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CONFERENCE STATISTICS
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Ozet

Yakin fay bolgelerinde meydana gelen depremler, igerdigi yiiksek enerjili yer hareketleri ve
belirgin hiz darbeleri nedeniyle yap1 sistemleriiizerinde geleneksel deprem kayitlarindan farkh
etkiler olusturabilmektedir. Ozellikle fay kir1lmasina yakin bolgelerde gzlenen hiz darbeleri,
yapilarda kisa siire icerisinde yiiksek yer degistirme ve i¢ kuvvet taleplerine neden
olabilmektedir. Bunun yani sira son y1llarda meydana gelen biiyiik depremler, yapilarin yalnizca
tek bir kuvvetli yer hareketine degil, kisa zaman araliklariyla gerceklesen ardisik deprem
etkilerine de maruz kalabilecegini gostermistir. Bu durum, deprem miihendisligi alaninda yakin
fay etkileri ile ardisik deprem davranisinin birlikte degerlendirilmesini nemli bir arastirma
konusu haline getirmistir. Ozellikle 6 Subat 2023 Kahramanmaras depremleri, ardisik deprem
etkilerinin yap1 performansi iizerindeki dnemini agik bir sekilde ortaya koymustur. Ilk deprem
sonrasinda hasar goren birg¢ok yapi, ikinci biiylik deprem etkisi altinda ilave hasar almis veya
goemiistiir. Benzer sekilde gecmiste meydana gelen bir¢ok yakin fay depreminde de hiz darbesi
etkisinin yiiksek katl1 yapilarda 6nemli performans sorunlarina neden oldugu gézlenmistir. Bu
nedenle, betonarme yiiksek binalarin deprem giivenliginin degerlendirilmesinde yalnizca tekil
deprem etkilerinin degil, hiz darbesi igeren yer hareketleri ile ardisik deprem senaryolarinin da
dikkate alinmas1 gerekmektedir. Bu ¢alismada, yakin fay depremlerinde gézlenen hiz darbesi
olgusu ile ardigik deprem kavrami deprem miihendisligi perspektifinden ele alinmistir. Hiz
darbelerinin olusum mekanizmalari, yap1 davranisina etkileri ve yiiksek binalar lizerindeki
sonuclart literatlirde yer alan ¢aligsmalar 1s181nda incelenmistir. Ayrica ardisik depremlerin
yapilarda olusturdugu hasar birikimi, rijitlik kaybi, dayanim azalmasi ve performans
seviyelerindeki degisimler giincel arastirmalar gergevesinde degerlendirilmistir. Ozellikle
yiiksek katli betonarme binalarin uzun dogal titresim periyotlar1 nedeniyle hiz darbelerinden
daha fazla etkilenebilecegive ilk deprem sonrasinda olugan hasarin sonraki deprem davranigmi
onemli ol¢iide degistirebilecegi vurgulanmistir. Sonug olarak, yakin fay etkileri ve ardigik
deprem davranisi giiniimiiz deprem miihendisliginin en 6nemli calisma alanlarindan biri ol arak
one ¢ikmaktadir. Bu etkilerin daha iyi anlagilmasi, performansa dayali tasarim yaklagimlarmin
gelistirilmesi ve gelecekte hazirlanacak deprem yonetmeliklerine katki saglanmas1 agisindan
biiyiik 6nem tagimaktadir.

Anahtar kelimeler: Yakin fay etkisi, hiz darbesi, ardisik deprem, betonarme yiiksek binalar,
deprem miihendisligi, performansa dayali tasarim

Abstract

Earthquakes occurring in near-fault regions may impose significantly different demands on
structures compared to ordinary far-fault ground motions due to their distinctive characteristics,
such as high-energy velocity pulses and permanent ground displacements. Among these
characteristics, velocity pulses have attracted considerable attention in earthquake engineering
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because they can generate large displacement demands and severe structural responses within
a short duration. In addition, recent major earthquakes have demonstrated that structures may
be exposed not only to a single strong ground motion but also to multiple significant seismic
events occurring within a short time interval. As a result, the combined consideration of near-
fault effects and successive earthquake events has become an increasingly important topic in
seismic research. The February 6, 2023 Kahramanmaras Earthquakes in Tirkiye clearly
highlighted the importance of evaluating the effects of successive earthquakes on structural
performance. Many structures that experienced damage during the first earthquake were
subjected to additional seismic demands during the subsequent event, leading to further
deterioration or collapse. Similar observations have been reported following several major
earthquakes worldwide, emphasizing the necessity of understanding cumulative damage
mechanisms and the influence of repeated seismic loading on structural systems. At the same
time, numerous studies have shown that pulse-like ground motions recorded near active faults
may significantly amplify displacement demands, particularly in flexible and high-rise
structures. This study presents a comprehensive review of the effects of velocity pulses and
successive earthquake events on reinforced concrete high-rise buildings. The fundamental
characteristics of near-fault ground motions, the formation mechanisms of velocity pulses, and
their influence on structural response are discussed based on findings available in the literature.
Furthermore, the concept of successive earthquakes and their potential consequences, including
cumulative damage, stiffness degradation, strength reduction, and changes in performance
levels, are examined from the perspective of earthquake engineering. Particular attention is
given to reinforced concrete high-rise buildings, whose longer natural vibration periods may
increase their sensitivity to pulse-like ground motions and repeated seismic loading. The review
highlights the growing need to consider both near-fault effects and earthquake sequences in
seismic performance assessment and design procedures. A better understanding of these
phenomena is expected to contribute to the development of performance-based earthquake
engineering approaches and to the improvement of future seismic design provisions. The
findings presented in this study may serve as a useful reference for researchers and practicing
engineers working on the seismic safety and resilience of high-rise reinforced concrete
structures.

Keywords: Near-fault effects, velocity pulse, successive earthquakes, reinforced concrete high-
rise buildings, seismic performance, earthquake engineering

1. INTRODUCTION

Earthquakes occurring in near-fault regions exhibit distinct characteristics compared to ordinary
far-fault ground motions. Among these characteristics, velocity pulses resulting from rupture
directivity and fling-step effects have attracted significant attention due to their potential to
impose severe demands on structural systems. Since the observations following the 1994
Northridge, 1995 Kobe, and 1999 Kocaeli—Diizce earthquakes, the influence of near-fault
ground motions on structural damage has become one of the major research topics in earthquake
engineering. Hall et al. (1995) were among the first researchers to highlight the presence of
large-amplitude velocity pulses recorded during the Northridge earthquake and their possible
contribution to structural damage. Subsequently, Somerville et al. (1997) classified near-fault
ground motion characteristics into forward directivity and fling-step effects. Their study
demonstrated that rupture propagation toward a recording station may concentrate seismic
energy within a short duration, resulting in pulse-like velocity records capable of generating
large displacement demands on structures. The identification and characterization of velocity
pulses have been further investigated by several researchers. Mavroeidis and Papageorgiou
(2003) proposed analytical functions capable of representing the amplitude, period, and phase
characteristics of pulse-like ground motions. Later, Baker (2007) developed a wavelet-based
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methodology for detecting velocity pulses in earthquake records and introduced the pulse
indicator parameter, which has become one of the most widely adopted tools for classifying
pulse-like motions. These developments significantly improved the understanding and
assessment of near-fault earthquake effects. Numerous studies have investigated the influence
of pulse-like ground motions on structural performance. Kalkan and Kunnath (2006) reported
that pulse-like records may produce substantially larger displacement demands in reinforced
concrete buildings, particularly those with longer vibration periods. Similarly, Alavi and
Krawinkler (2004) demonstrated that velocity pulses can significantly increase inelastic
deformation demands in medium- and long-period structures. Their findings emphasized that
the ratio between pulse period and structural periodis a critical parameter governing structural
response.

In parallel with research on near-fault effects, increasing attention has been devoted to the
consequences of successive earthquakes on structural systems. The 2010 Christchurch
earthquake sequence and the 2011 Tohoku earthquake demonstrated that structures may
experience multiple damaging seismic events within a relatively short time interval. These
observations revealed the importance of cumulative damage and residual capacity reduction in
earthquake-resistant design. Several researchers have examined the effects of repeated seismic
loading on structural performance. Amadio et al. (2003) investigated the nonlinear response of
single-degree-of-freedom systems subjected to repeated earthquake excitations and reported
significant increases in structural demands under sequential loading. Hatzigeorgiou and Beskos
(2009) showed that residual damage from an initial earthquake can considerably influence
structural response during subsequent events. Similarly, Ruiz-Garcia and Negrete-Manriquez
(2011) demonstrated that the intensity of the second earthquake and the time interval between
events are key parameters affecting cumulative damage. Goda and Salami (2014), using records
from the Christchurch earthquake sequence, statistically confirmed that buildings experiencing
moderate damage during the first event face substantially higher collapse probabilities during
subsequent earthquakes. The concept of cumulative damage has also been addressed through
various damage indices. Among them, the damage index proposed by Park and Ang (1985)
remains one of the most widely used approaches, combining maximum deformation and
hysteretic energy dissipation to quantify structural deterioration under repeated loading.

The seismic performance of reinforced concrete high-rise buildings has also been extensively
investigated because of their dynamic characteristics and longer natural vibration periods.
Chopra and Chintanapakdee (2001) demonstrated that long-period structures may experience
displacement demands significantly greater than those predicted by conventional design spectra
when subjected to near-fault ground motions. Reyes and Chopra (2011) further showed that
higher-mode effects become increasingly important in tall buildings, especially under pulse-
like excitations, leading to significant displacement concentrations in upper stories. Haselton et
al. (2011) reported that even modern code-compliant reinforced concrete buildings may exhibit
considerable collapse risk under intense near-fault earthquakes. Moreover, Takewaki et al.
(2011) emphasized the importance of resonance effects when the dominant period of ground
motion approaches the natural period of tall buildings. Field observations following major
earthquakes have consistently confirmed these analytical findings. Sezen et al. (2003), through
investigations of reinforced concrete buildings damaged during the 1999 Kocaeli earthquake,
identified inadequate confinement reinforcement, weak beam-column joints, soft-story
irregularities, and poor construction quality as primary causes of structural damage. The
February 6, 2023 Kahramanmaras earthquake sequence represents one of the most destructive
seismic disasters in Tiirkiye's recent history and has renewed interest in the combined effects
of near-fault ground motions and successive earthquakes. According to AFAD (2023), extensive
structural damage occurred throughout the affected region, particularly in Kahramanmaras,
Hatay, Adiyaman, and Malatya. Field investigations conducted by Cetin et al. (2023)
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highlighted the influence of design quality, construction practices, structural irregularities, and
local soil conditions on building performance. Erdik et al. (2023) emphasized that the
occurrence of two major earthquakes approximately nine hours apart significantly increased the
vulnerability of structures already damaged during the first event. Furthermore, Ertuncay and
Costa (2025) reported that several recorded ground motions from the Kahramanmaras
earthquakes exhibited pronounced velocity-pulse characteristics and exceeded design spectrum
levels in certain locations.

The literature clearly indicates that both pulse-like near-fault ground motions and successive
earthquake events can significantly influence the seismic performance of reinforced concrete
high-rise buildings. However, studies specifically focusing on the combined implications of
these phenomena, particularly in the context of lessons learned from the 2023 Kahramanmaras
earthquake sequence, remain relatively limited. Therefore, this paper aims to provide a
comprehensive review of near-fault effects, velocity pulses, and successive earthquake
phenomena, with particular emphasis on their implications for the seismic performance and
resilience of reinforced concrete high-rise buildings.

2. NEAR-FAULT GROUND MOTIONS AND VELOCITY PULSES

Near-fault ground motions differ significantly from ordinary far-fault earthquake records due
to their unique seismological characteristics. The most distinctive features of these motions are
forward directivity and fling-step effects, both of which may generate large-amplitude velocity
pulses capable of imposing severe demands on structural systems. These pulses are generally
concentrated within a short duration and may contain a significant portion of the earthquake
energy. As illustrated in Figure 1, near-fault earthquakes may generate pulse-like ground
motions due to rupture directivity and fling-step effects, which significantly alter the
characteristics of seismic loading experienced by structures. When fault rupture propagates
toward a recording site, seismic energy becomes concentrated within a short time interval,
producing large-amplitude velocity pulses that are rarely observed in ordinary far-field ground
motions. This phenomenon, commonly referred to as rupture directivity, results in pulse-like
motions characterized by high energy content, short duration, and pronounced velocity peaks.
Consequently, near-fault ground motions can impose substantially greater displacement and
deformation demands on structures than conventional earthquake records. Numerous studies
have demonstrated that these velocity pulses are particularly critical for flexible and high-rise
buildings because their longer natural vibration periods may resonate with the dominant pulse
periods of the ground motion. As a result, near-fault pulse-like earthquakes may lead to
amplified structural responses, increased interstory drifts, larger residual displacements, and a
higher potential for structural damage, highlighting the importance of considering near-fault
effects in seismic performance assessment and earthquake-resistant design..
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Figure 1. Schematic representation of earthquake sequences and pulse-like near-fault ground
motions caused by rupture directivity effects.
Forward directivity occurs when fault rupture propagates toward a recording station, causing
seismic waves to arrive within a compressed time interval. This phenomenon results in large
velocity pulses, particularly in the fault-normal direction. Fling-step effects, on the other hand,
are associated with permanent ground displacement caused by fault slip and may produce long-
period displacement demands. Somerville et al. (1997) identified these mechanisms as the
primary sources of pulse-like ground motions observed in near-fault regions.

The characterization and identification of velocity pulses have been widely investigated.
Mavroeidis and Papageorgiou (2003) proposed analytical pulse models capable of representing
the main characteristics of recorded pulse-like ground motions. Baker (2007) later introduced
a wavelet-based pulse identification methodology that enabled systematic classification of
pulse-like records. These approaches have significantly contributed to the understanding of
near-fault earthquake effects and their influence on structural response.

The occurrence of earthquake sequences is closely related to the accumulation and
redistribution of tectonic stresses along active fault systems. As illustrated in Figure 1, stress
gradually accumulates on a locked fault segment prior to a major earthquake, leading to
deformation of the surrounding crust and, in some cases, the occurrence of small foreshocks.
When the accumulated stress exceeds the fault strength, a mainshock occurs, releasing a large
amount of seismic energy and causing sudden fault rupture. Following the mainshock, the stress
field is redistributed throughout the surrounding fault region, resulting in localized increases in
stress that may trigger numerous aftershocks. The graph presented in Figure 1 demonstrates the
typical evolution of seismic energy release during an earthquake sequence, where a dominant
mainshock is followed by a series of aftershocks with progressively decreasing frequency and
magnitude over time. These aftershocks may continue for days, months, or even years after the
main event and can contribute to additional structural damage, particularly in buildings that
have already been weakened by the mainshock. Consequently, understanding the mechanisms
of earthquake sequences is essential for evaluating cumulative seismic damage and improving
the resilienceF ohf kstructures subjected to repeated seismic loading.(Figure 2.)
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Figure 2. Schematic representation of an earthquake sequence consisting of foreshocks, a
mainshock, and aftershocks.

Previous studies have shown that pulse-like ground motions may generate considerably larger
displacement demands than ordinary earthquake records. Alavi and Krawinkler (2004)
demonstrated that pulse period, pulse amplitude, and structural period are key parameters
controlling nonlinear structural response. Similarly, Kalkan and Kunnath (2006) reported that
reinforced concrete buildings subjected to pulse-like records experience larger interstory drifts
and higher damage levels, particularly when the structural period approaches the dominant
pulse period.
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The significance of velocity pulses becomes even more pronounced in high-rise structures. Due
to their relatively long natural periods, tall buildings may resonate with the long-period
components of pulse-like motions, resulting in amplified displacement demands and increased
nonlinear behavior. Consequently, the consideration of near-fault effects has become an
essential aspect of performance-based earthquake engineering and seismic design.

3. SUCCESSIVE EARTHQUAKES AND CUMULATIVE DAMAGE
Earthquake-resistant design procedures traditionally evaluate structural performance under a
single design-level earthquake. However, observations from recent seismic events have
demonstrated that structures may be subjected to multiple strong earthquakes occurring within
relatively short time intervals. Such earthquake sequences can significantly influence structural
behavior due to cumulative damage, residual deformations, and degradation of stiffness and
strength. Consequently, the effects of successive earthquakes have become an increasingly
important topic in earthquake engineering research. The significance of earthquake sequences
was clearly demonstrated by the 2010 Christchurch earthquake sequence in New Zealand and
the 2011 Tohoku earthquake in Japan. In many cases, structures that survived the initial event
with moderate damage experienced severe additional damage or collapse during subsequent
earthquakes. These observations highlighted the limitations of conventional seismic assessment
approaches that neglect the influence of prior damage on future structural performance.
Several researchers have investigated the effects of repeated seismic loading on structural
systems. Amadio et al. (2003) reported that repeated earthquake excitations can substantially
increase deformation demands and accelerate structural deterioration. Similarly, Hatzigeorgiou
and Beskos (2009) demonstrated that residual damage accumulated during an initial earthquake
significantly affects the response of reinforced concrete structures subjected to subsequent
events. Ruiz-Garcia and Negrete-Manriquez (2011) further emphasized that the intensity of the
second earthquake and the time interval between consecutive events are among the most
influential parameters governing cumulative damage development. The concept of cumulative
damage is commonly associated with the progressive reduction of structural capacity due to
repeated inelastic behavior. During successive earthquakes, previously damaged structural
elements may experience additional cracking, reinforcement yielding, stiffness degradation,
and energy dissipation demands. As a result, structures that remain stable after the first
earthquake may exhibit substantially lower resistance during subsequent seismic events. To
quantify these effects, various damage indices have been proposed, among which the Park and
Ang (1985) damage index is one of the most widely used approaches for evaluating cumulative
structural deterioration.

The importance of successive earthquake effects has gained renewed attention following the
February 6, 2023 Kahramanmarag earthquake sequence in Tiirkiye. The occurrence of two
major earthquakes with magnitudes of Mw 7.7 and Mw 7.6 within approximately nine hours
created an unprecedented loading scenario for thousands of structures. According to Erdik et
al. (2023), buildings that had already experienced damage during the first event became
significantly more vulnerable during the second earthquake. This sequence highlighted the need
to incorporate cumulative damage and repeated seismic loading effects into future seismic
performance assessment methodologies and design provisions. Overall, the available literature
indicates that successive earthquakes may considerably increase structural vulnerability, even
when individual earthquake events are not sufficient to cause collapse. Therefore,
understanding cumulative damage mechanisms is essential for improving the seismic resilience
and safety of reinforced concrete structures exposed to repeated earthquake loading.

A considerable number of studies have investigated the influence of successive earthquakes on
structural performance over the past two decades. These studies have employed various
analytical, experimental, and statistical approaches to evaluate the effects of repeated seismic
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loading on different structural systems. Although the methodologies and structural
configurations differ, the findings consistently indicate that residual damage accumulated
during an initial earthquake can significantly alter the response of structures subjected to
subsequent seismic events. Table 1 summarizes some of the most influential studies in the
literature and highlights their primary findings regarding cumulative damage and structural
vulnerability under earthquake sequences.

The studies presented in Table 1 demonstrate a strong consensus regarding the adverse effects
of successive earthquakes on structural performance. Previous damage, stiffness degradation,
and reduced energy dissipation capacity have been identified as the primary factors contributing
to increased vulnerability during subsequent seismic events. Recent observations following the
2023 Kahramanmaras earthquake sequence further support these findings, emphasizing the
necessity of incorporating cumulative damage effects into seismic performance assessment and
design procedures. Consequently, earthquake sequences should be considered as an important
component of future performance-based earthquake engineering frameworks.

Table 1

Summary of previous studies on successive earthquakes and cumulative damage effects
Study Structure Type Methodology Main Findings
Proposed a cumulative damage index
combining maximum deformation
and hysteretic energy dissipation.
Repeated earthquake excitations
significantly increased structural
demands and damage levels.

Park and Ang (1985) RC structural members Damage . index
formulation
Nonlinear

Amadio etal. (2003) SDOF systems . .
dynamic analysis

Hatziecoreiou and Sequential Residual damage from the first
eors RC frames earthquake earthquake considerably affected the
Beskos (2009)
analyses response to subsequent events.

Earthquake intensity and inter-event

Ruiz-Garcia and . . . L
duration were identified as critical

Negrete-Manriquez  Multi-story RCbuildings Parametric study

(2011) parameters governing cumulative
damage.
Buildings damaged during the first
Goda and Salami RC buildines Statistical event exhibited substantially higher
(2014) & assessment collapse  probabilities during
subsequent earthquakes.
Building stock affected Post-earthquake Successive earthquakes significantly
Erdik et al. (2023) by the Kahramanmaras damage increased the vulnerability of
earthquakes assessment previously damaged structures.

Figure 3 presents a comparison of several major earthquake sequences that have significantly
influenced earthquake engineering research. The Christchurch (2010-2011), Tohoku (2011),
and Kahramanmaras (2023) earthquakes are among the most extensively studied events due to
their demonstrated effects on cumulative structural damage. While the Tohoku earthquake was
characterized by an exceptionally large mainshock (Mw 9.0), the Kahramanmarags earthquake
sequence is unique because two major earthquakes with nearly identical magnitudes (Mw 7.7
and Mw 7.6) occurred within approximately nine hours. This unusual characteristic subjected
numerous structures to repeated strong ground motions before repair or strengthening measures
could be implemented. Consequently, the Kahramanmarag earthquake sequence has become an
important case study for understanding the effects of successive earthquakes and cumulative
damage on reinforced concrete structures.

The comparison also reveals that the difference between the mainshock and the subsequent
major event varies considerably among earthquake sequences. In Christchurch, the magnitude
difference between the mainshock and the most damaging subsequent event was relatively
limited, whereas in the Tohoku sequence, the largest aftershock remained significantly smaller
than the Mw 9.0 mainshock. In contrast, the Kahramanmaras sequence involved two
earthquakes of comparable magnitude, resulting in an unprecedented loading scenario for the
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affected building stock. This situation increased the likelihood that structures already weakened
during the first earthquake would experience additional damage, strength degradation, and even
collapse during the second event.

These observations highlight the importance of considering earthquake sequences in seismic
performance assessment. Traditional design approaches generally assume that structures are
subjected to a single design-level earthquake; however, recent earthquake experiences
demonstrate that repeated strong ground motions may substantially alter structural response and
damage progression. Therefore, the evaluation of cumulative damage effects has become
increasingly important for improving the seismic resilience of reinforced concrete buildings
and for developing more realistic performance-based earthquake engineering methodologies.

Christchurch Tohoku Kahramanmaras

12

[=J]

[¥8)

® Mainshock (Mw) ® Second Event (Mw)

Figure 3. Comparison of major earthquake sequences and their magnitude characteristics.

The studies reviewed in this section clearly demonstrate that both near-fault pulse-like ground
motions and successive earthquake events play a significantrole in the seismic performance of
reinforced concrete structures. Velocity pulses generated by rupture directivity and fling-step
effects can substantially increase displacement demands, particularly in flexible and high-rise
buildings with longer natural vibration periods. At the same time, successive earthquakes may
lead to cumulative damage, stiffness degradation, strength deterioration, and increased
structural vulnerability due to repeated seismic loading. Recent earthquake sequences,
especially the 2023 Kahramanmarag earthquakes, have further emphasized the importance of
considering these phenomena together, as structures subjected to consecutive strong ground
motions may experience significantly different performance levels than those predicted by
conventional single-event assessment approaches. Therefore, a comprehensive understanding
of near-fault effects and earthquake sequences is essential for improving seismic performance
evaluation methodologies, enhancing structural resilience, and supporting the development of
future performance-based earthquake engineering frameworks.

4. IMPLICATIONS FOR REINFORCED CONCRETE HIGH-RISE BUILDINGS

Reinforced concrete high-rise buildings constitute a significant portion of modern urban
infrastructure, particularly in densely populated metropolitan areas where land availability is
limited and vertical development has become increasingly common. Owing to their
considerable height, flexibility, and relatively long natural vibration periods, these structures
exhibit seismic response characteristics that differ substantially from those of low- and mid-rise
buildings. Unlike shorter structures, whose response is often dominated by the fundamental
vibration mode, high-rise buildings are influenced by both fundamental and higher vibration
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modes, resulting in more complex dynamic behavior during strong earthquakes. Consequently,
the seismic performance of tall buildings is highly dependent on the frequency content,
duration, and intensity of earthquake ground motions.

One of the most critical factors affecting the seismic behavior of high-rise buildings is the
presence of long-period ground motion components. Near-fault earthquakes often generate
pulse-like ground motions due to rupture directivity and fling-step effects, producing
concentrated seismic energy within a short duration. These pulse-like motions may contain
significant long-period components that closely interact with the dynamic properties of tall
structures. When the dominant pulse period approaches the natural vibration period of a
building, resonance-like effects may occur, leading to substantial amplification of structural
response. As a result, high-rise buildings may experience significantly larger displacement
demands, increased interstory drifts, and greater levels of inelastic deformation compared to
those subjected to ordinary far-field ground motions. Previous studies have demonstrated that
velocity pulses may produce significantly larger displacement demands in tall structures
compared to ordinary far-field earthquake records. Chopra and Chintanapakdee (2001) reported
that displacement demands generated by pulse-like motions may substantially exceed those
predicted by conventional elastic design spectra, particularly for structures with long vibration
periods. Similarly, Reyes and Chopra (2011) showed that higher-mode effects become
increasingly important in tall buildings subjected to near-fault earthquakes, leading to
concentration of deformations in upper stories and irregular distribution of structural demands
along the building height. These findings indicate that conventional design procedures based
solely on elastic spectral analysis may not fully capture the actual demands imposed by near-
fault ground motions on high-rise buildings.

Another important issue associated with high-rise buildings is their susceptibility to cumulative
damage under repeated seismic loading. During successive earthquakes, structural components
that have already experienced cracking, reinforcement yielding, concrete crushing, or stiffness
degradation may exhibit reduced strength and deformation capacity when subjected to
subsequent seismic events. In reinforced concrete systems, repeated cyclic loading may
progressively deteriorate material properties, increaseresidual deformations, and reduce energy
dissipation capacity. Consequently, structures that remain standing after an initial earthquake
may become significantly more vulnerable during subsequent ground motions. The effects of
cumulative damage are particularly important for tall buildings because of their large number
of structural components and the interaction between local and global damage mechanisms.
Damage accumulated in critical structural elements, such as columns, beams, shear walls, and
beam-column joints, may alter the overall stiffness distribution of the building and consequently
modify its dynamic characteristics. Changes in structural periods and mode shapes resulting
from initial damage may lead to different response patterns during subsequent earthquakes.
Therefore, the seismic performance of high-rise buildings subjected to earthquake sequences
cannot be adequately evaluated without considering the influence of prior damage.

Field observations following major earthquakes have repeatedly highlighted the vulnerability
of tall reinforced concrete structures to near-fault effects and repeated seismic loading.
Although modern seismic design provisions have significantly improved the earthquake
resistance of high-rise buildings, recent earthquake experiences suggest that severe near-fault
excitations and earthquake sequences may still generate demands beyond those anticipated
during the design stage. In particular, the 2023 Kahramanmaras earthquake sequence
demonstrated that structures exposed to consecutive strong ground motions may experience
substantial deterioration in structural performance between events. Buildings that survived the
first earthquake often entered the second event with reduced stiffness and strength, making them
more susceptible to severe damage or collapse. The increasing concentration of population and
economic assets within high-rise buildings further emphasizes the importance of understanding
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their seismic behavior under complex loading scenarios. Failure or severe damage of a single
tall building may result in significant economic losses, disruption of urban functionality, and
potential loss of life. Therefore, ensuring the seismic resilience of high-rise reinforced concrete
structures has become a major objective of modern earthquake engineering.

The lessons learned from recent earthquakes indicate that future seismic design and assessment
methodologies should incorporate the combined effects of near-fault ground motions and
successive earthquakes. Such an approach would contribute to a more realistic evaluation of
structural performance, improve collapse risk assessment, and enhance the resilience of urban
building stocks against extreme seismic events. Consequently, the integration of velocity pulse
effects, cumulative damage mechanisms, and earthquake sequence scenarios into performance-
based earthquake engineering frameworks represents an important direction for future research
and engineering practice.

5. CONCLUSIONS

This study reviewed the effects of near-fault ground motions, velocity pulses, and successive
earthquake events on the seismic performance of reinforced concrete high-rise buildings based
on findings reported in the literature. The following conclusions can be drawn:

J Near-fault earthquakes exhibit unique characteristics, such as rupture directivity and
fling-step effects, which may generate pulse-like ground motions capable of imposing
significantly greater displacement demands than ordinary far-field earthquake records.

o Velocity pulses represent one of the most critical features of near-fault ground motions
and may considerably amplify structural response, particularly in high-rise buildings with
relatively long natural vibration periods.

