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The use of cow bone biochar for improving soil chemical properties and tomato quality and shelf life 
remains relatively unexplored. This study aimed to evaluate the effects of biochar on soil chemical 
properties, growth, yield, quality and shelf life of tomato. The experiment, conducted over a period 
of 120 days, comprised five levels (0, 10, 20, 30, and 40 t ha⁻¹) of cow bone biochar arranged in a 
completely randomised design replicated three times. Results indicated that cow bone biochar 
increased soil chemical properties, growth, yield, quality, shelf life and the percentage weight loss of 
tomato fruits relative to the control. The 40 t ha−1 biochar level increased yield of tomato by 22%, 97%, 
162 and 294%, respectively relative to 30 t ha−1, 20 t ha−1, 10 t ha−1 and the control. Also, relative to 
30, 20, 10 t ha−1 biochar and control, application of biochar at 40 t ha−1 increased shelf life of tomato by 
12%, 23%, 28% and 70% respectively. These findings showed that biochar increases soil productivity, 
leading to improved tomato yield, quality, and shelf life. Further research is needed to determine if 
higher biochar rates can yield even greater benefits or if improvements level off beyond 40 t ha⁻¹.
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Biochar, a carbon-rich byproduct produced from the thermal decomposition of organic materials through 
pyrolysis, has attracted considerable attention as a soil amendment with significant potential to improve soil 
quality and enhance crop yields. Its unique properties, such as high porosity, large surface area, and the ability 
to retain nutrients and water, make biochar particularly beneficial for agricultural soils, especially in degraded 
or nutrient-poor environments1.

Biochar was initially utilized by pre-Columbian indigenous peoples in the Amazon region between 500 
and 9,000 years ago2 as one of several soil amendments that led to the creation of ‘terra preta,’ a nutrient-rich 
agricultural soil with a higher pH than the region’s typically acidic and unproductive soils3. The addition of 
biochar can improve soil structure, enhance porosity, raise pH, increase electrical conductivity, boost water 
retention, and enhance cation exchange capacity. It also improves nutrient retention, organic carbon levels, 
available phosphorus, and total carbon and nitrogen concentrations, while decreasing soil bulk density, nutrient 
loss, and the bioavailability of heavy metals4–6. Furthermore, biochar supports the growth and activity of 
beneficial microbial populations and soil enzymes, and it can help suppress soil pathogens7,8.

The application of biochar in agriculture can result in increased crop yields by improving nutrient 
use efficiency and soil fertility9. For instance, its ability to increase soil organic carbon and provide a stable 
environment for beneficial microorganisms supports better plant growth and resilience to environmental 
stresses, such as drought10. Additionally, biochar’s capacity to sequester carbon in the soil contributes to climate 
change mitigation, making it a promising tool for sustainable agriculture11.

Despite the numerous benefits of biochar, its effectiveness can vary depending on factors such as the 
type of feedstock used, pyrolysis conditions, and soil characteristics. Understanding these factors is essential 
for optimizing biochar’s potential in improving soil health and boosting crop productivity across different 
agricultural systems.

In Nigeria, approximately 42 million sheep, 18 million cattle, 7.5 million pigs, and 1.4 million equines are 
slaughtered annually12. Globally, slaughterhouses generate around 130 billion kilograms of animal bone waste 
each year, with Nigeria contributing over 8% to this total13,14. According to Ritchie15, bones account for 40% 
of the total by-products derived from livestock processing in Nigerian slaughterhouses. The country produces 
about 5 million tonnes of cow bones annually, but efficient disposal methods remain lacking, with burning and 
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indiscriminate dumping being the predominant practices16. This highlights the urgent need for improved bone 
waste management systems, and converting these residues into biochar presents a potential solution.

Cow bone biochar is a type of biochar made from the pyrolysis of cow bones. Unlike typical biochar, which 
is made from plant materials like wood or crop residues, cow bone biochar is derived from animal bones. It is 
a rich source of calcium phosphate (Ca₃(PO₄)₂), which is essential for improving soil calcium levels. Calcium 
plays a critical role in soil structure and nutrient exchange. Higher calcium levels in crops strengthen cell walls, 
leading to firmer fruits with longer shelf life17. This helps reduce post-harvest losses and improves the overall 
marketability of crops.

Tomato (Solanum lycopersicum L.) is a crucial vegetable crop globally, offering significant nutritional and 
economic benefits. It is widely cultivated in many countries, ranking second only to potatoes in importance 
within the vegetable sector18. By 2013, global tomato production reached approximately 163 million tons due to 
its value in both nutrition and the economy19. Tomatoes are consumed in various forms—fresh, in salads, soups, 
juices, ketchup, pastes, and purees20. Nutritionally, tomatoes are rich in vitamins A and C, minerals, sugars, 
essential amino acids, iron, fiber, and phosphorus21. They also contain lycopene, a carotenoid known for its 
antioxidant properties, which has been linked to the prevention of diseases such as cancer22 and cardiovascular 
conditions23.

In Nigeria, the increase in population growth and development has spurred a rising demand for the 
consumption and marketing of tomatoes. Despite this demand, tomatoes are a perishable vegetable crop with a 
shelf life of approximately one week at ambient temperature24. Consequently, various storage and preservation 
methods are employed to maintain the harvested fruits in an edible state for an extended period. These include the 
use of hydrogen sulfide25, chitosan coating26, abscisic acid27, and essential oils28. Past research has demonstrated 
that the application of CaCl₂ reduces fruit decay and enhances tissue and cell wall hardness29.

