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Abstract

A field experiment was conducted during the rabi season of 2025-26 at the Agriculture Research and
Development Centre, Sakatpura, School of Agriculture Science, Vikrant University, Gwalior, Madhya
Pradesh, to evaluate the yield and economic responses of Indian mustard (Brassica juncea L.) to biochar-
based nutrient management. The experiment was laid out in a randomised block design with eight treatments
and three replications. The treatments comprised an absolute control, 100% of the recommended dose of
fertilizer (RDF: 80:40:40:40 kg N:P-0s:K-O:S ha™), and 100% or 75% RDF combined with mustard stover,
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Lantana camara, or wood/forest residue biochar @ 5.0 t ha™'. The highest yield attributes were obtained with
100% RDF + Lantana camara biochar @ 5.0 t ha™! (T4), which recorded 340.00 siliquae plant™, 14.60 seeds
siliqua™, and a 1,000-seed weight of 5.21 g. The same treatment produced the maximum seed yield (21.72 q
ha™'), stover yield (44.00 q ha™), biological yield (65.72 q ha™), gross returns (%1,52,320 ha™'), and net
returns (%1,03,720 ha™'). However, 75% RDF + Lantana camara biochar @ 5.0 t ha (T7) recorded the
highest benefit:cost ratio (3.14), with a comparable seed yield of 20.67 q ha™'. The results indicated that
integrating lantana biochar with fertilizer improved mustard productivity and profitability, while 75% RDF +
lantana biochar may serve as a fertilizer-saving option where local biochar material is available.

Keywords: Biochar, benefit—cost ratio; fertilizer-use efficiency; Indian mustard; Lantana camara; net returns;
nutrient management, recommended dose of fertilizer; seed yield, stover yield.

1. Introduction

Indian mustard (Brassica juncea L.) is an important rabi oilseed crop in India because it provides edible oil,
protein-rich cake, stover, and a regular cash income for farming houscholds. In semi-arid regions such as
Gwalior, mustard productivity depends strongly on balanced nutrition, moisture conservation, and the efficient
conversion of vegetative growth into reproductive yield. Nutrient limitations during branching, flowering, and
siliqua development reduce the number of siliquae plant™!, seed filling, test weight, and final seed yield. At the
national scale, continued improvement in rapeseed—mustard productivity remains important because domestic
edible-oil demand has outpaced supply, increasing the value of management practices that raise yield without
proportionately increasing external inputs (Jat ef al., 2019).

Biochar is a porous, carbon-rich soil amendment prepared by heating plant biomass under limited oxygen. Its
agronomic value is associated with improvements in soil structure, nutrient retention, moisture availability,
and microbial habitat (Glaser et al., 2002; Lehmann & Joseph, 2015). However, biochar is not a complete
fertilizer substitute, more consistent responses are usually observed when biochar is integrated with
mineral nutrients. Earlier studies have shown that responses to biochar vary with feedstock, soil type, and
fertilizer level (Chan et al., 2007; Jeffery et al, 2011; Ye et al, 2020). Across diverse field conditions,
quantitative syntheses indicate that crop responses to biochar are generally positive but are strongly moderated
by soil pH, biochar properties, application rate, and accompanying nutrient inputs; consequently, site-specific
integration with fertilizer is more defensible than assuming a uniform response (Biederman & Harpole, 2013;
Liu ef al., 2013; Schmidt et al, 2021). Changes in bulk density, porosity, water retention, and nutrient
availability provide plausible pathways for these responses, although their magnitude depends on soil
texture and biochar production characteristics (Choudhary et al., 2022; Purakayastha et al., 2024; Sharma et al.,
2021).

Recent field and synthesis studies further indicate that biochar performance depends on interactions among
feedstock attributes, soil conditions, water management, and fertilizer supply, and that integrated applications
can support crop productivity and resource-use efficiency under appropriate site conditions (Wang et al., 2023;
Xiao et al., 2024; Xu et al., 2025).

Field evidence also shows that responses to biochar-based nutrient management vary with the amendment
combination and crop context, including in systems that integrate biochar with organic or mineral nutrient
sources (Essilfie et al., 2023; Dayoub et al., 2025).

