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Abstract

Rice is a critical staple crop in Ethiopia, playing a key role in ensuring food security. However, rice production in the country
faces significant challenges, including low seed quality and yield. The application of silicon-rich rice husk biochar has emerged
as a promising approach to address these constraints and improve the sustainability of rice seed production systems. This
comprehensive review synthesizes the current state of knowledge on the use of rice husk biochar as a source of plant-available
silicon to enhance rice seed quality, yield, and stress tolerance in Ethiopian agroecosystems. The manuscript critically evaluates
the existing research on the agronomic, environmental, and socioeconomic impacts of applying silicon-enriched biochar in rice
seed production, and identifies key knowledge gaps and future research priorities. The findings suggest that the integration of
rice husk biochar into rice seed production systems can significantly improve seed germination, vigor, and yield, while also
enhancing nutrient use efficiency and soil health. However, more research is needed to optimize application rates, methods, and
integration with other sustainable management practices. Overall, this review provides important insights to guide the
development of evidence-based strategies for enhancing the productivity and sustainability of rice seed production in Ethiopia.
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1. Introduction

Rice (Oryza sativa L.) is a critical staple food crop in
Ethiopia, playing a key role in ensuring food security and
supporting the livelihoods of smallholder farmers. However,
rice production in the country faces numerous challenges,
including low soil fertility, limited access to high-quality
seeds, and the increasing impacts of climate change. One
promising approach to address these constraints and improve
the sustainability of rice production systems is the application
of silicon-enriched biochar derived from rice husk.

Biochar, a carbon-rich material produced through the py-
rolysis of organic biomass, has gained increasing attention in
sustainable agriculture due to its ability to improve soil fertility,
enhance nutrient use efficiency, and mitigate greenhouse gas
emissions [6]. When produced from rice husk, biochar can also
serve as a valuable source of plant-available silicon (Si), a
beneficial nutrient that plays a crucial role in improving the
growth, yield, and stress tolerance of rice plants [9].

The application of Si-rich rice husk biochar has shown
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promise in enhancing the productivity and sustainability of rice
seed production systems in Ethiopia. Improved seed quality
and yield can contribute to increased food security, while the
environmental and soil health benefits of biochar application
can help to ensure the long-term viability of rice production.
This comprehensive review synthesizes the current state of
knowledge on the use of rice husk biochar as a source of
plant-available silicon to improve rice seed production in
Ethiopia, and identifies key research gaps and future priorities.
This review was conducted through a comprehensive literature
search focusing on the impacts of silicon-rich rice husk biochar
on rice seed production in Ethiopia. Peer-reviewed articles,
conference papers, and government reports were accessed
using databases such as Google Scholar, Scopus, and Web of
Science. Key search terms included "rice husk biochar," "sili-
con,” "rice seed production,” and "Ethiopia." The selected
studies were evaluated for their methodological rigor, focusing
on agronomic, environmental, and socioeconomic impacts.
Data was synthesized to identify common findings, knowledge
gaps, and future research priorities.

2. Impacts of Silicon-Rich Rice Husk
Biochar on Rice Seed Production

2.1. Agronomic Impacts

The application of silicon-enriched rice husk biochar has
been shown to have several positive impacts on the agronomic
performance of rice seed production systems in Ethiopia.
Studies have demonstrated that the addition of biochar can
significantly improve seed germination, seedling vigor, and
overall plant growth and development [4, 10]. This is largely
attributed to the biochar's ability to enhance the availability
and uptake of silicon, a nutrient that plays a crucial role in
strengthening plant cell walls, improving water and nutrient
use efficiency, and enhancing resistance to biotic and abiotic
stresses [8]. In addition to its direct effects on rice plants, the
application of Si-rich rice husk biochar can also improve the
physical, chemical, and biological properties of the soil,
thereby creating a more favorable environment for seed ger-
mination and seedling establishment [5]. Biochar's ability to
increase soil organic matter, cation exchange capacity, and
water-holding capacity, as well as its liming effect, can all
contribute to enhanced soil fertility and plant growth [1].

2.2. Environmental Impacts

The use of Si-rich rice husk biochar in rice seed production
systems can also have significant environmental benefits.
Biochar application has been shown to reduce nutrient losses,
particularly nitrogen and phosphorus, through leaching and
runoff, thereby improving nutrient use efficiency and mini-
mizing the risk of eutrophication in nearby water bodies [3].
Additionally, the carbon sequestration potential of biochar

can help to mitigate greenhouse gas emissions and contribute
to climate change mitigation efforts [12]. Furthermore, the
incorporation of rice husk biochar into the soil can improve
soil health and ecosystem services, such as enhancing soil
biodiversity, increasing water infiltration and storage, and
reducing soil erosion [7]. These environmental benefits can
help to ensure the long-term sustainability of rice seed pro-
duction systems in Ethiopia, which are vulnerable to the im-
pacts of climate change and environmental degradation.

2.3. Socioeconomic Impacts

The application of Si-rich rice husk biochar in rice seed
production systems can also have important socioeconomic
implications for smallholder farmers in Ethiopia. By im-
proving seed quality, yield, and resilience to environmental
stresses, the use of biochar can help to increase food security
and farm incomes, thereby contributing to poverty alleviation
and improved livelihoods [2]. Additionally, the production
and utilization of rice husk biochar can create new economic
opportunities and diversify income streams for rural commu-
nities. The on-farm production of biochar can reduce the need
for costly synthetic fertilizers, while the sale of surplus bio-
char can provide an additional source of revenue for farmers
[11]. Furthermore, the integration of biochar production into
rice processing and value chain activities can enhance the
overall sustainability and profitability of the sector.

