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Sayın Doç. Dr. Ömer ÖZER 

    Ases (Academy of Scientific and Educational Studies) tarafından düzenlenecek olan 

Kongrelerin Düzenleme Kuruluna Yükseköğretim Genel Kurulunun 15.06.2023 tarihli, 10 sayılı 

oturumunda alınan 2023.10.183 sayılı kararı gereğince Doçentlik Başvuru Şartlarında bulunan ve doçent 

olacak adaylardan istenen "Diğer uluslararası/ ulusal bilimsel toplantının düzenleme komitesinde resmi 

olarak görevlendirilmiş üniversite akademisyen temsilcisi bulunması zorunludur." maddesi gereğince 

akademisyen temsilcisi olarak görevlendirilmeniz Bandırma Onyedi Eylül Üniversitesi Spor Bilimleri 

Fakültesi Dekanlığı tarafından uygun görülmüştür. 

    Bilgilerini ve gereğini rica ederim. 

Prof. Dr. Serkan HACICAFEROĞLU 

Dekan V. 

Ek: ASES_Ömer Özer 
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Ases 2. Uluslararası Avrupa Bilimsel Araştırmalar Kongresi 21-23 Haziran 2026 

tarihlerinde Münih/ALMANYA’da düzenlenecektir.Sunulan bildiriler çift kör hakem tarafından 

değerlendirilmiş olup gerek bilim kurulu gerekse de düzenleme kurulu olarak uluslararası 

niteliktedir. Çalışmaların  

 %37,5 Türkiyeden ve %62,5 Yurtdışından katılan akademisyen ve araştırmacılar tarafından    

sunulmuştur. Kongremiz akademik teşviğe uygundur. Kongre katılımcı ülke bilgileri ve katılımcı 

sayıları aşağıdaki gibidir.  

Toplam bildiri sayısı: 16 

Türkiyeden sunulan bildiri sayısı: 6 

Türkiye dışından sunulan bildiri sayısı: 10 

Katılımcı ülke sayısı: 5 ülke  

Kongreye katılan ülkeler ve bildiri sayıları: Azerbaycan (5 bildiri), 

Özbekistan (1bildiri), Nijerya (1 bildiri), Cezayir (1 bildiri), Hindistan (1 bildiri). 

  

Gereğini arz ederim.  
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CONFERENCE STATISTICS  

 Distribution of the papers presented orally at the conference by countries  

 Country  

  

       Number of Papers          Percentage (%)  

TURKIYE  6 37.50% 

AZERBAIJAN   5 31.25% 

ALGERIA 1 6.25% 

INDIA 1 6.25% 

NIGERIA 2 12.50% 

UZBEKISTAN 1 6.25% 

TOTAL  16 100% 
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Özet 

Yakın fay bölgelerinde meydana gelen depremler, içerdiği yüksek enerjili yer hareketleri ve 

belirgin hız darbeleri nedeniyle yapı sistemleri üzerinde geleneksel deprem kayıtlarından farklı 

etkiler oluşturabilmektedir. Özellikle fay kırılmasına yakın bölgelerde gözlenen hız darbeleri, 

yapılarda kısa süre içerisinde yüksek yer değiştirme ve iç kuvvet taleplerine neden 

olabilmektedir. Bunun yanı sıra son yıllarda meydana gelen büyük depremler, yapıların yalnızca 

tek bir kuvvetli yer hareketine değil, kısa zaman aralıklarıyla gerçekleşen ardışık deprem 

etkilerine de maruz kalabileceğini göstermiştir. Bu durum, deprem mühendisliği alanında yakın 

fay etkileri ile ardışık deprem davranışının birlikte değerlendirilmesini önemli bir araştırma 

konusu haline getirmiştir. Özellikle 6 Şubat 2023 Kahramanmaraş depremleri, ardışık deprem 

etkilerinin yapı performansı üzerindeki önemini açık bir şekilde ortaya koymuştur. İlk deprem 

sonrasında hasar gören birçok yapı, ikinci büyük deprem etkisi altında ilave hasar almış veya 

göçmüştür. Benzer şekilde geçmişte meydana gelen birçok yakın fay depreminde de hız darbesi 

etkisinin yüksek katlı yapılarda önemli performans sorunlarına neden olduğu gözlenmiştir. Bu 

nedenle, betonarme yüksek binaların deprem güvenliğinin değerlendirilmesinde yalnızca tekil 

deprem etkilerinin değil, hız darbesi içeren yer hareketleri ile ardışık deprem senaryolarının da 

dikkate alınması gerekmektedir. Bu çalışmada, yakın fay depremlerinde gözlenen hız darbesi 

olgusu ile ardışık deprem kavramı deprem mühendisliği perspektifinden ele alınmıştır. Hız 

darbelerinin oluşum mekanizmaları, yapı davranışına etkileri ve yüksek binalar üzerindeki 

sonuçları literatürde yer alan çalışmalar ışığında incelenmiştir. Ayrıca ardışık depremlerin 

yapılarda oluşturduğu hasar birikimi, rijitlik kaybı, dayanım azalması ve performans 

seviyelerindeki değişimler güncel araştırmalar çerçevesinde değerlendirilmiştir. Özellikle 

yüksek katlı betonarme binaların uzun doğal titreşim periyotları nedeniyle hız darbelerinden 

daha fazla etkilenebileceği ve ilk deprem sonrasında oluşan hasarın sonraki deprem davranışını 

önemli ölçüde değiştirebileceği vurgulanmıştır. Sonuç olarak, yakın fay etkileri ve ardışık 

deprem davranışı günümüz deprem mühendisliğinin en önemli çalışma alanlarından biri olarak 

öne çıkmaktadır. Bu etkilerin daha iyi anlaşılması, performansa dayalı tasarım yaklaşımlarının 

geliştirilmesi ve gelecekte hazırlanacak deprem yönetmeliklerine katkı sağlanması açısından 

büyük önem taşımaktadır.   

Anahtar kelimeler: Yakın fay etkisi, hız darbesi, ardışık deprem, betonarme yüksek binalar, 

deprem mühendisliği, performansa dayalı tasarım        

 

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 Kahramanmaraş Earthquakes in Türkiye 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–Düzce 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 period is 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-García 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 Kahramanmaraş earthquake sequence represents one of the most destructive 

seismic disasters in Türkiye'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 Kahramanmaraş, 

Hatay, Adıyaman, and Malatya. Field investigations conducted by Çetin 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 Kahramanmaraş 

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 Kahramanmaraş 

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 resilience of structures subjected to repeated seismic loading.(Figure 2.)  

 
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. SUCCESSİVE EARTHQUAKES AND CUMULATİVE 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-García 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 Kahramanmaraş earthquake sequence in Türkiye. 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 Kahramanmaraş 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 

Park and Ang (1985) RC structural members 
Damage index 

formulation 

Proposed a cumulative damage index 
combining maximum deformation 
and hysteretic energy dissipation. 

Amadio et al. (2003) SDOF systems 
Nonlinear 
dynamic analysis 

Repeated earthquake excitations 

significantly increased structural 
demands and damage levels. 

Hatzigeorgiou and 

Beskos (2009) 
RC frames 

Sequential 
earthquake 
analyses 

Residual damage from the first 
earthquake considerably affected the 
response to subsequent events. 

Ruiz-García and 
Negrete-Manriquez 
(2011) 

Multi-story RC buildings Parametric study 

Earthquake intensity and inter-event 

duration were identified as critical 
parameters governing cumulative 
damage. 

Goda and Salami 
(2014) 

RC buildings 
Statistical 
assessment 

Buildings damaged during the first 
event exhibited substantially higher 
collapse probabilities during 

subsequent earthquakes. 

Erdik et al. (2023) 
Building stock affected 
by the Kahramanmaraş 
earthquakes 

Post-earthquake 
damage 
assessment 

Successive earthquakes significantly 
increased the vulnerability of 
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 Kahramanmaraş (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 Kahramanmaraş 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 Kahramanmaraş 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 Kahramanmaraş 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. 

 
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 significant role 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 Kahramanmaraş 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. IMPLİCATIONS 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, increase residual 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 Kahramanmaraş 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: 

• 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. 

• 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. 

• 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. 

• Major earthquake sequences, including the Christchurch (2010–2011), Tohoku (2011), 

and Kahramanmaraş (2023) earthquakes, have demonstrated the importance of considering 

cumulative damage effects in seismic performance assessment and structural safety evaluations. 

• 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. 

• Observations from the 2023 Kahramanmaraş 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. 

• 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. 

• 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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Özet 

Deniz dizel motorlarında kestirimci bakım, yalnızca durum izlemeye odaklanan bir 

yaklaşımdan çıkarak, makine verisinin gerçek gemi işletme koşulları altında güvenilir bakım 

kararlarına dönüştürülmesi problemine dönüşmüştür. Bu çalışma, deniz dizel motorlar ı için 

durum izleme, arıza teşhisi, prognostik gelişmeler ve gemi üzeri uygulamalara ilişkin güncel 

literatürü incelemektedir. Kaynak kümesi; termodinamik izleme, titreşim temelli teşhis, yağ ve 

tribolojik analiz, çoklu sensör birleştirme, makine öğrenmesi tabanlı sınıflandırma, derin 

öğrenme tabanlı tahmin, dijital ikiz yaklaşımları ve gerçek zamanlı karar destek uygulamalarını 

kapsamaktadır. İncelenen çalışmalar genel olarak değerlendirildiğinde, en güçlü kanıtın fiziksel 

olarak anlamlandırılabilen sinyallere ve sınırları belirli bileşen arızalarına yakın kalan teşhis 

uygulamalarında ortaya çıktığı görülmektedir. Enjektör arızaları, valf kaçakları, yağlama 

kaynaklı bozulmalar ve turboşarj anormallikleri bu açıdan öne çıkan örneklerdir. Buna karşılık 

literatür, teşhisten prognostiğe geçildiği noktalarda daha zayıf kalmaktadır. Özellikle erken 

uyarı güvenilirliği, kalan faydalı ömür tahmini, belirsizlik yönetimi ve bakım kararına 

entegrasyon başlıklarında yöntemsel ilerleme saha olgunluğunun önüne geçmiştir. Birçok 

çalışma teknik olarak güçlü sınıflandırma veya tespit başarısı sunsa da, değişken yük koşulları, 

sensör gürültüsü, eksik veri ve gerçek filo işletme kısıtları altında kararlı performans gösteren 

çalışma sayısı daha sınırlıdır. İnceleme, alanın temel darboğazının artık yalnızca veri toplama 

olmadığını göstermektedir. Asıl ihtiyaç, heterojen durum göstergelerini düşük yük getiren, 

güvenilir ve uygulanabilir bakım mantığına dönüştürebilen bütünleşik gemi üzeri sistemlerdir.  

Anahtar kelimeler: gemi dizel motoru, kestirimci bakım, durum izleme, arıza teşhisi, sayısal 

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 et al., 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 availability 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 equipment only 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). 

Ji et 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 et al., 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 shift is 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 

Vibration-based 
monitoring 

That a component-level 
mechanical fault 
signature is present 

Whether the signal 
remains robust across 
noise, structure, and 
sensor-placement 
differences 

Moderate to high, because 
placement and signal 
quality strongly affect 

usefulness 

Tribological / oil-based 

monitoring 

That wear, corrosion, or 
lubrication-related 

degradation is 
accumulating over time 

Whether an immediate 
fault decision should be 

made from oil evidence 
alone 

Moderate, with stronger 
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 
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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. Ji et al. (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. 

Maintenance layer 
What the literature can 

already do reasonably 

well 

Main execution 

bottleneck 

Why deployment still 

stalls 

Monitoring 
Capture large amounts of 
thermal, mechanical, and 

tribological condition data 

Signal ambiguity and 
data-quality variation 

More sensing does not 
automatically create 

clearer decisions 

Diagnosis 

Classify selected fault 
states with useful 
accuracy under controlled 
conditions 

Cross-vessel robustness 
and label quality 

Models may work well in 
studies but weaken under 
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 maintenance action 
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 et al. (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. 