. Previous studies consistently indicate that pulse-like ground motions can lead to larger
interstory drifts, increased residual displacements, and higher levels of structural damage
compared to conventional earthquake motions.

o Successive earthquakes have the potential to significantly increase cumulative structural
damage due to repeated seismic loading. Residual damage, stiffness degradation, and strength
deterioration resulting from an initial earthquake may substantially reduce structural capacity
during subsequent seismic events.

J Major earthquake sequences, including the Christchurch (2010-2011), Tohoku (2011),
and Kahramanmaras (2023) earthquakes, have demonstrated the importance of considering
cumulative damage effects in seismic performance assessment and structural safety evaluations.
J Reinforced concrete high-rise buildings are particularly vulnerable to the combined
effects of velocity pulses and earthquake sequences because of their dynamic characteristics,
higher-mode contributions, and sensitivity to long-period ground motions.

o Observations from the 2023 Kahramanmaras earthquake sequence have highlighted the
limitations of conventional single-event seismic assessment approaches and emphasized the
need for more realistic evaluation methodologies that account for repeated strong ground
motions.

. Current seismic design provisions generally focus on single design-level earthquakes
and do not explicitly incorporate the effects of cumulative damage caused by successive
earthquakes. Therefore, future design frameworks should consider earthquake sequences and
near-fault effects more comprehensively.

o A better understanding of the interaction between pulse-like ground motions,
cumulative damage mechanisms, and high-rise structural behavior will contribute to the
development of more resilient and reliable performance-based earthquake engineering
approaches.

o Future research should focus on integrating near-fault effects and successive earthquake
scenarios into seismic design and assessment methodologies to improve the safety and
resilience of reinforced concrete high-rise buildings located in active seismic regions.
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Ozet

Deniz dizel motorlarinda kestirimci bakim, yalnizca durum izlemeye odaklanan bir
yaklasimdan ¢ikarak, makine verisinin ger¢ek gemi isletme kosullar1 altinda giivenilir bakim
kararlarina doniistiiriilmesi problemine doniismiistiir. Bu ¢alisma, deniz dizel motorlari igin
durum izleme, ariza teshisi, prognostik gelismeler ve gemi iizeri uygulamalara iliskin giincel
literatiirii incelemektedir. Kaynak kiimesi; termodinamik izleme, titresim temelli teshis, yag ve
tribolojik analiz, ¢oklu sensor birlestirme, makine 6grenmesi tabanli siniflandirma, derin
O0grenme tabanli tahmin, dijital ikiz yaklasimlar1 ve gercek zamanli karar destek uygulamalarimni
kapsamaktadir. Incelenen galismalar genel olarak degerlendirildiginde, en giilii kanitin fiziksel
olarak anlamlandirilabilen sinyallere ve sinirlar1 belirli bilesen arizalarina yakin kalan teshis
uygulamalarinda ortaya ciktigi goriilmektedir. Enjektor arizalari, valf kacaklari, yaglama
kaynakl1 bozulmalar ve turbosarj anormallikleri bu agidan 6ne ¢ikan 6rneklerdir. Buna karsilik
literatiir, teshisten prognostige ge¢ildigi noktalarda daha zayif kalmaktadir. Ozellikle erken
uyar1 giivenilirligi, kalan faydali 6miir tahmini, belirsizlik yonetimi ve bakim kararina
entegrasyon bagliklarinda yontemsel ilerleme saha olgunlugunun Oniine ge¢mistir. Bir¢ok
calisma teknik olarak giiclii siniflandirma veya tespit basarisi sunsa da, degisken yiik kosullari,
sensOr gliriiltiisii, eksik veri ve gercek filo isletme kisitlar1 altinda kararli performans gosteren
calisma sayis1 daha sinirlidir. Inceleme, alanin temel darbogazinin artik yalnizca veri toplama
olmadigin1 gostermektedir. Asil ihtiyac, heterojen durum gostergelerini diisiik yiik getiren,
giivenilir ve uygulanabilir bakim mantigina doniistiirebilen biitiinlesik gemi iizeri sistemlerdir.
Anahtar kelimeler: gemi dizel motoru, kestirimci bakim, durum izleme, ariza teshisi, sayisal
ikiz

Abstract

Predictive maintenance in marine diesel engines has developed from a monitoring-centered
objective into a broader problem of converting machinery data into reliable maintenance action
under operational shipboard conditions. This study reviews the current literature on condition
monitoring, fault diagnosis, prognostic development, and onboard implementation for marine
diesel engines. The source base includes thermodynamic monitoring, vibration-based
diagnosis, oil and tribological analysis, multi-sensor fusion, machine-learning classification,
deep-learning prediction, digital-twin frameworks, and real-time decision-support applications.
Across these studies, the strongest evidence appears in areas where diagnostic interpretation
remains close to physically meaningful signals and well-bounded component faults such as
injector malfunction, valve leakage, lubrication-related degradation, or turbocharger
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abnormalities. The literature is less mature where the task shifts from diagnosis to prognostics,
especially in early warning calibration, remaining useful life estimation, uncertainty handling,
and maintenance-decision integration. Many studies report technically strong classification or
detection performance, yet fewer demonstrate stable behavior under variable loading, sensor
noise, incomplete data, and real fleet operating constraints. The review indicates that the main
bottleneck is no longer sensing alone. It is the construction of trustworthy, low-burden
maintenance logic from heterogeneous evidence streams. The most valuable next step for the
field is therefore not another isolated high-accuracy model, but integrated shipboard systems
that combine data quality control, multi-sensor reasoning, physics-informed interpretation, and
execution-ready maintenance support.

Keywords: marine diesel engine, predictive maintenance, condition monitoring, fault
diagnosis, digital twin

1. INTRODUCTION

Marine diesel engines are among the most safety-critical machines onboard ships (Kocak et al.,
2023; Zhang et al., 2022). Failure in the main engine affects propulsion continuity, fuel
economy, environmental performance, maneuverability, and vessel safety (Minchev et al.,
2023; Wu etal., 2024; Zhang et al., 2022). As ship systems become more automated and sensor-
rich, the maintenance problem changes accordingly: the core challenge is no longer simply how
to collect data, but how to convert large and heterogeneous sensor streams into actionable
maintenance decisions (Kocak et al., 2023; Zhang et al., 2022).

Kocak et al. (2023) describe the engine room as a complex machinery environment in which
hundreds or thousands of measurements may be processed in real time, while human operators
still remain the default interpreters of machinery state. Onboard data avail ability increasingly
exceeds what can be interpreted consistently through experience alone.

That gap between data abundance and decision quality is a central problem in predictive
maintenance for marine diesel engines. Ships are increasingly capable of sensing machinery
condition, but sensing alone does not improve maintenance outcomes (Kocak et al., 2023;
Zhang et al., 2022). The unresolved problem is how to convert measurements into trustworthy
warnings, diagnoses, and maintenance actions under noisy, variable, and operationally
constrained marine conditions.

Predictive maintenance follows from that shift. Rather than maintaining equipmentonly at fixed
intervals or after failure, predictive maintenance attempts to infer health state, identify
degradation early, and support intervention before serious operational consequence occurs.
Zhang et al. (2022), in a systematic review of prognostics and health management in marine
systems, frame this transition as part of a broader movement from condition monitoring to
integrated maintenance strategy.

This discussion is not structured as a flat methods survey. It follows the logic of a shipboard
maintenance system: first what can be observed, then what can be inferred, then what can be
executed, and finally what still blocks operational maturity. Three goals anchor that structure:
- To identify the main monitoring modalities and diagnostic approaches in use

- To evaluate what recent studies actually demonstrate

- To clarify where the current research base remains weak

2. REVIEW BOUNDARIES AND SYSTEM FRAMING

The literature base considered here covers marine diesel engine condition monitoring, fault
diagnosis, early warning, and digital twin implementation studies from approximately 2020 to
2024, supported by a few earlier foundational papers and broader PHM reviews where
necessary. The reviewed material spans:

- System-level PHM and maintenance strategy reviews (Zhang et al., 2022)
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- Machine-learning-based condition monitoring studies (Kocak et al., 2023)

- Component-specific fault diagnosis studies, especially injector, valve, and turbocharger work
(Cai et al., 2023; Knezevic et al., 2020; Shi et al., 2023)

- Early-warning and deep-learning prediction studies (Ji et al., 2023; Su et al., 2024)

- Digital twin and real-time implementation papers (Minchev et al., 2023; Wu et al., 2024)

- Tribology and oil-monitoring literature (Hong, 2022; Wu et al., 2023)

The evidence base is substantial, but it is not uniform. Some papers are review-driven, some
are simulator-based, some are laboratory fault-diagnosis studies, and only a smaller subset
addresses deployment realities on operating ships.

For that reason, the review treats the literature as a shipboard system rather than as a flat
collection of algorithms. It moves through observability, inference, execution, and governance,
because the strength of the field changes substantially across those layers.

3. FAILURE OBSERVABILITY IN MARINE DIESEL ENGINES

Fault diagnosis in marine diesel engines is difficult because the engine is not a single failure
source. It is a coupled thermo-mechanical system where combustion, gas exchange, tribology,
vibration, and control behavior interact (Hong, 2022; Kocak et al., 2023; Zhang et al., 2022).
The most commonly studied fault zones in the literature include:

- Fuel injector faults

- Exhaust valve leakage or degradation

- Cylinder liner wear, cracking, or abnormal friction

- Turbocharger mismatch, fouling, or reliability loss

- Lubrication-related wear and oil degradation

These faults appear through different observables rather than through a single universal
indicator. Across the reviewed literature, the main parameter families are:

- Exhaust gas temperature

- In-cylinder pressure

- Instantaneous crankshaft angular speed

- Vibration and acoustic signatures

- Oil quality, wear particles, and tribological indicators

- Turbocharger pressure, speed, and associated air-path variables

Shi et al. (2023) summarize this well in their injector-diagnosis study by showing that exhaust
temperature, cylinder pressure, crank-speed information, and vibration all play roles in
diagnosis, depending on the fault mechanism and feature-extraction method.

The pattern is clear: marine engine faults are difficult not merely because they are numerous,
but because each one leaves a distributed signature across thermal, mechanical, and tribological
domains (Li et al., 2015; Shi et al., 2023; Wu et al., 2023; Zhang et al., 2022). Observability is
the first bottleneck, and predictive maintenance in this field consequently evolves toward sensor
fusion and layered reasoning.

4. SENSOR AND MONITORING LAYERS

4.1. Thermodynamic and Process-Variable Monitoring

Thermodynamic monitoring uses variables such as exhaust temperature, pressure, combustion-
related parameters, and air-path measurements. Its main strength is physical interpretability.
Operators and engineers can often connect abnormal temperature or pressure behavior to
plausible process causes (Ji et al., 2023; Zhang et al., 2022).

Jiet al. (2023) argue that exhaust gas temperature is a strong failure indicator because it changes
relatively slowly and is less disturbed than many other signals, making it useful for fault
warning. Predictive maintenance does not always require immediate fault-type classification;
in some cases, reliable early warning already carries operational value.
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The weakness of thermodynamic monitoring is that many process indicators are not fault-
specific. A temperature deviation may indicate injector problems, valve leakage, load
imbalance, air-path disturbance, or control abnormality (Ji et al., 2023; Shi et al., 2023; Zhang
et al., 2022). Thermodynamic indicators are most useful when combined with other signal

types.

4.2. Vibration-Based Monitoring

Vibration remains one of the most studied modalities in rotating and reciprocating machinery
diagnosis because it can be highly sensitive to component-level mechanical changes (Cai et al.,
2023; Li et al., 2015; Shi et al., 2023; Zhang et al., 2022). In marine diesel engines, vibration
has been used to diagnose injector faults, valve faults, and broader combustion anomalies (Cai
et al., 2023; Li et al., 2015; Shi et al., 2023).

Cai et al. (2023) note that valve leakage changes discharge temperature, reduces power output,
and degrades engine performance, and they use deep transfer learning for valve fault-state
diagnosis under noisy and interference-rich conditions. Their study reflects a broader trend:
vibration-based diagnosis is moving away from handcrafted interpretation toward deep feature
learning.

The main limitation of vibration data is that signal quality depends heavily on sensor placement,
structural transmission path, background noise, and operating regime. Accordingly, vibration-
based diagnosis is powerful but also highly implementation-sensitive (Cai etal., 2023; Li et al.,
2015).

4.3. Tribological and Oil-Based Monitoring

Tribological monitoring remains strategically important because abnormal wear is a major
source of long-term engine degradation. Hong (2022) presents tribology as a core reliability
issue in marine diesel engines and supports treating lubrication state as part of condition
assessment rather than only as a post-hoc laboratory concern. Wu et al. (2023) further show that
cylinder lubricating oil characteristics affect vibration behavior in low-speed two-stroke
engines.

The literature supports stronger integration of tribological data with dynamic signal analysis.
Oil condition is not only a maintenance laboratory variable; it can function as an onboard state
indicator when linked to wear and vibration behavior (Wu et al., 2023; Xu et al., 2025).
Long-horizon evidence strengthens this line of work. Xu et al. (2025) study long-term cylinder
oil monitoring in a full-scale two-stroke marine engine and connect lubricant acidification,
alkalinity mismatch, and corrosion-related wear evolution under low-sulfur-fuel operation. That
contribution pushes marine engine monitoring beyond short diagnostic episodes and into
lifecycle-relevant degradation interpretation.

4.4. Multi-Sensor Fusion

A major methodological shift in the literature is the move from single-sensor analysis to multi-
sensor fusion. Zhang et al. (2022) explicitly classify marine condition monitoring as a domain
where multiple monitoring methods are often integrated rather than used in isolation. Their
review cites examples where vibration data are combined with cylinder pressure and where
online monitoring is coupled with oil-monitoring approaches.

The shiftis technically necessary. Single-signal diagnosis may be interpretable but ambiguous,
whereas multi-sensor diagnosis is more computationally demanding but also more
discriminative. The literature increasingly treats fusion not as an optional upgrade, but as a core
requirement for robust marine PHM (Li et al., 2015; Zhang et al., 2022).

Li et al. (2015) support this trend from a large-engine classification perspective, showing that
combined cylinder pressure and vibration features support clearer malfunction discrimination
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in a 16-cylinder marine diesel engine context. Although the paper predates the current deep-
learning wave, it remains relevant because it demonstrates that feature-level fusion had already
become technically justified before current end-to-end models gained popularity.

At this point, the literature stops being about isolated measurements and becomes a problem of
evidence construction. Predictive maintenance does not succeed because one sensor becomes
perfect; it succeeds because multiple imperfect indicators are combined into a more reliable
interpretation of engine state (Li et al., 2015; Zhang et al., 2022). Table 1 summarizes the
monitoring literature from the operator's point of view: what each modality can credibly reveal,
what it still leaves ambiguous, and what sort of implementation burden it imposes.

Table 1. Operational interpretation of the main monitoring modalities.

Monitoring modality

What it is best at telling
the operator

What it still cannot tell
reliably on its own

Typical implementation
burden

Thermodynamic / process
monitoring

That a process deviation
or early abnormality is
emerging

Which exact component
is responsible for the
deviation

Comparatively low,
because variables are
often already available
onboard

Whe‘gher the — signal Moderate to high, because
o That a component-level | remains robust across .
Vibration-based . . placement and signal
L mechanical fault | noise, structure, and .
monitoring . . quality strongly affect
signature is present sensor-placement
. usefulness
differences
That wear, corrosion, or | Whether an immediate | Moderate, with stronger

Tribological / oil-based
monitoring

lubrication-related
degradation is
accumulating over time

fault decision should be
made from oil evidence
alone

value over long horizons
than in short warning
cycles

Multi-sensor fusion

That different weak clues
can be combined into a
stronger state
interpretation

How to keep the fused
model transparent,
maintainable, and
operationally trusted

High, because data
handling, synchronization,
and model governance
become central

Table 1 shows that no dominant monitoring modality eliminates uncertainty by itself.
Thermodynamic data are interpretable but often nonspecific; vibration data are sensitive but
deployment-dependent; oil data are valuable but slower; and fusion improves discrimination at
the cost of governance complexity. The literature therefore moves from observation toward
inference architecture rather than toward single-signal optimization.,

5. INFERENCE STACK: FROM INTERPRETATION TO LEARNING SYSTEMS

5.1. Classical Diagnostic Logic and Expert Interpretation

Traditional marine fault diagnosis relies heavily on expert knowledge, threshold logic, trend
observation, and human judgment. This approach is still operationally important, especially
when labels are weak or when explainability is essential. However, it scales poorly with sensor
density and may produce inconsistent decisions across crews or operating contexts (Knezevic
et al., 2020; Kocak et al., 2023).

Knezevic et al. (2020) underline that fault diagnosis during engine operation often depends on
crew experience and may lead to false conclusions or inappropriate corrective actions. Their
observation highlights that predictive maintenance is not simply about adding algorithms, but
about reducing interpretive inconsistency.

5.2. Machine-Learning Classification

Machine learning occupies a middle position between human interpretation and end-to-end
deep learning. Kocak et al. (2023) discuss support vector machines, decision trees, random

17



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS

forests, ensemble methods, and neural networks as candidate tools for engine-room condition
evaluation. The strength of their study lies in its restraint: rather than overselling one method,
it emphasizes that algorithm suitability depends on the nature of the data and the fault problem.
Their paper also highlights an operationally significant motivation: moving from planned
maintenance toward predictive maintenance can reduce cost if sensor indications are interpreted
before the malfunction becomes obvious to human observers.

5.3. Deep Learning for Early Warning

Deep learning is increasingly used where multi-parameter, nonlinear, or noisy conditions make
manual feature engineering difficult. Jietal. (2023) use a CNN-BiLSTM-Attention architecture
for exhaust-gas-temperature-based fault warning and report that the model produced high
precision and accuracy in their evaluation. Cai et al. (2023) apply a modified VGG16 transfer-
learning architecture to valve fault diagnosis and show that deep image-based feature extraction
can classify leakage conditions under interference.

These studies show where deep learning is strongest in marine diagnostics: handling
multivariate and sequential data, extracting features under noise and interference, and
supporting early warning rather than only post-fault recognition. The limitation is equally clear.
Deep learning often requires better data volume, cleaner labeling, and stronger validation
practice than what many real fleets currently provide (Han et al., 2021; Ji et al., 2023).

6. THE PROGNOSTIC BOUNDARY

Here the field changes character. Detection concerns abnormality recognition. Diagnosis
concerns fault identification. Prognostics concerns the safe continuation horizon of system
operation. The literature is materially less mature in this third layer than in the first two (Han et
al., 2021; Velasco-Gallego & Lazakis, 2023).

Han et al. (2021) investigate LSTM-based fault prognostics for a marine diesel engine using
run-to-failure operational data and show that remaining useful life prediction depends strongly
on the availability of sufficiently rich degradation histories. The distinction is critical: fault
diagnosis can often be built with less data than reliable fault progression forecasting.
Velasco-Gallego and Lazakis (2023) extend the conversation toward remaining useful life
prediction for marine machinery more broadly through Mar-RUL. Their study reinforces that
prognosis is not merely a better classifier, but a lifecycle inference problem that depends on
longitudinal degradation evidence, uncertainty control, and maintenance relevance.

A ship operator can often use diagnosis with imperfect labels and modest data history.
Prognostic output is harder to treat credibly unless degradation pathways have been observed
for long enough to make failure-horizon estimates meaningful (Han et al., 2021; Velasco-
Gallego & Lazakis, 2023).

7. EXECUTION LAYER: FROM MODEL OUTPUT TO MAINTENANCE ACTION
The literature becomes more informative when individual studies are interpreted comparatively
and then connected to onboard decision logic rather than read as isolated algorithm papers.
Shi et al. (2023) provide one of the clearest quantitative component-level studies in the recent
literature. Using pressure and vibration sensing with a structured feature-selection and
classification pipeline, they report that their proposed IRCMDE-based method achieved a fault
diagnosis accuracy of 91.25%, outperforming several comparison methods. The result is
noteworthy, but it remains a controlled-study result.

Ji et al. (2023) focus on early warning rather than only diagnosis and propose a real -time
monitoring method based on exhaust gas temperature prediction. Their result is valuable
because predictive maintenance depends on warning lead time, not only classification accuracy.
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Su et al. (2024) extend this direction toward multi-parameter fault early warning, arguing that
real-time analysis of multiple thermal and control variables can improve reliability and reduce
maintenance cost. This reflects a growing consensus that warning should be multi-parameter
rather than threshold-based on isolated signals.

Kocak et al. (2023) remain central because they frame the practical problem of building an
intelligent engine-room evaluation layer rather than merely classifying a laboratory fault signal.
Their paper provides a direct link between machinery data and maintenance intent.

Knezevic et al. (2020) contribute a reliability and maintenance perspective, especially for
turbocharger systems. Their work shows that fault diagnosis is inseparable from maintenance
interval logic and subsystem reliability.

The prognostics literature should also be read as a separate maturity layer. Han et al. (2021)
address marine diesel engine fault prognostics directly, while Velasco-Gallego and Lazakis
(2023) expand the discussion toward remaining useful life prediction for marine machinery
more broadly through Mar-RUL. Together, these papers show that the field is beginning to
move beyond fault recognition toward degradation forecasting, even though the evidence base
remains much smaller than the diagnosis literature.

Taken together, these studies support an execution-oriented reading. Component-level
diagnosis is increasingly accurate in controlled studies. Early-warning models are becoming
more sophisticated and more multi-parameter. The bridge from diagnostic output to
maintenance decision remains underdeveloped. Table 2 translates that problem into a chain-of-
execution view by asking not simply what each layer can do, but where it still fails in real
deployment.

Table 2. Execution bottlenecks across the predictive-maintenance chain.

What the literature can

. Main execution | Why deployment still
Maintenance layer already do reasonably bottleneck stalls
well
o Capture large amounts of Signal ambiguity and More sensing does not
Monitoring thermal, mechanical, and data-quality variation automatically create
tribological condition data 4 y clearer decisions
Classify sdected fault Models may work well in
Di . states  with useful | Cross-vessel robustness .
iagnosis studies but weaken under

accuracy under controlled
conditions

and label quality

changing ship contexts

Early warning

Detect anomaly buildup
earlier and with more
variables than classic
threshold logic

False-alarm control and
warning governance

Operators need warnings
that are actionable, not
merely sensitive

Prognostics

Explore = RUL and
degradation forecasting
with LSTM-type methods

Scarcity of long
degradation histories and
uncertainty control

Failure-horizon
predictions remain hard to
trust without lifecycle
evidence

Maintenance decision

support

Frame maintenanceaction
as a PHM or digital-twin
problem

Weak linkage to spares,
scheduling, and work-
order systems

The organizational
execution layer is less
mature than the analytical
layer

This execution-layer reading helps avoid overstating the maturity of the field. The literature is
not weak, but it is uneven: the ability to recognize faults is ahead of the ability to govern
maintenance with confidence from those recognitions. Table 2 shows that predictive-
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maintenance maturity weakens as one moves from signal acquisition and bounded diagnosis
toward decision authority and organizational execution.

A clear frontier in the recent literature is the attempt to move diagnosis closer to real-time
onboard implementation. Minchev et al. (2023) describe digital twins as especially promising
for monitoring, diagnostics, control, and lifecycle management in marine power plants. They
also identify the central challenge directly: a useful marine engine digital twin must balance
calculation speed and model accuracy.

This tradeoff is not academic. If a digital twin cannot compute fast enough, it offers little value
for online support; if it is oversimplified, it loses diagnostic value. Minchev et al. define the
long-term goal as engine-cycle synthesis at a speed comparable to the actual operating cycle.
Wu etal. (2024) address the implementation side from a different angle, showing that embedded
and edge-capable hardware architectures can support real-time fault data processing and sensor
interfacing onboard. Their study shifts the discussion from algorithms alone to the computing
architecture needed to run them continuously.

Digital twins and onboard computing now appear to be converging directions (Minchev et al.,
2023; Wu et al., 2024):

- Digital twins improve model-based interpretation and prediction.

- Edge or embedded computing improves deployment feasibility.

- Their combination is likely to define the next practical generation of marine predictive
maintenance systems.

Figure 1 reframes the literature as an implementation staircase rather than as a pure analytics
pipeline. Progress in this field is cumulative: each upward step adds informational value, but
also additional demands in validation, interpretation, and actionability.

Predictive-Maintenance Implementation Staircase

e evidence base becomes aperational only when analytics climb from sensing to maintenance action

Sensing Health Diagnosis Prognostics Maintenance
indicators action
I D
- Residuals -
Threshokds Featire Abnor
trends Anomaly
cues

Scheduling

derating

Cross-cutting enablers Diata quality | ssnsor fsion | physies-informed interpretation | edge comgnting | maintenanes-system intepration

Key take-away
The staircase stresses a stronger claim than a simple workflow: each step upward increases organizational and data burden,
which 1s why decision integration remains less mature than sensing and diagnosis.

Figure 1. Implementation staircase for shipboard predictive maintenance of marine diesel
engines.

Placed at this point in the argument, Figure 1 does more than summarize workflow. It shows
why predictive maintenance remains difficult to operationalize even when individual diagnostic
studies are promising. The higher layers depend not only on better models, but on the successful
inheritance of data quality, interpretability, uncertainty control, and maintenance-system
compatibility from the lower layers.

A maintenance-strategy dimension also remains here. Condition-based maintenance studies on
naval propulsion systems by Cipollini et al. (2018) and Coraddu et al. (2014) show that
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predictive methods ultimately need to be judged by maintenance-decision quality and
operational value, not only by diagnostic correctness. Even though these studies are broader
than marine diesel engines alone, they are directly relevant to ship propulsion maintenance
logic.

At this point, the literature's technical storyline meets its organizational storyline. Amodel may
diagnose correctly, but if the output cannot be translated into inspection timing, spare-parts
planning, port scheduling, or power-limitation decisions, its maintenance value remains
incomplete.

8. GOVERNANCE, VALIDATION, AND ADOPTION BOTTLENECKS

Despite strong technical progress, several structural weaknesses remain.

- Many datasets are simulator-based, laboratory-based, or fault-injected rather than taken from
long-term fleet operation.

- Validation often focuses on accuracy rather than false alarm burden, maintenance cost impact,
or lead-time value.

- Cross-vessel generalization is rarely established.

- Maintenance work-order integration is discussed less often than signal processing or model
design.

- Data quality, missing data, calibration drift, and labeling uncertainty are still under-addressed.
Zhang et al. (2022) indirectly support this critique by showing that PHM in marine systems
must span monitoring, diagnosis, prognosis, and maintenance strategy together, not only model
construction. Most marine diesel studies still concentrate on the first two of those layers.
Another asymmetry in the literature is the gap between short-term classifier performance and
long-term wear interpretation. There are many studies with good controlled-condition
diagnostic accuracy, but fewer that follow degradation evolution over long operating windows
on full-scale commercial engines (Han et al., 2021; Velasco-Gallego & Lazakis, 2023; Xu et
al., 2025).

That asymmetry explains why the field can appear simultaneously advanced and immature. It
is advanced in algorithmic experimentation, but still maturing in operational continuity, long-
horizon degradation understanding, and decision integration. Figure 2 compresses that
asymmetry into a capability ladder, making visible where the evidence base remains dense and
where it thins sharply.
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l Predictive-Maintenance Capability Ladder

¢ base thins s the literaturs moves from sensing and dingnesis toward prognosis and maintenan ce-decision ink
High Muoderate Law

Capability progression across the reviewed literature

High Monitoring
Broad evidence base. stron 5l pract ! 1 layer f 1 depl !
High Diagnosis
Controlled studies ineressingly show eredible fault elassification, especially for injectors, valves, and combustion snomalies.
Early warnin;
Moderate _ N &

Thermal prediction and multi-passmeter warning are inproving, but threshold governance and false-alarm control remaln difficult.

Prognostics / RUL
Low 2
Useful Long-horizen forecasting still depensds ot scaree ma-to-failure histories and stronger uncertainty bandling.
Maintenance-decision
Law . -
integration
The weakest layer remains the transkation of model output into work orders, spares logic, and operating decisions.

l Key take-away

The ladder makes the asymmetry explicit: predictive-maintenance research is not uniformly immature, but its strongest
evidence is concentrated in the lower analytical layers.

Figure 2. Capability-maturity ladder for the predictive-maintenance literature on marine diesel
engines.

Figure 2 stratifies maturity rather than merely labeling topics. Monitoring and diagnosis are not
placed above prognosis and decision integration because they are more important, but because
they are better evidenced. The figure reinforces a core review discipline: upper-layer claims
should be read more cautiously than lower-layer monitoring and diagnosis claims.

9. OPERATOR-ORIENTED DEPLOYMENT PATHWAY

For practical deployment, the literature suggests a staged implementation pathway:

- Build a trustworthy sensor and data-governance layer

- Start with interpretable multi-parameter monitoring

- Add machine-learning classification where labeled events exist

- Use deep learning for high-value fault classes and early warning

- Integrate diagnosis output with maintenance planning and operational constraints

This staged model is more credible than direct end-to-end automation. It reflects the actual
maturity of the field and the data limitations still present onboard many vessels (Han et al.,
2021; Kocak et al., 2023; Zhang et al., 2022). It also makes clear that the last step is
organizational, not merely computational.

