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Carbon Dioxide Sequestration Capability of Wollastonite in 
Agricultural Use 

1. Introduction 

The escalating levels of atmospheric carbon dioxide (CO2) are a primary driver of global climate 
change, leading to significant environmental and societal challenges. The scientific community 
has concluded that reducing greenhouse gas emissions and actively removing CO2 from the 
atmosphere are crucial to mitigating these effects. Agriculture, while a source of greenhouse 
gas emissions, also holds significant potential for carbon sequestration, turning soils into 
valuable carbon sinks. Various approaches are being explored to enhance this potential, 
including innovative soil management practices and applying specific minerals that can facilitate 
capturing and storing atmospheric CO2. Among these promising solutions is the use of 
Wollastonite. This naturally occurring calcium silicate mineral has garnered attention for its 
capacity to enhance rock weathering and sequester carbon dioxide in agricultural settings. This 
report aims to comprehensively analyze Wollastonite's carbon dioxide sequestration capabilities 
when utilized in agriculture, drawing upon current research and outlining its mechanisms, 
effectiveness, benefits, and practical considerations. 

2. Understanding Wollastonite: Mineralogy and Properties 

Wollastonite is a versatile industrial mineral with a relatively simple chemical composition. Its 
chemical formula is primarily calcium metasilicate, denoted as CaSiO3 1. At the elemental level, 
it is composed of calcium (Ca), silicon (Si), and oxygen (O) 3. While the ideal formula represents 
a pure form, natural Wollastonite can often contain minor amounts of other elements such as 
iron, magnesium, manganese, aluminum, potassium, sodium, or strontium, which can substitute 
for calcium within its mineral structure 4. In terms of weight percentage, pure Wollastonite 
consists of approximately 48.3% calcium oxide (CaO) and 51.7% silicon dioxide (SiO2) 1. This 
specific chemical makeup is fundamental to understanding how Wollastonite interacts with the 
environment and facilitates carbon sequestration. 
 
The mineral exhibits an inosilicate structure, characterized by infinite chains of tetrahedra that 
share common vertices 1. These chains run parallel to the b-axis of the crystal structure, and the 
repeating unit in Wollastonite consists of three such tetrahedra, a feature that distinguishes it 
from the pyroxene group of minerals, where the chain motif repeats after only two tetrahedra 1. 
Wollastonite exists in several polymorphic forms, the most common being triclinic (Wollastonite-
1A) and monoclinic polytype (Wollastonite-2M) 1. These polytypes differ slightly in their crystal 
lattice parameters and stability under varying temperature and pressure conditions. 
 
Several physical properties of Wollastonite are particularly relevant to its agricultural 
applications. Typically, it appears as a white mineral, although impurities can lead to variations 
in color, including gray, cream, brown, pale green, or red 1. Its hardness on the Mohs scale 
ranges from 4.5 to 5, indicating a moderate resistance to scratching 1. The density of 
Wollastonite generally falls between 2.8 and 3.1 g/cm³ 2. A notable characteristic is its tendency 
to occur in acicular (needle-like) or fibrous shapes 5. This morphology is advantageous for its 
use in enhanced rock weathering as it provides a high surface area, which promotes chemical 
reactions 10. Furthermore, Wollastonite exhibits a relatively high pH, which plays a role in its 
ability to neutralize soil acidity 10. These mineralogical and physical attributes collectively 
contribute to Wollastonite's effectiveness in carbon dioxide sequestration and its beneficial 
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impacts on agricultural soils. 

3. The Mechanism of Carbon Dioxide Sequestration by Wollastonite in 
Agricultural Soils 

The application of Wollastonite in agriculture for carbon dioxide sequestration is primarily based 
on the principle of enhanced rock weathering (ERW). ERW is a strategy that aims to accelerate 
the natural process by which rocks break down and react with atmospheric CO2, leading to the 
long-term storage of carbon 11. By grinding Wollastonite into fine particles and spreading it 
across agricultural fields, the surface area available for reaction is significantly increased, 
thereby speeding up the weathering process 11. This method can be readily integrated into 
farming practices using conventional agricultural equipment 11. 
 
The chemical reactions in this process are initiated when atmospheric carbon dioxide dissolves 
in rainwater, forming weak carbonic acid (H2CO3) 11. This carbonic acid then reacts with 
Wollastonite (CaSiO3) in the soil. The primary reaction can be represented as: CaSiO3 (s) + 
2H2CO3 (aq) → Ca²⁺ (aq) + 2HCO₃⁻ (aq) + H2SiO3 (aq). This reaction leads to the release of 

calcium ions (Ca²⁺) and bicarbonate ions (HCO₃⁻) into the soil solution, along with silicic acid 
(H2SiO3), which can further break down into silica (SiO2) 11. The bicarbonate ions are soluble 
and can be transported through the soil and eventually to water bodies, including oceans, where 
they contribute to long-term carbon storage. Furthermore, in soils and shallow waters, these 
bicarbonates can react with calcium ions to precipitate as stable carbonate minerals, such as 
calcite (CaCO3): Ca²⁺ (aq) + 2HCO₃⁻ (aq) → CaCO3 (s) + H2O (l) + CO2 (g) 11. This formation 
of stable carbonate minerals effectively locks away the carbon for extended periods, potentially 
for millennia 11. 
 
