


Influence of Biochar and Nitrogen Integration on Maize Yield, Soil Available Nitrogen and Uptake



ABSTRACT:
Aims: To evaluate how the integration of corn cob-derived biochar with nitrogen fertilizer affects maize yield and soil nutrient status during the Rabi season in Telangana, India.
Study Design: Randomized Block Design with eight fertilizer treatments and three replications.
Place and Duration of Study: Regional Agricultural Research Station, Polasa, Jagtial, Professor Jayashankar Telangana Agricultural University, Telangana, 2024-25 Rabi season.
Methodology: Eight treatments were compared: control (0:80:80 NPK kg ha-1), recommended dose of fertilizers (240:80:80 NPK kg ha-1), various combinations of biochar urea mixes at 75%, 100%, and 125% of recommended nitrogen dose (RDN) for two biochar:urea ratios (1:1 and 1:1.5). Maize (DHM-117) was grown in sandy clay loam soil (pH 6.74, EC 0.15 dS m-1, organic carbon 0.51%). Biochar was produced from corn cob via slow pyrolysis, characterized and mixed with urea before split application. Crop growth parameters (plant height, SPAD) Yield attributes (stover, grain), test weight and total N uptake, where as soil pH, EC, organic carbon and available nitrogen were measured at post harvest stage.
Results: The treatment T6 (125% RDN as biochar urea mix 2, 1:1.5) achieved the highest plant height (264.6 cm), chlorophyll content (54.5), test weight (32.9 g), stover yield (9095 kg ha-1) and grain yield (8051 kg ha-1) and total N uptake (220.2 kg ha-1). Enhanced soil properties were observed: pH (7.62), EC (0.28 dS m-1), organic carbon (0.72%) and available N (126.4 kg ha-1). Control plots showed lowest values in crop growth, yield, uptake and soil metrics.
Conclusion: Integrating biochar with nitrogen fertilizer, especially at 125% RDN via a mix ratio of 1:1.5, significantly improves maize productivity and soil health. Biochar acts as a slow-release nutrient source, reduces dependence on synthetic fertilizer and promotes sustainable maize cultivation.
Keywords: biochar, maize, integrated nutrient management, nitrogen uptake, yield, soil fertility.