In a study by Shehata et al.30, the impact of calcium chloride (CaCl₂), chitosan, hydrogen peroxide (H₂O₂), 
and ozonated water on the storage and quality of tomato fruit (Solanum lycopersicum L. cv. 448) stored at 
10 °C for 28 days was investigated. The results indicated that all tested treatments significantly prolonged the 
shelf life and preserved the quality of tomato fruit compared to the control group. Among them, chitosan and 
CaCl₂ emerged as the most effective treatments for maintaining quality attributes. While CaCl₂, abscisic acid, 
chitosan, H₂O₂, and ozonated water offer potential benefits for tomato post-harvest storage, their use comes 
with significant drawbacks that cannot be overlooked. These include food safety concerns, environmental and 
health risks, potential negative impacts on sensory quality, and economic inefficiency. As a result, the application 
of calcium has garnered increased attention due to its capacity to delay the ripening of fruits and vegetables, 
extend their senescence, and maintain quality31. This underscores the potential for manipulating the shelf life of 
tomatoes through soil amendments such as cow bone biochar.

However, the application of cow bone biochar for enhancing the shelf life of tomatoes has not been tested. 
Biochar has been known to improve soil properties32. Almaroai and Eissa33 found that the application of cow 
bone biochar at rates of 5 and 10 t ha⁻¹ significantly increased tomato fruit yield by 20 and 30%, respectively, 
compared to the control treatment. Furthermore, cow bone biochar led to a 33% increase in total acidity, a 29% 
increase in total soluble solids, and a 39% increase in vitamin C and lycopene levels in tomato juice compared 
to the control. To provide a comprehensive understanding of the impact of biochar on soil chemical properties, 
as well as the growth, yield, quality, and shelf life of tomatoes, this study seeks to address an existing knowledge 
gap. Accordingly, the objective of this study was to assess the effects of different levels of cow bone biochar on 
soil chemical properties, growth, yield, quality, and shelf life of tomato.

Based on these objectives, it was hypothesized that soil properties, as well as the growth, yield, quality, and 
shelf life of tomatoes, would respond differently to cow bone biochar applied at varying rates.

Results
Soil and biochar characterization
Table 1 shows the results of the soil potted in grow bags before experimentation and the chemical analysis of the 
cow bone biochar used. The particle size analysis indicated that the soil was sandy loam in texture, with high 
sand content and low values for both silt and clay. The soil pH in water was 5.45, indicating strong acidity. The 
soil was low in organic matter (2.48%), total N (0.10%), available P (4.99 mg kg⁻¹), Ca (1.70 cmol kg⁻¹), and 
Mg (0.30 cmol kg⁻¹), but adequate in exchangeable K (0.19 cmol kg⁻¹) according to the critical levels of 3.0% 
organic matter, 0.20% N, 10.0 mg kg⁻¹ available P, 0.16–0.20 cmol kg⁻¹ K, 2.0 cmol kg⁻¹ exchangeable Ca, and 
0.40 cmol kg⁻¹ exchangeable Mg recommended for crop production in the ecological zones of Nigeria. The cow 
bone biochar had a pH of 7.41, indicating a slightly alkaline nature. The biochar contained relatively high organic 
carbon content (59.5%), suggesting its potential to enhance soil carbon levels. Additionally, it contained nitrogen 
(1.37%), phosphorus (0.61%), potassium (0.92%), calcium (5.00%), magnesium (2.60%), and sodium (0.61%). 
The carbon-to-nitrogen (C: N) ratio of the biochar was 43.43 (Table 1).

Effect of biochar levels on soil chemical properties
The effects of different biochar levels on soil chemical properties are presented in Table 2. Biochar application 
significantly (p < 0.05) increased soil chemical properties (organic matter, nitrogen, phosphorus, potassium, 
calcium, and magnesium) relative to the control. There was an increase in soil chemical properties as the biochar 
levels increased from 0 to 40 t ha−1. At Site A, application of 40 t ha⁻¹ biochar increased soil organic matter (SOM) 
by 130.2% and soil nitrogen by 33.3% compared to the control. Similarly, at Site B, SOM and nitrogen increased 
by 126.8% and 33.3%, respectively. Plots that received 10, 20, and 30 t ha⁻¹ of biochar showed statistically similar 
values for both SOM and nitrogen, indicating a plateau in response beyond a certain threshold. Likewise, plots 
treated with 30 t ha⁻¹ and 40 t ha⁻¹ biochar levels showed statistically similar values for Mg. For P, K, Ca, and Mg, 
the nutrient levels followed a consistent increasing trend in the order: 40 t ha⁻¹ > 30 t ha⁻¹ > 20 t ha⁻¹ > 10 t ha⁻¹. 
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On average, across both sites, biochar applications of 40, 30, 20, and 10 t ha⁻¹ enhanced calcium availability by 
995.2%, 783.8%, 629.8%, and 565.4%, respectively, relative to the control.

Effect of biochar levels on tomato growth and yield parameters
Results of the effect of biochar on tomato growth and yield parameters are presented in Table  3. Biochar 
application consistently enhanced plant height, stem diameter, number of leaves, number of fruits, and fruit 
yield compared to the control, with increases generally proportional to the biochar rate. At both sites, plant 
height increased by 14–76%, while stem diameter improved by 17–72% depending on the treatment level. The 
number of leaves showed modest gains, ranging from 1–8%, with statistically similar values observed among 
10, 20, 30 and 40 t ha−1 biochar rates at site A and site B and between the control and 10 t ha⁻¹. In terms of 
reproductive parameters, the number of fruits increased by 57.1% and 50.0% for site A and site B, respectively 
compared with the control. Yield gains were especially pronounced at 40 t ha⁻¹, where increases reached 289% 
at Site A and 300% at Site B relative to the control. There were increases in growth and yield parameters when 
biochar was increased from 0 to 40 t ha−1 levels. However, the stem diameter values for the 10 t ha−1 and 20 t 

Biochar (t ha−1)

Plant height 
(cm)

Stem 
diameter 
(cm)

Number of 
leaves/plant

Number of 
fruits/plant

Fruit weight/
plant (kg)

Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B

Control 48.7e 49.2e 1.8d 1.9d 8.5bc 8.5b 9.1e 9.4e 0.54e 0.53e

10 55.6d 56.8d 2.1c 2.3c 8.6abc 8.6ab 9.8d 9.6d 0.81d 0.80d

20 66.3c 65.4c 2.4b 2.5c 8.8a 8.9a 10.6c 10.4c 1.06c 1.08c

30 73.1b 74.8b 2.6b 2.8b 8.9a 9.0a 12.1b 12.2b 1.76b 1.70b

40 85.8a 85.1a 3.1a 3.2a 9.1a 9.2a 14.3a 14.1a 2.10a 2.12a

Table 3.  Effect of biochar levels on tomato growth and yield parameters. Values followed by similar letters 
under the same column are not significantly different at p = 0.05 according to Duncan’s multiple range test.

