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 This literature review explores the importance of organic fertilizers as a 

strategy for sustainable management of organic waste and promotion of 

organic agriculture. In particular, it aims to establish the link between the 

production and conversion of organic by-products into bioresources and 

their integration into organic agriculture. It reviews the various technical 

processes of converting organic waste into fertilizer. Among the processes 

examined, composting remains the most widely used because of its 

technical simplicity and economic profitability. Other processes examined 

that may be used to recover the mineral elements contained in organic by-

products include anaerobic digestion, vermicomposting, solid and liquid 

fermentation, biochar production. Thus, the various studies examined on 

the application of these fertilizers reveal that they contribute to a 

significant improvement in soil fertility while increasing microbial 

biomass and enzymatic activity, particularly those of urease, phosphatase 

and dehydrogenase. In addition, these fertilizers are responsible for the 

increase of the yield rate that can exceed 50% in comparison with 

untreated soil and the nutritive value of crops. Despite multiple 

advantages, the valorization of organic waste for agricultural purposes 

still requires rigorous management, standardization and reasoned 

integration. 
College of Agriculture and Forestry, University of Mosul.   
This is an open access article under the CC BY 4.0 license (https://magrj.uomosul.edu.iq ).   

      

INTRODUCTION 

In recent years, the increase in food consumption linked to the growth of the 

world population has led to a significant production of organic waste, especially in 

developing countries (Koné et al., 2021; Nosheen et al., 2021). These by-products 

include not only food waste, but also agricultural waste generated during or after 

harvest as well as green waste from gardens (Sasmita et al., 2022).  

Consequently, the accumulation of this waste and its inappropriate disposal is 

a major environmental challenge due to its harmful consequences. Thus, the 

transformation of organic waste into organic fertilizers offers a viable solution to this 

problem, while meeting the growing food demand and environmental concerns 

associated with mineral fertilizers (Abou et al., 2025). This approach to waste 

management provides numerous benefits, as it frequently mitigates the effects related 

to waste accumulation. Their agricultural application provides an ecological 

alternative to sustain or enhance agricultural output while safeguarding soil health 

and mitigating environmental impacts. 
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Furthermore, chemical fertilizers have been widely considered to increase 

crop yields and productivity in many regions for many years. These agrochemicals 

have been a major challenge for agriculture in recent years because of their adverse 

effects on the environment. In some cases, the use of these substances can lead to a 

significant decrease in soil fertility, water pollution, increased resistance to pests, loss 

of biodiversity and economic losses (Nosheen et al., 2021; Areeshi et al., 2022). In 

addition to their environmental impact, these chemicals have harmful effects on 

human health and are also costly, making their future use no longer a viable option.  

Consequently, the application of organic fertilizers and biofertilizers in 

agriculture can effectively rehabilitate degraded soil. These organic substances, more 

particularly biofertilizers, include microorganisms capable of increasing soil fertility, 

fixing atmospheric nitrogen, and solubilizing phosphorus (Chaudhary et al., 2022). 

Moreover, microbial inoculants contribute to accelerating the decomposition of 

organic matter and function as agents for biological control and bioremediation 

(Singh & Kumar, 2023). Consequently, initiatives for organic waste management 

should focus on converting it into biofertilizers to reduce environmental impacts and 

promote a circular economy. 

This literature review aims to evaluate the efficacy of organic fertilizers and 

biofertilizers in managing organic waste and advancing organic agriculture. It offers 

a summary of worldwide organic waste generation and the difficulties related to its 

management. It also underscores the progress in recent studies regarding the 

bioconversion of diverse organic waste into biofertilizers and their utilization as 

agricultural amendments. 

 

2. Global production of organic waste: current trends and future projections 

Globally, the amount of organic waste continues to increase and remains the 

largest fraction of municipal solid waste. According to World Bank data, global 

municipal solid waste production is estimated to be around two billion tons per year. 

The output of this could increase to 3.40 billion tons by 2050. Thus, municipal 

organic waste can account for 40-70% of municipal solid waste, with a particularly 

high proportion in developing countries (Kaza et al., 2018, Shi et al., 2024). 

However, food and agriculture is an important sectoral source of organic 

waste. Indeed, the agro-industrial sector generates annually about 250 million tons of 

waste worldwide from non-edible plants; for example, Asia alone produces about 475 

tonnes of agricultural residues (Maalout and Mavropoulos, 2023). Statistics from the 

United Nations Environment Programme (UNEP) show that annual production of 

agricultural biomass waste is estimated at around 140 billion tonnes. This quantity 

could increase by about 60% by 2050, in line with the increase in agricultural 

productivity (Marciniuk and Kluska, 2025). Thus, in its report of March 27, 2024, 

UNEP indicated that 1.05 billion tonnes of food waste had been produced in 

2022.This quantity of waste constitutes 20% of the food designated for consumption. 

Households are the predominant sources of organic waste, succeeded by catering 

services and commercial enterprises. Indeed, 44% of municipal solid waste generated 

globally and 56% in low-income nations is readily compostable. The present 

circumstances yield a composting rate of under 6% of the total waste produced 

globally (Kaza et al., 2018). 
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Generally, the composition of municipal waste varies according to countries' 

income levels. Low-income countries produce a significant share of organic waste 

that can exceed 50% of their total waste stream. By contrast, high-income countries 

produce a high share of dry recyclable materials, where the share of organic waste 

can account for only 30% of total production (Kaza et al., 2018; Machado and 

Hettiarachchi, 2020). 

 

3. Constraints related to the management of organic waste 

The processes of urbanization and alterations in consumption patterns are 

contributing to an increase in global organic waste generation. The management of 

this waste poses a considerable challenge for numerous societies, especially in 

developing nations. A salient example is the rapid expansion of African cities, which 

is resulting in a significant increase in waste, thereby adversely impacting cleanliness, 

water and soil quality, and public health (Bodjona et al., 2022). In addition, the lack 

of necessary infrastructure and the absence of effective policies are obstacles that can 

limit proper management of organic waste (Koné et al., 2021). 

Despite the initiatives already in place, some countries still face various 

difficulties related to the management of organic waste. Indeed, the management 

systems in place remain ineffective in eliminating all the waste produced, which leads 

to their accumulation, particularly in public spaces. There is also the lack of interest 

in collecting this waste (Bodjona et al., 2022). In addition, organic waste can certainly 

contain pollutants including plastics and other non-biodegradable materials, calling 

for the strengthening of their management technique (Saïdi-Boulahia et al., 2018).  

Moreover, disasters such as floods or hurricanes are also challenges most often 

observed in certain regions that can lead to their production in huge quantities 

(Beraud et al., 2019). Furthermore, socio-economic and political factors significantly 

influence the management of organic waste. In numerous instances, waste 

management policies are inadequately defined or absent in many developing 

countries, thereby complicating the implementation of effective management systems 

(Nikiema et al., 2016). 

