


Toprak 
Bilimi ve Bitki 
Besleme

Editör: Prof. Dr. Korkmaz Bellitürk

Alanında Uluslararası
Araştırmalar -I
International Research in the Field 
of Soil Science and Plant Nutrition



Toprak Bilimi ve Bitki Besleme Alanında Uluslararası Araştırmalar –I
(International Research in the Field of Soil Science and Plant Nutrition)
Editör: Prof. Dr. Korkmaz Bellitürk

Yayınevi Grubu Genel Başkanı: Yusuf Ziya Aydoğan (yza@egitimyayinevi.com) 
Genel Yayın Yönetmeni: Yusuf Yavuz (yusufyavuz@egitimyayinevi.com)
Sayfa Tasarımı: Kübra Konca Nam
Kapak Tasarımı: Eğitim Yayınevi Grafik Birimi

T.C. Kültür ve Turizm Bakanlığı
Yayıncı Sertifika No: 76780

ISBN: 978-625-385-202-3
1. Baskı, Mayıs 2025

Baskı Cilt: Sayfa Basım Sanayi 
Tevfik İleri Mah. Emek Cad. Polat Sok. No: 2 Pursaklar / Ankara
Matbaa Sertifika No: 77079

Kütüphane Kimlik Kartı
Toprak Bilimi ve Bitki Besleme Alanında Uluslararası Araştırmalar –I
(International Research in the Field of Soil Science and Plant Nutrition)
Editör: Prof. Dr. Korkmaz Bellitürk
IV+255 s., 160x240 mm
Kaynakça var, dizin yok.
ISBN: 978-625-385-202-3

Copyright © Bu kitabın Türkiye’deki her türlü yayın hakkı Eğitim Yayınevi’ne aittir. Bütün 
hakları saklıdır. Kitabın tamamı veya bir kısmı 5846 sayılı yasanın hükümlerine göre 
kitabı yayımlayan firmanın ve yazarlarının önceden izni olmadan elektronik/mekanik 
yolla, fotokopi yoluyla ya da herhangi bir kayıt sistemi ile çoğaltılamaz, yayımlanamaz. 

Yayınevi Türkiye Ofis: İstanbul: Eğitim Yayınevi Tic. Ltd. Şti., Atakent mah.                                       
Yasemen sok. No: 4/B, Ümraniye, İstanbul, Türkiye

Konya: Eğitim Yayınevi Tic. Ltd. Şti., Fevzi Çakmak Mah. 10721 Sok. B Blok,                                      
No: 16/B, Safakent, Karatay, Konya, Türkiye 
+90 332 351 92 85, +90 533 151 50 42 
bilgi@egitimyayinevi.com

Yayınevi Amerika Ofis: New York: Egitim Publishing Group, Inc. 
P.O. Box 768/Armonk, New York, 10504-0768, United States of America 
americaoffice@egitimyayinevi.com

Lojistik ve Sevkiyat Merkezi: Kitapmatik Lojistik ve Sevkiyat Merkezi, Fevzi Çakmak Mah.              
10721 Sok. B Blok, No: 16/B, Safakent, Karatay, Konya, Türkiye 
sevkiyat@egitimyayinevi.com

Kitabevi Şubesi: Eğitim Kitabevi, Şükran mah. Rampalı 121, Meram, Konya, Türkiye 
+90 332 499 90 00 
bilgi@egitimkitabevi.com

İnternet Satış: www.kitapmatik.com.tr 
bilgi@kitapmatik.com.tr



Toprak Bilimi ve Bitki Besleme Alanında Uluslararası Araştırmalar –I     1  

İÇİNDEKİLER 
 

AGRICULTURAL SOURCE GREENHOUSE GASES .............................................................. 1 
Fatma Nur Kılıç, Osman Sönmez 
 

AKARSU YATAKLARINDA YER ALAN ALÜVYAL TOPRAKLAR VE TARIMSAL 
FAALİYETLER ............................................................................................................. 15 

Bahadır Atmaca 
 

CLIMATE CHANGE ADAPTATION: URBAN AGRICULTURE ............................................. 47 
Erdal Sakin, Mehmet Fatih Dilekoğlu, İbrahim Halil Yanardağ,  
Zemzem Fırat, Hakan Yıldırım 
 