 
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 



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS  

21 

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. A model 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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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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Özet 

Deniz dizel motorlarında atık ısı geri kazanımı artık yalnızca bir alt çevrim seçimi olarak değil, 

gemi düzeyinde bir enerji entegrasyon problemi olarak ele alınmaktadır. Temel sorun, yalnızca 

motordan ne kadar ısının atıldığı değil, bu ısının sıcaklık seviyesi, ekserji değeri, işletme 

değişkenliği ve gemi üzerindeki servis talebiyle birlikte ne kadar kullanılabilir olduğudur. Bu 

çalışma, güncel deniz makine literatüründe öne çıkan başlıca geri kazanım yaklaşımlarını 

incelemektedir. Bunlar arasında egzoz kazanları, tek çevrim organik Rankine çevrimi 

sistemleri, çok kaynaklı ORC kurguları, süperkritik CO2 tabanlı düzenler ve güç geri 

kazanımını ısıtma, soğutma veya deniz suyu arıtma gibi yardımcı servislerle birleştiren hibrit 

çözümler yer almaktadır. İnceleme, doğrudan güç veya buhar üretimi hedeflendiğinde egzoz 

gazının hâlâ en güçlü kaynak olduğunu, buna karşılık gömlek suyu ve şarj havası soğutma ısısı 

gibi daha düşük kaliteli kaynakların ise elektrik üretiminden çok servis eşleştirmesine dayalı 

tasarımlarda daha anlamlı hale geldiğini göstermektedir. Literatür ayrıca mimari seçimin 

yalnızca en yüksek ısıl verime indirgenemeyeceğini ortaya koymaktadır. Termoekonomik 

performans, tasarım dışı çalışma davranışı, retrofit yükü, makine dairesi yerleşimi, kontrol 

edilebilirlik ve bakım etkileri uygulanabilirliği doğrudan belirlemektedir. Benzetim ve 

optimizasyon çalışmaları oldukça artmış olsa da uzun süreli gemi üzeri doğrulama hâlâ 

sınırlıdır. Bu nedenle mevcut bilgi birikimi, evrensel olarak üstün bir çevrimden çok, gemiye 

özgü eşleştirme yaklaşımını desteklemektedir. 

Anahtar kelimeler: gemi dizel motoru, atık ısı geri kazanımı, organik Rankine çevrimi, 

süperkritik CO2, 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 is 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 feasibili ty. 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 

CO2, 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 CO2 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; Mrzljak et 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 heating, 
preheating, or hybrid 
thermal support 

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

Scavenge air / charge-air 
cooling 

Intermediate temperature 
that can strengthen staged 
or ORC-based layouts 

Supplemental heat input 
in integrated recovery 
architectures 

When added source 
utilization creates 
exchanger and control 
complexity without 

enough gain 

Lubricating oil cooling 
Continuous auxiliary heat 
source with predictable 
behavior 

Limited auxiliary thermal 
recovery 

When design effort 
exceeds the relatively 
small recoverable fraction 
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Combined or staged 
sources 

Better total heat 

utilization and stronger 
architecture-level tuning 

Multi-source ORC or 

hybrid vessel-energy 
layouts 

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

 

Table 1 supports two immediate conclusions. Exhaust gas remains the strongest candidate 

where the objective is shaft-equivalent or 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 



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS  

29 

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 itself be 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 CO2 Recovery Systems 

Supercritical CO2 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 sCO2  

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: sCO2 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 CO2 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 sCO2 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 sCO2 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 et al., 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. 

Architecture family 
Prefer this family when 

the vessel... 

Read the evidence 

cautiously when the 

vessel... 

Main reason the 

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 from total heat-use 

optimization 

Faces retrofit constraints 
or limited control 
authority 

It captures the strongest 
architecture-level gains in 
recent optimization 

studies 

sCO2-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. 

 
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 CO2 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 mar ine 
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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; Mrzljak et 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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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  

- Off-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 CO2 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 et al., 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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Özet 

Kırım coğrafyası II. Dünya Savaşı esnasında Almanya ile Sovyetler Birliği’nin savaş alanı 

haline gelmiştir ve stratejik açıdan ziyadesiyle önemli bir bölgedir. Almanya’nın 1941 yılında 

Kırım’ı işgal etmesi, Sovyetler Birliği ile uzun sürecek bir çatışma dönemine girmesine 

sebebiyet verecektir. Kırım halkı ise bu süreçte iki ateş arasında kalmış, mücadele eden iki 

büyük gücün savaş planlarında yer almıştır. Almanya’nın 1941-1944 yılları arasındaki işgali, 

Kırım halkının bir kısmını Sovyetler Birliği’nin baskısından kurtulma amacı ile ümide sevk 

etmiş, diğer kısmı ise Sovyetler Birliği’ne yardım etmek amacı ile Alman ordusuna karşı 

savaşmıştır. Alman ordusu Kırım’ı işgal ettiği süreç boyunca Kırım halkını Sovyetler Birliği’ne 

karşı kullanmak istemiştir ve bu hususta amaçlarına erişebilmek için uyguladığı politikalar 

dikkat çekmektedir. Almanlar Kırım Tatarlarına karşı her ne kadar dini ve kültürel açıdan bazı 

imtiyazlar tanımış olsa da askerlik alanında Kırım Tatarlarının zorluk çektikleri bilinmektedir. 

Alman ordusuna alınan Kırım Tatarları bir yandan ilgili ordu içinde mücadele etmiş, bir yandan 

da Sovyet partizanlarının baskısı ve faaliyetleriyle başa çıkmak zorunda kalmıştır. Bu çalışmada 

orduya alınan ve cephe gerisinde-köylerde partizan çetelerle mücadele eden Kırım Tatarlarının 

vaziyeti ele alınacaktır.  

Anahtar Kelimeler: Kırım, Sovyetler Birliği, Almanya, İkinci Dünya Savaşı, Partizan.  

 

Abstract 

The Crimean region became a battleground between Germany and the Soviet Union during 

World War II and was a strategically important region. 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. 
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ÖZET   

Cevat Fehmi Başkut’a ait tiyatro eserlerinden biri olan Paydos, toplumun yapısını gündelik 

hayatın basit konuları üzerinden görünür kılan bir oyundur. Paydos, esnafın, memurun, 

taşralının, mekanlarıyla bireyin kuşaltılmışlığını, yabancılaşmışlığını simgeleyen Paydos, 

düzenin dışına itilen Muallim Murtaza merkezinde kurgulanmaktadır. Öğretmenlik mesleğinin 

manevi doyumunu maddi doyumundan daha önde tutan Murtaza, toplumsal çarkların 

yönlendirdiği tarafta yer almaya mahkûm olmuş, kendinden ve mesleğinden vazgeçmiştir.   Yer 

yer güldürü ögeleriyle harmanlanan Paydos’ta, ekonomik iktidarın belirleyiciliği ve ekonomik 

iktidarın getirdiği ahlaki çöküntü eleştirel bir üslupla dile getirilerek günlük hayatta 

karşılaşabileceğimiz kişilere ve konulara yer vererek de okurunu ve seyircisini düşünmeye sevk 

etmiştir. Çünkü Paydos’taki olaylar hayatın akışı içinde bireylerin başına gelebilecek türden 

durumlardır. Bu nedenle seyirci ve okur bu durumların üstesinden gelebilmek için oyundaki 

kişilerle empati kurmakta ve kendisinin bu düzenin neresinde olduğuna dair de sorgulamalar 

yapmaktadır. Oyundaki ahşap konağın içindeki bir oda ev ve bakkal dükkânı da gündelik 

hayatın içinden mekanlardır. Bu mekanlar hızla değişen toplum düzeninin farklı kesimler 

üzerindeki etkisini görünür kılmak için oyunda işe koşulmuştur. Murtaza’nın başlangıçta 

kendini ve memur kesimi temsil eden evine bakıldığında hızla değişen toplumdan etkilendiği 

görülür. Bu ev önce asıl kendisini yansıtan eşyalarını kaybetmiş daha sonra birtakım oyunların 

döndüğü toplumun bir panoraması haline gelmiştir. Tıpkı Murtaza’da evi gibi birtakım 

değişimlere maruz kalmış önce çok sevdiği öğretmenlik mesleğinden istifa ederek toplumun 

kendini sıkıştırdığı bakkal dükkanında yaşamaya razı olmuştur. Bu nedenle oyunda eviyle 

birlikte toplumsal çarklara direnme gücünü kaybeden Murtaza bakkal  dükkanına mahkûm 

edilmiş bir temsile dönüşmüştür. Bu bağlamda bu çalışmada yurt dışında profesyonel 

sahnelerde oynan ilk Türk piyesi olma özelliğini taşıyan Paydos, teknik unsurlar, tematik 

unsurlar, merak unsurları, metinlerarasılık yöntemi, içerisinde barındırdığı mesajlar, kişiler, 

zaman ve mekân başlıkları altında ele alınarak çözümlenmiştir.  

 

Anahtar Kelimeler: Tiyatro, Cevat Fehmi Başkut, Paydos  

                                                       

Abstract 

Paydos, a play by Cevat Fehmi Başkut, 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, Mur taza is 

condemned to take the side dictated by the social order, abandoning himself and 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 Başkut, Paydos 
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BİR ELEŞTİRMEN OLARAK NURDAN GÜRBİLEK 

NURDAN GÜRBİLEK AS A CRITIC 

 

Esma Nur KAPLAN 

 

Yüksek Lisan Öğrencisi, Türk Dili ve Edebiyatı Ana Bilim Dalı, Yeni Türk Edebiyatı 

Bilim Dalı, 

ORCİD: 0000-0001-7127-4533 

 

ÖZET   

İnsanı, düşünmeye ve değerlendirmeye sevk eden türlerden biri olan eleştiri, sanattan edebiyata, 

toplumdan bireye kadar pek çok alanda işlevsel olarak kullanılmaktadır. Özellikle edebi sahada 

eleştiri, ele aldığı olay ve olguyu katmanlarına ayırmakta görünenin ötesinde derin anlamlar 

oluşturmayı hedeflemektedir. Bu yönüyle eleştiri hem okura hem de sanata katkı sağlamakta 

yeni bakış açıları oluşturmaktadır. Dolayısıyla eleştiri sadece eksik ve yanlışı gösterme işlevi 

taşımayan sorgulayan, değerlendiren anlamlandıran bir düşünce organizasyonu olarak 

karşımıza çıkmaktadır. Bu yönüyle eleştiri, bir kişinin, eserin ya da konunun değerlendirilmesi 

ve yorumlanması olarak tanımlanırken eleştirmen bu yorumlama ve değerlendirme sürecinin 

baş kişisi olarak tanımlanır. Eleştirmen elinde yaşam bulan eleştiri, yaşamın her alanında 

etkisini göstermekte toplumdan bireye gidecek şekilde bir yol ve yöntem izlemektedir. Bu 

yönüyle toplumların ve bireyin gelişimine katkı sağlayan eleştiri, birey ve topluma bir bakış 

açısı kazandırmakta ve düşünce dünyalarını şekillendirmektedir. Toplumu etkileyen ve 

toplumdan etkilenen edebiyat ise eleştirinin diğer bir önemli malzemesidir. Bu doğrultu da 

yazar ve okur bağlamında bir rehber konumunda olan eleştirmen, bilgi birikimi, dikkati, tarafsız 

duruşu, kullandığı dil ve yorumlama gücü sayesinde yazara ve okura yollar sunmakta ve eleştiri 

sürecini etkin kılmaktadır. Bu bağlamda bu çalışmada “Eleştiri Nedir?”, “Eleştirmen Kimdir?” 

sorularından yola çıkılarak Nurdan Gürbilek’in eleştirmenliği üzerinde durulmuştur. Nurdan 

Gürbilek’in “Vitrinde Yaşamak”, ve “Kötü Çocuk Türk” adı verilen iki eseri kuram yöntemler 

ışığında incelenmiştir. Bu doğrultuda Nurdan Gürbilek’in eserlerinde sıklıkla yer verdiği kuram 

ve yöntemler örneklendirilerek, Nurdan Gürbilek’in eleştirmen yönü ön plana çıkarılmıştır.   