 

4. Technological approaches for converting organic waste into organic fertilizers 

and biofertilizers 

Research on organic fertilizers and biofertilizers continues to advance in 

response to some of the challenges mentioned above, with studies exploring their 

potential in different crop types and soil conditions, strengthening their role in 

sustainable agriculture. Several recent studies have focused on converting organic 

waste into organic fertilizers through biological processes and evaluating their 

agronomic properties. In order to achieve this, many strategies that tackle waste 

management from the standpoint of the circular economy have been extensively and 

in-depth examined. Table 1 delineates various technological processes employed to 

transform organic waste into organic fertilizers and biofertilizers. Each of these 

processes possesses unique advantages, limitations, and effects on nutrient 

composition and soil health. The selection of method is contingent upon factors 

including cost, time, and environmental impact. 
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Table 1: Comparison of main technological processes and methods for organic waste 

conversion  

Conversion 

process 

General 

principle 

Type of 

fertilizer 

obtained 

Main benefits References 

Aerobic 

composting 

(windrows, piles, 

silos) 

Controlled 

aerobic 

degradation 

(temperature, 

humidity, C/N 

ratio) 

stabilized solid 

compost 

Low cost, 

simplicity, 

reduction of 

pathogens, 

improvement of 

soil structure 

Ayilara et al., 

2020 ; Dieng et 

al., 2019 ; 

Hidalgo et al., 

2025 

Mechanized 

dynamic 

composting 

Composting 

accelerated in 

controlled 

reactors 

Compost/stabili

zed organic 

matter 

Reduced 

residence time, 

better control of 

emissions, odors, 

and sanitary 

quality; 

Martinez et al., 

2022 ; Finore et 

al., 2023 ; Tan et 

al., 2025 

Vermicomposting 

Fragmentation 

and digestion 

organic matter 

by worms 

Very fine 

vermicompost, 

rich in nutrients, 

enzymes, and 

beneficial 

microorganisms 

(PGPR, PSB, 

etc.). 

Significant 

enrichment in 

NPK and 

micronutrients, 

high 

microbiological 

activity, presence 

of growth 

hormones 

Kaur, 2020, 

Ayilara et al., 

2020 ; Bhatt et al., 

2025 

Anaerobic 

digestion 

Degradation of 

organic matter in 

the absence of 

oxygen, 

producing 

biogas + 

liquid/solid 

digestate 

Solid/liquid 

digestate + 

biogas 

Double 

valorization 

(energy and 

fertilizer) efficient 

recycling of 

nutrients 

Diacono et al., 

2019 ; Jamison et 

al., 2021 ; Artola 

et al., 2024 

Liquid 

fermentation 

Liquid phase 

fermentation to 

produce 

inoculants, 

metabolotes, or 

nutrient-rich 

digestate/sludge 

stabilizers 

Liquid 

biofertilizers 

(inoculants, 

fermented 

extracts) or 

liquid fractions 

concentrated in 

N, P, K 

Easy-to-apply 

formulations 

(fertigation, seed 

coating), high 

density of 

microbes/metaboli

tes possibility of 

fast-release 

products 

Jennifer et al., 

2023 ; 

Abidin et al., 

2024 ; 

Gao et al., 2021 ; 

Admi et al., 2024 
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Conversion 

process 

General 

principle 

Type of 

fertilizer 

obtained 

Main benefits References 

Solid-state 

fermentation 

(SSF) 

Growth of 

microorganisms 

on slightly moist 

solid substrates 

(fungi, bacteria) 

for 

bioconversion 

and functional 

enrichment 

Bio-organic 

fertilizers 

enriched with 

functional 

microbes 

(PGPR, PSB, 

lignin/chitin 

degraders, etc.) 

Valorization of 

difficult substrates 

(lignocellulose), 

join production of 

enzymes and 

microbial 

consortia, and 

nutrient 

availability 

Lim & Matu, 

2015 ; Areeshi, 

2022 ; 

Bibi et al., 2022 ; 

Sharma et al., 

2023 ; Xie et al. 

2023 

Bokashi 

fermentation 

Rapid 

fermentation by 

effective 

microorganisms 

(lactobacilli, 

yeasts, etc.) 

under quasi-

anaerobic 

conditions. 

Partially 

decomposed 

organic 

amendment, rich 

in organic acids 

and 

microorganisms. 

Fast process, low 

odor, reduced N 

losses, suitable for 

small areas, 

improved 

microbial activity 

Oiza et al. 2022 ; 

Zaini et al., 2023 ; 

Admi et al., 2024 

Targeted 

microbial 

inoculation 

(PGPR, PSB, N-

fixers) 

Application of 

selected strains 

or consortia to 

solubilize P/K, 

fix N, produce 

hormones or 

pathogen 

antagonists 

Microbial 

biofertilizers 

(solid or liquid), 

often combined 

with an organic 

matrix (bio-

organic 

fertilizers) 

Improved nutrient 

utilization, 

stimulation of 

growth and stress 

resistance, 

possible reduction 

in mineral 

fertilizer doses 

Jenniffer N et al., 

2022, Zielinska et 

al., 2024, Mia & 

ZZaman, 2025, 

 

Among the valorization processes, composting remains the most popular 

technique for managing organic waste worldwide due to its technical simplicity and 

accessibility, low cost, versatility, and environmental benefits. This process implies 

the aerobic decomposition of organic matter by involving a population of 

microorganisms to produce a compost rich in nutrients. On the other hand, anaerobic 

digestion, although providing a double benefit (biofertilizers and biogas), remains 

less frequent due to its very demanding technicality in terms of infrastructure. 

Nevertheless, processes such as enzymatic fermentation or microbial degradation, 

although more specialized, also remain less common. 

 

5. Impact of organic and biofertilizers on soil fertility improvement and crop 

productivity 

The application of organic fertilizers and biofertilizers improves soil fertility 

while promoting microbial life essential to nutrient cycles. Soil bacteria and fungi 

ensure the decomposition of organic matter while releasing essential minerals such 

as potassium, phosphorus and nitrogen (Bhardwaj et al., 2014). As reported by Li et 

al. (2023), soil amendment using bio-fertilizer increases the health index and carbon 

concentration, derived from microbial biomass. A study conducted by Djaouga et al. 
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(2020) demonstrated the effectiveness of biochar in improving the restoration of 

chemical properties such as pH and the content of nutrients essential for fertility. 

Kumar et al. (2022) reported that the application of biofertilizer promotes crop growth 

through hormone production, disease elimination and improved nutrient uptake. 