GRANÜL KALSİYUM OKSİT UYGULAMASININ BATI KARADENİZ BÖLGESİ ASİT 
TOPRAKLARININ BAZI MAKRO BESİN ELEMENTİ İÇERİKLERİ ÜZERİNE ETKİSİ ............ 59 

Aydın Adiloğlu, Doruk Akar 
 

KEŞAN İLÇESİ CEVİZ (Juglans regia L.) BAHÇELERİNİN BESLENME DURUMUNUN 
YAPRAK ANALİZLERİ İLE BELİRLENMESİ .................................................................... 77 

Fatih Büyükfiliz, Korkmaz Bellitürk 
 

SAZOVA PARKI (ESKİŞEHİR) TOPRAKLARINDA ELEMENT KONSANTRASYONLARININ 
FARKLI ENTERPOLASYON TEKNİKLERİ İLE HARİTALANDIRILMASI ............................. 91 

Gafur Gözükara 
 

TOPRAK DOKUSU VE BESİN DAĞILIMININ İLİŞKİSİ: TOPRAK HARİTASININ 
MODELLENMESİNDE KULLANILAN YÖNTEM ............................................................. 103 

Leyla Atasay, Murat Bakan 
 

TRAKYA BÖLGESİNDE TARIMSAL GÜBRE 
KULLANIMININ ANALİZİ ........................................................................................... 125 

Umut Yıldırım, Mecit Ömer Azabağaoğlu 
 

TRICHODERMA SP.’DEN HAZIRLANAN NANOFORMÜLASYONLAR .............................. 143 
Çiğdem Küçük  
 
 
 



2     International Research in the Field of Soil Science and Plant Nutrition 

 
 
TUZ STRESİ ALTINDA FARKLI MISIR VE SORGUM BİTKİLERİNDE BÜYÜME 
PARAMERELERİNİN İNCELENMESİ ........................................................................... 157 

Bülent Yağmur Hatice Köse 
 

YAĞ BİTKİLERİNİN TOPRAK İSTEKLERİ VE GÜBRELENMESİ ...................................... 183 
Burhan Arslan, Emrullah Culpan 
 

MARMARA BÖLGESİ TOPRAKLARININ TOPRAK SICAKLIK REJİMLERİ ........................ 193 
Özgül Atakorkut Altun , Duygu Boyraz Erdem  

  



Toprak Bilimi ve Bitki Besleme Alanında Uluslararası Araştırmalar –I     1  

AGRICULTURAL SOURCE GREENHOUSE GASES* 

Fatma Nur Kılıç**, Osman Sönmez *** 

 

Introduction 

Due to its extensive adverse effects, climate change has become one of 
the most urgent global challenges. The alterations pertain to enduring 
trends in meteorological data, including temperature and precipitation, 
where departures from mean values act as critical markers of climate 
change (Malhi et al., 2021). Greenhouse gases (GHGs), such as methane 
(CH₄), carbon dioxide (CO₂), nitrous oxide (N₂O), hydrofluorocarbons 
(HFCs), and water vapor, are atmospheric gases that are essential for 
regulating Earth's temperature. These gases absorb a part of the long-wave 
radiation from the sun and reflect another part back to the Earth's surface, 
contributing to the temperature increase (Manabe, 2019). The heat 
retention by greenhouse gases in the atmosphere, which elevates the Earth's 
surface temperature, is called the greenhouse effect (Edemen et al., 2023). 
The greenhouse effect is crucial for sustaining a livable temperature on 
Earth; nevertheless, an elevation in greenhouse gas concentrations might 
disturb this equilibrium, resulting in global warming (Kulchitskiy et al., 
2023). Greenhouse gases originate from both natural and anthropogenic 
sources. Natural sources encompass forest fires, oceans, earthquakes, 
volcanic eruptions, and permafrost. In contrast, anthropogenic factors 
stemming from human activities encompass the combustion of fossil fuels, 
transportation, industrial processes, and agricultural practices (Navrotsky, 
2017; Bastviken et al., 2011; Guo et al., 2015; Gołasa et al., 2021). The 
escalation of human activity, alongside population growth, has expedited 
climate change (Purcell et al., 2023), accounting for roughly 47-66% of the 
rise in global greenhouse gas concentrations (Yue & Gao, 2018). While the 
energy sector is the leading contributor to GHG emissions, the agricultural 
industry follows closely, accounting for 18.4% of total emissions (Ritchie 
& Roser, 2023). Various strategies have been implemented within the 
energy sector to mitigate GHG emissions, including raising awareness 
about alternative energy sources. In contrast, the increasing rate of 
emissions from the agricultural sector has often been overlooked. This 
oversight has led to a growing focus on academic research on GHG 
emissions in agriculture, underscoring this sector's vital role in global 
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emission reduction efforts (Şahin & Avcıoğlu, 2016). Key gases such as 
CO₂, CH₄, and N₂O are predominantly emitted through agricultural 
activities, with human actions such as livestock production, deforestation, 
and land use change being significant contributors (Razzaghi, 2021). These 
emissions, driven by anthropogenic activities, highlight the importance of 
understanding and managing the agricultural sector's role in increasing 
GHG emissions (Shakoor et al., 2021; Chataut et al., 2023). 