 

Anahtar Kelimeler: Eleştiri, Eleştirmen, Kuram ve Yöntem, Nurdan Gürbilek 

 

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 Gürbilek's role as a critic, starting 
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from the questions "What is criticism?" and "Who is a critic?". Two of Nurdan Gürbilek'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 Gürbilek's works 

are exemplified, highlighting her role as a critic. 

  

Keywords: Criticism, Critic, Theory and Method, Nurdan Gürbilek 
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POETİK  BÜTÖVLÜK VƏ YAXUD  MİLLİ RUH ECAZKARLIĞI 

 

Elman Quliyev 

Azərbaycan Dövlət Pedaqoji Universitetinin professoru, Türkoloji mərkəzin Türk 

bölməsinin müdiri 

 

 

         Təxminən 50 illik bir tarixdə Azərbaycan ədəbi-mədəni, ictimai-siyasi həyatında cəfakeş 

çalışmaları ilə tanınan, bu dövrdə uğurlu fəaliyyəti ilə yadda qalan, xüsusi olaraq Azərbaycan 

ədəbiyyatı tarixində sağlığında əbədiləşən Sabir Rüstəmxanlı sənətindən danışarkən ilk olaraq 

göz önündə iki görkəmli akademikimizin fikirləri canlanır. Hələ keçən əsrin 80-ci illərinin 

əvvəllərində akademik Mirzə İbrahimov Sabir Rüstəmxanlını milli mündəricəli yaradıcılığına 

görə “milli ruhlu şair və vətəndaş” hesab edərək onun Azərbaycan ədəbiyyatının parlaq 

səhifəsinə çevriləcəyinə inam nümayiş etdirmişdir. Bundan 35 il sonra isə akademik İsa 

Həbibbəyli Sabir Rüstəmxanlı sənətinin ecazkarlığından bəhs AÇARAQ onun yaradıcılığını 

“Azərbaycan müstəqilliyinin  sənət aktı” kimi dəyərləndirmiş və bu yaradıcılığa yüksək qiymət 

vermişdir. Səslənən fikirlər bir-birindən 35 illik zaman fasiləsi ilə fərqlənsə də, sənətin 

mahiyyət müstəvisində obyektiv dəyərləndirilməsi  səbəbindən fikirlər üst-üstə düşür .Çünki 

hər iki baxışda Sabir Rüstəmxanlı yaradıcılığının yüksək vətəndaşlıq qayəsi bu yaradıcılığın 

milli meyl və istiqamətləri çərçivəsində özünə yer alır və dəyər qazanır. 

          Sabir Rüstəmxanlı sənəti tarixə və müasir həyata, ictimai-siyasi proseslərə nüfuz edə 

bilmək bacarığı, həm də cəsarəti ilə seçilən sənətdir. Onun sənətini formalaşdıran söz (fikir) 

həyatın özündən, dibindən doğan sözdür, düzgün və vicdan sözüdür. Bu söz əsl insan, əsl 

vətəndaş yetişdirən, onu milli tale məqamına yüksəldən, əsl həqiqət uğurunda mübarizədə 

qalibiyyətini təmin edən sözdür. Sabir Rüstəmxamlı yaradıcılığında söz ədalətin, düzlüyün, 

azad düşüncənin, vicdanın, insan qayğılarının özünə və ifadəsinə xidmətdir. Elə bilirəm ki, türk 

dünyasının müasir klassiki, qırğız yazıçısı Çingiz Aytmatovun aşağıdakı fikirlərinin məntiqi ilə 

söz haqqını xalqdan alan  Sabir Rüstəmxanlının yazıçı-sənət idealı arasında oxşarlıq 

axtarmağımda kifayət qədər haqlıyam: “İnsanlar mənə onların adından danışmaq hüququ 

vermişlər. Mən elə etməliyəm ki, onlar yanılmadıqlarını görsünlər”. Bu öhtəliyin sənətkar 

tətəfindən layiqincə icrası, yaradıcılıq nümunələrinin isə oxucular tərəfindən birmənalı olaraq 

qəbulu və təsdiqi  Sabir Rüstəmxanlı şəxsiyyətnin və sənətinin xoşbəxtliyidir.  

              Sabir Rüstəmxanlı ədəbi mühitdə milli mövqeyi ilə seçilən və maraq doğuran 

sənətkardır. Böyük azadlıq ehtiraslarından doğan Sabir Rüstəmxanlı bədii irsinin bütün 

janrlarında  toxunduğu məsələlər vətəndaşlıq qayəsi  nümunəsində aparıcılığı ilə fərqlənir. 

Maraq doğuran, oxucunu cəlb edən, həm də milli idealogiyamıza lazım olan odur ki, Sabir 

Rüstəmxanlının vətəndaşlıq qayəsi çılpaq tərənnüm nümunəsi kimi yox, milli ruh göstəricisi 

tipində həm canlandırılır, həm də təqdim olunur. Buna görə də ecazkar qələminin gücü ilə Sabir 

Rüstəmxanlının həyat həqiqətlərinə təkrarolunmaz müdaxilə və münasibət bacarığına heyrət 

etməmək olmur. Hələ 1978-ci ildə, Sovetlər dönəmində söyləmiş olduğu aşağıdakı fikirlər milli 

taleyə bağlanan sənətkar ömrünün narahatçılıqlarını əks etdirmək baxımından xarakterikdir. 

“Hərdən öz-özümdən soruşuram: Xətai öz ömrünü kişi kimi yaşayıb getdi. Azərbaycan 

türkcəsini dövlət dilinə çevirdi. Onun təkbaşına bacardığı işi indi biz hamılıqla görə bilmirik. 

Bəs neyləyək?.” Qərb düşüncəsində Çernışevski, Türk düşüncəsində İ.Qaspiralı, C.Dağcı, 

Ə.Hamid və s. dühaların tarixi sınaq və cəmiyyət dəyişməsi dövrlərində  insan, cəmiyyət, millət 

problemlərinin həlli yollarında irəli sürdükləri “nə etməli?” düşüncələri ilə səsləşən bu 

fikirlərdə milli şüurun oyanışı ilə yanaşı, vətəndaş dirçəlişi və mücadiləsinə çağırışın 

elementlərini görməmək mümkün deyil. Bu vəziyyətdə Sabir Rüstəmxanlının milli mövqe və 

vətəndaş yanğısının  hədəf seçdiyi Vətən  nə  quru nəzəriyyədir, nə şair duyğusudur, nə də 

filosof fəlsəfəsidir.Vətən ilk növbədə onun üçün əcdadlarımızın uyuduğu məzar 
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yeri,  camilərimizin ucaldığı müqəddəs inanc ocağı, böyük Cavad xanın qətl yeri  və torpağı ot 

deyil, kişi göyərdən ulu diyardır: 

Bir əlçim buluddu, 

Bir ömür umuddu, 

Bir için sudu, 

Yandıqca odlanan ocaqdı, 

Daddıqca dadlanan arzudur. 

Bir tərəf bahar leysanıdır, 

21 Azər qanıdı, 

Cavad xanın qətl yeridi, 

Sabirin “Fəxriyyə” şeiridi, 

Dağları dumanda itən- 

Vətən...Vətən! 

 

Şimşəklər çinartək sancılıb yerə, 

Düşmənin gözünə dirsəkdi  hər dağ. 

Babalar atını sürüb gedibdi, 

Qalalar boylanıb qalıbdır ancaq 

Oğlu-Şah İsmayıl Xətai adlı 

Ağ atlı oğlan var, atı qanadlı 

Bir də Suraxanı atəşgahı var 

Bir də Misri qılınc, bir də Çənlibel 

Bir də “Heydərbaba” yazılmış bir dil 

Torpağı ot deyil, kişi göyərdən  

Vətən...Vətən! 

 

          Sabir Rüstəmxanlı Vətən anlamını yeni orijinal üslub tipində yüksək vətəndaşlıq 

qayəsinin,  milli ruhun göstəricisinə çevirə bildi. Yazar milli ruhun milli taleyə təsiri fonunda 

əsl vətəndaş olaraq Vətəni ömründən keçirməklə “qürbətdə vətən adam” obrazının fəlsəfəsini 

möhtəşəm şəkildə oxucuya çatdıra bilir. 1988- ci ildə yazmış olduğu “Ömür kitabında” 

milliliyin bədii-publisistik, həm də fəlsəfi- tarixi dərki sənət dünyamızda Azərbaycannamə 

mükəmməlliyini təmin edə bildi. Maraqlı bir məqama toxunmaq istərdim. Milli-tarixi 

geçəkliklər çərçivəsində anamız Azərbaycala bağlı yazılan bu əsər ilə R.Həmzətovun “Mənim 

Dağıstanım” və Cəlil Məmmədquluzadənin “Anamın kitabı” arasında oxşarlıq axtarmaq 

mübahisə doğurmur. Bu barədə fikir müəllifləri kifayət qədər haqlıdırlar. Lakin Sabr 

Rüstəmxanlının “Ömür kitabı” ilə O.Süleymenovun “Az-Ya”  əsəri arasında paralel  və kəsişən 

xətlərin müqayisəsində milliliyə, türkçülüyə, xalqa, vətənə, bir qədər də irəli getsək azadlıq və 

müstəqilliyə bağlılığın və xidmətin təzahürünü görə bilərik. Əgər O.Süleymenov əvvəl “az” 

sonra “ya” deməklə fikirlərini “dünya elm kürəsində” bişirərək Şumer -türk dili və tarixi 

əlaqələrinin, Şumer mədəniyyət izlərinin, bu mədəniyyətin dünya mədəniyyətinə təsiri 

məsələsini öyrənirdisə, türkün özünü tanıma və özünü tanıtma yolunda möhtəşəmlik nümayiş 

etdirirdisə  və s., “Ömür kitabı”nda S.Rüstəmxanlı əvvəldə də  sonda da Azərbaycan deməklə 

milli ideal axtarışlarını davam etdirir, bu axtarışların milli, tarixi, fəlsəfi, ictimai-siyasi, 

humanist və s. mahiyyətini iftxar doğuracaq səviyyədə açıqlaya bilir. Bütöv Azərbaycanın 

simvolu olan “Ömür kitabı”nda müəllif keçmişimizlə bu günümüz arasındakı əlaqələrin, baş 

vermiş  tarixi hadisələrin mahiyyətini açır,  Azərbaycanın tarixdə  böyük və əhəmiyyətli roluna 

önəm verir. Oljas Süleymenov kimi Sabir Rüstəmxanlı da fikirlərini “elm kürəsində” bişirərək 

tarixin bizə yönəldilən saxta yorumlarını darmadağın etməklə minilliklərin Azərbaycan 

həqiqətlərini üzə çıxarır. Elə bilirəm ki, “Ömür kitabı” ilə  Sabir Rüstəmxamlı bir şeirində 

dediyi kimi, “zamandan  keçən yox, zamanı özündən keçirən” milli tale daşıyıcısı və 
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təəssübkeşi obrazında tariximizə, mənəviyyatımıza söykənməklə Tofiq Fikrətin təbirincə desək 

“tarixi-qədim” simvolunda Azərbaycanın yaşamaq və yaşatmaq haqqını dünyaya bəyan etməyi 

bacarır.: 

Zaman məndən keçir, keçir durulur... 