However, the microorganisms present in organic amendments promote soil 

microbial life. As indicated by Diaw et al. (2018), rhizobacteria such as pseudomonas 

spp., may be desired to improve nutrient absorption and abiotic stress resistance of 

crops. Similar observations were also reported in the work of Nosheen et al. (2021); 

Aliyat et al. (2022) and Omar et al. (2025). Research has shown that these bacteria 

can substantially influence crop yields, particularly in maize, by increasing the 

concentrations of essential macronutrients such as potassium, phosphorus, and 

nitrogen (Adjanohoun et al., 2012). All findings in this section corroborate previous 

research by Brar et al. (2017), Ravanachandar et al. (2020), and Wu et al. (2025), 

which assert that the application of biofertilizers enhances soil microbial activity as 

well as biomass. These microorganisms are essential for regulating crop productivity 

and soil health.  

Furthermore, the utilization of organic fertilizers and biofertilizers 

systematically enhances both final yield and various crop growth parameters. Several 

studies have been conducted to date demonstrating that the nutrient composition of 

growing media is important for increasing agricultural production. Table 2 

summarizes different results concerning the effects of organic fertilizers and 

biofertilizer formulations on crop yields. 
 

Table 2. Effects of different organic fertilizers and biofertilizers formulations on crop 

yields 

Treatment/main 

formulation 
Crops 

Production Rate of 

yield 

increase 

Reference Witness 

Yield 

Yield-

treatment 

Manure + Biofertilizer 

(PSB+BGA) 

Rice 

(Oryza 

sativa L.) 

2625 kg ha⁻¹ 
3100- 4625 

kha⁻¹ 
~18 - 76% 

Singh et al., 

2023 

Compost (straw + 

manure) + 

Trichoderma 

-Soybean 

-Quinoa 

1.8 t/ha 

2.5 t/ha 

2.2 t/ha 

2.9 t/ha 

+22% 

+16% 

El-

Gamal ,2020 

Tithonia diversifolia 

(organic contribution) 
Maize -885.5 kg/ha -1398.1 kg/ha 40-80% 

Mukendi et 

al., 2017 

Mycorrhizal fungi 

Broad 

bean 

(Vicia faba 

L.) 

5296 t/ha 5874 t/ha +10.9% 
Al-Zubaidi et 

al., 2024 

Algae extracts + 

Rhizobium + 

Trichoderma 

Maize - - 11.8% 
Alvarez et al., 

2024 

Azospirillum or 

Azotobacter + Manure 
Maize - - 20-30% 

Fadalla et al., 

2016 
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Treatment/main 

formulation 
Crops 

Production Rate of 

yield 

increase 

Reference Witness 

Yield 

Yield-

treatment 

Biofertilizer 

Consortium + 

Trichoderma 

Rice 7.1 t/ha 7.9 -10.1 t/ha 
11.3 - 

42.3% 

Simarmata et 

al., 2016 

Strains of 

Bradyrhizobium 

japonicum 

Soybean 5535 kg/ha 9207 kg/ha 66.4% 
Argaw et al., 

2014 

Control (without 

fertilizer) and Bio-

organic (agricultural 

waste) 100% 

substitution of CF 

Winter 

wheat 

3241.05 t 

/ha 
5629.15 t/ha +42.4 % 

Duan et al., 

2023 

Green manure 

(Sesbania) + 

Biofertilizers 

Rice 

Basmati 
3.64 t/ha 5.24- 5.43 t/ha 25.8- 49.2% 

Kumawat et 

al., 2023 

Compost from 

household waste (20 

t/ha) 

Tomato 22.4 t/ha 38.7 t/ha 72.7% 
Basheer et 

al., 2023 

Azotobacter + Soil 

inoculation and FYM 

inoculation 

Maize 

Stover : 

3.83 t ha-1 

Grain : 2.83 

t ha-1 

-Stover : 6.39-

11.92 t ha-1 

-Grain : 4.06-

6.62 t ha-1 

-15 to 35% 

Baral & 

Adhikari 

2014 

Chemical fertilization 

with combined 

chemical and BOF 

treatment (Bacillus 

amyloliquefaciens) 

Cotton - - 
19.82–

28.17% 

Yu et al., 

2025 

Organic + biochar + 

straw return 
Black weat   

17.3% over 

F 

Zou et al., 

2025 

Inoculation with 

Rhizobium + Various 

doses of nitrogen 

+Phosphorus from 

TSP 

Soybean 

variety 

Belessa-95 

- - 

-75 - 76.8% 

(vs control) 

 

Getachew & 

Abeble ,2020 

Control = 100% 

chemical fertilizer, 

75% chemical + bio-

organic (Trichoderma) 

Tomate 
82.85 

(kg/plot) 
86.78 (kg/plot) +4.7 

Ye et al., 

2020 

Control = 100% 

chemical fertilizer, 

High organic + 

chemical dose 

Maize 

(albic soil) 
12000 1 4 370 +19.7% 

Ma et al., 

2025 

Bio-organic + 

amendment (fulvic 

acid, etc.) 

Rice - - 

(4 %-15 %) 

compare to 

CK 

Xiao et al., 

2025 
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RDF: recommended dose of chemical fertilizer, PSB: phosphate solubilizing 

bacteria, TSP: triple Superphosphate, NT: no-till system, FS: Fallow soil, MOP: 

muriate of potash, CB: consortia of biofertilizers, CB-T: consortia of biofertilizers 

combined with Trichoderma sp., CS: composted straw, CF: Chemical fertilizer, CK: 

no fertilization as a control, bio-organic fertilizers (BOFs) 

The analysis of the results presented in the above table shows that the increase 

in yield results from the simultaneous effect of nutrients and microbial activity on the 

assimilation of mineral elements. Treatments combining both manure or compost and 

microbial agents such as Trichoderma, PSB specifically for rice and tomato, have a 

high productivity performance in grains and straw. Additional performance metrics 

documented include dry matter, plant height, stem diameter, leaf area index, pod 

count per plant, and seed count per pod. Crop-specific responses also have an 

important influence on yields. Indeed, some crops such as rice and soybeans show a 

rate of increase that can reach more than 60%, while maize and quinoa show moderate 

increases ranging from 10 to 40%. 

 

6. Impact of organic fertilizers and biofertilizers on the nutritional quality of 

crops  

The utilization of biofertilizers and organic fertilizers enhances both soil 

characteristics and the quality of biomass harvested. This substantial enhancement in 

the physicochemical and nutritional quality of the soil accounts for the rise in macro- 

and micro-nutrient levels in crops. Many crops with free and symbiotic nitrogen-

fixing bacteria can enhance crop quality by augmenting protein content and 

improving the bioavailability of micronutrients for human absorption (Bargaz et al., 

2018). Conversely, phosphorus-mobilizing microorganisms are acknowledged and 

efficient instruments for enhancing the mineral nutrition, aroma, and flavor profile of 

tomatoes (Bíró et al., 2018). 

