


Enhancing Maize Productivity and Nitrogen Uptake Through    Integrated Application of Biogas Slurry and Chemical Fertilizers



Abstract
With growing population exponentially, food demand also grows rapidly, leading to excessive dependence on chemical fertilizers to ensure food and nutritional security. But presently, serious issues related to long-term soil health, environmental sustainability, and fertilizer-use efficiency arise due to such a non-sustainable strategy. Combination of inorganic fertilizers with organic waste amendment, such as biogas slurry (BS), may present an economically viable strategy to reduce chemical inputs at the cost of no loss of yield. A field experiment was conducted on maize (Zea mays L., var. Pusa Jawahar) to ascertain the impact of biogas slurry (BS), which is a partial substitute for Urea-N, on growth and physiological parameters. T0 Absolute Control, T1: 100% Bio slurry (replacement of Urea-N) + P & K, T2: 75% BS + 25% RDF (recommended dose of fertilizers), T3: 50% BS + 50% RDF, T4: 25% BS + 75% RDF, T5: 100% RDF, T6-25% BS + 75% RDF + microbial consortium, and T7: 25% BS + 75% RDF + chelating agents were the eight treatments used. It was concluded in the study that the treatment T3 which incorporated 50% BS + 50% RDF mix, improved plant height, biomass growth and grain yield in comparison to the other treatments. Further, it is also being found that the T3 treatment not only improves physiological and yield parameters but also increases nutrient utilization efficiency and soil health.
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1. Introduction 
Bioslurry, a by-product of anaerobic digestion of organic waste for the production of combustible methane gas, is an important type of organic manure that can be applied in a semi-liquid form in to the field crops (Mofokeng et. al 2020). Approximately 25-30% of the digested organic matter is transformed into biogas, while the rest is converted into bioslurry (Ekstrand et. al. 2022). Bioslurry has been reported to have no toxic or harmful effects on either soil or crops, with a higher nutrient quality than compost, manure and inorganic fertilizers. The concentrations of toxic heavy metals have been found to be very low compared to synthetic fertilizers. Bioslurry usually consists of about 93% water and 7% dry matter, of which 4.5% is organic matter and 2.5% inorganic matter (Kumar et al. 2015). However, Kırkpınar, F. (2021), mentioned that the composition of bioslurry depends on factors including the kind of organic material used, type of animal dung, age of animals, type of feed and feeding rate, amongst others. Its value as an organic fertilizer is dependent on nutrient content, ratio, and availability (Al-Zubaidi, J. 2021). Apart from bioslurry production, biogas production has many advantages, including resolving energy poverty issues, food insecurity and the disposal of organic waste. Soil microbial communities are important for the decomposition of a wide range of plant compounds by utilizing carbon (C) to synthesize their own biomass (Kallenbach  et al. 2016).  While the quality and value of organic fertilizers are often measured in terms of their contribution to nutrient supplies and soil fertility reported by Nagdev et al., (2022).  Increased crop productivity in response to application of organic soil amendments has been attributed to greater nutrient availability and enriched soil microbial populations. The addition of fresh organic manure .to the soil has been found to stimulate growth and enhance the activity of previously dormant microorganisms, as they can now utilize the new substrate. Soil microbiological and biochemical properties including microbial biomass, community composition, enzymatic activity, and functional and structural diversity provide direct information on small changes in the soil ecosystem (Woźniak, M., 2025). These changes, due to agricultural practices, are specific to various microbial groups. Soil degradation has a negative impact on the ability of the soil to support ongoing food production and overall ecosystem resilience It is therefore important to critically study and understand factors or practices that affect soil stability and resilience to achieve sustainable development and long-term agricultural productivity (Bayata, A. 2024). Long-term maize monoculture can negatively impact soil properties and microbial communities. Studies have shown that agricultural practices influence soil bacterial diversity, composition, and function (Dube et al., 2019 & Wolińska et al., 2022). The timely detection of soil degradation can be enhanced a range of microbiological and molecular techniques are available to study changes in soil microbial populations. 
Since nutrient cycling—particularly of carbon, nitrogen, and phosphorus—is a core soil function governed largely by microbial processes, microbial activity serves as a reliable proxy for evaluating soil health in response to agricultural practices. Therefore, a study was planned to evaluate the impact of biogas slurry application on the productivity of maize. This study supports the integration of organic and inorganic nutrient sources, particularly the use of bioslurry-based amendments, as a sustainable strategy for enhancing soil health and improving long-term maize productivity.

