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Abstract 

 
An incubation experiment was conducted to determine the decomposition potential of the chicken 
manure pellets and to know the nutrient composition. The chicken manure pellets produced from the 
bedding material of commercially grown broiler farm was tested for decomposition rate through CO2 
evolution and nutrient content. The rate of decomposition of poultry manure pellets (CO2 emission) 
was less during the first week of incubation and linearly enhanced during 2nd and 3rd week after 
incubation. The rate of emission of CO2 has been reached maximum (150 mg of CO2 per gram per 

day during the 4th week of incubation. The enhanced CO₂ evolution indicated addition of more organic 
matter content and balanced steady release of nutrients on incorporation in to soil. 
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Introduction 

A fertilizer plays an important role in crop growth and development by providing plants essential 

nutrients (Yadav et al., 2024). Inorganic fertilizer usage has been increased drastically due to its 

significant role in increasing crop production. The continuous use of chemical fertilizer leads to 

deteriorating soil health, environment including potential risk of pollution of air, water and soil 

(Srivastav et al., 2024; Rashmi et al., 2020). However, synthetic fertilizers are replaced by organic 

fertilizers to create sustainable practices in agricultural production (Wang et al., 2024) especially in 

organic farming. The broiler poultry farming industry in India has seen impressive growth in recent 

years and estimated that about 5 million tonne of broiler meat is produced annually. The average daily 

fresh manure production by broiler chicken is about 43 kg per 1000 kg live weight. Poultry manure is 

high in organic materials and contains nutrients essential for crop production. One of the readily 

available sources of organic amendment is chicken manure. Chicken manure used as organic 

fertilizers for increasing soil fertility and to enhance yields of agricultural crops Ravindran et al., 2017). 

Chicken manure able to enhance the soil fertility compared to synthetic fertilizer which includes 

enhanced soil structure, superior nutrient availability status and increasing soil biotic organisms leads 

to better crop yields (Essilfie et al., 2024; Chen et al., 2022). Application of chicken manure increased 

available nitrogen and increased Cation exchange capacity significantly (Adekiya et al., 2020).The 

utilization rate of this manure is forty per cent lesser in agricultural production (Ning et al., 2022). 

Chicken manure had a role on sequestrating the soil organic carbon (SOC). The slight changes in soil 



 

organic carbon (SOC) had significant effect on global climate change (Das et al., 2024). With this 

background, the study was conducted to evaluate the dynamics of carbon dioxide emission under 

controlled environment and changes in soil nutrient status on addition of chicken manure pellets.  

 

Highlights 

Exploited the use of bedding material of commercially grown broiler poultry farm for sustainable 

Agriculture. 

Chicken manure pellet was rich in essential nutrients such as nitrogen (N), phosphorus (P), and 

potassium (K), which is crucial for plant growth and development 

Rate of emission of CO2 has reached maximum (150 mg of CO2 per gram per day) during the 4th 

week of incubation showing the complete decomposition of chicken manure pellets 

Pellet form of chicken waste helps in minimizing nutrient leaching and runoff into water bodies so as 

to reducer environmental pollution (Alves et al., 2023). 

 

 

Materials and methods 

 

The sample was collected from a broiler poultry farm which is operated in collaboration with SKM 
Chickens private Ltd., established in 2013. The farm encompasses a total of ten acres of cultivable 
land located in Nanalkaadu, Tuticorin district. Approximately 2,641 chicks per shed were 
accommodated for growing. Coir pith is a by-product obtained from the husks of coconuts was used 
as a bedding material. An automated fogger system was employed to regulate the humidity levels. To 
ensure uniform heat distribution, incandescent light bulbs were installed. Separate chambers were 
designated for feed and watering, with an automized water supply system. After a period of 40-days 
growing of the chickens, the bedding material combined with chicken waste was collected. The 
collected manure was subjected to a drying process to reduce its moisture content. This drying can be 
achieved through natural sun shade drying, mechanical drying, or a combination of both methods. For 
effective palletisation, the target moisture content should be around 15-20%. Subsequently to drying, 
the manure was pulverized into a finer particulate form using a hammer mill or grinder, which ensures 
a uniform particle size for the pelletizing process. The powdered material was then fed into a pellet 
mill. In the pellet mill, the material was extruded through a dia under higher pressure, forming 
cylindrical type of pellets. The diameter of the pellets is determined by the size of the dia used. The 
freshly formed pellets were initially hot and soft. They were then subjected to cooling using a pellet 
cooler, which reduced the temperature of the pellets and protect it from breakage. Additionally, this 
process of cooling further reduced the moisture content of the pellets. The resultant pellets were then 
ready to apply in the agricultural field.  
 

