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Biogas slurry serves as a useful organic fertilizer due to its substantial nutrient content, and its characterization enables the evaluation of nutrient content and its efficient utilization. This study focuses on the variations in the nutrient content of biogas slurry from different dairy farm systems located near the ICAR-Indian Agricultural Research Institute (IARI) (New Delhi), Daryapur Kalan (New Delhi), and Madanpur (Uttar Pradesh) during the pre-monsoon, monsoon, and post-monsoon seasons. The study reveals significant variations in macronutrient levels, particularly nitrogen (N), which showed variations exceeding 3% and a wider range of almost 6% during the pre-monsoon and post-monsoon periods. Spatial differences between dairy farms also contributed to the variance, with more than 10% differences observed between IARI and Daryapur Kalan and between IARI and Madanpur. Phosphorus (P) remained stable across seasons with spatial variation, while potassium (K) exhibited a reverse trend. Correlation analysis highlighted strong positive associations between N content and phosphorus (0.959), organic carbon (0.954), pH (0.813), and electrical conductivity (0.806). The findings suggest the use of biogas slurry has a potential to reduce the synthetic fertilizer consumption of N, P, and K by approximately 8.78%, 11.01%, and 14.33%, respectively and using them for further for nutrigation.
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1. Introduction

Agriculture is an important sector of the Indian economy, and its contribution to the country’s GDP is significant. Agriculture and allied sectors contributed approximately 20.2% to the total GVA (Gross Value Added) in the financial year 2020–21 and 18.8% in 2021–2022. The performance of agriculture has considerable implications for the overall growth and development of the nation. Substantial improvements in food grain production have been made as a result of the “Green revolution,” (Economic Survey, 2021-2022, GOI, Ministry of Economic Affairs), but agricultural viability received little consideration. In India, the only way to guarantee accessibility and affordability of chemical fertilizers based on fossil fuels at the farm level is through imports and subsidies, which are highly reliant on national GDP. Estimates from the Food and Agriculture Organization of the United Nations (FAO) predict that the average demand for agricultural commodities will increase by 60% by 2030 compared to current levels, with emerging economies accounting for more than 85% of this increase (Mia and Shamsuddin, 2010). Intensification of food production is therefore essential to meet the growing demand for food. Chemical fertilizers are more frequently used since they are widely accessible and reasonably priced. In India, urea, diammonium phosphate (DAP), and potassium chloride are the three most commonly utilized inorganic fertilizers (MOP). According to one recent study, India consumed on average approximately 500 Lakh Metric Tons (LMT) of fertilizer per year in the last 10 years (GOI, Ministry of Chemicals and Fertilizers, Department of Fertilizers, 2020). While using inorganic fertilizers improperly can be detrimental to soil health, they can also improve crop yields. Overuse of inorganic fertilizers can result in soil degradation, which includes soil acidity, reduced soil fertility, and nutrient depletion, all of which may have an impact on crop yields over time (Dass et al., 2008, 2013, 2015c). Additionally, the industrial production of nitrogenous chemical fertilizers involves the use of non-renewable petroleum fuels and high temperatures and pressures. The cost of chemical fertilizers is affected by the daily increase in the price of petroleum. Moreover, more than 50% of the applied N-fertilizers are lost through various agricultural processes, which not only results in a financial loss to farmers but also pollutes the environment (Dass et al., 2015a,b). In a multi-year study of monoculture wheat farming, the quality of the soil, the purity of the groundwater, and the number of beneficial microorganisms were all reduced, making the plants more susceptible to pathogens and parasites under synthetic fertilizers (Singh et al., 2011). Farmers frequently over-apply phosphorus to increase its availability to crops, but this also raises the possibility that the majority of the phosphorus may be lost through runoff, leaching, or soil erosion and end up in lakes, rivers, and oceans. This causes monetary loss and environmental damage (Tirado and Allsopp, 2012; Dass et al., 2015a). According to the findings of Wan et al. (2021), chemical fertilizers have been extensively used worldwide, particularly in China, to increase citrus yields, which has negatively impacted the soil environment in citrus orchards.