Table 1 - Initial soil properties

	Parameter
	15 cm
	30 cm
	45 cm

	pH (1:2.5 soil:water)
	7.95
	7.98
	8.0

	Organic carbon (%)
	0.43
	0.42
	0.40

	Available Nitrogen (kg/ha)
	220
	218.5
	216.3

	Available posphorous (kg/ha)
	38.9
	37.12
	35.5

	Available potassium (kg/ha)
	240
	238.5
	236.2

	Water holding capacity (%)
	40.5
	39.12
	37.25

	Bulk density (g/cc)
	1.88
	1.89
	1.91

	EC ds/m
	0.5
	0.57
	0.61







2. Materials and methods 
2.1. Design and Layout
The field experiment was conducted at the Integrated Farming System (IFS) Model Field at IARI, Pusa Campus, New Delhi. The experiment was laid out in a Randomized Block Design (RBD) with eight treatments replicated four times. The crop was planted with a spacing of 60 cm between rows and 25 cm between plants.

2.2. Fertilizer Application and Crop Management
A field experiment was conducted on maize (Zea mays L., var. Pusa Jawahar) to ascertain the impact of biogas slurry (BS), which is a partial substitute for Urea-N, on growth and physiological parameters. Following treatments were taken. T0 Absolute Control, T1: 100% Bio slurry (replacement of Urea-N) + P & K, T2: 75% BS + 25% RDF (recommended dose of fertilizers), T3: 50% BS + 50% RDF, T4: 25% BS + 75% RDF, T5: 100% RDF, T6-25% BS + 75% RDF + microbial consortium, and T7: 25% BS + 75% RDF + chelating agents were the eight treatments used.  To control weeds, the crop was sprayed with Atrazine at the rate of 1.5 kg in 800 liters of water per hectare at the pre-emergence stage, i.e., two days after sowing. Manual weeding was  also performed using a khurpi, and plants were later earthed up with the help of a harrow. For the treatment T6 Microbial consotium of phosphate solubulizing bacteria (PSB) was applied @ 1kg/ha , For the treatment T7 chealating agent Zn-EDTA was applied @ 1kg /ha and the maize variety used was Pusa Jawahar.

2.3. Observations and Measurements
Plant height of the maize plants was measured using a measuring tape. The three best-performing plants in each treatment plot were selected, and the average plant height was recorded. Cob length was measured using a measuring scale. The best-performing plants from each treatment were selected, and the average cob length was calculated. The maximum cob diameter was recorded using a digital vernier caliper with a least count of 0.01 mm. The best-performing plants from each treatment were selected, and the average maximum cob diameter was computed.

2.4. Analysis of Physiological parameter
The number of leaves per plant was recorded as an important physio-morphological parameter. Observations were made from the pre-flowering stage to crop maturity by counting all fully expanded leaves. Whole plant samples were weighed at different crop growth stages to assess fresh biomass accumulation. Fresh weight was recorded in grams using a physical balance.The same plant samples were oven-dried and then weighed using an electrical balance to determine dry biomass. Dry weight was measured in grams. 
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PICTURE 1. Field experimentation at IARI, Pusa: (a) Field preparation by tractor ploughing; (b) Marking and layout of experimental plots; (c) Prepared experimental field; (d) Sowing maize seeds; (e) Application of urea fertilizer; (f) Seed treatment with Bavistin (carbendazim, 2–3 g/kg seed); (g) Measurement of plant height; (h) Collection of biogas slurry from the biogas plant; (i) Atrazine application at the pre-emergence stage, two days after sowing. Each panel depicts a key stage of field management, input application, or data collection as performed in the study.

