CHARACTERIZATION OF COB RIND BIOCHAR AND ITS EFFECT ON PRIMARY NUTRIENT CONTENT AND THEIR UPTAKE BY FINGER MILLET (ELEUSINE CORACANA).
 


Abstract 


Biochar has gained attention as a sustainable soil amendment for improving soil fertility and nutrient use efficiency. The present study evaluated the physicochemical characteristics of maize cob rind biochar and its effect on primary nutrient content and uptake by finger millet (Eleusine coracana). Biochar was produced through controlled pyrolysis and characterized for pH, electrical conductivity, bulk density, organic carbon, and nutrient composition. A pot experiment was conducted to assess the influence of biochar application alone and in combination with farmyard manure (FYM) on nitrogen, phosphorus, and potassium content and uptake by finger millet. Results indicated that cob rind biochar possessed favorable properties such as alkaline pH, high organic carbon content, and appreciable nutrient concentrations. Combined application of biochar and FYM significantly enhanced N, P, and K concentration and uptake in grain and straw compared to the recommended fertilizer and FYM treatment alone. The highest nutrient uptake and dry matter production were recorded with biochar application at 4 t ha⁻¹ along with 100% recommended FYM. Improved nutrient uptake was attributed to enhanced nutrient retention and improved soil conditions. The study concludes that cob rind biochar, when integrated with organic manure, can effectively improve nutrient uptake and promote sustainable nutrient management in finger millet cultivation.
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Introduction 

Biochar is a carbon-rich, porous material produced through the pyrolysis of biomass under oxygen-limited conditions. Its physicochemical properties—such as high aromatic carbon content, large surface area, and abundant pore structure—are strongly influenced by the biomass feedstock and pyrolysis temperature. Owing to its structural stability and functional surface chemistry, biochar has emerged as a promising amendment for improving soil health, enhancing nutrient-use efficiency, and contributing to long-term carbon sequestration in agricultural systems (Lehmann et al, 2009). When incorporated into soil, biochar exerts multiple beneficial effects on soil physical, chemical, and biological processes: its porous architecture improves soil aeration, aggregate stability, infiltration, and water-holding capacity (Hesu et al., 2014); chemically, biochar enhances cation exchange capacity, buffers soil acidity, and increases retention of essential nutrients, thereby reducing leaching losses and improving fertilizer-use efficiency (Liang et al., 2006); biologically, the pore network of biochar provides microhabitats for beneficial soil microorganisms, supporting microbial biomass, enzyme activity, and nutrient cycling (Glaser et al., 2002).
A key aspect of biochar’s agronomic importance lies in its nutrient composition and nutrient-supplying capacity. Depending on feedstock, biochar contains varying amounts of macronutrients—nitrogen (0.1–2.0%), phosphorus (0.1–2.5%), potassium (1–15%), calcium (1–10%), and magnesium (0.5–5%)—and micronutrients such as Fe, Mn, Zn, Cu and B, largely concentrated in the ash fraction (Singh et al., 2010). These mineral constituents and the high surface area of biochar enable slow and sustained nutrient release, while negatively charged functional groups promote adsorption and retention of ammonium, phosphate, and potassium, minimizing leaching and volatilization (Chan and Xu, 2009; Yao et al., 2013). The alkaline nature of many residue-derived biochar also ameliorates soil acidity and reduces Al toxicity, further improving nutrient availability. In combination with organic and inorganic fertilizers, biochar often acts as a nutrient reservoir that enhances fertilizer-use efficiency and plant nutrient uptake.
In view of these multifunctional benefits and the need to valorize agricultural residues, the present investigation characterizes biochar produced from a major agricultural residue of the Shivamogga region—maize cob rind—for its nutrient composition and related physicochemical attributes. Further, the study evaluates the impact of applying this maize-cob-rind biochar at different rates on the nutrient content and nutrient uptake of finger millet (Eleusine coracana).

Material and methods 

 Experimental Site and Design
A field experiment was conducted during the Kharif season of 2019 at the Agricultural and Horticultural Research Station (AHRS), Bavikere, affiliated with the University of Agricultural and Horticultural Sciences (UAHS), Shivamogga. The study consisted of ten treatments comprising two levels of cob rind biochar (2 and 4 t ha⁻¹) and three levels of reduced FYM (10, 7.5, and 5 t ha⁻¹), applied either individually or in combination. A recommended fertilizer dose of 50:40:25 kg N, P₂O₅, K₂O ha⁻¹ and recommended FYM at 10 t ha⁻¹ were supplied to all treatments except the absolute control.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. Finger millet (Eleusine coracana L.) variety GPU-28 was used as the test crop.

Biochar Production and Characterization
Maize cob rinds were collected from nearby farmers’ fields and subjected to pyrolysis using a dual-ring metal kiln. The kiln consisted of an outer ring (height 1.5 m, diameter 76 cm) and an inner ring (height 1.2 m, diameter 63 cm). Pyrolysis was carried out at 350–500°C under limited oxygen supply for four hours. The partially burnt material was allowed to cool for 3–4 hours, ground, and passed through a 2 mm sieve to obtain a fine biochar powder.
The prepared biochar was analyzed for pH, electrical conductivity (EC), organic carbon, macronutrients (N, P, K, Ca, Mg, S) and micronutrients (Fe, Zn, Cu, Mn) following standard analytical procedures.