The use of organic fertilizers offers a potential solution to this problem. The practice of organic farming as an environmentally sound agricultural method has drawn worldwide attention to the current situation. Organic fertilizers are made from natural sources, such as animal manure, compost, and crop residues. The resulting product also reduces reliance on chemical fertilizers (Gulen and Arslan, 2005). Organic fertilizers help improve soil health by increasing soil organic matter (SOM) and enhancing soil structure and fertility, among other things (Promoting the Use of Organic Manure, 2017). Manure and other organic residues could potentially be used, and their use should be strongly encouraged. As previously mentioned, there is growing concern about the alterations that synthetic N fertilizers are causing in the global N cycle and the potential consequences for human health and the environment (Townsend et al., 2003). The need for synthetically manufactured N could be significantly decreased by recycling as much N as is practical. India has a vast livestock population of approximately 512.05 million heads in Dikshit and Pratap (2010), Kumar et al. (2015). Livestock excretions include the necessary trace minerals for crop growth, such as nitrogen (N), phosphorus (P), and potassium (K) (Manure Inventory, n.d.). An animal’s ability to produce manure varies depending on its environment and diet. In India, animals produce 730 MT of dung annually (or 2 MT of dung per day), of which only 60% is recoverable. However, in India, bovine (cattle + buffalo) excretions meet practically all the demand for manure. They generate a mere 256.2 million tons of dung every year, yet this holds significant nitrogen potential to fulfill the fertilizer requirements. On average, 0.3 kg of slurry is produced from 1 kg of cow dung. In India, 76.8 MT of slurry is produced annually (Kumar et al., 2015). Recently, the Indian government has taken significant steps to promote the use of biogas slurry as fertilizer in the country; several schemes have been launched to encourage farmers to adopt biogas technology and utilize the resulting slurry as fertilizer. Biogas slurry, also known as digestate, is a byproduct of anaerobic digestion that has gained significant attention in recent years as a valuable fertilizer. The process of anaerobic digestion converts organic material into biogas, a sustainable energy source, without the use of oxygen (Şencan et al., 2023). The remaining digestate is rich in nutrients such as N, P, and K, making it an excellent source of fertilizer for agricultural use. On average, the composition of biogas slurry is 1.5% N, 1.1% P, and 1% K (SNV, 2011). The use of biogas slurry as fertilizer has several advantages over traditional chemical fertilizers. First, it is an organic fertilizer that promotes soil health and biodiversity, reduces soil erosion, and enhances crop yields. Second, it is a sustainable alternative to chemical fertilizers, which often contribute to environmental problems such as water pollution, soil degradation, and greenhouse gas emissions. Third, it is a cost-effective solution for farmers, as they can produce their own fertilizer by utilizing their agricultural waste. There is a significant amount of macronutrients in biogas slurry, and the concentration of hazardous heavy metals is also quite low compared to synthetic fertilizers. The financial worth of organic fertilizer lies in its potential to spike agricultural productivity and benefit farmers. Nonetheless, the decision to use organic fertilizer depends on the value-for-money ratio, which determines its cost-effectiveness. The quantity of N found in one cubic meter of bio-slurry ranges from 0.16 to 1.05 kilograms, which is approximately equivalent to 0.35 to 2.5 kilograms of urea (Vinh, 2010).