1.1. Analysis of Yield Parameters 
The weight of individual cobs was measured using a physical balance and recorded in grams. Data were collected after complete development of the cob. Cob length was measured in centimeters using a meter scale at different crop growth stages by selecting representative plants from each treatment. Grain yield per plant was determined by threshing mature cob samples and weighing the grain using an electrical balance. The yield was noted in grams per plant.

1.2 Nitrogen uptake in seed and Stover
The digestion step aims to convert the nitrogen (N) in a biological sample into ammonium sulfate by adding an acid, typically sulfuric acid, and heating the mixture up to 373 °C, during which the carbon in the sample is oxidized and released as CO₂ and H₂O, while ammonium sulfate is formed. This process generally uses a Kjeldahl flask, a spherical glass container with a long neck. In the distillation stage, sodium hydroxide (NaOH) is added after the solution cools down, and the mixture is reheated to release ammonia gas from the ammonium sulfate; the ammonia is then condensed and captured in a receiving flask containing a solution such as boric acid (H₃BO₃). Finally, in the ammonium quantification step, since the nitrogen content of the original sample correlates with the amount of ammonia produced during distillation, titration is commonly employed to determine the ammonia concentration (Michalowski et al., 2013; Martin et al., 2017).  




1.3 Statistical Analysis
Data on plant growth, yield, and yield-contributing characters were analyzed statistically using the analysis of variance (ANOVA) method suggested by Fisher (1937). The level of statistical significance was determined at p < 0.05 where applicable, to assess treatment differences. 

2. Results and Discussion
2.1. Root length
Considerable root length improvement was noted in treatments T3 to T6, with increments of 11–13% over two consecutive years (p < 0.05) relative to the control (T0) and lower substitution rates (T1 and T2), which had negligible effect (Figure 1). Combined use of biogas slurry (BS) and chemical fertilizers in these treatments possibly enhanced root growth through increased nutrient availability and rhizospheric activity. The availability of organic acids in bioslurry could have promoted the chelation of chemical fertilizer-derived micronutrient ions, enhancing their solubility and efficiency of uptake. This is consistent with previous research by Madhupriyaa et al., 2024, who indicated that soils amended with bioslurry have enhanced nutrient use efficiency as a result of biochemical interactions within the root zone. Additionally, the response in the second year was more significant, suggesting that soil microbial communities need time to develop and stabilize before having a dramatic influence on root architecture (Wright et al., 2019). These findings highlight the value of integrated nutrient management in supporting root system establishment and long-term soil sustainability. The combination of organic and inorganic sources of nutrients not only stimulated root growth but also indicates enhanced soil biological activity, which is key to nutrient cycling and sustainable crop production.
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 Figure 1.Root Length – Year wise Comparison