Weekly samples were collected from the poultry shed over a period of four weeks. The nutrient 
content and quality of the collected chicken manure pellet were determined using alkaline 
permanganate method (Nitrogen), colorimetric method (Phosphorus), flame photometer (Potassium), 
potentiometric (pH) and conductometric (EC) methods respectively. Further, an incubation study was 

carried out for 56 days to determine the dynamics of carbon dioxide emission (Figure 1.). The CO₂ 
evolution was measured using the alkaline absorption method under anaerobic conditions. The 
experimental setup involved mixing 250 grams of soil sample with 0.5 grams of poultry manure 
pellets, which was placed in a 500 mL conical flask and maintained under saturated conditions. A 10 
mL aliquot of 0.1 N sodium hydroxide (NaOH) solution was introduced into a test tube, which was 
inclined inside the conical flask using a thread. The conical flask was sealed with non-absorbent 
cotton and covered with aluminium foil to maintain a controlled environment. Another set of conical 
flask apparatus was set up with soil alone without mixing poultry pellets (control). To measure the 



 

amount of CO₂ absorbed in the 0.1 N NaOH solutions, it  was titrated with 1 N hydrochloric acid (HCl) 
using phenolphthalein as an indicator until the color changed from pink to colourless.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Incubation of treated and non-treated samples in replicates 
 
 

Results and discussion 

 

Characteristics of experimental soil 
 
The soil used in this experiment was sourced from the fields at Agricultural College and Research 
Institute, Tamil Nadu Agricultural University, Killikulam, Tuticorin district, Tamil Nadu, India during the 
non-crop period of April-May, 2024. The soil texture was identified as sandy clay loam with the 
composition of clay (28%), silt (15%), coarse sand (25%), and fine sand (31%). The physical and 

chemical properties of the soil were determined, Bulk density 1.22 mg m⁻³, Water holding capacity 

(WHC) 55%, pH 7.65, Electrical conductivity (EC) 0.17 ds m⁻¹, Soil organic carbon (SOC) 0.51%, 
Available nitrogen (N) 210.29 kg ha⁻¹, Available phosphorus (P) 18.42 kg ha⁻¹ and Available 

potassium (K) 196 kg ha⁻¹. 
 

Chacteristics of chicken manure pellet 

 

Chicken manure pellet was collected on weekly basis from June, 2024 to July, 2024 to analyze the 

effect of duration on improvement in the nutrient status of the pellet. The nutrient contents of the 

chicken manure pellets are presented in the Table 1. It was observed that the nutrient content of the 

pellet was significantly increased over time. These variations were attributed due to the fluctuations in 

the nutrient composition of the feed and the period of bedding waste collections for pelleting. The 

manure pH was initially acidic in nature and slowly changed into alkaline as the period of 

advancement of growing due to the deposition of calcium rich poultry droppings. The electrical 

conductivity (EC) was also enhanced from 0.11 dsm-1 during the first week to 0.58 dsm-1 during the 

fourth week. But the nitrogen content varied from 41.3 to 42.56; the phosphorus content ranged from 

23.4 to  28.21 and the potassium content from 17.78 to 32.68 percent. The variation in the nutrient 

content of the chicken manure depends on the age of the birds and the type of feed supplied during 

the growing of broiler chicken.  Nutrient assessment of chicken manure pellet showed that the pellets 

was rich in essential nutrients (Minkina et al., 2023) such as nitrogen (N), phosphorus (P), and 

potassium (K), which is crucial for plant growth and development (Gehan et al., 2010). The nutrient 

composition may vary but generally provides a balanced fertilizer for crops (Harahap et al., 2020). 