This study's objective is to systematically review the literature on 
agricultural source GHGs and thoroughly examine the contributions of 
various agricultural practices to these emissions. 

The contribution of agricultural sources to greenhouse gas 
emissions 

Agricultural activities have long been recognized as significant 
contributors to atmospheric emissions of CH₄ and N₂O, which are primary 
GHGs, along with CO₂ as a secondary GHG, all of which impact climate 
change (Deng et al., 2023; Tang et al., 2024). These activities, accounting 
for approximately 11% of anthropogenic GHG emissions, influence global 
climate change considerably. The contribution of agricultural activities to 
emissions is directly related to factors such as soil management, livestock 
production, agricultural practices, and the indiscriminate use of fertilizers 
(Shukla et al., 2019; Yue et al., 2019). The sources of greenhouse gases 
within the agricultural sector are depicted in Figure 1. Understanding the 
stages of emission generation from these sources is crucial for developing 
greenhouse gas mitigation strategies in agricultural practices and 
promoting sustainable farming methods. 

 
Figure 1. Agricultural sector emission sources 
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The role of livestock activities in greenhouse gas emissions 

Livestock activities and their by-products contribute approximately 
18% to agricultural sector GHG emissions. This percentage highlights the 
significant impact of the livestock sector, particularly in terms of CH₄ and 
N₂O emissions (Chiarelotto et al., 2021). Methane and N₂O have a higher 
global warming potential (GWP) in the atmosphere than CO₂ (Edenhofer, 
2015). Emissions generally increase due to management practices related 
to animal housing, manure storage methods, and application techniques 
(Figure 2) (Hou et al., 2015; He et al., 2023). On farms, especially in 
ruminant animals (such as cattle, sheep, and goats), high levels of CH₄ 
emissions are produced because of the activity of methanogenic bacteria in 
their digestive systems (Allen & Holf, 2019; Debonne, 2019). 
Additionally, N₂O is released from the oxidation of ammonia (NH₃) from 
urea in animal excreta and the decomposition of organic matter (Kabelitz 
et al., 2020; Katongole & Yan, 2022). In a study on methane emission 
reduction, Ambrose et al. (2023) reported that emission concentrations 
vary depending on the cleaning and proper use of bedding systems. 
Anaerobic decomposition processes in oxygen-deficient environments, 
such as manure pits and storage areas, lead to CH₄ production (Yu et al., 
2023). Ershadi et al. (2020) found that anaerobic interactions are more 
prevalent in liquid manure storage areas, with higher GHG emissions 
occurring during the initial storage periods. In contrast, emissions 
increased during the final storage periods in solid manure areas. 
Furthermore, the temperature of the storage environment plays a 
significant role in emission levels, with higher temperatures increasing 
CH₄ emissions from cattle manure (Sommer et al., 2007; Xu et al., 2023). 
Another study aimed at reducing CH₄ emissions found that lowering the 
storage temperature decreased CH₄ emissions by 74% (Im et al., 2020). 
Annually, approximately seven billion tons of animal manure are used 
globally in agricultural practices to enhance soil fertility (Thangarajan et 
al., 2013; Shakoor et al., 2021). The contribution of GHG emissions from 
manure application depends on factors such as animal species, waste type, 
and feeding conditions (Kılıç & Sönmez, 2024; Zhu et al., 2020). Nitrogen 
emissions from animal manure sources, especially poultry manure, are 
significant. In contrast, the composition of the diet and organic matter in 
cattle, sheep, and goat manure can increase CH₄ and N₂O emissions (Uddin 
et al., 2020). 
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Figure 2. GHG sources of livestock activities 

