark) (Chiazzari,
1998; Kaya & Epps, 2004). Gray colors are known for their neutral nature and can serve as an excellent
background to highlight other colors (Enwin et al., 2023).

White, the complete opposite of black and a symbol of light and brightness, is associated with
innocence, peace, hope, purity, silence, and cleanliness. In general, it is linked to positive, low-arousal
emotions (Hemphill, 1996; Jonauskaite & Mohr, 2025). As a color that reflects all incoming light, white
tends to make a space appear larger and more spacious. In a study by Kwallek et al. (1997), participants
found a white office unsettling and made more errors. This finding suggests that white may not be
suitable for use in spaces like workspaces or bedrooms, as very bright rooms can be distracting.

In Northern geographies, particularly in Scandinavian countries, there is a strong preference for light
colors—most notably white—in interior spaces (Figure 9). The primary functional reason for this
preference is the high light-reflectance property of light colors. This feature maximizes interior light
levels even during the long winter months when daylight is extremely limited, thereby enhancing
spatial perception and promoting positive psychological effects. These geographical and climatic
necessities have evolved into an aesthetic principle, playing a fundamental role in the emergence of
the Scandinavian Design Style. Within this style, white and other light colors dominate large surfaces,
while darker tones are applied sparingly and strategically to generate contrast. Natural materials such
as wood, wool weaves, and furry textiles are frequently used to add warmth, tactility, and an organic
naturalness to the space (Figure 9). Consequently, the prevalence of white and light color use in these
regions should be considered a functional and highly adaptive response to geographical and climatic
conditions.
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Figure 9. Scandinavian style interior (Lavi Tasarim, 2025)

The explanations and scientific findings presented above demonstrate that a more comprehensive and
valid approach to defining colors involves considering them in the context of their components,
particularly value and saturation, rather than solely through basic hue categories like red or green.
Indeed, various studies have shown that colors with the same hue but different value and saturation
levels have significantly different cognitive and emotional effects (Elliot, 2015; Palmer & Schloss, 2010).
This finding suggests that a reductionist, hue-focused approach is insufficient in color research,
whereas multidimensional and holistic analyses yield more reliable results. Therefore, to gain a deep
understanding of the psychological and physiological effects of colors, a systematic research
framework that considers hue, value, and saturation components together needs to be developed, as
saturation and value are critical factors that directly shape a color's psychological and physiological
impact (Elliot, 2015).

Saturation refers to a color's distance from the gray scale. In this context, high saturation means the
color is more prominent, eye-catching, and produces strong psychological effects, while low-saturation
colors become more neutral as they approach gray, and their perceptual effects weaken. However,
most studies in the literature focus on hue and do not adequately consider the saturation parameter
(Elliot, 2015). Yet, in architectural and interior design, the level of saturation is a critical variable that
directly determines the psychological atmosphere of a space and the user experience. High-saturation
colors increase emotional responses through their stimulating effects, while low-saturation colors tend
to create a calm and neutral environment. Furthermore, this effect is directly related not only to the
color itself but also to the size of the surface on which it is used. High-saturation colors on large
surfaces create a more intense stimulating effect, whereas this effect is relatively limited on small
surfaces. However, the use of highly saturated colors on large surfaces can lead to some disadvantages
in terms of lighting technology. The colored reflection of light striking a colored surface can cause color
shifts on adjacent surfaces, which both distorts spatial color perception and negatively affects visual
comfort and lighting efficiency (Unver, 1985; Kwallek et al., 1997; Al-Ayash et al., 2016). Therefore, in
effective spatial design, the level of saturation and the size of the surface area must be balanced
appropriately with the design purpose, in addition to the hue. In this context, the limited use of high-
saturation colors is suitable for residential spaces.

A color's value (lightness/darkness) has a decisive effect on spatial perception. Low-value (dark) colors
give a space a heavier and narrower character while also creating a focusing effect. In this context,
although the preference for dark tones in work and rest areas is considered appropriate due to their
focusing effect, they are not recommended by standards for lighting efficiency and visual comfort (TS
EN 12464-1:2021). High-value (light) colors increase the light reflection ratio, raising the overall light
level in the space, which helps support visual comfort and contributes to the perception of the space
as more spacious and large. While some studies show that light colors have more relaxing effects, their

105



Journal of International Architectural Sciences, 2025, 2 (2): 94-113.

use can still vary depending on the function (Aydogdu, 2024; Késeoglu & Celikkayalar, 2016). Figure 10
shows the high and low-value interior applications of blue.

Figure 10. High (left) and low (center) use of blue hue (Munsell 10B) (Left, (House & Garden Magazine UK,
2025), medium (Mobilya glinligi, 2025), right (Michele Clamp Art, 2025)

The combined use of different colors with similar and high values creates visual unity and a balanced
atmosphere in an interior. The left side of Figure 11 shows high-value (light-toned, V:9) colors from the
Munsell Color System, while the right side presents an application of these colors to a living space. The
use of light colors with different hues not only gives the space a harmonious and peaceful character
but also supports a spatial perception that is wider, simpler, brighter, and more tranquil.

Figure 11. On the left, high value (light, V:9) Munsell colors (Wallkill Color Services, n.d.), on the right, a living
space made of high value colors (Chloé, 2025)

In spatial design, color selection can be viewed as a multidimensional process that requires the
simultaneous evaluation of color's hue, saturation, and value components, along with a space's
function, lighting conditions, and visual performance criteria. As emphasized in the literature, such a
multidimensional approach can help balance the psychological effects of colors with physical
conditions such as spatial perception, visual comfort, and energy efficiency (Killer et al., 2009; Manav,
2007; Elliot, 2015). This allows for higher-quality interior designs where color decisions improve user
experience, enhance a space's functionality, and align with sustainability criteria.

3.2. Systematic Analysis of Colors Used in Residential Spaces

Literature findings on the colour-space-impact relationship are also applicable to residential interiors.
Colour preferences in homes exhibit significant diversity based on both the function of the space and
the user profile. The results of colour psychology studies can be utilised to construct an analytical
framework for residential spaces.
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Studies in the literature have predominantly concentrated on red and blue, while other primary
colours such as yellow, green, and purple, as well as intermediate tones, have been investigated to a
more limited extent. To address this gap, this study employs the Munsell Colour System to create
systematic tables categorising colour use in residential spaces. The spatial effects and recommended
applications of primary chromatic colours (Table 1), intermediate chromatic colours (Table 2), and
achromatic colours (Table 3) are summarised based on compiled literature findings. Each selected

fundamental colour is treated inclusively, encompassing its nearby hues.

Table 1. Uses of Achromatic Primary Colors in Residential Spaces (Michele Clamp Art-Munsell, 2025)

CROMATIC PRIMARY

coLos

PROPERTIES of COLOR

COLOR EFFECT

RESIDENTAL USE AREAS

Energy, passion,
stimulation, activity
(Kaya & Epps, 2006;

Saturated colors are stimulating,
energizing, exciting, appetite-
increasing, but can also trigger

Medium/light colors of red are
suitable for living and dining
rooms. Highly saturated colors

a Valdez & Mehrabian, anger and aggression. (Kaya & can be stimulating, so they
: 1994; Kiiller et al., 2017) Epps, 2004; Killer et al., 2009; should be used in smaller
n Jonauskaite & Mohr, 2025). spaces. Lighter colors (like
pink) are more suitable for
bedrooms and children's
rooms.
) Liveliness, joy, optimism, Light colors brighten spaces, Its high-value, low-saturated
.. n attention-grabbing, while saturated colors have a colors, also called beige, can
T Lo happiness, and mind- vibrant, warm, uplifting, and be used in almost all
o &= stimulating (Boyatzis & mentally active effect. Saturated residential spaces due to their
E Varghese, 1994). Low- colors can be tiring with calming effect. Medium-
> value and saturated prolonged use. (Duyan & Unver, saturated colors can be used
colors are associated 2022; Jonauskaite & Mohr, in living spaces.
with earth tones. 2025).
Balance, naturalness, It has a relaxing, calming, Colors of different values and
N peace, trust, happiness pleasurable, and refreshing saturations of green can be
= (Ulusoy et al., 2020). effect, reminiscent of nature. It  used in the living room, study
E has a positive, low-stimulation and bedroom.
G} effect. (Ulusoy, 2020; Elliot,
8 2015; Jonauskaite & Mohr,
2025).
Calmness, serenity, Blue colors, which have short Different colors of blue can be
- B confidence, wavelengths, have a calming used in bedrooms and study
.- coolness/coldness (Kaya effect. They make the space look rooms for both calming and
3 & Epps, 2004; Yildirm et spacious and roomy (Valdez & relaxing purposes.
2 al., 2011; Valdez & Mehrabian, 1974; Yildirm et al.,
n Mehrabian, 1994; 2011)
Nelson et al., 1984)
Nobility, creativity, Purple, a short-wavelength Limited use in bedrooms and
g mysticism, dramatic blend of blue and red, has a recreational areas may be
o R effect (Adiglzel & relaxing, calming, and creative appropriate. (Ulusoy, 2024).
o Kolanci, 2017) effect (Jonauskaite & Mohr, Studies generally discourage
E 2025; Levy, 1984). It adds depth  the use of purple in residential
wn

and a sophisticated atmosphere
to a space, creating emotional
intensity.

settings. (Kaya & Crosby, 2006;
Ulusoy et al., 2020).

Intermediate colors are positioned between primary colors on the color wheel and embody the
characteristics of the two primary colors that compose them. For this reason, the effects of
intermediate colors within a space create a unique experience by carrying the perceptual and
influential properties of their neighboring warm and cool color groups. For example, yellow-green
tones carry the warm and stimulating qualities of yellow while also including the effects of green, which
are associated with nature and balance. Similarly, red-purple tones can integrate the dynamism and

107



Journal of International Architectural Sciences, 2025, 2 (2): 94-113.

stimulation of red with the sense of tranquility and depth of purple. This dual character allows
intermediate colors to create more flexible, multi-layered, and context-sensitive effects on spatial
perception. The majority of color research in the literature has focused on primary colors (Elliot, 2015),
while the effects of intermediate colors on spatial perception and user attitudes have been studied
less frequently. Table 2 evaluates the effects of intermediate colors and their use in residential spaces.

Table 2. Use of achromatic intermediate colors in residential spaces (Michele Clamp Art, 2025)

CROMATIC SECONDARY PROPERTIES of
COLOS COLOR COLOR EFFECT RESIDENTAL USE AREAS
Orange, a mixture of  It's a stimulating color with a Medium light value and
v e e e red and yellow, medium-high wavelength. It has  medium/saturated colors can be
] reflects the dynamism an uplifting effect, but heavy use used in dining rooms and living
<Z[ and stimulation of red can cause restlessness (Manav, rooms.
S and the warmth and ~ 2007). It's not widely preferred
e liveliness of yellow. by users and isn't considered
n

suitable for work environments.
(Kwallek et al., 1997).

Warmth and Green-yellow, also known as It can be used in living and
% stimulation of yellow  warm green, contains both warm dining rooms. Higher-value,
E + Balance and and cool colors. It has a euphoric  lower-saturated colors can be
> naturalness of green  effect (Ulusoy et al., 2020). It used in bedrooms.
E reflects the color of nature and is
{'5 peaceful and soothing.
>
[G]
wn
Coolness and serenity It reminds one of clear seas and High value, low/medium colors
z of blue + balance and leaves a calming, peaceful and can be used in studies,
P peace, contentment relaxing effect. children's/master bedrooms.
Q and joy of green
w .
2 (Jonauskaite & Mohr,
@D 2025)
U]
@
n
The depth and Calming, peaceful, relaxing, dark  High value, low colors can be
W mysticism of purple + tones can evoke gloom. used in bedrooms,
,?F' The serenity of blue, children's/baby rooms, High
w the color of the sky value, low/medium saturated
% tones can be used in living and
a sitting areas.
o
a.
wn
The liveliness and It is a focusing, calming color. It Its high-value, low/medium
w stimulation of red + provides balance because it saturated colors can be used in
e the creativity, contains both cold and warm parents' and children's rooms.
2 serenity and nobility  colors. (Duyan & Unver, 2022). They are also suitable for study
uo'_' of purple and recreation rooms.
E (Adigtizel&Kolanci)
o
n

Neutral or achromatic colors (black, white, and gray) play a functional role in interior design, particularly in
residential rooms, from both an aesthetic and a psychological perspective. The literature notes that white makes
a space feel more spacious, bright, and hygienic, and is therefore widely preferred, especially in small-scale
residential rooms (Manav, 2007). Gray tones contribute to a balanced and calm atmosphere, giving a space a
timeless and neutral identity, although their intensive use can lead to a cold and monotonous perception
(Kwallek et al., 1997). Black, as a powerful element of contrast, provides depth and emphasis, but excessive use
can make a space feel constricting and oppressive (Dalke et al., 2004). In this context, the use of different values
of neutral colors in residential rooms, when combined in a balanced way with other colors, can positively affect
both spatial comfort and user perception.
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Table 3. Use of White, Black and Gray Colors in Residential Spaces

ACROMATIC PRIMARY PROPERTIES of
COLOS COLOR COLOR EFFECT RESIDENTAL USE AREAS
Freshness, It makes the space look It can be used in all areas of the

cleanliness, clarity,

spacious and increases the

home. Excessive use can have a

P purity, neutrality, brightness. (Hemphill, stimulating effect, but it's best
T positively calming 1996; Jonauskaite & Mohr, used in a specific setting with
= 2025) compatible materials.
Balance, neutrality, Gray has many values, Gray can sometimes create a good
e serenity, dullness, from light to dark. Itis a background on walls, providing a
> J melancholy, neutral color and is often backdrop for furniture within the
5 formality. Negative associated with negative space. Therefore, it's a popular
low arousal emotions. (Jonauskaite &  choice for living rooms.
Mohr, 2025).
Power, seriousness, It evokes darkness, unrest, It is not suitable for use in
_ sophistication, fear, and is depressive residential spaces where space is
X negative strong (Hemphill, 1996) limited. Optionally, it can be used
< arousal Jonauskaite & Mohr, 2025). in small living and working spaces.
o« It leaves a dramatic effect

on the space.

4. Conclusion and Recommendations

This study aimed to analyze the effects of color use in residential interiors on user psychology,
physiology, and spatial perception from a multidimensional perspective, considering color
components (hue, value, saturation) and spatial function. The primary contribution of this research is
its demonstration of the necessity to examine color effects relationally with value and saturation
components, rather than solely based on hue, and its integration of this three-way interaction into a
systematic framework.

The evaluations revealed that, in addition to the relationship between color and emotion, color use in
a space exhibits certain consistent patterns in the literature. The study's findings indicate that warm
colors (red, orange, yellow) are suitable for spaces requiring social interaction and energy. Specifically,
red's appetite-stimulating effect supports its use in dining areas, while yellow tones' cheerful and
energizing properties support their use in social spaces (Elliot, 2015; Jonauskaite & Mohr, 2025). In
contrast, cool colors like blue and green stand out for their calming and peaceful effects, making them
more frequently preferred in rest, sleep, and work areas (Kaya & Epps, 2004). However, this study goes
a step further by indicating that this generalization is not absolute. For example, as noted by
Jonauskaite & Mohr (2025), a high-saturation red can create aggressive effects in workspaces, whereas
a low-saturation of the same color, like pink, exhibits calming properties, clearly demonstrating the
importance of components. This finding supports the idea that value and saturation can be more
decisive in evaluating color effects than hue (Valdez & Mehrabian, 1994). The component-based
evaluations align with the established view in the literature that low-saturation and high-value (light)
colors make spaces appear more spacious and expansive (Kuller et al., 2009; Yildirnm et al., 2011).
Conversely, high-saturation colors are said to have negative effects, particularly in work, rest, and sleep
areas (Al-Ayashi et al., 2016; Kaya & Crosby, 2006; Valdez & Mehrabian, 1994).

In conclusion, this study has developed a holistic and systematic color guide that encompasses color
design criteria specific to residential spaces. Colors, which play a fundamental role in the perception
of a space, stand out as decisive physical qualities that should be addressed within the context of the
figure-ground relationship. Accordingly, the choice of which hue or which component
(value/saturation) of that hue to use on walls should be planned to align with the desired elements of
the space. The systematic guide, created as a reference, aims to provide applicable strategies based
on scientific research, transforming color selection from a purely subjective preference into a
conscious design process that optimizes a space's functional performance and user experience. Future
research that empirically validates these findings and comparatively examines color perception in
different cultural contexts will provide significant contributions to the literature.
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Abstract

A composite structure is a building made from a combination of materials, such as steel, concrete and timber.
These systems offer a more efficient construction method by utilising the superior properties of different
materials. This study explains the timber-concrete composite construction system and its advantages using the
Brock Commons Student Residence project in Canada as an example, and reveals the reasons for its selection. The
timber-concrete composite system was chosen for Brock Commons due to the need for rapid construction, the
abundance of timber production in Canada, the limited space available for a construction site given the building's
location, and its sustainability advantages. Consequently, the seventeen-storey dormitory building was
completed within seventy days. The building is economical, sustainable, environmentally friendly, lightweight and
earthquake-resistant. Due to its prefabricated elements, on-site traffic is also minimised. The building uses a
laminated timber column and floor system with two reinforced concrete cores.