Initial Soil Properties
Composite soil samples (0–15 cm depth) were collected prior to experimentation. The soil exhibited medium fertility with available nitrogen 286 kg ha⁻¹, available phosphorus 47.80 kg ha⁻¹ and available potassium 220.15 kg ha⁻¹. Other Physico-chemical properties were also assessed using standard methods.

Plant Sampling and Analysis 

Five representative finger millet plants were collected from each plot at critical growth stages, washed, oven-dried (60°C), ground, and stored for analysis (Jackson, 1973). FYM and biochar samples were similarly processed.
Finely powdered grain, straw, FYM, and biochar were used for estimating macro- and micronutrients. Nitrogen was determined by the micro-Kjeldahl method after H₂SO₄ digestion with a catalyst mixture (Piper, 1966). For P, K, Ca, Mg, S, and micronutrients, samples were digested with HNO₃–HClO₄. Phosphorus was measured using the vanadomolybdophosphoric yellow colour method, potassium by flame photometry, Ca and Mg by EDTA titration, and S turbidometrically using BaCl₂ (Piper, 1966). Micronutrients (Fe, Zn, Cu, Mn) were analyzed using AAS (Lindsay & Norvell, 1978).
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Calculation of Nutrient Uptake
This calculation provided a quantitative measure of nutrient removal by crops and helped evaluate the effect of biochar and FYM on nutrient assimilation efficiency.

Nutrient Uptake Calculation
Nutrient uptake was calculated by combining nutrient concentration with dry matter yield to understand the total removal of nutrients by the crop. Uptake values (kg ha⁻¹) were calculated using the following formula:

This approach provided an accurate assessment of how different levels of biochar and FYM influenced nutrient assimilation and utilization efficiency in finger millet.


Results and discussion 

Characterization of cob rind biochar and FYM
The characterization of cob rind biochar was carried out for physical and chemical characteristics. The data presented in Table 1 unveiled that, cob rind biochar has recorded the water holding capacity of 69.85 per cent and bulk density of 0.54 Mg m-3. The electrochemical properties like the electrical conductivity recorded value of 1.24 dS m-1 and the pH of 8.07, which found to be alkaline in nature. Total organic carbon found to be higher in concentration (72.84 g kg-1). Among the primary nutrients the biochar rich in K (1.09 %) followed by N (0.53 %) and P (0.09 %). Among the secondary nutrients it is rich in calcium (0.59 %) followed by magnesium (0.42 %) and sulphur (0.13 %). Cob rind biochar recorded appreciable quantity of iron, manganese, zinc and copper to the tune of 125.20, 31.20, 15.90 and 3.10 mg kg-1, respectively. 
Regarding chemical composition of FYM (Table 1) the data revealed that the FYM had recorded the water holding capacity of 22.48 per cent and a bulk density of 0.44 Mg m-3. The pH of FYM was found to be 7.15 and electrical conductivity of 0.40 dS m-1. The total carbon content of 12.85 g kg-1. The nitrogen, phosphorus and potassium content at 0.59, 0.25 and 0.55 per cent, respectively. The calcium, magnesium and Sulphur content recorded with 0.07, 0.04 and 0.02 per cent, respectively. FYM also recorded appreciable quantities of iron, manganese, zinc and copper to the extent of 1.44, 69.80, 60.95 and 2.95 mg kg-1, respectively.

Table 1: Characterization of cob rind biochar and FYM Physical properties

	