Pellets are denser than raw manure, which makes them easier for handling, transportation, and 

storage. 

 
 



 

 

Table 1.physic chemical properties and nutrient stauts of weekly collected sample 
 

Sample 
collection 

Nitrogen (%) Phosphorus (%) Potassium (%) pH Ec (dsm-1) 

1st week 42.56 23.40 17.78 5.25 0.11 

2nd week 42.28 24.45 31.00 7.30 0.18 

3rd week 41.80 24.92 31.36 8.10 0.40 

4th week 41.30 28.21 32.68 8.70 0.58 

Mean 41.99 25.25 28.21 7.34 0.32 

 

 
CO2 dynamics  
 
The CO2   evolution was measured from 1 to 49 days after of Incubation (Fig. 1). The result showed 

that the rate of decomposition of poultry manure pellets (emission) was less during the first week of 

incubation and linearly enhanced during 2nd and 3rd week after incubation. The rate of emission of 

CO2 has been reached maximum (150 mg of CO2 per gram per day during the 4th week of incubation 

(21st to the 42nd day). Then the emission was declined after wards. On comparing the non-treated (T1) 

and treated (T2) sample, it is observed that the chicken manure pellets (T2) had greater CO2   evolution 

than T1 (raw coirpith). An increase in CO₂ evolution indicated an enhancement in the organic matter 

content within the soil (Nkoh et al., 2024). Due to the compact nature of the chicken manure pellets, it 

evolved more CO2 than raw chicken manure and other organic amendments (Elrajhi, 2024). This 

shows the steady and quick release of nutrients from manure to plants (Steiger et al, 2024).  The 

pellet form of chicken waste helps in minimizing nutrient leaching and runoff into water bodies so as to 

reducer environmental pollution (Alves et al., 2023). 

 
 

 
Figure 2. CO2 evolution of treated and non-treated soil under controlled condition. 
 

Conclusion 

Chicken manure pellets exhibited a significant increase in nutrient content over time, indicating to use 

it as a nutrient-rich organic fertilizer. These pellets were characterized as higher densified and pave 

way for easy handling.  It released more CO2  than raw manure and releasing consistent and balanced 

supply of essential nutrients such as nitrogen (N), phosphorus (P), and potassium (K). Consequently, 

chicken manure pellets represent a robust and environmentally sustainable option for crop 

fertilization. Future research could focus on optimizing pellet formulation and application methods for 

further improvement on nutrient use efficiency and environmental impact. 
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Disclaimer (Artificial intelligence) 

Option 1:  

Author(s) hereby declare that NO generative AI technologies such as Large Language Models 

(ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or 

editing of this manuscript.  

Option 2:  

Author(s) hereby declare that generative AI technologies such as Large Language Models, 

etc. have been used during the writing or editing of manuscripts. This explanation will 

include the name, version, model, and source of the generative AI technology and as well as 

all input prompts provided to the generative AI technology 

Details of the AI usage are given below: 

1. 

2.                     

3. 

References 
 

Adekiya AO, Ogunboye OI, Ewulo BS, Olayanju A. Effects of different rates of poultry manure and split 

applications of urea fertilizer on soil chemical properties, growth, and yield of maize. The Scientific 

World Journal. 2020;2020(1):4610515. 

Alves AS, Schultz N, Conforto BA, Zonta E, de Carvalho DF. Soil, water and nutrient loss under 

simulated rainfall patterns in an area fertilised with chicken litter. Journal of Hydrology. 2023 May 

1;620:129543. 

Chen, L., Zhou, W., Zhang, S., Deng, L., Deng, O., Luo, L., Xu, X., Yang, C. and Yu, C., 2022. 

Improvement of Tea Yield and Quality by Chicken Manure and Wine Lees (CMWL) Substitution 

for Chemical Fertilizers in the Hilly Region of Western Sichuan, China. Journal of Soil Science 

and Plant Nutrition, 22(4), pp.4415-4426. 