A study by Kumar et al. (2015) found that 730 metric tons of dung from bovine (cattle + buffalo) dung alone can produce annually around 76.8 metric tons of slurry, which contains approximately 1.15 metric tons of N. Based on the conversion rate of 1 kilogram of nitrogen being equivalent to 2.2 kilograms of urea fertilizer, and given the current cost of Rs. 276 per 50-kilogram bag of urea, the estimated cost of 1.15 × 109 kilograms of N is 13.74 × 109 INR. Using this estimate, the study suggests that 76.8 metric tons of slurry can significantly reduce India’s import bill by 13.74 billion INR. It is also worth noting that the use of organic fertilizers can help reduce the country’s dependence on imported chemical fertilizers, which can have economic and environmental benefits. Putting resources from nature to use to produce biogas and then using the leftovers as fertilizer allows for the best use of these resources. In addition to being a natural and nutrient-rich substance for plant growth, bio-slurry also contributes to soil health. Nutrigation is an effective approach to improving the management of nutrients and water in agricultural systems, enhancing crop health, production, and resource efficiency. It helps boost soil fertility and water retention capacity, and improve soil structure, thus promoting better crop yields. The utilization of biogas slurry can lead to a sustainable and healthy agricultural system by reducing the dependence on synthetic fertilizers and promoting the use of organic resources. Despite these benefits, its use as a fertilizer also poses some challenges, such as variability in nutrient content. Seasonal and locational variations in the nutrient content of biogas slurry can occur due to changes in feedstock availability and composition, in addition to changes in temperature and other environmental factors. Depending on the physiological state of the animals and their management, several authors provide slurry composition values that fluctuate (Germon et al., 1979). Slurry is a heterogeneous substance in terms of its chemical composition. It can vary in composition due to several factors. These include the type and age of the animals producing the slurry, their feeding practices and management, the quality of the feed they consume, and how the slurry is diluted and stored. If not available, taking into account the concentration of dietary elements may aid in the revision of the standard calculations. Seasonal analysis of the nutrient content of slurry is vital during the seasonal feeding cycle. This paper aims to provide an overview of the characterization of biogas slurry to be used as fertilizer in agriculture and, secondly, to know the locations and seasonal variation of the nutrient content of biogas slurry for its proper management throughout the year.



2. Materials and methods


2.1. Description of the selected farms and sample collection

The study was carried out at the Water Technology Centre, ICAR – Indian Agricultural Research Institute (IARI), New Delhi, India. Slurry samples were gathered from biogas plants established in three distinct dairy farming systems. Firstly, at the integrated farming system (IFS) model located within the Division of Agronomy (latitude 28° 38′ 24.0252″ N, longitude 77° 10′ 26.328″ E) at IARI farm, operating under the Khadi and Village Industries Commission (KVIC) Model. Secondly, in Daryapur Kalan village, within the North-West district of Delhi (latitude 28° 48′ 50.7996″ N, longitude 77° 0′ 42.57″ E), following the Deenbandhu model. Lastly, samples were collected from the Deenbandhu model in Madanpur village, located in Farrukhabad district, Uttar Pradesh (latitude 26° 22′ 14.77″ N, longitude 83° 37′ 41.49″ E). The detailed descriptions of the models are shown in Table 1.



TABLE 1 Specifications of the biogas plants studied.
[image: Table1]

The slurry collected from the dairy farm at IARI was kept clean every day on a concrete floor and was properly ventilated. Cattle were housed in lots designed to accommodate a specific number of animals. The animals are fed a controlled diet consisting of grain-based feed, often supplemented with roughage, minerals, and other additives to meet their nutritional requirements twice a day. Inside the dairy farm, troughs for food and water have been built. A dung tank (1 m3) and a urine tank (0.5 m3) were built to collect drained dung and urine right next to the dairy unit. The cow dung from the dairy farm, consisting of about 45–50 kg and 50 L of water (1:1), was then fed to the biogas unit, from which bio-digested slurry and biogas are collected through their respective outlets. Slurry from a dairy farm was stored outdoors in adjacent, covered concrete tanks throughout the entire duration of the study; there were no cows in a gestating state. The slurry collected from the Daryapur Kalan dairy farm had an earthen floor and came from non-breeding cows that were fed twice a day with locally available materials depending on the season: bhusa (straw), choker (bran), jowar (Sorghum bicolor L.) grains, barseem (Trifoliumalexandrinum L.) and jai (oat: Avena fatua). The farm was cleaned periodically. Cow dung from the farm was fed to the biogas unit in a ratio of 1:2, and the bio-digested slurry was collected from the outlet and fed to an earthen pit. During the study period, there were cows in gestation. The slurry collected from Madanpur in Uttar Pradesh had an earthen floor and was well-ventilated and cleaned periodically. The farm had non-breeding and breeding cows that were fed twice with locally available materials, depending on the season. In a 1: 2 ratio, cow manure from the barn was fed to the biogas unit, and the bio-digested slurry was collected from the outlet and put into an earthen pit. Cows were lactating and in gestation at the time of the research. At each farm, three subsamples were taken.

