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Biochar, also known as fine-grained carbonaceous charcoal, is made by pyrolyzing organic
feedstock and improves soil health over time. The effects of adding Dalbergia sisoo’s branches
made biochar on seedling growth characteristics, particularly in wheat landraces, are examined in
this study. T1 (0% w/w), T2 (1% w/w), T3 (4% w/w), T4 (8% w/w), and T5 (16% w/w) were the
five treatments (biochar application rates) in the CRD design that was being evaluated. The findings
showed that although biochar had no significant effect on the germination rate, it significantly
altered the mean germination time; the fastest germination was achieved with an 8% biochar
treatment. The dry weight did not differ significantly between treatments. With a moisture level of
4%, the seedling had the highest. High biochar application (16%) significantly reduced shoot, root,
and seedling lengths, with the most favourable growth observed at lower concentrations particularly
4% for shoot length, 0% for root length, and 8% for seedling length. The seed vigor index was much
greater at 4% biochar. Overall, this study demonstrates that adding biochar to soil might enhance
seedling establishment; the greatest results are obtained at low dosages (4%—8%). The need for
careful control of biochar application rates in agronomic techniques is highlighted by the fact that
excessive biochar application can negatively impact seedling growth.
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Introduction

Wheat, a polyploidy cereal crop, is the primary cereal
crop for most of the world's population and is the third most
important food crop after maize and rice (Aatif et al., 2024;
Khalid et al., 2023). It accounts for 20% of total calories
and 55% of carbohydrates, providing essential vitamins,
minerals, carbohydrates, protein, and fat (Baba, 2020).
Wheat is cultivated on 200 million hectares and provides
almost 9% of the world's food requirements. To meet the
demand of increasing population, wheat output must
continue to rise globally. Numerous factors, including seed
quality, soil moisture levels, fertilizers, and cultural
practices, can significantly hinder the germination of wheat
and its seedling attributes (Chapagaee et al., 2024). So, to
address these factors, biochar can be a promising solution
to meet the rising global wheat requirement directly or
indirectly.

Biochar is a fine-grained form of charcoal that is made
by pyrolyzing organic feedstock at a consistent
temperature with little or no oxygen present (Yadav, 2024).
Temperature has an impact on the quality, carbon content,

This work is licensed under Creative Commons Attribution 4.0 International License

