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Soil fertility decline is one of the major challenges affecting sustainable agricultural production.
The combined application of biochar and beneficial microorganisms represents a promising
biotechnological approach for improving soil quality and crop productivity. Biochar plays an
important role in modifying soil physical and chemical properties, enhancing microbial diversity, and
regulating nutrient cycling processes. It provides a favorable habitat for beneficial microorganisms,
increasing their activity and improving nutrient availability, water retention, and soil structure. The
interaction between biochar and microbial communities contributes to carbon sequestration, soil health
improvement, and sustainable agricultural development. Biochar—microbe synergy has significant
potential as an environmentally friendly strategy for increasing soil fertility and supporting sustainable
farming systems.

Biochar can be generated from a range of different feedstocks, including organic and industrial
wastes, plant-based materials (e.g., leaves, husks, seeds, cobs), and wood-based products (e.g.,
woodchips, wood pellets, tree bark). Biochar can also be produced at different pyrolytic temperatures
and durations of pyrolysis. The combination of feedstock type and pyrolysis conditions allows the
production of biochars with a range of physical and chemical properties. Variations in physical
properties of soil (bulk density and porosity) in response to biochar additions grouped by different
categories (type of study, feedstock type, soil texture, pyrolysis temperature, and biochar application)
are presented in Fig. 1 [1].

Page 102 Vol 12.No 8. August 2026


https://doi.org/10.5281/zenodo.21787257
https://link.springer.com/article/10.1007/s42773-022-00138-1#Fig3

HSR (LONDON),

HOUGHTON STREET REVIEW JOURNAL

ISSIN: 2058-5519|Impact factor-15.9

http://houghtonstreetreview.com/index.php/hsr I

(a) Bulk Density (b) Porosity
Greenhouse ————— ! © Greenhouse —_— @
Typeofstudy oo — (19 TypeofSUdY  aboratory —— (15
Field -E-I— (72) Field —I+ (52)
Wood —— (4) Wood —— (41)
Feedstock Lignocellulosic waste + (19) Feedstock  Lignocellulosic waste + (19)
Type Herbaceous —— 3) Tree Herbaceous —_— (10)
Manure —%— (o Manure —J— ©
Coarse textured — (61) Coarse textured — (50)
Soil Texture Medhm textured +:—|— (16) Soil Texture  Medium textured —— (10)
Fine textured — ) Fine textured B (10)
P High (500 C) —-71— 3) Prolysis High (>S00C) —:r.— (28)
Temperature Low (<500 C) —— 57 Temperature Low (<500€) —— (42)
High (-80tha’) ——&— | (15) High (>80t ha) — 6]
iiod-mr:lzliuﬁon Medium (40-801 ha") —_—— L (67) BlMar:ap::iiuﬁon Medium (40-80 t ha') | (1)
Low (139 tha?) | (18) Low (1-39tha) — (s4)
OverallEfet ’ (100 Overall Effect ’ o)
-2‘.5 v2l,0 -ll‘S -1‘.0 -0’.5 0.0 OiS liﬂ -1 0 7 2 3 4

Forest plots showing mean changes in physical properties due to biochar addition to soil for
different categories grouped by type of biochar, feedstock type, soil texture, pyrolysis temperature,
and application rate; a bulk density; and b porosity. Points show treatment effects for a given group
and bars represent 95% confidence interval for specific categories; blue tick lines show overall effects
(grand mean) and numbers at right represent total numbers of replicates (n) from the combined [1].

Biochar can change soil physicochemical properties, which in turn alters soil microbial
communities and related functions via following ways (Fig. 2). First, biochar can serve as a potential
porous habitat for microbial growth and protection from predators. Second, it provides carbon source
(in particular labile C) and mineral nutrients for microorganisms. Third, biochar changes soil basic
properties such as increase in soil pH. Furthermore, it acts as an electron shuttle for microbial
metabolisms|[2].

The special physicochemical properties (i.e., pH, labile C, porous structure, electron shuttle and
ash) of biochars that play important roles in altering the activity, diversity and community structure of
bacteria, fungi and fauna

“# Create relatively  alkaline
conditions

@ Microorganisms arc scnsitive

to pH

Microbial growih

Microbial diversity

Microbial functiens (e.g. N, 1

tramsiormations) J

#* Act as electron transfer shutt

® graphite-like arvmatic stracture

® quinene and bydroquinone

# Act as electron donor

® Low nnd intermedinte pyrolysis
tmperiture

& Act as electron acceplor

® High py ey sis Temperatire

# Absorb water, gas and
nutrients

# Provide habitats for microbial
growth (e.g. protection from
predators)

# Absorb micrebial cells J

Labile C

# Supply mincral nutricnts for Supply encrgy for gencral
microbial growth microbial growth

# Contribute to biochar alkalinity Supply toxic organic compounds
# Form organo-mincral for specific microbial growth
associations for stabilisastion of Causc soil priming cffccts on soil
microbial-derived metabolites organic C

Page 103 Vol 12.No 8. August 2026



https://link.springer.com/article/10.1007/s42773-021-00099-x#Fig2

‘A/A HSR (LONDON),

o § HOUGHTON STREET REVIEW JOURNAL

ISSINN: 2058-5519|Impact factor-15.9
E' http://houghtonstreetreview.com/index.php/hsr

Effectiveness of biochar-inoculum relies on the choice of microbes. These include Plant Growth
Promoting Rhizobacteria (PGPR), Nitrogen Fixers, Phosphorus Mobilizers, Mycorrhizal Fungi, and
Stress-Resistant Endophytes. Mixing them with charcoal improves the formation of Hormones,
Nitrogen Cycling, and the suppression of Soil Pathogens. Biochar containing Bacillus subtilis and
Azospirillum brasilense increases root surface area and Nitrogen (N) absorption by wheat and rice
crops [3].

In addition to acting as a means of providing nutrients to plants, biochar inoculants using
microorganisms play an important role in dealing with both abiotic and biotic stress. Salinity,
dehydration, toxic substances, and pathogens contribute to reduced performance and productivity of
soils. Microbial species like Pseudomonas fluorescens and Trichoderma harzianum, when
immobilized within charcoal, increase the activity of antioxidant enzymes and the resistance of plants
against pathogens and oxidative stress [4]. Biochar can make microorganisms more efficient through
its ability to absorb excessive amounts of salts and heavy metals; therefore, increasing their efficiency.
The relationship between biochar and microbes is controlled by biochars physicochemical properties
that help retain soil structure and moisture, creating a strong system of microbes, plants, and soils,
which can withstand climate change [5].

Overall, biochar application helps boost microbial activities, change their community
composition, thereby contributing to soil nutrients cycling, carbon fixation, and increased yield
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