10. CONCLUSION

The predictive-maintenance literature for marine diesel engines has moved well beyond simple
threshold monitoring, but it has not yet reached uniform operational maturity. The evidence is
strongest in observability and diagnosis, more conditional in early warning and prognostics,
and still comparatively thin at the stage that matters most to operators: turning condition
evidence into maintenance decisions (Ji et al., 2023; Kocak et al., 2023; Minchev et al., 2023;
Wu et al., 2024; Zhang et al., 2022). The field is therefore best read as stratified by function and
evidence strength rather than as uniformly mature.
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The most defensible conclusion is that predictive maintenance in marine engines is not
primarily a machine-learning success story. It is a systems-integration problem in which signal
quality, feature credibility, labeling practice, operational profile control, and maintenance
workflow design jointly determine whether an algorithm becomes useful onboard (Han et al.,
2021; Knezevic et al., 2020; Minchev et al., 2023; Velasco-Gallego & Lazakis, 2023; Zhang et
al., 2022). This also explains the continued importance of multi-sensor fusion and physics-
informed reasoning: they narrow the gap between statistical detection and operational trust.
The next research frontier is execution-grade predictive maintenance. What the field still needs
is not another isolated high-performing model, but systems that can issue timely warnings,
explain them clearly, and connect them reliably to inspection timing, spares planning, derating,
or scheduling decisions. Practical maturity will be reached when observability, inference,
prognostic caution, and maintenance execution are joined within a durable shipboard decision
process.
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Ozet

Deniz dizel motorlarinda atik 1s1 geri kazanimi artik yalnizca bir alt gevrim se¢imi olarak degil,
gemi diizeyinde bir enerji entegrasyon problemi olarak ele alinmaktadir. Temel sorun, yalnizca
motordan ne kadar 1sinin atildigi degil, bu 1sinin sicaklik seviyesi, ekserji degeri, isletme
degiskenligi ve gemi iizerindeki servis talebiyle birlikte ne kadar kullanilabilir oldugudur. Bu
calisma, glincel deniz makine literatiiriinde 6ne ¢ikan baslica geri kazanim yaklasimlarim
incelemektedir. Bunlar arasinda egzoz kazanlari, tek g¢evrim organik Rankine ¢evrimi
sistemleri, ¢ok kaynaklt ORC kurgulari, stiperkritik CO2 tabanli diizenler ve gii¢ geri
kazanimini 1sitma, sogutma veya deniz suyu aritma gibi yardimeci servislerle birlestiren hibrit
¢oziimler yer almaktadir. inceleme, dogrudan gii¢ veya buhar iiretimi hedeflendiginde egzoz
gazinin hala en giiclii kaynak oldugunu, buna karsilik gomlek suyu ve sarj havasi sogutmaisist
gibi daha diisiik kaliteli kaynaklarin ise elektrik iretiminden ¢ok servis eslestirmesine dayali
tasarimlarda daha anlamli hale geldigini gostermektedir. Literatiir ayrica mimari se¢imin
yalnizca en yiiksek 1s1l verime indirgenemeyecegini ortaya koymaktadir. Termoekonomik
performans, tasarim dis1 ¢alisma davranisi, retrofit ylikii, makine dairesi yerlesimi, kontrol
edilebilirlik ve bakim etkileri uygulanabilirligi dogrudan belirlemektedir. Benzetim ve
optimizasyon g¢aligsmalar1 olduk¢a artmis olsa da uzun siireli gemi ilizeri dogrulama hala
sinirlidir. Bu nedenle mevcut bilgi birikimi, evrensel olarak {istiin bir ¢cevrimden ¢ok, gemiye
0zgii eslestirme yaklasimini desteklemektedir.

Anahtar kelimeler: gemi dizel motoru, atik 1s1 geri kazanimi, organik Rankine ¢evrimi,
stiperkritik CO», ekserji

Abstract

Waste heat recovery in marine diesel engines is increasingly approached as a ship-level
integration problem rather than as a narrow bottoming-cycle choice. The central issue is not
only how much heat is rejected by the engine, but how the temperature level, exergy content,
operating variability, and onboard service demand shape the usefulness of that heat. This study
examines the main recovery routes discussed in recent marine-engine literature, including
exhaust boilers, single-loop organic Rankine cycle systems, multi-source ORC configurations,
supercritical CO2 layouts, and hybrid arrangements that couple power recovery with auxiliary
services such as heating, cooling, or desalination. The review shows that exhaust gas remains
the most credible source when the objective is direct power or steam generation, while lower-
grade streams such as jacket water and charge-air cooling become more attractive when
recovery 1s designed around service matching rather than electrical output alone. The literature
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also indicates that architecture selection cannot be reduced to peak thermal efficiency. Thermo-
economic performance, off-design behavior, retrofit burden, machinery arrangement,
controllability, and maintenance implications all materially affect feasibility. Simulation and
optimization studies are now extensive, yet long-horizon shipboard validation remains limited.
The present evidence therefore supports a design logic based on ship-specific matching rather
than on any universally superior recovery cycle. Waste heat recovery is most defensible when
recoverable energy quality, service usefulness, integration complexity, and operational
robustness are evaluated together within the actual vessel context.

Keywords: marine diesel engine, waste heat recovery, organic Rankine cycle, supercritical
CO», exergy

1. INTRODUCTION

Marine diesel engines remain the dominant propulsion and onboard power source for a
substantial share of the global fleet (Mrzljak et al., 2023; Zhu et al., 2020). Their high thermal
efficiency is a major engineering advantage, yet even efficient engines reject a large fraction of
fuel energy as waste heat (Zhou et al., 2018; Zhu et al., 2020). Zhou et al. (2018) identify that
loss as a central energy-efficiency problem in shipping and show that exhaust heat alone can
represent a substantial share of the unrecovered energy stream in marine operation. The issue
is not only thermodynamic; it is also economic and regulatory, because fuel cost, emissions
constraints, and carbon-intensity targets increasingly converge at ship level.

Waste heat recovery has consequently gained attention because it addresses efficiency at ship-
system level rather than at component level. Instead of redesigning the combustion process
itself, WHR adds a secondary conversion or service-utilization layer that exploits exhaust gas,
jacket cooling water, scavenge air, and related thermal streams. Hussein and Kandil (2019)
argue that the selection of a WHR route must account for engine size, ship type, route, loading
condition, machinery arrangement, operating scenario, and overall energy balance. In marine
applications, the thermodynamically strongest option is not necessarily the operationally
strongest one.

That tension shapes the field. As marine diesel engines become more efficient, the amount of
recoverable heat does not remain a fixed opportunity; its temperature level, usability, and
economic value also change. The engineering problem is no longer just how to recover more
heat, but how to recover the right heat, at the right quality, for the right onboard use. The
literature has accordingly moved away from isolated exhaust-gas recovery concepts toward
integrated, mission-specific WHR architectures (Lebedevas & Cepaitis, 2024; Li & Tang, 2021;
Mrzljak et al., 2023).

This discussion is organized as an energy-architecture review rather than as a technology
catalog. It moves from resource characterization to architecture competition, then to vessel -
level selection logic, and finally to evidence quality and engineering priorities. The review
pursues three objectives:

- To identify the technically most valuable heat sources in marine diesel engines

- To evaluate the most promising recovery architectures under different vessel constraints

- To determine where the current literature is still weak or incomplete.

2. REVIEW BOUNDARIES AND DECISION PERSPECTIVE

The review draws on review articles, exergy studies, thermo-economic optimizations, and
applied marine-engine WHR studies published between 2015 and 2025, together with several
earlier foundational papers that remain heavily cited in later work. The reference set
intentionally spans:

- Broad review literature on marine-engine bottoming cycles (Zhu et al., 2020)
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- Single-loop and multi-heat-source ORC optimization studies (Li & Tang, 2021; Mohammed
et al., 2020; Wang et al., 2013)

- Exergy-oriented and thermo-economic selection studies (Abdu et al., 2016; Yang & Yeh, 2015;
Zhang et al., 2020)

- Supercritical CO; recovery studies (Koroglu et al., 2023; Mrzljak et al., 2023)

- Service-oriented auxiliary use studies such as desalination (Hussein & Kandil, 2019)
Within the reviewed source base, simulation-based thermodynamic analysis is abundant,
whereas full-scale shipboard validation, retrofit economics, and maintenance-centered evidence
remain much less developed. That asymmetry materially limits the strength of any generalized
design claim.

The review is deliberately selective. Rather than treating all WHR solutions as equally mature
alternatives, it reads the literature as an engineering decision problem. The central question is
not which cycle is theoretically strongest in isolation, but which architecture achieves the best
ship-level fit once heat quality, operating variability, service demand, and retrofit burden are
assessed together.

3. WHERE RECOVERABLE VALUE ACTUALLY LIES

Marine diesel engine waste heat is not a single resource, but a set of streams with different
temperatures, exergy qualities, controllability levels, and physical integration constraints (Li &
Tang, 2021; Mrzljak et al., 2023; Zhu et al., 2020). The engineering question is not whether
heat exists, but whether a given stream merits conversion, redirection, or deliberate non-use
under a specific service profile.

Across the literature, five source families dominate: exhaust gas, jacket cooling water,
scavenge-air or charge-air cooling heat, lubricating-oil cooling heat, and mixed or staged source
combinations (Li & Tang, 2021; Mrzljaket al., 2023; Zhou et al., 2018; Zhu et al., 2020). They
do not compete on equal terms. Some are attractive because of temperature level; others because
they are stable, easy to route, or naturally aligned with onboard service demand. Table 1 recasts
that material into a decision-oriented synthesis in which each stream is judged through likely
onboard use rather than temperature level alone.

Table 1. Engineering interpretation of major recoverable heat streams in marine diesel
engines.

Heat stream

Why it attracts attention
in the literature

Most credible onboard
use

When it becomes less
attractive

Exhaust gas

Highest exergy content
and strongest direct case
for power recovery

Power generation or steam
production

Partial-load  operation,
fouling, or weak
utilization of recovered
steam

Jacket cooling water

Stable and accessible low-
to medium-grade source

Service
preheating, or
thermal support

heating,
hybrid

When studies expect
direct power output from
a stream better suited to
service duty

When added source
. .| Intermediate temperature | Supplemental heat input | utilization creates
Scavenge air / charge-air h h dlin i q b d |
cooling that can strengthenstaged | in integrated recovery | exchanger and contro
or ORC-based layouts architectures complexity without

enough gain
o . . Contlnuoqs aux111a1Ty heat Limited auxiliary thermal When  design e.ffort
Lubricating oil cooling | source with predictable exceeds the relatively

behavior

recovery

small recoverable fraction
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When retrofit, control,
and integration burden
outweigh the theoretical
utilization benefit

Better total heat | Multi-source ORC or
utilization and stronger | hybrid vessel-energy
architecture-level tuning | layouts

Combined or staged
sources

Table 1 supports two immediate conclusions. Exhaust gas remains the strongest candidate
where the objective is shaft-equivalentor electrical recovery, because it uniquely combines high
temperature with relatively high exergy content (Zhou et al., 2018). Lower-temperature streams
become most valuable when the design objective shifts from power maximization to service
matching, preheating, or hybrid thermal support (Abdu et al., 2016; Hussein & Kandil, 2019;
Li & Tang, 2021).

Energy quantity alone is a weak design criterion. Two streams with similar heat content may
differ substantially in value once temperature level, entropy generation, and onboard demand
matching are taken into account. Abdu et al. (2016) explicitly frame WHR selection through
exergy analysis rather than heat quantity alone. On that basis, a ship may recover heat
successfully while still allocating it poorly at system level.

The reviewed literature no longer treats waste heat as a generic surplus, but as a layered thermal
resource whose usefulness depends on matching (Abdu et al., 2016; Mrzljak et al., 2023). Once
that view is adopted, the technical focus moves from simple recovery hardware toward
architecture design.

4. COMPETING RECOVERY ARCHITECTURES

4.1. Exhaust Boilers and Steam-Based Recovery

The exhaust boiler remains the most mature marine WHR architecture. Its appeal lies in
operational familiarity, engineering maturity, and direct compatibility with steam-consuming
ship services. Steam can be used for hotel loads, tank heating, domestic hot water, and auxiliary
process duties (Zhu et al., 2020). Relative to advanced bottoming cycles, this option carries the
lowest interpretive and operational ambiguity for ship operators.

A practical limitation is that its effectiveness falls when exhaust conditions fluctuate or when
useful steam demand is low. In such cases, the ship may carry a technically robust recovery
system that is underutilized. The literature increasingly treats the exhaust boiler as a component
of a wider energy architecture rather than the final answer in itself (Zhu et al., 2020).

4.2. Organic Rankine Cycle Systems

ORC systems are the most widely discussed advanced option in marine WHR literature because
they can exploit medium- and lower-grade heat more effectively than traditional water-steam
cycles. Mohammed et al. (2020) show the continuing interest in supercritical ORC
configurations for marine diesel engine waste heat recovery. Meanwhile, Yang and Yeh (2015)
frame ORC design as a thermo-economic optimization problem rather than a purely
thermodynamic one.

The promise of ORC depends heavily on design matching. Working fluid, evaporation
temperature, condenser condition, heat exchanger size, pinch behavior, and engine operating
envelope all affect viability (Lebedevas & Cepaitis, 2021, 2024; Yang & Yeh, 2015). Across
studies, ORC success is defined less by abstract cycle efficiency than by how well the cycle is
tuned to the actual ship heat sources.

Recent marine ORC studies place this issue in operational focus. Lebedevas and Cepaitis (2021)
show that ORC energy characteristics change significantly across marine engine operating
modes and argue that working-fluid selection becomes especially important once exhaust
temperatures fall at partial load. Their study makes explicit what many idealized WHR papers
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leave implicit: shipboard recovery systems do not operate at a single design point, and ORC
viability depends as much on off-design resilience as on nominal efficiency.

4.3. Multi-Heat-Source ORC

A major shift in the recent literature is the move from recovering one heat stream to combining
several. Li and Tang (2021) explicitly note that only a limited number of studies had addressed
multi-heat-source recovery in marine engines and that integrating multiple streams can improve
thermo-economic performance. Their optimization results show that the recovery proportion of
each source should itselfbe optimized, because more recovery is not automatically better. They
also show that different source combinations produce different benefits: one combination in
their results gave the highest power output, while a broader combined-source configuration
produced a lower levelized cost of electricity.

Compared with single-stream ORC studies, this perspective is more mature. It shifts the
engineering emphasis from generic ORC adoption to the selection of source combinations and
heat-absorption sequence. In ship-design terms, it is also the more realistic formulation of the
problem (Li & Tang, 2021).

4.4. Supercritical CO; Recovery Systems

Supercritical CO, cycles have gained attention because of their compactness, potentially
favorable temperature matching, and strong suitability for some low-grade or mixed-grade heat-
recovery applications. Koroglu et al. (2023) report that the literature increasingly views sCO,
systems as attractive for marine applications where compactness and efficient low-grade heat
use matter. Their review-related discussion also points to a broader trend: sCO, rankine-like
layouts may outperform some alternatives in low-grade heat contexts because of better source-
fluid temperature matching.

Mrzljak et al. (2023) provide a more marine-specific exergy perspective by analyzing a
supercritical CO; system that uses jacket water, air, and exhaust-gas-derived heat in a staged
manner. The study is most persuasive not as proof of universal sCO; superiority, but as evidence
that a cascade-style configuration can exploit multiple thermal streams rather than a single
dominant one. This reading aligns with the broader move toward integrated rather than isolated
recovery design.

Current evidence does not support treating sCO, as an automatic replacement for ORC. Kaya
et al. (2020), studying a transcritical ORC marine configuration, show that alternative Rankine-
based layouts remain highly competitive in the same application space when source matching
and operating constraints are considered carefully. The literature supports competition among
architectures, not a settled technological winner.

4.5. Auxiliary Thermal Uses: Desalination, Cooling, and Service Loads

Not all valuable WHR needs to end in shaft-equivalent power. Hussein and Kandil (2019) show
that waste heat can drive shipboard freshwater generation without an additional energy source,
improving both efficiency and environmental performance. This category matters because ships
often have thermal-service needs that may justify lower-complexity recovery systems over
advanced power cycles.

Auxiliary use systems are often under-discussed in papers that prioritize net power output. From
a ship energy-balance perspective, however, a vessel with significant hotel load, freshwater
demand, or cooling demand may derive more operational value from a moderate-complexity
thermal-use architecture than from a more complex power-only layout. That reading is
consistent with service-oriented WHR studies and with later hybrid power-and-cooling
optimization work (Ben Hamida et al., 2025; Hussein & Kandil, 2019).
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At this point, the literature shifts from recovery potential to allocation logic: not only how much
heat can be recovered, but which portion should become power, which portion should become
service heat, and whether the resulting architecture remains maintainable onboard (Ben Hamida
et al., 2025; Li & Tang, 2021; Zhu et al., 2020).

5. VESSEL-MATCHING LOGIC

Read together, the reviewed studies do not support a simple hierarchy of technologies. They
point instead to a change in design philosophy. The strongest papers reject the implicit
assumption that a single high-efficiency recovery cycle can be optimized independently of ship
service loads, machinery arrangement, and operating variability (Lebedevas & Cepaitis, 2024;
Li & Tang, 2021; Mrzljak etal.,2023; Zhang et al., 2020). The field is moving from component-
level comparison toward architectural reasoning.

The resulting logic is one of vessel matching rather than winner-takes-all technology ranking.
Marine WHR is fundamentally a multi-stream problem, not only an exhaust-gas problem, and
exergy analysis is more informative than energy-balance analysis alone when recovery
pathways are selected (Abdu et al., 2016; Mrzljak et al., 2023). Thermo-economic optimization
is equally unavoidable: capital intensity, exchanger size, off-design robustness, and utilization
rate all shape the engineering verdict (Wang et al., 2013; Yang & Yeh, 2015; Zhang et al., 2020).
Multi-heat-source recovery often offers a stronger design basis than single-source recovery, but
only when the added integration burden is justified (Li & Tang, 2021). Hybrid architectures are
also becoming more central, especially where cooling, freshwater, and service heat compete
with pure power recovery (Ben Hamida et al., 2025; Hussein & Kandil, 2019). Working-fluid
choice and operating-mode sensitivity remain major bottlenecks rather than secondary tuning
issues (Lebedevas & Cepaitis, 2021, 2024). Table 2 turns these themes into selection cues, so
the literature can be read as a conditional design guide rather than as a ranking exercise.

Table 2. Vessel-context cues for selecting WHR architecture families.

q . Prefer this family when Rea(.i UG COLERS Main reason the
Architecture family cautiously when the | . q :
the vessel... vessel literature still values it

Exhaust boiler / steam
service

Has stable steam or hotel-
load demand and favors
proven hardware

Has weak thermal-service
demand or highly variable
exhaust conditions

It remains the most
operationally familiar and
lowest-ambiguity option

Single-loop ORC

Offers relatively stable

operating load  and
workable condenser
conditions

Operates far from design
point for long periods

It extends useful recovery
beyond classic steam-
service logic

Multi-heat-source ORC

Justifies deeper system
integration and can
benefit fromtotal heat-use
optimization

Faces retrofit constraints
or limited control
authority

It captures the strongest
architecture-level gains in
recent optimization
studies

sCO»x-based recovery

Needs compactness and
can  support  higher
engineering complexity

Lacks deployment
experience, control
confidence, or pressure-
system tolerance

It offers strong source
matching in some staged
heat-recovery layouts

Hybrid power-service
architecture

Has diversified onboard
energy-service demand
and values mission-level
matching

Needs a simple retrofit
with minimal system
coupling

It aligns recovery design
with actual ship energy
use rather than power
output alone
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Table 2 makes the methodological point explicit: the same architecture may look favorable or
unfavorable depending on whether the governing constraint is steam demand, load stability,
retrofit accessibility, compactness, or service-load diversity. Cycle comparisons that ignore
vessel context therefore tend to overstate transferability.

6. EVIDENCE QUALITY, RETROFIT REALITY, AND PRACTICAL RISK

The architecture-selection logic implied by the literature can be summarized as a staged
matching problem rather than as a search for a single best cycle. Figure 1 condenses that logic
by showing that heat-source screening, vessel constraints, and service-demand allocation must
be evaluated within the same decision sequence.

WHR Architecture Selection Framework

Heat-source grade, vessel constraints, and service demand should be evaluated as a single design problen

A (—
Heat streams Technical screening Allocation logic Architecture choice
Exhaust gas Temperature level Power generation Exhaust boiler
Jacket water = Exergy value jmp=  Steam / service heat == Single-loop ORC
Scavenge-air cooling Recoverability Cooling / desalination Multi-source ORC
Auxiliary thermal loops Off-design sensitivity Hybrid use sCO: / hybrid layout

Constraint block Decision block
Load profile Fuel saving

Space limits Complexity
Condenser conditions Maintenance burden
Retrofit feasibility Mission alignment

Key take-away

The framework reflects the main conclusion of the review: the preferred WHR solution emerges from matching
recoverable heat quality with ship-specific operational and service requirements rather than from selecting a universally
superior cycle.

Figure 1. Decision framework for vessel-specific WHR architecture selection.

Read with the preceding sections, Figure 1 clarifies why apparently strong thermodynamic
concepts often weaken once ship-level constraints are imposed. It also shows why WHR is
treated here as an architecture problem: no meaningful selection can be made before heat
quality, operating profile, condenser environment, and intended energy service are considered
together.

The practical risk in this literature lies in the gap between optimized architecture and service-
ready architecture. ORC systems may be attractive on vessels with relatively stable operating
profiles, but their performance may degrade in ships with highly variable loads or weak
condenser conditions (Lebedevas & Cepaitis, 2021, 2024). Supercritical CO, systems may
improve compactness and heat-source matching, but their pressure level and control
requirements can also raise engineering difficulty (Koroglu et al., 2023; Mrzljak et al., 2023).
Auxiliary-use systems may deliver less net power output, but they may offer lower complexity
and stronger mission alignment (Hussein & Kandil, 2019).

Zhang et al. (2020) and Akman and Ergin (2023) reinforce a broader lesson from thermo-
economic studies: the best WHR system is usually not the one with the highest theoretical
efficiency, but the one with the best total technical-economic fit for the vessel.

Lebedevas and Cepaitis (2024) add an important operational nuance by showing that combined
use of high- and low-temperature waste heat in shipboard ORC concepts may strengthen
decarbonization benefit, but also increases sensitivity to changing load and marine
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condensation conditions. This supports the view that shipboard WHR should be assessed under
service variability, not only under steady-state optimization conditions.

The broader pattern is a move toward operational realism rather than technical competition
alone. As the literature moves closer to actual ship operation, performance assessment shifts
from nominal cycle efficiency to the sustained value of a recovery configuration across
changing engine loads, seawater conditions, and service demands (Lebedevas & Cepaitis, 2021,
2024).

Although the WHR literature is technically rich, it is uneven in quality and scope.

- Many studies are simulation-intensive and only weakly connected to full-scale ship operation.
- Working-fluid and cycle optimization papers often under-discuss maintenance, fouling, and
onboard repairability.

- Retrofit constraints are less studied than new-design configurations.

- Comparative lifecycle cost evidence remains weaker than thermodynamic evidence.

- Real operational variability is often simplified into steady or idealized load points.

These gaps matter because marine engineering decisions are rarely made on thermodynamic
grounds alone. Within the reviewed source base, the literature is stronger in model-based
optimization than in demonstrating long-term reliability and cost-effectiveness on operating
vessels.

A systems-boundary problem also remains in the literature. Many papers include ship type as
an input parameter, but fewer treat mission profile, hotel load, route thermal environment, and
retrofit constraints as integrated design determinants (Ben Hamida et al., 2025; Hussein &
Kandil, 2019; Lebedevas & Cepaitis, 2024). That omission limits the transferability of
otherwise strong thermodynamic results.

As a result, the field can appear stronger in theory than in practice. The literature demonstrates
effectively that useful thermal work exists and that advanced cycles can exploit it (Li & Tang,
2021; Mrzljakeet al., 2023; Zhu et al., 2020). It is less convincing when asked to show that the
same solutions remain robust, maintainable, and economically attractive after years of ship
service. Figure 2 locates that asymmetry across architecture families and evidence types.
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Literature Maturity Map

l WHR
The evidenc

Evidence concentration across architecture families

Thermodynamic Thermo- Shipboard Retrofit and
analysis economics validation maintainability
:i::;: . ::::E: L High Moderate Moderate Moderate
Single-loop ORC High High Low Low
Multi-source ORC Moderate High Low Low
sCO:-based recovery Moderate Moderate Low Low
Hybrid power-service Moderate Moderate Low Low

architectures

Key take-away

The dominant asymmetry of the WHR. literature 1s the contrast between mature design-space exploration and limited
evidence on long-term shipboard use.

Figure 2. Evidence-maturity map of the WHR literature across architecture families and
assessment dimensions.

Figure 2 is interpretive rather than decorative. It shows that the WHR literature is not weak in
aggregate, but uneven in maturity. Thermodynamic and thermo-economic reasoning are
comparatively dense, whereas retrofit evidence, maintainability, and long-horizon shipboard
validation remain sparse. That pattern should discipline how strongly any architecture-specific
recommendation is stated.

7. ENGINEERING AGENDA FOR THE NEXT RESEARCH CYCLE

Based on the reviewed literature, the next useful research cycle is not another round of nominal-
efficiency comparison. It is an engineering agenda aimed at operational proof:

- Full-scale shipboard validation of multi-source WHR systems

- Lifecycle and retrofit cost studies that include maintenance and downtime

- Oft-design control studies under realistic voyage profiles

- Comparative evaluation of power-only versus hybrid power-service architectures

- Reliability-centered analysis of advanced WHR equipment in marine service

The most valuable future contribution is not another isolated cycle optimization under ideal
conditions, but integrated design studies that connect thermal performance to operational reality
(Ben Hamida et al., 2025; Lebedevas & Cepaitis, 2021, 2024).

8. CONCLUSION

The current WHR literature on marine diesel engines supports a narrower and more defensible
conclusion than many technology-centered accounts imply. Exhaust gas remains the strongest
route for direct power recovery, but the engineering value of WHR increasingly depends on
how exhaust, jacket water, scavenge-air heat, and auxiliary thermal duties are combined at ship
level rather than assessed in isolation (Hussein & Kandil, 2019; Li & Tang, 2021; Mrzljak et
al., 2023; Zhu et al., 2020). ORC remains the most established advanced bottoming option,
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multi-source ORC has become the clearest expression of architecture-level optimization, and
supercritical CO, systems appear most persuasive where compactness and staged source
matching dominate the design brief (Koroglu et al., 2023; Li & Tang, 2021; Mohammed et al.,
2020; Mrzljak et al., 2023).

The literature now reads less like a search for a single best cycle and more like an architecture-
selection problem. Exergy quality, operating profile, condenser conditions, service-load
structure, retrofit accessibility, and lifecycle burden shape the design verdict as much as peak
thermal performance (Abdu et al., 2016; Lebedevas & Cepaitis, 2021, 2024; Wang et al., 2013;
Yang & Yeh, 2015; Zhang etal., 2020). On that basis, vessel-specific hybridization and thermo-
economic matching are better supported than universal technological claims.

The main weakness of the evidence base is that operational proof still lags behind analytical
maturity. Model-based optimization is relatively well developed, whereas full-scale validation,
long-duration maintainability evidence, and retrofit-centered economic assessment remain
limited. Marine WHR is already credible as a selective efficiency strategy, but its strongest
applications are those designed as vessel-specific energy architectures rather than transferred
as generic cycles.
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Ozet

Kirim cografyasi II. Diinya Savasi esnasinda Almanya ile Sovyetler Birligi’nin savas alam
haline gelmistir ve stratejik agidan ziyadesiyle 6nemli bir bolgedir. Almanya’nin 1941 yilinda
Kirim’1 iggal etmesi, Sovyetler Birligi ile uzun siirecek bir catisma donemine girmesine
sebebiyet verecektir. Kirim halki ise bu siirecte iki ates arasinda kalmis, miicadele eden iki
biiyiik giiciin savas planlarinda yer almistir. Almanya’nin 1941-1944 yillar1 arasindaki isgali,
Kirim halkinin bir kismini Sovyetler Birligi’nin baskisindan kurtulma amaci ile iimide sevk
etmis, diger kism1 ise Sovyetler Birligi’ne yardim etmek amaci ile Alman ordusuna karsi
savagmistir. Alman ordusu Kirim’1isgal ettigi siire¢ boyunca Kirim halkini Sovyetler Birligi ne
kars1 kullanmak istemistir ve bu hususta amaclarina erigebilmek i¢in uyguladigi politikalar
dikkat cekmektedir. Almanlar Kirim Tatarlarina karst her ne kadar dini ve kiiltiirel agidan baz1
imtiyazlar tanimis olsa da askerlik alaninda Kirim Tatarlarinin zorluk ¢ektikleri bilinmektedir.
Alman ordusuna alinan Kirim Tatarlar1 bir yandan ilgili ordu i¢inde miicadele etmis, bir yandan
da Sovyet partizanlarinin baskisi ve faaliyetleriyle basa ¢cikmak zorunda kalmistir. Bu ¢calismada
orduya alinan ve cephe gerisinde-kdylerde partizan ¢etelerle miicadele eden Kirim Tatarlarmin
vaziyeti ele alinacaktir.