Biochar source may be especially important in local nutrient management. Mustard stover biochar recycles crop
residues, lantana biochar converts the invasive weed Lantana camara into a useful amendment, and wood/forest
residue biochar provides a relatively stable, carbon-rich material. The present study focused on yield attributes,
yield, and economics to determine whether biochar integration can improve mustard productivity and whether
75% RDF with biochar can provide an economical, fertilizer-saving alternative under Gwalior conditions.
Feedstock selection is therefore agronomically relevant because crop-residue, woody, and invasive-weed
biochars can differ in ash content, nutrient composition, stability, and surface properties (Choudhary et al.,
2023; Meena et al., 2023).
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However, evidence remains limited under Gwalior conditions regarding the comparative performance of locally
available biochars with full and reduced RDF for Indian mustard, particularly when yield attributes, seed yield
and economic returns are evaluated together.

Therefore, the present study was conducted to test the hypothesis that integrating locally available biochar,
particularly biochar derived from an invasive weed such as Lantana camara, with mineral fertilizers would
enhance the productivity and profitability of Indian mustard. The specific objectives of this study were: (1) to
evaluate the effect of various biochar-based nutrient management practices on the yield attributes and seed yield
of Indian mustard, and (2) to assess the economic viability of reducing the recommended dose of fertilizer
(RDF) to 75% when integrated with biochar under Gwalior conditions.

2. Materials and Methods

The experiment was conducted during the rabi season of 2025-26 at the Agriculture Research and Development
Centre, Sakatpura, School of Agriculture Science, Vikrant University, Gwalior, Madhya Pradesh. The site
represents the Gird agro-climatic region, where mustard is commonly cultivated during the cool, dry winter
season.

The crop variety was Kranti. The experiment was laid out in a randomised block design with three replications
and eight treatments. The gross plot size was 4.0 m x 3.0 m. Mustard was sown at a spacing of 45 cm x 15 cm,
with a seed rate of 5 kg ha™'. The recommended dose of fertilizer was 80:40:40:40 kg N:P.0s:K-O:S ha™.
Mustard stover biochar, Lantana camara biochar, and wood/forest residue biochar were applied at 5.0 t ha™
according to the treatment combinations.

Yield attributes were recorded from representative plants at harvest. Seed and stover yields were recorded plot-
wise and converted to q ha™!. Biological yield was calculated as the sum of seed yield and stover yield, and the
harvest index was calculated by dividing seed yield by biological yield and multiplying by 100. The economic
analysis was based on the cost of cultivation, gross returns, net returns, and the benefit:cost ratio. Data were
statistically analysed according to the randomised block design, and treatment means were compared using the
critical difference (CD) at the 5% level, wherever applicable (Gomez & Gomez, 1984).

Table 1. Treatment combinations used in the experiment

Treatment Treatment details

T Absolute control

T2 100% RDF (80:40:40:40 kg N:P20s:K20:S ha™)

Ts 100% RDF + mustard stover biochar @ 5.0 t ha™!

Ta 100% RDF + lantana biochar @ 5.0 t ha™!

Ts 100% RDF + wood/forest residue biochar @ 5.0 t ha™!

Ts 75% RDF (60:30:30:30 kg N:P205:K20:S ha™') + mustard stover biochar @ 5.0 t ha™

T, 75% RDF (60:30:30:30 kg N:P-05:K>0:S ha™") + lantana biochar @ 5.0 t ha™'

Ts 75% RDF (60:30:30:30 kg N:P205:K>0:S ha™") + wood/forest residue biochar @ 5.0 t ha™

RDF = recommended dose of fertilizer; MSB = mustard stover biochar, LB = lantana biochar; WFB = wood/forest residue

