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Abstract: This study evaluates the performance of charcoal-based plant pots formulated using rice
husk biochar as a sustainable alternative to traditional terracotta pots. Three mixtures with varying
charcoal—clay ratios were developed and tested under controlled greenhouse conditions to determine
their effects on soil pH stability, moisture retention, plant height, and plant weight. An observational
research design was employed, and data were collected weekly over a four-week growth period. Results
show that Treatment 2 (150 g charcoal, 40% terracotta clay, 50 g natural adhesive) demonstrated the
most stable soil pH range (6.0-7.0), the highest moisture retention, and superior plant growth,
producing the tallest plants (20 cm) and the greatest weight (4.0 g). Compared to traditional terracotta
pots, charcoal-based pots improved water retention, maintained a more balanced soil environment,
and enhanced plant development. These findings highlight the potential of biochar-integrated pots as

an environmentally friendly and effective option for gardening and agricultural applications.
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1. Introduction

Biochar has gained increasing attention in recent years as a sustainable material for
improving soil quality, enhancing water retention, and reducing agricultural waste. Produced
through the pyrolysis of organic residues under limited oxygen, biochar is recognized for its
porous structure, high carbon stability, and capacity to influence soil physical and chemical

Received: August 15, 2025 properties (Koziot et al., 2024). In the Philippines, rice husk biochar is widely accessible due
Accepted: February 5, 2026 to the country’s strong rice production sector. Technologies developed by the Philippine Rice
Published: February 23, 2026 Research Institute (PhilRice) enable continuous and low-emission rice husk carbonization,
yielding up to 40% biochar while minimizing environmental impact (Piyathissa et al., 2023;

® Orge & Abon, 2012).
International and local studies highlight biochar’s potential in enhancing soil fertility,
BY nutrient retention, and microbial activity (Lehmann & Joseph, 2015; Shyam et al., 2025). Its

porous matrix improves aeration and water-holding capacity, which directly contributes to
healthier plant growth. However, despite its widespread agricultural use, there is limited
research on incorporating biochar into plant pot structures. Traditional terracotta pots,
although breathable and durable, dry soil quickly and allow significant nutrient loss through
leaching, resulting in the need for frequent irrigation and fertilizer application. These
challenges emphasize the demand for a more sustainable, plant-friendly, and environmentally
responsible pot material.

The integration of rice husk biochar into plant pots presents a promising solution, as it
may improve moisture retention, stabilize soil pH, and support overall plant health.
Developing charcoal-based plant pots can also contribute to waste reduction, resource
circularity, and reduced dependency on plastic containers frequently used in gardening.

This study aims to determine the most effective chatcoal-clay ratio for producing
functional plant pots and to assess how charcoal-based pots influence soil moisture, soil pH
stability, plant height, and plant weight compared to traditional terracotta pots. By examining
these factors, the study provides insight into the viability of biochar-based containers as
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sustainable alternatives for horticultural and agricultural applications.

2. Materials and Methods

The study employed an observational experimental design to evaluate the performance
of charcoal-based plant pots compared to traditional terracotta pots. Four charcoal-clay
mixtures were formulated as treatments and assessed based on soil pH, moisture retention,
plant height, and plant weight. All treatments were cultivated under identical conditions to
ensure reliable comparison of results. A photo of the actual pots used is provided in figure 1.

Figure 1. Experimental pots representing each treatment (I, 11, 11, IV).

The primary materials used in the study included: (1) rice husk biochar; (2) terracotta
clay (unglazed); (3) natural adhesive (50 g per treatment); (4) water (60 mL per treatment); (5)
uniform potting soil; (6) traditional terracotta pots (control); (7) seeds of the same plant
species; (8) soil testing kits (pH meter/test strips, moisture meter); and (9) growth
measurement tools (ruler, weighing scale).