 

Biochar (t ha−1)

SOM (%) N (%) P (mg kg−1) K (cmol kg−1) Ca (cmol kg−1)
Mg (cmol 
kg−1)

Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B

Control 1.06c 1.08c 0.09c 0.09c 4.11e 4.18e 0.16d 0.15e 1.56e 1.59e 0.29d 0.30d

10 2.04b 2.06b 0.10b 0.11b 7.81d 7.91d 0.18c 0.16d 10.33d 10.58d 4.21c 4.35c

20 2.15b 2.18b 0.11ab 0.11ab 11.41c 11.38c 0.18c 0.18c 11.48c 11.51c 7.81b 7.78b

30 2.20ab 2.22ab 0.11ab 0.11ab 14.32b 14.14b 0.20b 0.20b 13.32b 14.52b 8.42a 8.51a

40 2.44a 2.45a 0.12a 0.12a 17.38a 18.55a 0.22a 0.23a 15.68a 15.75a 8.96a 8.95a

Table 2.  Effect of biochar levels on soil chemical properties. Values followed by similar letters under the same 
column are not significantly different at p = 0.05 according to Duncan’s multiple range test.

 

Property Soil Cow bone biochar

Sand (%) 78.0 NA

Silt (%) 10.0 NA

Clay (%) 12.0 NA

Textural class Sandy loam NA

Bulk density (g cm−3) 1.43 0.63

Porosity (%) 46.04 75.8

Organic C (%) 1.44 59.50

N (%) 0.10 1.37

C: N ratio NA 43.43

P (mg kg−1) 4.99 0.61

K (cmol kg−1) 0.19 0.92

Ca (cmol kg−1) 1.70 5.00

Na (cmol kg−1) 0.26 0.61

Mg (cmol kg−1) 0.30 2.60

Table 1.  Physical and chemical properties of the soil prior to planting and cow bone Biochar used. NA Not 
determined.
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ha−1 biochar levels at site B are statistically similar with 10 t ha−1 and 20 t ha−1 biochar levels having an increase 
of 21.1 and 31.6%, respectively relative to the control. Additionally, the number of leaves for the control, 10 t 
ha−1, 20 t ha−1, and 30 t ha−1 biochar levels at site A are also statistically similar with 10 t ha−1, 20 t ha−1, and 30 t 
ha−1 biochar levels having an increase of 1.2%, 3.5% and 4.7%, respectively relative to the control. There were no 
significant differences observed (p < 0.05”) in number of leaves between control and 10 t ha⁻¹ biochar level, and 
between 10, 20, 30, and 40 t ha⁻¹ biochar level for site B.

Effect of biochar levels on mineral and proximate contents of tomato fruit
Mineral content
Results of the effects of biochar levels on mineral contents of tomato fruit are presented in Table 4. Application 
of biochar increased Na, Cu, Fe, Ca, Zn and Mg contents of tomato relative to the control. The increase in the 
mineral content of tomato by biochar was from 0 to 40 t ha−1 level. The 40 t ha−1 biochar level increased Na, Cu, 
Fe, Mg Ca and Zn by 60.71, 142.93, 68.13, 328.4, 68.75% and 184.2%, respectively relative to the control. (Fig. 1).

Proximate content
The effects of biochar levels on the moisture contents of tomato fruits are presented in Fig. 2. Biochar increased 
moisture content of tomato fruits relative to the control however, the 10, 20, 30 and 40 t ha−1 levels have statistically 
similar values. At Site A, biochar application rates of 40 t ha⁻¹, 30 t ha⁻¹, 20 t ha⁻¹, and 10 t ha⁻¹ increased tomato 
fruit moisture content by 7.35%, 5.55%, 5.40%, and 4.72%, respectively, compared to the control. At Site B, the 
corresponding moisture increases were 6.79%, 5.54%, 5.26%, and 4.04%.

The effect of biochar levels on fat content of tomato fruit are presented in Fig. 3, while the effect of biochar 
levels on carbohydrate, ash and protein contents are respectively presented in Figs. 4, 5 and 6. Biochar reduced 
the fat, carbohydrate and ash contents and increase the protein content of tomato fruit relative to the control. At 
Site A, biochar application rates of 40 t ha⁻¹, 30 t ha⁻¹, 20 t ha⁻¹, and 10 t ha⁻¹ reduced the fat contents of tomato 
fruit by 64.6%, 33.1%, 16.0%, and 7.1%, respectively, compared to the control. At Site B, the corresponding 
tomato fruits fat reduction were 72.8%, 28.1%, 13.4%, and 7.2% (Fig. 3). Also, at Site A, biochar application rates 
of 40 t ha⁻¹, 30 t ha⁻¹, 20 t ha⁻¹, and 10 t ha⁻¹ reduced the carbohydrate contents of tomato fruit by 43.3%, 29.5%, 
19.1%, and 9.8%, respectively, compared to the control. At Site B, the corresponding tomato fruits carbohydrate 
reduction were 74.1%, 28.6%, 22.6%, and 8.8% (Fig. 4). In the same vein, at Site A, biochar application rates of 
40 t ha⁻¹, 30 t ha⁻¹, 20 t ha⁻¹, and 10 t ha⁻¹ reduced the ash contents of tomato fruit by 90.5%, 90.5%, 171.1%, 
and 62.1%, respectively, compared to the control. At Site B, the corresponding tomato fruits ash reduction were 
39.2%, 51.2%, 71.8%, and 37.5% (Fig. 5). The order of increasing protein content was 40 t ha−1 > 30 t ha−1 >20 t 
ha−1 > 10 t ha−1 > control, the reverse was for ash, carbohydrate and fat contents. At Site A, biochar application 
rates of 40 t ha⁻¹, 30 t ha⁻¹, 20 t ha⁻¹, and 10 t ha⁻¹ increased the protein contents of tomato fruit by 146.8%, 
87.6%, 39.3%, and 13.0%, respectively, compared to the control. At Site B, the corresponding tomato fruits 
protein increase were 216.7%, 191.6%, 159.1%, and 64.4% (Fig. 6). The effect of biochar levels on fibre content of 
tomato fruit are presented in Fig. 7. The fibre content of tomato fruits showed a non-linear response to biochar 
application across both sites. At site A, fibre increased significantly (p < 0.05) from 1.54% in the control to a peak 
of 3.01% at 20 t/ha, followed by a decline to 2.99% at 30 t ha−1 and a sharp drop to 1.13% at 40 t ha−1. A similar 
trend was observed at site B, where fibre content rose from 1.97% (control) to a maximum of 3.25% at 20 t ha−1, 
then declined to 1.21% at 30 t ha−1 and slightly recovered to 1.29% at 40 t ha−1.

