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Graphical Abstract

This study examines the effect of two biochar application rates (2.5% and 5%) on the germination
and biomass growth of amaranth and sorghum seedlings cultivated in black soil. Biochar
application delayed germination in amaranth, yet both doses significantly increased seedling
biomass compared to the control. In sorghum, a positive growth response occurred only at the lower
dose (2.5%), but both doses reduced germination rates. These results indicate that the optimum
biochar dose is crop-specific, with lower doses favouring sorghum growth and both doses
enhancing amaranth biomass despite initial germination delays.
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Abstract: Biochar shows broad potential for use as a soil
amendment. The success of its application relies on the optimal
dose and the type of plant grown. The use of biochar delayed the
germination of amaranth seeds. Subsequent seedling development
was significantly better than the control values in both experimental
treatments (biochar application doses of 2.5% and 5%). In the
experiment with sorghum, plants had a positive response only under
a relatively small dose of the amendment (2.5%). In addition, both
doses of biochar slowed down and reduced germination of sorghum
seeds.

Keywords: Amaranth, Sorghum, Biochar, Black soil, Germination,
Biomass growth.
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Introduction

Archaeological research and anthropological analysis have shown that biochar enrichment of soils
has contributed to high agricultural productivity in regions of South America [1]. Biochar is now
applied for a wide range of purposes, from heat and electricity generation to flue gas cleaning,
metallurgy, agriculture and livestock farming, and building materials production [2, 3]. Biochar
has recently been employed as a replacement for fossil carbon carriers in an attempt to reduce
greenhouse gas emissions [4]. Biochar is produced from crop residues from agriculture, forestry,
sewage sludge, food waste, and animal manure [5]. The composition of biochar is an important
indicator for determining its application [6-8]. Differences in the characteristics of biochar have
consequences for its use as a soil amendment [9-10]. The effect of biochar on plants can have a
dual impact: suppressing growth and development in some crops and increasing it in others [11-
13]. The rates of biochar application are also significant [14-16]. Healthy soil is the basis of crop
productivity. Yet, there is a large portion of degraded soils resulting from acidity, alkalinity,
salinity, nutrient deficiency, and anthropogenic pollution. Various management strategies have
been proposed and developed to improve degraded soils with biochar addition [17-20]. Biochar
application shows great promise. Still, there are many questions and gaps in knowledge regarding
its use as a soil amendment. Therefore, the main objective of this case study was to determine the
effect of different doses of biochar introduced into black soil during the cultivation of amaranth

and sorghum seedlings.

Materials and Methods

Two model pot experiments were conducted to determine the effect of biochar on seed germination
and the early phases of plant development. Two types of annual crops were selected for the study:
amaranth (Amaranthus caudatus) and sorghum (Sorghum bicolor). Common black soil was used
for seed germination. The substrate pH was 6.8. The experiment was conducted in three treatments:
1) soil without biochar (control); 2) soil 97.5% + biochar 2.5%; 3) soil 95% + biochar 5%. Biochar
was obtained by pyrolysis of walnut shells at a temperature of 400 °C. Twenty-five amaranth seeds
and five sorghum seeds were planted in each 0.4 | vessel. The same numbers of plants (ten amaranth
plants and three sorghum plants) were left after germination in each vessel by thinning. All pots
were watered daily to 75% of the field capacity by weight. Seed germination, seedling height,
seedling root length, and seedling weight were investigated at the age of one month. All statistical
data processing was performed in R version 4.3.2 [21]. ANOVA was used to analyse variance for

two factors.
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Results and Discussion

Growing amaranth with the addition of biochar

The germination of amaranth seeds in the control and experimental treatments was assessed 17
days after sowing. It was found that a dose of biochar of 2.5% led to an increase in seed germination
energy by 25% (Figure 1). In contrast, the number of germinated seeds in the treatment with a dose

of 5% did not differ from the control.
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Figure 1. Germination of amaranth plants depending on the dose of biochar application

A clear inverse relationship between vertical growth and the dose of biochar applied to the soil was
observed. Seedling height decreased with an increasing biochar content in the substrate (Figure 2).
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Figure 2. Height of amaranth seedlings depending on the dose of biochar application

A direct relationship between the amount of biochar in the substrate and the length of the roots was

observed by measuring the root system length of amaranth seedlings (Figure 3).
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Figure 3. Root length of amaranth seedlings depending on the dose of biochar

The length of the root system increased relative to the control by 21.5% in the 2.5% biochar
treatment and by 34.1% in the 5% biochar treatment (Figure 3). Notably, in the 5% biochar
treatment, the root system was not only the longest but also the most developed. The addition of

biochar led to an increase in the biomass production of amaranth seedlings (Figure 4).
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Figure 4. Weight of amaranth plants at the age of 1 month in different variants of the experiment,
mg

The weight of plants in treatments with biochar exceeded the control values by 10-18%. In contrast,

the height of plants in treatments with biochar was lower than in the control, as a result of the

growth of the root system and stem thickening.