Four charcoal-clay formulations were developed to evaluate the effect of varying
charcoal-to-clay ratios on material performance. In Treatment 1, the mixture consisted of 200
g of charcoal combined with 30% terracotta clay, 50 g of adhesive, and 60 mL of water.
Treatment 2 included 150 g of charcoal and 40% terracotta clay, while maintaining the same
quantities of adhesive (50 g) and water (60 mL). In Treatment 3, the charcoal content was
reduced to 100 g and the terracotta clay proportion increased to 50%, with adhesive and water
amounts kept constant. Finally, Treatment 4 contained 50 g of charcoal and 60% terracotta
clay, again with 50 g of adhesive and 60 mL of water. This systematic variation in charcoal
and clay proportions allowed for comparative analysis of the formulations while controlling
for adhesive and moisture content. Figure 2 shows formulating treatments.

Figure 2. Manual mixing of treatment ingredients.
The experiment was conducted inside a controlled greenhouse to ensure consistent
temperature, humidity, and sunlight exposure. The greenhouse setting prevented external
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variables such as rainfall, pests, or temperature fluctuations from influencing the experiment.
Figure 3 presents the greenhouse used.

Figure 3. Greenhouse structure used for growing treatments.

Each pot was filled with identical soil composition and planted with seeds of the same
species. Equal depth, spacing, and initial watering were standardized across all pots. The pots
were arranged in a randomized layout to avoid positional bias from sunlight.

Observations were performed weekly over a four-week period, measuring: (1) soil pH
(using pH test kits); (2) moisture levels (using a soil moisture meter); (3) temperature; (4) plant
height (measured in cm using a ruler); (5) plant weight (measured in grams using a digital
scale); and (6) changes in pot durability (incomplete).

The study did not involve human or animal subjects and therefore did not require ethical
approval. All materials used were safe and environmentally compliant.

3. Results
3.1. Soil pH 1 evels

Soil pH was measured weekly for all treatments to monitor temporal changes associated
with the different charcoal-clay formulations, and figure 4 illustrates the measurement
procedure. For each sampling event, soil samples were collected from each treatment under
identical conditions to ensure consistency.

Figure 4. Measurement of soil pH using a digital pH and moisture meter.
The samples were air-dried, homogenized, and mixed with distilled water at a
standardized soil-to-water ratio prior to measurement. A calibrated digital pH meter was used
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to determine the pH values, with calibration performed before each measurement session
using standard buffer solutions. All measurements were conducted in triplicate to enhance
reliability and reduce experimental error. This systematic monitoring enabled the assessment
of pH fluctuations over time and facilitated comparison among treatments.

At the same time, table 1 shows that Treatment 2 maintained the most stable and optimal
pH range (6.0-7.0), suitable for healthy nutrient uptake. Treatment 3 showed elevated
alkalinity, while Treatment 4 became increasingly acidic. Traditional terracotta pots
demonstrated inconsistent fluctuations across the four-week period. below, figure 5 presents
weekly comparison of soil pH under different treatments.

Table 1. Soil pH levels across four weeks.

Treatment Week 1 Week 2 Week 3 Week 4
Traditional clay 5.5 7 6.5 6

Treatment 1
Treatment 2 6.5 6 6 7
Treatment 3 6.3 7.5 7.8 7.2
Treatment 4 5.5 4.5 5 5.5
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Figure 5. Weekly comparison of soil pH under different treatments.

3.2. Soil Moisture Retention

Moisture conditions were recorded weekly using a soil moisture meter. Table 2 indicates
that Treatment 2 consistently retained the most moisture, remaining in the “Wet” or “Wet+”
range throughout the experiment. Traditional clay pots dried the fastest, showing “Dry” or
“Dry+” levels, while Treatments 3 and 4 displayed inconsistent water retention.

Table 2. Soil pH levels across four weeks.

Treatment Week 1 Week 2 Week 3 Week 4
Traditional clay Dry+ Dry+ Dry Dry+

Treatment 1

Treatment 2 Wet+ Wet Wet Wet

Treatment 3 Wet+ Dry Wet Dry

Treatment 4 Wet+ Dry Wet Dry

Figure 6 presents the weekly comparison of soil moisture retention across the different
treatments. Moisture levels were assessed using a standardized four-point scale, where 1
indicates Dry+, 2 represents Dry, 3 corresponds to Wet, and 4 denotes Wet+. This coding
system enabled consistent monitoring of relative moisture conditions over time and facilitated
comparison of water retention performance among the treatments throughout the
experimental period.
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Figure 6. Weekly comparison of soil moisture retention under different treatments.