Dəyir sınaqların zərbəsi mənə, 

Keçirdim tarixi əsəblərimdən 

Dünənlə sabahın körpüsü mənəm 

 

“Tarixi əsəblərindən keçirən”, dünənlə sabahın körpüsü olan Sabir Rüstəmxanlının tarixə 

müraciətlərinin başlıca məqsədi milli ehtiyaclarımızın ödənilməsinə hesablanır. “Göy Tanrı”, 

“Ölüm zirvəsi”, “Xətai yurdu”, “Difai fədailəri”, “Şair və şər” və s. iri həcmli Azərbaycannamə 

və tarixnamə nümunələrində ömrünü milli taleye bağlayan sənətkarın ürəyində yaşayan millət 

ruhunu görməmək mümkün deyil. Dərindən izlədikdə görürük  ki, Vətən Sabir Rüstəmxanlının 

emblemidir. Lakin sənətkar təfəkküründə Vətən konkret coğrafiya anlamında torpaq, ərazi, 

məkan çərçivəsindən çıxaraq 21 Azər qanı kimi, Cavad xanın qətl yeri kimi, Ənəlhəq harayı 

kimi, Ağ atlı oğlan kimi, Misri qılınc və Çənlibel kimi, “Heydərbaba” dili və s. kimi  böyük 

arenada həm sərhədləşir, həm də bayraqlaşa bilir. 

Yol ver yurdun bayrağına,  

Vaxtın,gücün,ölümün 

Yendirə bilmədiyi, 

Əyrilərin düz yoldan, 

Döndərə bilmədiyi,  

Bir haqq bayrağı var əlimdə 

Kimsənin dağına qonmaz  

Kimsənin yaxasına sancılmaz... 

  

  Sabir Rüstəmxanlının , Dinər “Qaragilə”  

Ağlama, bəsdi 

Zaman bu mahnının çəpəri olmaz – 

 misralarında da Vətənin ürəyindən keçənlərin şairin ürəyindən keçdiyini açıq-aydın  görmək 

mümkündür. Lakin bu cür təqdimatda Vətən adı  Vətənin özü qədər böyük və qədim olan(həm 

də bizim olan) Tarix adı ilə paralelləşir. Çünki Vətən Sabir Rüstəmxanlı üçün geniş anlamda 

böyük bir tarixdir,  mücadilə dolu, hürriyyət və istiqlal nemətli böyük bir tarix. Böyük bir Vətən, 

böyük bir tarix anlamı sənətkarın baxışlarına hakim kəsildiyi üçün, “azadlığın ilk səngəri, 

tarixlərin şah əsəri” deyimindəki konkret məkan olan  Təbriz də ümumiləşmə qazanır, tarixin 

qədim dövrlərindən çağımıza qədər olan olaylara işıq tutur. Qədim türk qəhrəmanlığının 

simvolu olan Oğuz xanın şərəfini uca tutan “Göy tanrı” romanının yazılmasını bu cür 

düşüncələrin təsiri hesab etmək olar. Sabir Rüstəmxanlı türk qəhrəmanlıq dastan tipini roman 

qəhrəmanı tipinə çevirərkən millətin tarixi, yaşayış yerləri, adət-ənənəsi, psixologiyası, 

inancları, həyata baxışları və s. ilkinliklərə vəfa nümayış etdirir. Oxucunun həm bədiiyyət, həm 

də tarixiliklə heyrətləndirilməsi Sabir Rüstəmxanlının əsərdə əldə etdiyi ən böyük 

nailiyyətlərindən biridir. Sabir Rüstəmxanlı Oğuz xanın timsalında göyü çadır, günəşi bayraq 

hesab edən, əlində qılınc yer üzündə ədaləti, harmoniyanı bərqərar etmək istəyən türk 

qəhrəmanlarının ümumiləşmiş obrazını canlandıra bilir.Bu da  əlbət ki, romanın süjetində 

dayanan “Oğuznamə”lərlə bağlıdır. Ona görə də türk qövmünün mənşəyi ilə əlaqədar müəllif 

fikirləri “Oğuznamə” silsiləsində yer alan mifik, əfsanəvi və qismən də tarixi bilgilərlə üst-üstə 

düşür. Ancaq bir vacib həqiqətin üstündən sükutla keçmək mümkün deyil. Əgər “Oğuz kağan” 

dastanı da daxil olmaqla bütün “Oğuznamə”lər silsiləsi türkün fərqli tarix və mədəniyyət 

göstəricisi olmaqla tarixə bağlanıb tarixi əks etdirirsə (yaşayış, adət-ənənə, psixologiya, inanc, 

həyata baxış, dövlət və idarəçilik sistemi, ailə, məişət və s.), Sabir Rüstəmxanlı “Göy 
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tanrı”romanında sadalanan dəyərlər fonunda daha irəli gedərək millətin itmiş yaddaşının 

bərpası və özünə qaytarılması yollarını müəyyənləşdirməyə çalışır, özümüzü tanımağın, 

özümüzü tanıtmağın vacibliyinə önəm verir. 92 illik ömrünün yalnız 21 ilini doğma vətənində 

keçirən, 71 ilini isə qərib Londonda mühacir həyatı yaşamaq zorunda qalan, vətəninin rus işğal 

fəryadlarını qalın-qalın romanlara köçürən müasir  Krım-tatar ədəbiyyatının əvəzolunmaz 

nümayəndəsi Cengiz Dağcı öz yaradıcılığına belə bir yanaşma edirdi: “Mən tək olaraq Krımın 

yazarı deyiləm, amma Krımın faciələrini bütün gerçəklikləri ilə yalnız mən yaza bilərəm.” Bu 

məntiqi anlamaq çətin deyil. Düşünürəm ki, Sabir Rüstəmxanlının böyük tariximizi, eyni 

zamanda üzləşdiyimiz faciələri Cengiz Dağcı kimi bütün gerçəklikləri ilə yaza bilməsinin 

mənbəyini onun istedadi  ilə yanaşı, cəsarətində, tariximizə, kökümüzə, milli ruhumuza, vətən 

taleyimizə ruhən bağlılığında, o cümlədən türkün ilk fatehlərindən olan, ədalət naminə 

müharibələrdən yorulmayan Oğuz Kağanın ədalətini, qılıncının hökmünü, Əhməd Yəsəvi 

ruhunu, Böyük Çöl konsepsiyasını, Turana gedən yolu öz taleyi kimi yaşamasında axtarmaq 

lazımdır. 

  Bu mənada  yüksək vətəndaşlıq ruhu ilə Gəncə xanı Cavad xan haqqında qələmə alınan “Ölüm 

zirvəsi”ni Sabir Rüstəmxanlının Vətənə və dövlətçiliyimizə xidməti, eyni zamanda millətimizin 

torpaq uğurunda, bütövlük uğurunda əzmkarlığının, düşmənə əyilməzliyinin nümunəsi, amma 

ən əsası rus işğalına qarşı Sabir Rüstəmxanlınlın ədəbi-tarixi-fəlsəfi üsyanı kimi 

dəyərləndirmək olar. Çünki müəllif 2020-ci ilin 44 günlük Zəfər tarixinə qədər müxtəlif 

dövrlərdə torpaq və dövlətçilik itkilərimiz sırasında rus işğalına tab gətirməyən Cavad xanın 

şəhidliyi timsalında namusun, şərəfin, məğrurluğun, mübarizliyin obrazını yaradır. Akademik 

İsa Həbibbəylinin sözləri ilə desək, “roman sanki milli müstəqilliyin açarını – tarixi hünər və 

Vətən uğrunda şəhid olmağın zirvəsini müasir oxucuya tanıdır. Cavad xan əsərdə müstəqil 

olmaq, tarixən Azərbaycana məxsus olan torpaqların Azərbaycan olaraq qalmasının 

tərəfdarıdır. O, torpaqları xoşluqla, vuruşmadan düşmənə təhvil verməyi namus və şərəfdən 

kənar hesab edir. Romanda baş verən tarixi hadisələr eyni zamanda 1990-cı illərdə, müasir 

dövrdə müstəqil Azərbaycan ətrafında cərəyan edən hadisələri də dərk etməyə kömək edir.” 

Cavad xanın rus işğal siyasətini həyata keçirən general Sisyanova ünvanladığı “Gəncəyə ancaq 

mənim meyitimin üstündən keçib daxil ola bilərsən” -sözləri təkcə onun qətiyyəti, torpaq 

sevgisi, mübarizliyi, cəsarəti və s. kimi yox, həm də qalibiyyəti kimi xarakterizə etmək daha 

düzgün olar. 

Çünki XIX əsrin sonu XX əsrin əvvəlləri Türkiyə türk ədəbiyyatının görkəmli ədəbi 

simalarından biri Əbdülhəq Hamidin “Əşbər” əsərinin baş qəhrəmanının torpaq, vətən uğrunda 

mübarizəsi və qürurlu ölümündə məğlubiyyətin yox, qələbənin izharı eyni taleli obraz kimi 

Cavad xanın haqqında da bu cür fikir formalaşdırmağa imkan verir. 

Sabir Rüstəmxanlının “Ölüm zirvəsi” romanında olduğu kimi Ə.Hamidin “Əşbər”əsərinin də 

mərkəzi xəttində vətənpərvərlik duyğularının tərənnümü, ədalətsiz fatehlərə qarşı mübarizə, 

torpaqların yadellilərdən qorunması ideyası dayanır. Lakin hər iki əsər arasında əsaslı fərq 

zaman və məkan müxtəlifliyidir. Ə.Hamid Avropanın Şərq işğal maraqlarında Türkiyənin hədəf 

olduğunu bilsə də ”Əşbər” əsərində Avropanın içğal  maraqlarını uzaq Hindistana-Pəncaba 

köçürür. Zaman olaraq da XIX əsr tarixi  Makedoniyalı İsgəndər dövrü ilə əvəzlənir.”Əşbər” 

əsərində  müəllif Əşbərin rəhbərliyi ilə vətənpərvər igidlərin işğalçı İsgəndər ordularına qarşı 

mübarizə meydanına atıldıqlarından, onların  şücaətlərindən bəhs açır. Bu vəziyyətdə Ə.Həmid 

həm Əşbərin, həm də Pəncab igidlərinin vətənpərvərlik qüdrətlərinin bütün gözəllik və 

incəliklərini ortaya çıxara bilir.(Sabir Rüstəmxanlının “Ölüm zirvə”sində olduğu kimi). Əşbərin 

yeganə idealı Vətəni qorumaqdır. Cavad xan kimi o da Vətən naminə hər şeyi qurban verməyə 

hazırdır. 

Son anda hər iki əsərdə biz işğalçı orduların əhalini qılıncdan keçirtdikləri, özləri ilə böyük 

fəlakət gətirdikləri səhnələrinin şahidi oluruq. Hər iki müəllif bu faciə anlarını təsirli boyalarla 

əks etdirir. Lakin Ə.Həmid də, Sabir Rüstəmxanlı da düşmənin uğurunu millətin məğlubiyyəti 
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kimi qələmə almır. Çünki Əşbərin də, Cavad xanın da mübarizəsi haqq işidir. Həm Ə.Həmid, 

hə də Sabir Rüstəmxanlı yeni dövr, yeni mərhələ üçün daha orijinal, daha səciyyəvi 

olan  ideyalar formalaşdırmağı bacarır: “Haqq işi uğrunda mübarizədə ölüm var, məğlubiyyət 

yoxdur.Bu mübarizədə ölümün özü də qələbədir.” “Ölüm zirvəsi” romanında Sabir 

Rüstəmxanlı işğalçı baxışları ilə vətənpərvər baxışlar paradoksalllığında ortaya atdığı daha bir 

başqa fikir  filosofanə  yanaşma təsirindədir.”Zəfər və heç” Yəni haqq işi uğrunda ölüm zəfər, 

ədalətsizliyin, işğalçılığın qələbəsi isə  heç. 