	Cob rind biochar
	FYM

	Parameters
	Value
	Value

	Bulk density (Mg m-3)
	0.54
	0.44

	WHC (%)
	69.85
	22.48

	Chemical properties

	Parameters
	Value
	Value

	pH (1: 2.5)
	8.07
	7.15

	EC (dS m-1)
(1: 2.5)
	1.24
	0.40

	Total organic carbon
(g kg-1)
	72.84
	12.85

	Nitrogen (%)
	0.53
	0.59

	Phosphorus (%)
	0.09
	0.25

	Potassium (%)
	1.09
	0.55

	Calcium (%)
	0.59
	0.07

	Magnesium (%)
	0.42
	0.04

	Sulphur (%)
	0.13
	0.02

	Fe (mg kg-1)
	125.20
	1.44

	Mn (mg kg-1)
	31.20
	69.80

	Zn (mg kg-1)
	15.90
	60.95

	Cu (mg kg-1)
	3.10
	2.95



Cob rind biochar used in the present study was derived from maize cob rind by pyrolysis method. The powdered cob rind biochar and FYM were characterized for various physical (BD and WHC) and chemical properties. The data showed (Table 1) that, the cob rind biochar recorded lower bulk density of 0.54 Mg m-3. It might be attributed to the microsized particle with high surface area and porous nature of biochar materials. Pastor-Villegas et al. (2006) reported that lower BD values for biochar derived from woody materials. Brady and Weil (2004) found that lower bulk density (0.3 Mg m-3) was observed in biochar than that of mineral soil, and thus it can reduce the bulk density of soil. Brewer et al. (2014) in a study estimated the BD values of biochars produced from different feedstocks and it ranged from 0.25 to 0.6 g cm-3 collected from the natural fire site. Cob rind biochar has a high water-holding capacity of 69.85 per cent due to fine fraction with a larger surface area of the particle. Lower bulk density and higher porosity of cob rind biochar can absorb and hold more moisture which contributes to higher water holding capacity. 
The analysis of biochar for electrochemical properties such as pH and electrical conductivity revealed that the cob rind biochar recorded high pH of 8.07 which found to be alkaline in nature (Singh et al., 2010 and Gaskin et al., 2008). The high pH of biochar is mainly due to hydrolysis of salts of Ca, Mg and K (alkali and alkaline earth metals). It also recorded an electrical conductivity of 1.24 dS m-1 indicating moderate salt content. It might also be attributed to the presence of a higher amount of exchangeable bases and soluble salts. Rumi et al. (2015) stated that biochar derived from maize stover had recorded higher EC followed by coir waste biochar and the similar results were reported by Wan et al. (2014) and Rondon et al. (2007). The cob rind biochar recorded higher total carbon (72.84 g kg-1), low N (0.53 %) and P (0.09 %) but higher content of K (1.09 %). The lower N content (0.53 %) in the biochar might be due to loss of N during the burning of biomass carbon by pyrolysis method. It also recorded a fair amount of calcium, magnesium and sulphur to the tune of 0.59, 0.42 and 0.13 per cent, respectively (Lehman, 2009). The micronutrients like iron, manganese, zinc and copper (125.20, 31.20, 15.90 and 3.10 mg kg-1, respectively) found to be in appreciable amounts in biochar. Similar results were noticed by Wang et al., (2013). Lua and Yang (2004) stated that the variation in the physical and chemical properties of biochar mainly depends on the material used for the production of biochar, oxygen supply and the temperature achieved during pyrolysis. 
The initial composition of FYM showed that it had recorded lower BD value (0.44 Mg m-3) and low WHC (22.45 %) when compared to biochar. FYM recorded a neutral pH (7.15), lower EC value and low in N (0.59 %), P (0.25 %) and K (0.55 %) content. The total organic carbon (12.85 g kg-1) recorded lower than biochar (Sharif et al., 2015)

Primary nutrients content of finger millet at critical growth stages 

The data on primary nutrients content viz., N, P, and K at critical growth stages of the finger millet are presented in Table 2, 3 and 4, respectively. The data indicated that N, P and K content of grain was higher compared to straw. Among the different levels of cob rind biochar ( i.e., 4 t ha-1 and 2 t ha-1 ) application of higher dose of cob rind biochar (4 t ha-1) recorded higher primary nutrients content when compared to the lower dose of cob rind biochar (2 t ha-1). At a given level of cob rind biochar with the reduced recommended dose of FYM, there is a decrease in primary nutrients content. 
 Nitrogen concentration of finger millet 
The concentration of nitrogen in finger millet at critical growth stages significantly differed due to the combined application of different levels of cob rind biochar and FYM among the treatments when compared to absolute control (Table 2). 
At the tillering stage, higher N concentration of 2.23 per cent was recorded in the treatment T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM followed by T9 (cob rind biochar @ 4 t ha-1 +75 % Rec. FYM) recorded 2.20 per cent and T5 (cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM) recorded 2.14 per cent and found to be on par with each other. Whereas treatment T2 received RDF + Rec. FYM recorded lower value of 1.68 per cent N in plant. The lowest N concentration (0.95 %) was observed in T1 with absolute control. 
At the flowering stage, treatment T8 recorded the higher (1.47 %) N concentration which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM followed by T9 (cob rind biochar @ 4 t ha-1 + 75 % FYM) which recorded 1.46 per cent and treatment T5 supplied with cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded 1.43 per cent and found to be on par with each other but treatment T2 received RDF + Rec. FYM (PoP) which recorded 1.21 per cent and the absolute control treatment (T1) recorded lowest N concentration of 0.84 per cent. 
Similarly at the grain filling stage, highest N concentration (1.42 %) recorded in T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent FYM, followed by T9 (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) which recorded 1.41 per cent and T5 supplied with cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded 1.38 per cent and found to be on par with each other, whereas application of RDF + Rec. FYM (T2) recorded lower N content of 1.16 per cent and absolute control treatment (T1) recorded lowest N content (0.79 %). 
At harvest stage the grain recorded significantly higher value of N concentration of 1.26, 1.24 and 1.19 per cent was recorded in the treatments T8, T9 and T5 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, cob rind biochar @ 4 t ha-1 +75 per cent Rec. FYM and cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM respectively and these treatments found to be on par with each other and compared treatment T2 recorded lower N (0.97 %) which received RDF+ Rec. FYM (PoP). The lowest value of N (0. 61%) was observed in T1 absolute control. 
At the harvest stage, the nitrogen concentration in straw significantly differed due to the combined application of cob rind biochar and FYM among the treatments. The significantly higher value of N concentration of 1.22, 1.21 and 1.18 per cent was recorded in treatments T8, T9 and T5 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and cob rind biochar @ 2t ha-1 + 100 per cent Rec. FYM respectively. Whereas treatment T2 recorded lower N content (0.96 %) which received RDF + Rec. FYM. Significantly lower value of N (0.59 %) was observed in T1 (absolute control).