Anahtar Kelimeler: Kirim, Sovyetler Birligi, Almanya, Ikinci Diinya Savasi, Partizan.

Abstract

The Crimean region became a battleground between Germany and the Soviet Union during
World War Il and was a strategically importantregion. Germany's occupation of Crimea in 1941
would lead to a prolonged period of conflict with the Soviet Union. The Crimean people were
caught between two fires during this period, participating in the war plans of the two major
powers. Germany’s occupation between 1941 and 1944 inspired some of the Crimean people
to hope for liberation from Soviet oppression, while others fought against the German army to
aid the Soviet Union. Throughout its occupation of Crimea, the German army sought to use the
Crimean people against the Soviet Union, and the policies it implemented to achieve this goal
are noteworthy. Although the Germans granted certain religious and cultural privileges to the
Crimean Tatars, it is known that they faced difficulties in the military. Crimean Tatars recruited
into the German army fought within the army and also had to cope with the pressure and
activities of Soviet partisans. This study will examine the situation of the Crimean Tatars
recruited into the army and who fought against partisan gangs behind the lines in villages.
Keywords: Crimea, Soviet Union, Germany, World War II, Partisan.

36



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS

CEVAT FEHMI BASKUT’UN PAYDOS OYUNU UZERINE BiR INCELEME
A STUDY ON CEVAT FEHMI BASKUT’S PLAY PAYDOS
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OZET

Cevat Fehmi Bagkut’a ait tiyatro eserlerinden biri olan Paydos, toplumun yapisini giindelik
hayatin basit konular1 {izerinden goriiniir kilan bir oyundur. Paydos, esnafin, memurun,
tagralinin, mekanlariyla bireyin kusaltilmisligini, yabancilasmishigini simgeleyen Paydos,
diizenin disina itilen Muallim Murtaza merkezinde kurgulanmaktadir. Ogretmenlik mesleginin
manevi doyumunu maddi doyumundan daha ©onde tutan Murtaza, toplumsal garklarin
yonlendirdigi tarafta yer almaya mahkiim olmus, kendinden ve mesle§inden vazgegmistir. Yer
yer giildiirli 6geleriyle harmanlanan Paydos ta, ekonomik iktidarin belirleyiciligi ve ekonomik
iktidarin getirdigi ahlaki c¢okiintli elestirel bir tslupla dile getirilerek giinliik hayatta
karsilasabilecegimiz kisilere ve konulara yer vererek de okurunu ve seyircisini diistinmeye sevk
etmistir. Clinkli Paydos ’taki olaylar hayatin akisi i¢inde bireylerin bagina gelebilecek tiirden
durumlardir. Bu nedenle seyirci ve okur bu durumlarin tistesinden gelebilmek i¢in oyundaki
kigilerle empati kurmakta ve kendisinin bu diizenin neresinde olduguna dair de sorgulamalar
yapmaktadir. Oyundaki ahsap konagin i¢indeki bir oda ev ve bakkal diikkdni da giindelik
hayatin i¢inden mekanlardir. Bu mekanlar hizla degisen toplum diizeninin farkli kesimler
iizerindeki etkisini goriinlir kilmak i¢in oyunda ise kosulmustur. Murtaza’nin baglangigta
kendini ve memur kesimi temsil eden evine bakildiginda hizla degisen toplumdan etkilendigi
gorlliir. Bu ev dnce asil kendisini yansitan esyalarini kaybetmis daha sonra birtakim oyunlarin
dondigi toplumun bir panoramasi haline gelmistir. Tipki Murtaza’da evi gibi birtakim
kendini sikistirdig: bakkal diikkaninda yasamaya razi olmustur. Bu nedenle oyunda eviyle
birlikte toplumsal c¢arklara direnme giiciinii kaybeden Murtaza bakkal diikkanina mahk(m
edilmis bir temsile doniismiistiir. Bu baglamda bu calismada yurt disinda profesyonel
sahnelerde oynan ilk Tiirk piyesi olma 06zelligini tasiyan Paydos, teknik unsurlar, tematik
unsurlar, merak unsurlari, metinlerarasilik yontemi, igerisinde barindirdigi mesajlar, kisiler,
zaman ve mekan basliklar1 altinda ele alinarak ¢éziimlenmistir.

Anahtar Kelimeler: Tiyatro, Cevat Fehmi Baskut, Paydos

Abstract

Paydos, a play by Cevat Fehmi Bagkut, reveals the structure of society through the simple
realities of daily life. Symbolizing the confinement and alienation of the individual within the
context of their environment—the shopkeeper, the civil servant, the provincial, and their
surrounding Paydos centers around Murtaza, a teacher pushed to the margins of the system.
Prioritizing the spiritual fulfillment of his profession over its material rewards, Murtaza is
condemned to take the side dictated by the social order, abandoning himselfand his profession.
Blended with elements of humor, Paydos critically examines the determinative power of
economic authority and the moral decay it brings, prompting reflection from the reader and
audience by including everyday characters and situations. Because the events in Paydos are the
kind of situations individuals might encounter in the course of life, the audience and reader
empathize with the characters to overcome these situations and question their own place within
this system. A room inside the wooden mansion in the game, as well as the house and grocery
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store, are settings from everyday life. These spaces are employed in the play to make visible
the impact of the rapidly changing social order on different segments of society. Looking at
Murtaza's house, which initially represents himself and the civil servant class, it is evident that
he is affected by the rapidly changing society. This house first loses the objects that truly reflect
him, and then becomes a panorama of a society where various games are played. Like his house,
Murtaza also undergoes a series of changes; first, he resigns from his beloved teaching
profession and accepts living in the grocery store where society has confined him. Therefore,
in the play, Murtaza, having lost his power to resist the social mechanisms along with his house,
becomes a representation condemned to the grocery store. In this context, this study analyzes
Paydos, which holds the distinction of being the first Turkish play performed on professional
stages abroad, under the headings of technical elements, thematic elements, elements of
suspense, intertextuality, the messages it contains, characters, time, and place.

Keywords: Theatre, Cevat Fehmi Baskut, Paydos
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OZET

Insan1, diisiinmeye ve degerlendirmeye sevk eden tiirlerden biri olan elestiri, sanattan edebiyata,
toplumdan bireye kadar pek ¢ok alanda islevsel olarak kullanilmaktadir. Ozellikle edebi sahada
elestiri, ele aldig1 olay ve olguyu katmanlarina ayirmakta goriinenin 6tesinde derin anlamlar
olusturmay1 hedeflemektedir. Bu yoniiyle elestiri hem okura hem de sanata katki saglamakta
yeni bakis acgilar1 olusturmaktadir. Dolayisiyla elestiri sadece eksik ve yanlisi gésterme islevi
tasimayan sorgulayan, degerlendiren anlamlandiran bir diislince organizasyonu olarak
karsimiza ¢ikmaktadir. Bu yoniiyle elestiri, bir kisinin, eserin ya da konunun degerlendirilmesi
ve yorumlanmasi olarak tanimlanirken elestirmen bu yorumlama ve degerlendirme siirecinin
bas kisisi olarak tanimlanir. Elestirmen elinde yasam bulan elestiri, yasamin her alaninda
etkisini gostermekte toplumdan bireye gidecek sekilde bir yol ve yontem izlemektedir. Bu
yoniiyle toplumlarin ve bireyin gelisimine katki saglayan elestiri, birey ve topluma bir bakis
acis1 kazandirmakta ve diisiince diinyalarini sekillendirmektedir. Toplumu etkileyen ve
toplumdan etkilenen edebiyat ise elestirinin diger bir dnemli malzemesidir. Bu dogrultu da
yazar ve okur baglaminda bir rehber konumunda olan elestirmen, bilgi birikimi, dikkati, tarafsiz
durusu, kullandig1 dil ve yorumlama giicii sayesinde yazara ve okura yollar sunmakta ve elestiri
stirecini etkin kilmaktadir. Bubaglamdabu ¢alismada “Elestiri Nedir? ", “Elestirmen Kimdir?”
sorularindan yola ¢ikilarak Nurdan Giirbilek’in elestirmenligi lizerinde durulmustur. Nurdan
Girbilek’in “Vitrinde Yasamak”, ve “Kotii Cocuk Tiirk” ad1 verilen iki eseri kuram yontemler
1s181inda incelenmistir. Bu dogrultuda Nurdan Giirbilek’in eserlerinde siklikla yer verdigi kuram
ve yontemler 6rneklendirilerek, Nurdan Giirbilek’in elestirmen yonii 6n plana ¢ikarilmistir.

Anahtar Kelimeler: Elestiri, Elestirmen, Kuram ve Yontem, Nurdan Giirbilek

Abstract

Criticism, a type of work that prompts people to think and evaluate, is functionally used in many
areas, from art and literature to society and the individual. Especially in the literary field,
criticism aims to dissect the events and phenomena it examines, creating deeper meanings
beyond what is apparent. In this respect, criticism contributes to both the reader and the art,
creating new perspectives. Therefore, criticism is not merely a function of pointing out
shortcomings and errors; it is a thought organization that questions, evaluates, and interprets.
In this sense, criticism is defined as the evaluation and interpretation of a person, work, or
subject, while the critic is defined as the main figure in this interpretation and evaluation
process. Criticism, brought to life by the critic, shows its effect in every area of life, following
a path and method that extends from society to the individual. In this way, criticism,
contributing to the development of societies and individuals, provides a perspective to the
individual and society and shapes their thought worlds. Literature, which influences and is
influenced by society, is another important material for criticism. In this context, the critic,
acting as a guide for both author and reader, offers guidance and makes the critical process
effective through their knowledge, attention to detail, impartial stance, language, and
interpretive power. This study, therefore, focuses on Nurdan Giirbilek's role as a critic, starting
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from the questions "What is criticism?" and "Who is a critic?". Two of Nurdan Giirbilek's
works, "Living in the Shop Window" and "Bad Boy Turk," are examined in light of theoretical
methods. In this regard, the theories and methods frequently used in Nurdan Glirbilek's works
are exemplified, highlighting her role as a critic.

Keywords: Criticism, Critic, Theory and Method, Nurdan Giirbilek
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POETIK BUTOVLUK VO YAXUD MILLi RUH ECAZKARLIGI

Elman Quliyev
Azarbaycan Dovlat Pedaqoji Universitetinin professoru, Tiirkoloji markazin Tiirk
bolmasinin miidiri

Toxminon 50 illik bir tarixdo Azorbaycan odobi-modoni, ictimai-siyasi hoyatinda cofakes
calismalart ilo taninan, bu dovrds ugurlu faaliyyoti ilo yadda galan, xiisusi olaraq Azarbaycan
odobiyyati tarixindo sagliginda obadilogon Sabir Riistomxanli sonatindon danisarkon ilk olaraq
g6z Oniindo iki gérkomli akademikimizin fikirlori canlanir. Halo kegon osrin 80-ci illarinin
ovvallorindo akademik Mirza Ibrahimov Sabir Riistomxanlini milli miindoricali yaradiciligma
goro “milli ruhlu sair vo votondas” hesab edorok onun Azarbaycan adobiyyatinin parlaq
sohifasina cevrilocoyino inam niimayis etdirmisdir. Bundan 35 il sonra iso akademik Isa
Hobibboyli Sabir Riistomxanli sonatinin ecazkarligindan bohs ACARAQ onun yaradiciligim
“Azarbaycan miistaqilliyinin sonat akt1” kimi doyarlondirmis vo bu yaradiciliga yiliksok qiymat
vermisdir. Soslonan fikirlor bir-birindon 35 illik zaman fasilosi ilo forqlonsa do, sonotin
mahiyyat miistovisinds obyektiv doyarlondirilmasi sabobindan fikirler iist-iista diisiir .Ciinki
hor iki baxisda Sabir Riistomxanli yaradiciliginin yiiksok votondasliq qayasi bu yaradiciligin
milli meyl vo istigamaotlori ¢orgivasindos 6ziino yer alir vo doyar gazanir.

Sabir Riistomxanli1 sonoti tarixo vo miiasir hoyata, ictimai-siyasi prosesloro niifuz edo
bilmak bacarigi, hom do cosarati ilo se¢ilon sonatdir. Onun sonotini formalasdiran s6z (fikir)
hoyatin 6zlindon, dibindon dogan sozdiir, diizglin vo vicdan soziidiir. Bu s6z osl insan, asl
votondag yetigdiron, onu milli tale mogamina yiiksaldon, osl hoqgigot ugurunda miibarizodo
qalibiyyatini tomin edon sozdiir. Sabir Riistomxamli yaradiciliginda s6z adalotin, diizliiyiin,
azad diisiinconin, vicdanin, insan qaygilarinin 6ziino vo ifadosino xidmotdir. Elo bilirom ki, tiirk
diinyasinin miiasir klassiki, qirg1z yazigisi Cingiz Aytmatovun asagidaki fikirl orinin montiqi ilo
s0z haqqini xalqdan alan Sabir Riistomxanlinin yazigi-sonot ideali arasinda oxsarliq
axtarmagimda kifayot qodor hagliyam: “Insanlar mons onlarin adindan danismaq hiiququ
vermislor. Mon elo etmoliyom ki, onlar yanilmadiqlarini gorsiinlor”. Bu Ohtoliyin sonotkar
tatofindon layiqinca icrasi, yaradiciliq niimunaslarinin ise oxucular torafindon birmanali olaraq
gobulu va tosdiqi Sabir Riistomxanli soxsiyyatnin vo sonatinin xosboxtliyidir.

Sabir Riistomxanli odebi mihitdo milli movqeyi il se¢ilon vo maraq doguran
sonotkardir. Boyiik azadliq ehtiraslarindan dogan Sabir Riistomxanli bodii irsinin biitiin
janrlarinda toxundugu mosalalor vatondasliq qayesi niimunasinda apariciligl ilo forglonir.
Maraq doguran, oxucunu calb edon, hom do milli idealogiyamiza lazim olan odur ki, Sabir
Riistomxanlinin vatondasliq qayasi ¢ilpaq toronniim niimunasi kimi yox, milli ruh gdstoricisi
tipinda ham canlandirilir, hom do toqdim olunur. Buna gors do ecazkar galominin giicii ilo Sabir
Riistomxanlinin hayat haqigatlorine tokrarolunmaz miidaxilo vo miinasibat bacarigina heyrat
etmomak olmur. Halo 1978-ci ilde, Sovetlor donomindo sdylomis oldugu asagidaki fikirlor milli
taleyo baglanan sonotkar dmriiniin narahatgiliglarini oks etdirmok baximindan xarakterikdir.
“Hordon 6z-6zlimdon sorusuram: Xotai 6z Omriini kisi kimi yasayib getdi. Azorbaycan
tiirkcosini dovlat dilina ¢evirdi. Onun tokbasina bacardigi isi indi biz hamiligla goro bilmirik.
Bas neyloyok?.” Qorb diisiincosinde Cernisevski, Tiirk diisiincasinda I.Qaspirali, C.Dagci,
O.Hamid vs s. dithalarin tarixi sinaq vo comiyyat doyismasi dévrlorindo insan, comiyyot, millot
problemlorinin halli yollarinda irali siirdiiklori “no etmali?” diislincolori ilo saslogon bu
fikirlordo milli stiurun oyanis1 ilo yanasi, votondas dirgolisi vo miicadilosine ¢agirisin
elementlorini gdrmomok miimkiin deyil. Bu vaziyyatds Sabir Riistomxanlinin milli mévqe va
votondas yangisinin hadof se¢diyi Voton na quru nazoriyyadir, no sair duygusudur, na do
filosof folsofosidir.Voton ilk novbado onun {¢lin ocdadlarimizin uyudugu mozar
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yeri, camilorimizinucaldii miiqgaddss inanc ocagi, boyilik Cavad xanin gatl yeri v torpagi ot
deyil, kisi gdyardon ulu diyardir:
Bir oal¢im buluddu,

Bir 6miir umuddu,

Bir igin sudu,

Yandiqca odlanan ocaqda,
Daddiqca dadlanan arzudur.

Bir torof bahar leysanidir,

21 Azor qanid,

Cavad xanin gotl yeridi,

Sabirin “Foxriyyo” seiridi,
Daglar1 dumanda iton-
Vaton...Vaton!

Simsoklor ¢inartok sancilib yers,
Diigmonin gdziine dirsakdi her dag.
Babalar atini siiriib gedibdi,
Qalalar boylanib galibdir ancaq
Oglu-Sah Ismayil Xotai adli

Ag atli oglan var, at1 qanadli

Bir do Suraxani atosgahi var

Bir do Misri qiling, bir do Canlibel
Bir do “Heydorbaba” yazilmis bir dil
Torpagi ot deyil, kisi gdyordon
Vaton...Vaton!

Sabir Riistomxanli Voton anlamini yeni orijinal iislub tipinde yiliksok vatondaslq
gayosinin, milli ruhun gostaricisine ¢evira bildi. Yazar milli ruhun milli taleys tosiri fonunda
osl votondas olaraq Vatoni dmriindon kegirmaokls “qlirbotdo voton adam” obrazinin falsofasini
méohtosom sokildo oxucuya catdira bilir. 1988- ci ildo yazmis oldugu “Omiir kitabinda”
milliliyin badii-publisistik, hom do falsafi- tarixi dorki senat diinyamizda Azarbaycannamo
miikkommolliyini tomin edo bildi. Maraqli bir mogama toxunmaq istordim. Milli-tarixi
gecokliklar ¢or¢ivasindo anamiz Azorbaycala bagli yazilan bu osar ilo R.Homzotovun “Monim
Dagistanim” vo Colil Mommaoadquluzadonin “Anamin kitab1” arasinda oxsarliq axtarmaq
miibahiso dogurmur. Bu barado fikir miialliflori kifayot qodor haqlidirlar. Lakin Sabr
Riistomxanlinin “Omiir kitab1” ilo O.Siileymenovun “Az-Ya” osori arasinda paralel vo kosison
xotlorin miiqayisosindo milliliyo, tiirkg¢iiliiyo, xalga, vatona, bir godor do irali getsok azadliq vo
miistoqilliye bagliligin vo xidmatin tozahiiriinii gére bilorik. Ogor O.Siileymenov ovval “az”
sonra “ya” demoklo fikirlorini “diinya elm kiirosindo™ bisirorok Sumer -tiirk dili vo tarixi
olagalorinin, Sumer modoniyyat izlorinin, bu madoniyyatin diinya modaniyyatino tasiri
masoloasini dyranirdisa, tiirkiin 6zlinii tanima vo 6ziinii tanitma yolunda mohtogomlik niimayis
etdirirdiso vos., “Omiir kitab1”nda S.Riistomxanli ovvaldo do sonda da Azorbaycan demoklo
milli ideal axtariglarini davam etdirir, bu axtarislarin milli, tarixi, folsofi, ictimai-siyasi,
humanist vo s. mahiyyaetini iftxar doguracaq soviyyads agiqlaya bilir. Biitov Azorbaycanin
simvolu olan “Omiir kitabi”’nda miiallif ke¢gmisimizlo bu giiniimiiz arasindaki alaqalorin, bas
vermis tarixi hadisolorin mahiyyatini acir, Azorbaycanintarixdo boyiik vo shomiyyatliroluna
onom verir. Oljas Stileymenov kimi Sabir Riistomxanli da fikirlorini “elm kiirasinds” bigirorak
tarixin bizo yonoldilon saxta yorumlarini darmadagin etmoklo minilliklorin Azarbaycan
hoqigotlarini iizo ¢ixarir. Elo bilirom ki, “Omiir kitab1” ilo Sabir Riistomxaml1 bir seirindo
dediyi kimi, “zamandan ke¢on yox, zamam oOziindon kec¢iron” milli tale dasiyicist vo
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toassiibkesi obrazinda tariximiza, monaviyyatimiza s0ykonmakls Tofiq Fikratin tobirinco desok
“tarixi-qodim” simvolunda Azaorbaycanin yasamaq vo yasatmaq haqqini diinyaya bayan etmayi
bacarir.:

Zaman mondon kegir, kecir durulur...

Dayir sinaqlarin zorbosi mona,

Kec¢irdim tarixi osoblorimdon

Diinanls sabahin korpiisii monom

“Tarixi asoblorindon keciron”, diinonlo sabahin korpiisii olan Sabir Riistomxanlinin tarixo
miiraciotlorinin baslica moaqsodi milli ehtiyaclarimizin 6donilmosine hesablanir. “Goy Tanr1”,
“Oliim zirvasi”, “Xatai yurdu”, “Difai fodailori”, “Sair vo sor” vo s. iri hocmli Azarbaycannama
va tarixnamo niimunslorinds 6mriinii milli taleye baglayan sonotkarin tiroyinds yasayan millat
ruhunu gérmomok miimkiin deyil. Darindon izladikds goriiriik ki, Voton Sabir Riistomxanlinin
emblemidir. Lakin sonatkar tofokkiiriinde Voton konkret cografiya anlaminda torpaq, orazi,
mokan ¢ar¢ivasindan ¢ixaraq 21 Azar qani kimi, Cavad xanin gatl yeri kimi, ©nolhoq haray:
kimi, Ag atl1 oglan kimi, Misri qilinc va Canlibel kimi, “Heydarbaba” dili vo s. kimi boytik
arenada hom sarhadlosir, hoam ds bayraqlasa bilir.

Yol ver yurdun bayragina,

Vaxtin,giiciin,6liimiin

Yendirs bilmadiyi,

Oyrilarin diiz yoldan,

Dondaras bilmadiyi,

Bir haqq bayragi var alimdo

Kimsonin dagina qonmaz

Kimsanin yaxasina sancilmaz...

Sabir Riistomxanlinin , Dinor “Qaragilo”

Aglama, bosdi

Zaman bu mahninin ¢opari olmaz —

misralarinda da Vatonin iiroyindon kegonlorin sairin iiroyindon kecdiyini agig-aydin gérmok
miimkiindiir. Lakin bu ciir taqdimatda Voton ad1 Votonin 6zii qodar bdyiik vo godim olan(ham
do bizim olan) Tarix adi ilo paralellosir. Ciinki Voton Sabir Riistomxanli iigiin genis anlamda
bdyiik bir tarixdir, miicadils dolu, hiirriyyat va istiqlal nematli boylik bir tarix. Boyiik bir Vaton,
boylik bir tarix anlami sonotkarin baxislarina hakim kosildiyi ii¢lin, “azadligin ilk songori,
tarixlorin sah osori” deyimindoki konkret mokan olan Tabriz do imumilosmao qazanir, tarixin
godim dovrlerindon ¢agimiza godor olan olaylara isiq tutur. Qodim tiirk gohromanligmin
simvolu olan Oguz xanin sorofini uca tutan “GOy tanr1” romaninin yazilmasini bu ciir
diistincolarin tosiri hesab etmok olar. Sabir Riistomxanl tiirk qohromanliq dastan tipini roman
gohromani tipino c¢evirorkon millotin tarixi, yasayis yerlori, adot-ononosi, psixologiyasi,
inanclari, hoyata baxislari v s. ilkinliklors vofa niimayis etdirir. Oxucunun hom badiiyyast, hom
do tarixiliklo heyratlondirilmasi Sabir Riistomxanlinin osords olde etdiyi on boyik
nailiyyatlorinden biridir. Sabir Riistomxanli Oguz xanin timsalinda géyi ¢adir, giinasi bayraq
hesab edon, olindo qilinc yer {iziindo odaloti, harmoniyan1 borqorar etmok istoyon tiirk
gohromanlarinin imumilosmis obrazini canlandira bilir.Bu da olbot ki, romanin siijetindo
dayanan “Oguznama”’lorlo baglidir. Ona goro do tiirk qdvmiiniin mongayi ilo alagodar miisllif
fikirlori “Oguznama” silsilasindo yer alan mifik, afsanovi vo qismon ds tarixi bilgilorlo iist-iisto
diisiir. Ancaq bir vacib haqigatin iistiindon siikutla kegmok miimkiin deyil. Ogor “Oguz kagan”
dastan1 da daxil olmagla biitiin “Oguznamo”lor silsilosi tiirkiin forqgli tarix vo modoniyyat
gostaricisi olmaqla tarixa baglanib tarixi oks etdirirsa (yasayis, adot-onana, psixologiya, inanc,
hoyata baxis, dovlot vo idarogilik sistemi, ailo, moisot vo s.), Sabir Riistomxanli “Gdy
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tanr1”’romaninda sadalanan doyorlor fonunda daha irsli gedsrok millatin itmis yaddasinin
borpast vo 0zilino gaytarilmasi yollarin1 miioyyonlosdirmoys calisir, 6ziimiizii tanimagin,
Oziimiizli tanitmagin vacibliyine 6nom verir. 92 illik dmriiniin yalniz 21 ilini dogma vatonindo
keciron, 71 ilini isa gorib Londonda miihacir hayat1 yasamaq zorunda qalan, votonininrus isgal
foryadlarini qalin-qalin romanlara kogliron miiasir Krim-tatar odabiyyatinin ovazolunmaz
nlimayondoasi Cengiz Dagc1 6z yaradiciligina bels bir yanagma edirdi: “Mon tok olaraq Krimin
yazar1 deyilom, amma Krimin facialarini biitiin ger¢okliklori ilo yalniz mon yaza bilorom.” Bu
montiqi anlamaq ¢atin deyil. Diisliniirom ki, Sabir Riistomxanlinin boytik tariximizi, eyni
zamanda iizlesdiyimiz facislori Cengiz Dagc1 kimi biitiin ger¢okliklori ilo yaza bilmasinin
monbayini onun istedadi ilo yanasi, cosaratindo, tariximizo, kokiimiizo, milli ruhumuza, voton
taleyimizo ruhon bagliliginda, o ciimladon tiirkiin ilk fatehlorindon olan, adalst namino
miiharibalorden yorulmayan Oguz Kaganin oadalotini, qilincinin hokmiinii, ©hmad Yasavi
ruhunu, Boyiik Col konsepsiyasini, Turana gedon yolu 6z taleyi kimi yasamasinda axtarmaq
lazimdir.

Bu monada yiiksok vatondasliqruhuilo Genco xan1 Cavad xan haqqinda qeloma alinan “Oliim
zirvasi’ni Sabir Riistomxanlinin Vatona va dovlat¢iliyimize xidmati, eyni zamanda millotimizin
torpaq ugurunda, biitovliik ugurunda szmkarliginin, diismono oyilmozliyinin niimunasi, amma
on osasi rus isgalina qarst Sabir Ristomxanlinlin odabi-tarixi-falsofi {isyan1 kimi
doyorlondirmok olar. Ciinki miisllif 2020-ci ilin 44 giinliik Zofor tarixino godor miixtalif
dovrlords torpaq vo dovlateilik itkilorimiz sirasinda rus isgalina tab gotirmoyon Cavad xanin
sohidliyi timsalinda namusun, sorafin, mogrurlugun, miibarizliyin obrazini yaradir. Akademik
Isa Hobibboylinin sdzlori ilo desok, “roman sanki milli miistaqilliyin agarin1 — tarixi hiinor vo
Vaton ugrunda sohid olmagin zirvasini miiasir oxucuya tanidir. Cavad xan osordo miistoqil
olmaq, tarixon Azorbaycana moxsus olan torpaqlarin Azorbaycan olaraq gqalmasinin
torofdaridir. O, torpaqlari xoslugla, vurugsmadan diismono tohvil vermoyi namus vo sorofdon
konar hesab edir. Romanda bas veron tarixi hadisslor eyni zamanda 1990-c1 illords, miiasir
dovrde miistoqil Azarbaycan strafinda coroyan edon hadisolori do dork etmayo kdmok edir.”
Cavad xanin rus isgal siyasotini hoyata keciron general Sisyanova iinvanladigi “Goncoys ancaq
monim meyitimin istiinden kec¢ib daxil ola bilorson” -s6zlari tokca onun gotiyyati, torpaq
sevgisi, miibarizliyi, cosarati vo s. kimi yox, hom do qalibiyyati kimi xarakterizo etmok daha
diizgiin olar.

Ciinki XIX osrin sonu XX osrin ovvallori Tiirkiye tiirk odobiyyatinin gérkomli odobi
simalarindan biri ©bdiilhoq Hamidin “Ogsbor” asorinin bas gohromaninin torpaq, voton ugrunda
miibarizasi vo qlirurlu 6liimiinde moglubiyyastin yox, galobanin izhar1 eyni taleli obraz kimi
Cavad xanin haqqinda da bu ciir fikir formalagdirmaga imkan verir.

