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Among the many inputs being 

reconsidered in the push toward sustainable 
agriculture, few have surprised researchers quite 
as much as biochar. Produced by heating plant 
residues like crop stalks, wood chips, rice husks, 
coconut shells in an oxygen-limited environment 
through a process known as pyrolysis, biochar is 
essentially a highly porous, carbon-rich form of 
charcoal. For decades it was studied almost 
exclusively in the context of soil carbon 
sequestration and nutrient retention. Its role as a 
suppressor of plant disease, however, has 
emerged more recently and is now attracting 
serious scientific attention. 

Soil-borne pathogens viz., Fusarium 
oxysporum, Pythium spp., Rhizoctonia solani, 
Sclerotinia sclerotiorum, Phytophthora spp. and 
root-knot nematodes among them are among the 
most economically damaging threats to Indian 
agriculture precisely because they are difficult to 
detect early, expensive to treat and capable of 
persisting in soil for many years. Conventional 
management relies heavily on chemical fumigants 
and synthetic fungicides, tools that are effective 
but carry serious drawbacks: groundwater 
contamination, residue accumulation in produce, 
disruption of soil microbial communities and the 
gradual selection of resistant pathogen strains. 
Biochar offers a fundamentally different mode of 
intervention one that works with soil ecology 
rather than against it. 

Understanding why biochar reduces 
disease incidence requires looking at several 
interconnected processes operating across 
chemical, physical and biological dimensions of 
the soil. Various mechanisms are: 

Restructuring the Soil Habitat 
The physical architecture of biochar: a 

highly porous matrix with surface areas ranging 
from 100 to over 400 square metres per gram in 
some feedstocks fundamentally alters the 
microhabitat available to soil organisms. 

Beneficial microbes, particularly bacteria and fungi 
that antagonise root pathogens, colonise these 
internal pore spaces and find refuge from 
competition and predation. Pathogens, by contrast, 
are often less adept at exploiting this micro-
architecture. The net effect is a shift in the 
microbial balance of the rhizosphere, the zone of 
soil immediately surrounding the root in favour of 
the crop. 

Altering Soil Chemistry 
Most biochar materials are alkaline in 

reaction, with pH values typically ranging from 7 to 
10 depending on feedstock and pyrolysis 
temperature. Applied to acidic soils common across 
much of India's rainfed belt even modest quantities 
of biochar can raise soil pH toward the neutral 
range. This matters for disease because several key 
soil-borne pathogens, including Fusarium and 
Rhizoctonia, have narrower pH optima for growth 
and infection than the beneficial microorganisms 
that compete with them. A soil chemistry shift of 
even half a pH unit can therefore tip competitive 
dynamics meaningfully. 

Beyond pH, biochar also sorbs certain 
phenolic compounds released by decomposing 
organic matter. Some of these compounds normally 
suppress the growth of beneficial microbes, 
including mycorrhizal fungi that provide crops with 
both nutritional benefits and pathogen resistance. 
By sequestering these inhibitory compounds, 
biochar can restore microbial activity that would 
otherwise be suppressed in organically rich soils. 

Priming Plant Systemic Resistance 
One of the more striking findings in recent 

biochar research is its capacity to trigger systemic 
resistance pathways within the plant itself. Studies 
on tomato, pepper and several cereal crops have 
demonstrated that roots growing in biochar-
amended soil show elevated expression of defence-
related genes and enhanced production of 
antimicrobial compounds, even in the absence of 
active infection. This phenomenon, analogous to 
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the 'priming' observed with certain biocontrol 
agents and plant activators, suggests that biochar 
may prepare crops to mount faster and stronger 
defence responses when a pathogen does arrive. 

Supporting Biocontrol Microorganisms 
Several studies have documented 

significantly higher populations of Trichoderma 
spp., Bacillus spp. and mycorrhizal fungi in 
biochar-amended soils compared to unamended 
controls. These are precisely the organisms most 
widely deployed as commercial biocontrol agents. 
The practical implication is substantial: applying 
biochar before or alongside biocontrol inoculants 
may enhance the establishment and persistence of 
those organisms in the field, addressing one of the 
persistent limitations of biocontrol: the difficulty 
of maintaining viable populations of introduced 
microbes against established soil communities. 

Some Research Findings: The laboratory 
and field evidence accumulated over the past 
decade and a half is broadly encouraging, though it 
also reveals important context-dependencies that 
caution against treating biochar as a universal 
solution. 

● Fusarium wilt suppression: Multiple trials 
including work on tomato, banana and 
chickpea have shown reductions in Fusarium 
wilt severity of 30 to 70 per cent in biochar-
amended soils. Wood-derived biochars 
produced at moderate temperatures (450–
550°C) have consistently outperformed those 
produced at higher temperatures in most of 
these trials. 