Furthermore, El-Gamal (2020) asserts that organic fertilizers and biofertilizers 

enhance the concentration and uptake of nutrients, including nitrogen, phosphorus, 

and potassium, in the grains and straw of crops such as soybeans, corn, and quinoa, 

in contrast to mineral fertilizers. Kumawat et al. (2023) demonstrated that the 

application of these integrated biological inputs, such as Azospirillum, Azotobacter, 

Rhizobium, phosphate-solubilizing bacteria (PSB), potassium-solubilizing bacteria 

(KSB), and cellulolytic fungi (Aspergillus awamori, Trichoderma viride, 

Phanerochaete chrysosporum, and Aspergillus wolulens), enhanced the protein 

content and concentrations of macro- and micronutrients in rice, wheat, and mung 

bean grains. Comparable findings have been documented by other researchers, 

particularly Borna et al. (2025) and Ferreira et al. (2025).  

Negi et al. (2021) demonstrated the efficacy of farmyard manure (FYM) and 

vermicompost, in conjunction with biofertilizers, to enhance the nutritional quality of 

strawberries. Such treatments have contributed to the improvement of their phenolic 

compound content, total soluble solids and total sugars content as well as their 

antioxidant capacity. Similarly, various results confirming the improvement in 

nutritional quality, including increased protein levels, were reported by Zayed et al. 

(2012) and Sadafzadeh et al. (2023). 
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7. Organic fertilizers and biofertilizers as a pillar of organic farming systems 

Organic soil amendments are an effective strategy to reduce dependence on 

chemical inputs. Their application increases crop productivity by giving yields 

comparable or even superior to those of chemical fertilizers. They contribute to 

maintaining ecological balance while mitigating pollution (Corrado et al., 2018) and 

preserving beneficial soil microorganisms (Mahmud et al., 2021). 

However, various studies already carried out show that the use of biofertilizers 

offers a financial advantage because it reduces the production costs to be incurred 

compared to inorganic fertilizers (Corrado et al., 2018; Elias et al., 2022). Apart from 

immediate interest, their use reduces future needs and inputs, leading to better health 

and increased productivity in the long term (Corrado et al., 2018; Li et al., 2023).  

Another significant importance is that organic fertilization strengthens the 

resilience of agricultural systems to various environmental challenges (Yadav and 

Sarkar, 2019; Tiwari et al., 2023). Moreover, it is an effective strategy for improving 

global food security while preserving ecosystems. Thus, their integration into 

agricultural practices allows farmers to improve management and optimize the use of 

available resources Nosheen et al., 2021; Asad and Ahamed, 2024). 

 

CONCLUSIONS 

This study highlights the dual function of converting organic waste into soil 

nutrient sources. It highlights that this strategy allows on the one hand to manage the 

waste produced and on the other hand to promote organic farming. Indeed, this 

strategy is part of a circular economy approach because it starts from the production, 

the recovery of organic waste, and the use of fertilizers to increase crop productivity. 

Despite the technological advances already implemented, challenges related to the 

transformation of organic waste into sources of fertilizers and their application remain 

observable. To overcome these challenges, future research on organic fertilization 

could advance towards a technological integration of nanoscience, microbial ecology 

and polymer engineering. 

 

ACKNOWLEDGMENT 

The authors express their deep gratitude to the scientific publication support 

center of Ibn Tofail University in Kenitra for their support in the success of this 

article. 

 

CONFLICT OF INTEREST 

The authors have declared that no competing interests exist. 
 

 

REFERENCES 

Abidin, A. Z., Steven, S., Fadli, R., Nabiel, M. F., Yemensia, E.V., Soekotjo, E. S. 

A., Rahman Setiawan, A. A., Sasongko, N. A., Rendra Graha ,H. P., Abidin, 

T., & Putra, R. P. (2024). Influence of several physical parameters in 

enzymatic fermentation of vegetable and fruit waste to produce organic liquid 

fertilizer using MASARO technology. Results in Engineering, 23, 102567. 

https://doi.org/10.1016/j.rineng.2024.102567  

https://doi.org/10.1016/j.rineng.2024.102567


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

10 

Abou, E. D. M., El-Morshedy, F. A., & Shaaban, I. A. (2025). To What Extent Can 

Biofertilizers Replace Chemical Fertilizers for Valencia Orange (Citrus 

sinensis L. Osbeck) Trees Growing in Sandy Soil Conditions? Egyptian 

Journal of Soil Science, 65(3), 1517–1527. 

https://doi.org/10.21608/ejss.2025.398054.2224  

Adjanohoun, A., Noumavo, P. A., Sikirou, R., Allagbe, M., Gotoechan-Hodonou, H., 

Dossa, K. K., Yehouenou, B., Kakaï, R. L. G., & Baba-Moussa, L. (2012). 

Effets des rhizobactéries PGPR sur le rendement et les teneurs en 

macroéléments du maïs sur sol ferralitique non dégradé au Sud-Bénin. 

International Journal of Biological and Chemical Sciences, 6(1). 

https://doi.org/10.4314/ijbcs.v6i1.24  

Aliyat, F. Z., Maldani, M., El Guilli, M., Nassiri, L., & Ibijbijen, J. (2022). Phosphate-

Solubilizing Bacteria Isolated from Phosphate Solid Sludge and Their Ability 

to Solubilize Three Inorganic Phosphate Forms: Calcium, Iron, and Aluminum 

Phosphates. Microorganisms, 10(5), 980. 

https://doi.org/10.3390/microorganisms10050980  

Álvarez, S. P., Ochoa-Chaparro, E. H., Anchondo-Páez, J. C., Escobedo-Bonilla, C. 

M., Rascón-Solan, J., Magallanes-Tapia, M. A., Valencia, L. P. U., 

Hernández-Campos, R., & Sánchez E. (2024). Nitrogen Assimilation, 

Biomass, and Yield in Response to Application of Algal Extracts, Rhizobium 

sp., and Trichoderma asperellum as Biofertilizers in Hybrid Maize. Nitrogen, 

5(4), 66. https://doi.org/10.3390/nitrogen5040066  

Al-Zubaidi, A. H. A. (2024). Biofertilizer impact on the productivity of broad bean 

(vicia faba l.). Sabrao Journal of Breeding and Genetics, 56(4), 1705–1711. 

https://doi.org/10.54910/sabrao2024.56.4.35  

Areeshi, M. Y. (2022). Recent advances on organic biofertilizer production from 

anaerobic fermentation of food waste: Overview. International Journal of 

Food Microbiology, 374, 109719. 

https://doi.org/10.1016/j.ijfoodmicro.2022.109719  

Argaw, A. (2014). Symbiotic effectiveness of inoculation with Bradyrhizobium 

isolates on soybean [Glycine max (L.) Merrill] genotypes with different 

maturities. Springer Plus, 3, 753. https://doi.org/10.1186/2193-1801-3-753  

Artola, A., Font, X., Moral-Vico, J., & Sánchez, A. (2024). The role of solid-state 

fermentation to transform existing waste treatment plants based on composting 

and anaerobic digestion into modern organic waste-based biorefineries, in the 

framework of circular bioeconomy. Frontiers in Chemical Engineering, 6, 

1463785. https://doi.org/10.3389/fceng.2024.1463785  

Asad, M., & Ahmed, S. Y. (2024). Utilizing Biofertilizer for Achieving Sustainable 

Agriculture and Rural Development Strategy towards Vision 2040, Oman. 