Effect of biochar on shelf life of tomato fruits
The results of the effect of biochar on shelf life of tomato fruits are presented in Table 5. Biochar increased the 
shelf life of tomato relative to the control. Biochar application significantly (p < 0.05) reduced weight loss in 
tomatoes compared to the control. The 40 t ha⁻¹ biochar level resulted in the longest shelf life of tomato. Weight 
loss and shelf life of tomato showed no significant differences (p < 0.05) between 10 and 20, and between 20 
and 30 t ha⁻¹ biochar levels. Averaging the two sites, the 40 t ha−1 biochar reduced weight loss by 12.38, 16.70, 
19.06 and 41.70%, respectively 30, 20, 10 t ha−1 biochar and control. Also, relative to 30, 20, 10 t ha−1 biochar 
and control, application of biochar at 40 t ha−1 increased shelf life of tomato by 11.99, 23.39, 27.73 and 70.31% 
respectively.

Biochar (t ha−1)

Na (%) Cu (%) Fe (%) Mg (%) Ca (%) Zn (%)

Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B Site A Site B

Control 1.441e 1.41e 0.088e 0.089e 0.450d 0.460d 0.444e 0.434e 0.20e 0.28e 1.51d 1.48d

10 1.521d 1.498d 0.10d 0.09d 0.460d 0.460d 0.881d 0.872d 0.24d 0.33d 3.10c 3.00c

20 1.731c 1.711c 0.16c 0.16c 0.590c 0.600c 0.1011c 1.085c 0.28c 0.37c 3.80b 3.90b

30 2.061b 1.988b 0.19b 0.20b 0.670b 0.660b 1.340b 1.401b 0.32b 0.41b 3.90b 3.70b

40 2.242a 2.332a 0.22a 0.21a 0.780a 0.750a 1.861a 1.901a 0.36a 0.45a 4.40a 4.10a

Table 4.  Effect of biochar levels on mineral contents of tomato fruit. Values followed by similar letters under 
the same column are not significantly different at p = 0.05 according to Duncan’s multiple range test.
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Discussion
Effect of biochar levels on soil chemical properties
The application of biochar to soils increases the levels of organic matter, nitrogen, phosphorus, potassium, 
calcium, and magnesium contents of the soil. Soils amended with cow bone biochar showed higher organic 
carbon content, likely due to the high concentration of stable carbon compounds in the biochar32. When applied 
to the soil, it contributes directly to the overall SOM. Since biochar is highly resistant to decomposition, it 
remains in the soil for a long period, acting as a long-term carbon store. Gwenzi et al.34 stated that about 2.2 M 
t year−1 of organic carbon can be added using biochar. In this experiment, biochar treatments have increased 
soil N relative to the control. While cow bone biochar may not be inherently rich in nitrogen, it enhances 
nitrogen retention by reducing leaching and volatilization, promoting microbial activity, and improving soil 
structure35,36—all of which contribute to greater nitrogen availability. This is consistent with findings by Nigussie 
et al.36 and Abdeen37who observed similar nitrogen increases using plant-based biochars.

Phosphorus levels also increased significantly in biochar-amended soils. Cow bone biochar is naturally 
rich in phosphorus, primarily in the form of calcium phosphate. The pyrolysis process preserves much of this 
phosphorus, making it readily available upon incorporation into soil. Furthermore, biochar reduces P leaching, 

Fig. 1.  A locally fabricated metal drum kiln used for biochar production through pyrolysis.
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thereby enhancing long-term phosphorus retention and availability38. These mechanisms explain the elevated P 
concentrations observed in treated soils in this study.

Importantly, all treatments in this study received a basal application of NPK 15-15-15 fertilizer, ensuring a 
uniform baseline of nitrogen, phosphorus, and potassium across all plots. Biochar’s porous structure and high 
cation exchange capacity likely enhanced nutrient retention and reduced leaching of the applied NPK nutrients. 
This synergistic effect may have led to greater nutrient availability and uptake compared to the control, where 
NPK was applied without biochar.

Cow bone biochar increased K, Ca and Mg contents of the soil because cow bones naturally contain significant 
amounts of calcium, magnesium and potassium. During the pyrolysis process, these minerals are concentrated 
in the biochar. When cow bone biochar is applied to the soil, it acts as a direct source of K, Ca, and Mg, gradually 
releasing these nutrients over time39,40. Secondly, biochar improves the soil’s cation exchange capacity (CEC), 
which is its ability to hold onto positively charged ions like K⁺, Ca²⁺, and Mg²⁺41. By increasing CEC, biochar 
helps retain these nutrients in the soil, preventing them from being leached away by water. Biochar particles 
possess colloidal properties, characterized by a high specific surface area and negative surface charges due to 

Fig. 3.  Effect of biochar levels on fat content of tomato fruit. Vertical bars show standard errors of paired 
comparisons.