Sabir Riistomxanlinin “Oliim zirvesi” romaninda oldugu kimi ©.Hamidin “Osbar”ssarinin do
morkozi xottindo vatonparvarlik duygularinin toronniimii, adalatsiz fatehloro qarsi miibarizo,
torpaglarin yadellilordon qorunmasi ideyasi dayanir. Lakin hor iki osor arasinda osash forq
zaman vo mokan miixtalifliyidir. ©.Hamid Avropanin Sarq isgal maraqlarinda Tiirkiyonin hadsf
oldugunu bilso do ”Ogsbor” asarinds Avropanin i¢gal maraqlarin1 uzaq Hindistana-Pancaba
kogiiriir. Zaman olaraq da XIX osr tarixi Makedoniyali isgandor dovrii ilo avozlonir.”Osbar”
osorindo miiallif Osborin rohbarliyi ilo vatonparver igidlorin isgalci Isgandar ordularina garsi
miibarizo meydanina atildiglarindan, onlarin siicastlorindon bohs a¢ir. Bu voziyyatdo ©.Homid
hom ©Osborin, hom do Poncab igidlorinin votonparvorlik qiidrotlorinin biitiin gozollik vo
incaliklorini ortaya ¢ixara bilir.(Sabir Riistomxanlinin “Oliim zirve”’sinds oldugu kimi). Osbarin
yegano ideal1 Votoni qorumaqdir. Cavad xan kimi o da Voton namino hor seyi qurban vermoya
hazirdir.

Son anda hor iki asords biz isgal¢1 ordularin ohalini qilincdan kegirtdiklori, 6zlori ilo boytik
folakot gotirdiklori sahnalarinin sahidi oluruqg. Hor iki miisllif bu facis anlarini tosirli boyalarla
oks etdirir. Lakin ©.Homid da, Sabir Riistomxanli da diigmanin ugurunu millatin moglubiyyati
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kimi goloms almir. Ciinki Osbarin do, Cavad xanin da miibarizosi haqq isidir. Hom ©.Homid,
ho do Sabir Riistomxanli yeni dovr, yeni morhoalo ii¢iin daha orijinal, daha sociyyovi
olan ideyalar formalasdirmag: bacarir: “Haqq isi ugrunda miibarizados 6liim var, moglubiyyat
yoxdur.Bu miibarizodo &liimiin 6zii do qolobodir.” “Oliim =zirvesi” romaninda Sabir
Riistomxanli iggalct baxislari ile vatonparvar baxislar paradoksallliginda ortaya atdig: daha bir
basqa fikir filosofano yanasma tosirindadir.”Zofor vo he¢” Yoni haqq isi ugrunda 6liim zofor,
odalatsizliyin, isgal¢iligin golobasi isa heg.

Elo bilirom ki, tiirk diinyamizin boylik yazi¢isi Cingiz Aytmatovun totalitar maraqlarla
miibarizodo qalib golo bilmoyon milli maraq gohromanlariilo Sabir Riistomxanlinin Cavad xant
arasinda oxsarliq axtarmaga doyor. Ciinki Cingiz Aytmatovun totalitar maraqlarla milli
maraqlarin toqqusmasi sohnolarindo (“ Ag gomi”’do, “Olvida Giilsar1”da, “Osra barabar giin”do
va s.) qalibiyyst qazana bilmoyaon obrazlarinin simasinda milli ideyalarin yasadilaraq sonraki
morhaloyo 6tliriilmo togobbiisii isgala, osarato qarsi qotiyyatli miibarizosi, diismona nifroti, milli
qiiruru va s. keyfiyyatlori ilo obrazlasan Cavad xanin 6lum zirvasinin mahiyystinds dayanan
milli ideyanin goalocok nosillora dtiiriilma falsafasiilo iist-iisto diisiir.Sabir Riistomxanli “Oliim
zirvasi” romaninda tarixi movzuya miiracist etmoklo Cavad xanin timsalinda Gonca igidlorinin
votonparvor duygularini ifado etmis, yeni dovr, yeni adobiyyat {i¢lin saciyyavi olan voton
namino sorafli 6liim idealin1 ortaya atmigdir.

Bu giin inamla demok olar ki, Sabir Riistomxanli yaradicilifi miistoqilliyimizo,
dovlatciliyimizs, millatimize xidmatin xiisusi niimunasi vo oadabi simfoniyasidir:

Basimizin tistiindo dalgalan, dev bayragim!

Yar1 torpag, yar1 goy, yar1 alov bayragim!

Dalgalan, qoy havanla Bakimiz kiiloklonsin,

Diismonin gozii ¢ixsin, sevonlor tiraklonsin!

Son Giinagoe qalxsan da, bu torpaqdi besiyin,

Daha sono ol ¢gatmaz dursalar da gosdine

Bu giin azadligimsan Bakinin géylerinda,

Sabah da buitovlik ol, ucal Tabriz tstiinda!

Tabrizdon s6z diismiiskon, Azorbaycanin siyasi-inzibati baximdan par¢alanmasi vo miixtalif
dovlot subyektlorinin torkibino daxil olmasi Sabir Riistomxanli yaradiciliginin on agril
movzularindan biridir. Xiisusilo, Conubi Azorbaycan itkimizin haray vo faryadlari onun
poeziyasinin aktual istiqamatlorindondir. Azarbaycanin pargalanmasina etiraz mdévzusu Sabir
Riistomxanlinin votonporvorlik movqgeyinin gostoricisi, o ciimlodon bas vermis hadisalorin
hoyati, tarixi anlamda dorki vo gqiymatlondirilmasidir. Bu hom do Azorbaycan xalqinin tarixi
gercoklik, galocak arzu vo istoklorinin oksi, biitov Azorbaycana inam1 baximindan da xiisusi
ohomiyyato malikdir.

Bu yurd tiirkiin torpag1! izlori itmir hala!
Okdiyin sor toxumu gdyarib bitmir hals,
Fikrin Sasanilikdon bariya 6tmiir hals -
Anlamirsan millatlor 6niinds koniz deyil!
Tobriz sono inanmaz! inansa Tobriz deyil!

Firdovsinin sozii do tarixdon bir namadir,

Tiirkiin boytikliiytindon gozoblonib no dedi?
Yazdig1r hom “Sahnamo”, hom do “Turannamo”dj,
Ey sonumu gozloyan, tiirk giin altda buz deyil,
Oriyib suya donmoz! Oriso Tobriz deyil

Bu zonciri qiracaq! Dozlimii sonsuz deyil!
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Siibho yoxdur ki, xalq sairi Sabir Riistomxanli 6ziinlin doyarli poeziyasi, badii nasri vo
publisistikasi ilo bundan sonra da Azarbaycan xalqina, Azorbaycan dovlatgiliyine, Votonimizo

vo odobiyyatimiza xidmot gostorocok, odobiyyatimizin parlaq sohifslorindon birine
cevrilocakdir.
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Abstract

This article examines the theoretical and practical foundations of the protection of women’s and
children’s rights in national legislation. Alongside the legislative system of the Republic of
Azerbaijan, international legal mechanisms and global practices are also analyzed. The study
broadly investigates issues such as gender equality, domestic violence, early marriages,
protection of children’s rights, digital security, and new legal challenges arising from artificial
intelligence technologies. At the same time, the gender policies of Scandinavian countries, the
experience of European states in digital security, and the activities of international organizations
are comparatively analyzed. The article concludes that in the modern era, the protection of
women’s and children’s rights is not only a legal issue but also one of the important indicators
of social security and democratic development.

Keywords: women’s rights, children’s rights, gender equality, human rights.

Xiilasa

Bu moagalado milli ganunvericilikdo qadin va usaq hiiquqlarinin qorunmasinin nazari vo praktiki
osaslart arasdirilmigdir. Moagalodo Azorbaycan Respublikasinin ganunvericilik sistemi ilo
yanasi, beynolxalq hiiquqi mexanizmlor vo diinya tocriibasi do tohlil edilmisdir. Qadin vo
usaqlarin hiiquqlarinin miidafiesi sahasindo gender boraborliyi, moisot zorakiligi, erken
nikahlar, usaq hiiquglarinin miidafissi, rogomsal tohliikasizlik vo siini intellekt
texnologiyalarinin yaratdigr yeni hiiquqi problemlor genis sokildo arasdirilmisdir. Eyni
zamanda Skandinaviya 6lkolorinin gender siyasati, Avropa dovlotlorinin roqomsal tohliikesizlik
sahasinda tocriibasi va beynalxalq toskilatlarin foaliyyati miiqayisali sokilds tohlil edilmisdir.
Mogalado gostarilir ki, miiasir dovrde qadin vo usaq hiiquglarinin qorunmasi yalniz hiiquqi
mosalo deyil, hom do sosial tohliikesizlik vo demokratik inkigafin miithiim gostoricilorindon
biridir.

Acar sozlor: qadin hiiquqlari, usaq hiiquqlari, gender barabarliyi, insan hiiquqlari.

INTRODUCTION

In the modern era, the protection of human rights and freedoms is considered one of the
fundamental principles of a legal state. Within the system of human rights, the protection of
women’s and children’s rights holds special importance. Women and children are regarded as
more vulnerable social groups in society, and ensuring the reliable protection of their rights is
one of the main indicators of a state’s democratic development. In the 21st century, women’s
and children’s rights are evaluated not only as legal issues but also as strategic matters related
to social security, national development, and the formation of human capital.

Globalization, the rapid development of information technologies, and changes in the system
of international relations have created new legal challenges in the field of protecting women’s
and children’s rights. In the modern era, issues such as domestic violence, gender
discrimination, early marriages, child labor, cyber threats, and digital violence are considered
aktyal problems both nationally and internationally. In particular, the development of social
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media and artificial intelligence technologies has made the protection of privacy and digital
security for women and children even more important.

The Republic of Azerbaijan has joined the fundamental principles of international law regarding
the protection of women’s and children’s rights and has established an important legislative
framework in this field. The Constitution of the Republic of Azerbaijan defines human rights
and freedoms as the highest value and identifies the protection of women and children as one
of the main directions of state policy (Constitution of the Republic of Azerbaijan, 1995). In
addition, the Republic of Azerbaijan has undertaken international obligations by joining the
United Nations Convention on the Rights of the Child and the Convention on the Elimination
of All Forms of Discrimination Against Women (UN Conventions, 1979; 1989).

In recent years, significant reforms have been implemented in Azerbaijan in the field of
protecting women’s and children’s rights. Various state programs have been adopted to ensure
gender equality, strengthen the fight against domestic violence, prevent early marriages,
develop inclusive education policies, and protect children’s digital security. At the same time,
studying international experience and applying modern legal mechanisms are of particular
importance in this field.

Serious problems related to the protection of women’s and children’s rights still exist in many
countries around the world. Wars, migration processes, poverty, and social inequality cause
violations of the rights of millions of women and children. The Russia-Ukraine war, armed
conflicts in the Middle East, and humanitarian crises in some regions of Africa pose serious
threats to the safety of women and children (United Nations and UNICEF Humanitarian
Reports, 2025). Therefore, the protection of women’s and children’s rights is considered not
only a national issue but also an international security matter.

The relevance of this topic is also connected with the fact that the level of development of a
modern legal state is directly measured by the effectiveness of protecting women’s and
children’s rights. The protection of women’s and children’s rights plays an important role in
ensuring social justice, strengthening the principles of the rule of law, and developing
democratic values in society.

1. THEORETICAL AND PRACTICAL FOUNDATIONS OF THE PROTECTION
OF WOMEN'S RIGHTS IN THE NATIONAL LEGAL SYSTEM

In the modern era, the protection of women’s rights is considered one of the most important
areas of the human rights system. Ensuring women'’s rights and freedoms is one of the main
indicators of democratic state-building. In the 21st century, women’s rights are regarded not
only as a social issue but also as an important matter related to economic development, political
stability, and social security. The United Nations has identified gender equality as one of the
main goals of the Sustainable Development Goals program (United Nations Sustainable
Development Goals Program, 2015).
In the Republic of Azerbaijan, the legal foundations for the protection of women’s rights are
established by the Constitution. According to Article 25 of the Constitution of the Republic of
Azerbaijan, men and women have equal rights and freedoms, and the state guarantees the
protection of everyone’s rights regardless of gender (Constitution of the Republic of Azerbaijan,
1995). This norm forms the main legal basis for the protection of women’s rights.
One of the important legislative acts in the field of women’s rights protection is the Law of the
Republic of Azerbaijan “On Guarantees of Gender Equality (Equality of Men and Women).”
This law envisages the prevention of gender-based discrimination and the equal participation
of women in all spheres of public life (Law “On Guarantees of Gender Equality,” 2006). In
modern legal theory, gender equality is evaluated not only as legal equality but also as the
creation of equal opportunities in practice.
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In developed countries around the world, the protection of women’s rights is considered one of
the main directions of state policy. Scandinavian countries, in particular, have advanced
experience in this field. In Iceland, Norway, and Finland, women’s representation in parliament
and government is high. Iceland has ranked first in the World Economic Forum’s Gender
Equality Index for many years (World Economic Forum Gender Gap Report, 2024). In these
countries, mechanisms such as equal pay policies for women and men, shared parental leave,
and support for women’s entrepreneurship are successfully implemented.

In Azerbaijan, significant steps have also been taken in recent years to increase women’s
participation in public administration. The number of women in public service and social
governance has increased. At the same time, various state programs are being implemented to
develop women’s entrepreneurship. In the modern era, ensuring women’s economic
independence is considered one of the main elements of protecting their rights.

From a practical perspective, one of the most serious problems in protecting women'’s rights is
domestic violence. This problem remains relevant not only in Azerbaijan but also in most
countries around the world. According to the United Nations, one in every three women
worldwide experiences physical or psychological violence at some stage of her life (UN Women
Statistical Data, 2023). In Azerbaijan, the Law “On Prevention of Domestic Violence” was
adopted, and legal mechanisms were established to protect victims of violence (Law “On
Prevention of Domestic Violence,” 2010).

In recent years, the increase in femicides in Tiirkiye has caused serious international concern.
The term “femicide” is now widely used in international law. Thousands of people in Tiirkiye
have participated in protests to defend women’s rights. In France, the introduction of electronic
monitoring systems against domestic violence and the increase in women'’s shelters in Germany
are among the modern legal measures implemented (Council of Europe Report on Women’s
Rights, 2022).

In the modern era, one of the new challenges in protecting women’s rights is digital violence.
Cases of online harassment, threats, cyberstalking, and dissemination of personal data against
women are rapidly increasing on social media platforms. With the development of artificial
intelligence technologies, the creation of “deepfake” images poses a serious threat to women’s
privacy. In the United States and European Union countries, criminal liability has already been
introduced for the distribution of fake images created through artificial intelligence (European
Union Digital Security Strategy, 2023).

The protection of women in labor law is also of great importance. The Labor Code of the
Republic of Azerbaijan restricts the dismissal of pregnant women and guarantees maternity
leave and social security rights (Labor Code of the Republic of Azerbaijan, 1999). Nevertheless,
according to the International Labour Organization, women worldwide still earn less than men
for the same work (International Labour Organization Report, 2024). The gender pay gap
remains relevant even in developed countries such as the United States, Japan, and South Korea.
The restriction of women’s and girls’right to education in Afghanistan is considered one of the
most serious human rights problems of the modern era. The ban imposed on girls’ university
education during the Taliban regime has been strongly criticized by international organizations.
UNICEF and UNESCO have stated that this situation will negatively affect the future of
millions of women (UNICEF and UNESCO Reports, 2023).

In the modern legal system, the protection of women’s rights is not limited only to the existence
of laws. Legal awareness, social support, and public control also play important roles. In many
countries, gender equality topics are taught in schools. In Azerbaijan, awareness campaigns
related to women'’s rights have expanded in recent years.

Thus, the protection of women’s rights is one of the main indicators of a modern legal state. In
the Republic of Azerbaijan, a significant legal framework has been established in this field.
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However, globalization, technological development, and social changes create new legal
challenges and make the continuous improvement of legislation necessary.

2. MODERN CHALLENGES AND LEGAL REGULATION OF THE PROTECTION OF
CHILDREN’S RIGHTS

In the modern era, the protection of children’s rights is considered one of the most important
areas of international and national law. Since children are the most vulnerable part of society,
protecting their rights and freedoms is regarded as one of the primary duties of the state.
Ensuring that children grow up in a healthy, safe, and rights-protected environment directly
affects the future development of society. Therefore, in the modern legal system, children’s
rights are considered not only a matter of social protection but also a strategic issue related to
state security, national development, and the formation of human capital.

In the Republic of Azerbaijan, the main legal basis for the protection of children’s rights is
formed by the Constitution and the Law “On the Rights of the Child.” The Constitution
specifically states that children are under state protection (Constitution of the Republic of
Azerbaijan, 1995). The Law “On the Rights of the Child” reflects children’s rights to life,
education, healthcare, protection from violence, and upbringing within a family (Law of the
Republic of Azerbaijan “On the Rights of the Child,” 1998).

The Republic of Azerbaijan has also joined the United Nations Convention on the Rights of the
Child. This Convention is considered one of the main international legal documents protecting
children’s rights and defines the obligations of states in this field (United Nations Convention
on the Rights of the Child, 1989). In the modern era, international organizations evaluate the
protection of children’s rights as a global security issue.

In recent years, one of the most serious problems in the field of children’s rights protection has
become digital security. The rapid development of the internet and social media has created
both opportunities and risks for children. According to UNICEF, the majority of young people
and children worldwide are internet users, and a significant portion of them are active on social
media platforms (UNICEF Digital Safety Report, 2024). This situation makes children more
vulnerable to cyber threats.

Cases of online violence, cyberbullying, and digital exploitation against children are rapidly
increasing in the modern era. Bullying and psychological pressure on social media seriously
affect children’s mental health. Especially among teenagers, addiction to social media and
virtual violence have become major global concerns. Studies conducted in the United States
and the United Kingdom show that children exposed to cyberbullying are more likely to
experience depression and psychological trauma (United States and United Kingdom Online
Safety Policies, 2023).

The development of artificial intelligence technologies has also created new threats in the
protection of children’s rights. In recent years, fake images created through artificial
intelligence and digital manipulation involving children have caused serious concern among
international organizations. UNICEF considers it necessary for states to develop new legal
mechanisms to prevent such cases (UNICEF Digital Safety Report, 2024). In the United States
and the European Union, new legal obligations have been introduced for technology companies
to ensure children’s digital safety.

In Azerbaijan, awareness-raising activities related to children’s internet safety have also
expanded. Schools organize seminars on cybersecurity, and measures are being taken to
strengthen parental control. Nevertheless, there is still a need to further improve legislation
regarding the protection of children’s personal data and digital rights on social media platforms.
Another serious problem in protecting children’s rights is early marriage. Early marriage
restricts children’s educational opportunities as well as their physical and psychological
development. Azerbaijani legislation establishes the legal marriage age and provides legal
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liability for early marriages (Family Code of the Republic of Azerbaijan, 1999). Despite this,
early marriages are still observed in some regions.

This problem remains relevant not only in Azerbaijan but also in many countries around the
world. According to UNICEF, millions of girls are subjected to early marriage every year,
particularly in Asian and African countries (UNICEF Statistical Data, 2024). In countries such
as India, Nigeria, and Bangladesh, early marriage leads to violations of children’s right to
education and increases poverty. International organizations evaluate early marriage as a
violation of children’s fundamental rights.

In the modern era, armed conflicts also pose serious threats to children’s rights. As a result of
the Russia-Ukraine war, thousands of children have become internally displaced persons, and
many have lost their families. Ongoing military operations in Gaza have seriously violated
children’s rights to life and security. The United Nations and UNICEF consider this situationa
humanitarian crisis and report a rapid increase in psychological trauma among children (United
Nations and UNICEF Humanitarian Reports, 2025).

As a result of wars, children face not only physical danger but also psychological trauma. In
many cases, children lose access to education, are subjected to forced migration, and experience
social adaptation problems. UNICEF reports indicate that psychological disorders and social
fear are more common among children living in conflict zones (UNICEF Humanitarian Report,
2025).

The COVID-19 pandemic also created new problems in the field of children’s rights protection.
During the pandemic, the transition to distance learning caused many children to fall behind in
education. Children living in families without internet access faced serious difficulties.
UNESCO reported that millions of children had limited educational opportunities during the
pandemic period (UNESCO Pandemic Report, 2022). This situation made the concept of
“digital equality” more aktyal.

Inclusive education is also one of the main directions in protecting children’s rights in the
modern era. Creating equal educational opportunities for children with special needs is
considered a priority policy in developed countries. Finland, Canada, and Germany successfully
implement inclusive education models and create broad opportunities for the social integration
of children with special needs (UNESCO Inclusive Education Report, 2023). Azerbaijan s also
implementing state programs aimed at developing inclusive education.

In the modern era, children’s psychological safety is of special importance. Bullying, pressure,
and psychological violence on social media negatively affect children’s development. In Japan
and South Korea, special school programs are implemented to monitor students’ psychological
conditions. In many countries, school psychological services have been expanded.

Thus, in the modern era, the protection of children’s rights is not limited only to classical legal
protection. New challenges such as digital security, artificial intelligence risks, wars, social
inequality, migration, and psychological safety require the continuous renewal of legal
mechanisms. A significant legal framework for the protection of children’s rights has been
established in the Republic of Azerbaijan. However, studying international experience and
applying modern legal approaches remain highly important for future development.

CONCLUSION

In the modern era, the protection of women’s and children’s rights is considered one of the main
directions of both national and international law. Globalization, the rapid development of
technology, and changes in social relations have created new legal challenges in this field.
Therefore, the protection of women’s and children’s rights is evaluated not only as a legal issue
but also as an important strategic matter related to social security, human capital development,
and the formation of a democratic society.
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A significant legal framework for the protection of women’s and children’s rights has been
established in the Republic of Azerbaijan. The Constitution of the Republic of Azerbaijan, the
Law “On Guarantees of Gender Equality,” the Law “On the Rights of the Child,” and other
normative legal acts form the basis of legal guarantees in this field. In addition, the Republic of
Azerbaijan has undertaken international obligations related to the protection of women’s and
children’s rights by joining international conventions.

Research shows that in the modern era, some of the most serious problems in the field of
protecting women’s and children’s rights are domestic violence, early marriages, gender
discrimination, child labor, and digital security issues. The development of social media and
artificial intelligence technologies has led to the emergence of new legal problems. In particular,
cyberstalking, digital violence, and the dissemination of personal information create serious
risks for the safety of women and children.

World experience demonstrates that the effective protection of women’s and children’s rights is
not limited only to the existence of laws. Legal awareness, social support mechanisms, public
control, and international cooperation also play important roles in this field. The gender equality
policies of Scandinavian countries, the legal mechanisms implemented by European states in
the field of digital security, and inclusive education models are considered modern examples
for many countries.

At the same time, wars, migration processes, and social inequality create serious obstacles to
the protection of women’s and children’s rights. The Russia-Ukraine war, armed conflicts in the
Middle East, and humanitarian crises have negatively affected the lives and safety of millions
of women and children.

As a result, the protection of women’s and children’s rights is one of the main indicators of a
modern legal state and democratic society. Although significant legal and institutional measures
have been implemented in the Republic of Azerbaijan in this field, modern challenges require
the continuous improvement of legislation and the application of international experience.
Reliable protection of women’s and children’s rights contributes to strengthening social justice,
legal stability, and respect for human rights in society.

Bibliography
1. Constitution of the Republic of Azerbaijan. Baku, 1995.

2. Labor Code of the Republic of Azerbaijan. Baku, 1999.

3. Family Code of the Republic of Azerbaijan. Baku, 1999.

4. Law of the Republic of Azerbaijan “On the Rights of the Child.” Baku, 1998.

5. Law of the Republic of Azerbaijan “On Guarantees of Gender Equality (Equality of
Men and Women).” Baku, 2006.

6. Law of the Republic of Azerbaijan “On Prevention of Domestic Violence.” Baku, 2010.

7. United Nations. Convention on the Elimination of All Forms of Discrimination Against

Women (CEDAW). New York, 1979.
8. United Nations. Convention on the Rights of the Child. New York, 1989.
9. United Nations. Sustainable Development Goals Report. New York, 2015.
10. World Economic Forum. Global Gender Gap Report. Geneva, 2024.
11. UN Women. Statistical Report on Violence Against Women. New York, 2023.
12. International Labour Organization. Global Wage Report. Geneva, 2024.
13. UNICEF. Digital Safety and Children’s Rights Report. New York, 2024.
14. UNICEF. Humanitarian Situation Reports on Children in Conflict Zones. New York,
2025.
15. UNESCO. Education During the COVID-19 Pandemic Report. Paris, 2022.
16. UNESCO. Inclusive Education Global Monitoring Report. Paris, 2023.

52



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS

17. Council of Europe. Report on Women’s Rights and Domestic Violence. Strasbourg,
2022.

18. European Union. Digital Security Strategy Report. Brussels, 2023.

19. United Nations and UNICEF. Humanitarian Reports on Women and Children in Armed
Conflicts. New York, 2025.

20. International Reports on Online Safety Policies of the United States and the United
Kingdom. London—Washington, 2023.

53



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS

BODIii TORCUMODO MUROKKOB DiL ELEMENTLORI
Sakinaxamim Valiyeva. Dosent

Baki, Azarbaycan Dovlat Pedaqoji Universiteti
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Badii torciimo bagqa torciimolordon orijinal badii yaradiciligla bilavasito bagliligr ilo
secilir. Badii tarclimado sz estetik mahiyyat kasb edir. Buna gora da badii tarclimo problemlari
badii yaradiciliin spesifik ganunlarina daxildir. Miitoxassislor bazi asaorlorin torciimosindo
pesokarlarin olmamagi, torciimo {igiin asorin diizglin se¢ilmomaosi, hovoskar torciimogilorin
coxalmasi va s. kimi amillorin oldugunu bildirirlor. Badii torctimslor arasinda pesokar olanlara
vo olmayanlara rast golinir. Xiisusilo do, adobi dilin ruhunu hiss etmoyan nasi torciimagilor var.
Torciimogilik hom do estetik hadisadir. Dilin estetikasidir. Torciimagilor miitlog bunu nozors
almalidirlar. Televiziyada filmlorin dublyajinin iirokacan olmadigini da qeyd etmaok lazimdir.
Aktyorlar torafindon torctimolor bozon ana dilimizo ¢ox pis saslonir. Torclimoda sas estetikasina
da baxilmalidir. Torclims yalniz vizual hadisa deyil. Torciima els bir yaradiciliq sahasidir ki,
orada sadaco bir dildon basqa dilo s6zlori mexaniki cevirmak, sotri torctimo kifayot etmir. Badii
torclimodo on ¢otin torclimo olunan elementlordon biri frazeoloji vahidlordir. Orijinalin
frazeoloji vahidlerini torclima dilinds ifads etmok {igiin miixtalif tisullar, yollar m&vcuddur.
1. Ekvivalent iisulu. Moxoz dildoki frazeoloji vahidindoki obrazliliq vo mona hodof dilds tam
iist-listo diismolidir.

2. Analoq iisulu. Maxoz vo hodof dillordo frazeoloji vahidlor mona-mozmunca bir-birino uygun
olur, lakin obrazliliq dayisir.

3. Tasviri lisul. Hodof dildo miivafiq ekvivalenti vo analoqu olmayanda isladilir.

4. Antonim iisulu. Moxoaz dildaki inkar hodof dilds tasdigs verilir, yaxud oksina.

5. Kombina iisulu.

Frazeoloji vahidin manasini tam vermak miimkiin olmadiqda torciima iisullarindan bir ne¢asi
eyni zamanda istifads olunur, ovval kalka, sonra tasviri tarclima va daha sonra miiqayiss ii¢iin
hodof dildoki analoq verilir.

Natica etibarilo, badii torciimo yalniz sézlorin bir dildon digorinas ¢evrilmasi deyil, hom do
estetik vo yaradici prosesdir. Torciimogi osorin mona yiikiinii, iislubunu, obrazliligin1 vo
emosional tasirini qorumaga ¢alismalidir. Bu baximdan badii torclimo ytliksak pesokarliq, genis
dil biliyi vo odobi zovq tolob edir. Xiisusilo frazeoloji vahidlorin torciimosi zamani miixtolif
isullardan istifado olunmasi torciimonin keyfiyyotino birbasa tosir gdstorir. Ugurlu bodii
torciimo orijinal osorin ruhunu vo estetik doyorini hodof dilde oxucuya dolgun sokildo
catdirmagi bacarmalidir.

Acar sozlar: badii torciimo, moxoz dil, hadof dil, torciimo iisullar1
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XARICI DIiL OYRONILMOSINDO MOTIiVASiYA FAKTORLARI

ADPU,Xarici Dillar Markazi
bas miisllim Mahmudova Mehriban Akif

Miiasir dovrds xarici dil biliklori insanlarin hom akademik, hom do pesokar inkisafinda
miihiim rol oynayir. Qloballagma prosesi naticasinda beynalxalq slagalarin genislonmasi xarici
dillorin dyronilmasini daha da aktuallasdirmisdir. Xarici dil dyronma prosesindo ugura tosir
edon osas amillordon biri motivasiyadir. Motivasiya insanin miioayyan maqsado ¢atmaq iiclin
foaliyyot géstormosina sobab olan daxili vo xarici qiivvolorin mocmusudur. Dil yronon soxsin
motivasiya soviyyasi onun Oyronmo siiroting, dil bacariglarinin inkisafina vo naticolorin
keyfiyyatino birbasa tosir edir.