INTRODUCTION
Maize (Zea mays L.) is one of the most important staple crops worldwide, cultivated on 193.7 million hectares with a production of 1,147.6 million tonnes and an average productivity of 5,920 kg ha⁻¹. In India, however, productivity remains lower (3,545 kg ha⁻¹) despite 10.75 million hectares under cultivation, while in Telangana, maize is grown on 5.15 lakh hectares with relatively higher productivity of 5,557 kg ha⁻¹ (Indiastat, 2023). This gap highlights the need for improved nutrient management strategies to enhance maize yield potential.
Nitrogen is the most critical nutrient for maize growth, but excessive reliance on synthetic fertilizers often leads to nutrient losses, reduced efficiency and environmental challenges such as leaching, greenhouse gas emissions and soil degradation (Smith and Gregory, 2013). In this context, biochar has gained attention as a sustainable soil amendment. Produced through pyrolysis of organic residues under limited oxygen, biochar is a carbon-rich, porous material that improves soil aeration, water retention and nutrient availability (Ayaz et al., 2021).
When integrated with nitrogen fertilizers, biochar has been shown to enhance nitrogen use efficiency by adsorbing and gradually releasing nutrients, thereby reducing losses and maintaining nitrogen in the root zone for longer periods (Rombel et al., 2022). Several studies have reported improved maize yield, nutrient uptake and water-use efficiency with biochar-nitrogen combinations, particularly in nutrient-poor or degraded soils (Li et al., 2022; Steiner et al., 2007; Uzoma et al., 2011). Additionally, biochar contributes to soil microbial activity, increased cation exchange capacity and reduced nitrous oxide emissions, making it an environmentally friendly option (Chan et al., 2008).
Given the potential of biochar-nitrogen integration in enhancing maize productivity while maintaining soil health, the present investigation entitled “Influence of Biochar and Nitrogen Integration on Maize Yield, Soil available and Uptake” was undertaken to evaluate its effects under field conditions.
MATERIALS AND METHODS
Experimental Site and Soil
The experiment took place in block G4, Regional Agricultural Research Station, Polasa, Jagtial, Telangana (18°84'03"N, 78°94'92"E, 243.4 m asl), on sandy clay loam soil, pH 6.74, EC 0.15 dS m-1, organic carbon 0.51% and available nitrogen 110.5 kg ha-1.
Biochar Preparation
Corn cob residue underwent slow pyrolysis in a custom kiln; yield was 47% by weight. Resulting biochar pH was 7.53, EC 1.35 dS m-1, total carbon 70.10%, and N 1.47%.
Treatments and Experimental Design
Biochar urea mixes 1 & 2 was applied to the field according to treatments on the day of sowing. Both mixes 1 & 2 was applied in different levels as per the treatments in three splits (as basal dose, knee height and tasselling stage). Entire dose of P (SSP) and K (MOP) was applied to all the plots as basal dose according to the treatments (Recommended Dose of Fertilizers were 240:80:80 N: P2O5: K2O kg ha-1).
The experiment was laid out in a Randomized Block Design with eight treatments and three replications. Treatments include T1- Control (0:80:80 NPK kg ha-1), T2 -RDF (240:80:80 NPK kg ha-1), T3 - 125% of RDN as biochar urea mix-1 (1:1), T4 - 100% of RDN as biochar urea mix-1 (1:1), T5 - 75 % of RDN as biochar urea mix-1 (1:1), T6 - 125% of  RDN as biochar urea mix-2 (1:1.5), T7 - 100% of  RDN as biochar urea mix-2 (1:1.5) and T8 - 75% of  RDN as biochar urea mix-2 (1:1.5). The maize (variety: DHM-117) was sown at a spacing of 60 cm × 20 cm. 


Data Collection and Analysis
Crop growth parameters (plant height, chlorophyll content (SPAD), Yield parameters (stover and grain), test weight and total N uptake were measured at harvest. Soil pH, EC, organic carbon and available nitrogen were analyzed post-harvest using standard protocols (Jackson, 1973; Walkley & Black, 1934; Subbaiah & Asija, 1956). Data were analyzed by ANOVA for randomized block design.
RESULTS AND DISCUSSION
Maize plant height, test weight and SPAD reading 
Integration of biochar with nitrogen fertilizer significantly enhanced plant height (Table 1) and chlorophyll content (Fig. 1). The treatment T6 (125% RDN as biochar-urea mix 2 at 1:1.5 ratio) was statistically superior and on par with T7 (100% RDN as biochar-urea mix 2 at 1:1.5 ratio). In contrast, the control plots recorded the lowest crop growth parameters. The improvement in plant height can be attributed to the combined application of biochar and urea, which enhanced nitrogen availability, nutrient use efficiency, and promoted a synergistic interaction between biochar and nitrogen. Biochar’s ability to release nutrients slowly might have contributed to sustained nutrient availability, thereby supporting vigorous plant growth. Similar positive interactions between biochar and nitrogen fertilizers on maize growth were also reported by Khangaroat et al. (2024). Further, integrated nutrient management using biochar with slow-release nitrogen sources improved chlorophyll content and overall crop vigour in maize (Shi et al., 2020).
Biochar-urea integration also significantly influenced test weight (Table 1). Treatment T6 (125% RDN, biochar-urea mix 2 at 1:1.5 ratio) achieved a test weight statistically comparable to T7 (100% RDN, same mix), while the control plots recorded the lowest values. Higher biochar levels enhanced nutrient retention and ensured sustained nutrient uptake across crop growth stages. The porous structure of biochar further supported deeper and healthier root development, improving the plant’s capacity to absorb water and nutrients, and ultimately resulting in superior grain production, particularly under water or nutrient stress conditions. The synergistic effect of biochar and urea proved more effective for yield improvement than fertilizer alone, with maize yield increases reported up to 50% under optimal biochar-urea blends. Guadade et al. (2022) and Arif et al. (2012) shown an increased test weight with the biochar and nitrogen application observed significant improvement in seed weight due to enhanced nutrient uptake and soil fertility through biochar and nitrogen integration.