Sustainability, 16(10). https://doi.org/10.3390/su16104015  

Ayilara, M. S., Olanrewaju, O. S., Babalola, O. O., Odeyemi, O., Ayilara, M. S., 

Olanrewaju, O. S., Babalola, O. O., & Odeyemi, O. (2020). Waste 

https://doi.org/10.21608/ejss.2025.398054.2224
https://doi.org/10.4314/ijbcs.v6i1.24
https://doi.org/10.3390/microorganisms10050980
https://doi.org/10.3390/nitrogen5040066
https://doi.org/10.54910/sabrao2024.56.4.35
https://doi.org/10.1016/j.ijfoodmicro.2022.109719
https://doi.org/10.1186/2193-1801-3-753
https://doi.org/10.3389/fceng.2024.1463785
https://doi.org/10.3390/su16104015


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

11 

Management through Composting: Challenges and Potentials. Sustainability, 

12(11). https://doi.org/10.3390/su12114456  

Baral, B., & Adhikari, P. (2014). Effect of Azotobacter on Growth and Yield of 

Maize. SAARC Journal of Agriculture, 11(2): 141–147. 

https://doi.org/10.3329/sja.v11i2.18409  

Bargaz, A., Lyamlouli., K, Chtouki, M., Zeroual, Y., & Dhiba, D. (2018). Soil 

Microbial Resources for Improving Fertilizers Efficiency in an Integrated 

Plant Nutrient Management System. Frontiers in Microbiology, 9, 1606. 

https://doi.org/10.3389/fmicb.2018.01606  

Beraud, H., Nithart, C., & Durand, M. (2019). Le difficile suivi des déchets post-

catastrophe: Le cas de l’Ouragan Irma à Saint-Martin. Risques Urbains, 3(1). 

https://doi.org/10.21494/iste.op.2019.0329  

Bhardwa,j D. K., Ansari, M. W., Sahoo, R. K., & Tuteja, N. (2014). Biofertilizers 

function as key player in sustainable agriculture by improving soil fertility, 

plant tolerance and crop productivity. Microbial Cell Factories, 13(1). 

https://doi.org/10.1186/1475-2859-13-66  

Bhatt, R., Rajput, V. D., Chandra, M. S., Majumder, D., Garg, A. K., Dinesh, G. K., 

Riar, A. S., Bhatt, K., Verma, K. K., de Oliveira, M. W., Anand, V., & 

Biryukova, O. (2025). Vermicomposting for climate change mitigation and 

sustainable soil health: Organic waste management, nitrogen use efficiency, 

and ecosystem services. Sains Tanah, 22(2), 525‑550. 

https://doi.org/10.20961/stjssa.v22i2.108669  

Bibi, F., Ilyas, N., Arshad, M., Khalid, A., Saeed, M., Ansar, S., & Batley, J. (2022). 

Formulation and efficacy testing of bio-organic fertilizer produced through 

solid-state fermentation of agro-waste by Burkholderia cenocepacia. 

Chemosphere, 291, 132762. 

https://doi.org/10.1016/j.chemosphere.2021.132762  

Bíró, B., Dudás, A., Wass-Matics, H., Kocsis, T., Pabar, S., Tóth, E., Szalai, M., & 

Kotroczó, Z. (2018). Improved soil and tomato quality by some biofertilizer 

products. Acta Agraria Debreceniensis, 150, 93–105. 

https://doi.org/10.34101/actaagrar/150/1706  

Bodjona, M. B., Bafai, D. D., Tchegueni, S., Kassem, T., Koriko, M., & Tchangbédji, 

G. (2022). Etude de la collecte sélective de déchets ménagers à la source dans 

la ville de Tsévié au Togo. International Journal of Biological and Chemical 

Sciences, 16(3): 1204–1216. https://doi.org/10.4314/ijbcs.v16i3.24  

Borna, F., Rahmati-Joneidabad, M., & Rahmani, S. A. (2025). Evaluation of the 

effects of biofertilizers on yield, quality, and quantity of essential oil of 

Dracocephalum moldavica L. under climatic conditions of Khuzestan. Iranian 

Journal of Medicinal and Aromatic Plants Research, 41(2), 234–251. 

https://doi.org/10.22092/ijmapr.2025.366029.3451  

https://doi.org/10.3390/su12114456
https://doi.org/10.3329/sja.v11i2.18409
https://doi.org/10.3389/fmicb.2018.01606
https://doi.org/10.21494/iste.op.2019.0329
https://doi.org/10.1186/1475-2859-13-66
https://doi.org/10.20961/stjssa.v22i2.108669
https://doi.org/10.1016/j.chemosphere.2021.132762
https://doi.org/10.34101/actaagrar/150/1706
https://doi.org/10.4314/ijbcs.v16i3.24
https://doi.org/10.22092/ijmapr.2025.366029.3451


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

12 

Brar, A., Gosal, S. K., & Walia, S. S. 2017. Effect of Biofertilizer and Farmyard 

Manure on Microbial Dynamics and Soil Health in Maize (Zea Mays L.) 

Rhizosphere. Chemical Science Review and Letters, 6(23), 1524–1529. 

Chaudhary, P., Chaudhary, A., Bhatt, P., Kumar, G., Khatoon, H., Rani, A., Kumar, 

S., & Sharma, A. (2022). Assessment of Soil Health Indicators Under the 

Influence of Nanocompounds and Bacillus spp. In Field Condition. Frontiers 

in Environmental Science, 9, 769871. 

https://doi.org/10.3389/fenvs.2021.769871  

Corrado, S., & Sala, S. (2018). Food waste accounting along global and European 

food supply chains: State of the art and outlook. Waste Management, 79, 120–

131. https://doi.org/10.1016/j.wasman.2018.07.032  

Diacono, M., Persiani, A., Testani, E., Montemurro, F., & Ciaccia, C. (2019). 

Recycling Agricultural Wastes and By-products in Organic Farming: 

Biofertilizer Production, Yield Performance and Carbon Footprint Analysis. 

Sustainability, 11(14), 3824. https://doi.org/10.3390/su11143824  

Diaw, D., Fall-Ndiaye, M. A., Ali, O. Y., Sare, I. C., & Diop, T. A. (2018). Effet de 

la salinité sur la densité des isolats de Pseudomonas spp fluorescents de 

rhizosphère de plants de tomate, d’aubergine et d’oignon au Sénégal. 