 

Fig. 2.  Effect of biochar levels on moisture content of tomato fruit. Vertical bars show standard errors of paired 
comparisons.
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deprotonated functional groups42. This allows nutrients dissolved in soil solutions to be attracted to the biochar 
surfaces. Additionally, biochar’s ability to adsorb both cations and anions helps reduce the leaching of applied 
and inherent soil nutrients43. The observed improvement in soil chemical properties with increasing biochar 
application rates, from 0 to 40 t ha⁻¹, reflects the biochar’s distinct characteristics—such as its high porosity, 
large surface area, cation exchange capacity, and gradual nutrient release—which become more effective as the 
biochar concentration in the soil rises. This finding aligns with the study by Njoku et al.44where the application 
of rice husk and sawdust biochars at the highest rate (10 t ha⁻¹) resulted in increased values of pH, nitrogen, 
potassium, organic carbon, magnesium, sodium, and cation exchange capacity. Similarly, Adekiya et al.45 also 

Fig. 5.  Effect of biochar levels on ash content of tomato fruit. Vertical bars show standard errors of paired 
comparisons.

 

Fig. 4.  Effect of biochar levels on carbohydrate content of tomato fruit. Vertical bars show standard errors of 
paired comparisons.
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demonstrated that soil chemical properties improved with biochar application, and this enhancement intensified 
with higher biochar rates.

Effect of biochar levels on tomato growth and yield parameters
Biochar increased the growth and yield of tomato because cow bone biochar increased the availability of essential 
nutrients in the soil, such as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg). 
These nutrients are critical for tomato growth, flowering, and fruit development. Biochar also enhances the 
soil’s cation exchange capacity (CEC)41helping to retain nutrients in the root zone and making them available to 
plants over a longer period, which leads to better overall plant health and higher yields.

Biochar helps reduce nutrient losses by leaching46–49. Nutrients such as nitrogen and potassium are held 
within the biochar structure and gradually released over time. This ensures that tomato plants have a steady 
supply of nutrients throughout the growing season, supporting both growth and yield.

Fig. 7.  Effect of biochar levels on fibre content of tomato fruit. Vertical bars show standard errors of paired 
comparisons.

 

Fig. 6.  Effect of biochar levels on protein content of tomato fruit. Vertical bars show standard errors of paired 
comparisons.
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Furthermore, biochar has a highly porous structure (Table  1), which enhances the soil’s ability to retain 
water50. Better water retention reduces the stress on tomato plants, leading to more consistent growth and higher 
yields. Tomato plants have high water requirements, especially during fruiting, so biochar helps provide a more 
stable water supply. The porous nature of biochar also helps to improves soil structure, increasing aeration and 
root penetration. Healthy root systems can access more nutrients and water, leading to more vigorous plant 
growth and better fruit yields.

Several studies44,45,51–53 have shown that biochar improves nutrient retention and crop productivity in 
tomatoes, maize, and rice under varying soil conditions. Results also indicated that biochar application 
significantly increased tomato yield by 29.55%54. Castañeda et al.55 observed a significant increase in tomato 
plant height when biochar was applied. Similarly, Calcan et al.56 reported that biochar with a strong alkaline 
pH of 9.89, produced through the slow pyrolysis of vine pruning residues, had a notable positive impact on the 
growth of tomato plants grown in highly acidic soil (pH = 5.40).

Effect of biochar levels on mineral and proximate contents of tomato fruit
The response of mineral concentrations of tomato to application of biochar was consistent with the values of 
soil chemical properties recorded for these treatments. There was increased nutrient availability in the soil as a 
result of application of biochar leading to increased up take by tomato plants. This finding aligns with existing 
research indicating that organic amendments, such as biochar, can enhance nutrient concentrations in plant 
tissues57,58. Biochar helps reduce nutrient leaching and increases the availability of key minerals like Na, Cu, Fe, 
Ca, Zn and Mg for plant uptake and therefore presence in the fruits. Biochar increases the soil’s cation exchange 
capacity41allowing it to hold onto more positively charged nutrients (like Ca²⁺, K⁺, Mg2+, Zn²⁺). This ensures 
these essential nutrients remain available in the root zone for absorption by tomato plants.

The application of biochar to soil affects the moisture, protein, fat, and carbohydrate contents of tomato 
fruits through a variety of mechanisms related to improved soil health and plant nutrient dynamics. Therefore, 
by maintaining stable moisture levels, biochar can reduce water stress on the plants. This creates more favorable 
growing conditions for the development of water-rich fruit like tomatoes.

Enhanced soil conditions due to biochar application brings about increase in protein content of tomato fruit 
in this experiment. Adequate nitrogen supplies due to biochar enable the plant to accumulate amino acids and 
proteins in its vegetative tissues. These are eventually translocated to the fruits as the plant shifts its energy 
toward reproductive growth, increasing the protein content in the tomato fruit. Nitrogen is a key component 
of amino acids, the building blocks of proteins59. Adequate nitrogen supply directly supports the synthesis of 
proteins in tomato fruits. SOM which was improved due to biochar serves as a reservoir of nutrients, including 
nitrogen, phosphorus, and micronutrients. When SOM decomposes, it releases nitrogen in plant-available 
forms, such as ammonium (NH₄⁺) and nitrate (NO₃⁻), which are essential for amino acid and protein synthesis. 
It has been reported that an increase in SOM content of the soil can improve tomato fruit quality60. Li et al.61 
also found that SOM is positively correlated with protein content in tomato fruit. Usman et al.62 also found that 
biochar increased the protein content of tomato fruit.

The reduced fat contents of tomato fruits in the biochar applied plots relative to the control could be due to 
improved soil conditions and water availability created by biochar which might have shifted the plant’s metabolic 
focus toward growth and protein synthesis rather than the production of fats. Tomatoes naturally have low 
fat content63and this shift in nutrient availability can further reduce fat accumulation. Blumenthal et al.64 also 
noted an inverse relationship between oil and protein content. Higher nitrogen application led to a decrease 
in oil content while increasing protein levels. This result contradicts that of Usman et al.62 who reported that 
application of biochar increased the fat content of tomato fruit. However, increasing protein due to available of 
N has also been reported to reduce oil content in some legumes such as soybean (Glycine max (L.) Merr.) and 
groundnuts (Arachis hypogea)64.