Table 1.  Effect of biochar urea mix on maize plant height and test weight
	Treatments
	Plant height (cm)
	Test weight 
(g)

	T1- Control (0:80:80 NPK kg ha-1)
	188.7
	25.1

	T2 - RDF (240:80:80 NPK kg ha-1)
	247.6
	30.7

	T3- 125% of RDN as biochar urea mix 1 (1:1)
	251
	31.4

	T4 -100% of RDN as biochar urea mix 1 (1:1)
	249.3
	31.1

	T5- 75% of RDN as biochar urea mix 1 (1:1)
	234.4
	29.8

	T6- 125% of RDN as biochar urea mix 2 (1:1.5)
	264.6
	32.9

	T7- 100% of RDN as biochar urea mix 2 (1:1.5)
	254.1
	32

	T8- 75% of RDN as biochar urea mix 2 (1:1.5)
	240.3
	30.3

	SEm ±
	9.59
	0.29

	CD (P=0.05)
	29.3
	0.90




Fig. 1. Effect of biochar urea mix on chlorophyll content

Yield and N uptake 
Biochar-N integrated management significantly increased yields. T6 (125% RDN, biochar: urea mix 2, 1:1.5) led yield metrics (stover, grain), test weight and N uptake statistically comparable with T7 (100% RDN, same mix). Control plots registered the lowest yields. Higher biochar levels promote nutrient retention and sustained uptake across crop phases (Table 2).
The enhanced overall yield associated with the application of 125% of RDN as biochar urea mix 2 due to prolonged availability of nutrients throughout the crop period (stages) resulting from the combining effect of biochar and nitrogen. Biochar with its high nutrient retention capacity and sustain nitrogen release ensuring continuous nutrient uptake during tasselling phase contributes to photosynthetically active and producing biomass over an extended duration by Katterer et al. (2019). As a result, greater accumulation of stover at the time of harvesting stage. Biochar combined with urea fertilizer than fertilizer alone and control highlights the beneficial interaction enhances stover yield in close accordance with Banu et al. (2023).
Singh et al. (2021) and Guadade et al. (2022) observed that integrated nutrient application led to greater stover and grain yield in maize due to improved nutrient supply, root performance and grain filling ultimately enabling maize plants to reach maize potential. Meena et al. (2019) also noted that biochar-based nutrient management enhanced grain yield.
Improved nutrient availability and efficient utilization during the grain filling stage can have higher grain density. The combined effect of biochar and nitrogen dosage supports the efficient grain filling and sink strength leading to the formation of healthier, bolder and heavier seeds. 
The superior N uptake in biochar and urea can be attributed to the higher nitrogen supply and combined with biochar’s ability to reduce N losses and improve soil nutrient retention compared to RDF and lower RDN levels by Chan et al. (2008) and Zhang et al. (2012).

Table 2. Effect of biochar urea mix on yield and N uptake 
	Treatments
	Stover yield (kg ha-1)
	Grain yield (kg ha-1)
	N uptake (kg ha-1)