The biogas slurry samples were collected from a range of depths of 0.3 to 0.6 meters after being stirred uniformly using a single sampling method by a sampler from the biogas plant. The fermentation cycle typically spans 45 to 55 days in all seasons, with anaerobic digestion reaching 82 to 85%. After sample collection, the sampler was withdrawn, and the collected biogas slurry was transferred from the sampler into an appropriate collection vessel. The collected sample volume was 1 L. The water content varied between 92 and 93%. The samples from these sites were collected for three different seasons: pre-monsoon (PEM), monsoon (MON), and post-monsoon (POM), with three replications each. All collected samples were immediately taken to the laboratory, air dried for 9 to 18 days for all seasons, then crushed and passed through a 2 mm sieve. The biogas slurry was then analyzed at the Soil and Plant Quality Laboratory, Water Technology Centre, ICAR-IARI, New Delhi, for various parameters using standard methods.



2.2. Laboratory analyzes

The physical and chemical parameters considered for the study and their procedures of analysis are shown in Table 2. Total N was quantified using the Kjeldahl distillation method. The samples were prepared by thoroughly mixing and homogenizing them. In the first step, the sample is digested with concentrated sulfuric acid (H2SO4) using a digestion mixture. In the second step, the acid digest is distilled with 40% sodium hydroxide (NaOH), and the released ammonia (NH3) is absorbed in 4% boric acid. The distillate was titrated with standard 0.1 N hydrochloric acid. The volume of acid required to reach the endpoint was used to calculate the total N content of the sample. Available N was determined by the alkaline permanganate method (Subbiah and Asija, 1956). Phosphorus was determined using the Olsen method, preceded by acid digestion, and extracted with 0.5 NaHCO3 in the presence of Darco G-60 (Fisher Scientific, Hampton, USA). Phosphorus in the extract was treated with ammonium molybdate, which resulted in the formation of phosphomolybdate, which was again reduced by the ascorbic acid. Due to this reduction, the Mo6+ was converted to Mo3+, with the complex exhibiting a blue color. The intensity of the blue color obtained was measured at the appropriate wavelength of 430 nm on a visible spectrophotometer. The potassium content in the slurry was determined by the ammonium acetate method of K determination (Hanway and Heidel, 1952) and by recording the flame photometer reading for each working standard solution of K, adjusting the blank to zero and the highest concentration among the working standards to 100. Organic carbon was determined by the method of Walkley and Black (1934). pH and EC are important parameters for the characterization of biogas slurry and were thus measured on fresh samples using a pH meter and a conductivity meter, respectively. Total solids in the biogas slurry were determined by drying a known weight of slurry in an oven at 105°C until a constant weight was reached. The weight of the dry residue was used to calculate the total solid content of the slurry.



TABLE 2 Protocols and instruments used to determine the physico-chemical parameters of slurry.
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2.3. Statistical analysis

All data were statistically analyzed using the standard procedures of the Analysis of Variance for a Completely Randomized Design to find out the mean, maximum, minimum, and standard error of the mean and least significant difference values for the fertilizer elements [i.e., total nitrogen (TN), available nitrogen (AN), total phosphorus (TP), available phosphorus (AP), total potassium (TK), available potassium (AK), organic carbon (OC)], and physico–chemical properties [i.e., pH, electrical conductivity (EC) and total solids (TS)] of the studied slurries. The significance of the treatment was analyzed using the “F” test at a 5% probability level.