Phosphorus concentration in finger millet
The concentration of phosphorus critical growth stages of finger millet increased due to application of different levels of cob rind biochar in combination with FYM compared to absolute control (Table 3). 
At tillering stage highest P concentration (0.53 %) was recorded due to supply of cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM (T8), followed by treatment T9 recorded 0.49 per cent P which supplied with cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and T5 (cob rind biochar @ 2 t ha-1+ 100 per cent Rec. FYM) recorded 0.46 per cent and they found on par with each other compared to treatment T2 supplied with RDF + Rec. FYM (PoP) which recorded 0.33 per cent and absolute control treatment (T1) which recorded the significantly lowest value (0.20 %).

At the flowering stage, significantly higher (0.41 %) P concentration was noticed in the treatment T8 (cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM), followed by treatment T9 which supplied with the cob rind biochar @ 4 t ha-1+ 75 per cent Rec. FYM recorded 0.38 per cent, and treatment T5 (cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM) recorded 0.36 per cent and found on par with each other, compared to T2 treatment supplied with RDF + Rec. FYM which recorded P content of 0.28 per cent and absolute control treatment (T1) which recorded significantly lowest P concentration of 0.18 per cent. 
At the grain filling stage, the concentration of phosphorus is significantly influenced by the application of cob rind biochar in combination with FYM. Among treatments significantly higher P content (0.36 %) was recorded in T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM) recorded value of 0.33 per cent and T5 which received cob rind biochar @ 2 t ha-1 +100 per cent Rec. FYM, which recorded 0.31 per cent and found on par with each other, when compared to T2 received RDF + Rec. FYM (POP) recorded 0.23 per cent and treatment T1 absolute control which recorded the lowest value of 0.13 per cent. 
At the harvest stage, in grain significantly higher P concentration of 0.22, 0.20 and 0.19 per cent was noticed in T8, T9 and T5 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM respectively and found to be on par with each other. However, treatment T2 supplied with RDF + Rec. FYM (PoP) recorded a value of 0.14 per cent and lower P concentration of 0.11 per cent was observed in T1 absolute control. 
At the harvest stage, the phosphorus concentration in straw differs significantly among the treatments due to combined application of different level of cob rind biochar and FYM. Significantly higher P concentration of 0.35, 0.32 and 0.30 per cent was noticed in T8, T9 and T5 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM respectively and found to be on par with each other. However, treatment T2 recorded lower value of P (0.22 %) which received RDF + Rec. FYM and lower P concentration of 0.12 per cent was observed in T1 absolute control. 

 Potassium concentration in finger millet 
The concentration of potassium at critical growth stages of finger millet increased due to combined application of different level of cob rind biochar along with FYM compared to absolute control (Table 4).

At tillering stage, concentration of potassium in finger millet was significantly influenced by the application of cob rind biochar in combination with FYM. Among treatments highest K concentration of 1.86 per cent was recorded in T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, followed by T9 (cob rind biochar @ 4 t ha-1 +75 % Rec. FYM) which recorded 1.82 per cent and treatment T5 which received cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded K content of 1.79 per cent and found on par with each other, whereas treatment T2 recorded lower K content of 1.32 per cent due to application of RDF + Rec. FYM (PoP) and treatment T1 absolute control recorded significantly lowest K concentration of 0.88 per cent. 
At flowering stage, significantly higher K concentration of 1.45 per cent was noticed in treatment T8 (cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM) followed by treatment T9 recorded 1.43 per cent with the application of cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and treatment T5 having cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded 1.41 per cent and found on par with each other, whereas T2 which supplied with RDF + Rec. FYM (PoP) recorded lower K of 1.10 per cent and absolute control treatment (T1) which recorded lowest value of 0.80 per cent. 
Similarly at the grain filling stage, significantly highest K content of 1.40 per cent was noticed in treatment T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM), followed by treatment T9 recorded 1.38 per cent having cob rind biochar @ 4 t ha-1 +75 per cent Rec. FYM , treatment T5 (cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM) recorded 1.36 per cent and found on par with each other, whereas T2 which received RDF + Rec. FYM recorded slightly lower K content of 1.05 per cent and absolute control treatment (T1) which recorded lowest K (0.75%). 
`At harvest stage, the concentration of potassium in grain significantly differed among the treatments due to combined application of cob rind biochar and FYM. However, significantly higher K concentration of 0.91 per cent was found in T8 supplied cob rind biochar @ 4 t ha-1 + 100 per cent FYM. However, it was on par with T9 and T5 (0.89 and 0.87 %) which received cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM respectively. Whereas application of application of RDF + Rec. FYM (T2) which recorded significantly lower K content of 0.72 per cent. The lower K concentration of 0.58 per cent was recorded which is absolute control (T1). 
At harvest stage the concentration of potassium in straw significantly differed among the treatments due to combined application of cob rind biochar and FYM. However, significantly higher K concentration of 1.20 per cent was found in T8 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM. However, it was on par with T9 and T5 (1.18 and 1.16 %) which received cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM and cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM. Whereas application of RDF + Rec. FYM (T2) which recorded significantly lower value of 0.85 per cent of K. but significantly lowest K (0.55 %) was recorded absolute control. 