2.2. Germination percentage (GP)
As illustrated in Figure 2, in Year 2, Treatment T3 (50% BS + 50% RDF ) exhibited the greatest increase in germination percentage, improving by 14.47% ,T3 recorded the highest GP. T6, however, exhibited poor performance, decreasing by 2 % relative to T0 (p < 0.05). The consistent performance of T3 is indicative of consistent nutrient supply and drawdown. The beneficial performance of T3 might also be due to synergistic nutrient release and auxin production by bioslurry-associated microbes (Kumar et al., 2015 & Zhang et al., 2022). The poor GP in T7 points to possible fertilizer toxicity, likely due to the lack of bioslurry’s salinity stress mitigating chelating and buffering effects.
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Figure 2. Germination Percentage- Year wise Comparison
2.3. Cobs per plant
Treatment T3 (biogas slurry combined with chemical fertilizer) achieved the maximum cob count of 2.2 ± 0.4 cobs per plant which is an 38% improvement over T0 (p < 0.05). On the other hand, T7 (high chemical input with chelating agents) performed the worst with 0.8 ± 0.1 cobs per plant, which is a 33% decline when compared to T0. Both T3 and T6 (CF + BS + microbial consortium) showed significant (p < 0.05) increases in cob count which demonstrates the benefits of integrated nutrient management (figure 3).The greater cob count in these treatments is likely due to a balanced supply of macro- and micro-nutrients, better nutrient-use efficiency, soil microbial activity (especially phosphorus solubilization and the mineralization of organic matter from bioslurry), and bioslurry's effects on soil structure and moisture retention. Khan et al. (2014) and Jatav et al. (2022) reported similar findings where they observed an increased cob yield of up to 78% from the combined application of chemical fertilizers and bioslurry.
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 Figure 3. No of Cobs- Year wise comparison
2.4. Plant height
(Figure 4, 5, and 6) In Year 2 at 30 Days after Sowing (DAS), T3 achieved a height of 17.0 ± 0.9 cm, showing 21% growth compared to Year 1 and surpassing the control (T0) by a significant level (p < 0.05). T1 and T2 also shown growth (p < 0.05) but not as pronounced as T3. This pattern remained the same at 60 DAS. The growth tendency as previously mentioned can, in this instance, be connected to better nitrogen absorption, improved aggregation of the soil, and enhanced rhizospheric microbial activity as a result of applying biogas slurry (BS). By 90 DAS the height of the plants in Year 2 have increased significantly for many of the treatment. T3 reached 85 ± 5 cm in height marking a 21% increase from the previous year (p < 0.05). T3's continued growth dominance speaks to the advantages of proper nutrient allocation and balanced fertilization, confirmed by Wang et al. (2021) and Kumar et al. (2015).
This optimization shows that the combined use of chemical fertilizers and biogas slurry boost early and mid-season growth due to better nitrogen-use efficiency, step-wise nutrient supply, and active soil life. As noted by Kumar et al. (2021) and Wright et al. (2019), biogas slurry also improves soil structure, mineralization, and microbial colonization, which helps in better nutrient absorption.
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FIGURE 4. Plant Height 30 DAS (Days after sowing)- Year wise Comparison
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FIGURE 5: Plant Height 60 DAS (Days after sowing)- Year wise Comparison
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FIGURE 6: Plant height 90 DAS (Days after sowing)- Year wise comparison

2.5. Grain yield 
The grain yield varied significantly across treatments, with T3 demonstrating the highest increase (49.06% ) over the control (T0) in both growing seasons, likely due to its optimized nitrogen application. In contrast, T7 and T6 showed marginal improvements (<15%), suggesting limited efficacy under experimental conditions. Seasonal analysis revealed that yields in 2022-23 were consistently higher, possibly attributable to favorable rainfall distribution. These findings underscore the potential of T3 as a sustainable practice for maize productivity enhancement.  in the similar study it as be reported that Bioslurry application, particularly when combined with chemical fertilizers, has shown significant potential for enhancing grain yield and profitability in cereal crops. Studies on maize demonstrated that integrated use of biogas slurry and chemical fertilizers increased grain yield by 20-24% and improved economic returns compared to traditional practices. Similar benefits were observed when bioslurry was applied at 20t/ha, resulting in increased plant height, cob yield, grain yield, and nutrient uptake (A. Nasir et al., 2010, Malav et al.,2015, Khan et al.,2015).
2.6. Cob Diameter
The results demonstrate that all treatments led to an increase in maize cob diameter over the control (T0) across both years. The most significant enhancement was observed under T3, showing a 20–21% increase in cob diameter, followed closely by T4 and T5 with 15–16% gains. These results align with findings by (Rani et al. 2019; Kienbaum et al., 2021) who reported that integrated nutrient application enhances reproductive traits, including cob development, through improved nutrient availability and plant vigor These findings show the role of integrated nutrient strategies, particularly T3, in enhancing cob morphology a key yield component thereby contributing to overall productivity in maize cultivation (paul et al.,2023), similar results were found in Malav et al.,2015 50% bioslurry  + 50 % RDF given good yield and soil amelioration .
2.7. Cob weight 
Cob weight, a key yield attribute in maize, was positively influenced by all treatments compared to the control (T0) across both seasons. The T3 treatment consistently recorded the highest cob weight, with increases of 7.6% (2021–22) and 6.3% (2022–23) over T0, highlighting its superior role in promoting biomass partitioning to reproductive parts.This observation is in agreement with studies by Sharma et al. (2020) and Meena et al. (2018), who reported enhanced cob development and grain filling under integrated nutrient management due to improved nutrient synchronization with crop demand. Treatments T4 and T5 also showed significant gains, confirming the efficacy of balanced fertilization in enhancing cob characteristics.
2.8. Plant dry weight
Plant dry weight, a proxy for overall biomass accumulation and growth vigor, significantly improved with all nutrient treatments compared to the control (T0). The T3 treatment consistently showed the highest dry matter production, with an increase of 12.7% in 2021–22 and 11.8% in 2022–23, indicating optimal nutrient availability and uptake dynamics. This is in line with findings by Yadav et al. (2017) and Choudhary et al. (2023), reported that integrated nutrient management (INM) enhances biomass accumulation by improving soil nutrient balance, microbial activity, and plant physiological efficiency. T4 and T5 treatments also exhibited substantial improvements (10%), suggesting that strategic nutrient combinations can effectively  support vegetative growth and dry matter production.
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	Yield (kg/ha)
	Shoot biomass (kg/ha)
	cob length (cm)
	cobs per plant (number) 
	cob weight (gm)  
	cob diameter(cm)