         Elə bilirəm ki, türk dünyamızın böyük yazıçısı Çingiz Aytmatovun totalitar maraqlarla 

mübarizədə qalib gələ bilməyən milli maraq qəhrəmanları ilə  Sabir Rüstəmxanlının Cavad xanı 

arasında oxşarlıq axtarmağa dəyər. Çünki Çingiz Aytmatovun totalitar maraqlarla milli 

maraqların toqquşması səhnələrində (“ Ağ gəmi”də , “Əlvida Gülsarı”da, “Əsrə bərabər gün”də 

və s.) qalibiyyət qazana bilməyən obrazlarının  simasında milli ideyaların yaşadılaraq sonrakı 

mərhələyə ötürülmə təşəbbüsü  işğala, əsarətə qarşı qətiyyətli mübarizəsi, düşmənə nifrəti, milli 

qüruru və s. keyfiyyətləri ilə obrazlaşan  Cavad xanın  ölum zirvəsinin mahiyyətində dayanan 

milli ideyanın gələcək nəsillərə ötürülmə fəlsəfəsi ilə  üst-üstə düşür.Sabir Rüstəmxanlı “Ölüm 

zirvəsi” romanında tarixi mövzuya müraciət etməklə Cavad xanın timsalında Gəncə igidlərinin 

vətənpərvər duyğularını ifadə etmiş, yeni dövr, yeni ədəbiyyat üçün səciyyəvi olan vətən 

naminə şərəfli ölüm idealını ortaya atmışdır. 

Bu gün inamla demək olar ki, Sabir Rüstəmxanlı yaradıcılığı müstəqilliyimizə, 

dövlətçiliyimizə, millətimizə xidmətin xüsusi nümunəsi və ədəbi simfoniyasıdır: 

Başımızın üstündə dalğalan, dev bayrağım! 

Yarı torpaq, yarı göy, yarı alov bayrağım! 

Dalğalan, qöy havanla Bakımız küləklənsin, 

Düşmənin gözü çıxsın, sevənlər ürəklənsin! 

Sən Günəşə qalxsan da, bu torpaqdı beşiyin, 

Daha sənə əl çatmaz dursalar da qəsdinə 

Bu gün azadlığımsan Bakının göylərində, 

Sabah da bütövlük ol, ucal Təbriz üstündə! 

Təbrizdən söz düşmüşkən, Azərbaycanın siyasi-inzibati baxımdan parçalanması və müxtəlif 

dövlət subyektlərinin tərkibinə daxil olması Sabir Rüstəmxanlı yaradıcılığının ən ağrılı 

mövzularından biridir. Xüsusilə, Cənubi Azərbaycan itkimizin haray və fəryadları onun 

poeziyasının aktual istiqamətlərindəndir. Azərbaycanın parçalanmasına etiraz  mövzusu Sabir 

Rüstəmxanlının vətənpərvərlik mövqeyinin göstəricisi, o cümlədən baş vermiş hadisələrin 

həyati, tarixi anlamda dərki və qiymətləndirilməsidir. Bu həm də Azərbaycan xalqının tarixi 

gerçəklik, gələcək arzu və istəklərinin əksi, bütöv Azərbaycana inamı baxımından da xüsusi 

əhəmiyyətə malikdir. 

 

Bu yurd türkün torpağı! İzləri itmir hələ! 

Əkdiyin şər toxumu göyərib bitmir hələ, 

Fikrin Sasanilikdən bəriyə ötmür hələ - 

Anlamırsan millətlər önündə kəniz deyil! 

Təbriz sənə inanmaz! İnansa Təbriz deyil! 

 

Firdovsinin sözü də tarixdən bir namədir, 

Türkün böyüklüyündən qəzəblənib nə dedi? 

Yazdığı həm “Şahnamə”, həm də “Turannamə”di, 

Ey sonumu gözləyən, türk gün altda buz deyil, 

Əriyib suya dönməz! Ərisə Təbriz deyil 

Bu zənciri qıracaq! Dözümü sonsuz deyil! 
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     Şübhə yoxdur ki, xalq şairi Sabir Rüstəmxanlı özünün dəyərli poeziyası, bədii nəsri və 

publisistikası ilə bundan sonra da Azərbaycan xalqına, Azərbaycan dövlətçiliyinə, Vətənimizə 

və ədəbiyyatımıza xidmət göstərəcək,  ədəbiyyatımızın parlaq səhifələrindən birinə 

çevriləcəkdir. 

                                                                                                    

 

                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS  

47 

THEORETICAL AND PRACTICAL FOUNDATIONS OF THE PROTECTION OF 

WOMEN’S AND CHILDREN’S RIGHTS IN THE MODERN LEGAL SYSTEM 

 

Nuriyeva Gulnar Farhad 

 

National Defense University 

Heydar Aliyev Military Institute1 

Institute of Military Administration2, Azerbaijan 

ORCID ID: 0009-0005-0596-6888 

 

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. 

Xülasə 

Bu məqalədə milli qanunvericilikdə qadın və uşaq hüquqlarının qorunmasının nəzəri və praktiki 

əsasları araşdırılmışdır. Məqalədə Azərbaycan Respublikasının qanunvericilik sistemi ilə 

yanaşı, beynəlxalq hüquqi mexanizmlər və dünya təcrübəsi də təhlil edilmişdir. Qadın və 

uşaqların hüquqlarının müdafiəsi sahəsində gender bərabərliyi, məişət zorakılığı, erkən 

nikahlar, uşaq hüquqlarının müdafiəsi, rəqəmsal təhlükəsizlik və süni intellekt 

texnologiyalarının yaratdığı yeni hüquqi problemlər geniş şəkildə araşdırılmışdır. Eyni 

zamanda Skandinaviya ölkələrinin gender siyasəti, Avropa dövlətlərinin rəqəmsal təhlükəsizlik 

sahəsində təcrübəsi və beynəlxalq təşkilatların fəaliyyəti müqayisəli şəkildə təhlil edilmişdir. 

Məqalədə göstərilir ki, müasir dövrdə qadın və uşaq hüquqlarının qorunması yalnız hüquqi 

məsələ deyil, həm də sosial təhlükəsizlik və demokratik inkişafın mühüm göstəricilərindən 

biridir. 

Açar sözlər: qadın hüquqları, uşaq hüquqları, gender bərabərliyi, insan hüquqları. 

 

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 

актуal 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 Türkiye has caused serious international concern. 

The term “femicide” is now widely used in international law. Thousands of people in Türkiye 

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 situation a 

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 актуal. 

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 is 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. 
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 Bədii tərcümə başqa tərcümələrdən orijinal bədii yaradıcılıqla bilavasitə bağlılığı ilə 

seçilir. Bədii tərcümədə söz estetik mahiyyət kəsb edir. Buna görə də bədii tərcümə problemləri 

bədii yaradıcılığın spesifik qanunlarına daxildir. Mütəxəssislər bəzi əsərlərin tərcüməsində 

peşəkarların olmamağı, tərcümə üçün əsərin düzgün seçilməməsi, həvəskar tərcüməçilərin 

çoxalması və s. kimi amillərin olduğunu bildirirlər. Bədii tərcümələr arasında peşəkar olanlara 

və olmayanlara rast gəlinir. Xüsusilə də, ədəbi dilin ruhunu hiss etməyən naşı tərcüməçilər var. 

Tərcüməçilik həm də estetik hadisədir.  Dilin estetikasıdır. Tərcüməçilər mütləq bunu nəzərə 

almalıdırlar. Televiziyada filmlərin dublyajının ürəkaçan olmadığını da qeyd etmək lazımdır. 

Aktyorlar tərəfindən tərcümələr bəzən ana dilimizə çox pis səslənir. Tərcümədə səs estetikasına 

da baxılmalıdır. Tərcümə yalnız vizual hadisə deyil. Tərcümə elə bir yaradıcılıq sahəsidir ki, 

orada sadəcə bir dildən başqa dilə sözləri mexaniki çevirmək, sətri tərcümə kifayət etmir. Bədii 

tərcümədə ən çətin tərcümə olunan elementlərdən biri frazeoloji vahidlərdir. Orijinalın 

frazeoloji vahidlərini tərcümə dilində ifadə etmək üçün müxtəlif üsullar, yollar mövcuddur.  

1. Ekvivalent üsulu. Məxəz dildəki frazeoloji vahidindəki obrazlılıq və məna hədəf dildə tam 

üst-üstə düşməlidir. 

2. Analoq üsulu. Məxəz və hədəf dillərdə frazeoloji vahidlər məna-məzmunca bir-birinə uyğun 

olur, lakin obrazlılıq dəyişir.  

3. Təsviri üsul. Hədəf dildə müvafiq ekvivalenti və analoqu olmayanda işlədilir.  

4. Antonim üsulu. Məxəz dildəki inkar hədəf dildə təsdiqə verilir, yaxud əksinə.  

5. Kombinə üsulu.  

Frazeoloji vahidin mənasını tam vermək mümkün olmadıqda tərcümə üsullarından bir neçəsi 

eyni zamanda istifadə olunur, əvvəl kalka, sonra təsviri tərcümə və daha sonra müqayisə üçün 

hədəf dildəki analoq verilir.  

Nəticə etibarilə, bədii tərcümə yalnız sözlərin bir dildən digərinə çevrilməsi deyil, həm də 

estetik və yaradıcı prosesdir. Tərcüməçi əsərin məna yükünü, üslubunu, obrazlılığını və 

emosional təsirini qorumağa çalışmalıdır. Bu baxımdan bədii tərcümə yüksək peşəkarlıq, geniş 

dil biliyi və ədəbi zövq tələb edir. Xüsusilə frazeoloji vahidlərin tərcüməsi zamanı müxtəlif 

üsullardan istifadə olunması tərcümənin keyfiyyətinə birbaşa təsir göstərir. Uğurlu bədii 

tərcümə orijinal əsərin ruhunu və estetik dəyərini hədəf dildə oxucuya dolğun şəkildə 

çatdırmağı bacarmalıdır. 

 

Açar sözlər: bədii tərcümə, məxəz dil, hədəf dil, tərcümə üsulları 
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XARİCİ DİL ÖYRƏNİLMƏSİNDƏ MOTİVASİYA FAKTORLARI 

 

ADPU,Xarici Dillər Mərkəzi 

baş müəllim Mahmudova Mehriban Akif 

 

   Müasir dövrdə xarici dil bilikləri insanların həm akademik, həm də peşəkar inkişafında 

mühüm rol oynayır. Qloballaşma prosesi nəticəsində beynəlxalq əlaqələrin genişlənməsi xarici 

dillərin öyrənilməsini daha da aktuallaşdırmışdır. Xarici dil öyrənmə prosesində uğura təsir 

edən əsas amillərdən biri motivasiyadır. Motivasiya insanın müəyyən məqsədə çatmaq üçün 

fəaliyyət göstərməsinə səbəb olan daxili və xarici qüvvələrin məcmusudur. Dil öyrənən şəxsin 

motivasiya səviyyəsi onun öyrənmə sürətinə, dil bacarıqlarının inkişafına və nəticələrin 

keyfiyyətinə birbaşa təsir edir. 

   Motivasiya insan davranışını istiqamətləndirən əsas psixoloji amillərdən biridir. Təhsil 

sahəsində motivasiya öyrənənin biliyə olan marağını və öyrənmə istəyini artırır. Dil 

öyrənməsində motivasiya əsasən iki növə bölünür: daxili və xarici motivasiya. 

 

   Daxili motivasiya şəxsin dili şəxsi maraq, mədəniyyətə maraq və ya özünü inkişaf etdirmək 

məqsədilə öyrənməsi ilə bağlıdır. Belə motivasiya daha davamlı və effektiv hesab olunur. Xarici 

motivasiya isə qiymət almaq, sertifikat əldə etmək, iş tapmaq və ya sosial status qazanmaq kimi 

amillərlə əlaqədardır.Araşdırmalar göstərir ki, daxili motivasiya ilə öyrənən tələbələr daha 

yüksək nəticələr əldə edir və dili daha uzun müddət yadda saxlayırlar. 

  Müəllim xarici dil öyrənmə prosesində əsas motivasiya mənbələrindən biridir. Müəllimin 

istifadə etdiyi metod və yanaşmalar tələbələrin dərsə marağını artırır. Kommunikativ 

yanaşmanın tətbiqi, interaktiv fəaliyyətlər, qrup işləri və müasir texnologiyaların istifadəsi 

tələbələrin motivasiyasını gücləndirir.Müəllimin müsbət münasibəti və tələbələri dəstəkləməsi 

onların özünəinamını artırır. Tələbə özünü rahat və təhlükəsiz hiss etdikdə xarici dildə 

danışmaqdan çəkinmir və daha aktiv olur. 