The role of ındiscriminate fertilization practices in greenhouse gas 
emissions 

With the increase in global population, the demand for food has risen, 
leading to a corresponding increase in the use of synthetic fertilizers in 
agricultural production (Chataut et al., 2023). Despite the benefits 
fertilizers offer, improper fertilization practices can lead to nutrient loss, 
increased soil salinity or acidification, eutrophication, a decline in soil 
biodiversity, and a rise in soil-derived GHG emissions (Sutton et al., 2013). 
Synthetic fertilizers primarily provide essential nutrients such as nitrogen 
(N, phosphorus pentoxide (P₂O₅), and potassium oxide (K₂O) to support 
the growth and development of crops (Walling & Vaneeckhaute, 2020). 
Nitrogen-based fertilizers contribute to the nitrogen cycle within the soil 
microbiota through processes like nitrification and denitrification, making 
them a primary source of N₂O emissions (Hassan et al., 2022; Schlüter et 
al., 2024). The N₂O emissions account for about 6% of the greenhouse 
effect and are also involved in the depletion of the stratospheric ozone layer 
(Bouwman et al., 1995; Senbayram et al., 2012). 

Factors such as soil pH, temperature, moisture content, oxygen 
availability, and concentrations of carbon (C) and nitrogen sources (e.g., 
ammonium (NH₄⁺), NH₃, and nitrate (NO₃⁻)) directly influence N₂O 
emissions by affecting microbial activity and the rate of N transformation 
processes in the soil (Schmeer et al., 2014; Oertel et al., 2016; Cui et al., 
2022). Higher soil temperatures increase N₂O emissions, with nitrification 
leading to more NO emissions in alkaline soils, while denitrification 
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dominates in acidic soils, reducing N₂O emissions (Remde & Conrad, 
1991; Oertel et al., 2016). Sudden increases in soil moisture after nitrogen 
fertilization also enhance N₂O emissions, especially when the water-filled 
pore space in the soil reaches around 60%, which is considered optimal for 
such emissions (Gao et al., 2014). Moreover, the size of the soil pores, 
which affects oxygen levels, is another critical factor: larger pores in 
coarse-textured soils promote aerobic conditions that favor NO emissions, 
whereas smaller pores in finer-textured soils encourage anaerobic 
conditions that increase N₂O emissions (Gu et al., 2013; van der Weerden 
et al., 2012). 

Research has shown that different N doses can significantly impact 
GHG emissions in crop production. For example, Du et al. (2019) 
investigated the effects of various nitrogen doses on tomato cultivation's 
GHG emissions. They found that increased nitrogen applications and 
aerated irrigation systems enhanced crop yield and substantially increased 
GHG emissions, particularly during the spring when soil temperatures 
rose. Similarly, Nyamadzawo et al. (2014) observed that agricultural 
activities in wetlands generally lead to increased GHG emissions. 
However, they also found that organic nitrogen fertilization and 
combinations of organic fertilizers resulted in lower emissions than 
inorganic nitrogen fertilizers. Sistani et al. (2011) evaluated the impact of 
different nitrogen fertilizers on N₂O, CH₄, and CO₂ emissions in a no-till 
farming system over two seasons of corn production. Their study showed 
that poultry manure produced the highest N₂O emissions, while polymer-
coated urea (ESN) resulted in delayed N₂O emissions compared to other 
fertilizers. Additionally, fertilizers like SuperU, UAN, and urea produced 
lower N₂O emissions than ESN, NH₄⁺, NO₃⁻, and poultry manure, with CH₄ 
and CO₂ emissions being more influenced by environmental factors like 
temperature and moisture rather than the N source itself. Walling and 
Vaneeckhaute (2020) reported that the emission factors (EF) associated 
with the production of urea and ammonium nitrate vary between 1.3 and 
5.5 kg CO₂-eq./kg and 3.5 and 10.3 kg CO₂-eq./kg, respectively. These 
variations are attributed to differences in raw materials and manufacturing 
practices across countries. Brentrup et al. (2016) found that European 
countries generally have lower EFs in nitrogen fertilizer production. In 
contrast, higher EFs are observed in the United States and China, mainly 
due to the use of coal instead of natural gas in the steam reforming step 
during production. Beyond nitrogen fertilizers, the production processes 
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for phosphorus and potassium fertilizers also significantly contribute to 
GHG emissions. Each of these processes requires energy-intensive 
operations, leading to the release of various GHGs into the atmosphere. 
Studies have shown that the EF for ammonium phosphates and 
superphosphates ranges from 1.3 to 8.9 kg CO₂-eq./kg and 0.4 to 1.6 kg 
CO₂-eq./kg, respectively (Walling & Vaneeckhaute, 2020). Regarding 
potassium fertilizers, Chen et al. (2018) reported that the production of 
potassium chloride results in emissions of 0.19 kg CO₂-eq./kg K₂O. 