Keywords: Composite material, Timber-concrete composite construction system, Metal fasteners, Laminated
timber structural element.

Ahsap-Betonarme Kompozit Yapim Sistemi ve Brock Commons
Ogrenci Yurdu Ornegi

(073

Kompozit yapilar, yapi tasiyici sisteminde ayni anda betonarme, celik ya da ahsap gibi farkli yapi elemanlari
birlikte kullanilarak insa edilen yapilardir. Farkli malzemelerin gérece l(stiin &6zelliklerinden faydalanilarak
olusturulan bu tiir sistemler daha verimli bir yapim sistemi sunmaktadir. Bu ¢alismada amag¢ Kanada’ da yapiimis
olan Brock Commons Odrenci Yurdu projesi iizerinden betonarme-ahsap kompozit yapim sistemini ve
avantajlarini agiklayip tercih nedenlerini ortaya koymaktir. Yurt binasinin kisa siirede insa edilmesi gerekliligi,
Kanada’daki ahsap (retiminin fazla olmasi, yapinin konumu itibanyla santiye olarak yeterli alan sunamamis
olmasi ve siirdiiriilebilirlik alaninda sagladigi avantajlar da géz éniine alindiginda Brock Commons binasinda
ahsap-beton kompozit yapim sistemi tercih edilmistir. Sonug olarak on yedi katli yurt binasi; iki adet betonarme
cekirdekle birlikte lamine ahsap kolon ve ddseme sistemi kullanilarak yetmis giin igerisinde ekonomik,

stirdiiriilebilir, cevre dostu, hafif, deprem yiikiine dayanikli, icerdigi prefabrike elemanlar nedeniyle santiye igi
trafigi en aza indiren kompozit bir yapi olarak tamamlanmistir.

Anahtar kelimeler: Kompozit malzeme, Ahsap — beton kompozit yapim sistemi, Metal baglanti elemanlari,
Lamine ahsap yapi elemani.
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1. Introduction

A composite structure refers to a building that employs a combination of structural materials—
including reinforced concrete, steel, and timber—within a single supporting system. These materials
can be used together on the same load-bearing elements or to form different elements within the
same system. Mechanical interaction between hardened concrete and timber is achieved either
through keyed recesses formed in the timber or by installing mechanical fasteners prior to casting the
concrete (Ceccotti, 2002). The development of timber—concrete composite (TCC) systems began
shortly after the First World War as a response to shortages of steel, prompting the search for
alternatives to conventional reinforced concrete and steel construction (Auclair et al., 2023). Since the
1970s, interest in timber-concrete composite systems has increased, and it is evident that this system
is used not only to reinforce existing wooden flooring but also in the construction of flooring for new
buildings and bridges (Turrini & Piazza, 1983; Natterer et al., 1996).

Timber-concrete composite systems are a construction technique. The structural performance of the
timber and concrete elements in this system largely depends on the composite behaviour
characteristics. This type of composite system is particularly popular in the United States, Australia and
Europe. Timber-concrete composite systems are used in the renovation of old timber-frame and
masonry buildings, as well as in new constructions, such as buildings and bridges. It is formed by timber
beams and concrete slabs and is used in the construction of structural elements such as walls, floors
and roofs. Timber-concrete composite systems are not yet widely used in Turkey. This study
demonstrates the potential applicability of this little-known system in Turkey, and forms the basis for
adapting the timber-concrete composite construction system to local conditions.

1.1. The Combined Use of Timber and Concrete in Construction

Since early construction practices, the cross-sectional dimensions of structural timber have been
increased through laminating techniques that rely on mechanical joints to form all-wood composite
members. However, because these joints deform under load, full composite action cannot be
achieved. The use of concrete and timber within a single composite cross-section can be viewed as a
natural progression of this traditional approach. Unlike all-timber laminations, full composite action is
attainable with the use of non-slip connectors, allowing both materials to contribute their strength
and stiffness most effectively. Composite timber—concrete systems exhibit several notable
characteristics:

e They are lighter than equivalent reinforced-concrete systems, as timber has a substantially lower
density than concrete (Figure 1.a).

e When the two materials are effectively connected, their load-bearing capacity can be up to three
times greater—and their flexural rigidity up to six times higher—than conventional timber floor
systems (Figure 1. a-b).

e Theyachieve greater structural efficiency, measured as load carried per unit self-weight, compared
with all-concrete systems. Although they may be less efficient than pure timber systems, they are
typically more economical (Figure 1. a, b, c).

e They also perform well as shear walls, with the concrete layer contributing racking resistance and
the timber ribs providing stiffness against out-of-plane buckling (Figure 1).
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Figure 1. Relationship between floor self-weight g and span | for a service load of g=2,5 kN/m?, comparing: (a) an
all-timber section; (b) a concrete—timber composite section; and (c) an all-concrete section (Natterer et al., 1996)

Timber and concrete are used together in three different ways: as a building material, a building
element, and a construction system.

1.1.1. Composite building material; Holzbeton

At first, Holzbeton was just an experimental product, and it was made from cement and wood shavings.
It is then formed into blocks using a wooden frame and can be used in masonry structures (Figure 2).
It is made from wood industry waste products. These are mixed with water and cement to create a
concrete mixture, which is then shaped into blocks using chipboard moulds. The hollow blocks are
filled with mortar on site prior to use. Thus, combining the ecological nature of wood and its heat-
saving properties with the durability of concrete offers a new alternative building material. It has heat-
and sound-absorbing properties. It is lightweight. It is also resistant to fire and weather conditions.
Compared to traditional concrete blocks, it is a more sustainable building element. As it is a
prefabricated element, it also speeds up the construction process (Sahin Diri, 2022).

Figure 2. As a building material; Holzbeton (Baustoffwissen, n.d.)

1.1.2. Composite structural element; Reinforced concrete-timber composite flooring

This composite system is used to construct structural elements such as walls, floors and roofs. It is
formed using timber beams and concrete slabs (Figure 3. a). This makes use of the tensile strength of
wood and the compressive strength of concrete, taking advantage of the best properties of both
materials. The connection ensures complete composite behaviour between the wood and concrete.
This mechanical connection can be achieved using nails, screws, or metal plates that are either
embedded or notched in the wood (Halicioglu & Yiirekli, 2016) (Figure 3. b). Wood-concrete composite
flooring is the most widely used structural element produced by this system. It is favoured over
traditional timber-framed flooring due to its greater rigidity and reduced weight compared to
reinforced concrete flooring (Sahin Diri, 2022). In timber—concrete composite systems, the concrete
layer is generally a reinforced concrete slab, and the timber component can be composed of solid
wood, glued laminated timber (glulam), structural composite lumber, cross-laminated timber (CLT),
nail-laminated timber (NLT), or other engineered wood products (Auclair et al., 2023).
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Figure 3. a) As a structural element; reinforced concrete slab with timber beams (Ticomtec, n.d.), b) Detailed
connections for timber-beamed reinforced concrete slabs; a. Nail connection, b. Sheet metal connection, c.
Chemical anchor connection, d. Bonded metal plate connection (Ceccotti, 2002)

1.1.3. Composite structure system: Timber-reinforced concrete composite structure

Timber-concrete composite building systems combine wood and concrete elements using various joint
solutions. This composite behaviour improves the performance of the building's structure or facade.
This method of building is used to make timber floors stronger and stiffer in existing buildings and in
new constructions, especially in tall buildings and long structures. Upon achieving optimal
interconnection between the two materials, the load-bearing capacity and bending rigidity of the
composite structure are shown to exhibit a marked enhancement in comparison to that of a
conventional timber floor system (Ceccotti, 2002). Timber-concrete composite systems can be a cost-
effective solution for the construction of buildings with floors that have longer spans, since the
mechanical properties of the two materials would be used efficiently (Auclair et al., 2023). Additionally,
the extra mass of the concrete can enhance the acoustic performance when compared to that of a
timber floor system alone. (Figure 4).

1.2. Timber- Reinforced Concrete Composite Construction

Advances in modern timber construction technologies have led to timber structures being widely used
in public buildings, such as apartments, office buildings, schools, stadiums and conference centres
(Figure 4). The structural elements of a building include its foundations, columns, beams and floors.
We can list the combinations of load-bearing elements in timber and concrete composite buildings as
follows:

e Atimber-framed system resting on a reinforced concrete foundation.

e The use of timber floors within a reinforced concrete column-beam system or reinforced concrete
floors in conjunction with a timber column-beam system.

e The use of a timber roof or fagade system in a reinforced concrete structure.

e The construction of a timber-framed extension to a reinforced concrete structure is another
example of how these systems can be used together.
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Figure 4. Examples of timber-reinforced concrete composite construction systems: a) Eric Tweedale
Stadium, Sydney, Dwp architects, 2021 (Dwp, n.d.), b) Ascent, Wisconsin, Korb & Associates Architects, 2022
(Thorntontomasetti, n.d.), c) Okanagan College Jim Pattison Centre of Excellence, Penticton-Canada, HDR
/CEI Architect, 2010 (Fastepp, n.d.)

As the architects of Eric Tweedale Stadium (Figure 4. a); “Timber construction was fundamental to the
project’s sustainability objectives, illustrating that large buildings can be developed with low carbon
output, low waste, and high energy efficiency. An eight-meter glulam roof cantilever provides a clean,
expressive form recalling the site’s historic forest. Alongside its low-carbon timber structure, the
stadium employs east—west orientation, passive shading, rainwater harvesting, and photovoltaic and
metering provisions to reduce energy and water demand.” The stadium provides an active contribution
to climate protection of around 109t CO2 emission (Archdaily, n.d.).

The Ascent project features nineteen mass-timber residential levels resting on a six-story cast-in-place,
post-tensioned concrete podium that accommodates parking and retail spaces (Figure 4. b). The
structural framework comprises glulam beams and columns supporting one-way CLT floor panels
topped with gypcrete, with two reinforced-concrete cores providing lateral stability
(Thorntontomasetti, n.d.). Post-tensioned transfer beams, designed in coordination with the pool and
mechanical area depths, integrate the timber superstructure with the concrete garage below. This
post-tensioned podium allows for reduced floor-to-floor heights while satisfying the structural and
environmental requirements of a Midwestern parking facility.

The Okanagan College project exemplifies the implementation of Composite Concrete—Timber systems
in the construction of gymnasium wall panels, integrating thermal insulation, embedded radiant
heating conduits, and MEP rough-in components (Structurecraft, n.d.). The roofing system employs
hybrid wood—steel truss assemblies. In alignment with the client’s performance objectives, Fast + Epp
engineered a series of innovative structural solutions (Figure 4.c). These advancements include the
development of timber—concrete hybrid composite wall panels incorporating heating and cooling
networks, the design of steel-timber hybrid trusses, and the extensive utilization of FSC-certified
materials as well as lumber sourced from pine beetle—affected forests.

1.2.1. Advantages of using timber-concrete composite construction systems

e Structures made from reinforced timber composites are significantly lighter than concrete
structures.

e Timber is a natural building material. Using timber instead of reinforced concrete in construction
reduces the carbon footprint.

e Timber-Concrete Composite Construction Systems are more rigid and resistant to earthquakes and
fire than traditional timber construction systems.
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1.2.2. Disadvantages of the timber-concrete composite construction system

e High labour costs.

e Requiring excessive labour.

e Connectors increase the total construction cost.
e The necessity for special detail solutions.

e Structural behaviour differences offered by different materials, such as thermal resistance,

thermal conductivity, seismic resistance and expansion coefficients.

e Special production requirements.

2. Material and Method

The wood-concrete composite system is widely used in the construction of buildings and bridges in
many countries, but it is neither produced nor used in our country. The aim of this study is therefore
to introduce the wood-concrete composite system, which is not yet in use in our country, and to
present its potential applications in construction. To this end, the wood-concrete composite materials,
elements and systems used in buildings were first described through a review of relevant literature

and internet searches, followed by an examination of the example building's construction method.

e For this purpose, the structural design of Brock Commons in Canada, set to become the world's

tallest wood-concrete composite structure upon completion, was analysed, and research was

conducted into the design of the hybrid system by examining the functional sharing of the load-

bearing system, as well as its cost, construction time, prefabrication advantages, weight,

foundation dimensions, seismic behaviour and interface details between wood and concrete.

e Based on the results obtained, the advantages and disadvantages of using the wood-concrete
composite system for multi-storey hybrid structures in general were identified, as were the
reasons for preference related to these. An assessment was also made regarding what lessons

could be learned for a possible 'concrete core + wooden floors' concept in Turkey.

3. Findings and Discussion

3.1. Brock Commons Student Residence Building

The advantages of the reinforced concrete-timber composite construction system in the design,
implementation and usage stages are explained in this section using the example of Brock Commons

Student Residence (Figure 5).

Project Location: Vancouver, B.C.
Project Type: Dormitory Building
Size: 15,115 m?

Completion: 2017

Structure Height: 53 m

Structural System: Mass Timber Hybrid, Point-Supported Mass Timber,
Post-and-Beam

Project Materials: Cross-Laminated Timber (CLT), Glue-Laminated Timber,
Parallel Strand Lumber (PSL)

Design Team: Acton Ostry Architects Inc.

Structural Engineer: Fast + Epp
Tall Wood Advisor: Architekten Hermann Kaufmann

Field Science: GHL Consultants Ltd.

Figure 5. Brock Commons Building, general information and outside view (Naturallywood, n.d.) Image (Brudder

Productions, n.d.)

Brock Commons, a student residence in Vancouver, Canada, accommodates 400 students and, at 53
meters in height, was the world’s tallest mass-timber building at the time of its completion. It
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represents the university’s eighth major timber project and serves as a significant driver of innovation
for the regional timber industry (Hkarchitekten, n.d.). The site plan (Figure 6), typical floor plan and
section (Figure 7) of the building are shown in the following figures. During the construction planning
process, there was no available storage space, and a programme was implemented due to the site's
physical constraints. Key advantages of the adopted structural system include the elimination of
beams, the relatively low weight of the CLT panels, and the rapid erection facilitated by prefabrication.
The primary drawback is the limited supply of CLT, as only one local manufacturer produces the panels;
importing them from Europe was explored but deemed too costly due to shipping (Naturallywood,
n.d.). The manufacture of the elements was therefore organised to coincide with the construction
programme. Firstly, the reinforced concrete works were completely separated from the building. This
enabled the assembly of the timber superstructure and installation of the building facade to begin
once construction of the 18-storey reinforced concrete core was complete. The concrete works were
scheduled for the winter months and the assembly of the timber superstructure was postponed until
spring due to weather-related issues. To minimise water absorption on site, water-resistant coatings
were applied to the timber elements at the production facilities. The roof structure was constructed
from steel.

=y

Figure 6. Building site plan (Naturallywood, n.d.)
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Figure 7. Brock Commons Building, typical floor plan and sections (Naturallywood, n.d.; Actonostry, n.d.)
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With a typical inter-storey height of 2,8 m, the 18-storey building measures a total of 58,5 m to the top
of the elevator parapet. Its floor area spans 840 m? (measuring 15 m x 56 m) across its 18 floors,
housing 404 beds in single-bed studios and four-bedroom units. The building employs a hybrid
structural system supported by 2,8 x 2,8 x 0,7 m reinforced-concrete spread footings (Figure 7
sections). Each core bears on a 1,5 m raft slab with soil anchors, and a 250 mm perimeter wall on a
strip footing completes the foundation system. A concrete second floor functions as a transfer slab.
The superstructure consists of a concrete podium and cores, mass-timber columns and floors, and a
steel roof. The foundation system consists of 2,8 x 2,8 x 0,7 m reinforced concrete spread footings,
supplemented by a 250 mm-thick perimeter wall supported on a 600 x 300 mm strip footing. Each
core is founded on a 1,5 m—-thick raft slab equipped with soil anchors capable of resisting 1,250 kN of
tension (Naturallywood, n.d.). The concrete podium accommodates ground-floor amenities and
provides the large spans and clear heights required for public areas at the first floor. The second-floor
transfer slab carries gravity loads from the 17 stories above, decoupling the ground-floor structural
grid from that of the timber structure. The 450 mm cast-in-place concrete cores (Figure 7 plan) ensure
lateral stiffness and integrate vertical circulation, including stairwells and elevator shafts.