The data on macronutrient viz., N, P and K concentration of finger millet is presented in Tables 2, 3 and 4 clearly showed that there is a significant increase in primary nutrients (viz., N, P and K) content of finger millet was recorded with the addition of higher dose of cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM (T8) compared to other treatments and RDF + FYM alone. This may be attributed to biochar application which served as the storehouse of many macro and micronutrients and was released during the mineralization process. In addition to the release of nutrients from the organic matter, the organic acids released in the process of decomposition of organic matter also aid in the release of soil native nutrients thereby enhances their availability to plants. Similar results were reported by Lehmann et al. (2003).

 Effect of different levels of cob rind biochar on uptake of primary nutrients by finger millet 
The data pertaining to the uptake of N, P and K by straw, grain and total uptake by finger millet crop are presented in Table 5. 

Nitrogen uptake 
The data in Table 5 clearly showed that nitrogen uptake by finger millet grains was significantly influenced by the combined application of different levels of cob rind biochar and FYM. Significantly higher nitrogen uptake (51.51kg ha-1) by grain was recorded in the treatment T8 supplied with cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM, followed by treatment having cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM (T9) which recorded 47.93 kg ha-1 and treatment T5 (cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM) recorded 45.64 kg ha-1 whereas treatment T2 recorded significantly lower uptake of N (27.73 kg ha-1) which received RDF + Rec. FYM and the absolute control treatment (T1) which recorded significantly lowest N uptake of 11.12 kg ha-1. 
The nitrogen uptake by finger millet straw was significantly influenced due to application of different levels of cob rind biochar in combination with FYM (Table 6). Significantly higher nitrogen uptake (76.64 kg ha-1) by straw was recorded due to application of cob rind biochar @ 4 t ha-1 + 100 per cent FYM (T8) followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) recorded value of 72.89 kg ha-1 and treatment T5 which received cob rind biochar @ 2 t ha-1+ 100 per cent Rec. FYM was recorded value of 70.81 kg ha-1 and found to be on par with each other, whereas treatment T2 supplied with RDF + Rec. FYM (PoP) recorded lower N uptake to the extent of 47.26 kg ha-1 and significantly lowest N uptake of 18.50 kg ha-1 was recorded in absolute control treatment (T1). 
The total nitrogen uptake by finger millet crop differed significantly due to different levels of cob rind biochar in combination with FYM (Table 6). Significantly higher total nitrogen uptake was noticed in T8 (128.15 kg ha-1) having cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM) which recorded 120.82 kg ha-1 and treatment (T5) supplied with cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded 116 kg ha-1 and found to be on par with each other, whereas treatment T2 recorded to the tune of 74.99 kg ha-1 of N which received only RDF + Rec. FYM and the absolute control treatment (T1) which recorded lowest amount of N uptake (29.62 kg ha-1). 

 Phosphorus uptake 
The data in Table 6 indicated that the phosphorus uptake by finger millet grain significantly differed among the treatments due to different levels of cob rind biochar application in combination with FYM. Significantly higher phosphorus uptake (8.58 kg ha-1) was noticed in treatment T8 which received cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM and T9 (cob rind biochar @ 4 t ha-1 + 75 per cent FYM) which recorded 7.73 kg ha-1 which found on par with treatment T5 (cob rind biochar @ 2 t ha-1 + 100 per cent FYM) recorded 7.29 kg ha-1 whereas treatment T2 with RDF + Rec. FYM which recorded lowest uptake of 4.00 kg ha-1 and the absolute control treatment (T1) which recorded 2.01 kg ha-1. 
The data in Table 6 showed that uptake of phosphorus by straw was found to be significantly influenced by combined application of cob rind biochar and FYM. The significantly higher uptake (21.99 kg ha-1) was found in the treatment T8 (cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM) followed by T9 treatment (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) recorded 19.28 kg ha-1 and treatment (T5) recorded 18.00 kg ha-1, which received cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM and found to be on par with each other. Whereas application of RDF + Rec. FYM (T2) recorded lower P uptake of 10.83 kg ha-1 and significantly lowest P uptake was in absolute control treatment (T1) which recorded 3.76 kg ha-1. 
The total phosphorus uptake by finger millet was a significantly differed due to combined application of cob rind biochar and FYM at different levels. significantly higher total uptake of phosphorus (30.57 kg ha-1) found in the treatment T8 (cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM), followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM) which recorded 27.01 kg ha-1 and treatment T5 (cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM) recorded to the tune of 25.29 kg ha-1 but found to be on par with each other. Whereas application of RDF + Rec. FYM (T2) recorded lowest uptake to the tune of 14.83 kg ha-1 compared to absolute control treatment (T1) recorded 5.77 kg ha-1. 