3.3. Temperature Observations

Temperature remained uniform across all treatments because the experiment was
conducted in the same greenhouse environment. Table 3 confirms that temperature did not
contribute to differences in plant growth performance.

Table 3. Soil pH levels across four weeks.
Treatment Week 1 Week 2 Week 3 Week 4
All Treatments 33°C 36°C 37°C 37.5°C

Figure 7 illustrates the weekly temperature measurements recorded throughout the
experimental period for all treatments. These data provide an overview of temperature
variations over time and ensure that environmental conditions remained comparable during
the study.
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Figure 7. Weekly temperature measurements.

3.4. Plant Height

Treatment 2 produced the tallest plants, with a final average height of 20 cm. Table 4
summarizes the height differences among all treatments, showing Treatment 4 as the lowest
performer.

Table 4. Final plant height.

Treatment Height (cm)
Traditional clay 15

Treatment 1

Treatment 2 20

Treatment 3 16

Treatment 4 14

Figure 8 presents the final height of plants measured at the end of the experimental
period across all treatments. These results provide a comparative overview of plant growth
performance and reflect the overall effect of the different charcoal-clay formulations on
vegetative development.
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Figure 8. Height of plants at the end of the experiment.

3.5. Plant Weight

Treatment 2 also produced the highest plant weight at 4.0 g, followed by Treatment 3
(3.5 g) and Treatment 1. Treatment 4 recorded the lowest value. At the same time, figure 9
demonstrates visual data on weight of plants at the end of the experiment.

Table 4. Final plant weight.

Treatment Weight (g)
Traditional Clay 3.2

Treatment 1

Treatment 2 4.0

Treatment 3 3.5

Treatment 4 3.0

Weight (g)

W Traditional Clay [l Treatment 1 B Treatment 2 Treatment 3 Treatment 4
Figure 9. Weight of plants at the end of the experiment.

Therefore, the results demonstrate that Treatment 2 provided the most favorable
growing conditions among all formulations. It maintained a stable and optimal soil pH range
(6.0-7.0), consistently retained higher moisture levels, and produced the greatest plant height
(20 cm) and weight (4.0 g) at the end of the experiment. In contrast, Treatments 3 and 4
showed greater pH fluctuations and inconsistent moisture retention, while traditional clay
pots dried more rapidly and demonstrated variable performance. Since temperature
conditions remained uniform across all treatments, differences in plant growth can be
attributed primarily to the effects of the charcoal-clay compositions.

4. Discussion

This study evaluated the effectiveness of charcoal-based plant pots formulated with rice
husk biochar as a sustainable alternative to traditional terracotta pots, focusing on soil
moisture retention, pH stability, temperature effects, plant growth performance, material
durability, and optimal formulation ratios. The discussion is structured according to the
research questions outlined in the study.

The results indicate that Treatment 2 outperformed traditional terracotta pots in
maintaining soil moisture and stabilizing soil pH throughout the experimental period.
Traditional terracotta pots frequently reached “Dry” or “Dry+” conditions, consistent with
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previous reports that unmodified clay pots exhibit high evaporative loss due to their porous
matrix (Anikwe & Nwobodo, 2018). In contrast, pots incorporating rice husk biochar retained
moisture at “Wet” or “Wet+” levels, supporting literature that highlights biochar’s high
surface area and porosity as mechanisms for enhanced water-holding capacity in soil
amendments (Kang et al, 2022). These hydrological benefits of biochar have been
demonstrated across multiple soil types and plant systems, indicating its potential to improve
water availability under water-limited conditions (Agegnehu et al., 2021).