The primary framing system comprises mass-timber columns—Parallam in the highest-loaded regions
and glulam elsewhere—together with a perimeter beam supporting the building envelope. Typical
column dimensions are 265 x 265 mm and 265 x 215 mm on the upper levels, arranged within a 4 x
2,85 m structural bay (Connolly, Loss, Igbal and Tannert, 2018). The main prefabricated elements
include CLT floor panels, glulam columns, steel connectors, and the facade (Figure 8). These
components are assembled atop a concrete base and stair cores. Cross-laminated timber (CLT) floor
slabs rest on these columns; the five-layer panels provide a total thickness of 16,6 cm. The staggered
two- and three-span CLT panels act biaxially, enabling a joist-free ceiling and facilitating rapid
installation as well as straightforward integration of building services. Shear transfer between adjacent
CLT panels is achieved using recessed three-layer plates, creating a continuous structural diaphragm
(Hkarchitekten, n.d.). Horizontal loads from wind and seismic action are carried via steel straps from
this diaphragm to the concrete core, while the timber columns transmit vertical loads to the
reinforced-concrete ground-floor structure.

CLT panels Cross-laminated timber (CLT)

Glue-laminated timber (GLT)

Parallel strand lumber (PSL)

W
Figure 8. Materials used in the building (Naturallywood, n.d.)

The interior design prioritizes fire protection and acoustic separation. Encasing the timber columns
and floor panels provides a two-hour fire-resistance rating (Figure 9). Internal demising walls are rated
for two hours between suites and one hour between units and corridors.
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Figure 9. Brock Commons Building drawings and flooring details; most of the mass timber elements were
wrapped in gypsum board, mainly to protect them from fire (Naturallywood, n.d.; Livinglabs, n.d.)

The Brock Commons structural system utilizes a hybrid configuration (Figure 10. a). The foundations,
ground floor, and cores are constructed from cast-in-place, reinforced concrete, while a concrete
second-floor slab serves as a transfer level between the concrete and timber elements, allowing the
ground-floor structural grid to differ from that of the wood superstructure. Acoustical performance
targets 52-54 STC (Sound Transmission Class) for floor assemblies and 50-62 STC for walls
(Naturallywood, n.d.). To enhance sound absorption and minimize vibrations, a 40 mm concrete
topping is added to the CLT panels to increase mass and stiffness, provide fire protection during
construction, and an air cavity is incorporated within the ceiling assembly. Additionally, carpet tiles
and resilient flooring are used to reduce impact noise (Figure 10. b). From the third to the eighteenth
floor, gravity loads are supported by glulam (GLT) columns and CLT panels, with PSL columns employed
in higher-load zones between floors 2 and 5 (Naturallywood, n.d.). Point connections between columns
and floor slabs are realized using hollow structural steel assemblies.

Although the project utilizes only four standard panel sizes, most panels on a single floor are unique
due to the arrangement of mechanical, plumbing, and electrical openings. The CLT panels are 169 mm
thick and consist of five layers of dimensional lumber. Each floor’s 29 panels are connected using a
140x25 mm plywood spline, fastened with nails or screws to adjoining panels (Naturallywood, n.d.).
The panels were manufactured in four lengths: two 6 m panels and two 10 m panels at the cores,
nineteen 8 m panels, and six 12 m panels (Figure 10. c—d). PSL columns are incorporated on floors 2
through 5 at the building’s center to provide additional compressive strength.

122



Journal of International Architectural Sciences, 2025, 2 (2): 114-127.

o Assembly

- « Floor finish

+ 40-mm conxrete topping
+ CiTslab panel

+ 16-mmGWBtype X"
—morsture resistant

+ 38-mm steel hat track
+ 19-mm steel res bar
@400mmoc
+ 16:mm GW8 type “X"
+ 16-mm GWB type “X"
« Interior finish
b

1R

Panel lengths
E=em
Jwom
Cem
J CJ12m

Figure 10. a) Hybrid structural system (Naturallywood, n.d.), b) Typical floor section detail (Naturallywood, n.d.),
c) CLT panel plan (Naturallywood, n.d.), d) The connection of GLT columns-CLT floor panels and reinforced
concrete core drawing (Naturallywood, n.d.)

Figure 11. a illustrates the connections between the reinforced concrete slab and the timber columns.
Equally important is the interface between the CLT floor panels and the concrete core, which must
transfer vertical shear while accommodating the differential settlement between the timber and
concrete systems, estimated at approximately 50 mm. This was achieved using a steel ledger angle
(203 x 152 x 13 LLH) welded to a 300 mm embedded plate cast into the core at 1,500 mm intervals,
then fastened to the CLT panels (Naturallywood, n.d.). Adjacent CLT panels were connected along their
edges using 140 x 25 mm plywood splines. A round hollow structural section is welded to steel plates
embedded at both the top and bottom of each column and secured with threaded rods epoxied into
the column. At the column bases, a smaller-diameter hollow section nests within the one above. The
CLT panels rest atop the lower columns and are anchored to the steel plates with four threaded rods
(Figure 11. b). Figure 11. c shows a cross-section of the rooms in the dormitory building. The building’s
prefabricated fagade consists of 8 m—long steel-stud sections with integrated Windows (Figure 11. d).
The cladding was replaced with high-pressure laminate panels made of 70% wood-based fibers,
displaying a striped pattern of light and dark shades. Corner glazing softens the building’s edges, while
a metal cornice caps the structure (Naturallywood, n.d).

The building was erected extremely quickly, with two floors added each week; the superstructure was
completed in only nine and a half weeks, ahead of schedule. The mass-timber superstructure is
approximately 7,648 tons lighter than an equivalent concrete building, allowing for smaller and more
economical foundations (Fast et al., 2016). However, in a high-seismic context like Vancouver, the
reduced mass also lowers the structure’s overturning resistance compared to concrete.

Wood is a sustainable and versatile building material. It stores carbon dioxide rather than emitting it,
and continues to do so for the life of the structure and beyond when wood fibre is recycled or
reclaimed. Using wood products instead of other materials in the building avoids the emission of more
than 2,432 metric tons of carbon dioxide equivalent. The building was designed to achieve LEED Gold
certification (Thinkwood, n.d.).
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1 TIE

Figure 11. a) Column-to-slab connection (Connolly, et al., 2018), b) Steel connector detail at CLT panel floor-and-
GLT column intersection (Architectmagazine, n.d.), ¢) Encapsulated mass timber structure (Actonostry, n.d.), d)
Facade panel installation (Naturallywood, n.d.) Image (Law, K.K., n.d.)

3.2.

3.3.

The Advantages of Using Timber-Concrete Composite Systems in Construction

The CLT panels used for the flooring are load-bearing in two directions and therefore do not
require supporting beams.

The reinforced concrete cores of the building provide lateral stability by moving in unison with the
CLT floor panels. This also reduces seismic loads.

Due to the adjustment of the panel size according to the maximum span that can be crossed in the
plan, together with the timber column system and the design of the architectural project, the span
has increased and the structural efficiency of the system has improved, while the total number of
panels per floor has decreased.

The reinforced concrete timber composite structure is lighter than a reinforced concrete structure.
The use of timber in the flooring has improved the structure's acoustic properties.

The Disadvantages of Using Wood-Concrete Composite Systems in Construction

The water absorption of timber materials in the structure must be taken into account, and
installation must be carried out according to weather conditions. For this reason, timber
manufacturing at the construction site took place during the spring months.

As current standards in the western Canadian market could not meet the moment and deflection
values in the two-way spread CLT panels, the panels were specially manufactured.

4. Conclusion and Suggestions

This study examined the Brock Commons Student Residence project, in which processed timber
structural elements were favoured alongside reinforced concrete. The results obtained in the material
comparison table (Table 1) lend support to the use of these elements.
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Table 1. Evaluation table of construction materials according to selection criteria

in-situ prefabricated bolted
reinforced reinforced natural engineered welded steel
concrete concrete wood wood steel connection

accessibility to materials 6 5 2 3 5 5
ecology and sustainability 3 3 6 5 4 4
load applied to the structure 3 4 6 6 5 5
cost 6 5 2 3 4 4
construction period 2 5 3 4 3 4
effect on human health 3 3 6 5 4 4
construction site waste generation 3 6 6 6 5 6
sound transmission 4 4 6 6 2 2
thermal conductivity 5 5 6 6 1 1
fire resistance 6 6 1 1 3 3
seismic resistance 4 4 5 5 6 6
opening passed through 4 5 3 5 6 6
energy consumption during

production 4 3 6 5 1 2
the service life of the material in

the structure 3 3 5 5 6 6
Total 56 61 63 65 55 58

Note: This table compares material types according to the criteria that determine material selection. The most
advantageous material is given a value of 6, and the most disadvantageous material is given a value of 1 (The data was
obtained from a survey conducted among faculty members and construction industry workers).

Compared to traditional timber systems, timber-concrete composite systems offer greater advantages
in terms of rigidity, acoustic performance, fire resistance and earthquake resistance. Wood is a natural
building material. Using wood instead of reinforced concrete in construction reduces the amount of
harmful gases released during concrete production and use, consequently reducing the carbon
footprint. Compared to reinforced concrete systems, the reduced weight decreases the load on the
foundation, thereby increasing earthquake resistance. Furthermore, wood's aesthetic appearance
makes wood-concrete composite building systems more appealing from an architectural perspective.

This composite system, which combines timber and concrete, provides structural and environmental
benefits compared to structures made of either wood or reinforced concrete alone. The Brock
Commons building has also gained a lighter and stronger structure. Using wood has enabled a more
ecological design. Furthermore, factory production of the timber elements meant that construction
could be completed in just seven months. The timber-concrete composite system's versatility, as
demonstrated by its use in both new buildings like Brock Commons and the reinforcement of old
structures, enhances its appeal.

This study highlights the advantages of using reinforced concrete-timber composite systems in
buildings. However, it also reveals that these applications require special detail solutions and detailed
work plans. Efforts should be made to facilitate easier solutions and promote the use of these
construction systems. Taking into account the native wood species in Turkey and earthquake
regulations, a future study is proposed that will involve the design and numerical analysis of a similar
hybrid system.
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Abstract

Although Quality Management Systems (QMS) play a critical role in ensuring consistency, performance, and
sustainability in construction projects, traditional practices often fall short in addressing the sector’s rapidly
digitalizing and highly fragmented nature. Quality 4.0 emphasizes the value of emerging technologies, yet
existing interpretations remain broad and do not fully reflect the operational realities of construction. This study
reinterprets Quality 4.0 principles from a construction-specific perspective and examines how digital tools can be
systematically integrated into core quality functions. Using a structured review of current literature and sectoral
practices, the research develops an adaptive framework that links technological capabilities with inspection,
documentation, communication, and continuous improvement processes.The results show that effective digital
integration requires rethinking quality workflows through complexity, uncertainty, and non-linear project
dynamics. The proposed framework offers a targeted approach to modernizing QMS and enhancing
transparency, decision-making, and overall project performance in construction.

Keywords: Digitalisation, Quality management systems, QMS, Construction projects, Quality 4.0.

Insaat Endiistrisinde Kalite Yonetim Sistemlerinin Dijitallesmesi:
Kavramsal Bir Degerlendirme

0z

Her ne kadar Kalite Yénetim Sistemleri (KYS), insaat projelerinde tutarliligin, performansin ve stirdiriilebilirligin
saglanmasinda kritik bir rol oynasa da, geleneksel uygulamalar sektériin hizla dijitallesen ve olduk¢a pargali
yapisini karsilamakta yetersiz kalmaktadir. Quality 4.0 yaklasimi yeni teknolojilerin degerini vurgulasa da, mevcut
yorumlar genis kapsamli olup insaat sektériiniin operasyonel gercekliklerini tam olarak yansitmamaktadir. Bu
calisma, Kalite 4.0 ilkelerini insaat odakl bir bakis agisiyla yeniden yorumlamakta ve dijital araglarin temel kalite
fonksiyonlarina nasil sistematik sekilde entegre edilebilecegini incelemektedir. Giincel literatiir ve sektérel
uygulamalarin yapilandirilmis bir degerlendirmesi lzerinden, teknolojik yetkinlikleri denetim, dokiimantasyon,
iletisim ve stirekli iyilestirme siiregleriyle iliskilendiren uyarlanabilir bir cerceve gelistirilmistir. Bulgular, dijital
entegrasyonun etkin olabilmesi icin kalite is akislarinin karmasiklik, belirsizlik ve dodgrusal olmayan proje
dinamikleri 1siinda  yeniden diisiiniilmesi gerektigini gostermektedir. Onerilen ¢erceve, KYS’nin

modernizasyonuna katki saglamakta ve seffafligi, karar alma siireglerini ve genel proje performansini artirmayi
amaglamaktadir.

Anahtar kelimeler: Dijitallesme, Kalite yonetim sistemleri, KYS, insaat projeleri, Kalite 4.0.
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1. Introduction

Although Quality Management Systems (QMS) play a critical role in ensuring consistency,
performance, and sustainability in construction projects, their effectiveness often depends on proper
implementation across all project phases (Rumane, 2017; Sui Pheng & Hui Hong, 2005). Traditional
QMS, typically aligned with ISO 9001 standards, rely on planned procedures, documentation,
inspections, and corrective—preventive actions to ensure compliance and continuous improvement
(Hoonakker et al., 2010; Jraisat et al., 2016). Despite their importance, these systems frequently face
practical challenges, including fragmented information flow, inconsistent documentation, delayed
reporting, and limited traceability, which can undermine both quality control and overall project
outcomes.

In recent years, the construction industry has been increasingly shaped by Industry 4.0, which
integrates automation, data analytics, cloud computing, and smart sensing technologies into
production and project management processes (Sawhney et al., 2020; PMI, 2021). Within this broader
digital transformation, the concept of Quality 4.0 has emerged as a cross-industry paradigm that
emphasizes enhanced connectivity, real-time data availability, integrated workflows, and evidence-
based decision-making. Quality 4.0 provides a conceptual lens for understanding how digital
technologies can reinforce traditional quality practices while introducing new capabilities such as
predictive analytics and proactive monitoring (Marsden, 2019; Luo et al., 2022).

While Quality 4.0 is applicable across multiple sectors, the construction industry operationalizes this
paradigm through domain-specific tools that embody its principles. Technologies such as Building
Information Modeling (BIM), cloud-based document management systems, mobile inspection
applications, Internet of Things (loT) sensors, and digital dashboards exemplify how Quality 4.0
concepts are implemented in practice (Sacks et al., 2018; Sawhney et al., 2020; Araya-Santelices et al.,
2025; Shaban et al., 2024; Ghosh & Karmakar, 2025). These tools support improved information
consistency, traceability, collaboration, and decision-making, yet their deployment remains uneven
across projects and organizations.

Despite growing attention, existing studies largely focus on individual technologies, specific project
phases, or organizational contexts. There remains limited conceptual understanding of how commonly
referenced digital technologies collectively align with core QMS activities in construction. Addressing
this gap, the present study provides a conceptual exploration of digital QMS in construction,
synthesizing literature on both traditional QMS functions and enabling technologies under the Quality
4.0 paradigm. By mapping digital tools to foundational quality processes, this work clarifies current
developments in digitalized construction quality management and lays a foundation for future
empirical and model-based research in this emerging field.

1.1. Challenges of Traditional QMS in Construction

Quality management in construction involves the structured processes and practices designed to
ensure that project outcomes comply with standards, meet client requirements, and satisfy regulatory
expectations (Rumane, 2017). Key components include planning, documentation, inspection,
verification, corrective and preventive actions, and continuous improvement (Sui Pheng & Hui Hong,
2005; Hoonakker et al., 2010). Unlike manufacturing, construction projects are temporary, site-
specific, and involve multiple stakeholders, leading to unique challenges such as variable site
conditions, design—execution coordination issues, and diverse team interactions (Jraisat et al., 2016).

Traditional QMS in construction aim to ensure that projects meet client requirements, comply with
standards, and satisfy regulatory expectations (Rumane, 2017). Core activities include planning,
documentation, inspection, verification, corrective and preventive actions, and continuous
improvement (Sui Pheng & Hui Hong, 2005; Hoonakker et al., 2010). However, the inherent
characteristics of construction projects temporary nature, site-specific conditions, multiple
stakeholders, and complex team interactions pose significant challenges for effective QMS
implementation (Jraisat et al., 2016).
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Key challenges of traditional QMS include;

= Fragmented Information Flow: Project information is often dispersed across teams and phases,
leading to miscommunication, delays in decision-making, and inefficient coordination (Sacks et al.,
2018; Sawhney et al., 2020; Marsden, 2019).

= Inconsistent Documentation: Reliance on manual record-keeping and paper-based processes
increases the risk of errors, omissions, and duplication, undermining traceability and compliance
(Ghosh & Karmakar, 2025; Araya-Santelices et al., 2025).

= Delayed Reporting: Slow feedback from inspections and quality checks often results in reactive
rather than proactive quality control (PMI, 2021; Shaban et al., 2024).

= Coordination Gaps: Disconnects between design and execution teams can cause deviations from
project specifications and design intent (Sui Pheng & Hui Hong, 2005; Sharma & Laishram, 2023).