    Ailə və sosial mühit də xarici dil öyrənilməsində mühüm rol oynayır. Valideynlərin dəstəyi 

və təhsilə verdiyi önəm uşaqların motivasiya səviyyəsinə təsir edir. Dil öyrənməyə təşviq 

olunan uşaqlar daha uğurlu nəticələr əldə edirlər.Bundan əlavə, dost çevrəsi və sosial media da 

motivasiyanın formalaşmasında mühüm amillərdir. İnsanlar xarici dildə filmlər izlədikdə, 

musiqilər dinlədikdə və beynəlxalq platformalarda ünsiyyət qurduqda dilə olan maraqları 

artır.Müasir texnologiyalar xarici dil tədrisini daha maraqlı və effektiv etmişdir. Mobil tətbiqlər, 

onlayn kurslar, video dərslər və süni intellekt əsaslı proqramlar tələbələrin dil öyrənmə 

prosesinə marağını artırır.Xüsusilə interaktiv tətbiqlər öyrənənlərin müstəqil şəkildə işləməsinə 

imkan yaradır. Bu isə onların məsuliyyət hissini və öyrənməyə olan həvəsini artırır. 

Texnologiyalar həm də autentik materiallara çıxışı asanlaşdırır və real dil mühitini simulyasiya 

edir. 

  Xarici dil öyrənən şəxslər bir sıra çətinliklərlə qarşılaşırlar. Qrammatik qaydaların 

mürəkkəbliyi, söz ehtiyatının azlığı və danışıq qorxusu əsas problemlər sırasındadır. Bəzi 

tələbələr uğursuzluq qorxusu səbəbindən motivasiyalarını itirirlər. 

Bu problemlərin həlli üçün müəllimlər fərdi yanaşmadan istifadə etməli, tələbələrin 

maraqlarına uyğun fəaliyyətlər təşkil etməlidirlər. Müsbət qiymətləndirmə və motivasiyaedici 

mühit tələbələrin uğur qazanmasına kömək edir. 

   Mövzu dil olduqda hər birimizin öyrənməyə başlarkən, öyrəndiyimiz müddət ərzində və ya 

öyrəndikdən sonra bizə çətinlik yaradacaq xüsusiyyətlər vardır. Bu xüsusiyyətlər insanlara görə 

dəyişkənlik göstərə bilər, hətta sadəcə insanlara görə deyil, məqamına görə də fərqliliklər 

göstərə bilər. Dil öyrənərkən bizə çətinlik yaradacaq anlardan biri də onu öyrənməyə 

başlamazdan əvvəl özümüzdə tapmamız gərəkən motivasiya, vaxt, və s. kimi faktorlardır. Fərz 

edək ki, gələcək kariyera həyatımızın gərəyi ingilis dilini öyrənmək istəyirik, amma özümüzdə 
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həvəs, motivasiya tapa bilmirik, yaxud həvəsimiz olsa belə gün ərzində dilə sərf edəcək vaxtı 

tapa bilmirik. Dil öyrəndiyimiz müddət içində də bizə dili öyrənərkən qət etdiyimiz yolda 

ayaqlarımıza ilişən daş-kəsəklər mövcuddur və bu faktorların ən başlıcası dilin qəlizliyini əks 

etdirən onun qrammatik mövzularıdır.  

   İngilis dilini öyrəndiyimizdə bilməmiz gərəkən nüanslardan biri odur ki, qrammatik cəhətdən 

bəzən bizə çətinliklər çəkdirib həvəsdən düşməyimizə yol aça bilər. Lakin, bunların keçici bir 

sürəc olduğunu, qrammatik mövzuların da nə qədər çətin olsa da daimi təkrar və praktikayla 

aşıla bilinəcək çətinlikdə olduğunu unutmamaq lazımdır. Bunu ağlımızda tutub, həvəsimizi 

düşürməmək üçün əzmimizi tarazlıqda tuta bilsək, dili öyrəndiyimiz müddət içində qarşımıza 

daha az əngəllər çıxacaqdır. Digər bir məqam isə dili öyrəndikdən sonra bizdə yaranan 

çətinliklərdir. Hansı ki, o dili istifadə etmədiyimizdə yadımızdan çıxması və heç öyrənməmişik 

kimi sahib olduğumuz biliklərin hamısının uçub getməsi, digəri isə öyrəndikdən sonra onu 

danışığa əks etdirmək çətinliyidir.  

   Nəticə olaraq qeyd etmək olar ki, motivasiya xarici dil öyrənilməsində ən vacib amillərdən 

biridir. Daxili və xarici motivasiya faktorları öyrənmə prosesinə müxtəlif formalarda təsir 

göstərir. Müəllimin peşəkarlığı, ailə dəstəyi və texnologiyaların düzgün istifadəsi tələbələrin 

motivasiya səviyyəsini artırır. Müasir təhsil sistemində motivasiyaedici metodların tətbiqi 

xarici dil tədrisinin keyfiyyətini yüksəldir və tələbələrin uğur əldə etməsinə şərait yaradır. 

 

Açar sözlər:xarici dil, motivasiya, dil tədrisi, kommunikativ yanaşma, təhsil, texnologiya, 

tələbə motivasiyası 

Keywords: foreign language, motivation, language teaching, communicative approach, 

education, technology, student motivation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS  

57 

INTERFACE OF AI AND COPYRİGHT: COMPARATİVE STUDY AND 

CHALLENGES 

 

Dr. Monica Garg 

Assistant Professor of Law, Symbiosis Law School, Noida Campus, Symbiosis 

International (Deemed University) 

Vansh Srivastava 

B.Com LLB Student, Lloyd School of Law (Greater Noida) 

 

ABSTRACT 

The India – AI Summit 2026 marks the inaugural global AI summit, highlighting AI's 

emergence as a powerful tool in the fight against climate change. The summit centres on three 

pillars: People, Planet, and Progress, blending AI 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. (AI) 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 AI-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 AI 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 AI can act as an enabler and interruption in addressing climate 

change challenges. There are platforms like ClimateAi, an AI-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 AI and Climate change, and they have worked out in a positive outcome. 

Some Indian led programs like the Gram Panchayat Level Weather Forecast ing (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 AI 

worked as a catalyst for climate change through disaster prediction, energy optimisation, and 

sustainable agriculture. By adapting machine learning techniques, AI helps in dealing with 

challenges such as energy wastage, over-reliance on fossil fuels and contributes to more energy-

efficient ecosystems. 

AI 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 tradi tional infrastructure, 
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optimise resource efficiency, support weather forecasting and climate solutions, thus paving the 

way for a greener AI. 
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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⁻¹) 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 × 

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⁻¹, 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⁻¹ at Dawakin Kudu and 38.5-48.6 kg ha⁻¹ 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 et 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 (12014΄, 3.00-E 

above sea level) and Dawakin Kudu (11050´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-1), 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-1. Hoe weeding and hand picking were carried out at 3 and 6 WAS as measures for weed 

https://consensus.app/papers/yield-and-quality-traits-of-sesame-sesamum-indicum-l-s-yu/17f2f3bcbf5058f2a9140939b0da1bdb/?utm_source=chatgpt
https://consensus.app/papers/sesame-sesamum-indicum-l-growth-properties-and-yield-fang-yang/acc2c7c8086150e3a09d5f2a9d96115a/?utm_source=chatgpt
https://consensus.app/papers/growth-and-seed-yield-of-k3-sesame-crops-in-a-typic-hapludox-martins-maia/525388dc80085fb3972ee8e21c51157e/?utm_source=chatgpt
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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 -1, 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 th 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-1), 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-1), necessitating the application of 

nitrogen fertilizer (Marschner, 2012). The available phosphorus at Dawakin Kudu is much 

higher (7.03 mg kg-1) 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-1), 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 

 

     Soil properties 

Dawakin Kudu 
 

Bichi 

0-15 cm 15-30 
 

0-15 cm 15-30 

  Particle size distribution (g kg -1) 
    

    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 
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    Textural class Sandy Sandy 
 

Sandy Sandy 

   Chemical properties 
     

   pH water (1:1) 5.75 5.73 
 

5.58 5.39 

   Organic carbon (mg kg-1) 0.23 0.03 
 

0.05 0.13 

   Total Nitrogen (mg kg-1) 0.01 0.04 
 

0.003 0.008 

AAvailable P (mg kg-1) 0.2 0.4 
 

7.03 2.38 

   Exchangeable cation (cmol kg-1) 

NNa+ 0.04 0.04 
 

0.04 0.05 

KK+ 0.04 0.03 
 

0.03 0.01 

C Ca+ 4.09 3.76 
 

2.93 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⁻¹) 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⁻¹, 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 limit ing 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⁻¹ 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⁻¹ 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⁻¹ 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 

height 

(cm) 

Number of 

branches 

plant-1 

Leaf 

area 

(cm-2) 

Crop 

growth 

rate  

(g wk-1) 

 
Plant 

height 

(cm) 

Number of 

branches 

plant-1 

Leaf 

area 

(cm-2) 

Crop 

growth 

rate  

(g wk-1) 

Treatment  Dawakin Kudu 
 

Bichi 

Potassium [K] (Kgha-1) 

0 109.0 3.81 173.2 6.31 
 

89.6 3.38 83.8 7.84 

50 134.0 4.51 175.3 8.70 
 

88.4 3.09 67.7 5.91 

100 118.0 3.89 169.0 8.89 
 

99.8 2.75 67.9 8.11 

150 124.0 4.75 156.9 7.92 
 

91.0 2.38 82.3 7.33 

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 175.6 7.75 
 

88.9 2.89 77.5 7.70 
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E8 115.0 3.60b 161.6 8.16 
 

95.9 2.91 73.4 6.89 

Fprob 0.225 0.027 0.446 0.821 
 

0.18 0.947 0.53 0.619 

SE± 35.1 0.381 12.75 1.234 
 

3.40 0.198 4.63 1.129 

Interaction 

K x V 0.354 0.129 0.519 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 (Kg ha-1) Ex Sudan E8 

0 92.4bc 86.8bc 

50 77.7c 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 yield and 1000 Seed weight of Sesame as influenced by varieties and potassium 

 at Dawakin Kudu and Bichi during 2018 rainy season 

Treatment  Seed yield (Kg ha-1) 
 

1000 seed weight (g) 

DWK BCH 
 

DWK BCH 

Potassium (K)(Kgha-1) 

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 44.3 5.45 
 

1.10 0.099 

Variety (V) 
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Ex Sudan 292.0 45.4 
 

9.75 9.28 

E8 273.0 42.1 
 

9.03 9.14 

Fprob 0.67 0.557 
 

0.52 0.183 

SE 31.4 3.85 
 

0.77 0.070 

Interaction 
     

K x V 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-1 fb Nicosulfurone 100g a.i ha-1 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. (Nedeljković 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) 

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 Alcântara 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⁻¹ 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⁻¹ followed by nicosulfuron applied post-emergence at 100 g a.i. ha⁻¹ 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 × 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 P₂O₅, and 60 kg K₂O ha⁻¹. 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⁻¹) 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 × 100  

Relative density= density of individual weed speciesTotal   density of all species  ×100 

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⁻¹), 100-seed weight (g), and grain yield (kg 

ha⁻¹), 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), Ipomoea 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. 4.31 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 

Schult. 

2.35 2.51 

2.43 

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 4.23 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.) B.K.Simon & 

S.W.L. Jacobs 

2.35 4.64 

3.50 

Sorghum heleponse (L.) Pers. 4.31 4.34 4.33 

Sedges 
   

Cyperus ergrostis Lam. 3.53 5.07 4.30 

Cyperus esculentus L. 4.71 11.85 8.28 

Cyperus rotundus L. 3.14 13.41 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. 4.93 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 

Nakal. 