Soil pH measurements showed that Treatment 2 maintained an optimal range of 6.0-7.0,
which aligns with the pH levels associated with improved nutrient availability and plant uptake
reported in agronomic biochar studies (Mukherjee & Lal, 2013). Higher charcoal
concentrations tended to increase alkalinity, while pots with greater clay proportions exhibited
more acidic conditions, suggesting that the buffering capacity of biochar can moderate soil
pH but is sensitive to the amendment ratio. Traditional terracotta pots displayed inconsistent
pH fluctuations, indicating limited intrinsic capacity to stabilize soil chemistry compared to
biochar-enhanced media. These results corroborate findings that biochar amendments can
improve soil pH homeostasis, particularly in acidic soils, through increased cation exchange
capacity and alkaline surface functional groups (Yao et al., 2025).

Temperature measurements remained uniform across all treatments due to the
controlled greenhouse environment, confirming that temperature did not significantly
contribute to the observed differences in plant growth. This reinforces previous assertions
that moisture and chemical soil properties, rather than thermal variation, are the primary
drivers of plant performance in controlled environments (Gonzalez-Garcia et al., 2023).

Plant growth performance metrics demonstrated that Treatment 2 produced the tallest
and heaviest plants, with mean height (20 cm) and weight (4.0 g) exceeding those of plants
grown in traditional terracotta pots. These improvements can be attributed to the synergistic
effects of consistent moisture availability and stable soil pH, which are critical factors for
efficient nutrient uptake and root development (Feng et al., 2025; Jamil et al., 2022).
Comparable studies have shown that biochar amendments can promote vegetative growth
and biomass accumulation, especially when incorporated at optimal rates that enhance soil
physical and chemical properties (Lv et al., 2023).

In contrast, treatments with either excessive charcoal or excessive clay exhibited reduced
growth performance. High charcoal content may have altered nutrient balance or adsorbed
critical ions, while high clay content could increase soil compaction and acidity, both of which
may impede root penetration and nutrient mobility. These observations are consistent with
reports that biochar benefits are dose-dependent and that overly high proportions can lead
to nutrient immobilization or physical constraints on roots (Jeffery et al., 2017; Kammann et
al., 2017).

Durability under varying environmental conditions such as prolonged moisture exposure
and sunlight was included within the scope of this study; however, the four-week observation
period was insufficient to evaluate long-term structural performance. While short-term
assessments provided insights into soil conditions and early plant growth, they did not capture
potential cracking, deformation, or material degradation that may occur under extended
outdoor exposure. Long-term durability testing is recommended for future research,
consistent with calls in the literature for multi-season and field-based evaluations of biochar
composites to assess structural resilience under environmental stressors (Joseph et al., 2020).

Among the four formulations tested, Treatment 2 (150 g charcoal, 40% terracotta clay,
50 g natural adhesive, and 60 mL water) emerged as the most effective. This ratio balanced
porosity for moisture retention with sufficient strength and shape stability. Formulations with
higher charcoal content lacked structural firmness, while higher clay content diminished
biochar’s functional advantages. These findings underscore the importance of optimizing
amendment ratios to achieve synergistic performance, echoing recommendations from other
studies that appropriate biochar-clay proportions are critical to maximizing both physical and
agronomic benefits (Beusch, 2021).

Future research should extend durability evaluations to outdoor conditions, including
prolonged rainfall and solar exposure, to better simulate real-world usage. Testing alternative
natural adhesives and diverse biochar sources may further enhance material strength and
performance. Expanding the study to include multiple plant species and longer growth
periods would improve the generalizability of these findings. Additionally, exploring
variations in pot thickness and design could optimize water retention and structural stability,
as suggested by recent innovations in biochar-based ceramics (Yao et al., 2025).

To sum up, the findings of this study demonstrate that charcoal-based plant pots,
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particularly those formulated with a balanced ratio of rice husk biochar and terracotta clay,
offer significant advantages over traditional terracotta pots. They provide improved soil
moisture retention, stable pH conditions, and enhanced plant growth performance, without
being influenced by temperature variations in a controlled environment. Optimizing the
charcoal-to-clay ratio is essential to achieve both functional and structural benefits, while
treatments with excessive charcoal or clay compromise either strength or soil functionality.
This means that these results highlight the potential of biochar-based pots as a sustainable
and effective alternative for horticultural applications, with promising implications for future
material innovation and plant cultivation practices.