Potassium uptake 
The data pertaining to potassium uptake was presented in Table 7 indicated the significant difference among treatments in K uptake by grain due to combined application of different levels of cob rind biochar and FYM. Significantly higher K uptake was noticed in T8 (cob rind biochar @ 4 t ha-1 + 100 per cent Rec. FYM) recorded 37.20 kg ha-1 which is followed by the application of cob rind biochar @ 4 t ha-1 + 75 per cent Rec. FYM (T9) which recorded 34.40 kg ha-1 and treatment T5 having (cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM) which recorded 33.36 kg ha-1 and found to be on par with each other. But the treatment T2 received only RDF + Rec. FYM recorded significantly lower K uptake of 20.58 kg ha-1 and the absolute control treatment (T1) which recorded significantly lowest value of 10.57 kg ha-1. 
The data pertaining to potassium uptake by straw presented in Table 6 showed a significant difference among treatments due to combined application of cob rind biochar and FYM. significantly higher potassium uptake by straw (75.38 kg ha-1) was recorded in T8 (cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM), followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) recorded 71.08 kg ha-1 and treatment T5 received cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM which recorded 69.61 kg ha-1 compared to treatment T2 recorded significantly lower K uptake to the tune of 41.85 kg ha-1 which received only RDF + Rec. FYM and the absolute control treatment (T1) which recorded value of 17.24 kg ha-1. 
The significant difference was recorded among the treatments in total K uptake by finger millet crop due to combined application of different levels of cob rind biochar along with FYM. Significantly higher total potassium uptake (112.58 kg ha-1) was found in T8 which received cob rind biochar @ 4 t ha-1 +100 per cent Rec. FYM followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) which recorded 105.48 kg ha-1 and treatment T5 supplied with cob rind biochar @ 2 t ha-1 + 100 per cent Rec. FYM recorded 102.98 kg ha-1 whereas treatment T2 which received only RDF + Rec. FYM recorded significantly lower value of 62.43 kg ha-1 and absolute control treatment (T1) which recorded significantly lowest total K uptake of 27.82 kg ha-1. 

The uptake of N, P and K by straw, grain and total uptake by finger millet crop are presented in Table 5, 6, 7. 
The uptake of primary nutrients (NPK) was increased with the increased levels of cob rind biochar and FYM (Table 6). However, significantly higher uptake of primary nutrients was observed in the treatments received higher levels of cob rind biochar in combination with FYM especially in the treatment T8 (cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM) compared to RDF + FYM alone. This might be due to the higher release of nutrients in the soil by the effect of biochar and it also avoided the loss of fertilizer by runoff and leaching losses by providing good physical environment hence, more nutrient retention in soil subsequently higher uptake of nutrients by crop. It also enhanced root development which contributed to improved nutrient uptake by crop. The higher uptake of nitrogen under high doses of biochar may be attributed to the positive effects of biochar on crop growth, as well as positive effects on uptake of nutrients (P, K, Ca and Mg) by crop plants and P, K, Ca and Mg availability of soil. The rise in acidic soil pH can decrease the activity of Aluminum, thereby improving root growth and in turn expected more nutrient uptake. The uptake of nutrients is a function of the nutrient content and the production of biomass. Higher biochar application rate improved biomass output and inevitably increased nutrient uptake. Chan et al. (2007) found an improvement in N uptake at higher biochar rates. Deluca et al. (2009) reported that biochar applied with an organic N supply source to the soil yielded an improvement in net nitrification and increased the plant availability of nitrogen. Zhao et al. (2014) recorded similar results. The application of nutrient-enriched biochar raised the pH of the soil, thereby increasing the phosphorus availability, thereby more P uptake. This is in accordance with the results of Milla et al. (2013); Angst and Sohi (2013) and Yao et al. (2010) who reported that primary nutrient bioavailability and plant uptake increased in response to biochar application, especially in the presence of the addition of fertilizer. Similar results were also observed by Xu et al. (2013) and Eazhilkrishna et al. (2017).
​
Dry matter production
The data on dry matter production at the harvest of finger millet as influenced by cob rind biochar and FYM is presented in Table 2. The data unveiled that the combined application of cob rind biochar and FYM significantly influenced the dry matter production of finger millet over control and alone application of cob rind biochar.
The data (Table 2) revealed that application of cob rind biochar @ 4 t ha-1+ 100 per cent Rec. FYM (T8) recorded significantly higher dry matter yield (55.20 g plant-1) at the harvest stage of crop followed by treatment T9 (cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM) which recorded 53.30 g plant-1 and the treatment T5 (cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM) which recorded 51.51 g plant-1 and found on par with each other when compared to other treatments. Whereas treatment which supplied with RDF + Rec. FYM (T2) which recorded 46.89 g plant-1. Lowest dry matter production was recorded in absolute control (T1) which recorded 38.12 g plant-1. Note: RDF-Recommended dose of fertilizer Rec. FYM-Recommended dose of FYM PoP- package of practice