and nutritional content of biochar (Sahoo et al., 2021),
which is made from organic waste such as crop leftovers,
forestry waste, or animal manure. It is an economical and
sustainable way to clean and prepare soil for upcoming
crop seasons (Gaskin et al., 2008). The biochar has drawn
a lot of attention because it can help address two significant
global issues: improving soil fertility sustainably and
mitigating climate change (Pandit et al., 2018). The bulk
density, porosity, surface area, nutrient content, soil
aggregation, cation exchange capacity (CEC), pH, and soil
organic carbon content are among the physical and
chemical characteristics of soil that the biochar can
improve (Jatuwong et al., 2024). The majority of research
conducted globally has demonstrated that adding biochar
to soil can improve crop productivity and soil fertility
(Boydak et al., 2025 ; Vista & Pandit, 2023). Biochar alters
the soil environment, reducing pathogen survival,
improving nutrient cycles, and boosting soil biodiversity.
Porous nature reduces pollution and promotes beneficial
microbes (Cui et al., 2023). And after seed sowing of
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wheat, these characteristics of soil can fluctuate the
chemical content inside the seed, mainly auxin and
gibberellic acid, which directly affect the germination.
Biochar absorbs the toxic substances that pathogens emit,
protecting plants from damaging diseases (Dorjee et al.,
2024). Research indicates that biochar's effectiveness
extends over time, with stability influenced by weather,
soil structure, production method, and environmental
factors (Khan et al., 2024). Biochar, a slow-releasing
nutrient, helps trap CO» and can stay in soil for 100 years,
reducing iron and aluminum toxicity and providing long-
term organic matter in acidic soil. That’s why biochar is
utilized to improve agricultural soil quality, reduce
greenhouse gas emissions, and prepare for climate change,
while also boosting agricultural yields and promoting
sustainable agriculture (Gautam et al., 2017; Park et al.,
2023). Depending on the crop species, soil type, and
charcoal properties, biochar is typically applied at rates
between 2% and 10% w/w (weight/weight) in the majority
of agricultural situations. Recently, it was found that the
amount of biochar had an impact on N efficacy. The
adsorption of potassium and nitrogen in crops rose in
tandem with the rates of biochar treatment (Liu et al.,
2024). In contrast, higher dosages of biochar application
result in the buildup of phytotoxic chemicals such as
phenolic compounds, whereas lower to medium doses of
biochar are good for plant growth because they increase
soil structure and water retention. Higher quantities of
these phenolic chemicals may prevent early root
development and seed germination (Liu et al., 2021).
Reduced water availability and poor soil conditions
prevent the rapid benefits of using biochar. Despite
improved crop types and fertilizer, farmers' agricultural
yield is limited. Hence, organic amendments like biochar
are crucial for improving soil quality and food security
(Yadav et al., 2023). Biochar helps mainly in the water
retention capacity of soil in the early stage and slowly
releases nutrients after a few years continuously and also
improves the nutrient uptake, improving soil quality. And
adequate water level available in soil at germinating seed
have positive effects, such as 18-h period increased in
different crops’ germination and seedling growth (Magar
et al,, 2025). Amending biochar in adequate quantity
having the required quality can improve the whole seedling
stages of crops. Biochar's potential for both positive and
negative seed germination necessitates a preliminary
ecotoxicological assessment before its application
(Krishnakumar, 2014). Increased use of biochar in acidic
soil raises pH and cation exchange capacity, which are
impacted by fertility, CEC, and pH (Solaiman et al., 2012).
The application of biochar as an additive to improve soil
fertility and early wheat development has not received
enough attention. Sustainable farming methods are
required to enhance wheat production in this area. One
practical way to handle massive amounts of agricultural
waste and lower greenhouse gas emissions from open field
burning conditions is to transform it into biochar. Few
studies analyze the feasibility of biochar application in
small-scale farmer agriculture, despite its positive
agronomic and environmental effects in tropical soils. In
this work, we examined the effect of biochar rates on
seedling growth of wheat landrace in controlled conditions.
Previous research has shown that biochar at low and

medium concentrations will improve wheat seedling
growth. This study aims to assess the effects of varying
rates of biochar application on wheat’s early seedling
stages.. It examines whether higher or lower doses enhance
germination, and evaluates the effects on seedling
attributes like root and shoot growth, biomass
accumulation, and overall vigor.

Materials and Method

Preparation Method of Biochar

Dalbergia sisoo’s branches that were cut into
firewood's size were sun-dried for 3 days. Biochar was
produced with the combustion method and carried out
using a drum for 4-6 hours at a pyrolysis temperature of
300—400°C (Sunanryani & Nasaruddin, 2023). A bimetal
thermometer attached to the top of the drum was used to
help control the temperature during combustion. At
intervals during combustion, we use a shovel to handle the
biomass in the drum. We adjust the lid and also make holes
around the container or drum to maintain low oxygen
rather than a full blaze to prevent the complete combustion
of biomass into ash and to increase the quality of biochar.
After combusting the biomass, we sprinkle water over it to
prevent excessive burning. And then the pyrolyzed
biomass was crushed into fine particles. Immediately after
that, we tested the pH and found 11.30.

Experimental Design

Completely Randomized Design (CRD) was employed
with five treatments having different concentrations of
biochar (control or soil only, 1%, 4%, 8%, and 16%). All
treatments were repeated five times, resulting in a total of
25 experimental units, with each hole of the bubble trays
filled with 13.17 g of soil incorporated with the biochar.