0.45 0.02 

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. 0.91 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 

Barneby. 

0.90 1.00 

0.95 

Spinacia oleracea L. 1.79 0.85 1.30 

Grasses 8.07 9.92 9.00 

Cenchrus biflorus Roxb. 4.93 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-1 fb nicosulfuron 100 g a.i. ha-1) 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 2.43ab 3..53ab 4.44ab 
 

2.53a 3.50a 4.19ab 

T2 2.12bcd 3.47ab 4.20bc 
 

2.31ab 3.32a 4.11a-d 

T3 2.41ab 3.73a 4.56a 
 

2.59a 3.54a 4.41a 

T4 2.24abc 3.41abc 4.06c 
 

2.35a 3.36a 4.17abc 

T5 2.12bcd 3.27abc 3.83d 
 

2.10abc 3.16a 3.95a-f 

T6 1.86d 2.94c 3.22f 
 

1.74c 2.53b 3.42g 

T7 2.02cd 3.20bc 3.50ef 
 

1.82bc 2.68a 3.72b-g 

T8 2.49a 3.56ab 4.28abc 
 

2.51a 3.45a 4.19abc 

T9 2.33abc 3.33abc 3.61de 
 

2.04abc 3.30a 4.13a-d 

T10 10.05cd 2.42d 3.29f 
 

1.66c 2.39b 2.88h 

T11 1.47e 2.07e 2.657g 
 

1.07d 1.87c 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-1fellowed 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-1 fb Nicosulfurone 100g a.i ha-1 @ 6 WAS , T9= PE 



ASES II.INTERNATIONAL EUROPEAN SCIENTIFIC RESEARCH CONGRESS  

75 

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-1 fb nicosulfuron 100 g a.i. ha-1) 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-1. 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. 

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

t  

 
BUK 

    
Minjib

ir 

  

Numb

er of 

leaves 

plant-1 

Plant 

height 

(cm) 

Chlorophy

ll content 

(SPAD) 

Photosynthet

ic efficiency 

() 

Numb

er of 

leaves 

plant-1 

Plant 

height 

(cm) 

Chlorophy

ll content 

(SPAD) 

Photosynthet

ic efficiency 

() 

T1 13.17ab 220.7a

b 

59.58ab 0.48a 
 

14.40ab 203.5ab

c 

29.40ab 0.35b 

T2 12.92ab 221.3a

b 

57.63ab 0.42abc 
 

12.40bc

d 

194.0a-

d 

29.47ab 0.14c 

T3 14.00ab 230.3a

b 

62.30a 0.49a 
 

15.17a 205.0ab 33.87a 0.61a 

T4 12.83ab 217.7a

b 

58.14ab 0.42ab 
 

11.53cd 201.3ab

c 

29.77ab 0.27b 

T5 12.75ab 215.3a

b 

55.96ab 0.40a-d 
 

13.07ab

c 

185.1de 26.03ab 0.15c 

T6 12.17ab 203.0a 53.15b 0.18e 
 

10.80cd 171.0f 29.37ab 0.06cd 

T7 12.42ab 241.0a 62.73a 0.22e 
 

11.87bc

d 

182.9e 26.17ab 0.07cd 

T8 14.50a 232.3a

b 

61.94a 0.48a 
 

13.07bc 205.2a 35.27a 0.34b 

T9 11.75b 199.7a

b 

52.70b 0.34a-e 
 

11.93cd 186.3de 27.10ab 0.08cd 

T10 11.42b 211.7a

b 

53.92b 0.22b-e 
 

11.93cd 163.2f 22.90b 0.05cd 

T11 8.65c 155.0c 40.55c 0.15e 
 

10.13d 136.3g 20.92b 0.02d 

p-value 0.001 0.001 0.001 0.001 
 

0.001 0.001 0.003 0.001 

SE ± 0.751 10.72

8 

2.253 0.067 
 

0.784 3.853 2.928 0.035 

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-1fellowed 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-1 fb Nicosulfurone 100g a.i ha-1 @ 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⁻¹ fb nicosulfuron 100 g a.i. ha⁻¹) recorded the highest crop growth rate (43.00 g m⁻² 

day⁻¹), followed by T3 (39.97 g m⁻² day⁻¹), while T2 (13.00 g m⁻² day⁻¹) and T11 (17.68 g m⁻² 

day⁻¹) recorded the lowest values. At Minjibir, T1 (25.51 g m⁻² day⁻¹), T3 (25.44 g m⁻² day⁻¹), 

T2 (24.29 g m⁻² day⁻¹), and T8 (23.68 g m⁻² day⁻¹) recorded the highest crop growth rates and 

were statistically comparable. The lowest values were observed in T11 (12.21 g m⁻² day⁻¹), 

T10 (12.90 g m⁻² day⁻¹), and T6 (13.50 g m⁻² day⁻¹). 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 

growth rate 

(gm2 day-1) 

Days to 50% 

Tasselling 

(#) 

Days 

to  

50%  

Silking 

(#) 

Crop 

growth rate 

(gm2 day-1) 

Days to 50% 

Tasselling 

(#) 

Days to 50% 

Silking 

(#) 

T1 24.70ab 58.00bcd 62.00bcd 
 

25.51a 58.67c 62.33c 

T2 13.00b 63.00abc 66.67abc 
 

24.29a 54.00c 59.00c 

T3 39.97a 56.67bcd 60.00cd 
 

25.44a 58.67c 61.67c 

T4 27.12ab 54.67cd 58.00d 
 

16.00ab 58.0c 61.33c 

T5 26.87ab 59.33a-d 64.00bcd 
 

21.26b 60.00c 65.00c 

T6 22.92ab 60.33a-d 64.00bcd 
 

13.50c 63.00c 66.33c 

T7 28.03ab 51.67d 56.33d 
 

22.06a 62.00c 65.33c 

T8 43.00a 56.00bcd 59.00cd 
 

23.68a 58.33c 62.00c 

T9 28.15ab 56.00bcd 60.00cd 
 

19.36ab 57.67c 61.33c 

T10 24.47ab 64.67ab 68.33ab 
 

12.90c 71.33b 74.67b 

T11 17.68b 67.33a 72.00a 
 

12.21c 80.00a 83.33a 

p-value 0.005 0.001 0.001 
 

0.046 0.001 0.001 

SE ± 7.818 2.816 2.430 
 

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-1fellowed 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-1  fb Nicosulfurone 100g a.i 

ha-1 @ 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⁻¹ fb hoe weeding at 

6 WAS) recorded the highest ear weight (2587 kg ha⁻¹), followed by T3 (2267 kg ha⁻¹) and T8 

(2067 kg ha⁻¹), while T11 recorded the lowest ear weight (276 kg ha⁻¹). At Minjibir, T1 

similarly recorded the highest ear weight (2520 kg ha⁻¹), followed by T3 (2203 kg ha⁻¹) and 

T8 (2073 kg ha⁻¹), whereas T11 produced the lowest value (241 kg ha⁻¹). 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⁻¹), followed 

by T3 (2085 kg ha⁻¹) and T8 (2043 kg ha⁻¹), while T11 recorded the lowest yield (50 kg ha⁻¹). 

Treatments T10 (321 kg ha⁻¹) and T6 (408 kg ha⁻¹) also recorded relatively low grain yields. 

At Minjibir, T8 recorded the highest grain yield (953.3 kg ha⁻¹), followed by T1 (915.0 kg 

ha⁻¹) and T3 (912.6 kg ha⁻¹), whereas T11 recorded the lowest yield (115.5 kg ha⁻¹). 

Treatments T6 (256.4 kg ha⁻¹) and T10 (396.3 kg ha⁻¹) 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

ts 

BUK 
 

Minjibir 

Ear 

length 

(cm) 

Ear 

diamet

er 

(cm) 

Ear 

weight 

(kg ha-

1) 

100 

seeds 

weight 

(g) 

Grain 

yield 

(kg ha-

1) 

 
Ear 

length 

(cm) 

Ear 

diamet

er 

(cm) 

Ear 

weight 

(kg ha-

1) 

100  

seeds 

weight

  

(g) 

Grain 

yield 

 (kg 

ha-1) 

T1 17.63a

b 

9.23ab 2587a 15.57a

bc 

2226a 
 

9.33b 10.53ab 2520a 13.70a

bc 

915.0a

b 

T2 17.07a

b 

10.59ab 1109bc 14.50b

c 

1316bc 
 

11.33a

b 

10.09ab 1139b 15.33a

b 

821.9a

b 

T3 20.85a 11.26a 2267a 18.13a 2085a 
 

16.66a 15.09a 2203a 17.10a 912.6a

b 

T4 20.33a 11.71a 1324b 15.43a

bc 

1519b 
 

8.33b 11.47a 960b 17.07a 811.5a

b 

T5 19.24a

b 

11.83a 1019bc 14.10b

c 

1248bc 
 

8.00b 9.40ab 825bc 13.97a

bc 

740.4
b 

T6 19.76a

b 

9.87ab 610bc 12.67c

d 

408d 
 

6.63b 7.10a 594bcd 10.30b

cd 

256.4
d 

T7 18.68a

b 

10.47ab 708bc 12.53c

d 

926c 
 

11.33a

b 

9.50ab 615bcd 10.30b

cd 

490.8c 

T8 18.06a

b 

11.93a 2067a 16.60a

b 

2043a 
 

13.33a

b 

9.97ab 2073a 10.97b

cd 

953.3a 

ST9 15.97a

b 

10.58ab 980bc 14.43b

c 

1012c 
 

8.00b 16.03a 1099b 10.93b

cd 

860.5a

b 

T10 15.11a

b 

9.43ab 419c 10.90d 321d 
 

6.83b 8.67b 378cd 9.30cd 396.3c 

T11 14.47
b 

8.70b 276c 8.30e 50d 
 

5.66b 7.00c 241d 6.83d 115.5e 

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 0.979 265.41

0 

1.047 154.30

6 

 
2.428 3.414 177.33

5 

1.743 61.36

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-1fellowed 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% fb EPE Calotropis leaf extract @ 

60% , T8= Pendemethalin 1.0kg a.i ha-1 fb Nicosulfurone 100g a.i ha-1 @ 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).  

 

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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ÖZET 

Bu makalede günümüz dilbiliminin en güncel ve gelecek vadeden yönelimleri ele 

alınmaktadır. Çalışmada dili inceleme sürecinde kullanılan modern yöntem ve yaklaşımlar 

analiz edilmiştir. Makalede her bir yönelimin bilimsel temelleri, gelişim süreci, önde gelen 

bilim insanlarının görüşleri ve onların dilbilimine sağladıkları katkılar ayrıntılı bir şekilde 

açıklanmaktadır. Ayrıca çağdaş dilbilim çalışmalarında insan faktörü, düşünce, kültür, toplum 

ve bilgi teknolojileri arasındaki yakın ve karşılıklı ilişki de ortaya konulmaktadır. 

 

Anahtar kelimeler: Yapısalcı, Üretici, bilişsel, 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. 

Абстрактный: 

В данной статье рассматриваются наиболее актуальные и перспективные направления 

современной лингвистики. Анализируются современные методы и подходы, 

используемые в изучении языка. Подробно обсуждаются научные основы каждого 

направления, история развития, взгляды ведущих ученых и их вклад в лингвистику. 

Также показана неразрывная связь между человеческим фактором, мышлением, 

культурой, обществом и информационными технологиями в современной лингвистике.  
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Ключевые слова: структурная, генеративная, когнитивная, прагматическая, 

социолингвистика и корпусная лингвистика. 

 

Giriş 

Dil, insanlık kültürünün, düşüncesinin ve toplumsal hayatının temel ifade araçlarından biridir. 