A statistical analysis was performed for each season (pre-monsoon, monsoon, and post-monsoon) and the three locations (IARI, Daryapur Kalan, and Madanpur) in order to analyze their variability. The slurry’s temporal variations were examined using a one-way Analysis of Variance (ANOVA). Furthermore, a correlation analysis, specifically Pearson’s coefficient of linear correlation, was conducted to explore the relationship between the nutrient content of the slurry and the physical properties under investigation.




3. Results


3.1. Chemical analysis of biogas slurry

Concerning the cattle slurries, the type of feeding adapted, management of dairy farm and slurry collection tank storage and dilution and the season variation in the three dairy farm system had influence on slurry characteristics. As presented in Table 3, the data has been methodically organized in a chronological sequence. This arrangement aims to facilitate the comprehension of shifts in slurry characteristics, specifically tracking the changes from the pre-monsoon to the monsoon season (June to September) and from the monsoon to the post-monsoon period (October to December). The samples were first obtained in the pre-monsoon season between March and May. The ANOVA showed a significant difference between the dairy farming systems for all the parameters except for EC and pH in IARI and Daryapur Kalan. The pH value observed in IARI was found to be slightly higher on the alkaline side. The average values of total N and available N were analyzed, revealing a consistent pattern of decrease from pre-monsoon to post-monsoon seasons. The lowest average values were observed during the post-monsoon season, with total N and available N as 18,623 mg/ L and 490 mg/ L, and the highest was recorded for the pre-monsoon season as 19,987 mg/ L total N and 549 mg/ L available N. In addition to this, the highest average values were recorded for the IFS in IARI, with total N amounting to 21,828 mg/L and available N as 538 mg/L, followed by the floating dome biogas plant installed in Daryapur Kalan with a total N of 18,769 and available N as 514 mg/L. The lowest average values were observed in the Madanpur district of Uttar Pradesh, with 17,759 and 501 total and available N, respectively. A significant difference (p < 0.05) was observed among all three locations. This indicates a systematic decrease in the levels of total and available N during the period between the pre-monsoon and post-monsoon seasons. Significant differences in total and available P contents were also found among different dairy farm systems. The average values of available and total P remained relatively constant during the pre-monsoon, monsoon, and post-monsoon seasons in all three locations, with the average values for total and available P being 8,331 mg/L, 2918 mg/L in the pre-monsoon, 8,307 mg/L 2897 mg/L in the monsoon, and 8,295 mg/L 2863 mg/L in pthe ost-monsoon season, respectively. Only in the case of K were the average values were seen to be contrasting as compared to N. The highest average total and available K were observed to be in the post-monsoon season at 3815 mg/L and 855 mg/L, while the lowest values were seen in the pre-monsoon season at 2875 mg/L and 666 mg/L for total and available P. Throughout the analysis, the highest values were observed for total and available N during the pre-monsoon season. These values reflect the different degrees of mineralization of N that can be observed during seasonal variation, the dairy farm management system, and the dietary intake of the animals, whereas the lowest values were observed for total and available K in the pre-monsoon season and a relatively constant level was observed for total and available P in all three seasons. In this context (Duthion and Germon, 1979), the majority of the phosphorus (approximately 80% of the total amount) was identified within the solid part of the slurry, existing in an inorganic form that plants can directly absorb. The remaining 20% was present in an organic form.



TABLE 3 Variation in the total and available nitrogen (N), phosphorus (P), and potassium (K) composition of biogas slurry as influenced by location and season.
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3.2. Physical parameters of biogas slurry