International Journal of Biological and Chemical Sciences, 12(4). 

https://doi.org/10.4314/ijbcs.v12i4.31  

Dieng, M., Diedhiou, A. S., & Sambe, F. M. (2019). Valorisation par compostage des 

déchets solides fermentescibles collectés à l’Ecole Supérieure Polytechnique 

de l’Université Cheikh Anta Diop de Dakar: Etude de l’effet phytotoxique sur 

des plants de maïs et d’arachide. International Journal of Biological and 

Chemical Sciences, 13(3): 1693–1704. https://doi.org/10.4314/ijbcs.v13i3.39  

Djaouga, N. T. M., Diogo, R. V. C., Baimey, H., & Godau, T. (2020). Développement 

du gboma (Solanum macrocarpon L.) sous l’influence du biochar, de la 

fréquence d’arrosage et des nématodes à galles en conditions de serre. Annales 

de l’Université de Parakou - Série Sciences Naturelles et Agronomie, 10(1), 

33–40. https://doi.org/10.56109/aup-sna.v10i1.41  

Duan, C., Li, J., Zhang, B., Wu, S., Fan, J., Feng, H., He, J., & Siddique, K. H. M. 

2023. Effect of bio-organic fertilizer derived from agricultural waste resources 

on soil properties and winter wheat (Triticum aestivum L.) yield in semi-

humid drought-prone regions. Agricultural Water Management, 289, 108539. 

https://doi.org/10.1016/j.agwat.2023.108539  

Elias, A., Favaro, C., Bettiol, W., Ribeiro, C., & Farinas, C. (2022). Economic 

Aspects on the Production of Biofertilizers as Granular Composites. ACS 

Sustainable Chemistry & Engineering, 10(31), 10426–10438. 

https://doi.org/10.1021/acssuschemeng.2c04021  

El-Gamal B A, Abu El-Fotoh HM, Hamed MA, 2020. Impact of organic and bio-

fertilizers on soil health and production of quinoa and soybean. Middle East 

https://doi.org/10.3389/fenvs.2021.769871
https://doi.org/10.1016/j.wasman.2018.07.032
https://doi.org/10.3390/su11143824
https://doi.org/10.4314/ijbcs.v12i4.31
https://doi.org/10.4314/ijbcs.v13i3.39
https://doi.org/10.56109/aup-sna.v10i1.41
https://doi.org/10.1016/j.agwat.2023.108539
https://doi.org/10.1021/acssuschemeng.2c04021


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

13 

Journal of Agriculture Research, 9(4), 828–847. 

https://doi.org/10.36632/mejar/2020.9.4.65Fadlalla  

Fadlalla, H. A., Abukhlaif, H. A. A., & Mohamed, S. S. (2016). Effects of chemical 

and bio-fertilizers on yield, yield components and grain quality of maize (Zea 

mays L.). African Journal of Agricultural Research, 11(45), 4654–4660. 

https://doi.org/10.5897/AJAR2016.11619  

Ferreira, S., Lopes, C., Gonçalves, M., Rodrigues, M., Martinho, F., & Sousa, M. L. 

2025. Multiyear Assessment of Biofertilizer Application on ‘Gala’ Apple 

Orchards: Impacts on Soil Fertility, Leaf Mineral Content, and Agronomic 

Performance. Plants, 14(21). https://doi.org/10.3390/plants14213319  

Finore, I., Feola, A., Russo, L., Cattaneo, A., Di Donato, P., Nicolaus, B., Poli, A., & 

Romano, I. (2023). Thermophilic bacteria and their thermozymes in 

composting processes: A review. Chemical and Biological Technologies in 

Agriculture, 10(1), 7. https://doi.org/10.1186/s40538-023-00381-z  

Gao, S., Lu, D., Qian, T., & Zhou, Y. (2021). Thermal hydrolyzed food waste liquor 

as liquid organic fertilizer. Science of The Total Environment, 775, 145786. 

https://doi.org/10.1016/j.scitotenv.2021.145786  

Getachew, G. Z., & Abeble Dagnaw, L. (2020). Response of soybean to Rhizobial 

inoculation and starter N fertilizer on Nitisols of Assosa and Begi areas, 

Western Ethiopia. Environmental Systems Research, 9(1), 14. 

https://doi.org/10.1186/s40068-020-00174-5  

Hidalgo, D., Martín-Marroquín, J. M., Corona, F., Verdugo, F., Hidalgo, D., Martín-

Marroquín, J. M., Corona, F., & Verdugo, F. (2025). Waste-Derived 

Fertilizers: Conversion Technologies, Circular Bioeconomy Perspectives and 

Agronomic Value. Agronomy, 15(9). 

https://doi.org/10.3390/agronomy15092167  

Jamison, J., Khanal, S. K., Nguyen, N. H., & Deenik, J. L. (2021). Assessing the 

Effects of Digestates and Combinations of Digestates and Fertilizer on Yield 

and Nutrient Use of Brassica juncea (Kai Choy). Agronomy, 11(3), 509. 

https://doi.org/10.3390/agronomy11030509  

Jennifer, M. K. N., & Saeid, A. (2022). An Insight into Microbial Inoculants for 

Bioconversion of Waste Biomass into Sustainable “Bio-Organic” Fertilizers: 

A Bibliometric Analysis and Systematic Literature Review. International 

Journal of Molecular Sciences, 23(21). 

https://doi.org/10.3390/ijms232113049  

Kaur, T. (2020). Vermicomposting : An Effective Option for Recycling Organic 

Wastes. In Organic Agriculture. IntechOpen. 

https://doi.org/10.5772/intechopen.91892  

Kaza, S., Yao, L., Bhada-Tata, P., & Van Woerden, F. (2018). What a waste 2.0: A 

global snapshot of solid waste management to 2050. Urban Development 

Series. Washington, DC: World Bank. https://doi.org/10.1596/978-1-4648-

1329-0  

https://doi.org/10.36632/mejar/2020.9.4.65Fadlalla
https://doi.org/10.5897/AJAR2016.11619
https://doi.org/10.3390/plants14213319
https://doi.org/10.1186/s40538-023-00381-z
https://doi.org/10.1016/j.scitotenv.2021.145786
https://doi.org/10.1186/s40068-020-00174-5
https://doi.org/10.3390/agronomy15092167
https://doi.org/10.3390/agronomy11030509
https://doi.org/10.3390/ijms232113049
https://doi.org/10.5772/intechopen.91892
https://doi.org/10.1596/978-1-4648-1329-0
https://doi.org/10.1596/978-1-4648-1329-0


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

14 

Koné, M., Danioko, F., Dansoko, M., Addouche, S. A., Tchoffa, D., & El-Mhamedi, 

A. (2021). Evaluation du potentiel de production du biogaz emanant des 

dechets organiques : Cas de Bamako. Journal De Physique De La Soaphys, 

2(2). https://doi.org/10.46411/jpsoaphys.2020.02.24  

Kumar, S., Diksha, D., Sindhu, S. S., & Kumar, R. (2022). Biofertilisants : une 

technologie écologique pour le recyclage des nutriments et la durabilité 

environnementale. Recherches actuelles en sciences microbiennes, 3, 100094. 

https://doi.org/10.1016/j.crmicr.2021.100094  

Kumari, R., & Singh, D. P. (2020). Nano-biofertilizer: An Emerging Eco-friendly 

Approach for Sustainable Agriculture. Proceedings of the National Academy 

of Sciences, India Section B: Biological Sciences, 90(4), 733–741. 

https://doi.org/10.1007/s40011-019-01133-6  

Kumawat, A., Kumar, D., Shivay, Y. S., Bhatia, A., Rashmi, I., Yadav, D., & Kumar, 

A. (2023). Long-term impact of biofertilization on soil health and nutritional 

quality of organic basmati rice in a typic ustchrept soil of India. Frontiers in 

Environmental Science, 11: 1031844. 

https://doi.org/10.3389/fenvs.2023.1031844  

Li, L., Tong, L., & Lv, Y. (2023). Influence of BioFertilizer Type and Amount Jointly 

on Microbial Community Composition, Crop Production and Soil Health. 