Bu nedenle dilin derinlemesine incelenmesi eskiden beri bilim insanlarının dikkatini 

çekmiştir. XXI. yüzyılda dilbilim alanında yeni bakış açıları, teknolojik yaklaşımlar ve çok 

disiplinli yöntemler ortaya çıkmıştır. Günümüz dilbilimi yalnızca sözcükleri ve dilin gramer 

yapısını değil, aynı zamanda insan düşüncesini, iletişim sürecini ve toplum ile teknoloji 

arasındaki ilişkileri de incelemeyi amaçlamaktadır. 

Yapısal analiz yöntemi dili bütünsel bir sistem olarak ele alır. Bu yöntemde dil birimleri, 

sistem içindeki konumları ve birbirleriyle olan ilişkileri üzerinden analiz edilir. Bu yaklaşım, 

F. de Saussure’ün görüşleri temelinde şekillenmiş ve dilbilime sistematiklik ile mantıksal 

analiz anlayışını kazandırmıştır. Günümüzde yapısalcı yöntem, dilin iç yapısını incelemede 

önemli bir yere sahiptir. Saussure, dilbilimde yapısalcı yaklaşımın kurucusu olarak kabul 

edilir. O, dili “langue” (dil sistemi) ve “parole” (söz/nutuk) kavramlarıyla açıklamıştır. Ona 

göre dili tam olarak anlayabilmek için onun iç yapısını ve dilsel göstergeler arasındaki 

ilişkileri incelemek gerekir. Nitekim bir sözcüğün anlamı, diğer sözcüklerden farklı olması 

sayesinde belirlenir. Örneğin “beyaz” sözcüğü, “siyah” sözcüğünden farklı olduğu için kendi 

anlamını kazanır. 

Roman Jakobson ise fonoloji alanında yapısalcı yaklaşımın gelişmesine önemli katkı 

sağlamıştır. O, sözcüklerin telaffuzundaki farklılıkların, seslerin sistemli karşıtlıklar 

(oppozisyonlar) temelinde işlediğini göstermiştir. Örneğin “p” ve “b” sesleri yalnızca 

ötümlülük özelliği bakımından farklıdır. Bu fark, onların yapı içindeki konumunu belirler ve 

anlam ayrımına yol açar (örneğin “pal” – “bal” gibi). 

Amerikan yapısalcılığının temsilcilerinden biri olan Bloomfield, dili ampirik (deneyime 

dayalı) olarak incelemenin savunucusuydu. O, dilbilimde gözlem, analiz ve sınıflandırma 

yöntemlerini geliştirmiştir. İngilizcede cats sözcüğü cat + -s bölümlerinden oluşur; bu 

morfemler birbirleriyle olan ilişkileri sayesinde çoğul anlamını ifade eder.  

Yapısal analiz, dilbilimde bilimsel yaklaşımın temellerini atan önemli bir aşamadır. Bu 

yaklaşım dili canlı ve birbirine bağlı unsurlardan oluşan bir sistem olarak ele almış ve daha 

sonraki yöntemlerin — generatif, bilişsel, semiyotik ve bilgisayar dilbiliminin — gelişmesine 

zemin hazırlamıştır. Saussure, Jakobson, Bloomfield, Hjelmslev ve Martinet gibi bilim 

insanlarının fikirleri günümüz modern dilbiliminin temel dayanaklarından biri olmaya devam 

etmektedir. 

Generatif yöntem (üretici dilbilgisi) teorisi ise dili insan zihnindeki iç kurallar aracılığıyla 

açıklamayı amaçlar. N. Chomsky’nin belirttiğine göre her insan doğuştan dili öğrenmeye 

yatkındır. “Dil insanın biyolojik bir yeteneğidir; çocuk doğduğu andan itibaren dili edinmek 

için içsel bir gramer sistemine sahiptir” [5;15]. Bu yöntem sayesinde dilin **“derin yapı”**sı 

ve **“yüzey yapı”**sı birbirinden ayrılır. Bu yaklaşım, dilin gramer sistemini matematiksel 

bir model temelinde analiz etme imkânı sağlar. John Lyons’a göre: “Generatif gramer, dildeki 
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anlamı, biçimi ve insan düşüncesinin mekanizmasını açıklamaya çalışır; bu, dilbilimin en 

önemli kuramsal aşamalarından biridir” [4;56]. Lyons, Chomsky’nin görüşlerini analiz ederek 

onları genel dilbilim kuramına uygulamıştır. Ona göre generatif dilbilim, formel modelleme 

yöntemidir. 

Bilişsel yaklaşım ise dilbilimde dilde yansıyan düşünce süreçlerini inceler. İnsanların çevreyi 

nasıl algıladığı ve bunu dilde nasıl ifade ettiği bilişsel analizin merkezinde yer alır. Örneğin 

“hayat yolu” ve “zamanın akışı” gibi metaforlar, insan düşüncesinin dilde nasıl ortaya 

çıktığını gösterir. Bu yöntem dil ile düşünce arasındaki güçlü bağı ortaya koyar. Araştırmacı 

M. Nasridinov, “İngilizce ve Özbekçede ‘amaç’ kavramının morfolojik yapısal ve anlamsal 

analizi” adlı çalışmasında “amaç” kavramını İngilizce ve Özbekçe dillerinde morfolojik 

yapısı ve semantik özellikleri bakımından incelemiştir. Nasridinov, bilişsel dilbilim açısından 

leksik birimleri ve kavramsal alanı araştırır. Buna göre “amaç” kavram alanı, leksik 

birimler, onların eklerle oluşumu ve bu dilbilgisel birimlerin anlam sistemindeki yeri 

üzerinden açıklanmaktadır. 

Pragmatik yöntem, konuşmacının amacı, dinleyicinin durumu ve konuşma bağlamını dikkate 

alır. Dil kurs analizi ise metnin yapısını, mantıksal tutarlılığını ve bağlamla olan ilişkisini 

inceler. Günümüzde bu yöntemler, politik söylemler, reklamlar, kitle ilet işim araçları dili ve 

sosyal medya dili analizinde yaygın olarak kullanılmaktadır. Charles Morris, pragmatiğin 

kurucusu olarak kabul edilir ve ona göre: “Dil göstergeleri üç açıdan incelenir: sözdizim 

(sintaks) — göstergeler arasındaki ilişki, anlambilim (semantik) — göstergeler ile nesneler 

arasındaki ilişki, pragmatik ise — göstergeler ile onları kullanan insanlar arasındaki ilişki” 

[3;27]. Morris, pragmatik terimini ilk kez dilbilim ve göstergebilim (semiotik) bağlamında 

kullanmıştır. Ona göre pragmatik, konuşmacı ve dinleyici arasındaki iletişimi, amacı ve 

durumu göz önünde bulundurarak dil kullanımını inceleyen bir alandır. 

Dilbilimci Austin’in Konuşma Eylemleri Teorisi (Speech Act Theory), pragmatik yaklaşımın 

temel düşüncesi haline gelmiştir. Austin, konuşmacının konuşma amacını analiz ederek 

lokütif, illokütif ve perlokütif eylemleri ayırmıştır: 

1. Lokatif eylem — sözcüğün basit anlamı (konuşma eylemi). 

2. İllokütif eylem — konuşmacının amacı (örneğin, emretmek, sormak). 

3. Perlokütif eylem — sözün dinleyici üzerindeki etkisi (inandırmak, teşvik etmek). 

Örneğin, “Pencereyi kapat!” ifadesi bir emirdir (illokütif eylem), ancak dinleyici pencereyi 

kapattığında ortaya çıkan sonuç perlokütif etkidir. 

Prof. R. Sayfullayeva’ya göre: “Pragmatik, dilde gizli anlamı, toplumsal amacı ve konuşma 

stratejilerini inceler; her konuşmacı amacını dildeki biçimler aracılığıyla gerçekleştirir” 

[7;84]. 

N. Mahmudov’un “Konuşma Kültürü ve Pragmatik” kitabında belirttiği gibi, dilin estetik ve 

kültürel boyutları pragmatik analiz kapsamında görünür hale gelir. Ona göre, konuşmacı ile 

dinleyici arasındaki kültürel farklılık, anlamın anlaşılmasını doğrudan etkiler. Teknolojinin 

gelişimi, dilbilimde yeni bir dönemin başlamasını sağlamıştır. Korpus dilbilimi, büyük 

hacimli metinler (korpuslar) üzerinden dil birimlerini otomatik olarak analiz etme imkânı 

sunar. Bilgisayar dilbilimi ise makine çevirisi, konuşmayı otomatik tanıma, yapay zekâ ve 
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chatbot sistemlerinde dili işleme ile ilgilenir. Bu yöntemler, dilbilimsel analizi hızlı, doğru ve 

istatistik temelli bir hâle getirmiştir. 

Haydarova Dilshoda’nın yazdığı “Corpus linguistics: theory and practice” adlı makalede, 

korpus dilbiliminin modern dilbilim alanlarından biri olduğu vurgulanmaktadır. Bir diğer 

araştırmacı Hakimova Nargiza’nın “Özbek Dili Eğitim Korpusu: Oluşturulması, Yapısı, 

Olanakları ve Eksiklikleri” adlı makalesinde, Özbek dilinde amaçlı eğitim korpuslarının 

oluşturulması, yapısı ve imkânları ile bazı sorunları (eksiklikleri) ele alınmıştır. Bu makalede 

şu noktalar öne çıkarılmıştır: 

• “Dil korpusu” kavramı ve korpus dilbiliminin metodik yönleri dilbilimde 

incelenmektedir. 

• Korpus türleri, metin formatları, platform ve arayüz sorunları vurgulanmaktadır.  

Ayrıca, eğitim korpusu oluşturma sürecinde karşılaşılan kısıtlamalar ve kullanım zorlukları da 

belirtilmiştir. 

Özbek dilbilimcileri, korpus dilbilimini dili sistematik, istatistiksel ve ampirik veriler 

temelinde inceleme yöntemi olarak kabul etmektedir. Bu alan, Özbek dilbiliminde henüz tam 

olarak geliştirilmese de, sunduğu imkânlar — dil korpusları oluşturma, dili ikinci dil olarak 

öğrenmede yeni yöntemler uygulama ve yapay zekâ (NLP) ile ilişkilendirme — genişliğiyle 

tanınmaktadır. 

Buna ek olarak, korpusları oluşturma, yapılandırma, açıklamalama (annotasyon) ve kullanma 

konusunda metodolojik ve teknik sorunlar da kaydedilmiştir. 

Dil, toplum ve insan psikolojisi ile sıkı bir şekilde bağlantılıdır. Sosyolinguistik, farklı 

toplumsal grupların dil özelliklerini, lehçe ve sosyal konuşma farklılıklarını inceler. 

Psikolinguistik ise dili anlama, öğrenme ve konuşma üretme süreçlerini psikolojik açıdan 

analiz eder. Bu alanlar, dili yalnızca bir sistem olarak değil, aynı zamanda sosyal ve zihinsel 

bir olgu olarak yorumlar. 

William Labov, sosyolinguistiğin kurucusu olarak kabul edilir ve sosyolinguistiğin bilimsel 

temellerini oluşturmuştur. Labov, New York şehrindeki İngilizce telaffuz farklılıklarını analiz 

ederek dil değişiminin toplumsal faktörlere bağlı olduğunu bilimsel olarak kanıtlamıştır.  

Örneğin, üst sosyal sınıfa ait kişiler “r” sesini net bir şekilde telaffuz ederken, alt sınıflarda bu 

sesi düşürme eğilimi daha sık görülmüştür. 

 

Sonuç 

Özetle, modern dilbilim tek bir yöntemle sınırlı kalmaz; aksine, farklı yöntemlerin 

entegrasyonu dili daha derinlemesine anlama imkânı sağlar. Yapısal, generatif, bilişsel, 

pragmatik ve bilgisayar dilbilimi gibi yaklaşımlar, dili çok yönlü bir olgu olarak incelemenin 

temel araçları hâline gelmiştir. Bu yöntemler yalnızca teorik dilbilimi zenginleştirmekle 

kalmaz, aynı zamanda eğitim, çeviri, bilgi teknolojileri ve yapay zekâ gibi uygulamalı 

alanlarda da önemli 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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