The organic carbon (OC) in the biogas slurry (Table 4) contributes to the stability of microorganisms, which in turn continues the process of decomposition activity and improves the nutrient dynamics of the digestate quality. In the slurry samples studied, the values of OC ranged from 42.0 to 46.8%, with the highest percentage observed in the pre-monsoon season. Total solids are the amount of material in the slurry that is not water. The values for TS ranged from 5.2 to 6%, with the highest percentage observed in the post-monsoon season. The values for EC ranged from 1.7 to 1.8 (ms/cm), with the highest conductivity observed in the pre-monsoon season. The pH values, which are a measure of the acidity or alkalinity of an organic or inorganic substance, ranged from 7.6 to 8.3, with the highest pH value observed in the pre-monsoon season. Most of the slurry samples analyzed had a pH level above the neutral range. Thus, slurry is said to have properties that can help correct soil acidity (Sánchez and González, 2005). The addition of organic fertilizers to acidic soils increases soil organic matter content, reduces Al (aluminum) toxicity, and improves conditions for plant growth (Wong et al., 2003).



TABLE 4 Variation in biogas slurry characteristics as influenced by location and season: total solids (TS), organic carbon (OC), electrical conductivity (EC), and pH.
[image: Table4]

The interaction effects of seasons (pre-monsoon, monsoon, and post-monsoon) and locations (IARI, Daryapur Kalan, and Madanpur) on TN, AN, TP, AP, TK, AK, OC, TS, EC, pH, OC, and TS levels depicted in Figures 1–5 were highest in the pre-monsoon and gradually decreased in the monsoon and post-monsoon seasons. EC was highest in the pre-monsoon and lowest in the post-monsoon season, while pH was highest in tge pre-monsoon and gradually decreased in the monsoon and post-monsoon seasons. Overall, the results suggest that the season and location have a significant impact on the different parameters analyzed. In terms of organic carbon (OC) content, IARI had the highest value (45.0%), followed by Daryapur Kalan (44.3%) and Madanpur (43.9%). During the three seasons, the highest OC content was found during the pre-monsoon season (46.8%), followed by the monsoon season (44.5%), and the post-monsoon season (42.0%). In terms of total solids (TS) content, all three locations had similar values, with Madanpur having the lowest value (5.4%), and Daryapur Kalan and IARI having the value 5.6% and 5.76%, respectively. The TS content was the highest during the post-monsoon season (6%), followed by the monsoon season (5.7%) and the pre-monsoon season (5.2%). For electrical conductivity (EC), all three locations had similar values, with IARI having the highest level (1.78 ms/cm) and Madanpur having the lowest (1.77 ms/cm). The EC values were highest during the pre-monsoon season (1.83 ms/cm), followed by the monsoon season (1.79 ms/cm), and the post-monsoon season (1.72 ms/cm). Finally for pH, IARI had the highest value (8.19), followed by the Madanpur (7.82) and Daryapur Kalan (7.81). The pre-monsoon season had the pH value (8.32), followed by the monsoon season (7.95), and the post-monsoon season (7.55).

[image: Figure 1]

FIGURE 1
 Spatio-temporal impact of biogas slurry on total and available N levels.
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FIGURE 2
 Spatio-temporal influence of biogas slurry on total and available P levels.
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FIGURE 3
 Spatio-temporal influence of biogas slurry on total and available K levels.
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FIGURE 4
 Spatio-temporal influence of biogas slurry on organic carbon and total solids levels.
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FIGURE 5
 Spatio-temporal influence of biogas slurry on EC and pH levels.


The interactive effects of season and location on the mean C:N ratio of slurry (Figure 6) suggest that the C:N ratio is relatively consistent across the different seasons and samples, with some slight variations for IARI samples. But for the Madanpur location, post-monsoon season recorded significantly higher C:N ratios than post-monsoon season. At the Daryapur Kalan location, the monsoon season showed marginally higher values than the pre-monsoon season; the reverse was true for the other two locations.

[image: Figure 6]

FIGURE 6
 Comparative analysis of C:N ratios in biogas slurry samples.




3.3. Correlations of chemical and physical characteristics in biogas slurry

The correlation matrix (Table 5) provides insights into the significance levels of Pearson’s correlation coefficients between different parameters in the studied slurries.