biochar
3. Results and Discussion
3.1 Yield Attributes

Biochar-based nutrient management significantly improved yield attributes compared with the absolute control.
The highest numbers of siliquae plant™ (340.00) and seeds siliqua™ (14.60), and the highest 1,000-seed weight
(5.21 g), were recorded with T4 (100% RDF + Lantana camara biochar @ 5.0 t ha™'). This treatment was
statistically at par with T and Ts for yield-attributing characters, indicating that biochar strengthened
reproductive development. The improvement may be linked to better nutrient conservation, root-zone moisture,
and dry-matter partitioning in biochar-amended soil. Similar positive effects of biochar-based—nutrient
management on yield-attributing characters have been reported by Choudhary ef al. (2022), Huy et al. (2015),
Patel et al. (2024), and Sharma ef al. (2021). The performance of 75% RDF + Lantana camara biochar @ 5.0 t
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ha™! was consistent with evidence that biochar improves crop nutrient availability and reproductive growth when
combined with mineral fertilizer, rather than functioning as an independent nutrient source (Purakayastha et al.,
2024; Zhang et al., 2022). In addition, biochar-induced changes in soil porosity and water retention may help
maintain assimilate supply during flowering and seed filling, particularly in moisture-limited soils (Blanco-
Canqui, 2017; Sharma ef al., 2021).

Table 2. Effect of biochar-based nutrient management on yield attributes of mustard

Treatment Details Siliquae plant™ Seeds siliqua™ 1000 seed weight (g)
Ti Control 170.00 10.40 4.05
T2 100% RDF 303.00 13.60 4.93
Ts 100% RDF + MSB 329.00 14.30 5.12
Ta 100% RDF + LB 340.00 14.60 5.21
Ts 100% RDF + WFB 314.00 13.90 5.00
Ts 75% RDF + MSB 301.00 13.50 4.92
T, 75% RDF + LB 331.00 14.20 5.10
Ts 75% RDF + WFB 290.00 13.10 4.84
SEm(+) 11.00 0.35 0.11
LSD(p-0.05) 33.00 1.05 0.33

3.2 Yield and Harvest Index

Significantly higher seed yield was recorded with 100% RDF + lantana biochar @ 5.0 t ha™ (21.72 q ha™),
representing a 79.5% improvement over the absolute control and a 16.5% improvement over 100% RDF alone.
The treatments 100% RDF + mustard stover biochar @ 5.0 t ha™' (20.84 q ha™) and 75% RDF (60:30:30:30 kg
N:P20s:K20:S ha™) + lantana biochar @ 5.0 t ha™ (20.67 q ha™) remained close to T, indicating that mustard
stover and, especially, lantana biochar supported efficient yield formation. The maximum stover yield (44.00 q
ha™') and biological yield (65.72 q ha™') were also obtained with 100% RDF + lantana biochar @ 5.0 t ha™'.
Harvest index varied only slightly among treatments and was non-significant, suggesting that biochar and
fertilizer increased seed and stover yields almost proportionately. The yield response agrees with broader
evidence that biochar is more effective when combined with fertilizer than when used alone (Ye ef al., 2020).

Statistically similar yields with 100% RDF + mustard stover biochar @ 5.0 t ha™!, 100% RDF + lantana biochar
@ 5.0 tha™, and 75% RDF (60:30:30:30 kg N:P-0s:K-0:S ha™) + lantana biochar @ 5.0 t ha™' suggest that the
yield advantage was associated with improved resource availability rather than a marked change in dry-matter
partitioning, as reflected by the non-significant harvest index. This interpretation accords with mustard and other
field-crop studies in which integrated organic—mineral nutrition increased seed and biomass yields, while the
magnitude of the response varied with soil and amendment conditions (Singh et al., 2018; Tripathi et al., 2011;
Xu et al., 2021). Meta-analyses further show that biochar—fertilizer combinations usually produce more reliable
yield gains than biochar alone, although responses remain context-dependent (Schmidt et al., 2021; Xu et al.,
2021).

Table 3. Effect of biochar-based nutrient management on yield parameters and harvest index of mustard

Treatment Details Seed yield Stover yield Biological Harvest
(q ha™) (q ha™) yield (q ha™) index (%)

T: Control 12.10 25.00 37.10 32.61

T 100% RDF 18.65 37.80 56.45 33.04

Ts 100% RDF + MSB 20.84 42.00 62.84 33.16

Ta 100% RDF + LB 21.72 44.00 65.72 33.05

Ts 100% RDF + WFB 19.63 39.80 59.43 33.02

Ts 75% RDF + MSB 18.88 38.20 57.08 33.08

T 75% RDF + LB 20.67 41.50 62.17 33.25

Ts 75% RDF + WFB 18.02 36.40 54.42 33.12

SEm(+) 0.72 1.48 2.20 0.34

LSD(p-0.05) 2.16 4.44 6.60 NS

S.Em.£=0.72, 1.48, 2.20 and 0.34; CD (P=0.05) = 2.16, 4.44, 6.60 and NS for seed yield, stover yield, biological yield and
harvest index, respectively
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Fig. 1. Seed and stover yield of mustard under biochar-based nutrient management
3.3 Economics