The reduced carbohydrate content of tomato fruit relative to the control could be as a result of the fruit 
absorbs more water, its moisture content increases due to the applied biochar. This may cause a “dilution effect”, 
where the relative concentration of carbohydrates in the tomato is reduced, even though the total carbohydrate 
content might remain the same65. Chen et al.65 suggested that the reduced carbohydrate content in tomato fruits 
with high water content occurs because water influences substrate concentration, thereby regulating metabolic 
reactions within the fruit. Additionally, water serves as a solvent for soluble sugars, meaning that higher water 
content enhances the fruit’s capacity to dissolve these sugars. The increased carbohydrate content observed in 
the tomato fruits from the control plots was likely due to water stress, which has been shown to enhance AGPase 

Biochar (t ha−1)

Initial weight 
(g)

Final weight 
(g) Weight loss (%) Shelf life (days)

Site A Site B Site A Site B Site A Site B Site A Site B

Control 32.66 32.44 15.81 14.94 51.59a 53.94a 9.4e 9.8e

10 26.09 26.08 14.51 14.53 44.38b 44.29b 12.9d 12.7d

20 30.59 30.60 17.30 17.30 43.45bc 43.46bc 13.1 cd 13.4c

30 31.82 30.10 18.51 17.50 41.83c 41.86c 14.6bc 14.6bc

40 30.30 30.10 19.01 18.90 37.26d 37.21d 16.8a 15.9a

Table 5.  Effect of Biochar levels on shelf life of tomato. Values followed by similar letters under the same 
column are not significantly different at p = 0.05 according to Duncan’s multiple range test.
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activity66,67. This may occur through effects on the enzyme’s redox state and sugar signaling pathways68ultimately 
accelerating the starch biosynthesis rate. These findings underscore the role of fruit water content in regulating 
metabolic processes in tomato fruits65. Furthermore, numerous studies have demonstrated that water deficit 
during the ripening stage can enhance tomato fruit quality, primarily by increasing the concentration of soluble 
sugars69–72.

Biochar improves soil fertility by enhancing nutrient availability and soil structure45. This leads to increased 
plant growth and fruit development. As the overall biomass (organic and inorganic matter) of the tomato fruit 
increases, the concentration of mineral elements (which contribute to ash content) may get diluted73 these 
assumably caused the reduced ash contents of the tomato fruits relative to the control. Similarly, fiber content 
in tomato fruits increased with biochar application up to 20 t ha−1 but decreased at higher rates. The decrease at 
higher rate may possibly be due to nutrient dilution, altered plant metabolism, or a shift in resource allocation 
toward other growth or quality parameters. The peak response at 20 t ha−1 across both sites indicates this may be 
the optimal rate for enhancing fibre content in tomatoes under these conditions.

Effect of biochar on shelf life of tomato fruits
Biochar reduced weight loss and increased the shelf life of tomato because cow bone biochar is rich in minerals, 
particularly calcium and phosphorus (Table 1), which are essential for cell wall strength and integrity in plants74. 
Calcium, in particular, plays a crucial role in maintaining cell wall stability and structure, reducing the likelihood 
of physical damage or softening in tomatoes. Stronger cell walls delay degradation, extending the shelf life of 
tomatoes. Calcium helps maintain the firmness of tomatoes, reducing water loss and extending shelf life. This 
is due to the fact that: (1) Calcium is a vital component of the plant cell wall, where it binds with pectins to 
form calcium pectate75. This compound is a critical part of the middle lamella, which is the layer that cements 
neighboring plant cells together76. Stronger cell walls help maintain the structural integrity of the tomato 
fruit74making it less prone to mechanical damage, water loss, and microbial invasion. It has been reported 
that the uptake of exogenous calcium ions by strawberry increases the amount of chelate-soluble pectins, thus 
enhancing cell wall stability and preventing the dissolution of the middle lamella77,78. (2) Calcium stabilizes cell 
membranes by interacting with phospholipids, reducing the permeability of the cell membrane. This stabilization 
helps to maintain cellular structure and function, reducing the rate of water loss (transpiration) from the fruit 
during storage79. Lower water loss translates to less weight loss and longer shelf life. (3) Calcium has been shown 
to slow down the production of ethylene, a plant hormone that promotes ripening and senescence (aging)80. By 
delaying ethylene production, calcium helps to slow down the ripening process, thereby extending the shelf life 
of tomatoes. Slower ripening reduces the softening and over-ripening of fruits, which are major contributors 
to weight loss and spoilage. Sams and Conway80 also found that in the fruit of ‘Golden Delicious’ apple (Malus 
domestica Borkh.) high calcium concentrations resulted in a decrease in ethylene production. It has also been 
reported that calcium can preserve fruit firmness by slowing down the ripening and aging process, improving 
cold storage resistance by regulating reactive oxygen species levels, inhibiting post-harvest diseases, and 
maintaining overall fruit quality81–83. (4) Calcium inhibits the activity of enzymes like polygalacturonase and 
pectin methylesterase84which break down pectin in the cell walls during ripening. By inhibiting these enzymes, 
calcium helps to maintain the structural integrity of the cell walls, delaying softening and reducing the rate of 
degradation in storage. Also, cow bone biochar helps improve soil water retention, allowing the tomato plant 
to access a more consistent water supply due to the biochar’s high porosity (Table 1). This promotes steady fruit 
development, reducing fluctuations in fruit water content. Proper water balance in tomatoes prevents issues like 
fruit cracking and post-harvest dehydration85both of which can shorten shelf life.