Growing sorghum with the addition of biochar
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In the pot experiment with sorghum, the appearance of the first shoots was noted on the tenth day
after sowing. In treatments with biochar, germination was delayed by 3-5 days compared to the

control. Seed germination with biochar at a dose of 2.5% was slightly higher than with 5% biochar

(Figure 5).
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Figure 5. Germination of sorghum plants depending on the dose of biochar application.

Plant height in the treatment with the amendment was slightly lower than in the control (Figure 6).

e
a
a
204
15¢
101
5¢
of

Biochar 2.5%  Biochar 5% Control

Seedling height (cm)

Figure 6. Height of sorghum seedlings in different options of the experiment, cm

Plants in the treatment with 2.5% biochar were stronger, with thicker stems and brighter leaves.
The root system of sorghum was more sensitive to biochar than the aerial part of the plant. Different

32


https://orcid.org/0000-0002-9886-678X

Kharytonov et al. Natural Built Social Environment Health 2(1) 2026: 27-37

application rates of this soil amendment had contrasting effects. Adding biochar at a dose of 2.5%

stimulated root system growth and development, whereas a rate of 5% suppressed it (Figure 7).

a
b
6
b
| '
O

Biochar 2.5%  Biochar 5% Control

Root length (cm)
F =N

Figure 7. Root length of sorghum plants depending on the dose of biochar, cm

The root length in the 2.5% biochar treatment increased by 28% compared to the control, whereas
in the 5% biochar option it decreased by 18%. A small dose of biochar promoted the formation of
a larger number of lateral shoots than in other treatments of the experiment. Adding biochar to the
substrate at 2.5% by weight had a positive effect on the growth and development of sorghum
seedlings. At one month of age, they had a well-developed root system and healthy aerial biomass.
As a result, the weight of the seedlings increased by 21.1% compared to the control (Figure 8).
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Figure 8. Weight of sorghum plants in different treatments, g
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A double dose of biochar at 5% by weight had a negative effect on the growth and development of
sorghum seedlings. In addition to the inhibition of seed germination, the plants were stunted in
growth, and the root system developed slowly and was weaker than in control plants. As a result,
the weight of the plants was 11% lower compared to the plants in the treatment without biochar
addition.

This study confirmed that the type of crop determines the response of the plant to the introduction
of biochar. In our case, the plants were grown on black soil. It is logical to assume that the type of
soil also plays a role in the effect that biochar has on plants. This assumption is supported by the
results of other studies in this area. In the experiment conducted by Videgain-Marco et al. [22],
application of biochar at a dose of 3% significantly increased sorghum root dry weight in the sandy-
loam growing substrate by up to 50% compared to the control. The sorghum dry matter yield grown
in sandy desert soil was also significantly improved by 18% and 22% as application rates increased
from 1.5% to 4.5% [23]. In a field experiment with Amaranthus caudatus grown in sandy soil, a
biochar dose of 10 t/ha gave a greater increase than an application at a rate of 7 t/ha [24]. In contrast,
results from another field experiment in clayey soil showed that the dose of 5% biochar gave the
highest yield of red amaranth among the other treatments — 2.5% and 10% [25]. Thus, the reaction
of plants to the addition of biochar can vary depending on the type of plant and the physical and

chemical properties of the soil.

Conclusion

The reaction to the addition of biochar varies with the type of plant. The reaction of amaranth
seedlings was positive at both doses of biochar application. Even though the height of the
experimental plants was slightly lower than in the control, root system development and the general
condition of the seedlings were better in both variants with biochar. Sorghum showed a positive
response only with a relatively small dose of the amendment. In addition, both doses of biochar
slowed and reduced the germination of sorghum seeds. Thus, when growing this crop, an increase
in the amount of biochar in black soil can cause undesirable consequences such as sparse shoots,

uneven growth, weak root system development, and so on.
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