Agronomy, 13(7), 1775. https://doi.org/10.3390/agronomy13071775  

Lim, S. F., & Matu, S. U. (2015). Utilization of agro-wastes to produce biofertilizer. 

International Journal of Energy and Environmental Engineering, 6(1), 31–35. 

https://doi.org/10.1007/s40095-014-0147-8  

Ma, X., Zhao, Y., Zheng, Y., Wang, L., Zhang, Y., Sun, Y., Ji, J., Hao, X., Liu, S., & 

Sun, N. 2025. Effect of Different Fertilization on Soil Fertility, Biological 

Activity, and Maize Yield in the Albic Soil Area of China. Plants, 14(5). 

https://doi.org/10.3390/plants14050810  

Maalouf, A., & Mavropoulos, A. (2023). Re-assessing global municipal solid waste 

generation. Waste Management & Research, 41(4), 936–947. 

https://doi.org/10.1177/0734242X221074116  

Machado, C. R., & Hettiarachchi, H. (2020). Composting as a Municipal Solid Waste 

Management Strategy: Lessons Learned from Cajicá, Colombia. In H. 

Hettiarachchi, S. Caucci, & K. Schwärzel (Éds.), Organic Waste Composting 

through Nexus Thinking: Practices, Policies, and Trends (p. 17–38). Springer 

International Publishing. https://doi.org/10.1007/978-3-030-36283-6_2  

Mahmud, A. A., Upadhyay, S. K., Srivastava, A. K., & Bhojiya, A. A. (2021). 

Biofertilizers: A Nexus between soil fertility and crop productivity under 

abiotic stress. Current Research in Environmental Sustainability, 3, 100063. 

https://doi.org/10.1016/J.CRSUST.2021.100063  

Marciniuk-Kluska, A., & Kluska, M. (2025). Energy Recovery from Municipal 

Biodegradable Waste in a Circular Economy. Energies, 18(9), 2210. 

https://doi.org/10.3390/en18092210  

https://doi.org/10.46411/jpsoaphys.2020.02.24
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.1007/s40011-019-01133-6
https://doi.org/10.3389/fenvs.2023.1031844
https://doi.org/10.3390/agronomy13071775
https://doi.org/10.1007/s40095-014-0147-8
https://doi.org/10.3390/plants14050810
https://doi.org/10.1177/0734242X221074116
https://doi.org/10.1007/978-3-030-36283-6_2
https://doi.org/10.1016/J.CRSUST.2021.100063
https://doi.org/10.3390/en18092210


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

15 

Martinez-Sabater, E., Dolores Perez-Murcia, M., Javier Andreu-Rodriguez, F., 

Orden, L., Agullo, E., Saez-Tovar, J., Martinez-Tome, J., Angeles 

Bustamante, M., & Moral, R. (2022). Enhancing Sustainability in Intensive 

Dill Cropping: Comparative Effects of Biobased Fertilizers vs. Inorganic 

Commodities on Greenhouse Gas Emissions, Crop Yield, and Soil Properties. 

Agronomy-Basel, 12(9), 2124. https://doi.org/10.3390/agronomy12092124  

Mia, Md. S., & Zzaman, W. (2025). Food Waste–Derived Organic Fertilizers: 

Critical Insights, Agronomic Impacts, and Pathways for Sustainable Adoption. 

International Journal of Food Science, 2025(1), 1551054. 

https://doi.org/10.1155/ijfo/1551054  

Mukendi, R. T., Mutamba, B. T., Kabongo, D. M., Longanza, L. B., & Munyuli, T. 

M. (2017). Amélioration du sol dégradé par l’apport d’engrais inorganique, 

organiques et évaluation de rendement du maïs (Zea mays L.) dans la province 

de Lomami, République Démocratique du Congo. International Journal of 

Biological and Chemical Sciences, 11(2): 816–827. 

https://doi.org/10.4314/ijbcs.v11i2.23  

Negi, Y. K., Sajwan, P., Uniyal, S., & Mishra, A. C. (2021). Enhancement in yield 

and nutritive qualities of strawberry fruits by the application of organic 

manures and biofertilizers. Scientia Horticulturae, 283, 110038. 

https://doi.org/10.1016/j.scienta.2021.110038  

Ng, F. L., Lin, T. C., Wang, E., Lee, T. Y., Chen, G. T., Su, J. F., & Chen, W. L. 

(2025). Bacillus-Based Biofertilizer Influences Soil Microbiome to Enhance 

Soil Health for Sustainable Agriculture. Sustainability, 17(14), 6293. 

https://doi.org/10.3390/su17146293  

Nikiema, M., Sawadogo, J. B., Somda, M. K., Traore, D., Dianou, D., & Traoré, A. 

S. (2016). Optimisation de la production de biométhane à partir des déchets 

organiques municipaux. International Journal of Biological and Chemical 

Sciences, 9(5). https://doi.org/10.4314/ijbcs.v9i5.43  

Nosheen, S., Ajmal, I. & Song, Y. 2021. Microbes as Biofertilizers, a Potential 

Approach for Sustainable Crop Production. Sustainability, 13(4), Article 4. 

https://doi.org/10.3390/su13041868  

Omar, A. F., Abdelmageed, A. H. A., Al-Turki, A., Aggag, A. M., Rehan, M., & 

Abdelhameid, N. M. (2025). Assessment of the Plant Growth-Promoting 

Potential of Three Pseudomonas and Pantoea Isolates to Promote Pepper 

Growth. Agronomy, 15(10). https://doi.org/10.3390/agronomy15102419  

Ravanachandar, A., Lakshmanan, V., & Sudhakaran, M. (2020). Effect of organic 

manures and biofertilizers on soil enzyme activities under black pepper (Piper 

nigrum L.). International Journal of Chemical Studies, 8(4), 1617–1620. 