= Labor-Intensive Processes: Traditional QMS heavily rely on human input for monitoring,
verification, and reporting, which increases the potential for inefficiencies and oversight
(Hoonakker et al., 2010; Luo et al., 2022).

= Limited Real-Time Visibility: Lack of immediate access to project data constrains timely
interventions and evidence-based decision-making (Zaid et al., 2025; Marsden, 2019).

Organizational culture and predominantly reactive quality control practices further exacerbate these
challenges (Sui Pheng & Hui Hong, 2005). Despite these limitations, traditional QMS remain
foundational, establishing structured procedures for monitoring compliance and supporting
incremental improvement throughout the project lifecycle (Rumane, 2017). Nevertheless, these
inefficiencies highlight the need for digital solutions that enhance connectivity, traceability, and real-
time decision-making in construction projects (Luo et al., 2022; Araya-Santelices et al., 2025).

1.2. From Industry 4.0 to Quality 4.0

The limitations of traditional QMS have coincided with broader technological transformations across
industries. Industry 4.0, characterized by the integration of automation, digitalization, data analytics,
cloud computing, and smart sensing, has reshaped production, management, and operational
processes in multiple sectors (Sawhney et al., 2020; PMI, 2021). Within this context, Quality 4.0 has
emerged as a cross-industry paradigm that leverages these technologies to enhance quality
management practices.

Quality 4.0 emphasizes real-time data availability, connected and integrated workflows, predictive
analytics, and evidence-based decision-making (Marsden, 2019; Luo et al., 2022). It transforms
traditional quality management from reactive and documentation-heavy approaches into proactive,
data-driven, and digitally enabled processes (Sacks et al., 2018; Zaid et al.,, 2025). Key enabling
technologies include cloud platforms, IoT sensors, data dashboards, digital collaboration tools, and
advanced analytics systems, which collectively facilitate traceability, transparency, and timely
interventions (Sharma & Laishram, 2023; Shaban et al., 2024; Ghosh & Karmakar, 2025).

By conceptualizing quality management in the context of Industry 4.0, Quality 4.0 provides a
framework for integrating digital tools with core quality processes, improving consistency,
performance, and adaptability. This paradigm is applicable across industries, offering insights into how
organizations can overcome the challenges associated with traditional QMS, including fragmented
information flow, limited traceability, delayed reporting, and reactive decision-making (Araya-
Santelices et al., 2025; Marsden, 2019).

2. Material and Method

This study adopts a conceptual research design to examine how widely discussed digital technologies
relate to core QMS functions in construction. The material for the study consists of academic journal
articles, books and recognised industry reports addressing traditional QMS practices, Industry 4.0 and
Quality 4.0 concepts, and digital technologies applied in construction project environments. Particular
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attention was given to literature published over the last decade, as recent studies increasingly explore
the intersection of digitalisation and construction quality management (Figure 1).

Step 1

Define QMS Functions in Construction
o Documentation control
*  Verification and inspection
*  Nonconformance management
o Monitoring and improvement

\ 4

Step 2

Identify Digital Technologies from Quality 4.0
= BIM
*  Cloud Systems
o Mobile Toaols
. loT monitoring
*+  Analytics Dashboard

4

Step 3

Conceptual Mapping
. Documentation control
*+  Verification and inspection
*  Nonconformance management
. Monitoring and improvement

4

Conceptual
Insights for
Digitalized

Figurel. Research workflow (Created by the author)

The technology categories considered in the analysis were informed by established Quality 4.0
literature, which identifies digital tools such as BIM, cloud-based document systems, digital
collaboration platforms, mobile inspection applications, loT monitoring devices and analytics
dashboards as enablers of modern quality practices. These sources provided the conceptual basis for
identifying relevant technologies in a systematic and literatiire grounded manner.

The methodological approach consisted of three steps as illustrated in Figure 1. First, core QMS
functions in construction such as documentation control, design and work verification, inspection,
nonconformance management, monitoring and continuous improvement were identified based on
established QMS literature and I1SO 9001 principles. Second, literature relating to digitalisation,
Industry 4.0 and Quality 4.0 was reviewed to determine commonly cited technologies and their
documented applications in construction quality contexts. Third, insights from these two bodies of
literature were synthesised to conceptually map how selected digital technologies support or enhance
fundamental QMS activities.
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As a conceptual study, this approach does not involve empirical data collection or model development.
Instead, it aims to consolidate fragmented knowledge and provide an integrated perspective that may
guide future empirical investigations into digitalised quality management in construction projects.

3. Findings and Discussion

The findings of this study provide a conceptual synthesis of how commonly referenced digital
technologies support core QMS functions in construction. Drawing on both traditional QMS principles
(Sui Pheng & Hui Hong, 2005) and the enabling technologies highlighted in the Quality 4.0 domain
(Marsden, 2019; Luo et al., 2022) , the analysis demonstrates that digitalisation enhances established
quality activities by improving information consistency, coordination, traceability, and decision-making
across project phases. To clarify these relationships, Table 1 presents a conceptual mapping between
core QMS functions and Quality 4.0 enabled digital technologies. The table highlights six key QMS areas
documentation control, design and work verification, inspection, nonconformance and CAPA
management, monitoring and measurement, and continuous improvement and aligns each with
relevant digital tools, including BIM, cloud-based document management, mobile inspection

applications, 10T sensors, and analytics dashboards.

Table 1. Digital technologies commonly associated with Quality 4.0 and their relationship to core QMS
functions in construction projects.

QMS Function

Traditional
Purpose (I1SO
9001 Context)

Supporting Digital Technologies
(Quality 4.0 Enablers)

Key Contributions /
Improvements

Documentation
Control

Maintain, update,
and trace project
records

Cloud-based document
management platforms

Real-time access

BIM document modules

Version control

Digital collaboration platforms

Improved traceability

Reduced fragmentation

Design & Work
Verification

Verify conformity
of design and site
work

BIM

Early clash detection

BIM—-GIS workflows

Improved design
communication

Model-based coordination tools

Enhanced consistency
between design and site

Inspection & Site
Quality Control

Conduct
scheduled and
unscheduled
quality
inspections

Mobile inspection apps

Faster reporting

Field management platforms

Digital checklists

Reality capture tools
(photogrammetry, 360°)

Photo-enabled evidence

Consistency in inspections

Nonconformance &

Identify, report,

Digital issue-tracking systems

Faster identification

Cloud-based NCR/CAPA

and resolve igi i i
CAPA Management e workflows Digital audit trail
. . Transparent corrective
Mobile NCR reporting tools . .
actions
« |oT monitoring devices Real-time data
. Collect and - —
Monitoring & . Evidence-based decision
evaluate process Environmental sensors )
Measurement making
or product data
Analytics dashboards Continuous monitoring
Evaluate quality Data analytics platforms Trend analysis
Performance erformance and igi
Evaluation & ipmprove Integrated digital QMS Feedback loops
Supports continuous
Improvement processes Lessons-learned systems H

improvement

To make the conceptual contribution explicit, Table 1 does not merely list digital tools, but
systematically maps Quality 4.0 enabled technologies to core QMS functions. This mapping clarifies
how digitalisation operationally supports established quality management activities rather than
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treating technologies as standalone innovations. By aligning each QMS function with specific digital
enablers and their corresponding contributions, Table 1 provides an analytical lens for interpreting the
role of Quality 4.0 in addressing key contributions.

In documentation control, as illustrated in Table 1, cloud-based platforms, BIM-enabled
documentation modules, and digital collaboration tools mitigate longstanding challenges of
fragmented or outdated records (Hoonakker et al., 2010). They enhance version control, provide real-
time accessibility, and improve traceability, directly addressing weaknesses of traditional paper-based
systems (Ghosh & Karmakar, 2025; Shaban et al., 2024).

For design and work verification Table 1 shows BIM and BIM-GIS workflows offer structured
environments for model-based coordination and early discrepancy detection (Sacks et.al., 2018).
These tools improve design interpretation, reduce errors during handover, and enhance alignment
between design and site activities, contributing to lower rework and more reliable outcomes (Sharma
& Laishram,2023).

Inspection and site quality control benefit from mobile inspection tools and reality-capture
Technologies (Table 1). Digital checklists, photo evidence, and automated timestamps support more
consistent, transparent, and timely inspections, resolving issues of delayed reporting and inconsistent
field documentation (Marshdan, 2019).

In terms of nonconformance and CAPA management (Table 1) , digital issue-tracking systems and
cloud-based NCR workflows enable faster identification, assignment, and resolution of deviations.
They provide a clear audit trail and facilitate coordinated corrective actions, which are essential for
effective QMS implementation (Gosh&Karmakar, 2025; Zaid et al., 2025).

For monitoring and measurement, loT sensors, environmental monitoring devices, and dashboards
provide real-time data, enabling evidence-based decision-making and proactive responses to quality
deviations. This transition from reactive to data-driven monitoring exemplifies a major improvement
over conventional practices (Luo et al., 2022).

Finally, digital tools contribute to continuous improvement by enabling data aggregation, trend
analysis, and integration of lessons learned. Analytics dashboards and reporting platforms support
monitoring long-term performance and establishing structured feedback loops, reinforcing 1ISO 9001
principles of learning and improvement (Rumane, 2017).

Overall, the conceptual mapping shows that digitalisation complements rather than replaces
traditional QMS practices. It serves as an integrative framework that link traditional QMS with Quality
4.0 capabilities. Quality 4.0 technologies address persistent gaps such as fragmented documentation,
limited visibility, and slow information flow while introducing new capabilities around connectivity,
automation, and real-time data. Their effectiveness, however, depends on organisational readiness,
interoperability, and alignment with established procedures, echoing broader observations in the
literature on digital adoption challenges (Sharma & Laishram; PMI, 2021).

Although this conceptual synthesis provides valuable insights, it is subject to limitations. The study is
based solely on published literature and does not include empirical data from construction projects,
limiting assessment of practical implementation challenges. It also does not account for variations
across project types, organisational structures, or levels of technological maturity. Future empirical
research is needed to validate, refine, and contextualise the conceptual linkages presented here.

4. Conclusion and Suggestions

This study provided a conceptual exploration of the potential of Quality 4.0 technologies to enhance
construction quality management by addressing the limitations inherent in traditional QMS. By
mapping core quality management functions to digital tools including BIM, cloud-based document
systems, mobile inspection applications, loT sensors, and analytics dashboards the study offers a
framework for understanding how digitalisation can support more integrated, data-driven approaches
to quality assurance.
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The analysis underscores that digital tools are not a replacement for established QMS procedures but
serve to augment them. Their adoption can foster proactive monitoring, structured feedback loops,
and continuous improvement processes, creating opportunities for organisations to move from
reactive to anticipatory quality management. This shift has implications not only for compliance and
performance but also for improving collaboration across project teams and enhancing accountability.
Additionally, investigating the integration of emerging tools and analytics with existing quality
practices can provide further insights into optimising digital quality management in construction
projects.

While the conceptual framework establishes a foundation, practical implementation and
organisational readiness remain critical factors in realizing the benefits of digitalised QMS. Future
empirical research could build on this framework by examining real world project applications through
case studies, surveys, or longitudinal analyses, focusing on how digital tools are integrated into existing
QMS workflows. In particular, empirical studies may investigate technology adoption maturity,
organisational capabilities, interoperability challenges, and the measurable impacts of Quality 4.0
enabled QMS on project performance, resource efficiency, and stakeholder engagement. Such
research would further contextualise and validate the conceptual relationships identified in this study.
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Abstract

The rapidly growing population and intense urbanization have reduced the quantity and quality of green spaces
in cities, making urban ecosystems fragile. This situation highlights the strategic importance of plant diversity for
both ecological functions and human health and well-being. Evidence in the literature increasingly shows that
elements of plant diversity, such as species richness and the balance between native and exotic species, improve
the quality of the biophysical environment and also affect indicators such as psychological recovery and stress
reduction. The World Health Organization and current international scientific studies emphasize that positive
health effects are related not only to the presence of green spaces but also to their diversity and ecological
integrity. Studies conducted in Turkey reveal significant differences in plant diversity from city to city, depending
on regional climate, socioeconomic structure, and landscape management practices. National findings on the
relationship between diversity levels and health indicators show that areas rich in plant diversity are considered
more aesthetic, safer, and more peaceful by users, and that time spent in such areas significantly improves
psychological well-being and increases physical activity. In this study, a systematic review was conducted in
accordance with the PRISMA framework to comprehensively evaluate the relationship between plant diversity
and human health in major cities of Turkey, considering ecological, psychological, and socio-cultural components.

Keywords: Plant diversity, Urban green spaces, Urban ecology, Public health, Psychological well-being.

Kentsel Yasam Alanlarinda Bitki Cesitliliginin Insan Saghligi ve Refahi
Uzerindeki Etkileri

(074

Hizla artan niifus ve yogun kentlesme, sehirlerdeki yesil alanlarin miktarini ve kalitesini azaltarak kentsel
ekosistemleri kirilgan hale getirmistir. Bu durum, bitki ¢esitliliGinin hem ekolojik islevler hem de insan sagligi ve
refahi icin stratejik énemini vurgulamaktadir. Literatiirdeki kanitlar, tiir zenginligi, yerli ve egzotik tiirler
arasindaki denge gibi bitki ¢esitliligi unsurlarinin biyofiziksel cevrenin kalitesini iyilestirdigini ve psikolojik iyilesme,
stres azaltma gibi géstergeleri de etkiledigini giderek daha fazla géstermektedir. Diinya Saghk Orgiitii ve giincel
uluslararasi bilimsel ¢alismalar, saghda olan olumlu etkilerin sadece yesil alanlarin varligiyla degil, 6zellikle
cesitlilik ve ekolojik biitiinliik derecesiyle de iliskili oldugunu vurgulamaktadir. Tiirkiye'de yapilan ¢alismalar,
bélgesel iklim, sosyoekonomik yapi ve peyzaj ybnetim uygulamalarina bagh olarak sehirden sehire bitki
cesitliliginde biyliik farklihklar oldugunu ortaya koymaktadir. Cesitlilik diizeyleri ile saglik gbstergeleri arasinda ki
iliskiye iliskin ulusal bulgular, bitki ¢esitliligi agisindan zengin alanlarin kullanicilar tarafindan daha estetik, daha
giivenlive daha huzurlu olarak degerlendirildigini, bu tiir alanlarda gegirilen zamanin psikolojik iyilik halini Gnemli
6l¢lide iyilestirdigini ve fiziksel aktiviteyi artirdigini géstermektedir. Bu ¢alismada, ekolojik, psikolojik ve sosyo-
kiltiirel bilesenleri dikkate alarak, Tiirkiye'nin biiyiik sehirlerinde bitki ¢esitliligi ile insan saghgr arasindaki iliskiyi
kapsamli bir sekilde degerlendirmek icin PRISMA ¢ercevesine uygun olarak sistematik bir inceleme yapilmistir.

Anahtar kelimeler: Bitki cesitliligi, Kentsel yesil alanlar, Kentsel ekoloji, Halk sagligi, Psikolojik iyilik hali.
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1. Introduction

The rapid urbanisation, intensive land use changes, fragmentation of natural habitats, and effects of
climate change together increase the complexity of urban ecosystems. Because of these factors, this
situation has crucially become one of great importance for conserving biological diversity and
maintaining human health and well-being (Marselle, Bowler, et al., 2021; Marselle, Hartig, et al., 2021;
Spotswood et al., 2025). As there is a continuing decrease in the physical and psychological contact
with nature within city dwellers, the amplified problems will pertain to chronic stress, anxiety,
depression, and social disconnection. According to WHO (2017), green space quality and diversity
pertain to being one of the basic correlates of public health. In such a context, it is not only the quantity
of urban green spaces which plays an important role, but also qualities consisting of plant diversity,
habitat integrity, and balance between native and exotic species, which have been considered decisive
factors affecting ecosystem functioning and human health (Wu et al., 2024).

Because it lies at the intersection of three phytogeographic regions and roughly a third of its more than
11,000 vascular plant species are endemic, the country of Tirkiye has great potential for high urban
plant diversity. Plant diversity, however, varies significantly at the regional scale despite this richness.
For example, in Istanbul, although species lists are extensive, exotic species dominate, and Shannon
diversity can vary more with the relative distribution of species rather than species abundance, as seen
in places like Asiyan Cemetery. In Aegean cities such as lzmir and Aydin, where the Mediterranean
climate predominates, the numbers range from 30 to 70 species, with exotic shrub and tree species
making up most of the plant composition. Although the warmtemperate climate conditions of Antalya
allow the use of a wide array of ornamental plants, the underrepresentation of native maquis elements
in the urban landscape keeps diversity below its potential.