Characteristics of Soil

Soil sampling was done in the local field, and its texture
was measured through the feel method. It was concluded
that the texture of the soil is loamy sand. The soil pH was
digitally measured and found to be neutral (7.1). Then, the
soil was grinded in a mortar and pestle and then passed
through a 2 mm stainless steel sieve for further work.

Germination Assay

Different observational parameters were set as follows:
mean germination time (MGT), germination percentage
(GP), root length, shoot length, wheat seedling length,
fresh weight, dry weight, and moisture content (MC). We
considered the seeds to have germinated when the radicle
emerged from the wheat seed and the plumule reached a
length of 2 mm.

Seed germination percentage (GP: Saadaoui et al.,
2023) mean germination time (MGT: Ali et al., 2021), and
moisture content (MC: SS, 2017) were measured and
determined using the following formulas:

__number of germinated seeds

GP X 100 (1)
total number of seeds
_XZDn
MGT == ()
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Where, “D” is the total number of days and “n”
represents the number of germinated seeds.
_ Fw-Dw

EW=DW % 100 3)

Fw

MC

Where, “FW” is the fresh weight of the sample and
“DW? is the dry weight of the sample.

SVI = Seedling length X % germination 4
SVI: Seed Vigor Index (Shovon et al., 2022)

Seedling Attribute

The close observation was done for 21 days after no
more emergence of seed was found. The germination was
recorded daily from 4 days after sowing (DAS) to 19 DAS,
from which no more emergence was possible. We
moistened each hole uniformly on the sowing day, and
after 5 days of sowing, we moistened each hole on alternate
days.

The final data were taken 21 DAS, where we took root
length, shoot length, and seedling length of 5 samples from
each treatment by using a ruler, and fresh weight was taken
using a weighing balance in an airtight condition. The
seedlings were dried at 70°C until they reached a constant
weight (Karim et al., 1992).

Statistical Analysis

Microsoft Excel was used to enter the data, while
RStudio version 4.3.2 was used for statistical analysis. The
significance of the differences between treatments was
evaluated using the analysis of variance, or ANOVA. Post
hoc analyses were also carried out using instruments such
as the least significant difference (LSD) test to identify
specific changes between treatment means. Descriptive
statistics were calculated to give an overview of the data.
The significance level was set at 5%. The results were
interpreted.

Result and Discussion

Effect of Biochar on Germination Percentage and
Mean Germination Time

ANOVA revealed a non-significant result (p > 0.05) on
the germination of wheat landrace on different biochar
treatments. The maximum germination percentage was
observed at 16% (98.6). The minimum GP was shown by
a 1% application of biochar during germination. ANOVA
demonstrated a significant difference in mean germination
time after the application of biochar (p < 0.05). The fastest
mean germination time was observed in the 8% treatment
(6.48) and late in the 1% treatment (8.66). Yousaf et al.
(2024) demonstrated that root development in date palm
seedlings was increased by the use of olive pomace waste
biochar. This is because plants reacted well to the
application of biochar; enhanced nutrient availability,
balanced microbes, superior substrate properties, and the
fertilizer-biochar synergy effect may also be responsible
for the rise in plant growth. Applying biochar to soils
improves their physical characteristics and nutritional
availability, which in turn promotes the growth and
emergence of seedlings (Shahzadi et al., 2024). According

to the statistical analysis, all acidified treatments aside
from SPB and VWB significantly increased maize seedling
germination as compared to non-acidified treatments
(Qayyum et al., 2024).