TABLE 5 Correlation matrix between the different parameters studied in biogas slurry.
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3.3.1. Nitrogen (N)

The relationships between total N and available N, total P and available P, OC, EC, and pH were all positive and significant. It was interesting to note that, with increases or decreases in total N, most of the parameters studied frequently spiked or fell. However, total N did not correlate significantly with total K, available K, or TS. Available nitrogen and OC exhibited a very favorable association with one another, with available N tending to increase with OC. There did not appear to be any significant relationship between available N and the other parameters studied.



3.3.2. Phosphorus (P)

Strong and positive relationships existed between total P and available P, available N, OC, pH, and EC. These variables tended to increase or decrease together with total P. However, there was no significant correlation between total P and total K, available K, TS, or EC. Additionally, there was a significant positive association between available P and total P, indicating that as total P increased, available P tended to rise as well. However, no explicit relationship was observed between available P and the other factors.



3.3.3. Potassium (K)

Total K did not show any significant correlation with the other variables. On the other hand, there was a strong positive correlation between available K and total K, indicating that as total K increased, available K tended to increase as well.

In contrast to P and K, OC exhibited strong positive correlations with total N, available N, total P, available P, EC, and pH. These variables tended to increase or decrease in conjunction with OC. However, no significant correlation was observed between OC and total K, available K, or TS. Finally, there were no significant correlations between TS and any of the other variables. On the other hand, a positive and significant correlation existed between EC and total N.

The consumption and production of NPK in India are shown in Tables 6, 7. Based on the average nutrient content obtained from the study, which was total N (2.13%), total P (0.98%), and total K (0.38%), and considering the annual slurry production of 76.8 MT as mentioned in Kumar et al. (2015), the nutrient content provided by the slurry would amount to approximately 1.63 MT of N, 0.75 MT of P, and 0.29 MT of K. By comparing the nutrient content provided by the slurry to the consumption of NPK in India (Table 6), it is estimated that if slurry is used instead of synthetic fertilizer, there is the potential to reduce N consumption (Devarenjan et al., 2019; Ghosh et al., 2021) by approximately 8.78%, P consumption by approximately 11.01%, and K consumption by approximately 14.33%. The findings of Debebe and Soromessa (2019) through pilot research on the effects of utilizing bio-slurry in Ethiopia showed that 80.8% of users saved between $1,000 and $2,000 annually and 19.2% saved between $2,000 and $3,000 annually. The researchers took into account the fact that chemical fertilizers are more costly than the bio-slurry created by biogas facilities. Each family saved 39 kg of nitrogen, 19 kg of phosphate, and 39 kg of potash per year by using bio-slurry.



TABLE 6 Consumption of NPK for 2020–21 and 2021–22 in million metric tons (MT).
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TABLE 7 Fertilizer production for 2020–2021 and 2021–2022 in million metric tons (MT).
[image: Table7]





4. Discussion

The results of the biogas slurry nutrient analysis showed significant differences among dairy farm systems for all macronutrients. It is important to properly account for the nutrients present in agricultural systems based on the specific management methods employed on the farm. In other words, different nutrient management practices can affect the availability and distribution of nutrients in agricultural systems. To ensure accurate assessment and allocation of nutrients, it is necessary to consider the specific management system used and its impact on nutrient management. Specific seasonal manure analyzes are crucial for crop nutrition planning.