Under continental climate conditions, despite having a more restricted plant palette, a considerable
proportion of native and even endemic species still appear in the surroundings of cities like Ankara.
However, the proportion of exotic and cultivated taxa is rather high in composing the urban landscape,
especially in parks and road-side plantings (Cakmak & Ayta¢ 2018; Oguz 2004). Thanks to its humid
climate, the Black Sea Region is characterized by shrubs, broad-leaved forest species, and herbaceous
flora that are almost evenly distributed within the city bounds of Samsun, Trabzon, and Rize, resulting
in a higher Shannon index than other regions (Glineroglu et al. 2018). In Eastern and Southeastern
Anatolia, due to climatic limitations in cities like Erzurum and Gaziantep, the total number of woody
species decreases in urban areas; however, dominance by adapted species keeps the Simpson index
at relatively higher levels (Ogge et al. 2022).

These regional differences suggest that plant diversity is related not only to climatic and floristic
conditions, but also to the socio-economic structure of cities, their management and maintenance
practices (Gozalo & Panadero, 2021a; 2021b). Shannon-Wiener, Simpson and Whittaker indices, the
ratio between native and exotic species, phenological type distribution and stratification analyses are
some of the commonly used metrics to assess urban plant diversity (Giilsoy & Ozkan, 2008; Ogge et
al., 2022). According to the studies conducted in Turkey, 71 woody species were recorded in seven
cities and more than 70% of the parks were established using exotic species (Oggce et al., 2022).
Campus-scale studies conducted at Diizce reveal that herbaceous plant diversity is important for both
recreational experience and ecosystem functions (Yazlik et al., 2020).

A multidimensional network of mechanisms can explain the effects of urban diversity on human
health: species richness and structural diversity increase thermal comfort, improve air quality, reduce
symptoms of stress and depression, and strengthen social interaction (Hartig et al., 2014). A study
conducted in Belgrade Forest of Istanbul reported that green spaces with high diversity levels showed
significant correlations with well-being, energy levels, concentration, and physical activity.
International meta-analyses also show that plant diversity provides stronger psychological restoration
compared to monotonous landscapes ( Marselle, Bowler et al., 2021; Hu et al., 2025).

For this purpose, monitoring plant diversity in cities from all bioclimatic regions of Turkey alongside
health and well-being indicators is a strategic necessity for ecological design and public health policies.
Subjective health perception, depression—anxiety scale, stress level, quality of life, social
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connectedness, and physical activity measurements can be used as health indicators; diversity
indicators can be analyzed using metrics such as species richness, Shannon—-Simpson indices, Whittaker
B-diversity, native/exotic ratio, and number of layers (Akpinar & Cankurt, 2015; cited in Bostanci,
2021). However, despite the growing body of international literature, integrated studies that
simultaneously evaluate urban plant diversity patterns and health-related indicators across different
bioclimatic regions of Turkey remain limited. In particular, there is a lack of comparative, multi-city
assessments that link diversity metrics with psychological well-being and public health outcomes
within a unified analytical framework. This study will investigate the effects that plant diversity in urban
living spaces has on human health and well-being within a multidimensional framework, as well as
make recommendations in a direction that aligns with ecological design principles.

2. Material and Method
2.1. Research Design

This systematic review aims to compile urban plant diversity studies conducted in major cities of each
of the seven geographical regions of Turkey-Istanbul, Izmir, Antalya, Ankara, Samsun, Erzurum,
Gaziantep-in line with the PRISMA 2020 statement-and scientific publications that have discussed the
relationship of such studies with human health both nationally and internationally (Page et al., 2021;
Marselle, Bowler et al., 2021; Marselle, Hartig et al., 2021). From this perspective, the research has a
dual-axis design that includes ecological and health-based indicators:

Ecological axis in this research includes such indicators like: species richness (S), Shannon—Wiener and
Simpson (1-D and D) indices of woody and herbaceous plant species in cities, native—exotic species
ratio, habitat stratification, and structural diversity (Ogce et al. 2022; Cakir & Tugluer 2025), while the
health axis considers all the aspects of human health and well-being including stress, depression,
quality of life, physical activity level, and social interaction (WHO, 2017; Yildizbas et al., 2025). Thus,
both of these axes have been intertwined with a view to assessing comprehensively the effects of
patterns of plant diversity across various climate and urbanization profiles of Turkey on public health.

2.2. Data Sources and Literature Review

In this context, the systematic review searched for articles that had been published between the years
2000 and 2025, using Web of Science, Scopus, PubMed, ScienceDirect, SpringerLink, Taylor & Francis,
Google Scholar, TR Dizin, and DergiPark. These databases were selected since they have high coverage
on the different fields of urban ecology, landscape science, environmental psychology, and public
health, according to Zhao et al. (2022) and Spotswood et al. (2025).

The searches were conducted using keywords in both English and Turkish. The English keywords
included 'urban biodiversity', 'plant diversity', 'Shannon index', 'urban green space', 'human health’,
'well-being', and 'ecosystem services'. The Turkish keywords were: 'kentsel bitki cesitliligi' (urban plant
diversity), 'biyogesitlilik' (biodiversity), 'kentsel yesil alan' (urban green space), 'Shannon indeksi'
(Shannon index), 'insan saghg’' (human health) and ‘'psikolojik iyilik' (psychological well-being)
(Shannon, 1948; Simpson, 1949; Giilsoy & Ozkan, 2008; Ogce et al., 2022). Search strings created with
Boolean operators were designed according to international systematic review standards (Page et al.,
2021).

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were: date of publication between 2000 and 2025; published in a peerreviewed
journal as original research or review/meta-analysis; measured plant diversity within urban or semi-
urban green spaces; reported Shannon or Simpson indices; and presented results related to health and
wellbeing indicators.

In the inclusion of studies sampled in Turkey, preference was given to research conducted in large
cities such as Istanbul, Izmir, Ankara, Antalya, Samsun, Erzurum, and Gaziantep (Ogge et al., 2022;
Yazlk et al., 2020).
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The studies that focused on natural forest ecosystems, those that assessed only the presence of green
spaces without measurement of plant diversity, those that did not report health indicators, and those
with methodological deficiencies were excluded.

2.4. Study Selection Process (PRISMA Flow)

The study selection process was conducted in accordance with the PRISMA 2020 framework and
followed four sequential stages: identification, screening, eligibility assessment, and final inclusion of
studies. Initially, a total of 2,246 records were identified through database searching, and 612 duplicate
records were removed. The remaining 1,634 studies were screened based on their titles and abstracts,
resulting in the exclusion of 1,128 studies that did not simultaneously address plant diversity and
health-related outcomes. Subsequently, 506 full-text articles were assessed for eligibility, and studies
that did not meet the predefined inclusion criteria were excluded. As a result, 78 studies were included
in the final qualitative synthesis, comprising 32 international studies, 26 studies from Europe and the
United States, and 20 field-based studies conducted in Turkey (Page et al., 2021; Ogge et al., 2022;
Cakir & Tugluer, 2025).

2.5. Data Extraction Process

A data extraction form was applied to each study in a systematic manner. The metric for plant diversity
included species richness, Shannon—-Wiener (H’), Simpson (1-D), the ratio of native-exotic species,
stratification level, deciduous—evergreen balance, and seasonal tissue diversity (Glineroglu et al., 2018;
Ogce et al., 2022).

Human health indicators such as psychological stress, depression, and anxiety scales (PSS, DASS, WHO-
5), quality of life (WHOQOL), physical activity level, and social interaction scores were assessed in
various studies (Yildizbas et al., 2025; Hu et al., 2025).

Sample area type, climate class, population density and land-use pattern were some of the significant
information that was coded regarding urban and regional information (S6gtit, 2000; Niray, 2021).

2.6. Data Analysis and Synthesis Approach

A quantitative meta-analysis was not undertaken, due to methodological diversity among the studies;
instead, a three-stage narrative synthesis method was applied. In the first stage, the studies had
thematically been divided into categories such as "plant diversity-psychological health," "plant
diversity-physical health," and "plant diversity-social well-being" (Marselle, Bowler et al.,, 2021;
Spotswood et al., 2025).

In the second step, plant diversity values in the seven regions' largest cities were compared, and it was
confirmed that the H’ values of the coastal cities were significantly higher than in inland and arid
regions (Ogce et al., 2022; Cakir & Tugluer, 2025).

At the final stage, studies were assessed on the level of evidence concerning the sample size, the
quality of the method applied, and the verifiability of the health indicators.

2.7. Ethical Considerations

This study is based on scientific literature published in journals and does not need any ethical
committee approval. Sources used within this paper are cited by academic rules, with the full list
presented in the references section.

3. Findings and Discussion

Table 1 synthesizes the main results derived from the reviewed literature by summarizing regional
plant diversity patterns, associated ecological characteristics, and their implications for human health
and well-being in major Turkish cities. The findings highlight a pronounced spatial gradient in plant
diversity, strong contrasts between coastal and inland settlements, and consistent links between
biodiversity levels and psychological, physical, and environmental health indicators.
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Table 1. Summary of major findings on plant diversity patterns and health outcomes in large Turkish cities.

Theme Regional Pattern Key Findings Health Implications Main References
Plant  diversityCoastal > Inland > Higher Shannon index values in  Weakened ecosystem Ogge et al., 2022;
gradient Eastern regions coastal cities; limited species services in inland regions Giineroglu et al., 2018
richness in Ankara and Erzurum
Native—exotic  Exotic species > native 60-70% of park vegetation is Increased allergen load Hatipoglu & Ekren,
species balance species in metropolitan dominated by exotic species and habitat degradation 2022; Ogce et al.,
areas 2022
Habitat Black Sea and Multilayered vegetation Enhanced restorative Yazlk et al., 2020;
stratification Mediterranean > inland structure is stronger in coastal environment perception Hartig et al., 2014
regions cities
Psychological Higher diversity = Reduced cortisol levels and Lower risk of depression Hu et al., 2025;
health improved well-being  increased attention and stress Yildizbas et al., 2025
Physical activity Activity increases with Higher park usage rates Reduced obesity and non-Akpinar & Cankurt,
increasing diversity communicable disease  2015; Marselle,
(NCD) risk Bowler et al., 2021
Ecosystem Broadleaf species Heat mitigation and particulate Improved thermal WHO, 2017; Kabisch
services dominant in coastal matter (PM) removal comfort etal, 2017
regions
Overall Coastal cities are more Plant diversity should be a Direct contribution to Wu et al., 2024;
conclusion advantageous primary planning criterion public health Spotswood et al.,
2025

3.1. Plant Diversity Patterns in the Major Cities of Tiirkiye

Based on literature findings from major cities representing Turkey's seven geographical regions, plant
diversity follows a distinct spatial gradient across regions. Table 2 summarises the main findings
regarding spatial patterns of plant diversity and their associations with physical, psychological and
social health outcomes in major urban centres across Turkey. The temperate climate conditions in
coastal cities (Istanbul, Izmir, Antalya, Samsun) increase habitat heterogeneity, which facilitates high
distribution, especially for broad-leaved species, thus contributing to Shannon diversity values that
range between 2.3 and 3.2 (Ogce et al., 2022; Kusak et al., 2022). Contrarily, in the cities of Central
Anatolia and Eastern Anatolia (Ankara, Erzurum), where the dominant climate is continental, the
species richness is more limited; the number of woody taxa is decreasing, but the Simpson index is
relatively balanced due to the relative dominance of selected coniferous species (GlUneroglu et al.,
2018). This situation shows that evaluating plant diversity may not be based only on the number of
species but also on structural balances based on the relative abundance of species (Wu et al., 2024).

Table 2. Summary of main findings on plant diversity patterns and health outcomes in major Turkish
cities (Ogge et al., 2022; Kusak et al., 2022)

Region City Climate Diversity LevelDominant Structure Health Impacts
Marmara istanbul Transitional Medium Exotic-dominated Moderate
Aegean izmir Mediterranean Medium-High Mixed shrubs & trees High
Mediterranean Antalya Warm—humid Medium-High Ornamentals High

Black Sea Samsun  Humid High Native broadleaf treesVery High
Central Anatolia Ankara Continental Low—Medium Conifers Limited
Eastern Anatolia Erzurum Cold continentalLow Sparse woody taxa  Low
Southeastern AnatoliaGaziantepHot—dry Low—Medium Xerophytic species = Moderate

3.2. Native—Exotic Species Balance and Ecological Consequences

Itisindicated that exotic species usage is very high, especially in big metropolitan areas (Istanbul, Izmir,
Antalya), and that 60-70% of parks have a composition dominated by exotic species (Ogce et al., 2022).
Even though exotic species have several advantages, like enhancing landscape aesthetics and fast
adaptation, they are reported to carry ecological and public health risks by weakening pollination
networks, reducing interaction with native fauna, and increasing allergen load (Hatipoglu & Ekren,
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2022). On the other hand, higher proportions of native taxa, as seen in Black Sea cities, result in positive
outcomes with regard to both air quality regulation and the continuity of ecosystem functions
(GUneroglu et al., 2018). These findings point to a need within Turkey for a hybrid approach in urban
plant diversity planning that preserves the native species (Marselle, Bowler et al., 2021).

3.3. Habitat Stratification and Landscape Integrity

Habitat stratification, being the balance between tree-shrub-herbaceous layers, is one of the most
important components influencing ecosystem services and differs substantially in the cities studied in
Turkey.

It has been reported that shrub and herbaceous layers are stronger in Black Sea and Mediterranean
cities, while stratification is weak and monocultural landscape patterns are dominant in Central and
Eastern Anatolia (Ogge et al., 2022; Yazlik et al., 2020). The structural diversity is considered one of the
basic spatial elements which enhance psychological well-being, especially because of its impact on
visual complexity and restorative experience (Hartig et al., 2014).

3.4. The Relationship Between Plant Diversity and Psychological Health

Findings from Turkish and international literature suggest that areas with high plant diversity can
substantially reduce stress, improve mood and promote mental restoration. In clinical studies, even
short visits to green spaces with high plant diversity have been found to reduce cortisol levels and
improve mood (Hu et al.,, 2025). In the Belgrade Forest of Istanbul, a study revealed statistically
significant improvements in energy, attention, physical activeness and overall well-being for the
subjects exposed to high plant diversity (Yildizbas et al., 2025). The studies confirm that plant diversity
plays a decisive role not only in physical health but also in cognitive and emotional health (Spotswood
et al., 2025).

3.5 Plant Diversity, Physical Activity, and Social Health

Increasing the diversity of green spaces raises the motivation of individuals to use open spaces and
thus provides higher physical activity levels for them. As revealed by the studies conducted in Turkey,
parks with diverse plant species are perceived as more attractive, safe, and comfortable by users; visit
times are also longer in areas with high species diversity (Akpinar & Cankurt, 2015; Yazlk et al., 2020).
As stated by the international meta-analyses, not only does high landscape diversity increase the
frequencies of walking and recreational uses but it also has positive effects on social interaction,
community cohesion, and spatial belonging (Marselle, Bowler et al., 2021; Marselle, Hartig et al.,
2021). These results support the indirect effects of ecological diversity on social health.

3.6 Ecosystem Services and Their Impact on Public Health

Plant diversity has a direct impact on public health through ecosystem services of air quality regulation,
PM2.5 retention capacity, shading, heat island effect, and water cycle regulation, particularly in urban
ecosystems. As diversity increases, the diversification of functional characteristics shows that there is
a marked increase in heat reduction capacity and urban cooling efficiency (WHO, 2017). It has also
been indicated that findings such as high diversity of leafy species, especially in Samsun, Istanbul, and
Antalya in Turkish cities, are a positive aspect in which one can consider the heat island effect (Oggce
et al., 2022). Another reason that plant diversity is a critical variable for public health policies is the
multi-layered impact on ecosystem services.

Indeed, when all the findings are considered in combination, it is obvious that there is a big variation
in the urban plant diversity of Turkey, depending on geographical conditions, climatic features,
planning perspective, and socio-economic characteristics. This is manifested in Tables 1 and 2.
Therefore, plant diversity affects human health and well-being directly and indirectly. While higher
plant diversity in coastal cities contributes to more positive psychological and social health outcomes,
lower diversity in inland areas is related to the weakening of ecosystem services and higher health risks
(Marselle, Bowler et al., 2021; Marselle, Hartig et al., 2021; Ogce et al., 2022). This situation urgently
requires an approach to plant diversity systematically in urban planning in Turkey.
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When compared with international research results, the overall trends in Turkey show a high degree
of similarity with regard to results relating to urban areas in Europe, North America and East Asia, in
terms of the correlation between high plant diversity and ecosystem services, and high PS (Hartig et
al., 2014; Marselle, Bowler et al., 2021; Wu et al., 2024).

However, there is a fundamental difference in terms of the level of diversity loss and its underlying
causes. While international papers tend to highlight urban densification and land-use intensity as
major limiting factors, it is clear that management patterns, the large-scale use of exotic species, and
the lack of integration of native flora into urban planning have a more decisive influence on diversity
in the Turkish context.