3. Research Gaps and Future Priorities

Despite the promising results of using Si-rich rice husk
biochar to enhance rice seed production in Ethiopia, there are
still several knowledge gaps and areas that require further
investigation:

1) Optimization of biochar application rates and methods:
More research is needed to determine the optimal ap-
plication rates and methods (e.g., soil incorporation,
seed coating) of Si-rich rice husk biochar to maximize its
agronomic and environmental benefits in different
rice-growing regions and soil types.

2) Integration with other sustainable management practices:
The synergistic effects of biochar application with other
sustainable rice production practices, such as integrated
nutrient management, conservation agriculture, and the
use of stress-tolerant cultivars, should be explored to
develop comprehensive, context-specific recommenda-
tions for smallholder farmers.

3) Long-term impacts on soil health and ecosystem ser-
vices: While short-term studies have shown positive
effects of biochar on soil properties and ecosystem ser-
vices, there is a need for long-term monitoring to assess
the sustainability of these benefits and their implications
for the resilience of rice seed production systems.

4) Socioeconomic and value chain analyses: Further re-
search is required to understand the economic, social,
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and institutional factors that influence the adoption of
Si-rich rice husk biochar by smallholder farmers, as well
as the potential impacts on rice seed value chains and
overall sectoral development.

5) Upscaling and dissemination strategies: Pilot-scale
studies and demonstrations are needed to develop ef-
fective strategies for the large-scale production, distri-
bution, and adoption of Si-enriched rice husk biochar
among rice-growing communities in Ethiopia.

By addressing these research gaps, future studies can provide

a more comprehensive understanding of the role of Si-rich rice
husk biochar in enhancing the productivity, sustainability, and
resilience of rice seed production systems in Ethiopia, and
inform the development of evidence-based policies and exten-
sion programs to support its widespread adoption.

4. Conclusions

The application of silicon-enriched rice husk biochar has
emerged as a promising approach to improving the produc-
tivity and sustainability of rice seed production systems in
Ethiopia. Existing research has demonstrated the ability of
Si-rich biochar to enhance seed germination, seedling vigor,
and overall plant growth, while also providing environmental
benefits through improved nutrient use efficiency, soil health,
and climate change mitigation. Furthermore, the integration
of biochar into rice seed production can have important so-
cioeconomic impacts, including increased food security, farm
incomes, and economic diversification.

However, to fully realize the potential of this technology,
there is a need for further research to optimize application
rates and methods, integrate biochar with other sustainable
management practices, assess long-term impacts on soil and
ecosystem services, and develop effective upscaling and dis-
semination strategies. By addressing these knowledge gaps,
future studies can provide critical insights to guide the de-
velopment of evidence-based policies and extension programs
that support the widespread adoption of Si-rich rice husk
biochar among smallholder rice farmers in Ethiopia.

Abbreviations

Si Silicon

Author Contributions

Yilikal Melak Assaye is the sole author. The author read
and approved the final manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

96

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

Bista P, Ghimire R, Machado S, Pritchett L (2019) Biochar
impacts on soil properties and wheat biomass vary with ap-
plication rate. Soil Sci Soc Am J 83: 1466-1473.
https://doi.org/10.2136/ss5aj2018.12.0477

Hagos HG, Mulugeta A, Mebratu A (2018) Review on the
impact of biochar on soil physical and chemical properties.
Acta Univ Sapientiae Agric Environ 10: 19-29.
https://doi.org/10.2478/ausae-2018-0002

Ippolito JA, Laird DA, Busscher WJ (2012) Environmental
benefits of biochar. J Environ Qual 41: 967-972.
https://doi.org/10.2134/jeq2012.0022

Kemal Y, Kibret K, Bedadi B, Berecha G (2021) Effects of rice
husk biochar on growth, yield, and nitrogen use efficiency of
rice (Oryza sativa L.) in Fogera plain, northwestern Ethiopia.
Int J Recycl Org Waste Agric 10: 281-293.
https://doi.org/10.1007/s40093-021-00349-2

Laird DA, Fleming P, Davis DD, Horton R, Wang B, Karlen
DL (2010) Impact of biochar amendments on the quality of a
typical Midwestern agricultural soil. Geoderma 158: 443-449.
https://doi.org/10.1016/j.geoderma.2010.05.013

Lehmann J, Joseph S (2015) Biochar for environmental man-
agement: science, technology and implementation. Routledge,
New York.

Lehmann J, Rillig MC, Thies J, Masiello CA, Hockaday WC,
Crowley D (2011) Biochar effects on soil biota - a review. Soil
Biol Biochem 43: 1812-1836.
https://doi.org/10.1016/j.s0ilbi0.2011.04.022

Ma JF (2004) Role of silicon in enhancing the resistance of
plants to biotic and abiotic stresses. Soil Sci Plant Nutr 50:
11-18. https://doi.org/10.1080/00380768.2004.10408447

Matichenkov VV, Calvert DV (2002) Silicon as a beneficial
element for sugarcane. J Am Soc Sugarcane Technol 22:
21-30.

Mekuria W, Abebe Z, Taddesse G, Nigussie H, Melesse AM
(2020) Biochar application increased rice productivity and
reduced nitrogen losses in the Fogera plain, northwest Ethiopia.
Agronomy 10: 1416.
https://doi.org/10.3390/agronomy10091416

Tefera TL, Kibret K, Bedadi B, Berecha G (2021) Effects of
rice husk biochar on selected soil properties and grain yield of
maize in Gimbi district of western Ethiopia. Int J Recycl Org
Waste Agric 10: 37-48.
https://doi.org/10.1007/s40093-020-00342-7

Woolf D, Amonette JE, Street-Perrott FA, Lehmann J, Joseph S
(2010) Sustainable biochar to mitigate global climate change.
Nat Commun 1: 56. https://doi.org/10.1038/ncomms1053


Research%20&%20Development