The role of land use in greenhouse gas emissions 

Changes in land use, especially the conversion of forests, grasslands, 
and peatlands into agricultural lands, significantly impact GHG emissions. 
Soil organic carbon (SOC) accumulation largely depends on vegetation 
cover (Poeplau & Don, 2013). Alterations in land use disrupt natural 
carbon reservoirs, releasing stored carbon into the atmosphere and changes 
in the albedo effect, which contribute to the acceleration of climate change 
(Jones et al., 2015; Oertel et al., 2016). Forested areas with the highest 
above-ground biomass contain substantial amounts of SOC and reduce 
terrestrial ecosystem CO2 emissions by approximately 29% (Harris et al., 
2021; Friedlingstein et al., 2023). The conversion of forests into 
agricultural lands or other human uses results in the release of stored 
carbon into the atmosphere, while changes in the albedo effect increase the 
absorption of solar radiation, further enhancing emissions (Lawrence et al., 
2022). In grassland and pasture areas, overgrazing by livestock and poor 
pasture management lead to a decrease in SOC and result in increased CO2 
emissions from soil and CH4 emissions from animals (Chang et al., 2021). 
Ma et al. (2018) evaluated the effects of different grazing intensities on 
CH4 emissions from sheep. They studied no grazing (0 sheep ha-1 year-
1), deferred grazing (DG) (1 sheep ha-1 year-1), moderate grazing (MG) 
(1.43 sheep ha-1 year-1), and heavy grazing (HG) (2.43 sheep ha-1 year-
1). Their results showed CH4 emissions of 0.21, 0.32, and 0.37 g CH4-C 
ha-1 for DG, MG, and HG per 1 g daily live weight gain. They suggested 
that deferred grazing management is more effective for reducing CH4 
emissions and improving productivity. Overall, understanding the impact 
of land use changes on GHG emissions is crucial for developing strategies 
to mitigate climate change and promote sustainable land management 
practices. Broucek (2014) found that ruminant animals grazing on 
fertilized pastures produced higher CH₄ emissions (223 g/day) compared 
to those grazing on unfertilized pastures (179 g/day). Additionally, CH₄ 
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emissions from manure vary based on its composition, the amount of 
digestible nutrients it contains, and decomposition rates influenced by 
climatic conditions (Kılıç & Boğa, 2021). Ribeiro et al. (2020) investigated 
the net GWP of winter black oat pastures under varying grazing intensities 
(light, moderate, and heavy) in a subtropical ecosystem. They observed 
moderate grazing increased SOC accumulation and reduced net GWP, 
resulting in lower emission levels than heavy grazing. Cover crops 
typically grown outside regular crop production periods also impact GHG 
emissions. These fast-growing plants offer significant benefits, such as soil 
protection, seed health, and soil improvement (Quintarelli et al., 2022). 
Cover crops are generally classified into legumes, grasses, and broadleaf 
non-legumes based on their function and characteristics. With strong root 
systems, legumes fix atmospheric nitrogen through symbiotic bacteria and 
reduce soil compaction (LaRue & Patterson, 1981; Kakraliya et al., 2018). 
Grass like barley, wheat, oats, millet, and rye proliferate and have fibrous 
root systems that prevent soil erosion (Hamidifar et al., 2018). Broadleaf 
non-legumes are often used as green manure (Ma et al., 2021). Unlike bare 
soil, cover crops improve soil physical properties such as structure, water 
holding capacity, and infiltration rates. Additionally, they enhance soil 
carbon sequestration and nitrogen retention (García-González et al., 2018). 
Numerous studies have shown that cover crops can enhance carbon 
sequestration by capturing atmospheric CO₂ and storing it in their biomass 
(Blanco‐Canqui et al., 2020; Ball et al., 2020; Villat et al., 2024). However, 
the impact of cover crops on GHG emissions varies across different 
studies. Some research indicates that covering crops improves soil health 
and increases organic matter content, reducing GHG emissions. 
Conversely, other studies suggest that the dense root systems and increased 
biomass of cover crops may promote anaerobic soil conditions, potentially 
increasing CH₄ and N₂O emissions (Venterea et al., 2011; Razzaghi, 2021). 
Recent studies on this topic are summarized in Table 1. 
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Table 1. The impact of different cover crops on greenhouse gas emissions 