Furthermore, compared to cities in Western Europe, where native species are increasingly prioritised
through biodiversity-focused plans, Turkish cities exhibit greater dominance of exotic taxa for
ornamental purposes. This may partially explain the lower resilience reported in certain regions
(Marselle, Hartig et al., 2021; WHO, 2017).

4. Conclusion and Suggestions

This study demonstrates that plant diversity in major cities across different geographical regions of
Turkey is a key determinant of both ecological quality and human health and well-being. The limited
use of native species in urban green spaces, together with the dominance of exotic species, not only
weakens ecosystem resilience but also poses public health risks in terms of allergen load, maintenance
costs, and species continuity. Therefore, urban landscape planning should prioritise the use of native
and ecologically compatible species, selecting them not solely based on aesthetic criteria but also on
ecological performance and health-related considerations.

In this context, it is recommended that municipalities and local authorities integrate native species
guotas and ecological suitability criteria into urban planting guidelines, tender specifications, and
landscape design standards. In addition, the regular monitoring of plant diversity using indices such as
Shannon—Wiener and Simpson, together with species richness, provides an objective and traceable
tool for evaluating the quality of urban green infrastructure. Integrating these diversity metrics into
municipal green space management and reporting systems would enable evidence-based monitoring
of urban ecosystems over time.

Moreover, the planning of multilayered landscapes with tree—shrub—grass stratification enhances
health-related ecosystem services, including thermal comfort, aesthetic perception, and psychological
restoration. For future research, combining plant diversity indicators with validated health assessment
tools (e.g. WHO-5, DASS, PSS) and developing region-specific landscape policies aligned with climate
sensitivity should be considered priority actions to support sustainable urban health strategies.
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Bu calisma; Phoenix theophrasti taksonlarinin biiyiime ézellikleri iizerinde farkl yetistirme ortamlarinin etkisini
belirlemek amaciyla gerceklestirilmistir. Bu amagla Antalya ili, Kumluca ilgesi, Karaéz sinirlari icerisinde dodal
olarak yetismekte olan P. theophrasti tiirii ile Mudla ili, Bodrum ilgesi, Géltiirkbiikii Beldesi sinirlari icerisinde
dogal olarak yayilis gésteren P. theophrasti subsp. golkoy tohumlari 3 farkli yetistirme ortami iceren saksilara
ekilmistir. Deneme de torf (T), perlit (P), tinli toprak (TT), kum (K) ve yanmis ¢iftlik giibresi (YCG) farkli oranlarda
karistirilarak g farkli yetistirme ortami hazirlanmistir. Deneme siiresince farkl yetistirme ortamlarindaki
gelisimi degerlendirmek amaciyla bitki yaprak sayisi, yaprak boyu ve yaprak eni 6lctilmiistiir. Calisma sirasinda
sinirh ve sabit bir glibreleme programi kullaniimistir. Sonuglar hem takson hem de yetistirme ortami agisindan
biiyiime ézelliklerinde 6nemli farklar oldugunu gdéstermistir. Biiyiime ézellikleri agisindan en iyi sonuglar
TT+YCG+K yetistirme ortaminda gériilmistir. Ayrica biyime &zellikleri agisindan P. theophrasti
(Karaéz/Kumluca)’'nin 6nemli farkla yiiksek degerler aldigi saptanmustir.

Anahtar kelimeler: Dat¢ca hurmasi, Phoenix theophrasti, Yetistirme ortami ve biiyiime.

Effects of Different Growing Media on the Growth Characteristics of
Datga Palm (Phoenix theophrasti-Phoenix theophrasti subsp.
golkoy) Seedlings

Abstract

This study was conducted to determine the effect of different cultivation environments on the growth
characteristics of Phoenix theophrasti taxa. For this purpose, seeds of P. theophrasti, which grows naturally
within the boundaries of Kara6z, Kumluca District, Antalya Province, and P. theophrasti subsp. golkoy, which
grows naturally within the boundaries of Géltiirkbiikii Municipality, Bodrum District, Mugla Province, were
planted in pots containing three different growing media. In the experiment, three different growing media
were prepared by mixing peat (T), perlite (P), loamy soil (TT), sand (K), and burnt farmyard manure (YCG) in
different proportions. During the experiment, the number of plant leaves, leaf length, and leaf width were
measured to evaluate the development in different growing media. A limited and fixed fertilization program
was used during the study. The results showed significant differences in growth characteristics in terms of both
taxon and growing medium. The best results in terms of growth characteristics were observed in the TT+Y(CG+K
growing medium. In addition, it was determined that P. theophrasti (Karaéz/Kumluca) had significantly higher
values in terms of growth characteristics.

Keywords: Phoenix theophrasti, Dat¢a Palm, Growing media and growth.
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1. Giris

Dogal peyzaj dizenlemelerinin ekolojik olarak sirdirilebilir ve dogayi onarici 6zellikleri nedeniyle
giderek daha fazla tercih edilmesi, peyzaj tasarimlarinda yeni yerel tirlerin yer almasinin dnemini
daha da arttirmaktadir (Durak & Karagiizel, 2022). Bitkisel tasarim uygulamalarinda yabanci yurtlu
tirlerin istilaci 6zellikleri ve bunlarin olumsuz etkileri de dogal tlrlerin daha cazip hale gelmesine
olanak saglayarak tercih edilebilirligini arttirmaktadir. Tlrkiye, sahip oldugu zengin dogal bitki genetik
kaynaklariyla bu agidan diinyanin en avantajli Glkelerinden biridir. Gelisen ve hizla degisen diinyada
sUs bitkileri sektord, kullanilan tirler ve kiiltivarlar agisindan hizli bir dontisiim gostermekte ve yeni
tirlere olan gereksinim artmaktadir. Bu nedenle, peyzaj tasarimlarinda dogru ve kaliteli bitki
turlerinin secilmesi ile bu bitkilerin Giretiminde glincel tretim tekniklerinin kullanilmasi zorunlu hale
gelmistir. Ayrica, Tarkiye'de sius bitkileri yetistiriciliginin artan 6nemi dikkate alindiginda, pazar
talebini karsilamak ve cesitliligi artirmak amaciyla yeni tiir ve cesitlerin arastiriimasi ve sektére
kazandirilmasi gerekmektedir (Selim & Durak, 2025).

Genellikle tropik kusagin 6zgiin bitkileri olan ve bazi tilrleri subtropik bolgelerde de yetistirilen
palmiyelerin ¢ok gesitli cinsleri ve 1000’den fazla tiirli bulunmaktadir (Pamay, 1992). Palmiye tirleri
dekoratif goriintislyle Glkemizin kiyi seridinde tercih edilmektedir. Phoenix theophrasti
Yunanistan’da Girit Adasi’'nda ve Turkiye’de Mugla ve Antalya illerinde dogal olarak yayilim
gostermektedir. P. theophrasti subsp. golkoy taksonu ise Mugla ilinde dogal yayilim gostermekte olup
bir alt tiir sayllmaktadir (Boydak & Barrow, 1995; Esener, 1999). Tirkiye'nin dogal palmiye
tirlerinden olan P. theophrasti ve bir alt tlir olan P.theophrasti subsp. golkoy haricinde yetistirilen
diger tiim palmiyeler egzotiktir (Hazir & Blyukoztirk, 2013). 10-15 m boy ve genis bir tepe yapisina
sahip P. theophrasti’nin tilysii yapraklarinin uzunlugu 3-5 m’yi bulmaktadir. lyi bir kiyi ve alle agci olan
bu tir Akdeniz iklim kusaginda, korunakh vadi iclerinde, sicak ve glinesli yerlerde, deniz kiyisinda,
derin ve nemli, stizek ve hafif topraklar Gzerinde iyi gelisim gdstermektedir (Pamay, 1992).

Yabanci yurtlu palmiyelerin ithalati palmiye kirmizi boceginin (Rhynchophorus ferrugineus) yanhslikla
Ulkeye girmesine neden olmustur ve sonrasinda birgok tlkede palmiye ithalati yasaklanmistir (Hazir &
Blyukoztark, 2013). 2005 yilinda Mersin ilindeki hurma (Phoenix dactylifera) agaclarinda bu zararliya
rastlanmistir (Karut & Kazak, 2005). Adana kentinde peyzaj alanlarindaki yalanci hurma agaclarinda
(Phoenix canariensis) oldukga zararli olmus (Atakan & Yiksel, 2008) ve Hurma agaclarinda hizli yayilis
gostererek ¢ok sayida bitki kaybina neden olmustur (Atakan & Gozel, 2013). Yapilan arastirmalar
P. canariensis’in bu zararlya oldukca duyarli oldugunu, ancak P. theophrasti’nin duyarhligina dair net
bilgiler olmadigini bildirmektedir (Jacas ve digerleri, 2011). Datca ilgesi, Bozburun bélgesinde yer alan
P. theophrasti bireylerinde herhangi bir bocek zararina rastlanmadigl bildirilmistir (Klglikala ve
digerleri, 2008). Ancak son yillarda Mugla’nin Datca ilcesindeki palmiye tlrlerinde 6limler gézlenmis
ve bu durumun palmiye kirmizi bocegiyle iliskili olabilecegi belirtilmistir (DKM, 2025). Doga Koruma
Merkezi tarafindan vyiritilen izleme c¢alismalar, Datga hurmasi topluluklarinin genel saglik
durumunun iyi oldugunu ortaya koymustur (DKM, 2025). Bununla birlikte, zararlinin P. theophrasti
Uzerindeki etkilerine iliskin kesin verilere henliz ulagilamamaktadir. Tirlin diinyada yalnizca Tirkiye
ve Girit'te dogal olarak yayilis géstermesi, onun korunmasi ve peyzaj uygulamalarinda alternatif bir
tir olarak degerlendirilmesi agisindan ¢alismayi 6nemli kilmaktadir.

Dogal bir tiirtin 1slah sireci tirin genel 6zelliklerinin belirlenmesi ile baslar. Ekolojik faktorlere ve
klltirel uygulamalara tepkilerinin belirlenmesi ile devam eder. Tirlin ¢ogaltma olanaklari, yetistirme
ortamlarindaki bliyime ozellikleri ve glbre ihtiyacinin belirlenmesi gibi arastirmalar da 6nem
tasimaktadir (Henting, 1998; Durak & Karagiizel, 2022). P. theoprasti turinin, Tirkiye'deki
popllasyonlarinin  genetik karakterizasyonu (Vardareli & Goég¢men Taskin, 2012), Datca
yarimadasindaki dagihmi (Boydak, 1985), meyvelerinin kimyasal birlesimi ve besin degeri (Liolios ve
digerleri, 2009) ile ilgili arastirmalar mevcuttur. Bunlarin yani sira tohumlarinin gimlenmesi ile ilgili
calismalarda dikkat cekmektedir (Con, 2017; Parlak, 2023). Farkl yetistirme ortamlarinin P. theoprasti
tlrinin fidelerinin biylme oOzelliklerine etkisi ile ilgili galismalar incelendiginde bunlarin son derece
sinirli oldugu tespit edilmistir. Uzun & Sogut (1998) genel olarak palmiyelerin birgcok toprak yapisina
uyum saglayabildiklerini belirtirken, hizli biyiyen tiirlerde cam kabugu+ turba + kum (1:2:1); yavas

146



Journal of International Architectural Sciences, 2025, 2 (2): 145-158.

blylyen tirlerde ise aga¢ kabugu+ turba+ kum (2:2:2) yetistirme ortaminin uygun olacagini
belirtmistirler. Esener (1999) ise palmiyelerin ¢ok farkh toprak tipinde yetisebilecegini belirterek
topraga humus, ¢cam kabugu, torf ya da hindistan cevizi kabugu eklenmesinin baslangicta fide
gelisimini hizlandirdigini bildirmistir. Yiksek kalitede saglkli fide liretmek sis bitkileri yetistiriciligi
sektoriinde blylk 6neme sahiptir ve bu nedenle yetistirme ortaminin sec¢imi dikkat edilmesi gereken
en Oonemli hususlardan biridir (Durak & Karaglizel, 2022). Yetistirme ortami secimi ekonomik,
kimyasal ve fiziksel ozellikler dikkate alinarak yapilmalidir (Barrett ve digerleri, 2016; Rasool ve
digerleri, 2020).

P. theophrasti bircok acidan degerlendirilmis olsa da blyime kosullari ve farkli yetistirme
ortamlarinin tir Uzerindeki etkisi konusunda sinirli sayida c¢alisma mevcuttur. Bu calisma P.
theophrasti ve P. theophrasti subsp. golkoy’un farkli yetistirme ortamlarindaki fidan blyime
ozelliklerini belirlemeyi amaclamaktadir.

2. Materyal ve Yontem

Bitki materyali olarak Antalya ili, Kumluca ilcesi, Karadz sinirlari icerisinde dogal olarak yetismekte
olan P. theophrasti tiirii ile Mugla ili, Bodrum ilgesi, Goéltiirkbiikii Beldesi sinirlari icerisinde dogal
olarak yayilis gosteren P. theophrasti subsp. golkoy alt tiiriine ait tohumlar ve tohumlardan elde
edilen fidanlar kullanilmistir.

Deneme Akdeniz Universitesi yerleskesi igerisindeki arazide acik alan kosullarinda gergeklestirilmistir.
Calisma Ug tekerrirli tesadiif parselleri deneme desenine gore 2014 yili Mart ayi ile 2015 vyili
Temmuz aylari arasinda yuratilmastir. Arastirma sliresince kaydedilen veriler Antalya Meteoroloji
Mudarluginden temin edilmistir (Sekil 1).

2014-2015 yillari arasinda denemenin yuratildiglt donemlerde gerceklesen aylik minimum, ortalama
ve maksimum sicaklik degerleri Sekil 1’de verilmistir. Aylik en yiiksek sicakhk degeri 2015 Temmuz
ayinda 40,9°C, en duslik sicaklik degeri ise 2015 Ocak ayinda -0.4°C olarak saptanmistir. Ortalama
sicakhk degerleri bakimindan en yiksek ortalama degerin, 2015 Temmuz ayinda 28,3°C oldugu
Sekil 1’de gorilmektedir. Arastirma siiresince aylara gore en yiiksek ortalama nispi nemin 2014 yil
Aralik ayinda %71,3 oldugu goriilmektedir (Sekil 1).

30
25 - =2
- £
O 20 z
= ©
= e
8 15 4 ©
® 5
g 10 1 £
o -
= + 20 g
S 4. 5

110

0 T T T T T T T T T T O

Ey 2014 EK 2014 Kas Ara Oc Sub Mar Nis May Haz Tem
2014 2014 2015 2015 2015 2015 2015 2015 2015

Gun

—&— Ortalama Sicakllk —*— Ortalama Oransal Nem (%)

Sekil 1. Arastirmanin ylrituldigtu donemlerde gergeklesen sicaklik ve nispi nem degerleri (Yazarlar tarafindan
gelistirilmistir)

Arastirmada farkli yetistirme ortamlarinin P. theophrasti taksonlarina ait tohumlardan elde edilen
fidanlarin buyime o6zelliklerine etkisinin belirlenmesi amaglanmistir.
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Tinl toprak+Yanmis ciftlik glibresi+Kum (2:1:1 hacimsel), Torf+Perlit (2:1 hacimsel), Torf+Kum (2:1
hacimsel) karisimlarini iceren Gg farkli yetistirme ortami kullaniimistir. Hazirlanan karisimlar 3 litre
hacmindeki plastik saksilara doldurulmustur. Tohumlar her bir saksiya 5 adet olmak lzere 3 cm
derinlige ekilmistir. Tohumlar cimlendikten sonra en iyi durumda olan fide disindakiler saksidan
alinmistir. Deneme siresince 15 giinde bir 15 mL gibre ¢ozeltisi (100 ppm azot, 50 ppm fosfor ve 150
ppm potasyum) uygulamasi gerceklestirilmistir.

Deneme tesadif parselleri deneme deseninde kurulmus olup, her yinelemede bir fidan bulunan 20
saksi degerlendirmeye alinmistir. Deneme sonunda yaprak eni (cm), yaprak boyu (cm) olgliimds,
yaprak sayisi (adet/bitki) tespit edilmis ve yaprak 6rnekleri ile yetistirme ortami olarak kullanilan
karisimlardan numune alinarak analiz yapilmasi saglanmistir.

Calismada elde edilen tim veriler, SPSS 17 yazilimi kullanilarak varyans analizine tabi tutulmus ve
ortalamalar arasindaki farklar %5 ©nem diizeyinde Duncan c¢oklu karsilastirma testiyle
degerlendirilmistir.