5. Conclusions

This study evaluated charcoal-based plant pots formulated with rice husk biochar and
terracotta clay as sustainable alternatives to traditional pots. Among the three formulations
tested, Treatment 2 consisting of 150 g charcoal, 40% terracotta clay, and 50 g natural
adhesive consistently produced the best outcomes across all measured variables. This
treatment maintained optimal soil pH stability, demonstrated superior moisture retention, and
yielded the tallest plants and highest weight at the end of the four-week growing period.

The use of biochar improved the physical environment of the soil by enhancing aeration
and water-holding capacity, which contributed to healthier plant development. Compared to
traditional terracotta pots, charcoal-based pots reduced nutrient loss, maintained more
consistent moisture levels, and increased plant growth performance. These results indicate
that biochar-integrated plant pots are not only effective for plant cultivation but also align
with sustainable agricultural practices by reusing agricultural waste and reducing reliance on
non-biodegradable materials.

Opverall, this study demonstrates that the integration of rice husk biochar into plant pot
production has strong potential for horticultural and agricultural applications. Further
research is recommended to explore long-term durability, biodegradation behavior, and
performance across multiple plant species and outdoor environments

Author Contributions: Conceptualization: All authors; Methodology: All authors; Greenhouse
Construction: All authors; Data Collection: All authors; Analysis: All authors; Writing Original Draft:
All authors; Writing Review & Editing: All authors. All authors have reviewed and approved the final
manuscript.

Funding: This research received no external funding and was conducted as an academic requirement
for the Technology Management Program at Cebu Technological University.

Acknowledgments: The authors would like to express their sincere appreciation to Dr. Vie Leslie
Atanoza for the guidance and academic support provided throughout the duration of the research.

Conflicts of Interest: The authors declare no conflict of interest.

References

Agegnehu, G., Amede, T., Erkossa, T., Yirga, C., Henty, C., Tyler, R., ... Sileshi, G. W. (2021). Extent and management of acid soils for
sustainable crop production system in the tropical agroecosystems: a review. Acta Agriculturae Scandinavica, Section B — Soil & Plant
Science, 71(9), 852-869. https://doi.org/10.1080/09064710.2021.1954239

Anikwe, M. A., & Nwobodo, K. C. (2002). Long term effect of municipal waste disposal on soil properties and productivity of sites used
for urban agriculture in Abakaliki, Nigetia. Bioresource technology, 83(3), 241-250. https://doi.org/10.1016/s0960-8524(01)00154-7

Beusch, C. (2021) Biochar as a Soil Ameliorant: How Biochar Properties Benefit Soil Fertility — A Review. Journal of Geoscience and
Environment Protection, 9, 28-46. DOI: 10.4236/gep.2021.910003

Feng, R., Wang, S., Ma, J., Wang, N., Wang, X., Ren, F., ...Li, L. (2025). Nutrient Additions Regulate Height Growth Rate but Not
Biomass Growth Rate of Alpine Plants Through the Contrasting Effect of Total and Available Nitrogen. Plants, 14(7), 1143.
https://doi.otg/10.3390/plants14071143

Gonzilez-Garcia, M. P., Conesa, C. M., Lozano-Enguita, A., Baca-Gonzalez, V., Simancas, B., Navarro-Neila, S., ...Del Pozo, J. C.
(2023). Temperature changes in the root ecosystem affect plant functionality. Plant communications, 4(3), 100514.
https://doi.org/10.1016/j.xplc.2022.100514

Jamil, N., Kootstra, G., & Kooistra, L. (2022). Evaluation of Individual Plant Growth Estimation in an Intercropping Field with UAV
Imagery. Agricultnre, 12(1), 102. https:/ /doi.org/10.3390/agticulture12010102

Jeffery, S., Abalos, D., Prodana, M., Bastos, A. C,, van Groenigen, J. W., Hungate, B. A., & Verheijen, F. (2017). Biochar boosts tropical
but not temperate crop yields. Environmental Research Letters, 12, 053001. DOI: 10.1088/1748-9326/aa67bd