● Damping-off control: In nursery and 
seedling production contexts, biochar 
amendments have reduced damping-off 
incidence caused by Pythium and Rhizoctonia, 
two pathogens that devastate young seedlings 
in wet conditions. This application is 
particularly relevant for vegetable growers 
and forest nurseries across India. 

● Root-knot nematode suppression: 
Although biochar is not nematicidal in a direct 
sense, studies on tomato, pepper and 
cucumber have recorded reductions in gall 
formation and nematode reproduction rates 
in biochar-treated plots. The mechanism 
appears to involve altered soil physical 
properties and enhanced populations of 
nematophagous fungi. 

● Pythium and Phytophthora: Results against 

these water-mould pathogens are more 
variable, with some studies finding strong 
suppression and others little effect. Soil 
drainage, application rate and feedstock type 
appear to be decisive factors. 

A meta-analysis published in scientific 
literature covering over 150 individual trials 
concluded that biochar amendment reduced soil-
borne disease severity by an average of 35 per cent 
across crop and pathogen types, a result 
comparable to several registered biological control 
products but achieved without any active 
biochemical agent. 

 
PRACTICAL APPLICATIONS: WHAT 
FARMERS AND PRACTITIONERS NEED TO 
KNOW 

Feedstock and Pyrolysis Temperature Matter 
Biochar is not a uniform product. Rice husk 

biochar, wood biochar, sugarcane bagasse biochar 
and poultry-litter biochar behave differently in soil 
and show different disease suppression profiles. As 
a general principle, biochars produced at moderate 
temperatures (400–550°C) from crop residues or 
woody biomass tend to show the most consistent 
disease suppression, as they retain more of the 
aromatic structures and surface functional groups 
responsible for microbial habitat and sorption 
effects. 

Application Rates and Methods 
Field studies suggest application rates of 

one to five tonnes per hectare as the practical range 
for disease management benefits. Higher rates do 
not always translate to proportionally better 
outcomes and may introduce phytotoxic 
compounds in some feedstocks. Incorporation into 
the top 15–20 cm of soil through tillage or banding 
in the root zone at planting is more effective than 
surface broadcasting alone. For nursery 
applications, mixing biochar at five to ten per cent 
by volume into the growing medium has shown 
consistent results. 

Combining Biochar with Biocontrol Agents 
The most promising near-term application 

may be co-application of biochar with established 
biocontrol agents such as Trichoderma viride, T. 
harzianum, or Pseudomonas fluorescens. Early 
research indicates that biochar-amended soil 
significantly improves the shelf life, colonisation 
rate and field persistence of these organisms, 
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converting a known weakness of biological control 
into a managed variable. For farmers already using 
biocontrol products, adding biochar to the seed 
treatment or soil drench formulation may 
meaningfully enhance efficacy. 

Relevance for Indian Agriculture 
India generates over 500 million tonnes of 

agricultural residue annually, rice straw, wheat 
stubble, sugarcane trash, coconut shells and 
groundnut shells among the most abundant. Much 
of this is burned in the field, releasing CO₂ and 
particulate matter while destroying the very 
organic material that could be converted into 
biochar. Channelling even a fraction of this residue 
stream through decentralised pyrolysis units 
would simultaneously address the stubble-
burning problem, generate a soil amendment with 
measurable disease suppression benefits and 
sequester carbon in a stable form. 

Several state governments and NGOs have 
begun experimenting with small-scale biochar 
production units for farmer cooperatives, 
particularly in Punjab and Haryana where paddy 
straw burning is a severe environmental problem. 
The challenge is scaling these efforts into 
something more systematic which will require 
policy support for decentralised pyrolysis 
infrastructure, quality standards for agricultural 
biochar and extension communication that helps 
farmers understand how to use biochar effectively 
rather than merely that it exists. 

CONCLUSION: A SOIL AMENDMENT WHOSE 
TIME IS COMING 

Biochar will not replace fungicides, 
nematicides or biocontrol agents in the near term. 
What it can do and what the evidence increasingly 
supports is improve the soil conditions under 
which all of these tools perform better, while 
contributing its own direct disease suppression 
through ecological mechanisms that synthetic 
chemicals cannot replicate. For a country facing 
growing pathogen pressure, rising chemical input 
costs and an urgent need to reduce agrochemical 
dependence, that is a combination worth taking 
seriously. The scientific foundation is solid. The 
feedstocks are available and largely going to 
waste. The production technology is established. 
What remains is the will to integrate biochar into 
national soil health and crop protection 
frameworks and to give farmers the knowledge 
and access they need to deploy it effectively. In the 

fight against soil-borne disease, biochar may prove 
to be one of the most elegant tools we have 
overlooked. 
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