Motivasiya insan davranigini istigamotlondiron asas psixoloji amillordon biridir. Tohsil
sahasindo motivasiya Oyrononin biliye olan maragini vo dyronma istoyini artirir. Dil
Oyronmosindo motivasiya osason iki novo bolliniir: daxili vo xarici motivasiya.

Daxili motivasiya soxsin dili soxsi maraq, madoniyyoto maraq vo ya 0zilinii inkisaf etdirmok
mogsadils 6yronmasi ilo baglidir. Belo motivasiya daha davamli vo effektiv hesab olunur. Xarici
motivasiyaiso qiymot almaq, sertifikat oldo etmok, is tapmaq vo ya sosial status gazanmaq kimi
amillorlo olagodardir. Aragdirmalar gostorir ki, daxili motivasiya ilo dyronon tolobolor daha
yliksok naticolor oldo edir vo dili daha uzun miiddot yadda saxlayirlar.

Miiollim xarici dil dyronmo prosesindo osas motivasiya monbalorindon biridir. Miisllimin
istifado etdiyi metod vo yanasmalar tolobolorin dorso maragini artirir. Kommunikativ
yanagmanin tatbiqi, interaktiv foaliyyatlor, qrup islori vo miiasir texnologiyalarin istifadasi
tolobalorin motivasiyasini giiclondirir.Miiollimin miisbat miinasibati vo talobolori dostoklomosi
onlarin 6ziinsinamini artirir. Toloba Oziinli rahat vo tohliikosiz hiss etdikdo xarici dildo
danismaqdan ¢okinmir vo daha aktiv olur.

Ails va sosial miihit do xarici dil dyronilmasinds miihiim rol oynayir. Valideynlarin dastoyi
vo tohsile verdiyi 6nom usaqlarin motivasiya saviyyasine tasir edir. Dil dyronmays tosviq
olunan usaqlar daha ugurlu naticolor aldo edirlor.Bundan olavo, dost ¢evrasi vo sosial media da
motivasiyanin formalasmasinda miihiim amillordir. Insanlar xarici dilde filmlor izlodikds,
musiqilor dinlodikdo vo beynolxalq platformalarda iinsiyyot qurduqda dilo olan maraqlar
artir.Miiasir texnologiyalar xarici dil tadrisini daha maraqli vo effektiv etmisdir. Mobil tatbiqler,
onlayn kurslar, video dorslor vo siini intellekt asasli proqramlar tolobolorin dil Syronmo
prosesino maragini artirir. Xiisusilo interaktiv totbiglor 6yronanlorin miistoqil sokildo islomasine
imkan yaradir. Bu iso onlarin mosuliyyoat hissini vo Oyronmoyo olan hovosini artirir.
Texnologiyalar hom do autentik materiallara ¢ixis1 asanlagdirir vo real dil miihitini simulyasiya
edir.

Xarici dil Oyronon soxslor bir sira ¢otinliklorlo qarsilasirlar. Qrammatik qaydalarm
miirokkobliyi, s6z ehtiyatinin azlig1 vo danisiq qorxusu asas problemlar sirasindadir. Bozi
tolobalor ugursuzluq gorxusu sobabindon motivasiyalarini itirirlor.
Bu problemlorin holli iiglin miisllimlor fordi yanasmadan istifado etmoli, tolobalorin
maraglarina uygun foaliyyotlor togkil etmolidirlor. Miisbot qiymotlondirmo vo motivasiyaedici
miihit talobolorin ugur qazanmasina kdmok edir.

Movzu dil oldugda har birimizin dyronmoys baglarkon, 6yrondiyimiz miiddot orzinds vo ya
oyrandikdon sonra biza ¢otinlik yaradacaq xiisusiyyatlor vardir. Bu xiisusiyyatlor insanlara goro
doyiskonlik gdstora bilar, hotta sadaco insanlara goro deyil, mogamina goro do forqliliklor
gostora bilor. Dil Oyronorkon bizo ¢otinlik yaradacaq anlardan biri do onu Oyronmoyo
baslamazdan ovvel 6zilimiizde tapmamiz gorokon motivasiya, vaxt, va s. kimi faktorlardir. Forz
edok ki, galacak kariyera hoyatimizin gorayi ingilis dilini 6yronmak istayirik, amma 6ziimiizds
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havas, motivasiya tapa bilmirik, yaxud havasimiz olsa bels giin arzinds dils sorf edocok vaxti
tapa bilmirik. Dil 6yrondiyimiz miiddat i¢indo do bizo dili dyronarken got etdiyimiz yolda
ayaqlarimiza ilison das-kasoklor mévcuddur vo bu faktorlarin on baslicasi dilin gelizliyini oks
etdiron onun qrammatik moévzularidir.

Ingilis dilini 8yrondiyimizda bilmomiz goroken niianslardan biri odur ki, grammatik cohatdon
bazon bizo ¢atinliklor ¢okdirib hovosdon diismoyimiza yol aga bilor. Lakin, bunlarin kegici bir
stiroc oldugunu, gqrammatik movzularin da no qodor ¢otin olsa da daimi tokrar vo praktikayla
asila bilinocok ¢otinlikds oldugunu unutmamagq lazimdir. Bunu aglimizda tutub, hovosimizi
diistirmomok iiclin ozmimizi tarazliqda tuta bilsok, dili yrondiyimiz miiddot i¢indo qarsimiza
daha az ongollor ¢ixacaqdir. Digor bir mogam iso dili dyrondikdon sonra bizdo yaranan
cotinliklordir. Hans1 ki, o dili istifade etmadiyimizds yadimizdan ¢ixmasi vo he¢ dyronmomisik
kimi sahib oldugumuz biliklorin hamisinin ugub getmosi, digori iso dyrondikdon sonra onu
danisiga oks etdirmok ¢otinliyidir.

Natico olaraq geyd etmok olar ki, motivasiya xarici dil 6yronilmasinds an vacib amillordon
biridir. Daxili vo xarici motivasiya faktorlar1 6yronma prosesino miixtalif formalarda tosir
gostorir. Miallimin pesokarligi, ailo destayi vo texnologiyalarin diizgiin istifadasi tolobolarin
motivasiya saviyyasini artirir. Miiasir tohsil sisteminds motivasiyaedici metodlarin totbiqi
xarici dil tadrisinin keyfiyyatini yiliksoldir vo tolobalarin ugur alds etmosine sorait yaradir.

Acar sozlor:xarici dil, motivasiya, dil todrisi, kommunikativ yanagma, tohsil, texnologiya,
tolobo motivasiyasi

Keywords: foreign language, motivation, language teaching, communicative approach,
education, technology, student motivation
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ABSTRACT

The India — Al Summit 2026 marks the inaugural global Al summit, highlighting Al's
emergence as a powerful tool in the fight against climate change. The summit centres on three
pillars: People, Planet, and Progress, blending Al innovations to advance the achievement of
the SDGs.

Climate change is one of the pressing challenges affecting the human body, economy and
ecosystems. Traditional methods used for climate analysis, like computational scalability and
techniques like big data management in computer models and these constraints restrict the
accuracy and feasibility of long — term climate simulations. As climate risks grow, proactive
solutions are needed for adaptation and mitigation.

Computers are now capable of learning from data and making informed decisions or
predictions, much like humans. (Al) Deep learning, a technique that involves analysing vast
amounts of information, helps these systems learn more efficiently. In climate studies, these
advanced methods are used to interpret climate-related data, leading to improvements in climate
modelling, more efficient renewable energy generation, sustainable agricultural practices, and
stronger disaster resilience.

The 3 pillars, when put into action through Al-driven techniques, will help in protecting lives
and safeguarding ecosystems. SDG — 13, 7, 11, 15 and 14 are the core goals in achieving the
ends of our greener future, and Al innovation drives the development of technology- focused
solutions for environmental sustainability by enhancing resource efficiency and promoting
circular economy models.

Multiple studies have shown that Al can act as an enabler and interruption in addressing climate
change challenges. There are platforms like ClimateAi, an Al-based platform incubated at
Stanford that provides climate risk management solutions for businesses and governments,
particularly in agriculture and food supply chains. It uses artificial intelligence to predict
extreme weather impacts and optimise strategic planning, aiming to climate-proof supply
chains and reduce risk, and thus it contributes to climate action.

There are multiple case studies and initiatives at both the national and global levels that
exemplify the role of Al and Climate change, and they have worked out in a positive outcome.
Some Indian led programs like the Gram Panchayat Level Weather Forecasting (GPLWF)
system, the Bharat Forecasting System (BharatFS), MausamGPT, and Reliability Ensemble
Averaging (REA), which were tested in the localised and large-scale meteorological prediction,
turn out to be successful. On the global front, case studies such as mitigating deforestation in
the Amazon rainforest and strengthening early warning systems in Ethiopia illustrate how Al
worked as a catalyst for climate change through disaster prediction, energy optimisation, and
sustainable agriculture. By adapting machine learning techniques, Al helps in dealing with
challenges such as energy wastage, over-reliance on fossil fuels and contributes to more energy-
efficient ecosystems.

Al not only helps us in solving technical problems and managing complex sectors like IT,
manufacturing and software sectors, but it also holds the prospect of a sustainable future. When
aligned with evolving technology, it can address inefficiency in traditional infrastructure,
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optimise resource efficiency, support weather forecasting and climate solutions, thus paving the
way for a greener Al.
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ABSTRACT

Efficient potassium (K) management is critical for optimizing the growth and productivity of
sesame (Sesamum indicum L.), particularly in regions with variable soil fertility. This study
investigated the effects of four K fertilizer rates (0, 50, 100, and 150 kg K ha™") on the growth
and yield of two sesame varieties (Ex Sudan and E8) at Dawakin Kudu and Bichi during the
2018 rainy season. Growth parameters including plant height, number of branches per plant,
leaf area, and crop growth rate alongside seed yield and 1000-seed weight were evaluated.
Results showed that K application did not significantly (p > 0.05) affect most growth and
yield parameters across both locations. At Dawakin Kudu, Ex Sudan exhibited a significantly
higher number of branches per plant (4.88) compared to E8 (3.60), suggesting a variety X
location interaction potentially linked to local soil conditions. At Bichi, a significant
interaction between K level and variety was observed for plant height (p <0.05). E8 achieved
the tallest height (113.0 cm) when treated with 100 kg K ha™', compared to only 86.8 cm
under no K application. Conversely, seed yield and 1000-seed weight were not significantly
affected (p > 0.05) by K application at either location, with yields ranging from 260.0-319.0
kg ha™' at Dawakin Kudu and 38.5-48.6 kg ha™! at Bichi, and 1000-seed weights between
7.99-10.40 g and 9.10-9.32 g, respectively. These findings suggest that potassium
fertilization within the tested range had limited effects under the existing soil fertility
conditions, and emphasize the importance of genotype and location-specific nutrient strategies
for optimizing sesame production.

Key words: Potassium fertilization, sesame variety, nutrient management, agroecology, site-
specific response.

INTRODUCTION

Sesame (Sesamum indicum L.) is a highly valued oilseed crop known for its nutritional,
economic, and industrial significance, especially in developing countries where it is primarily
grown by smallholder farmers. In Nigeria, sesame has emerged as an important cash crop,
with growing domestic and export demand. Despite its importance, sesame productivity
remains low compared to its genetic potential, often due to suboptimal agronomic practices,
particularly nutrient management (Mahdy et al., 2022).
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Potassium (K) is a critical macronutrient required for multiple physiological functions,
including enzyme activation, photosynthesis, osmotic regulation, and nutrient transport. It
plays a particularly important role in drought resistance and improving seed yield components
such as capsule number and seed weight (Pandey et al., 2022). Despite this, research on the
role of potassium in sesame cultivation has received limited attention in Nigeria, particularly
regarding variety-specific responses under varying agroecological conditions.

There is limited empirical evidence on how potassium fertilization affects sesame growth and
yield in key producing areas of northern Nigeria. Moreover, interactions between potassium
levels, soil properties, and sesame variety performance remain underexplored. This lack of
localized agronomic information constrains the development of effective, site-specific
nutrient management strategies, potentially resulting in poor yield performance and inefficient
fertilizer use (Rufai ez al., 2024).Understanding the role of potassium in sesame cultivation
under different soil and climatic conditions is essential for optimizing fertilizer use and
improving productivity. Recent studies have shown that potassium application can alleviate
drought stress and improve plant water status and seed quality (Fang et al., 2024).
Furthermore, variation in varietal responses to potassium fertilization suggests a need for
genotype-specific recommendations (Martins et al., 2024). Therefore, this study is justified by
the need to improve site-specific recommendations and promote sustainable sesame
production through informed fertilizer management. The objective of this study is to evaluate
the influence of potassium fertilization on sesame varietal performance under field conditions
in Dawakin Kudu and Bichi, northern Nigeria.

MATERIALS AND METHODS
Experimental sites

This study was conducted during the 2018 rainy season at Bichi (12°14°, 3.00-E
above sea level) and Dawakin Kudu (11°50'N, 80 35"E above sea level), which is situated in
the Sudan Savanna ecological zone of Nigeria.

Treatments and experimental design

The trial was comprised of a 2 x 2 factorial experiment consisting of two sesame varieties (E8
and Ex-Sudan) and four levels of potassium (0, 50, 100, and 150 kg ha™!"), which were
replicated four times in a randomized complete block design (RCBD).

Soil sampling and Analysis

Soil samples were randomly collected from various points at the depth of 0-15 top soil and
15-30 cm sub soil cm using auger before sowing. The samples from each field were bulked,
dried and a composite sample was obtained and subjected to physical and chemical analysis
using standard procedures as described by Black (1965) as shown in Table 1.

Crop husbandry and Agronomic Practices

The land was ploughed and harrowed to achieve a fine tilth and was made into ridges and
later marked into required number of plots at a spacing of 75 x 30 cm. The seeds were sown
manually on all demarcated plots as per the treatment allocation following blanket application
of organic manure. Varied levels application of K was made at the rate of 0, 50, 100 and 150
kg ha'!. Hoe weeding and hand picking were carried out at 3 and 6 WAS as measures for weed
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control. The crops were harvested at physiological maturity stage when the leaves and stems
change colour from green to yellow. Harvesting was done manually by cutting the plants at
the base using hoe.

Data collection and Data Analysis

Data were collected on plant height, number of branches plant™, leaf area, crop
growth rate, 1000 seed weight and seed yield using standard agronomic procedures. The data
collected were subjected to analysis of variance (ANOVA) using GenStat 17 edition.
Significant means were separated using Tukey HSD test (Tukey, 1953).

RESULTS AND DISCUSSION
Baseline soil characteristics

Table 1 shows the physical and chemical parameters of soil at the experimental
site. The soil was found to be mostly sandy (> 80%) with little silt and clay (< 15%) in both
locations. This suggests that the soil drains well but may have a low water retention capacity
as reported by Brady and Weil (2020). The pH level varies from slightly acidic (5.39) at Bichi
to moderately acidic (5.75) at Dawakin Kudu. Havlin et al. (2014) reported that certain pH
levels may impact plant nutrition availability. Generally, the soil has a low organic carbon
content (below 0.23 mg kg™!), which suggests limited nutrient reserves and the potential need
for organic matter amendments, as cited by Yu et al. (2019). The total nitrogen concentration
of the soils at the two locations is low (less than 0.04 mg kg™), necessitating the application of
nitrogen fertilizer (Marschner, 2012). The available phosphorus at Dawakin Kudu is much
higher (7.03 mg kg!) than at Bichi (>1.0), indicating that phosphorus is readily available at
that location and depth. However, phosphorus levels in Bichi may demand the need for
phosphorus fertilization. The most common exchangeable cation is calcium (Ca), followed by
magnesium (Mg), potassium (K), and sodium (Na) at locations. This suggests that calcium
and magnesium may dominate soil adsorption sites, influencing plant nutrient intake.
According to Jones (2003), the preponderance of calcium and magnesium in exchangeable
cations may influence the fertilizer choice for specific crops. On the other hand, CEC values
are often low (less than 5.46 cmol kg™!), indicating that the soil has a limited potential to hold
positively charged nutrients (cations). This may demand more regular fertiliser treatments
(Huang et al., 2012).

Table 1: Physical and Chemical properties of the soil of the experimental sites during the 2018
cropping season

Dawakin Kudu Bichi

Soil properties 0-15cm 15-30 0-15cm 15-30

Particle size distribution (g kg1)
Sand 835.2 755.2 835.2 835.3
Silt 67.2 127.2 47.2 67.2
Clay 97.6 117.6 117.6 77.6

61



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS

Textural class Sandy Sandy Sandy Sandy

_ Chemical properties

pH water (1:1) 5.75 5.73 5.58 5.39

Organic carbon (mgkg') 0.23 0.03 0.05 0.13

Total Nitrogen (mg kg') 0.01 0.04 0.003 0.008
AAvailable P (mg kg™!) 0.2 0.4 7.03 2.38

_Exchangeable cation (cmol kg-!)

NNa+ 0.04 0.04 0.04 0.05
KK+ 0.04 0.03 0.03 0.01
CCa+ 4.09 3.76 293 2.74
Mg+ 1.02 0.94 0.78 0.68
CEC 5.46 5.07 3.75 4.09

As analyzed at the Soil Science Laboratory, BUK.
Crop growth and yield characters

Table 2 presents the effects of potassium (K) application and sesame variety on
plant height, number of branches per plant, leaf area, and crop growth rate at Dawakin Kudu
and Bichi during the 2018 rainy season. Across both locations, potassium application rates (0—
150 kg ha™") did not significantly influence (p > 0.05) any of the measured growth parameters.
Similarly, the two varieties tested, Ex Sudan and E8, did not differ significantly in most traits.
However, at Dawakin Kudu, Ex Sudan produced a significantly (p < 0.05). greater number of
branches per plant than E8. This enhanced branching in Ex Sudan at Dawakin Kudu may be
attributed to the site’s specific soil characteristics, including higher available phosphorus and
lower cation exchange capacity (CEC), which could support better nutrient uptake. The
physiological traits of Ex Sudan may also confer a competitive advantage in such soil
conditions through more effective root development or nutrient use efficiency, corroborating
the findings of Dordas (2018) and Brady and Weil (2020).

A significant interaction between potassium levels and variety was observed for
plant height at Bichi (Table 3). Specifically, the E8 variety attained significantly (p < 0.05)
greater height when supplied with 100 kg K ha™', suggesting a positive varietal response to
moderate potassium supplementation. This response may be due to variation in nutrient use
efficiency among varieties, with E8 showing improved utilization of K for vegetative growth
under certain conditions. Moreover, soil K fixation at Bichi, as reported by Ramos et al.
(2019), could limit potassium availability, making external K supply more critical for some
varieties.

Seed yield and 1000 seed weight results are shown in Table 4. At both locations,
neither yield parameter was significantly influenced by potassium application, variety, or their
interaction (p > 0.05). These results indicate that potassium was not a limiting factor for seed
production within the tested application range during the 2018 rainy season. The likely
sufficiency of exchangeable K in the soils at both sites may explain the absence of a yield
response to additional K fertilizer.
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Overall, these findings suggest that potassium application within the range of 0—
150 kg ha™! had limited effect on sesame growth and yield under the 2018 conditions.
However, the interaction between soil characteristics, variety-specific traits, and nutrient
availability particularly at site-specific levels should be considered in future fertilizer
recommendations. The significant increase in branching for Ex Sudan at Dawakin Kudu and
the positive height response of E8 to 100 kg K ha™! at Bichi highlight the importance of
tailoring nutrient strategies to both genotype and environment.

CONCLUSION

This study demonstrated that potassium application within the range of 0—150 kg
ha™' had no statistically significant effect on the growth or yield of sesame across two
agroecological zones in northern Nigeria. The observed lack of response suggests that soil K
levels during the 2018 rainy season were likely sufficient to meet sesame’s nutrient demands.
Nonetheless, the significant increase in branching for Ex Sudan at Dawakin Kudu and the
varietal response of E8 to potassium for plant height at Bichi indicate that genotype x
environment interactions play a role in determining sesame performance under varying
nutrient conditions.

Thus, blanket potassium recommendations should be reconsidered in favor of site-specific
soil testing and nutrient management strategies, especially in regions where native soil K is
adequate.

Table 2: Plant height, Number of branches, Leaf area and Crop growth rate of sesame as
influenced by varieties and potassium at

Dawakin Kudu and Bichi during 2018 rainy season

Plant Number of  Leaf  Crop Plant Number of  Leaf  Crop
height branches area growth height  branches area growth
(cm) plant! rate plant’! rate
(cm?) (cm) (cm?)
(g wk) (g wk)
Treatment Dawakin Kudu Bichi

Potassium [K] (Kgha'!)

0 109.0 3.81 1732 6.31 89.6 3.38 83.8 7.84
50 134.0 4.51 1753 8.70 88.4 3.09 67.7 591
100 118.0 3.89 169.0 8.89 99.8 2.75 67.9 8.11
150 124.0 475 1569 792 91.0 2.38 82.3 733
Fprob 0.550 0.542 0.888 0.719 0.34 0.099 0.170  0.771
SE+ 49.7 0.539 18.03 1.745 4.80 0.280 6.55 1.597
Variety (V)

Ex Sudan 177.0 4.88a 1756 7.75 88.9 2.89 77.5 7.70

63



ES8 115.0 3.60b
Fprob 0.225 0.027
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161.6
0.446
12.75

0.519

8.16 95.9 291 73.4 6.89

0.821 0.18 0.947 0.53 0.619
1.234 3.40 0.198 4.63 1.129
0.635 0.013 0.116 0.05 0.962

Means followed by common letter in a column are not significantly different at p <0.05 using
Duncan Multiple Range test (DMRT)

Table 3: Potassium x Variety interaction on plant height (cm) of Sesame at Bichi during

2019 rainy season

Variety
Potassium (Kgha') Ex Sudan ES8
0 92.4bc 86.8bc
50 77.7¢ 99.0ab
100 86.7bc 113.0a
150 98.9ab 83.0bc
SE+ 6.79

Means followed by the same letter (s) across row and column are not significantly different

at 5%probability (DMRT)

Table 4: Seed yieldand 1000 Seed weight of Sesame as influenced by varieties and potassium
at Dawakin Kudu and Bichi during 2018 rainy season

Treatment  Seedyield (Kg ha') 1000 seed weight (g)
DWK BCH DWK BCH

Potassium (K)(Kgha)

0 260.0 42.4 10.40 9.18

50 319.0 48.6 9.43 9.32

100 274.0 38.5 8.74 9.10

150 276.0 45.5 7.99 9.23

F.prob 0.808 0.061 0.18 0.463

SE 443 545 1.10 0.099

Variety (V)
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Ex Sudan 292.0 454 9.75 9.28
E8 273.0 42.1 9.03 9.14
Fprob 0.67 0.557 0.52 0.183
SE 314 3.85 0.77 0.070
Interaction

KxV 0.39 0.694 0.431 0.578

DWK= Dawakin Kudu; BCH=Bichi
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Abstract

The increasing concern over environmental contamination, herbicide resistance, and the rising
cost of synthetic herbicides has intensified the search for sustainable alternatives for weed
management in maize production. This study evaluated the efficacy of giant milkweed
(Calotropis procera (Aiton) Dryand.) leaf extract on weed phytosociology, growth and yield
performance of maize in the Sudan Savanna of Nigeria. Field trials were conducted during the
2024 rainy season at Bayero University Kano (BUK) and the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), Minjibir. Eleven weed control treatments
comprising combinations of pre- and post-emergence applications of C. procera leaf extract,
pendimethalin, nicosulfuron, hoe weeding, and a weedy check were arranged in a randomized
complete block design with three replications. Data were collected on weed phytosociological
attributes, growth, physiological, and yield parameters. The phytosociological survey
identified Cyperus rotundus L. and Cyperus esculentus L. as the most dominant weed species
at both locations. Weed control treatments significantly (p < 0.05) influenced all measured
traits. Treatments involving 1.0kg a.i ha™! fb Nicosulfurone 100g a.i ha at 6 WAS and hoe
weeding at 3 and 6 weeks after sowing produced the highest values for growth, physiological
traits, yield components, and grain yield. Integrated applications of C. procera leaf extract
also significantly improved crop performance compared with the weedy check. Uncontrolled
weed infestation consistently resulted in the lowest values for all measured traits. The study
demonstrated that C. procera leaf extract has potential as a bioherbicide and can be integrated
into weed management programs to reduce dependence on synthetic herbicides and support
sustainable maize production in the Sudan Savanna.

Keywords: bioherbicide, integrated weed management, weed dynamics, maize, productivity.

INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops globally and serves as a major
source of food, feed, and industrial raw materials. In sub-Saharan Africa, particularly Nigeria,
maize contributes significantly to household food security, income generation, and livestock
production. Its adaptability to diverse agroecological conditions and high yield potential have
led to its widespread cultivation across the Sudan Savanna and other agroecological zones of
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the country. Despite its importance, maize productivity in Nigeria remains considerably below
its attainable yield potential due to several biotic and abiotic constraints, among which weed
infestation is one of the most serious challenges. (Thomas et al., 2024)

Weeds compete aggressively with maize for essential growth resources such as nutrients,
moisture, light, and space, particularly during the early growth stages when the crop is highly
vulnerable. Uncontrolled weed growth reduces crop vigor, interferes with physiological
processes, delays reproductive development, and ultimately leads to substantial yield losses.
Effective weed management is therefore indispensable for achieving sustainable maize
production in the Sudan Savanna, where favorable environmental conditions support rapid
weed proliferation. Recent studies have continued to demonstrate that appropriate weed
control practices significantly improve maize growth, yield components, and grain yield
through the reduction of weed density and competition. (Nedeljkovi¢ et al., 2025; Weis et al.,
2025)

Chemical herbicides remain the most widely adopted weed management option because of
their effectiveness, labor-saving advantages, and rapid action. However, the continuous and
indiscriminate use of synthetic herbicides has raised concerns regarding environmental
contamination, herbicide resistance development, health risks, and increased production costs
(Parven et al., 2025) These concerns have intensified the search for environmentally friendly
and sustainable alternatives that can either replace or complement conventional herbicides
within integrated weed management systems. Sustainable weed management strategies that
reduce dependence on synthetic herbicides while maintaining effective weed suppression are
increasingly being promoted in modern crop production systems. (Lukangila et al., 2024;

Raza et al., 2025) 68

Botanical extracts possessing allelopathic properties have emerged as promising alternatives
for sustainable weed control. Among such plants, giant milkweed ( Calotropis procera (Aiton)
Dryand.) is widely distributed in the arid and semi-arid regions of northern Nigeria. The plant
contains numerous secondary metabolites, including alkaloids, flavonoids, terpenoids,
saponins, and phenolic compounds, which have been reported to exhibit phytotoxic and
allelopathic activities capable of inhibiting seed germination and seedling growth of
susceptible plant species (Awad Al-Harbi, 2020; Kaur et al., 2021; de Alcantara et al., 2026).

These properties suggest considerable potential for the development of Calotropis-based
bioherbicides as environmentally benign weed management tools. Although the allelopathic
effects of Calotropis procera on plant growth have been documented, information on its
practical application for field-scale weed management in maize production systems remains
limited.

An important but often overlooked aspect of weed management research is the assessment of
weed phytosociology. Phytosociological studies provide valuable information on weed
community structure, species composition, frequency, density, dominance, and ecological
interactions within cropping systems. Such information is critical for understanding weed
dynamics and developing location-specific weed management strategies. Recent
phytosociological surveys conducted in Nigerian and other parts of the world in maize fields
have revealed considerable variation in weed species composition and dominance patterns
across agroecological zones, highlighting the need for continuous monitoring of weed
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communities under different management interventions. (Salaudeen et al., 2022; Grijalva-
Villamar et al., 2026)

Despite increasing interest in plant-based weed management approaches, there is a paucity of
information on the influence of Calotropis procera leaf extract on weed phytosociological
attributes, growth, physiological performance, and yield of maize under the Sudan Savanna
conditions of Nigeria. Most available studies have focused on laboratory evaluations of
allelopathic effects or have assessed weed control efficacy without adequately examining
changes in weed community structure and crop physiological responses. Furthermore, limited
information exists on the integration of Calotropis extracts with conventional weed
management practices and their implications for sustainable maize production in the region.
This knowledge gap constrains the development and adoption of bioherbicide-based weed
management technologies suitable for smallholder farmers.

Therefore, this study was undertaken to evaluate the efficacy of giant milkweed ( Calotropis

procera)-based weed management strategies on weed phytosociology, growth, physiological
performance, and yield of maize in the Sudan Savanna of Nigeria. The findings are expected
to contribute to the development of environmentally sustainable weed management practices
capable of enhancing maize productivity while reducing dependence on synthetic herbicides.