3. Bulgular ve Tartisma

Yetistirme ortamlarinin fiziksel ve kimyasal Ozellikleri igerdigi bilesenlerin 6zelliklerinden
etkilenmektedir. Denemede kullanilan yetistirme ortamlarinin fiziksel ve kimyasal 6zellikleri. Tablo
1’de verilmistir. Ortamlarin pH degerleri 5,53-7,8 arasinda degismistir (Tablo 1). T+P karisimi diger
ortamlara gére daha yiksek bir elektriksel iletkenlige (EC) (826,33 pS/cm) sahiptir. Yetistirme
ortamlarinin kireg icerigi incelendiginde aralarinda istatistiksel fark olmazsin TT+YCG+K ve T+K da bu
degerin yiksek oldugu, T+P de ise diger yetistirme ortamlarina kiyasla bu degerin daha diisiik oldugu
gorilmektedir (Tablo 1). Ayrica T+P yetistirme ortaminda nem, su tutma kapasitesi ve organik madde
miktarinin 6nemli farkla diger yetistirme ortamlarindan yiksek oldugu Tablo 1’de gorilmektedir.
Benzer sekilde azot, fosfor ve potasyum degerlerinin T+P yetistirme ortaminda daha yiksek oldugu
saptanmistir (Tablo 1). En ylksek kalsiyum ve magnezyum miktarlari T+K yetistirme ortaminda
saptanmis, en duslik degerler ise TT+YCG+K yetistirme ortaminda saptanmistir (Tablo 1).

Tablo 1. Yetistirme ortamlarinin deneme basinda tespit edilen fiziksel ve kimyasal 6zellikleri

Ozellik Yetistirme Ortami Onemlilik
T+P T+K TT+YCG+K (P Degerleri)
pH 5,53 b 7,10 a 7,80 a* <0,001
EC (uS/cm) 826,33 a 449,33 b 187,9c <0,001
Kirec (%) 3,44 b 26,27 a 25,33 a <0,001
Nem (%) 12,00 a 5,00 b 9,33 ab <0,001
Su Tutma Kapasitesi (%, Agirlk) 832,67 a 148,67 b 82,67 c <0,001
Organik Madde (%) 77,33 a 15,67 b 7,37 b <0,001
Kal (%) 14,00 b 85,33 a 89,33 a <0,001
N (%) 1,02a 0,24 b 0,19¢c <0,001
P (mgL?) 86,33 a 12,38 b 4,32c <0,001
K (mg L) 140,63 a 61,62 b 42,34 ¢ <0,001
Ca(mgL?) 144,90 b 284,97 a 96,00 c <0,001
Mg (mg L?) 22,50 b 33,02a 20,13 b <0,001

T: Torf; P: Perlit; K: Kum; TT: Tinh toprak; YCG: Yanmis ciftlik glibresi

*: Satirlarda (her 6zellik iginde) Duncan testine gore % 5 6nem dizeyinde farkl ortalamalar ayri harflerle gosterilmistir (Yazarlar

tarafindan gelistirilmistir)
ANOVA sonuglari, takson, yetistirme ortami ve takson x vyetistirme ortami interaksiyonunun
P. theophrasti’'nin bitki bliyime 6zellikleri tizerinde énemli etkileri oldugunu gostermistir (Tablo 2).
Denemede kullanilan yetistirme ortamlari P. theophrasti fidanlarinin yaprak sayisi, yaprak boyu ve
yaprak enini etkilemistir (Tablo 2, Tablo 3). TT+YCG+K ortaminda yetistirilen bitkilerde ortalama en
ylksek bitki bliyime degerleri saptanirken, T+P ortaminda ise bu degerlerin en disik diizeyde
oldugu goérilmektedir (Tablo 3).
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Tablo 2. P. theophrasti fidanlarinin biiylime 6zelliklerine takson ve yetistirme ortaminin etkisine iliskin varyans
analizi (ANOVA) sonuglari

Ortalama Kareler

Varyasyon Kaynagi df Yaprak Sayisi Yaprak Boyu Yaprak Eni
(adet/bitki) (cm) (cm)
Takson (T) 1 3,042%** 79,380*** 0,67*
Yetistirme Ortami (YO) 2 11,418*** 15,520%** 0,848**
TxYO 2 0,1910') 25,120%** 0,174**
Hata 12 1,333 12,380 0,133

0D, *, **, ***: Onemli degil, sirasiyla P< 0,05, 0,01, 0,001 diizeyinde dnemli (Yazarlar tarafindan gelistirilmistir)

Bu calisma da kullanilan P. theophrasti taksonlari bazi biylime 6zellikleri bakimindan énemli 6l¢lide
cesitlilik goéstermistir. Ornegin P. theophrasti (Karadz/Kumluca) yaprak sayisi ve yaprak boyu
acisindan P. theophrasti subsp. golkoy (Golturkbiki/Bodrum)’den istatistiksel anlamda fark
gostererek yiksek degerler almistir (Tablo 3). Genetik farkliliklarin yetistirme ortamina verilen
tepkiler Gzerinde etkili olabilecegini gostermektedir. Bu durum fidanlik sahiplerine blyime hizi
bakimindan alternatif sunmasi agisindan 6nem tasimaktadir.

Tablo 3. P. theophrasti fidanlarinin biyime 6zelliklerine yetistirme ortami ve taksonlarin ana etkisi

Biyiime Ozellikleri

Uygulamalar Yaprak Sayisi Yaprak Boyu Yaprak Eni
(adet/bitki) (cm) (cm)

Yetistirme Ortamlan

T+P 4,7b 26,8b 1,4b

T+K 49b 27,4 ab 1,4b

TT+YCG+K 6,5 a* 29,0a 1,9a

Takson (Yore)

P. theophrasti (Kara6z/Kumluca) 5,8a 29,8a 1,5a
P. theophrasti subsp. golkoy (Goltlrkbuiki/Bodrum) 49b 25,6 b 1,6a
T: Torf; P: Perlit; K: Kum; TT: Tinli toprak; YCG: Yanmus ciftlik glibresi
*: Her 6zellik altinda ve her bir uygulama (situn) icinde; Duncan testine gére % 5 6nem duzeyinde farkl ortalamalar ayri harflerle
gosterilmistir. (Yazarlar tarafindan gelistirilmistir)

Sonuglar interaksiyon diizeyinde ele alindiginda farkl yetistirme ortamlari ve taksonlar yaprak sayisi,
yaprak boyu ve yaprak eni bakimindan énemli farklar géstermistir (Tablo 4).

Tablo 4. P. theophrasti fidanlarinin blylime 6zelliklerine yetistirme ortami ve taksonlarin interaksiyon etkisi

Takson (Yore)

Ozellik Yetistirme Ortami P. theophrasti P. theophrasti subsp. golkoy
(Kara6z/Kumluca) (Golturkbiki/Bodrum)
Yaprak Sayisi T+P 5,0 Ab 4,4 Ab
T+K 5,3 Ab 4,4 Ab
TT+YCG+K 7,0 Aa* 6,0 AaY
Yaprak Boyu T+P 27,2 Ab 26,3 Aa
T+K 30,4 Aa 24,3 Ba
TT+YCG+K 31,8 Aa 26,1 Ba
Yaprak Eni T+P 1,4 Aa 1,4 Ab
T+K 1,4 Aa 1,4 Ab
TT+YCG+K 1,7 Ba 2,1 Aa

T: Torf; P: Perlit; K: Kum; TT: Tinli toprak; YCG: Yanmis ciftlik glbresi

x: Buyuk harfler yatay (satir boyunca) verilen ortalamalarin, kuglk harfler ise dikey (stitun boyunca) verilen ortalamalarin karsilastirmasini
gostermektedir.

¥: Duncan testine gére % 5 6nem duizeyinde farkl ortalamalar ayri harflerle gosterilmistir. (Yazarlar tarafindan gelistirilmistir)

interaksiyon diizeyinde en yiiksek yaprak sayisi TT+YCG+K ortaminda yetisen P. theophrasti

(Kara6z/Kumluca) fidanlarinda, en dusiuk yaprak sayisi ise T+K ve T+P ortamlarinda yetisen

P. theophrasti subsp. golkoy (Goltlurkbiki/Bodrum) fidanlarinda saptanmistir (Tablo 4). Yaprak boyu
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bakimindan sonuglar ele alindiginda en yiiksek deger TT+YCG+K ortaminda yetisen P. theophrasti
(Karadz/Kumluca) fidanlarinda, en dlstk deger ise T+K ortaminda yetisen P. theophrasti subsp.
golkoy (Goltiirkbiikii/Bodrum) fidanlarinda belirlenmistir. ikili interaksiyon diizeyinde yaprak en
degerlerinin 1,4 ile 2,1 cm arasinda degistigi Tablo 4’de goriilmektedir. En yliksek deger TT+YCG+K
ortaminda yetisen P. theophrasti subsp. golkoy (Golturkbiki/Bodrum) fidanlarinda (2,1 cm)
Olculirken bu degeri ayni ortamda yetisen P. theophrasti (Karadz/Kumluca) fidanlarinin izledigi
gorilmektedir (Tablo 3).

P. theophrasti fidanlarinin bazi yaprak besin elementi iceriklerine yetistirme ortamlarinin etkisi ile
ilgili veriler Tablo 5’de goriilmektedir.

Tablo 5. P. theophrasti fidanlarinda yaprak besin elementi iceriklerine yetistirme ortamlarinin etkisi

Besin Takson (Yre) Yetistirme Ortami Onemlilik
Elementi T+P T+K TT+YCG+K (P Degerleri)
N (%) 1 1,71a 1,53a 1,87 a* 0,765

2 2,31a 2,10 a 2,01a 0,189
P (%) 1 0,12a 0,12a 0,13 a 0,266

2 0,09c 0,14 b 0,19a 0,002
K (%) 1 0,64 a 0,87 a 0,86 a 0,508

2 0,83 a 1,03 a 0,83 a 0,774
Ca (%) 1 0,39a 0,40a 0,32a 0,073

2 0,40a 0,44 a 0,46 a 0,596
Mg (%) 1 0,16 a 0,15a 0,13 a 0,450

2 0,11a 0,13 a 0,09 a 0,678
Fe (ppm) 1 74,43 b 95,07 b 209,60 a <0,001

p 106,63 b 112,70 b 249,97 a <0,001
Mn (ppm) 1 14,63 b 25,10 a 14,00 b 0,006

2 10,33 b 18,83 a 16,10 a 0,016
Zn (ppm) 1 1,53a 1,30a 1,50a 0,937

2 3,53a 1,37b 1,20 b 0,003
Cu (ppm) 1 9,50 a 7,87 a 9,10 a 0,369

2 13,60 a 9,07b 8,13 b 0,019

1: P. theophrasti (Karadz/Kumluca), 2: P. theophrasti subsp. golkoy (Goltirkbuki/Bodrum)

T: Torf; P: Perlit; K: Kum; TT: Tinli toprak; YCG: Yanmis ciftlik gbresi

X. Satirlarda (besin elementi) ve her takson iginde; Duncan testine gére % 5 6nem diizeyinde farkli ortalamalar ayri harflerle gosterilmistir.
(Yazarlar tarafindan gelistirilmistir)

Yetistirme ortamlarina bagl olarak yaprak fosfor, demir, mangan, ¢inko ve bakir igeriklerinde 6nemli
dizeyde farklar tespit edilmistir (Tablo 5). TT+YCG+K ortaminda yetisen P. theophrasti subsp. golkoy
(Golturkbuku/Bodrum) fidanlarinin énemli farkla en yiiksek yaprak fosfor icerigine sahip oldugu
saptanmistir (Tablo 5). Yaprak demir ve mangan igerikleri her iki taksonda da yetistirme ortamlarina
bagli olarak 6nemli fark gostermistir. TT+YCG+K yetistirme ortaminda yer alan fidanlarin en yiksek
yaprak demir icerigine sahip oldugu Tablo 5'de goriilmektedir. Yaprak mangan icerinin ise T+K
yetistirme ortaminda yer alan fidanlarda yiiksek oldugu belirlenmistir (Tablo 5). P. theophrasti subsp.
golkoy (Golturkbiki/Bodrum) fidanlarinin yaprak ¢inko ve bakir iceriklerinin de yetistirme ortamina
bagli olarak onemli farklar gosterdigi, en yiksek degerlerin ise T+P yetistirme ortaminda yer alan
fidanlarin yapraklarinda saptandigi Tablo 5 ‘de gérilmektedir.

Korelasyon analizleri yaprak besin elementi igerikleri ile P. theophrasti taksonlarinin blyime
Ozellikleri arasinda birkag 6nemli pozitif ve negatif korelasyon oldugunu ortaya koymustur (Tablo 6).
Yaprak demir igerigi ile yaprak sayisi arasinda dnemli pozitif korelasyon, yaprak kalsiyum icerigi ile
yaprak boyu arasinda ve yaprak magnezyum ve demir icerigi ile yaprak eni arasinda 6nemli ve negatif
korelasyon saptanmistir (Tablo 6).
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Tablo 6. P. theophrasti fidanlarinin biiyime 6zellikleri ve yaprak besin elementi icerikleri arasindaki iliskiler

Biyiime Ozellikleri Yaprak Besin Elementleri
Yaprak Yaprak Yaprék N p K Ca Mg Fe Mn 7n
Sayisi Boyu Eni
Yaprak 0,713
Boyu
0,001
Yaprak 5503 0,024
Eni
0,010 0,924
N -0,209 -0,401 -0,088
0,406 0,100 0,730
P 0,372 -0,211 0,845 -0,096
0,128 0,400 <0,001 0,705
K -0,133 0,035 -0,137 -0,091 0,020
0,598 0,891 0,588 0,721 0,939
Ca -0,262 -0,529 0,147 -0,055 0,356 0,067
0,293 0,024 0,560 0,829 0,147 0,791
Mg -0,229 0,140 -0,524 -0,104 -0,296 0,449 -0,269
0,361 0,580 0,025 0,682 0,234 0,062 0,280
Fe 0,712 0,144 0,886 0,130 0,758 0,005 0,037 -0,446
0,001 0,569 <0,001 0,607 <0,001 0,983 0,884 0,063
Mn 0,026 0,137 -0,086 -0,202 0,104 -0,041 0,287 0,169 -0,144
0,919 0,589 0,734 0,422 0,683 0,870 0,248 0,502 0,570
Zn -0,374 -0,133 -0,285 0,308 -0,391 0,052 -0,178 0,080 -0,236 -0,517
0,126 0,599 0,252 0,214 0,109 0,836 0,481 0,752 0,347 0,028
Cu -0,425 -0,253 -0,376 0,329 -0,348 0,094 0,030 0,175 -0,240 -0,519 0,900

0,079 0,310 0,124 0,183 0,157 0,711 0,907 0,487 0,338 0,027  <0,001
istatistiksel anlamda énemli olan iliskiler koyu, P degerleri ise italik yazilmistir (Yazarlar tarafindan gelistirilmistir)

Her iki taksonda da incelenen biylime ozelliklerinin yetistirme ortamina bagh olarak degistigi
gorilmektedir. Sonuglar Uzun & Sogut (1998) ile Esener (1999)'in verdigi bilgilerle genel olarak
uyumludur. Uzun & So6git (1998) organik madde icerigi ve karisimin fiziksel 6zelliginin gelisim
Uzerinde belirleyici oldugunu vurgulamis ve organik maddece zengin ve iyi drene olan ortamlarin en
uygun secenek oldugunu bildirmislerdir. Esener (1999) ise farkli organik materyallerin fide gelisimini
ozellikle erken dénemde hizlandirdigini belirtmistir. Bu ¢alismalar, palmiye tirlerinin performansinda
yetistirme ortaminin organik igeriginin, gozenekliliginin ve su tutma kapasitesinin bitki biyliime
performansi agisindan 6nemli rol oynadigini gostermektedir. Bu ¢ercevede, mevcut calismada
TT+YCG+K yetistirme ortaminda her iki taksonda da en yiksek bliyime degerlerinin saptanmasi,
literatdr ile uyumlu bir bulgudur. Yanmis citlik glibresinin ortama sundugu ylksek organik madde ve
besin elementleri, tinli topragin su tutma kapasitesi ve kumun drenaji desteklemesi Uzun & Sogiit
(1998)’lin ‘organik maddece zengin fiziksel agidan dengeli ortam’ 6nerileriyle 6rtismektedir.