Effect of Biochar on Shoot, Root and Seedling Length

We found a significant difference in shoot length (p<
0.01). ANOVA showed that a 16% application of biochar
resulted in less shoot development (14.14 cm), and other
treatments gave results as par with each other (highest in
4% = 18.94 cm). ANOVA demonstrated highly significant
result on root length of wheat landraces (p < 0.01). The
minimum root length was observed at 16% treatment (4.14
cm) as compared to other treatments. The highest root
length was observed in 0% (14.91 cm), and similar results
were found in 1%, 4%, and 8% treatments. High biochar
concentrations may alter soil pH or cause nutrient
imbalances, negatively affecting root growth. So, the result
is statistically significant at the 0.001 level. ANOVA
showed a highly significant result (p < 0.01) on seedling
length after application of biochar. Length of the seedling
was maximum in the 8% treatment (32.79 cm) and least at
the 16% treatment (19.52 cm). Remaining is as par with
16% treatment. Depending primarily on the kind of
biochar, the concentrations of Cd and Zn in wheat shoots
reduced to varying degrees, while concentrations in shoots
increased following the addition of biochar to the soil. The
only thing that considerably decreased the shoot Pb
concentration was the addition of biochar. Root-to-shoot
translocation in plants and their mobility in the soil affected
the amounts of Cd, Zn, Pb, and As in the shoots (Zheng et
al., 2013). The porous structure and nutrient content of
biochar contribute to its effects on fine root growth,
according to Zhu et al. (2018). Biochar is made from
pyrolysis processes and has a large porosity and specific
surface area. Root diameter is important for soil
penetration, and fine roots can absorb nutrients from a
larger soil volume per unit root surface than coarse roots.
The right amount of biochar in the substrate could greatly
enhance its bulk density and porosity, two physical and
chemical characteristics that offered plug seedlings a
favorable growth environment (Ma et al., 2024). However,
too much biochar would prevent plug seedlings from
growing, producing results that were even worse than those
of the substrate without biochar addition. After application,
fresh biochar enhances soil structure, porosity, and water
retention; however, residual biochar may not have the same
long-term effects. The potential of the remaining biochar
to improve crop development may be limited by changes
in soil qualities over time brought on by a variety of
variables, including compaction and the breakdown of
organic matter (Alkharabsheh et al., 2021).

Effect of Biochar on Fresh and Dry Weight and
Moisture Content of Seedling

ANOVA shows a significant result on fresh weight at the
p < 0.01 level. Fresh weight was recorded highest at 4%
treatment (1.90 g) and lowest at treatment 16% (1.19 g).
AVOVA results significant difference in moisture content
after application of biochar (p < 0.01). The highest moisture
content was recorded in the 4% treatment (1.71 gm) and the
lowest in the 16% treatment (0.98 gm). However, ANOVA
elaborated non-significant result on dry weight (p > 0.05).
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Table 1. Effect of different biochar treatments on germination and early seedling stages of wheat landrace.

Treatment GP MGT SL RL SEL FW DW MC SVI
0% 96.4% 7.31% 17.568* 14.91° 32.232 1.72% 0.20? 1.51% 3198.12%
1% 92.6° 8.66% 17.528* 14.4* 32.04* 1.69* 0.19% 1.50% 3011.40°
4% 94 .42 6.54° 18.944a 14.87° 34.26* 1.90? 0.19%® 1.71% 3319.6
8% 95.43 6.48° 17.756a 14.44° 32.79* 1.69° 0.18° 1.51% 3168.75°
16% 98.6° 7.01° 14.148b 4.14° 19.52° 1.19° 0.20ab 0.98° 1940.36°
Grand Mean | 95.48 7.20 17.18 12.55 30.17 1.64 0.19 1.44 2927.65
CV% 3.90 14.57 10.90 29.24 15.49 14.03 10.23 15.84 15.47
LSD 491 1.38 2.47 4.84 6.16 0.30 0.02 0.30 597.75
F-Test NS * ek sk sk ek NS kk dekosk