Economic analysis revealed that profitability depended on both yield increase and treatment cost. The highest
gross return (%1,52,320 ha™') and net returns (X1,03,720 ha™') were obtained with 100% RDF + lantana biochar
@ 5.0 t ha™! because of the higher seed and stover yields. The treatment comprising 75% RDF (60:30:30:30 kg
N:P20s:K20:S ha™') + lantana biochar @ 5.0 t ha™ recorded net returns of 98,720 ha™ and the highest
benefit:cost ratio (3.14). This indicates that reducing fertilizer application to 75% RDF with Lantana camara
biochar provided high economic efficiency without compromising agronomic performance, with a seed yield
10.8% higher than that obtained with 100% RDF alone. Treatments involving wood/forest residue biochar were
less profitable because of their comparatively lower yields and higher treatment costs. The economic trend
supports earlier findings that the most productive treatment is not always the most economical when amendment
costs are included (Kumari et al., 2024; Patel et al., 2024; Varma et al., 2021). Although the superior B:C ratio
was obtained with 75% RDF (60:30:30:30 kg N:P:0s:K.O:S ha™') + lantana biochar @ 5.0 t ha™!, biochar
profitability is sensitive to feedstock availability, processing and transport costs, crop value, and the duration of
residual benefits (Campion et al., 2023; Galinato et al., 2011). Accordingly, locally sourced lantana biochar may
be economically attractive when its preparation and application costs remain low, but the present one-season
estimates should not be generalised without multi-season cost accounting (Meena ef al., 2023; Patel et al., 2024;
Varma et al., 2021).

Table 4. Effect of biochar-based nutrient management on economics of mustard

Treatment Details Cost of Gross returns  Net returns (X  B:C ratio
cultivation R ha) ha™)
ha™)
T Control 34,250 85,100 50,850 2.48
T2 100% RDF 45,850 130,800 84,950 2.85
Ts 100% RDF + MSB 52,800 146,040 93,240 2.77
T 100% RDF + LB 48,600 152,320 103,720 3.13
Ts 100% RDF + WFB 54,200 137,680 83,480 2.54
Ts 75% RDF + MSB 49,250 132,380 83,130 2.69
T, 75% RDF + LB 46,050 144,770 98,720 3.14
Ts 75% RDF + WFB 50,650 126,320 75,670 2.49

Gross return was calculated from seed and stover yield at prevailing market prices; net return = gross return — cost of
cultivation; B:C ratio = gross return/cost of cultivation

777



Batham et al.; Int. J. Plant Soil Sci., vol. 38, no. 8, pp. 773-780, 2026; Article no.1JPSS.164024

B Net return
—8— B:C ratio

Net return (X thousand ha-?)
B:C ratio

Ta T2 Ts Ta Ts Te Ts Ts
Treatments

Fig. 2. Net return and benefit:cost ratio of mustard under biochar-based nutrient management
4. Conclusion

The application of 100% RDF combined with Lantana biochar (5.0 t ha™!) was the most effective approach for
maximising mustard yield and overall profits. However, reducing fertilizer application to 75% RDF with the
same biochar emerged as a practical, cost-saving alternative that delivered comparable yields and the highest
benefit-cost ratio. Converting local lantana weeds into biochar may therefore be a profitable strategy for
farmers, although these results should be validated over several seasons before broad field recommendations are
made.

5. Limitation

The study was conducted at one location during a single rabi season and evaluated biochar application at only
one rate. Consequently, seasonal variability, residual effects, changes in soil properties over time, and the
influence of location-specific conditions were not assessed. The economic analysis used prevailing market
prices and did not examine how variations in feedstock collection, biochar production, transport, and application
costs might affect profitability. Multi-season and multi-location studies are therefore needed to confirm the
consistency of the observed yield and economic responses.
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