Practical limitations of biochar application
The recommended application rate of biochar in this study (40 t ha−1) is notably high and labour-intensive. 
Applying such large quantities on even a small farm requires significant labour or machinery, both of which 
increase costs. Small-scale farmers, who often rely on manual labour, may struggle to meet these demands 
efficiently. Furthermore, excessive biochar can alter soil pH, leading to nutrient imbalances or toxicity, which 
may harm plant growth and soil microbial communities. Biochar can also significantly influence soil microbial 
communities, altering diversity, abundance, and functionality, there could be shifts in microbial dominance, 
favoring certain species over others (e.g., fungi vs. bacteria)86. Over time, fine biochar particles may also clog 
soil pores, reducing infiltration and aeration, potentially increasing soil compaction. Biochar’s stability can result 
in accumulation, especially in soils with limited organic matter turnover, further affecting soil structure and 
compatibility.

To address these challenges, tailoring biochar application rates to specific soil types and crop needs based on 
soil testing is critical87,88. Scaling down application rates to 5–10 t ha−1 would make biochar more feasible for 
small-scale use, as research indicates even lower rates can yield significant benefits over time89–91. Additionally, 
selecting biochar with particle sizes and porosity suited to the soil type can prevent pore clogging87,88while 
mixing biochar with organic matter (e.g., compost or manure) enhances its integration and maintains soil 
structure92. Utilizing locally available, low-cost biomass, such as agricultural waste, can significantly lower 
production expenses. Cooperative models, where farmers collectively invest in and share pyrolysis equipment, 
can further reduce per-farmer costs. Governments and development agencies can also support small-scale 
farmers by subsidizing biochar production, providing access to low-interest loans, or integrating biochar into 
broader agricultural extension programs.

To mitigate impacts on soil microbial communities, biochar should be applied incrementally over time 
to allow microbial populations to adapt. Combining biochar with organic amendments or cover crops can 
enhance microbial diversity, balance nutrient cycling, and sustain soil health. Through these strategies, biochar 
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application can be optimized to achieve sustainable agricultural benefits without compromising environmental 
and economic feasibility.

To support widespread adoption, especially among smallholder farmers, it is essential to conduct cost–benefit 
analyses and pilot-scale field validations. These assessments would help determine whether the agronomic 
benefits of biochar application at various rates justify the associated labour, material, and equipment costs under 
local farming conditions. Real-world trials could also provide insights into region-specific biochar sourcing, 
production efficiencies, and long-term returns on yield and soil health improvements. Such data would inform 
tailored recommendations that align with the economic capacities of resource-constrained farmers, ultimately 
facilitating more practical and scalable integration of biochar into sustainable agricultural systems.

Conclusion
The results from present study demonstrated that cow bone biochar significantly improved soil chemical 
properties, enhanced tomato plant growth and yield, and improved fruit quality, including increased mineral 
content, moisture, protein levels, and shelf life. Concurrently, it reduced fat, ash, carbohydrate levels, and 
postharvest weight loss compared to the control. These effects were most pronounced at the highest application 
rate of 40 t ha⁻¹.

These findings suggest that cow bone biochar is a promising soil amendment for enhancing tomato 
productivity and postharvest quality in tropical soils. Future studies should investigate whether application rates 
above 40 t ha⁻¹ continue to offer additional benefits or if they result in diminishing returns. Moreover, since this 
study was conducted under controlled screen house conditions, field-based trials are essential to validate the 
findings under practical farming scenarios. Additionally, cost-effectiveness and long-term ecological impacts of 
large-scale application should be assessed to ensure sustainable adoption.

Materials and methods
In 2024, two simultaneous experiments were conducted at sites A and B within the same screen house between 
February and May at the Teaching and Research Farm of Bowen University, located in Iwo, Osun State, Nigeria 
to assess the effects of different levels of cow bone biochar on soil chemical properties, growth, yield, quality and 
shelf life of tomato. The experiment at site B was carried out concurrently with site A to verify the findings from 
site A. Bowen University is situated at coordinates 7.6236°N, 4.1890°E, with an elevation of 312 m above sea level. 
The green house features a galvanized iron frame, UV protection covering, insect-resistant side netting, and a 
granite-covered floor. Temperature and humidity inside the screen house were recorded using a thermograph 
and a barograph, averaging 31 °C and 75%, respectively. The soil in Iwo is classified as Oxic Haplustalf according 
to the USDA soil order Alfisol, or Luvisol by FAO classification.

Sample preparation and treatments
Soil samples were randomly collected from a depth of 0 to 15 cm around the Research Farm using a spade. The 
collected soil was mixed, sieved through a 2 mm mesh to remove stones and debris, and then 15 kg of the sieved 
soil was placed into perforated grow bags to ensure aeration and drainage. Each treatment consisted of four grow 
bags, which were placed randomly within the screen house to ensure an unbiased distribution of amendments, 
representing site A. An identical set of grow bags was placed adjacent to these within the same screen house, 
representing site B.

The experiment comprised five levels of cow bone biochar application: 0, 10, 20, 30, and 40 t ha⁻¹, arranged 
in a completely randomized design with three replications. These application rates were selected based on ranges 
commonly reported in previous studies evaluating biochar effects on soil fertility and crop productivity in 
southwest Nigeria92.

Preparation of soil amendments
The biochar used in this study was produced from cow bones obtained from the abattoir in Iwo town. These 
bones were collected and left to dry before undergoing pyrolysis. To initiate the process, the bones were tightly 
packed into a locally fabricated metal drum kiln equipped with small holes at the base for gas release during 
pyrolysis (Fig. 1). The drum is equipped with a vertical chimney for smoke release. The temperature during 
the process of burning was checked with a thermocouple and it was approximately 500 °C. After pyrolysis, the 
biochar was allowed to cool, then ground and sieved through a 2 mm mesh for uniformity before use32.

Application of soil amendments
Quantities of 75 g, 150 g, 225 g, and 300 g of cow bone biochar were incorporated into 15 kg of soil in the grow 
bags to represent 10, 20, 30, and 40 t ha⁻¹ biochar application rates, respectively. A treatment without biochar 
(0 g) served as the control. The cow bone biochar was incorporated into the soil using hand trowel and allowed 
for four weeks before transplanting tomato seedlings into the grow bags. Watering was done immediately and 
continued every other day till the day of transplanting.