	Season 
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	T0
	3032.33c
	3215.21c
	3822c
	3958c
	17.18b
	16.96b
	1.33b
	1.43b
	263.04c
	269.67c
	40.66b
	39.42c

	T1
	4154b
	3570b
	4530.66b
	4771ab
	19.4a
	20.03a
	1.43b
	1.53b
	267.55b
	270.6b
	42.71ab
	41.91b

	T2
	3907b
	4001.66a
	4457.33b
	4625.3ab
	19.39a
	20.37a
	1.53b
	1.6b
	271.61b
	273.79b
	45.89ab
	43.47b

	T3
	4522.12a
	4426.53a
	5064.66a
	5321a
	20.8a
	21.24a
	2.03a
	1.76a
	283.32a
	285.86a
	51.99a
	51.59a

	T4
	4104b
	3902.33ab
	5036a
	5162a
	19.95a
	20.00 a
	1.5b
	1.3b
	278.75b
	283.63a
	49.18ab
	50.68a

	T5
	4123b
	3846.33ab
	5041.33a
	4979.66ab
	19.43a
	19.65a
	1.4b
	1.43b
	280.35a
	282.89a
	48.54ab
	50.37a

	T6
	3761bc
	3705.33b
	5088a
	4895ab
	18.64a
	18.64a
	1.46b
	1.36b
	276.28b
	279.33b
	46.85ab
	48.34b

	T7
	3783bc
	3594.33b
	5080a
	5121a
	19.22a
	19.22a
	1.36b
	1.6b
	278.89b
	281.33a
	45.36ab
	45.12b


Table 2 : Effect of Different Treatments (T0-T7) on Yield, Shoot Biomass, and Cob Characteristics of Maize during the (2021–22) and (2022–23) significant level (p < 0.05)