Das S, Kim PJ, Nie M, Chabbi A. Soil organic matter in the anthropocene: Role in climate change 

mitigation, carbon sequestration, and food security. Agriculture, Ecosystems & Environment. 2024 

Jul 23:109180. 

Elrajhi MA. Prototype for moulding poultry litter. Agricultural Engineering International: CIGR Journal. 

2024 Jun 30;26(2). 

Essilfie ME, Darkwa K, Asamoah V. Growth and yield response of maize to integrated nutrient 

management of chicken manure and inorganic fertilizer in different agroecological zones. Heliyon. 

2024 Jul 30;10(14). 



 

Gehan. A., E., Abdel-Razzak, H. S. Response of Cabbage Plants (Brassica oleraceae var. capitata L. ) 

to Fertilization with Chicken Manure, Mineral Nitrogen Fertilizer and Humic Acid. Alexandria 

Science Exchange Journal, 2010; 31(OCTOBER- DECEMBER): 416-432. doi: 

10.21608/asejaiqjsae.2010.2338 

Harahap, F.S., Walida, H., Mustamu, N.E., Rizal, K., Dalimunthe, B.A., Wicaksono, M. and Rauf, A., 

2020, February. Evaluation of non forest area land characteristic for citrus plant (Citrus sp). In IOP 

Conference Series: Earth and Environmental Science (Vol. 454, No. 1, p. 012139). IOP 

Publishing. 

Minkina T, Sushkova S, Delegan Y, Bren A, Mazanko M, Kocharovskaya Y, Filonov A, Rajput VD, 

Mandzhieva S, Rudoy D, Prazdnova EV. Effect of chicken manure on soil microbial community 

diversity in poultry keeping areas. Environmental Geochemistry and Health. 2023 

Dec;45(12):9303-19. 

Ning L, Xu X, Zhang Y, Zhao S, Qiu S, Ding W, Zou G, He P. Effects of chicken manure substitution for 

mineral nitrogen fertilizer on crop yield and soil fertility in a reduced nitrogen input regime of 

North-Central China. Frontiers in Plant Science. 2022 Dec 15;13:1050179. 

Nkoh JN, Guan P, Li JY, Xu RK. Effect of carbon and nitrogen mineralization of chitosan and its 

composites with hematite/gibbsite on soil acidification of an Ultisol induced by urea. 

Chemosphere. 2024 Feb 1;349:140896. 

Rashmi I, Roy T, Kartika KS, Pal R, Coumar V, Kala S, Shinoji KC. Organic and inorganic fertilizer 

contaminants in agriculture: Impact on soil and water resources. Contaminants in Agriculture: 

Sources, Impacts and Management. 2020:3-41. 

Ravindran B, Mupambwa HA, Silwana S, Mnkeni PN. Assessment of nutrient quality, heavy metals and 

phytotoxic properties of chicken manure on selected commercial vegetable crops. Heliyon. 2017 

Dec 1;3(12). 

Srivastav AL, Patel N, Rani L, Kumar P, Dutt I, Maddodi BS, Chaudhary VK. Sustainable options for 

fertilizer management in agriculture to prevent water contamination: a review. Environment, 

Development and Sustainability. 2024 Apr;26(4):8303-27. 

Steiger BG, Bui NT, Babalola B, Wilson LD. Sustainable agro-waste pellets as granular slow-release 

fertilizer carrier systems for ammonium sulfate. RSC Sustainability. 2024. 

Wang X, Liu M, Ciampitti IA, Cui J, Fang K, Zhao S, He P, Zhou W. Benefits and trade-offs of replacing 

inorganic fertilizer by organic substrate in crop production: A global meta-analysis. Science of The 

Total Environment. 2024 May 15;925:171781 

Yadav P, Kumar V, Gangwar R. The Role of Economical Fertilizer Use in Sustainable Agriculture: 

Challenges, Opportunities and Recommendations for the Future. Vigyan Varta an International E-

Magazine for Science Enthusiasts, 2024, 5 (8): 162-171. 