Nursery and transplanting of tomato
In this experiment, a local variety of tomato (Iwo local) was utilized. The tomato seed was purchased from the 
market and sown in a seed tray filled with good loamy soil in the screen house. Watering was done daily in 
the evening. After three weeks in the nursery, transplanting was done. During transplanting, which occurred 
in the evening, seedlings was carefully moved with a ball of earth to minimize root damage. Each grow bag 
received one tomato seedling. One healthy plant was maintained per grow bag and four grow bags represent a 
treatment and there were 20 plants per block and 60 plants in site A and 60 plants in site B. Immediately, watering 
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was done and subsequent morning watering sessions was implemented to maintain water content close to field 
capacity throughout the experiment’s duration. At one week after transplanting, basal application of NPK 15-
15-15 fertilizer was applied by ring method at the rate of 120 kg ha-1 which was equivalent to 0.18 kg per grow 
bag. Weeding was done by hand picking emerged weeds from each grow bag. For both crops, the experiment 
lasted for 120 days.

Determination of soil and biochar characteristics
Before treatments were applied, soil samples were collected using a core sampler and dried in an oven at 105 °C 
for 24 h to determine bulk density, following the method outlined by Campbell & Henshall93. Total porosity was 
then calculated using the bulk density and a particle density value of 2.65 g cm³. Additionally, soil samples were 
gathered, air-dried, and sieved through a 2 mm mesh to analyze their physical and chemical properties. The 
hydrometer method, as described by Gee & Or94was used to determine particle size distribution. Soil organic 
carbon (OC) was measured using the Walkley-Black method, involving dichromate wet oxidation as detailed 
by Nelson & Sommers95. Total nitrogen (N) was determined using the micro-Kjeldahl digestion method, based 
on Bremner96. Available phosphorus (P) was extracted using the Bray-1 method, with molybdenum blue 
colorimetry for detection, as per Frank et al.97. Exchangeable potassium (K), sodium (Na), calcium (Ca), and 
magnesium (Mg) were extracted using 1 M ammonium acetate, following Hendershot et al.98. Potassium was 
analyzed using a flame photometer, while sodium, calcium, and magnesium were measured with an Atomic 
Absorption Spectrophotometer. After the treatments, soil samples from each treatment were air-dried, sieved, 
and tested for chemical properties using the same methods.

The bulk density of the biochar used was measured by filling a container of known weight and volume 
with the biochar, without compressing it. The container and biochar were weighed, and bulk density (bd) was 
calculated using the formula provided by Unal et al.99.

	
bd = weight of biochar

volume of biochar
� (1)

The solid density of the biochar was measured using the liquid displacement method as described by Unal et 
al.99. Following this, the porosity of the biochar was calculated using the formula provided by Keawpoolphol et 
al.100.

	
P orosity (%) = 1 − bd

sd
× 100� (2)

 

bd = bulk density of biochar
sd = solid density of biochar

Additionally, the biochar used in the experiment was analyzed to determine their nutrient content. The biochar 
was air-dried, sieved through a 2 mm mesh, and tested for organic carbon, nitrogen, phosphorus, potassium, 
calcium, sodium, and magnesium in accordance with AOAC101 standards.

Determination of growth and yield components of tomato
Three tomato plants were randomly selected from each treatment group to assess growth parameters, including 
plant height, stem diameter, and the number of leaves per plant, at the mid-flowering stage (approximately 
28 days after transplanting). Plant height was measured from the base to the shoot tip using a meter rule, the 
number of leaves was counted manually, and stem diameter was measured with a vernier caliper. Mature and 
ripe fruits were harvested and counted, with tomato yields determined by the weight of the harvested fruits up 
to 100 days after transplanting.

Shelf-life determination of tomato fruits
The first set of tomato fruits harvested, were cleaned with a clean cloth after which they were sorted into different 
treatment groups with each group containing five (5) fruits and three replicates. They were then properly 
arranged on a clean table in the laboratory to determine their shelf lives.

Parameters accessed include:

	(i).	 Weight loss: The weight of each tomato fruit was taken soon after harvesting and during each experimental 
day using a weighing balance. The total weight loss was calculated by taking the difference between the in-
itial and final weight (at five (5) days interval till full deterioration) of the fruits during the storage interval 
using the formula below which was expressed in percentage.

	
W L (%) =

(
Initial weight − F inal weight

Initial weight

)
× 100� (3)

WL = Weight loss.

	(ii).	 Shelf life.
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This was carried out by counting the number of days from the day of harvesting the tomato, to the day it was 
considered bad and below marketable condition.

Determination of mineral and proximate components of tomato fruits
Matured tomato fruits of uniform size were selected per treatment at harvest for chemical analysis to determine 
their mineral compositions, following the guidelines outlined by AOAC101. For this analysis, one gram of 
each sample was subjected to digestion using a mixture of HNO3, H2SO4, and HClO4 (7:2:1 v/v/v), with the 
subsequent determination of mineral compositions, including Cu, Fe, Mg, K, Ca, and Na, through atomic 
absorption spectrophotometry.

Simultaneously, samples of matured tomato fruits from each treatment were collected for proximate analysis. 
Utilizing standard chemical methods specified by the Association of Analytical Chemists101the moisture, crude 
fiber, crude protein, crude fat, and carbohydrate contents of the tomato fruits was assessed. The moisture content 
was determined by drying 2 g of each sample at 105 °C until a constant weight was achieved. To evaluate the fat 
content, the Soxhlet extraction technique using petroleum ether (40–50 °C) was employed. The crude protein 
content was ascertained through the micro-Kjeldahl digestion and distillation method102while the carbohydrate 
content was estimated following the method outlined in a study by Muller & Tobin103.

Statistical analysis
Data were analyzed using ANOVA in SPSS104. Treatment means were compared using Duncan’s Multiple Range 
Test (DMRT) at a 5% probability level.

Data availability
All datasets generated and/or analysed during the current study are included in this article.
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