The results of the study revealed that the biogas plant utilizing cow dung from the farm with non-breeding cows as a substrate demonstrated higher efficiency in terms of sanitation compared to the biogas plant using cow dung from the farm with gestating cows as a substrate. Additionally, the biogas slurry obtained from an open earthen pit without coverage showed negative effects on nutrient content. Rainfall-induced nutrient loss and dilution could be responsible for this. Covering manure storage structures prevented water from soaking in and increasing the moisture content of the manure. Volatilization and evaporation losses are significantly reduced by synthetic coverings, such as those used in liquid manure storage facilities. The quantity of water can also be reduced by diverting precipitation away from manure heaps or packs (such as in dry lot settings) (Agriculture, Food, and Rural Development in Manitoba, 2015). In comparison with the biogas plant that used pig slurry from the maternal (breeding) farm as a substrate, the efficiency of sanitization of the input biomass, such as pig slurry, was significantly higher in the fattening farm-based biogas plant (Pietruszka et al., 2023). To enhance the nutrient content of the biogas slurry used as fertilizer in agriculture, it is advisable to prioritize the utilization of cow dung with a higher proportion of fattening or non-breeding cows rather than gestating cows. Furthermore, the study highlights how the dilution used during the feeding input for biogas production has a notable impact on the nutrient concentration of the biogas slurry. Careful management of the dilution process can help maintain optimal nutrient levels in the slurry. Dilution of the slurry with water has the greatest effect on the concentration of certain elements and chemical compounds in the mixture. The more diluted the slurry, the fewer chemical components it contains (Marszałek et al., 2014). In summary, by utilizing cow dung with a greater proportion of fattening or non-breeding cows, ensuring proper sanitation practices, and minimizing dilution during the feeding input stage, the nutrient content of biogas slurry can be increased. Several previous studies have revealed that feeding beef cattle a highly concentrated diet (60% C + 40% F) leads to the formation of manure with increased biogas output (Orrico Júnior et al., 2010; Costa et al., 2013; Mendonça Costa et al., 2016). The selection of cow dung from the former sources contributes to improved sanitation and nutrient preservation during the biogas production process. This enhanced slurry can then be effectively used as fertilizer in agricultural practices. Additionally, the fertilizer produced by the anaerobic digestion of manure from properly fed animals has a higher macronutrient content and, thus, a better agronomic value. Kowalski et al. (2013) discovered that the analysis of the average values for N, biochemical oxygen demand, P, and dry mass in pig slurry revealed a trend of higher average values occurring during the spring season, with the lowest average results being found in winter; only in the case of K, the average values remained at nearly the same level throughout the year. The analysis of the average values of TN (total nitrogen), AN (available nitrogen), OC (organic carbon), EC (electrical conductivity), pH, and TS (total solids) in different seasons revealed a consistent pattern of decrease between monsoon and post-monsoon periods. However, TK (total potassium) and AK (available potassium) displayed the opposite trend, showing an increase during the same time frame. On the other hand, TP (total phosphorus) and AP (available phosphorus) remained relatively consistent in all three seasons, from pre-monsoon to post-monsoon. A similar study reported that summer and fall dairy manure had higher nutrient levels than winter and spring manure (Rieck-Hinz et al., 2013).

Based on the correlation matrix, it could be inferred that N (nitrogen) can be predicted using any of the mentioned parameters, as it exhibits a positive correlation with all of them except for potassium. Moreover, the nitrogen content shows a positive correlation with pH in all seasons of the biogas slurry sample. However, predicting phosphorus and potassium using easily determined parameters such as pH and electrical conductivity (EC) proves to be challenging. Among the easily determined parameters, pH was found to have the highest correlation with other parameters, except for potassium and total solids.



5. Conclusion

The current study shows that seasonal variations affect the properties of slurry and emphasizes the importance of season-specific analyzes for accurate nutritional planning. The parameters TN, AN, OC, EC, pH, and TS exhibited a systematic decrease from monsoon to post-monsoon season, while TK and AK showed the opposite trend. TP and AP, however, remained stable throughout the different seasons. The correlation analysis revealed strong positive associations between nitrogen content in biogas slurry and phosphorus, potassium, total solids, and electrical conductivity. By replacing synthetic fertilizers with slurry, there is a potential reduction in N consumption of 8.78%, in P consumption of 11.01%, and in K consumption of 14.33%. These findings demonstrate the interdependence of nutrient content and physical properties in slurry. Effective management of nitrogen levels can impact the availability of other essential nutrients and enhance the overall quality of the slurry as fertilizer. By considering these correlations, farmers and researchers can make informed decisions about nutrient management, the use of biogas slurry in fertigation, and tailor the application of biogas slurry to maximize its effectiveness as a fertilizer.
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