MATERIALS AND METHODS

Field trials were conducted during the 2024 rainy season at two locations within the Sudan
Savanna agro-ecological zone of Nigeria. The first site was the Teaching and Research Farm
of the Faculty of Agriculture, Bayero University Kano (BUK) (12°58' N, 8°25’ E), while the
second site was the Research Farm of the International Crops Research Institute for the Semi -
Arid Tropics (ICRISAT), Minjibir (12°10" N, 8°39" E; 444 m above sea level). Both locations
are characterized by a unimodal rainfall pattern, sandy loam soils, and typical Sudan Savanna
vegetation. The experiment was laid out in a Randomized Complete Block Design (RCBD)
comprising eleven weed control treatments replicated three times. The treatments included
pendimethalin at 1.0 kg a.i. ha™' followed by hoe weeding at 6 weeks after sowing (WAS),
pre-emergence (PE) Calotropis leaf extract at 60% followed by hoe weeding at 6 WAS, hoe
weeding at 3 and 6 WAS, PE Calotropis leaf extract at 80% followed by hoe weeding at 6
WAS, PE Calotropis leaf extract at 40% followed by hoe weeding at 6 WAS, PE Calotropis
leaf extract at 40% followed by early post-emergence (EPE) Calotropis extract at 40%, PE
Calotropis leaf extract at 60% followed by EPE Calotropis extract at 60%, pendimethalin at
1.0 kg a.i. ha™! followed by nicosulfuron applied post-emergence at 100 g a.i. ha™' at 6 WAS,
PE Calotropis leaf extract at 80% followed by EPE Calotropis extract at 80%, PE Calotropis
leaf extract at 80% applied alone, and a weedy check as the control. Each experimental plot
measured 3.0 m x 4.5 m, while data were collected from the net plot area consisting of the
two inner rows after excluding border rows.

Prior to planting, the experimental fields were cleared and harrowed, after which ridges were
constructed at 0.75 m spacing using a tractor-mounted mouldboard ridger. Certified seeds of
maize variety SAMMAZ-52 obtained from the Kano station of the International Institute of
Tropical Agriculture (IITA) were sowed manually using 75 x 25 cm as inter and tra row
spacing. Two seeds were planted per hole and later thinned to one plant per stand. Fertilizer
was applied at the rate of 120 kg N, 60 kg P-0s, and 60 kg K-O ha™'. Half of the nitrogen
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together with the full doses of phosphorus and potassium were applied at 2 WAS using NPK
(15:15:15), while the remaining nitrogen was top-dressed at 4 WAS using urea (46% N).

Weed management practices were implemented according to the treatment specifications,
involving herbicide application, bioherbicide application, and hoe weeding at designated
periods after sowing. At physiological maturity, indicated by complete husk browning and
kernel hardening, maize cobs were harvested manually from the net plot area. The harvested
cobs were sun-dried to a safe moisture level and shelled manually. The grains were
subsequently cleaned by winnowing to remove chaff, broken grains, and other foreign
materials before weighing. Grain yield was determined on a plot basis and later converted to
kilograms per hectare (kg ha™) for statistical analysis.

Data collection

Data were collected on weed phytosociological attributes to assess weed community
dynamics and determine the relative abundance of dominant weed species across treatments.
Weed species were identified and quantified using standard weed survey procedures.
Phytosociological indices, including relative frequency, relative density, and summed
dominance ratio (SDR), were calculated according to the method of Curtis and McIntosh
(1950). Relative frequency was determined as the frequency of an individual weed species
expressed as a percentage of the total frequency of all weed species, while relative density
was calculated as the density of an individual weed species expressed as a percentage of the
total density of all weed species. The summed dominance ratio was obtained as the average of
the relative frequency and relative density values for each weed species.

Relative frequency= frequency of individual weed speciesTotal density of all species x 100
Relative density= density of individual weed speciesTotal density of all species x100
Summed dominance ratio = relative frequency+weed relative density2

Crop data were recorded on key growth, physiological, phenological, and yield parameters,
namely leaf area index, number of leaves per plant, plant height (cm), chlorophyll content,
photosynthetic efficiency, crop growth rate, days to 50% tasselling, days to 50% silking, ear
length (cm), ear diameter (cm), ear weight (kg ha™'), 100-seed weight (g), and grain yield (kg
ha™), following established agronomic and physiological measurement protocols.

Data Analysis

Data generated from the experiment were subjected to analysis of variance (ANOVA) using
GenStat statistical software (17th edition) to determine the treatment effects. Where the F-test
indicated significant differences, treatment means were separated using the Student—
Newman—Keuls (SNK) test at the 5% probability level.

RESULTS
Weed Phytosociology

Table 1 shows the phytosociological composition of weeds at BUK. Among the broadleaf
weeds, Ludwigia hyssopifolia (G. Don) Exell recorded the highest relative frequency
(12.16%)), followed by Physalis longifolia Nutt. (10.59%), Cynithillium cinereum (L.) H. Rob.
(7.45%), and Ocimum americanum L. (6.67%). The highest relative densities were recorded
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by Cyperus rotundus L. (13.41%) and Cyperus esculentus L. (11.85%). Based on summed
dominance ratio (SDR), Ludwigia hyssopifolia (G. Don) Exell (8.39) was the most dominant
species, followed by Cyperus rotundus L. (8.28), Cyperus esculentus L. (8.28), and Physalis
longifolia Nutt. (7.41). Other species with relatively high SDR values included Cynithillium
cinereum (L.) H. Rob. (6.11), Ocimum americanum L. (5.37), Sorghum halepense (L.) Pers.
(4.33), Cyperus ergrostis Lam. (4.30), and Centaurea phrygia L. (4.12). The least dominant
species were Aeschynomene americana L. (0.72), Leucas deflexa Hook. f. (1.22), Ammannia
baccifera L. (1.31), and Ipomoea lacunosa L. (1.42).

At Minjibir (Table 2), Cladanthus mixtus (L.) Chevall. recorded the highest relative frequency
(10.31%), followed by Ageratum conyzoides L. (4.93%), Acanthospermum hispidum DC.
(4.48%), and Commelina diffusa Burm. f. (4.48%). The highest relative densities were
recorded by Cyperus rotundus L. (15.00%), Cyperus esculentus L. (12.42%), and Cyperus
ergrostis Lam. (9.72%). The summed dominance ratio showed that Cyperus rotundus L.
(12.21) was the most dominant species, followed by Cyperus esculentus L. (10.47), grasses
(9.00), Cladanthus mixtus (L.) Chevall. (7.67), and Cyperus ergrostis Lam. (7.10). Other
species with moderate SDR values included Ageratum conyzoides L. (5.35), Commelina
diffusa Burm. f. (4.71), Cenchrus biflorus Roxb. (4.40), Dactyloctenium aegyptium (L.)
Willd. (4.11), and Eragrostis tenuifolia (A. Rich.) Hochst. ex Steud. (3.85), while Citrullus
lanatus (Thunb.) Matsum. & Nakai (0.24), Ilpomoea aquatica Forssk. (0.56), Cucumis melo L.
(0.62), and Richardia scabra L. (0.69) recorded the lowest SDR values.

A comparison of both locations showed that Cyperus rotundus L. and Cyperus esculentus L.
were among the most dominant weed species at BUK and Minjibir. Common weed species
occurring at both locations included Ageratum conyzoides L., Commelina diffusa Burm. f.,
Cenchrus biflorus Roxb., and Cyperus ergrostis Lam. However, Ludwigia hyssopifolia (G.
Don) Exell and Physalis longifolia Nutt. were more dominant at BUK, whereas Cladanthus
mixtus (L.) Chevall. and Acanthospermum hispidum DC. were more prominent at Minjibir.
Higher SDR values for Cyperus rotundus L. and Cyperus esculentus L. were recorded at
Minjibir than at BUK.

Table 1: Relative frequency (%), Relative density (%) and summed dominance ratio in Maize
at BUK

Weed Species Relative Frequency Relative Density Summed Dominance
(%) (%) Ratio

Broad leaves Weeds

Aeschynomene americana L. 0.78 0.66 0.72
Ageratum conyzoides L. 1.96 1.01 1.49
Ammannia baccifera L. 1.57 1.04 1.31
Anthum graveolens L. 2.35 2.69 2.52
Calopogonium mucunoides Desv. 1.57 1.73 1.65
Centaurea phrygia L. 431 3.92 4.12

Commelina diffusa Burm. F. 3.14 3.96 3.55
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Cynthillium cinereum (L.) H. Rob. 7.45 4.77 6.11
Elephantopus mollis Kunth. 3.14 2.33 2.74
Ipomoea aquatica Kunth. 4.71 2.49 3.60
Ipomoea asarifolia (Desr.) Roem. And 2.35 2.51

Schult. 243
Ipomoea biflora (L.) Pers. 2.35 1.89 2.12
Ipomoea lacunose L. 1.57 1.26 1.42
Leucas deflexa Hook. F. 1.18 1.26 1.22
Ludwigia hyssopifolia (G Don) Exell. 12.16 4.62 8.39
Ludwigia octavalvis (Jacq.) P.H. Raven. 5.09 1.97 3.53
Osmium americanum L. 6.67 4.07 5.37
Physalis longifolia Nutall. 10.59 423 7.41
Sambucus ebulus L. 1.57 1.40 1.49
Scrophularia auriculata L. 1.96 1.42 1.69
Grasses

Cenchrus biflorus Roxb. 1.57 2.44 2.01
Cynodon dactylon (L.) Pers. 0.78 2.52 1.65
Eleusine indica (L.) Gaertn. 1.18 3.47 2.33
Megathyrus maximus (Jacq.) BK.Simon & 2.35 4.64

S.W.L. Jacobs 3.50
Sorghum heleponse (L.) Pers. 431 4.34 433
Sedges

Cyperus ergrostis Lam. 3.53 5.07 4.30
Cyperus esculentus L. 4.71 11.85 8.28
Cyperus rotundus L. 3.14 1341 8.28
TOTAL 100 100 100

Table 2: Relative frequency, Relative density and summed dominance ratio oof Maize at
Minjibir during 2024 Rainy season

Weed Species Relative Frequency Relative Density  Summed Domance
(%) (%) Ratio

Broad leaves
Acanthospermum hispidum DC. 4.48 2.02 3.25
Ageratum conyzoides L. 493 5.77 5.35

Atriplex patula L. 2.24 1.65 1.95
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Celosia trigyna L. 2.69 1.31 2.00
Centaurea phrygia L. 3.59 2.62 3.11
Chamaecrista mimosoides (L.) Greene. 1.35 0.44 0.90
Citrullus lanatus (Thumb.) Matsum. and  0.45 0.02

Nakal. 0.24
Cladanthus mixtus (L.) Chevall. 10.31 5.03 7.67
Commelina diffusa Burm. F. 4.48 4.94 4.71
Crotalaria retusa L. 1.79 1.45 1.60
Cucumis melo L. 0.90 0.34 0.62
Gomphrena serrata L. 3.14 2.11 2.63
Ipomoea aquatica Kunth. 091 0.21 0.56
Medicago arborea L. 1.35 1.13 1.24
Medicago polymorpha L. 2.69 1.49 2.09
Mitracarpus hirtus (L.) DC. 1.79 2.23 2.01
Richardia scabra L. 0.90 0.48 0.69
Senna obtusifolia (L.) H. S. Irwin and 0.90 1.00

Barneby. 0.95
Spinacia oleracea L. 1.79 0.85 1.30
Grasses 8.07 9.92 9.00
Cenchrus biflorus Roxb. 493 3.86 4.40
Dactylocterium aegyptium (L.) Willd.  3.14 5.08 4.11
Eleusine indica (L.) Gaertn. 2.69 1.54 2.12
Eragrostis tenuifolia (A. Rich.) Hochst.  3.59 4.11 3.85
Sedges

Cyperus ergrostis Lam 4.48 9.72 7.10
Cyperus esculentus L. 8.52 12.42 10.47
Cyperus rotundus L. 9.42 15.00 12.21
TOTAL 100 100 100

Effect of weed control on growth characters

Leaf area index (LAI) was significantly (p <0.001) influenced by weed control methods at 8,
10, and 12 weeks after sowing (WAS) at both BUK and Minjibir (Table 3). At BUK, T8
(pendimethalin 1.0 kg a.i. ha! fb nicosulfuron 100 g a.i. ha!) recorded the highest LAI at 8
WAS (2.49), although it was statistically similar to T1 (2.43), T3 (2.41), T4 (2.24), and T9
(2.33). At 10 WAS, T3 (hoe weeding at 3 and 6 WAS) produced the highest LAI (3.73), while
T11 (weedy check) recorded the lowest value (2.07). At 12 WAS, T3 maintained the highest
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LAI (4.56), followed by T1 (4.44) and T8 (4.28), whereas T11 recorded the lowest LAI
(2.66).

Similarly, at Minjibir, T3 recorded the highest LAI at 8 WAS (2.59), followed by T1 (2.53)
and T8 (2.51), while T11 recorded the lowest value (1.07). At 10 WAS, T3 maintained the
highest LAI (3.54), although it was statistically comparable with T1 (3.50), T8 (3.45), T4
(3.36), T2 (3.32), and T9 (3.30). At 12 WAS, T3 again recorded the highest LAI (4.41),
followed by T8 (4.19), T1 (4.19), and T4 (4.17), while T11 produced the lowest value (2.38).

Across both locations, LAI increased progressively from 8 to 12 WAS in all treatments. The
highest LAI values were generally recorded under T3, T1, and T8, whereas T11 consistently
recorded the lowest values throughout the sampling periods.

Table 3: Leaf area index of Maize as influenced by varied Weed control strategies during 2024
rainy season at BUK and Minjibir

Treatments BUK Minjibir

Weeks after sowing (WAS)

8 10 12 8 10 12
T1 2438 3 .53® 4 4420 2.532 3.50% 4.19%
T2 2.12bed 3,473 42(Qbc 2318 3322 41124
T3 241 3732 456 2592 3542 4412
T4 2.248be 3 413 4.06° 235 336% 4.17%
TS 2.12bed 3273 3 83d 2.10% 3162 3.95%f
T6 1.864 294  322f 1.74¢  2.53b 3.42¢
T7 2.02¢4  3.20b  3.50°f 1.82b¢ 2682 3.72be
T8 2498 3.56% 4.28%c 2518 3452 4.19%
T9 2.33abe 333adc 3 6]de 2.04%®  330% 4.132d
T10 10.05¢ 2.42¢  3.29f 1.66° 239> 2.88h
T11 1.47¢  2.07e 2.657¢ 1.07¢  1.87¢ 2.38i

P-value 0.001  0.001 0.001 0.001 0.001 0.001
SE + 0.112  0.159 0.110 0.177 0.132 0.146

Means followed by the same letter(s) are not Significantly differently at 5% level of
probability using SNK.T1= Pendemethalin @1.0kg a.i ha'fellowed by (FB) Hoe weeding on
6 weeks after sowing (WAS) ,T2= Pre- emergence (PE) Calotropis leaf extract @ 60% fb Hoe
weeding on 6 WAS , T3=Hoe weeding at 3 and 6 WAS, T4= PE Calotropis leaf extract @
80% fb Hoe weeding on 6 WAS , T5= PE Calotropis leaf extract @ 40% fb Hoe weeding on
6 WAS, T6= PE Calotropis leaf extract (@ 40% fb early post- emergence( EPE) Calotropis
leaf extract @ 40% , T7= PE Calotropis leaf extract @ 60% fb EPE Calotropis leaf extract @
60% , T8= Pendemethalin 1.0kg a.i ha™! fb Nicosulfurone 100g a.i ha! @ 6 WAS , T9= PE
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Calotropis leaf extract @ 80% fb EPE Calotropis leaf extract (@ 80%, T10= PE Calotropis
leaf extract @ 80% alone, T11= control (weedy check).

Number of Leaves per Plant

Weed control strategies significantly (p <0.001) influenced the number of leaves per plant at
both BUK and Minjibir during the 2024 rainy season (Table 4). At BUK, T8 (pendimethalin
1.0 kg a.i. ha™ /b nicosulfuron 100 g a.i. ha!) recorded the highest number of leaves per plant
(14.50), although it was statistically comparable with rest of the treatments which were also
superior to T11 (8.65) that resulted in the lowest number of leaves plant™. At Minjibir, T3
(hoe weeding at 3 and 6 WAS) recorded the highest number of leaves per plant (15.17),
followed by T1 (14.40), while T11 recorded the lowest value (10.13). Across both locations,
T3 and T8 generally recorded higher numbers of leaves, whereas T11 consistently produced
the lowest values.

Plant Height

Plant height was significantly (p < 0.001) influenced by weed control methods at both

locations (Table 4). At BUK, T7 (PE Calotropis procera leaf extract @ 60% fb EPE

Calotropis procera leaf extract @ 60%) recorded the tallest plants (241.0 cm), followed by T8

(232.3 cm) and T3 (230.3 cm), while T11 recorded the shortest plants (155.0 cm). At Minjibir,

T8 produced the tallest plants (205.2 cm), closely followed by T3 (205.0 cm) and T1 (203.5

cm), whereas T11 recorded the shortest plants (136.3 cm). Plant height was generally greater

under T3, T7, and T8 than in the other treatments across both locations. 75

Chlorophyll Content

Chlorophyll content was significantly (p <0.001) affected by weed control strategies at both
BUK and Minjibir (Table 4). At BUK, T7 recorded the highest chlorophyll content (62.73
SPAD), followed by T3 (62.30 SPAD) and T8 (61.94 SPAD), while T11 recorded the lowest
value (40.55 SPAD). At Minjibir, T8 produced the highest chlorophyll content (35.27 SPAD),
followed by T3 (33.87 SPAD), whereas T11 recorded the lowest value (20.92 SPAD). Higher
chlorophyll content values were generally associated with T3, T7, and T8 across both
locations.

Photosynthetic Efficiency

Photosynthetic efficiency was significantly (p <0.001) influenced by weed control strategies
at both locations (Table 4). At BUK, T3 recorded the highest photosynthetic efficiency (0.49),
followed by T1 and T8 (0.48 each), while T11 recorded the lowest value (0.15). At Minjibir,
T3 produced the highest photosynthetic efficiency (0.61), followed by T1 (0.35) and T8
(0.34), whereas T11 recorded the lowest value (0.02). Across both locations, T3 consistently
recorded the highest photosynthetic efficiency, while T11 produced the lowest values.

Overall, weed control strategies significantly influenced the growth and physiological
attributes of maize at both locations. Higher values for number of leaves, plant height,
chlorophyll content, and photosynthetic efficiency were generally recorded under T3, T7, and
T8, whereas T11 consistently recorded the lowest values for all parameters measured.
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Table 4: Number of Leaves per plant, Plant height, Chlorophyll content and Photosynthetic
efficiency of Maize as influenced by varied Weed control strategies during 2024 rainy season

at BUK and Minjibir
Treatmen BUK Minjib
t ir
Numb Plant  Chlorophy Photosynthet Numb  Plant Chlorophy Photosynthet
er of height 1l content ic efficiency er of height 1l content ic efficiency
leaves (SPAD) leaves (SPAD)
plant—l (Cm) () plant—l (Cm) ()
Tl 13.17% 220.7¢0 59.58 0.482 14.40% 203.5% 29.40 0.35%
b c
T2 12.92% 221.3* 57.63% 0.428be 12.40% 194.0~ 29.47® 0.14¢
b d d
T3 14.00% 230.3*@ 62.30° 0.492 15.17¢  205.0® 33.872 0.612
b
T4 12.83% 217.70 58.14% 0.4220 11.53¢d 201.32> 29.77% 0.27°
b c
TS5 12.75% 215.3* 55.96% 0.40%d 13.07 185.19¢ 26.032 0.15¢
b c
T6 12.17% 203.00 53.15° 0.18¢ 10.80¢ 171.0f 29.37% 0.06¢4
T7 12.42% 241.00 62.732 0.22¢ 11.87°¢ 182.9¢ 26.17% 0.07¢d
d
T8 14.508 232.32 61.942 0.482 13.07% 20528 35272 0.34b
b
T9 11.75>  199.7¢ 52.70° 0.34a- 11.93¢d  186.39c 27.10% 0.08¢d
b
T10 11426  211.7*@ 53.92b 0.22b-¢ 11.93¢¢  163.2F 22.90° 0.05¢
b
T11 8.65¢ 155.0¢ 40.55¢ 0.15¢ 10.13¢ 13638 20.92° 0.024
p-value  0.001  0.001 0.001 0.001 0.001  0.001  0.003 0.001
SE + 0.751  10.72 2253 0.067 0.784 3.853 2928 0.035
8

Means followed by the same letter(s) are not Significantly differently at 5% level of
probability using SNK.T1= Pendemethalin @1.0kg a.i ha''fellowed by (FB) Hoe weeding on
6 weeks after sowing (WAS) ,T2= Pre- emergence (PE) Calotropis leaf extract @ 60% fb Hoe
weeding on 6 WAS , T3=Hoe weeding at 3 and 6 WAS, T4= PE Calotropis leaf extract @
80% fb Hoe weeding on 6 WAS , T5= PE Calotropis leaf extract @ 40% fb Hoe weeding on
6 WAS, T6= PE Calotropis leaf extract @ 40% fb early post- emergence( EPE) Calotropis
leaf extract @ 40% , T7= PE Calotropis leaf extract (@ 60% fb EPE Calotropis leaf extract @
60% , T8= Pendemethalin 1.0kg a.i ha! fb Nicosulfurone 100g a.i ha! @ 6 WAS , T9= PE
Calotropis leaf extract @ 80% fb EPE Calotropis leaf extract (@ 80%, T10= PE Calotropis
leaf extract @ 80% alone, T11= control (weedy check).
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Crop Growth Rate

Crop growth rate was significantly (p < 0.05) influenced by weed control strategies at both
BUK and Minjibir during the 2024 rainy season (Table 5). At BUK, T8 (pendimethalin 1.0 kg
a.i. ha™' fb nicosulfuron 100 g a.i. ha™') recorded the highest crop growth rate (43.00 g m™
day™), followed by T3 (39.97 g m > day '), while T2 (13.00 g m 2 day ') and T11 (17.68 g m™
day ') recorded the lowest values. At Minjibir, T1 (25.51 gm™2day '), T3 (25.44 g m2 day '),
T2 (24.29 gm2day '), and T8 (23.68 g m > day ') recorded the highest crop growth rates and
were statistically comparable. The lowest values were observed in T11 (12.21 gm™= day™),
T10 (12.90 g m™ day '), and T6 (13.50 g m2 day'). Across both locations, higher crop
growth rates were generally recorded under T1, T3, and T8, whereas T11 consistently
recorded among the lowest values.

Days to 50% Tasseling

Days to 50% tasseling were significantly (p < 0.001) influenced by weed control methods at
both locations (Table 5). At BUK, T7 (PE Calotropis procera leaf extract @ 60% fb EPE
Calotropis procera leaf extract @ 60%) attained 50% tasseling earliest (51.67 days), followed
by T4 (54.67 days), whereas T11 (67.33 days) and T10 (64.67 days) recorded the latest
tasseling. At Minjibir, T2 attained 50% tasseling earliest (54.00 days), followed by T9 (57.67
days), T4 (58.00 days), and T8 (58.33 days). The latest tasseling was recorded in T11 (80.00
days), followed by T10 (71.33 days). Across both locations, T2, T4, T7, T8, and T9 generally
attained tasseling earlier than the other treatments, while T10 and T11 recorded the latest
tasseling.

Days to 50% Silking

Days to 50% silking were significantly (p < 0.001) affected by weed management strategies at
both BUK and Minjibir (Table 5). At BUK, T7 recorded the earliest silking (56.33 days),
followed by T4 (58.00 days) and T8 (59.00 days), whereas T11 recorded the latest silking
(72.00 days). Treatment T10 also recorded relatively late silking (68.33 days). At Minjibir, T2
attained silking earliest (59.00 days), followed by T4 and T9 (61.33 days), while T11 recorded
the latest silking (83.33 days). Treatment T10 also exhibited delayed silking (74.67 days).
Across both locations, earlier silking was generally observed under T2, T4, T7, T8, and T9,
whereas T10 and T11 recorded the latest silking periods.

Overall, weed control strategies significantly influenced crop growth rate, days to 50%
tasselling, and days to 50% silking at both locations. Higher crop growth rates were generally
recorded under T1, T3, and T8, while earlier tasselling and silking were observed under T2,
T4, T7, T8, and T9. Conversely, T11 consistently recorded lower crop growth rates and the
latest tasselling and silking periods across both locations.

Table 5: Crop growth rate, Days to 50% tasselling, and Days to 50% silking of Maize as
influenced by varied Weed control strategies during 2024 rainy season at BUK and Minjibir
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Treatment BUK Minjibir
Crop Days to 50% Days Crop Days to 50% Days to 50%
growth rate  Tasselling to growth rate  Tasselling Silking
(gm*day™)  (#) 50% (gm*day™')  (#) #)
Silking
(#)
T1 24.702 58.00bed 62.000<d 25512 58.67¢ 62.33¢
T2 13.00° 63.002b¢ 66.673 24.292 54.00¢ 59.00¢
T3 39.972 56.67b<d 60.00°d 25.442 58.67¢ 61.67¢
T4 27.122 54.67¢ 58.004 16.002 58.0¢ 61.33¢
T5 26.87% 59.332d 64.00bd 21.26° 60.00°¢ 65.00¢
T6 22.92% 60.333d 64.005d 13.50¢ 63.00¢ 66.33¢
T7 28.032 51.674 56.334 22.062 62.00¢ 65.33¢
T8 43.00° 56.00b¢<d 59.00¢ 23.68° 58.33¢ 62.00¢
T9 28.15%® 56.00b¢<d 60.00¢ 19.36% 57.67¢ 61.33¢
T10 24 .47 64.674® 68.333b 12.90¢ 71.33b 74.67°
T11 17.68° 67.332 72.00° 12.21¢ 80.002 83.33a
p-value 0.005 0.001 0.001 0.046 0.001 0.001
SE + 7.818 2.816 2430 4.611 3.234 3.042

Means followed by the same letter(s) are not significantly differently at 5% level of
probability using SNK.T1= Pendemethalin @1.0kg a.i ha'fellowed by (FB) Hoe weeding on
6 weeks after sowing (WAS) , T2= Pre- emergence (PE) Calotropis leaf extract @ 60% fb
Hoe weeding on 6 WAS , T3=Hoe weeding at 3 and 6 WAS, T4= PE Calotropis leaf extract
@ 80% tb Hoe weeding on 6 WAS , T5= PE Calotropis leaf extract @ 40% fb Hoe weeding
on 6 WAS, T6= PE Calotropis leaf extract @ 40% fb early post- emergence(

EPE) Calotropis leaf extract @ 40% , T7= PE Calotropis leaf extract @ 60% fb EPE
Calotropis leaf extract @ 60% , T8= Pendemethalin 1.0kg a.i ha! fb Nicosulfurone 100g a.i
ha! @ 6 WAS , T9=PE Calotropis leaf extract @ 80% fb EPE Calotropis leaf extract @
80%, T10= PE Calotropis leaf extract @ 80% alone, T11= control (weedy check).

Yield and yield components
Ear Length

Ear length was significantly (p < 0.05) influenced by weed control strategies at both BUK and
Minjibir during the 2024 rainy season (Table 6). At BUK, T3 (hoe weeding at 3 and 6 WAS)
recorded the longest ears (20.85 cm), followed by T4 (20.33 cm), T6 (19.76 cm), and T5
(19.24 cm), while T11 (weedy check) recorded the shortest ears (14.47 cm). At Minjibir, T3
similarly produced the longest ears (16.66 cm), followed by T8 (13.33 cm), whereas T11
recorded the shortest ear length (5.66 cm). Across both locations, T3 consistently recorded the
longest ears, while T11 produced the shortest ears.
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Ear Diameter

Ear diameter was significantly (p <0.05) influenced by weed control methods at both
locations (Table 6). At BUK, T8 recorded the largest ear diameter (11.93 cm), followed by T5
(11.83 cm), T4 (11.71 cm), and T3 (11.26 cm), while T11 recorded the smallest ear diameter
(8.70 cm). At Minjibir, T9 (PE Calotropis procera extract @ 80% fb EPE @ 80%) recorded
the largest ear diameter (16.03 cm), followed by T3 (15.09 cm) and T4 (11.47 cm), whereas
T11 recorded the lowest value (7.00 cm). Generally, larger ear diameters were obtained under
T3, T4, T8, and T9, while T11 consistently recorded the smallest values.

Ear Weight

Ear weight was significantly (p <0.001) influenced by weed management strategies at both
BUK and Minjibir (Table 6). At BUK, T1 (pendimethalin @ 1.0 kg a.i. ha™* fb hoe weeding at
6 WAS) recorded the highest ear weight (2587 kg ha™'), followed by T3 (2267 kg ha™') and T8
(2067 kg ha™"), while T11 recorded the lowest ear weight (276 kg ha™"). At Minjibir, T1
similarly recorded the highest ear weight (2520 kg ha™"), followed by T3 (2203 kg ha™") and
T8 (2073 kg ha™"), whereas T11 produced the lowest value (241 kg ha™'). Across both
locations, T1, T3, and T8 consistently recorded the highest ear weights.