Table 2: Effect of different levels of cob rind biochar on dry matter production at harvest stage of finger millet

	
Treatments
	Dry matter (g plant-1)

	
	At harvest

	T1 : Absolute control
	38.12

	T2 : RDF + Rec. FYM (PoP)
	46.89

	T3 : Cob rind biochar @ 2 t ha-1
	43.02

	T4 : Cob rind biochar @ 4 t ha-1
	45.10

	T5 : Cob rind biochar @ 2 t ha-1 + 100 % Rec. FYM
	51.51

	T6 : Cob rind biochar @ 2 t ha-1 + 75 % Rec. FYM
	45.94

	T7 : Cob rind biochar @ 2 t ha-1 + 50 % Rec. FYM
	44.73

	T8 : Cob rind biochar @ 4 t ha-1 + 100 % Rec. FYM
	55.20

	T9 : Cob rind biochar @ 4 t ha-1 + 75 % Rec. FYM
	53.30

	T10 : Cob rind biochar @ 4 t ha-1 + 50 % Rec. FYM
	46.14

	S. Em+_
	1.51

	CD(0.05)
	4.53










Note: RDF-Recommended dose of fertilizer Rec. FYM-Recommended dose of FYM PoP- package of practice

Conclusion 
The study demonstrated that cob rind biochar produced through controlled pyrolysis possesses favourable physical and chemical properties, including low bulk density, high water-holding capacity, alkaline pH, high organic carbon, and appreciable quantities of macro- and micronutrients. When applied in combination with FYM, biochar significantly improved the nutrient concentration of finger millet at all growth stages. The treatment comprising biochar @ 4 t ha⁻¹ + 100% FYM consistently recorded the highest N, P, and K concentrations in both grain and straw, indicating enhanced nutrient availability and uptake. These results highlight the potential of cob rind biochar as an effective soil amendment that can complement organic manures and improve nutrient dynamics in finger millet cultivation. Further long-term studies are recommended to evaluate its cumulative effects on soil health and crop productivity across seasons.
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Table 3: Effect of different levels of cob rind biochar on nitrogen content (%) of finger millet at critical growth stages

	Treatment
	Tillering
	Flowering
	Grain filling
	Harvest

	
	
	
	
	Grain
	Straw

	T1: Absolute control
	0.95
	0.84
	0.79
	0.61
	0.59

	T2: RDF + Rec. FYM (POP)
	1.68
	1.21
	1.16
	0.97
	0.96

	T3: Cob rind biochar @ 2 t ha-1
	1.66
	1.2
	1.15
	0.96
	0.95

	T4: Cob rind biochar @ 4 t ha-1
	1.95
	1.33
	1.28
	1.12
	1.08

	T5: Cob rind biochar @ 2 t ha-1 + 100% Rec. FYM
	2.14
	1.43
	1.38
	1.19
	1.18

	T6: Cob rind biochar @ 2 t ha-1 + 75% Rec. FYM
	2.02
	1.39
	1.34
	1.13
	1.14

	T7: Cob rind biochar @ 2 t ha-1 + 50% Rec. FYM
	1.7
	1.22
	1.17
	0.98
	0.97

	T8: Cob rind biochar @ 4 t ha-1 + 100% Rec. FYM
	2.23
	1.47
	1.42
	1.26
	1.22

	T9: Cob rind biochar @ 4 t ha-1 + 75% Rec. FYM
	2.2
	1.46
	1.41
	1.24
	1.21

	T10: Cob rind biochar @ 4 t ha-1 + 50% Rec. FYM
	2.06
	1.4
	1.35
	1.16
	1.15

	S.Em±
	0.03
	0.03
	0.02
	0.02
	0.02

	CD @ 5%
	0.1
	0.09
	0.07
	0.07
	0.06





Table 4: Effect of different levels of cob rind biochar on phosphorus content (%) of finger millet at critical growth stages



	Treatment
	Tillering
	Flowering
	Grain filling
	Harvest

	
	
	
	