2.9. Nitrogen uptake seed
T3 (50% chemical fertilizer + 50% biogas slurry) consistently resulted in the greatest increase in nitrogen uptake over the control (T0), showing a 20.4% rise in 2021–22 and 15.4% in 2022–23, confirming it as the most effective treatment for enhancing N uptake. This finding aligns with research indicating that integrating biogas slurry with chemical fertilizers can improve nutrient availability and microbial activity, thereby increasing N uptake in maize (Mdlambuzi et. al.,2021). Similar studies have shown that applying 15 tons/ha of pre-treated biogas slurry can maximize N uptake and allow a 30–50% reduction in synthetic fertilizer use without sacrificing biomass yield (Liang et. al.,2023). Such integration not only meets crop nitrogen demands but also enhances soil health and reduces environmental reliance on chemical fertilizers, supporting the benefits of combined biogas slurry andfertilizer management systems in sustainable agriculture
2.10. Nitrogen uptake  by Stover
The consistently higher stover nitrogen uptake observed in all treatments compared to the control (T0), highlights the positive impact of nutrient supplementation on nitrogen assimilation in maize biomass. Treatment T3 (50% chemical fertilizer + 50% biogas slurry) exhibited the greatest enhancement, with a 12.9% increase in 2021–22 and 17.5% in 2022–23, confirming its effectiveness in promoting efficient nitrogen uptake and partitioning to the stover component. The superior performance of T3 can be attributed to the synergistic effects of chemical fertilizers and biogas slurry, which together improve soil nutrient availability, support microbial-mediated nutrient cycling, and enhance root nutrient absorption capacity. Biogas slurry, rich in organic nitrogen, amino acids, and microbial metabolites, likely contributed to the sustained release of nitrogen, synchronous with plant demand. This agrees with previous studies indicating that integrated nutrient management improves nitrogen-use efficiency and biomass accumulation (Dahunsi et al., 2017; Gunes et al., 2025). Furthermore, the notable increases in T4, T5, and T7—particularly in the second year—suggest a residual effect of biogas slurry in improving soil health over time. These gains underscore the long-term benefits of partially substituting inorganic fertilizers with organic amendments to enhance nitrogen recovery, minimize losses, and support sustainable soil fertility. Collectively, the results confirm the potential of integrated nutrient strategies, especially T3, in maximizing stover N uptake, thus enhancing overall plant nutrient efficiency and contributing to sustainable maize production systems.
2.11. Plant fresh weight
The fresh plant fresh weight of maize showed a consistent and notable improvement across all treatments compared to the control (T0), with the highest increase recorded in T3 and T4 treatments. In 2021–22, T3 improved plant fresh weight by approximately 14.3%, while T4 showed the highest increase in 2022–23 (14.8%).These gains reflect better vegetative growth and water content retention, essential for metabolic activity and biomass accumulation. These findings are in agreement with Khan et al. (2015) and Malav et al. (2015), who reported that the integration of organic manure with inorganic fertilizers significantly enhances higher fresh biomass in maize and similar cereal crops. The positive trend across T3 to T7 treatments suggests that integrated nutrient management not only supports optimal nutrient availability but also enhances soil structure and moisture holding capacity, both critical for fresh biomass accumulation. Such improvements in plant physiological parameters underscore the potential of integrated nutrient strategies for achieving higher productivity
Table 3:  Nitrogen Uptake and Plant Biomass of Maize under Different Treatments during (2021–22) and (2022–23)  significant level (p < 0.05)
	Treatment
	N uptake by seed (kg/ha)
	N uptake by stover (kg/ha)
	plant fresh weight (g)
	plant Dry weight (g)

	
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	T0
	26.68b
	24.65b
	61.85c
	63.11c
	623c
	641c
	141.66b
	145b