https://doi.org/10.22271/chemi.2020.v8.i4p.9841  

Sadafzadeh ,E., Javanmard, A., Amani Machiani, M., & Sofo, A. (2023). Application 

of Bio-Fertilizers Improves Forage Quantity and Quality of Sorghum 

https://doi.org/10.3390/agronomy12092124
https://doi.org/10.1155/ijfo/1551054
https://doi.org/10.4314/ijbcs.v11i2.23
https://doi.org/10.1016/j.scienta.2021.110038
https://doi.org/10.3390/su17146293
https://doi.org/10.4314/ijbcs.v9i5.43
https://doi.org/10.3390/su13041868
https://doi.org/10.3390/agronomy15102419
https://doi.org/10.22271/chemi.2020.v8.i4p.9841


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

16 

(Sorghum bicolor L.) Intercropped with Soybean (Glycine max L.). Plants, 

12(16), 2985. https://doi.org/10.3390/plants12162985  

Saïdi-Boulahia, A., Abada, S., & Saber, M. (2018) Valorisation des déchets 

organiques ménagers et les déjections bovines par la méthanisation. Journal 

of Renewable Energies, 21(4), 537–543. 

https://doi.org/10.54966/jreen.v21i4.712  

Sasmita KD, Rokmah DN, Sakiroh HB, Putra S, 2022. The Effect of Biofertilizer 

from Waste Bioconversion on The Growth of Cocoa Seedlings. IOP 

Conference Series: Earth and Environmental Science, 1038(1), 012008. 

https://doi.org/10.1088/1755-1315/1038/1/012008  

Shi, Z., Xing, K., Rameezdeen, R., & Chow, C. W. K. (2024). Current trends and 

future directions of global research on wastewater to energy: A bibliometric 

analysis and review. Environmental Science and Pollution Research, 31(14), 

20792–20813. https://doi.org/10.1007/s11356-024-32560-2  

Simarmata, T., Hersanti, Turmuktini, T., Fitriatin, B. N., Setiawati, M. R., & 

Purwanto (2016). Application of Bioameliorant and Biofertilizers to Increase 

the Soil Health and Rice Productivity. HAYATI Journal of Biosciences, 23(4), 

181–184. https://doi.org/10.1016/j.hjb.2017.01.001  

Singh, V., & Kumar, B. 2023. A review of agricultural microbial inoculants and their 

carriers in bioformulation. Rhizosphere 29:100843. 

https://doi.org/10.1016/j.rhisph.2023.100843  

Tan, J. J. M., Keng, Z. X., Chong, S. H., Pan, G.-T., Singh, A., Supramaniam, C., & 

Khoiroh, I. (2025). Efficient Degradation of Industrial Biowaste via In-Vessel 

Composting—Technical and Microbial Assessments. Bioengineering, 12(1), 

33. https://doi.org/10.3390/bioengineering12010033  

Tiwari, A. K., Moond, V., Choudhari, R. J., Badekhan, A., Tejasree, P., Baral, K., & 

Bharti, R. 2023. Optimizing Bio-fertilizers to Address Food Security and 

Advance Nutritional Sustainability. Journal of Experimental Agriculture 

International, 45(12). https://doi.org/10.9734/jeai/2023/v45i122284  

Wu, Z., Chen, X., Lu, X., Zhu, Y., Han, X., Yan, J., Yan, L., & Zou, W. 2025. Impact 

of combined organic amendments and chemical fertilizers on soil microbial 

limitations, soil quality, and soybean yield. Plant and Soil, 507(1–2), 317–334. 

https://doi.org/10.1007/s11104-024-06733-4  

Yadav, K. K., & Sarkar, S. 2019. Biofertilizers, Impact on Soil Fertility and Crop 

Productivity under Sustainable Agriculture. Environment and Ecology, 37 (1): 

89–93 

Ye, L., Zhao, X,. Bao, E., Li, J., Zou, Z., & Cao, K. 2020. Bio-organic fertilizer with 

reduced rates of chemical fertilization improves soil fertility and enhances 

tomato yield and quality. Scientific Reports, 10. 

https://doi.org/10.1038/s41598-019-56954-2  

Yu, M., He, H., Cheng, L., Li, S., Wan,T., Qin, J., & Li, J. 2025. Bio-Organic 

Fertilizers Enhance Yield in Continuous Cotton Cropping Systems Through 

https://doi.org/10.3390/plants12162985
https://doi.org/10.54966/jreen.v21i4.712
https://doi.org/10.1088/1755-1315/1038/1/012008
https://doi.org/10.1007/s11356-024-32560-2
https://doi.org/10.1016/j.hjb.2017.01.001
https://doi.org/10.1016/j.rhisph.2023.100843
https://doi.org/10.3390/bioengineering12010033
https://doi.org/10.9734/jeai/2023/v45i122284
https://doi.org/10.1007/s11104-024-06733-4
https://doi.org/10.1038/s41598-019-56954-2


Mesopotamia Journal of Agriculture, Vol. 54, No. 2, 2026 (1-17) 

17 

Rhizosphere Microbiota Modulation and Soil Nutrient Improvement. 

Agronomy, 15(9), 2238. https://doi.org/10.3390/agronomy15092238  

Zaini, N. S. M., Khudair, A. J. D., Mohsin, A. Z., Jitming Lim, E., Minato, W., Idris, 

H., Syafawati Yaacob, J., & Rahim, M. H. A. (2023). Biotransformation of 

food waste into biofertilisers through composting and anaerobic digestion: A 

review. Plant, Soil and Environment, 69(9), 409–420. 

https://doi.org/10.17221/101/2023-PSE  

Zayed, M. S. 2012. Amélioration de la croissance et de la qualité nutritionnelle de 

Moringa oleifera grâce à différents biofertilisants. Annals of Agricultural 

Sciences, 57(1), 53–62. https://doi.org/10.1016/j.aoas.2012.03.004  

Zielińska, M., Bułkowska, K., Zielińska, M., & Bułkowska, K. (2024). Sustainable 

Management and Advanced Nutrient Recovery from Biogas Energy Sector 

Effluents. Energies, 17(15). https://doi.org/10.3390/en17153705  

Xiao, M., Jiang, S., Li, J., Li, W., Fu, P., Liu, G., & Chen, J. 2025. Synergistic effects 

of bio-organic fertilizer and different soil amendments on salt reduction, soil 

fertility, and yield enhancement in salt-affected coastal soils. Soil and Tillage 

Research, 248, 106433. https://doi.org/10.1016/j.still.2024.106433  

Xie, S., Tran, H.-T., Pu, M., & Zhang, T. (2023). Transformation characteristics of 

organic matter and phosphorus in composting processes of agricultural organic 

waste : Research trends. Materials Science for Energy Technologies, 6, 331–

342. https://doi.org/10.1016/j.mset.2023.02.006  

https://doi.org/10.3390/agronomy15092238
https://doi.org/10.17221/101/2023-PSE
https://doi.org/10.1016/j.aoas.2012.03.004
https://doi.org/10.3390/en17153705
https://doi.org/10.1016/j.still.2024.106433
https://doi.org/10.1016/j.mset.2023.02.006