Cover crop 
Types 

of 
GHG 

Findings Reference 

Zea mays L.- 
Glycine max L. 
Avena sativa- 

Triticum 
aestivum 

CO2 

In a study conducted under no-till 
management, the effects of cover crops on 
CO₂ emissions were examined in corn-
soybean and corn-soybean-oat-winter 
wheat rotations. The research found that 
more extended and more diverse crop 
rotations, such as the corn-soybean-oat-
winter wheat rotation, have a higher 
potential to reduce CO₂ emissions 
compared to other practices. 

Singh and 
Kumar 
(2021) 

Secale cereale 
L. 

N2O, 
CO2 

In areas where cover crops were planted 
versus areas where they were not, 
greenhouse gas (GHG) emissions showed 
that during the emergence period of rye, 
N₂O emissions were reduced in the areas 
with cover crops, while CO₂ emissions 
were unaffected. 

Reicks et al. 
(2021) 

Raphanus 
sativus- 

Trifolium 
incarnatum- 

Secale cereale 

N2O 

A study examining the effects of different 
cover crop species on N₂O emissions in 
unmanaged agricultural fields found that 
mixed cover crops reduced NO₃ leaching. 
However, the death of cover crops due to 
winter freeze led to biomass 
decomposition, directly increasing N₂O 
emissions. Overall, planting cover crops in 
mixtures generally resulted in a reduction 
in N₂O emissions. 

Sedghi et al.  
(2024) 

Zea mays L.- 
(Pisum sativum 

L., Vicia 
sativa,) 

CO2, 
CH4 

In a study investigating the combined 
cultivation of legumes and maize, along 
with reduced tillage and nitrogen 
fertilization, it was found that High C 
legumes increased soil CO₂ emissions 
under tillage. In contrast, reduced tillage in 
high N legumes decreased these emissions. 
Additionally, higher CH₄ emissions were 
observed in no-till. 

Fernández-
Ortega et al.  

(2024) 

Oryza sativa 
N₂O, 
CH4,  

In a study examining the effects of various 
cover crops in a mono-rice cropping 
system on N₂O and CH₄ emissions, the 
addition of winter cover crops led to 
increased emissions of N₂O and CH₄ due to 
increased organic matter accumulation. 

Li et al. 
(2021) 
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CONCLUSION 

This study has extensively examined the contributions of agricultural 
activities to greenhouse gas emissions and their impacts on the global 
climate. Our research highlights the significant role of livestock activities 
and indiscriminate fertilizer use in emitting potent greenhouse gases such 
as CH₄ and N₂O into the atmosphere. Furthermore, changes in land use, 
especially the conversion of forests and grasslands into agricultural land, 
have been identified to decrease soil organic carbon stocks and increase 
CO₂ emissions. These findings underscore the importance of strategically 
directing land management and agricultural practices in combating climate 
change. Our study also addresses the complex effects of covering crops on 
greenhouse gas emissions. While these crops can enhance carbon 
sequestration, reducing global warming potential, they can also contribute 
to GHG emissions by increasing CH₄ and N₂O emissions under anaerobic 
conditions. This dual impact highlights a significant literature gap in how 
cover crops can be integrated into ecological management strategies. In 
conclusion, there is a critical need to reshape agricultural policies and 
practices based on scientific evidence to address sustainability and climate 
change issues. This restructuring is crucial for reducing agricultural 
emissions and effectively combating climate change. Therefore, promoting 
sustainable agricultural practices, allocating more resources to develop 
adaptation and mitigation strategies for climate change, and supporting 
scientific research are paramount. This study is expected to contribute to 
the literature by comprehensively addressing agricultural greenhouse gas 
emissions and highlighting current research and resource allocation needs. 
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