	Grain
	Straw

	T1: Absolute control
	0.2
	0.18
	0.13
	0.11
	0.12

	T2: RDF + Rec. FYM (POP)
	0.33
	0.28
	0.23
	0.14
	0.22

	T3: Cob rind biochar @ 2 t ha-1
	0.3
	0.26
	0.21
	0.13
	0.2

	T4: Cob rind biochar @ 4 t ha-1
	0.39
	0.32
	0.27
	0.16
	0.26

	T5: Cob rind biochar @ 2 t ha-1 + 100% Rec. FYM
	0.46
	0.36
	0.31
	0.19
	0.3

	T6: Cob rind biochar @ 2 t ha-1 + 75% Rec. FYM
	0.41
	0.33
	0.28
	0.17
	0.27

	T7: Cob rind biochar @ 2 t ha-1 + 50% Rec. FYM
	0.36
	0.3
	0.25
	0.15
	0.24

	T8: Cob rind biochar @ 4 t ha-1 + 100% Rec. FYM
	0.53
	0.41
	0.36
	0.21
	0.35

	T9: Cob rind biochar @ 4 t ha-1 + 75% Rec. FYM
	0.49
	0.38
	0.33
	0.2
	0.32

	T10: Cob rind biochar @ 4 t ha-1 + 50% Rec. FYM
	0.43
	0.34
	0.29
	0.18
	0.28

	S.Em±
	0.02
	0.02
	0.01
	0.01
	0.01

	CD @ 5%
	0.07
	0.06
	0.05
	0.03
	0.03
















Table 5: Effect of different levels of cob rind biochar on potassium content (%) of finger millet at critical growth stages



	Treatment
	Tillering
	Flowering
	Grain filling
	Harvest

	
	
	
	
	Grain
	Straw

	T1: Absolute control
	0.88
	0.8
	0.75
	0.58
	0.55

	T2: RDF + Rec. FYM (POP)
	1.32
	1.1
	1.05
	0.72
	0.85

	T3: Cob rind biochar @ 2 t ha-1
	1.26
	1.06
	1.01
	0.7
	0.81

	T4: Cob rind biochar @ 4 t ha-1
	1.41
	1.17
	1.12
	0.74
	0.92

	T5: Cob rind biochar @ 2 t ha-1 + 100% Rec. FYM
	1.79
	1.41
	1.36
	0.89
	1.16

	T6: Cob rind biochar @ 2 t ha-1 + 75% Rec. FYM
	1.5
	1.2
	1.15
	0.8
	0.95

	T7: Cob rind biochar @ 2 t ha-1 + 50% Rec. FYM
	1.44
	1.16
	1.11
	0.78
	0.91

	T8: Cob rind biochar @ 4 t ha-1 + 100% Rec. FYM
	1.86
	1.45
	1.4
	0.91
	1.2

	T9: Cob rind biochar @ 4 t ha-1 + 75% Rec. FYM
	1.82
	1.43
	1.38
	0.87
	1.18

	T10: Cob rind biochar @ 4 t ha-1 + 50% Rec. FYM
	1.58
	1.26
	1.21
	0.82
	1.01

	S.Em±
	0.02
	0.02
	0.01
	0.01
	0.01

	CD @ 5%
	0.07
	0.06
	0.05
	0.03
	0.04















	Treatment
	Nitrogen
	Phosphorus
	Potassium

	
	Grain
	Straw
	Total
	Grain
	Straw
	Total
	Grain
	Straw
	Total

	T1: Absolute control
	11.12
	18.5
	29.62
	2.01
	3.76
	5.77
	10.57
	17.24
	27.82

	T2: RDF + Rec. FYM (POP)
	27.73
	47.26
	74.99
	4
	10.83
	14.83
	20.58
	41.85
	62.43

	T3: Cob rind biochar @ 2 t ha-1
	22.41
	37.15
	59.55
	3.03
	7.82
	10.85
	16.34
	31.67
	48.01

	T4: Cob rind biochar @ 4 t ha-1
	28.06
	45.37
	73.43
	4.01
	10.92
	14.93
	18.54
	38.65
	57.19

	T5: Cob rind biochar @ 2 t ha-1 + 100% Rec. FYM
	45.64
	70.81
	116.45
	7.29
	18
	25.29
	33.36
	69.61
	102.98

	T6: Cob rind biochar @ 2 t ha-1 + 75% Rec. FYM
	37.39
	64.95
	102.34
	5.63
	15.38
	21.01
	26.47
	54.12
	80.59

	T7: Cob rind biochar @ 2 t ha-1 + 50% Rec. FYM
	29.18
	52.35
	81.54
	4.47
	12.95
	17.42
	23.23
	49.11
	72.34

	T8: Cob rind biochar @ 4 t ha-1 + 100% Rec. FYM
	51.51
	76.64
	128.15
	8.58
	21.99
	30.57
	37.2
	75.38
	112.58

	T9: Cob rind biochar @ 4 t ha-1 + 75% Rec. FYM
	47.93
	72.89
	120.82
	7.73
	19.28
	27.01
	34.4
	71.08
	105.48

	T10: Cob rind biochar @ 4 t ha-1 + 50% Rec. FYM
	38.41
	67.09
	105.5
	5.96
	16.34
	22.3
	27.15
	58.92
	86.07

	S.Em±
	2.1
	3.74
	4.55
	0.16
	0.75
	0.99
	1.88
	3.8
	4.42

	CD @ 5%
	6.27
	11.22
	13.83
	0.48
	2.22
	2.98
	5.64
	11.5
	13.26


Table 6: Effect of different levels of cob rind biochar on uptake of primary nutrients by finger millet (kg ha-1)
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