	T1
	28.83b
	26.9b
	63.5b
	67.39b
	683.33b
	708.66b
	148.16b
	150.49a

	T2
	29.58b
	27.82b
	66.47b
	71.19b
	708.66ab
	719.66b
	152.36a
	154.49a

	T3
	31.56a
	30.11a
	71.39a
	76.02a
	729.33a
	762.1a
	159.57a
	159.57a

	T4
	29.12b
	27.01b
	66.96b
	70.73b
	707.66ab
	737b
	156.29a
	158a

	T5
	28.40b
	26.52b
	68.38b
	71.84b
	718.33b
	743.66ab
	159.5a
	157.08a

	T6
	29.14b
	26.18b
	65.79b
	70.38b
	701.66b
	735.66b
	155a
	153.62a

	T7
	27.93b
	25.91b
	67.58b
	71.06b
	705b
	727.66b
	151.23a
	153.62a



2.12. Number of leaves 90 DAS
Treatments T3, T4, and T5 showed the highest percentage increase (up to 16%) in leaf number over control (T0), suggesting a strong positive influence of the applied inputs. These findings are consistent with existing literature showing that optimized nutrient supply, bio-stimulants, or growth regulators can significantly boost vegetative growth in maize. Amanullah et al. (2009) reported that application of nitrogen and potassium increased the number of functional leaves per plant in maize by up to 12% over control plots. Shah et al. (2023) emphasized that the effectiveness of certain treatments (e.g., integrated nutrient management) on vegetative traits like leaf number remains stable across years, aligning with your results where T3–T5 consistently outperformed T0.
2.13. Number of leaves after 60 days after sowing (DAS)
Treatments T3, T4, and especially T5 demonstrated the highest increase in leaf number at 60 DAS compared to the control (T0), with T5 showing up to 38% improvement in 2022–23. These results align well with published findings highlighting the effectiveness of nutrient and bio-stimulant interventions in promoting early-stage leaf development in maize. Vegetative growth boosts from integrated nutrient management. Khan et al. (2014) reported that integrated nutrient management in baby corn given better nitrogen uptake and balanced macro-micro nutrient availability. treatments that maintain similar vegetative benefits across years are desirable for sustainable maize cultivation.
2.14. Number of leaves after 30 days after sowing (DAS)
Treatments T3 and T4 showed the highest leaf numbers, with up to a 25% increase over the control (T0) in both years. Early leaf emergence is critical for light interception and dry matter accumulation, and the consistency across years highlights the robustness of the treatment effect.  Zhang et al. (2016) emphasize that early leaf emergence in maize (by 30 DAS) is strongly influenced by nutrient availability and hormonal stimulation, contributing to final plant vigor and yield. Nitrogen application at sowing and tillering improves early leaf production significantly.Ramesh et al. (2014)  showed that early application of bio-stimulants and foliar nutrients enhances vegetative traits by 15–35%. 



[bookmark: _GoBack]Table 4 Effect of Different Treatments on Leaf Development in Maize During (2021–22) and (2022–23) significant level (p < 0.05)
	Treatment 
	Leaves per plant 30 DAS
	Leaves per plant 60 DAS
	Leaves per plant 90 DAS

	
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	T0
	4.8c
	4.98c
	6.51b
	6.06b
	13.99b
	14.38c

	T1
	5.34ab
	5.84b
	8.27a
	7.92b
	14.77b
	15.37b

	T2
	5.45ab
	5.91b
	8.45a
	8.17ab
	14.93b
	15.66b

	T3
	6.04a
	6.19a
	8.96a
	9.62a
	15.5a
	17.22a

	T4
	6.22a
	6.12 a
	8.40 a
	8.22ab
	15.45a
	16.20 ab

	T5
	6.15a
	6.58a
	8.52a
	9.14a
	16.13a
	16.63ab

	T6
	5.63b
	5.63b
	8.23a
	8.06b
	15.19a
	15.46b

	T7
	5.2ab
	5.75b
	8.25a
	8.21b
	15.55a
	15.74b


3. Conclusion 
Biogas spent slurry was anaerobically digested with cow dung and paddy straw 3:1 ratio (30kg cow dung+10 kg paddy straw). The treatment T3 (50% N from bioslurry with 50 RDF) were performing better in crop yield and morphology. It is because of slow releasing N from the bioslurry.  The chemical fertilizers (urea -N), generally stay for the short duration in the soil because of volatilization and denitrification. Hence, the mixture of organic and inorganic in 50% provided good results, due to slow release fertilizers and the crop was receiving constant supply of nutrients for better performance. Single application of bioslurry in T1 treatment, where 100% N from bioslurry given has not providing good yields but it had improved the soil health because of microbial act of organisms present in the bioslurry. Farmers can apply the bioslurry along with chemical fertilizers (50% Bioslurry + 50% RDF) which provides more crop yields and preserve the soil health also.  A proper combination of bioslurry and chemical fertilizers were finalized for the maize after the 2 years of study.  Bioslurry application also reduce the GHG (N2O) emission from the field as it reduces the chemical fertilizers application. Further, research are required to optimize the combination of bioslurry and chemical fertilizers for better yield and N2O mitigation in different crops which will ensure the agricultural and environmental sustainability. 
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