Joseph, S., Pow, D., Dawson, K., Rust, J., Munroe, P., Taherymoosavi, S., Mitchell, D. R. G., Robb, S., & Solaiman, Z. M. (2020). Biochar
increases soil organic carbon, avocado yields and economic return over 4 years of cultivation. Science of The Total Environment, 724,

138153. https://doi.org/10.1016/j.scitotenv.2020.138153

JEIME Vol.3 Issue 4 https://journals.eikipub.com/index.php/[EIME/index 21



https://journals.eikipub.com/index.php/JEIME/index

HEIKI European Institute Journal of Economics, Innovative Management, @
of Knowledge & Innovation and Entrepreneurship (JEIME) ISSN: 3029-0791 1

Kammann, C., Ippolito, J., Hagemann, N., Borchard, N., Cayuela, M. L., Estavillo, J. M., ... Wrage-M6nnig, N. (2017). Biochar as a tool
to reduce the agricultural greenhouse-gas burden — knowns, unknowns and future research needs. Journal of Environmental Engineering
and Landscape Management, 25(2), 114-139. https://dol.org/10.3846/16486897.2017.1319375

Kang, M. W., Yibeltal, M., Kim, Y. H., Oh, S. |, Lee, J. C., Kwon, E. E.; & Lee, S. S. (2022). Enhancement of soil physical properties
and soil water retention with biochar-based soil amendments. The Science of the total environment, 836, 155746.
https://doi.org/10.1016/j.scitotenv.2022.155746

Koziot, A., Paliwoda, D., Mikiciuk, G., & Benhadji, N. (2024). Biochar as a Multi-Action Substance Used to Improve Soil Properties in
Horticultural and Agticultural Crops — A Review. Agriculture, 14(12), 2165. https://doi.org/10.3390/agriculture14122165

Lehmann, J., & Joseph, S. (2015). Biochar for environmental management: Science, technology and implementation (2nd ed.). Routledge.
https://doi.org/10.4324/9780203762264

Lv, Y., Xu, L., Guo, X,, Liu, J., Zou, B, Guo, Y., Zhang, Y., Li, H., Zheng, G., Guo, Y., & Zhao, M. (2023). Effect of Biochar on Soil
Physiochemical Properties and Bacterial Diversity in Dry Direct-Seeded Rice Paddy Fields. _Agromomy, 13(1), 4.
https://doi.org/10.3390/agronomy13010004

Mukherjee, A., & Lal, R. (2013). Biochar Impacts on Soil Physical Properties and Greenhouse Gas Emissions. Agronomy, 3(2), 313-339.
https://doi.org/10.3390/agronomy3020313

Orge, R. F., & Abon, J. E. O. (2012). Design improvement of the PhilRice continuous-type rice hull carbonizer for biochar production
towards sustainable agriculture. OID.A International Journal of Sustainable Development, 5(8), 83-96.

Piyathissa, S. D. S., Kahandage, P. D., Namgay, Zhang, H., Noguchi, R., & Ahamed, T. (2023). Introducing a Novel Rice Husk
Combustion Technology for Maximizing Energy and Amorphous Silica Production Using a Prototype Hybrid Rice Husk Burner
to Minimize Environmental Impacts and Health Risk. Energies, 16(3), 1120. https://doi.otg/10.3390/en16031120

Shyam, S., Ahmed, S., Joshi, S. J., & Sarma, H. (2025). Biochar as a Soil amendment: implications for soil health, carbon sequestration,
and climate resilience. Discover Soil, 2, 18. https://doi.org/10.1007/s44378-025-00041-8

Yao, J., Wang, X., Hong, M., Gao, H., & Zhao, S. (2025). Response of soil pH to biochar application in farmland across China: a meta-
analysis. Peer], 13, €19400. https://doi.org/10.7717/ peetj.19400

JEIME Vol.3 Issue 4 https://journals.eikipub.com/index.php/[EIME/index 22



https://journals.eikipub.com/index.php/JEIME/index