100-Seed Weight

The 100-seed weight was significantly (p < 0.001) influenced by weed control treatments at
both locations (Table 6). At BUK, T3 recorded the highest 100-seed weight (18.13 g),
followed by T8 (16.60 g), whereas T11 recorded the lowest value (8.30 g). At Minjibir, T3
also recorded the highest 100-seed weight (17.10 g), which was statistically similar to T4
(17.07 g), followed by T2 (15.33 g). The lowest value was recorded in T11 (6.83 g). Across
both locations, T3 consistently recorded the highest 100-seed weight, while T11 produced the
lowest values.

Grain Yield

Grain yield was significantly (p <0.001) influenced by weed control strategies at both BUK
and Minjibir (Table 6). At BUK, T1 recorded the highest grain yield (2226 kg ha™), followed
by T3 (2085 kg ha™") and T8 (2043 kg ha™"), while T11 recorded the lowest yield (50 kg ha™).
Treatments T10 (321 kg ha') and T6 (408 kg ha™") also recorded relatively low grain yields.
At Minjibir, T8 recorded the highest grain yield (953.3 kg ha™), followed by T1 (915.0 kg
ha™) and T3 (912.6 kg ha™"), whereas T11 recorded the lowest yield (115.5 kg ha™).
Treatments T6 (256.4 kg ha™') and T10 (396.3 kg ha™) also produced relatively low yields.

Overall, weed control strategies significantly influenced ear length, ear diameter, ear weight,
100-seed weight, and grain yield at both locations. Higher values for most yield and yield
components were generally recorded under T1, T3, and T8, whereas T11 consistently
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recorded the lowest values across all parameters measured.

Table 6: Ear length, Ear diameter, Cob weight, 100 seeds weight and Grain yield of Maize as
influenced by varied Weed control strategies during 2024 rainy season at BUK and Minjibir in

Maize at BUK and Minjibir
Treatmen BUK Minjibir
ts
Ear Ear Ear 100 Grain Ear Ear Ear 100 Grain
length diamet weight seeds yield length diamet weight yield
er weight er sequ
(cm) (kg ha (2) (kg ha (cm) (kg ha- weight (kg
(cm) D) D) (cm) D) ha'')
(€9)
T1 17.63¢ 9.23% 25872 15.57* 2226 9.33>  10.53% 2520 13.70* 915.0°
b be be b
T2 17.07* 10.59% 1109bc 14.50> 1316b¢ 11332 10.09% 1139>  15.332 821.9*
b c b b b
T3 20.85* 11.268  2267* 18.13* 20852 16.66* 15.09* 22032 17.10®0 912.6°
b
T4 20.33* 11.71*  1324% 15432 1519° 8.33> 11470 960 17.07¢  811.5°
be b
T5 19.24* 11.832  1019° 14.10> 1248bc 8.00> 9.40®  825b 13972 740.4
b c be b
T6 19.76¢ 9.87®  610bc  12.67¢ 4084 6.63> 7.102 594bed  10.30> 256.4
b d od d
T7 18.68 10.472> 708bc  12.53¢ 926° 11332 9.50%  615bd  10.30> 490.8°
b d b cd
T8 18.06* 11.932  2067* 16.60* 20432 13.332 997  2073* 10.97° 953.32
b b b cd
ST9 15978 10.582 980bc  14.43> 1012¢ 8.00° 16.03* 1099® 10.93> 860.5
b c cd b
T10 15.112 9432  419¢ 10.90¢ 3214 6.83> 8.67° 3784 930  396.3¢
b
T11 1447 8.70° 276¢ 8.30° 504 5.66*  7.00° 2414 6.834  115.5¢
b
p-value. 0.010 0.008 0.001  0.001 0.001 0.007 0.024  0.001 0.001 0.001
SE+ 1.634 0979 26541 1.047 154.30 2428 3414 17733 1.743  61.36
0 6 5 4

Means followed by the same letter(s) are not significantly differently at 5% level of
probability using SNK.T1= Pendemethalin @1.0kg a.i ha'fellowed by (FB) Hoe weeding on
6 weeks after sowing (WAS) , T2= Pre- emergence (PE) Calotropis leaf extract @ 60% fb

Hoe weeding on 6 WAS , T3=Hoe weeding at 3 and 6, T4= PE Calotropis leaf extract @ 80%
fb Hoe weeding on 6 WAS , T5= PE Calotropis leaf extract @ 40% fb one Hoe weeding on 6
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WAS, T6= PE Calotropis leaf extract @ 40% fb early post- emergence( EPE) Calotropis leaf
extract @ 40% , T7= PE Calotropis leaf extract @ 60% tb EPE Calotropis leaf extract @
60% , T8= Pendemethalin 1.0kg a.i ha™! fb Nicosulfurone 100g a.i ha! @ 6 WAS , T9= PE
Calotropis leaf extract @ 80% tb EPE Calotropis leaf extract @ 80%, T10= PE Calotropis
leaf extract @ 80% alone, T11= control (weedy check).

DISCUSSION

The phytosociological assessment revealed a diverse weed flora comprising broadleaf weeds,
grasses, and sedges at both Bayero University Kano (BUK) and Minjibir. The dominance of
Cyperus rotundus and Cyperus esculentus across both locations, as evidenced by their high
relative density and summed dominance ratio values, indicates their strong ecological
adaptability and competitive ability under Sudan Savanna conditions. The persistence of these
species may be attributed to their extensive underground reproductive structures, particularly
tubers and rhizomes, which enable rapid regeneration and survival under diverse
environmental conditions. Similar observations were reported by Salaudeen et al. (2022) and
Benvenuti (2025,) who identified Cyperus species among the most dominant weeds in maize-
based production systems across the globe

The variation in weed species composition between BUK and Minjibir suggests that
environmental conditions, soil characteristics, moisture availability, and previous land-use
history influenced weed distribution and abundance. While broadleaf weeds such as Ludwigia
hyssopifolia and Physalis longifolia were more prominent at BUK, sedges exhibited greater
dominance at Minjibir. Such variations in weed flora have been widely reported in tropical
agroecosystems and underscore the importance of location-specific weed management
strategies (Ahmad et al., 2016; Yousaf et al., 2022). The occurrence of common species such
as Ageratum conyzoides, Commelina diffusa, Cyperus rotundus, and Cyperus esculentus
across both locations further confirms their adaptability and significance as major constraints
to maize production in the tropical agroecological zone (Alalwany et al., 2025; Kumar et al.,
2025).

The significant improvements in leaf area index, number of leaves per plant, plant height,
chlorophyll content, photosynthetic efficiency, crop growth rate, and reproductive
development observed under weed-controlled treatments demonstrate the critical importance
of effective weed management in maize production. Across both locations, treatments
involving hoe weeding at 3 and 6 WAS (T3), pendimethalin followed by nicosulfuron (T8),
and pendimethalin followed by supplementary hoe weeding (T1) consistently produced
superior growth and physiological performance compared with the weedy check.

The positive response of maize growth and physiological performance to weed management
can be attributed primarily to reduced competition for essential growth resources during the
critical stages of crop establishment. Weeds compete aggressively with crops for nutrients,
moisture, light, and space, often reducing the availability of these resources to maize during
periods when vegetative development is most sensitive. Effective weed suppression therefore
improves resource capture and utilization by the crop, resulting in enhanced canopy
development, dry matter accumulation, and overall crop vigor. Similar observations have been
reported in maize production systems across sub-Saharan Africa, where effective weed
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management improved crop growth through increased access to growth-limiting resources
(Bastola, 2024; Adamu et al., 2021).

Improved canopy development under reduced weed pressure is particularly important because
leaf expansion determines the crop's ability to intercept solar radiation and convert it into
biomass. A well-developed canopy increases photosynthetically active radiation interception,
thereby enhancing carbon assimilation and dry matter production. Conversely, weed
interference often reduces canopy development through competition-induced stress, limiting
the photosynthetic surface available for biomass accumulation. This relationship between
weed control, canopy development, and biomass production has been widely documented in
maize and other cereal crops (Musa et al., 2023; Islam et al., 2024).

The observed improvements in chlorophyll content and photosynthetic efficiency further
suggest that weed suppression enhanced the physiological status of maize plants. Chlorophyll
synthesis is strongly influenced by nutrient availability, particularly nitrogen, which
constitutes a major component of the chlorophyll molecule. Reduced competition for soil
nutrients therefore enhances chlorophyll formation and improves the efficiency of light
harvesting. Enhanced photosynthetic efficiency subsequently promotes greater carbohydrate
production, which supports vegetative growth and reproductive development. Similar findings
were reported by Lu et al. (2024) and Cui et al. (2026), who demonstrated that reduced weed
competition improved chlorophyll accumulation, photosynthetic activity, and biomass
production in maize.

The enhancement of crop growth rate observed under effective weed management can
likewise be explained by improved physiological functioning and resource-use efficiency.
Growth rate is fundamentally determined by the balance between photosynthetic assimilation
and respiratory losses. When weed competition is minimized, maize plants are able to
maintain higher rates of carbon fixation, resulting in increased dry matter accumulation.
Numerous studies have shown that sustained weed suppression during the critical weed-free
period improves growth dynamics by ensuring uninterrupted access to water, nutrients, and
solar radiation (Musa et al., 2023; Choudhary et al., 2025).

The influence of weed management on reproductive development is also closely linked to the
physiological condition of the crop. The transition from vegetative to reproductive growth
requires adequate assimilate production and nutrient availability. Under competitive
environments, plants often experience physiological stress that disrupts hormonal balance and
delays floral initiation and reproductive development. In contrast, favorable growing
conditions promote efficient assimilate production and allocation, enabling crops to attain
reproductive stages within their normal developmental schedule. Similar relationships
between reduced weed interference and improved crop phenology have been reported in
maize by Pabuayon et al. (2025), who attributed earlier flowering to improved nutrient uptake
and reduced environmental stress.

The response observed under treatments involving Calotropis procera extract further supports
the growing evidence that plant-derived bioherbicides can contribute meaningfully to weed
management. The weed-suppressive potential of Calotropis procera has been associated with
its rich composition of allelochemicals, including phenolic compounds, flavonoids,
terpenoids, and alkaloids, which inhibit weed germination and seedling establishment. These
compounds may reduce weed pressure sufficiently to improve crop access to growth
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resources and thereby enhance physiological performance. Recent studies have highlighted
the potential of allelopathic plant extracts as environmentally sustainable alternatives or
complements to synthetic herbicides within integrated weed management systems (Al-
Rowaily et al., 2020; Hasan et al., 2021; Shan et al., 2023).

The response of yield and yield components to weed management reflects the cumulative
effects of improved resource availability and enhanced physiological performance throughout
the crop growth cycle. Effective weed suppression reduces competition for nutrients, water,
light, and space, thereby promoting efficient photosynthesis, assimilate production, and
translocation to developing reproductive structures. Improved ear development and grain
filling under reduced weed pressure are therefore indicative of enhanced source—sink

relationships and greater utilization of growth resources (Adamu et al., 2021; Musa et al.,
2023).

Grain yield is largely determined by the crop's ability to maintain physiological activity and
assimilate accumulation during critical reproductive stages. Weed interference disrupts these
processes by limiting resource acquisition and increasing plant stress, which ultimately
reduces reproductive efficiency and grain production. Similar observations have been reported
in maize, where effective weed management enhanced yield through improved resource-use
efficiency and reduced crop—weed competition (Bastola et al., 2024; Gavali et al., 2025).

The positive response associated with Calotropis procera-based treatments further suggests
that the allelopathic properties of the plant may contribute to weed suppression and improved
crop performance. The presence of bioactive compounds capable of inhibiting weed growth
highlights the potential of Calotropis procera as a complementary component of sustainable
weed management strategies (Al-Rowaily et al., 2020; Hasan et al., 2021). Overall, the
findings indicate that effective weed management enhances maize productivity by improving
resource capture, promoting assimilate partitioning, and minimizing competition-induced
stress during growth and reproductive development.

Conclusion

The study demonstrated that weed management significantly influenced weed phytosociology,
growth, physiological performance, yield components, and grain yield of maize in the Sudan
Savanna of Nigeria. Effective weed suppression improved crop growth, resource-use
efficiency, and grain productivity by minimizing competition from dominant weed species.
Although conventional herbicide treatments provided effective weed control, the performance
of Calotropis procera leaf extract, particularly when integrated with other weed management
approaches, demonstrated its potential as a sustainable and environmentally friendly weed
control option. The findings indicate that Calotropis procera leaf extract could serve as a
viable component of integrated weed management strategies aimed at reducing dependence
on synthetic herbicides while sustaining maize productivity in the Sudan Savanna.

Recommendation

Calotropis procera leaf extract should be promoted and integrated into weed management
programs for sustainable maize production in the Sudan Savanna, as its use alongside
complementary weed control measures can enhance weed suppression, improve crop
productivity, and reduce reliance on synthetic herbicides.
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OZET

Bu makalede giinlimiiz dilbiliminin en giincel ve gelecek vadeden yonelimleri ele
alinmaktadir. Calismada dili inceleme siirecinde kullanilan modern yontem ve yaklagimlar
analiz edilmistir. Makalede her bir yonelimin bilimsel temelleri, gelisim siireci, onde gelen
bilim insanlarinin goriisleri ve onlarin dilbilimine sagladiklar1 katkilar ayrintili bir sekilde
aciklanmaktadir. Ayrica cagdas dilbilim ¢alismalarinda insan faktori, diisiince, kiiltiir, toplum
ve bilgi teknolojileri arasindaki yakin ve karsilikli iligski de ortaya konulmaktadir.

Anahtar kelimeler: Yapisalci, Uretici, biligsel, pragmatik, sosyodilbilim ve korpus dilbilimi.

Annotation:

This article covers the most relevant and promising areas of linguistics today. It analyzes
modern methods and approaches used in the study of language. The article discusses in detail
the scientific foundations of each area, the history of development, the views of leading
scientists and their contribution to linguistics. It also shows the inextricable link between the
human factor, thinking, culture, society and information technologies in modern linguistics.

Keywords: structural, generative, cognitive, pragmatic, sociolinguistics and corpus
linguistics.

AOCTpaKTHBII:

B ,Z[aHHOﬁ CTaTbEC pacCMarTpruBarOTCA HauOoee AKTYaJIbHBIC U IECPCIICKTHBHEIC HAIIPABJICHUA
COBpeMeHHOf/'I JJUHTBHUCTHKH. AHaJII/I3I/IpyIOTC$I COBPCMCHHLIC MCTOABI U ITOAXObIL,
HCITI0JIB3YEMbBIC B UBYUYCHHHU S3bIKA. HOIIpO6HO 06Cy>Kl[aIOTC$I HAaY4YHBIC OCHOBBI KaXXJ10T'0
HaIIpaBJICHHA, HCTOPHA pa3BUTHA, B3IVIAAbI BEAYIINX YUCHBIX U UX BKJIa/[ B IMHI'BUCTHUKY.
Taxoke moka3zaHa HEpa3pbIBHAA CBA3b MCKY YCIIOBEUCCKUM (paKTOpOM, MBIIUJICHUEM,
KyanypOﬁ, O6IJ.[CCTBOM )51 I/IH(l)OpMaI_[I/IOHHBIMI/I TCXHOJOI'sIMH B COBpeMeHHOﬁ JJUHTBHUCTHKC.
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KuaroueBnble ciioBa: CTPYKTYypHasd, rCHCPaTuBHAasl, KOTHUTUBHAA, IPpArMarTnu4cCKasl,
COOUOJIMHTBUCTHKA U KOPITYCHAA JMHIBUCTHUKA.

Giris

Dil, insanlik kiiltiiriiniin, diislincesinin ve toplumsal hayatinin temel ifade araglarindan biridir.
Bu nedenle dilin derinlemesine incelenmesi eskiden beri bilim insanlarinin dikkatini
¢cekmistir. XXI. yilizyilda dilbilim alaninda yeni bakis agilari, teknolojik yaklasimlar ve ¢ok
disiplinli yontemler ortaya ¢ikmistir. Giiniimiiz dilbilimi yalnizca s6zciikleri ve dilin gramer

yapisini degil, ayn1 zamanda insan diisiincesini, iletisim siirecini ve toplum ile teknoloji
arasindaki iligkileri de incelemeyi amaclamaktadir.

Yapisal analiz yontemi dili biitiinsel bir sistem olarak ele alir. Bu yontemde dil birimleri,
sistem i¢indeki konumlar1 ve birbirleriyle olan iliskileri iizerinden analiz edilir. Bu yaklagim,
F. de Saussure’iin goriisleri temelinde sekillenmis ve dilbilime sistematiklik ile mantiksal
analiz anlayisin1 kazandirmistir. Gilinlimiizde yapisalct yontem, dilin i¢ yapisini incelemede
onemli bir yere sahiptir. Saussure, dilbilimde yapisalc1 yaklasimin kurucusu olarak kabul
edilir. O, dili “langue” (dil sistemi) ve “parole” (s6z/nutuk) kavramlariyla agiklamistir. Ona
gore dili tam olarak anlayabilmek i¢in onun i¢ yapisini ve dilsel gostergeler arasindaki
iliskileri incelemek gerekir. Nitekim bir sdzcliglin anlami, diger sozciiklerden farkli olmasi
sayesinde belirlenir. Ornegin “beyaz” sdzciigii, “siyah” sdzciigiinden farkli oldugu igin kendi
anlamini kazanir.

Roman Jakobson ise fonoloji alaninda yapisalct yaklagimin gelismesine énemli katki
saglamistir. O, sozciiklerin telaffuzundaki farkliliklarin, seslerin sistemli karsitliklar
(oppozisyonlar) temelinde isledigini gostermistir. Ornegin “p” ve “b” sesleri yalnizca
otiimliilik 6zelligi bakimindan farklidir. Bu fark, onlarin yapi i¢indeki konumunu belirler ve

anlam ayrimina yol acar (6rnegin “pal” — “bal” gibi).

Amerikan yapisalciliginin temsilcilerinden biri olan Bloomfield, dili ampirik (deneyime
dayali) olarak incelemenin savunucusuydu. O, dilbilimde gozlem, analiz ve siniflandirma
yontemlerini gelistirmistir. Ingilizcede cats sdzciigii cat + -s boliimlerinden olusur; bu
morfemler birbirleriyle olan iligkileri sayesinde ¢ogul anlamini ifade eder.

Yapisal analiz, dilbilimde bilimsel yaklagimin temellerini atan dnemli bir asamadir. Bu
yaklagim dili canli ve birbirine bagli unsurlardan olusan bir sistem olarak ele almis ve daha
sonraki yontemlerin — generatif, bilisgsel, semiyotik ve bilgisayar dilbiliminin — gelismesine
zemin hazirlamistir. Saussure, Jakobson, Bloomfield, Hjelmslev ve Martinet gibi bilim
insanlarinin fikirleri glinimiiz modern dilbiliminin temel dayanaklarindan biri olmaya devam
etmektedir.

Generatif yontem (iiretici dilbilgisi) teorisi ise dili insan zihnindeki i¢ kurallar araciligiyla
aciklamay1 amaclar. N. Chomsky’ nin belirttigine gore her insan dogustan dili 6grenmeye
yatkindir. “Dil insanin biyolojik bir yetenegidir; ¢ocuk dogdugu andan itibaren dili edinmek
i¢in igsel bir gramer sistemine sahiptir” [5;15]. Bu yontem sayesinde dilin **“derin yap1”**s1
ve **“ylizey yap1”**s1 birbirinden ayrilir. Bu yaklagim, dilin gramer sistemini matematiksel
bir model temelinde analiz etme imkani saglar. John Lyons’a gore: “Generatif gramer, dildeki
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anlami, bi¢gimi ve insan diisiincesinin mekanizmasini agiklamaya calisir; bu, dilbilimin en
onemli kuramsal agamalarindan biridir” [4;56]. Lyons, Chomsky’nin goriislerini analiz ederek
onlar1 genel dilbilim kuramina uygulamistir. Ona gore generatif dilbilim, formel modelleme
yontemidir.

Bilissel yaklasim ise dilbilimde dilde yansiyan diisiince siireclerini inceler. Insanlarin ¢evreyi
nasil algiladig1 ve bunu dilde nasil ifade ettigi bilissel analizin merkezinde yer alir. Ornegin
“hayat yolu” ve “zamanin akis1” gibi metaforlar, insan diisiincesinin dilde nasil ortaya
ciktigini gosterir. Bu yontem dil ile diisiince arasindaki giiglii bag1 ortaya koyar. Arastirmaci
M. Nasridinov, “Ingilizce ve Ozbekcede ‘amag’ kavraminin morfolojik yapisal ve anlamsal
analizi” adl1 calismasinda “amag” kavramim Ingilizce ve Ozbekge dillerinde morfolojik
yapist ve semantik 6zellikleri bakimindan incelemistir. Nasridinov, bilissel dilbilim ag¢isindan
leksik birimleri ve kavramsal alani arastirir. Buna gore “amac¢” kavram alam, leksik
birimler, onlarin eklerle olusumu ve bu dilbilgisel birimlerin anlam sistemindeki yeri
iizerinden ac¢iklanmaktadir.

Pragmatik yontem, konugmacinin amaci, dinleyicinin durumu ve konugma baglamini dikkate
alir. Dil kurs analizi ise metnin yapisini, mantiksal tutarliligini ve baglamla olan iliskisini
inceler. Giinlimiizde bu yontemler, politik sOylemler, reklamlar, kitle iletisim araglar1 dili ve
sosyal medya dili analizinde yaygin olarak kullanilmaktadir. Charles Morris, pragmatigin
kurucusu olarak kabul edilir ve ona gore: “Dil gostergeleri ti¢ agidan incelenir: sézdizim
(sintaks) — gostergeler arasindaki iligki, anlambilim (semantik) — gostergeler ile nesneler
arasindaki iligki, pragmatik ise — gostergeler ile onlar1 kullanan insanlar arasindaki iligki”
[3;27]. Morris, pragmatik terimini ilk kez dilbilim ve gostergebilim (semiotik) baglaminda
kullanmistir. Ona gore pragmatik, konugmaci ve dinleyici arasindaki iletisimi, amaci ve
durumu g6z 6niinde bulundurarak dil kullanimin1 inceleyen bir alandir.

Dilbilimci Austin’in Konusma Eylemleri Teorisi (Speech Act Theory), pragmatik yaklasimin
temel diislincesi haline gelmistir. Austin, konugmacinin konusma amacini analiz ederek
lokiitif, illokiitif ve perlokiitif eylemleri ayirmistir:

1. Lokatif eylem — sozciigiin basit anlami (konusma eylemi).
2. T1llokiitif eylem — konusmacinin amaci (6rnegin, emretmek, sormak).
3. Perlokiitif eylem — soziin dinleyici lizerindeki etkisi (inandirmak, tesvik etmek).

Ornegin, “Pencereyi kapat!” ifadesi bir emirdir (illokiitif eylem), ancak dinleyici pencereyi
kapattiginda ortaya ¢ikan sonug perlokiitif etkidir.

Prof. R. Sayfullayeva’ya gore: “Pragmatik, dilde gizli anlami, toplumsal amac1 ve konusma
stratejilerini inceler; her konusmaci amacini dildeki bigimler araciligiyla gerceklestirir”
[7;84].

N. Mahmudov’un “Konusma Kiiltiirii ve Pragmatik” kitabinda belirttigi gibi, dilin estetik ve
kiiltiirel boyutlar1 pragmatik analiz kapsaminda goriiniir hale gelir. Ona gore, konusmaci ile
dinleyici arasindaki kiiltiirel farklilik, anlamin anlasilmasini dogrudan etkiler. Teknolojinin
gelisimi, dilbilimde yeni bir donemin baglamasini saglamistir. Korpus dilbilimi, biiytik
hacimli metinler (korpuslar) iizerinden dil birimlerini otomatik olarak analiz etme imkan1
sunar. Bilgisayar dilbilimi ise makine ¢evirisi, konugsmay1 otomatik tanima, yapay zeka ve
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chatbot sistemlerindedili isleme ile ilgilenir. Bu yontemler, dilbilimsel analizi hizli, dogru ve
istatistik temelli bir hale getirmistir.

Haydarova Dilshoda’nin yazdig1 “Corpus linguistics: theory and practice” adli makalede,
korpus dilbiliminin modern dilbilim alanlarindan biri oldugu vurgulanmaktadir. Bir diger
arastirmaci Hakimova Nargiza’nin “Ozbek Dili Egitim Korpusu: Olusturulmasi, Yapust,
Olanaklar: ve Eksiklikleri” adli makalesinde, Ozbek dilinde amagli egitim korpuslarinin
olusturulmasi, yapisi ve imkanlari ile bazi sorunlari (eksiklikleri) ele alinmistir. Bu makalede
su noktalar 6ne ¢ikarilmistir:

e “Dil korpusu” kavrami ve korpus dilbiliminin metodik yonleri dilbilimde
incelenmektedir.

o Korpus tiirleri, metin formatlari, platform ve arayiiz sorunlar1 vurgulanmaktadir.

Ayrica, egitim korpusu olusturma siirecinde karsilasilan kisitlamalar ve kullanim zorluklar1 da
belirtilmistir.

Ozbek dilbilimcileri, korpus dilbilimini dili sistematik, istatistiksel ve ampirik veriler
temelinde inceleme yontemi olarak kabul etmektedir. Bu alan, Ozbek dilbiliminde heniiz tam
olarak gelistirilmese de, sundugu imkanlar — dil korpuslar1 olusturma, dili ikinci dil olarak
o0grenmede yeni yontemler uygulama ve yapay zeka (NLP) ile iliskilendirme — genisligiyle
taninmaktadir.

Buna ek olarak, korpuslari olusturma, yapilandirma, agiklamalama (annotasyon) ve kullanma
konusunda metodolojik ve teknik sorunlar da kaydedilmistir.

Dil, toplum ve insan psikolojisi ile siki bir sekilde baglantilidir. Sosyolinguistik, farkli
toplumsal gruplarin dil 6zelliklerini, lehge ve sosyal konusma farkliliklarini inceler.
Psikolinguistik ise dili anlama, 6grenme ve konusma iiretme siireglerini psikolojik ag¢idan
analiz eder. Bu alanlar, dili yalnizca bir sistem olarak degil, ayn1 zamanda sosyal ve zihinsel
bir olgu olarak yorumlar.

William Labov, sosyolinguistigin kurucusu olarak kabul edilir ve sosyolinguistigin bilimsel
temellerini olusturmustur. Labov, New York sehrindeki Ingilizce telaffuz farkliliklarini analiz
ederek dil degisiminin toplumsal faktorlere bagli oldugunu bilimsel olarak kanitlamstir.

Ornegin, iist sosyal sinifa ait kisiler “r” sesini net bir sekilde telaffuz ederken, alt siniflarda bu
sesi diistirme egilimi daha sik goriilmiistiir.

Sonug¢

Ozetle, modern dilbilim tek bir yéntemle sinirli kalmaz; aksine, farkli yontemlerin
entegrasyonu dili daha derinlemesine anlama imkén1 saglar. Yapisal, generatif, biligsel,
pragmatik ve bilgisayar dilbilimi gibi yaklasimlar, dili ¢ok yonlii bir olgu olarak incelemenin
temel araglar1 haline gelmistir. Bu yontemler yalnizca teorik dilbilimi zenginlestirmekle
kalmaz, ayn1 zamanda egitim, ¢eviri, bilgi teknolojileri ve yapay zeka gibi uygulamali
alanlarda da 6nemli bir rol oynar.
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ABSTRACT

Intestinal inflammation plays a pivotal role in gastrointestinal disorders, particularly in
conditions such as ulcerative colitis (UC) and Crohn’s disease (CD). It has attracted
increasing attention for its ptential modulation through bioactive substances found in various
dietary sources.

The initial part of this research is dedicated to investigating the potential therapeutic benefits
of two different doses of bluefin tuna and octopus peptides (100 and 400 mg/Kg). Bluefin
tuna oil (100 and 260 mg/Kg), and glutamine (400 and 1000 mg/Kg) as preventive and
curative treatments. These treatments were evaluated using an experimental model of UC
induced by intrarectal administration of single dose of acetic acid (5%) in Wistar rats.

The clear improvement in various parameters, including weight loss, disease activity index
(DAI), and colonic ulcerations in rats subjected to preventive and curative treatments with
these substances, strongly demonstrates their substantial protective and therapeutic effects
against UC. Moreover, levels of total glutathione (GSH), superoxide dismutase (SOD)
activity, malondialdehyde (MDA) levels, and catalase (CAT) activity were significantly
restored in the groups receiving these substances. Therefore, it is conceivable that bioactive
substances of marine origin may be explored in the future as promising candidates for the
develoment of potential UC treatments.

Keywords : bioactive substances- bluefin tuna- octopus- intestinal inflammation- in vivo
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