	T1- Control (0:80:80 NPK kg ha-1)
	4234
	3842
	77.2

	T2 - RDF (240:80:80 NPK kg ha-1)
	6995
	6043
	150.3

	T3- 125% of RDN as biochar urea mix 1 (1:1)
	7580
	7152
	183.8

	T4 -100% of RDN as biochar urea mix 1 (1:1)
	7104
	6665
	165.0

	T5- 75% of RDN as biochar urea mix 1 (1:1)
	5815
	5354
	116.8

	T6- 125% of RDN as biochar urea mix 2 (1:1.5)
	9095
	8051
	220.2

	T7- 100% of RDN as biochar urea mix 2 (1:1.5)
	8284
	7496
	198.6

	T8- 75% of RDN as biochar urea mix 2 (1:1.5)
	6281
	5687
	133.8

	SEm ±
	309.6
	433.6
	7.07

	CD (P=0.05)
	948
	1328
	21.6



Soil Physico-chemical Properties
Soil reaction (pH) was highest recorded in T6 (7.62) vs. control (7.31) due to biochar’s alkalinity (Table 2). The increase in soil pH may be attributed due to alkaline nature of biochar act as a liming material and buffer soil acidity. However, decline of pH in the control plot might be due to the absence of any buffering amendment and possible nutrient-induced acidification. Although application of higher nitrogen and biochar having pH-buffering capacity appears to have moderate acidifying effects from urea by Chan et al. (2007).
Electrical conductivity was increased in biochar treatments (max 0.28 dS m-1 in T6) reflecting addition of soluble salts and nutrients (Table 3). Sohi et al. (2013) attributed to rise the mineral ash content and enhanced nutrient retention properties of biochar. Elangovan and Chandrasekharan (2014) were observed that the increase in EC of soil by the application of biochar might be due to the non-saline nature of biochar and the presence of more basic salts containing exchangeable cations such as Ca²⁺, Mg²⁺, K⁺ and Na⁺.
Biochar addition raised soil organic C to 0.72% (T6), enhancing soil health and carbon sequestration (Table 3). An apparent improvement in organic carbon content under biochar treatment could be due to the addition of carbon-rich material from biochar and its role in reducing organic matter mineralization losses by enhancing soil structure. Biochar’s porous nature can also trap fine organic particles and protect them from microbial breakdown and the high amount of carbon present in the biochar improves the organic carbon content in soil by Lin et al. (2023).
Available nitrogen was maximum in T6 (126.4 kg ha-1), attributed to sustained release properties of biochar and reduced nitrogen losses (Table 3). These results are in line with the observations of Khan et al. (2024) reported that biochar-coated urea delays the hydrolysis of urea, lowers nitrogen volatilization losses and maintains nitrogen availability during the critical crop growth stages of maize. He et al. (2020) revealed that applying biochar with nitrogen fertilizers improves soil nitrogen retention and ensures a better release pattern whenever the crop demands. A similar trend was noted by Liu et al. (2024) found that biochar combined with urea slows nitrogen mineralization and minimizing rapid nitrogen losses by sustaining higher levels of ammonium for a longer period during crop growth.

Table 3. Effect of biochar urea mix on soil physico-chemical parameters at harvesting stage of maize
	Treatments
	Soil reaction (pH)
	Electrical conductivity (dSm-1)
	Organic carbon (%)
	Available nitrogen (kg ha-1)

	T1- Control (0:80:80 NPK kg ha-1)
	7.31
	0.17
	0.52
	62.8

	T2 - RDF (240:80:80 NPK kg ha-1)
	7.48
	0.22
	0.59
	115.9

	T3- 125% of RDN as biochar urea mix 1 (1:1)
	7.57
	0.25
	0.65
	122.5

	T4 -100% of RDN as biochar urea mix 1 (1:1)
	7.55
	0.24
	0.62
	119.6

	T5- 75% of RDN as biochar urea mix 1 (1:1)
	7.40
	0.20
	0.55
	110.0

	T6- 125% of RDN as biochar urea mix 2 (1:1.5)
	7.62
	0.28
	0.72
	126.4

	T7- 100% of RDN as biochar urea mix 2 (1:1.5)
	7.60
	0.26
	0.69
	124.4

	T8- 75% of RDN as biochar urea mix 2 (1:1.5)
	7.41
	0.21
	0.58
	112.7

	SEm ±
	0.28
	0.03
	0.02
	5.90

	CD (P=0.05)
	NS
	NS
	0.05
	17.8



CONCLUSION
Combining biochar with urea at higher nitrogen rates (125% RDN, mix ratio 1:1.5) substantially enhances maize yield and soil nutrient status, fostering integrated nutrient management and sustainable agriculture. Biochar’s slow-release effect and soil improvement capacity offer a practical method to boost productivity while reducing synthetic fertilizer dependence.
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