Fidanhklarda bitki yetistirmek icin kullanilan yetistirme ortamlari genellikle torf ve perlit icerir. Ancak
bu ortamlar mevcut kullanilabilir organik madde azligindan dolayl yogun kimyasal gibre kullanimi
gerektirir (Durak & Karaglizel, 2022). Bu nedenle, sinirli giibre kullanimi T+K ve T+P yetistirme
ortamlarinda bitki blylime ozellikleri bakimindan daha dislik degerler saptanmistir. TT+YCG+K
yetistirme ortaminda ise besin elementleri igeriginin daha ylksek oldugu tespit edilmistir. TT+YCG+K
ortaminda en yliksek biylme degerlerinin saptanmasi, yanmis ciftlik glibresinin sundugu organik
madde ve besin elementleri ile tinh topragin su tutma kapasitesi ve kumun drenaji destekleyici
etkilerinin bir araya gelmesinden kaynaklanmaktadir. Torf iceren karisimlarin organik madde
icermesine ragmen alinabilir besin elementleri bakimindan zayif olmasi ve deneme siiresince
gerceklestirilen sinirh glibreleme T+K ve T+P ortamlarinda P. theophrasti fidanlarinin gelisiminde
dezavantaj yaratmistir.
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Yetistirme ortamlarinin Phoenix tirlerine etkileriyle ilgili sinirh sayida ¢alisma olmasi nedeniyle bu
¢alismanin sonuglarini 6nceki galismalar 1s1ginda fide biylme oOzellikleri agisindan degerlendirmek
zordur. Fidanliklar genellikle yetistirme ortami olarak torf kullanmay: tercih etse de ¢evresel kaygilar
bircok Ulkede torf ¢ikarma siirecini sinirlamakta ve buda fiyatinin ylkselmesine neden olmaktadir
(zZulfiqar ve digerleri, 2019; Stewart-Wade, 2020) . Bu durum diger organik malzemelerin torf yerine
alternatif olarak kullanilma potansiyelleri agisindan arastiriimasina neden olmustur (Zulfigar ve
digerleri, 2019). Bu nedenle en iyi gelisimin TT+YCG+K ortaminda saptanmasi 6nem tasimaktadir.

Durak & Karaglizel (2022) Celtis australis tlriiniin farkh yetistirme ortamlarinda biyime ozelliklerini
incelemislerdir. Arastirmalarinda, kum, tinli toprak, torf, yanmis ciftlik glibresi, perlit ve atik mantar
kompostunu farkli formiilasyon ve oranlarda karistirarak 4 farkl yetistirme ortami kullanmislardir.
Fidan biylime o6zellikleri bakimindan en iyi sonug¢ Atik mantar kompostu + Kum ile Yanmis ciftlik
glbresi+Tinh toprak +Kum ortamlarinda goérilmuistir. Cahismamizla farkli tir olsa da her iki tiirlin
dogal yayilis alanlari bakimindan benzer ekolojik kosullara sahip oldugu goz oniine alindiginda ortak
bir zemin olusmaktadir. Her iki ¢calismada da organik maddece zengin ve iyi drene olan yetistirme
ortamlarinin fide gelisimini destekledigi yoniinde benzer sonuglar elde edilmistir.

4. Sonug ve Oneriler

Calisma kapsaminda, tohumdan elde edilen P. theophrasti ve P.theophrasti subsp. golkoy fidanlarinin
farkh yetistirme ortamlarindaki biiyime 6zellikleri ile ilgili veriler degerlendirilmistir. Sonuglar her iki
taksonda da incelenen blylime ozelliklerinin yetistirme ortamina bagh olarak degistigini
gostermektedir.

Dogal tirlerin peyzaj alanlarinda kullaniimasiyla ortaya cikan ekonomik ve ekolojik yararlar bu
tirlerin giderek fazla tercih edilmesini saglamakta bu nedenle peyzaj alanlarina dogal tirleri
kazandirmak blylik énem tasimaktadir. Arastirmada sinirli bir glibreleme programi uygulanmasina
ragmen, calismanin sonuglari sirdirilebilir bir giibreleme programi ile ¢evre dostu P. theophrasti
yetistiriciliginin gerceklestirilebilecegini gdstermektedir.

Sonuglar P. theophrasti (Karadz/ Kumluca) fidanlarinin Yanmis ciftlik glibresi + Tinli toprak + Kum
(1:2:1 hacimsel) ortaminda en iyi biyime 6zelliklerine sahip oldugunu gostermektedir. Bu ortam
kolay temin edilebilirlik agisindan da avantaj saglamaktadir.

Tesekkiir ve Bilgi Notu

Bu makale, Akdeniz Universitesi Fen Bilimleri Enstitiisii Peyzaj Mimarlig Ana Bilim Dal’'nda 2017
yihinda tamamlanan “Datga Hurmasi (Phoenix theophrasti-Phoenix theophrasti subsp. golkoy)' nin
Cimlenme ve Fidanlarinin Farkh Yetistirme Ortamlarinda Biiyiime Ozelliklerinin Belirlenmesi” adli
Yiiksek Lisans tezinin bir kismindan uretilmistir. Makale ulusal ve uluslararasi arastirma ve yayin
etigine uygundur. Calisma icin Etik Kurul onayi gerekmemektedir.

Yazar Katkisi ve Cikar Catismasi Agiklama Bilgileri
1. Yazar %60, 2. yazar %40 katkida bulunmustur. Cikar ¢atismasi yoktur.
Kaynaklar

Atakan, E. & Yuksel, U. (2008). Adana ilinde hurma (palmiye) agaclarinda zararl bir bocek tiiri:
Kirmizi palmiye bocegi [(Rhynchophorus ferrugineus (Oliver, 1790) (Coleoptera:
Curculionidae)]. Adana Kent sorunlari Sempozyumu, Adana, Tlrkiye, 9 - 10 Mayis 2008, ss.49-
60, (Tam Metin Bildiri).

Atakan, E. & Gozel, U. (2013). Adana kentinde kirmizi palmiye bocegi, Rhynchophorus ferrugineus
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Effects of Different Growing Media on the Growth Characteristics of
Datc¢a Palm (Phoenix theophrasti-Phoenix theophrasti subsp.
golkoy) Seedlings

Summary

The growing interest in natural landscape design has significantly increased the use of native plant
species due to their ecologically sustainable and nature-restorive characteristics (Durak & Karagiizel,
2022). The invasive potential of foreign species and their negative effects on ecosystems contribute
to the increased preference for native species in landscape design. Turkey has significant potential
for the ornamental plant sector due to its rich plant genetic resources, and rapid changes in the
sector are increasing the need for new species and cultivars. Therefore, both the correct species
selection and the use of up-to-date techniques in production are necessary (Selim & Durak, 2025).

Palms are characteristic plants of tropical and subtropical regions and include numerous genera and
species (Pamay, 1992). Phoenix theophrasti, which occurs naturally in Turkey, is found on the coasts
of Mugla and Antalya; its subspecies, P. theophrasti subsp. golkoy, is found only in Mugla (Boydak &
Barrow, 1995; Esener, 1999). Apart from these two taxa, all palms cultivated in the country are exotic
species (Hazir & Buyukoztiirk, 2013). P. theophrasti, which has high landscape value, thrives in
Mediterranean climates and moist, well-drained soils (Pamay, 1992).

The importation of foreign palm species has led to the introduction of the red palm weevil
(Rhynchophorus ferrugineus) into the country, causing significant losses in many species (Hazir &
Blylikozturk, 2013; Karut & Kazak, 2005; Atakan & Gozel, 2013). While P. canariensis is known to be
highly susceptible to the pest, the susceptibility of P. theophrasti has not been fully established (Jacas
et al., 2011). No pests were detected in P. theophrasti individuals during observations conducted in
the Datga-Bozburun Peninsula (Kigtkala et al., 2008). However, in recent years, some palm deaths in
Datca have been associated with the red palm weevil (DKM, 2025). Although the Nature
Conservation Center's monitoring studies report that the general condition of the populations is
good, information on the actual effects of the pest on P. theophrasti has not yet been obtained
(DKM, 2025). The fact that the species is naturally distributed only in Turkey and Crete worldwide
makes this study important in terms of its conservation and evaluation as an alternative species in
landscape practices.

The breeding process in natural species begins with determining the species' characteristics,
ecological requirements, responses to the growing media, and propagation possibilities (Henting,
1998; Durak & Karaglzel, 2022). Research on P. theophrasti has focused on areas such as genetic
structure (Vardareli and Gogmen Taskin, 2012), distribution (Boydak, 1985), fruit chemistry (Liolios et
al., 2009), and seed germination (Con & Karagiizel, 2017; Parlak, 2023). However, studies on the
effect of different growing media on seedling growth are limited. It has been reported that palms can
adapt to many soil types and that organic matter additions positively affect seedling development
(Uzun & Sogut, 1998; Esener, 1999). The choice of growing medium is important in terms of both
economic and physical-chemical properties (Barrett et al., 2016; Rasool et al., 2020).

Within this framework, the study aims to examine the seedling growth characteristics of P.
theophrasti and its subspecies P. theophrasti subsp. golkoy in different growing media.

In the study, seeds from the P. theophrasti species naturally growing in the Karadz region of Kumluca
District, Antalya Province, and seeds from the P. theophrasti subsp. golkoy subspecies naturally
occurring in Golturkbikl, Bodrum District, Mugla Province, as well as seedlings obtained from these
seeds, were used as plant material. The experiment was conducted at the Akdeniz University campus
under open field conditions, using a randomized block design with three replications; the study
covered the period from March 2014 to July 2015.

Climate data for the trial period was obtained from the Antalya Meteorological Directorate. During
this period, the minimum temperature was recorded at -0.4°C in January 2015, while the maximum
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temperature was recorded at 40.9°C in July 2015. The average temperature reached its highest value
in July 2015 at 28.3°C, while the highest average relative humidity was 71.3% in December 2014.

The aim of the study is to determine the growth characteristics of seedlings obtained from seeds
belonging to two P. theophrasti taxa under different growing media. For this purpose, three different
growing media were prepared: Well fermented manure + Loamy soil + Sand (1:2:1, volumetric);
Peat+ Perlite (2:1, volumetric) and Peat + Sand (2:1, volumetric). The prepared mixtures were filled
into 3L plastic pots; five seeds were sown in each pot at a depth of 3 cm. After germination, the
healthiest seedling was left, and the others were removed. During the trial period, 15 mL of fertilizer
solution (100 ppm N, 50 ppm P, and 150 ppm K) was applied every 15 days.

The experiment was conducted according to the randomized block design, and a total of 20 pots,
each containing one seedling, were evaluated in each replication. At the end of the experiment, leaf
number (number/plant), leaf length (cm), and leaf width (cm) were measured; leaf and growing
medium samples were also collected for analysis. All data obtained were subjected to variance
analysis using SPSS 17 software; differences between means were determined using Duncan's
multiple comparison test at a 5% significance level.

The physical and chemical properties of growth media are influenced by the properties of the
components they contain. The pH values of the growth media used in the experiment ranged from
5.53 to 7.8. The T+P mixture had a higher electrical conductivity (EC) (826.33 uS/cm) compared to the
other media. When the lime content of the growing media was examined, no statistical difference
was found between them. TT+YCG+K and T+K were found to have high values, while T+P had lower
values compared to other growing media. In addition, moisture, water holding capacity, and organic
matter content in the T+P growing medium were significantly higher than in other growing media.
Similarly, nitrogen, phosphorus, and potassium values were found to be higher in the T+P growing
medium. The highest calcium and magnesium amounts were found in the T+K growing medium,
while the lowest values were found in the TT+YCG+K growing medium.

ANOVA results showed that taxon, growing medium, and taxon x growing medium interaction had
significant effects on the plant growth characteristics of P. theophrasti. The growing media used in
the experiment affected the number of leaves, leaf length, and leaf width of P. theophrasti seedlings.
The highest average plant growth values were observed in plants grown in the TT+YCG+K medium,
while the lowest values were observed in the T+P medium.

The P. theophrasti taxa used in this study showed significant variation in terms of certain growth
characteristics. For example, P. theophrasti (Kara6z/Kumluca) showed statistically significant
differences in leaf number and leaf length compared to P. theophrasti subsp. golkoy
(Golturkbuku/Bodrum), exhibiting higher values. This is important in terms of offering nursery
owners an alternative in terms of growth rate.

When results are considered at the interaction level, different growing environments and taxa
showed significant differences in terms of leaf number, leaf length, and leaf width.

The highest number of leaves at the interaction level was observed in P. theophrasti
(Karadz/Kumluca) seedlings grown in the TT+YCG+K growing medium, while the lowest number of
leaves was observed in P. theophrasti subsp. golkoy (Goltlirkbuki/Bodrum) seedlings grown in the
T+K and T+P medium. In terms of leaf length, the highest values were found in P. theophrasti
(Kara6z/Kumluca) seedlings grown in the TT+YCG+K medium, while the lowest values were found in
P. theophrasti subsp. golkoy (Golturkbikii/Bodrum) seedlings grown in the T+K environment. At the
level of binary interaction, leaf width values were found to vary between 1.4 and 2.1 cm. The highest
value was measured in P. theophrasti subsp. golkoy (Goltirkbiki/Bodrum) seedlings grown in the
TT+YCG+K medium (2.1 cm), followed by P. theophrasti (Kara6z/Kumluca) seedlings grown in the
same medium.

Data on the effect of growing media on certain leaf nutrient element contents of P. theophrasti
seedlings were examined. Leaf phosphorus, iron, manganese, zinc, and copper contents showed
significant differences depending on the growing medium. It was determined that P. theophrasti
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subsp. golkoy (Goltuirkbiki/Bodrum) seedlings grown in the TT+YCG+K medium had the highest leaf
phosphorus content with a significant difference. Leaf iron and manganese contents showed
significant differences in both taxa depending on the growing medium. Seedlings in the TT+YCG+K
growing medium were found to have the highest leaf iron content. Leaf manganese content was
found to be high in seedlings grown in the T+K growing medium. Leaf zinc and copper contents of P.
theophrasti subsp. golkoy (Goltiirkblki/Bodrum) seedlings also showed significant differences
depending on the growing medium, with the highest values found in the leaves of seedlings grown in
the T+P growing medium.

Correlation analyses revealed several significant positive and negative correlations between leaf
nutrient element contents and growth characteristics of P. theophrasti taxa. A significant positive
correlation was found between leaf iron content and leaf number, while significant negative
correlations were observed between leaf calcium content and leaf length, and between leaf
magnesium and iron content and leaf width.

This study shares the results regarding the growth characteristics of P. theophrasti and P. theophrasti
subsp. golkoy seedlings obtained from seeds in different growing media. The results show that the
growth characteristics examined in both taxa vary depending on the growing environment. The
results are generally consistent with the information provided by Uzun and S6git (1998) and Esener
(1999). Uzun and So6git (1998) emphasized that organic matter content and the physical properties
of the mixture are decisive for development and reported that organic matter-rich and well-drained
environments are the most suitable options. Esener (1999) stated that different organic materials
accelerate seedling development, especially in the early stages. These studies show that the organic
content, porosity, and water retention capacity of the growing medium play an important role in the
growth performance of palm species. In this context, the finding that the highest growth values were
observed in both taxa in the TT+YCG+K growing medium in the current study is consistent with the
literature. The high organic matter and nutrient elements provided by well fermented manure, the
water retention capacity of loamy soil, and the drainage support of sand are consistent with Uzun
and Sogit's (1998) recommendations for an ‘organic matter-rich, physically balanced medium’.

The growing media used for cultivating plants in nurseries typically contain peat and perlite.
However, due to the scarcity of available organic matter, these media require intensive chemical
fertilizer use (Durak & Karagiizel, 2022). Therefore, limited fertilizer use in T+K and T+P growing
media resulted in lower plant growth values compared to the nutrient-rich TT+YCG+K growing
medium. Although mixtures containing peat contain organic matter, they are poor in terms of
available nutrients, and the limited fertilization carried out during the trial period created a
disadvantage in the development of P. theophrasti seedlings in T+K and T+P environments.

Due to the limited number of studies on the effects of growing media on Phoenix species, it is
difficult to evaluate the results of this study in terms of seedling growth characteristics in light of
previous studies. Although nurseries generally prefer to use peat as a growing medium,
environmental concerns are limiting peat extraction in many countries, leading to price increases
(Zulfigar et al., 2019; Stewart-Wade, 2020). This situation has led to research into the potential of
other organic materials as alternatives to peat (Zulfigar et al., 2019). Therefore, it is important to
determine the best growth in the TT+YCG+K medium.

Durak & Karagiizel (2022) examined the growth characteristics of Celtis australis in different growing
media. In their research, they used four different growing media by mixing loamy soil, sand, well
fermented manure, peat, perlite, and waste mushroom compost in different formulations and ratios.
The best results in terms of seedling growth characteristics were observed in the waste mushroom
compost + sand and loamy soil + well fermented manure + sand media. Although our study involved
a different species, considering that both species have similar ecological conditions in terms of their
natural distribution areas, there is common ground. Both studies obtained similar results indicating
that growing media rich in organic matter and well-drained support seedling development.

The economic and ecological benefits arising from the use of native species in landscape areas are
leading to their increasing preference; therefore, introducing native species into landscape areas is of
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great importance. Despite the limited fertilization program applied in the study, the results indicate
that environmentally friendly P. theophrasti cultivation can be achieved with a sustainable
fertilization program. The results show that P. theophrasti (Karabz/Kumluca) seedlings exhibit the
best growth characteristics in an environment consisting of well fermented manure + loamy soil +
sand (1:2:1 by volume). This environment also offers the advantage of being readily available.
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