Note : GP = Germination Percentage, MGT = Mean Germination Time, SL = Shoot Length, RL = Root Length, SEL = Seedling Length, FW = Fresh
Weight, DW = Dry Weight, MC = Moisture Content, and SVI = Seed Vigor Index, CV = Coefficient of Variation, and LSD = Least Significant
Difference, * = significant at p<0.05, ** = Significant at p<0.01 level of significant, *** = Significant at p<0.001 level of significant, and NS = Non-

significant

Dry weight was fairly consistent, with the highest value
at 0% treatment & 16% treatment (0.20 g) and the lowest
at 8% treatment (0.18 g). Because of biochar's high
potassium content, which functions as a catalyst to
accelerate the process and accumulate more plant biomass,
biochar incorporation promotes biomass accumulation
(Patra et al., 2025). It has been demonstrated that adding
biochar to soil can occasionally boost biomass or seedling
growth (Reuling et al., 2023). Since fresh weight is a
measurement of the entire quantity of water in the roots in
addition to their biomass, fresh weight and dry weight may
not be related, despite the seeming contradiction between
the two effects of biochar. On the other hand, dry weight is
a more precise indicator of the current level of plant
biomass since it shows the mass of seedlings after all water
has been extracted (Fedeli et al., 2024). According to a
2019 study by Soares et al., applying biochar made from
Eucalyptus sp. to forest seedling substrates increased the
seedlings' height, diameter, and dry matter. According to
Bhayani, (2024), the addition of several types of 2%
biochar to wastewater-irrigated soil increased the biomass
of sunflower fresh and dry shoot roots. The current findings
are comparable to their findings. Tanveer et al. (2022)
discovered that spinach's fresh weight in the shoots and
roots decreased in soil contaminated with cadmium. A
polynomial fitting curve was used in the study by Zhang et
al. (2023), and the determination coefficient was 0.937,
indicating that the resistance of the wood specimens could
account for over 93.7% of the wood MC.

Effect of Biochar on Seed Vigor Index

ANOVA demonstrated a significant difference in the
seed vigor index at the p < 0.001 level. SVI measured
highest at 4% treatment (3319.6) whereas lowest at 16%
treatment (1940.36). Grain output may be severely
compromised by low-vigor seeds because they may cause
decreased germination speed and uniformity of seedling
emergence, which can impact both the crop's initial
establishment and final plant stand. In this regard, Bagateli
et al. (2022) discovered that, in addition to enhancing N
uptake during initial growth, the utilization of wheat
genotypes with high initial vigor can increase the
efficiency of N use for biomass production. Low-scoring
environments and genotypes both make minimal
contributions to the interaction, which is described as
stable in this instance when they are situated close to the
biplot coordinate system's origin; the farther away from the

point of origin, the less stable the trait under evaluation is
(Szareski et al., 2018). Because corn plants interfere with
weed growth and reproduction, a well-known weed control
strategy, (Mondo et al., 2013) found that seed vigor directly
affected plant initial growth, which was reflected in the
ability of corn plants to compete with weeds, which
typically grow at a slower rate than corn

Conclusion

According to the findings of this study, the application
of biochar has a substantial impact on the mean
germination time and many parameters of the early
seedling stage of wheat landraces. Utilizing tree branches
that would otherwise be wasted or crop residue can be
utilized as raw materials to produce biochar, which
presents a potential approach in the agricultural industry.
While moderate dosages, specifically 4% to 8%, seem to
be appropriate for increasing seedling vigor and growth,
excessive concentrations can inhibit growth and impair
seedling quality. For example, a 16% application of
biochar reduces root length. The need for control was
highlighted by the study's findings, which showed that 4%
biochar treatment produced the best conditions for wheat
seedling growth while 16% biochar application produced
the worst. Based to the results, biochar might be a helpful
soil addition to improve wheat seedling germination and
growth, but it's important to carefully monitor application
rates. The long-term effects and practical uses of biochar
in many soil types and environmental conditions require
further investigation, as this study highlights. These results
also shed light on the potential of biochar as an agronomic
tool for wheat production that is sustainable.
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