Various soil conditions and biological activities influence the rate and extent of these reactions. 
Soil pH plays a crucial role; generally, more acidic conditions enhance Wollastonite weathering 
15. Moisture content is also essential as water is the reaction medium. Temperature can affect 
the kinetics of the weathering process, with higher temperatures generally leading to faster 
reaction rates 23. The presence of plant roots and associated microorganisms can further 
influence weathering. Plant roots release exudates, including organic acids, which can 
contribute to the breakdown of minerals 15. Notably, the nitrogen fixation process by leguminous 
plants releases protons (H+) into the soil, accelerating the dissolution of Wollastonite and the 
subsequent formation of calcium carbonate 15. Therefore, the effectiveness of Wollastonite in 
sequestering carbon dioxide is not a uniform process but is dynamically influenced by a 
complex interplay of environmental and biological factors within the agricultural soil ecosystem. 

4. Impact of Wollastonite on Soil Chemistry and Fertility 

The application of Wollastonite to agricultural soils significantly impacts their chemical 
properties, particularly in neutralizing acidity and enhancing nutrient availability, thereby 
contributing to improved soil fertility. 
 
One of the primary effects of Wollastonite is its ability to neutralize soil acidity. The calcium 
component of Wollastonite reacts with acidic compounds in the soil, raising the pH 11. This 
liming effect is comparable to traditional agricultural lime (calcium carbonate), making 
Wollastonite a viable substitute for managing soil pH 11. Research suggests that approximately 
1.2 times the amount of Wollastonite is needed to achieve a similar pH adjustment as lime 18. 
This ability to counteract soil acidity is crucial as many agricultural regions suffer from acidic 
conditions that can limit plant growth and nutrient uptake. 
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Furthermore, the weathering of Wollastonite releases essential plant nutrients into the soil. 
Calcium, a significant component, is vital for various plant physiological processes 11. 
Additionally, Wollastonite is a significant silicon source that plays a crucial role in plant health 11. 
Silicon strengthens plant cell walls, enhancing their resistance to pests, diseases (such as 
powdery mildew), and environmental stresses like drought 11. Besides calcium and silicon, 
Wollastonite can contain and release other beneficial micronutrients like magnesium, iron, and 
potassium, further enriching the soil 17. This release of essential nutrients significantly improves 
soil fertility and potentially reduces the need for synthetic fertilizers 11. 
 
The weathering process of Wollastonite can also influence the soil's cation exchange capacity 
(CEC) by forming secondary minerals 32. Changes in the CEC can affect the soil's ability to 
retain and supply nutrients to plants. The interaction between Wollastonite application and soil 
organic carbon (SOC) is complex. While improved plant growth due to Wollastonite can lead to 
increased carbon inputs into the soil, some studies suggest that increased soil pH from 
Wollastonite application might stimulate the decomposition of existing SOC 32. This indicates 
that the long-term effects on SOC require further investigation to fully understand the overall 
carbon balance in agricultural systems amended with Wollastonite. 

5. Influence of Wollastonite on Plant Growth and Crop Yields 

Research has consistently demonstrated that applying Wollastonite in agricultural soils can 
positively influence plant growth and crop yields across various plant species 15. Studies have 
reported significant increases in plant biomass and yield in crops such as beans, corn, soybean, 
alfalfa, pumpkin, squash, and rye 15. For instance, one study observed a remarkable 177% 
increase in the dry biomass weight of beans, a 59% increase in plant height, and a 90% 
increase in the dry biomass weight of corn grown in Wollastonite-amended soil 15. Another study 
reported a two-fold increase in soybean yield in plots treated with Wollastonite 19. These findings 
highlight the potential of Wollastonite to enhance agricultural productivity. 
 
The mechanisms behind these improvements are multifaceted. The release of silicon from 
weathering Wollastonite plays a crucial role in bolstering plant health and resilience 11. By 
strengthening plant cell walls, silicon makes plants more resistant to various biotic and abiotic 
stresses, including attacks from pests and diseases, drought, and extreme temperatures 11. The 
improved availability of calcium and other essential nutrients released during Wollastonite 
weathering also enhances plant vigor and growth 11. 
 
It is worth noting that the effects of Wollastonite application may vary depending on the specific 
type of plant. Some research suggests that legumes, in particular, may benefit significantly from 
Wollastonite amendment 15. This could be attributed to the synergistic effect between the proton 
release during nitrogen fixation in legumes and the dissolution of Wollastonite, leading to 
increased nutrient availability and carbon sequestration. Understanding these interactions is 
important for tailoring Wollastonite application strategies to maximize benefits for different crops. 

6. Quantifying Carbon Sequestration Rates and Capacity 

Quantifying the rate and capacity of carbon dioxide sequestration by Wollastonite in agricultural 
soils is crucial for assessing its potential as a climate change mitigation strategy. Researchers 
employ various methods to measure this, primarily focusing on the accumulation of total 
inorganic carbon (TIC) in the soil and the alkalinity of soil porewater 15. Thermogravimetric 
analysis (TGA) is also used to confirm the formation of carbonate minerals, which represent the 
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sequestered carbon 15. 
 
Studies have reported varying carbon sequestration rates depending on experimental 
conditions, soil type, and plant presence. One notable study found that soil amended with 
Wollastonite and cultivated with beans showed a total inorganic carbon (TIC) accumulation of 
0.606 ± 0.086%, which translates to a carbon dioxide sequestration rate of 12.04 kg of CO2 per 
tonne of soil per month. This rate was nine times higher than in soil without Wollastonite 
amendment 15. Another study reported a carbon dioxide sequestration rate of 0.08 kg CO2 per 
square meter per month at the optimum Wollastonite dosage 19. Furthermore, it has been 
estimated that Wollastonite has the potential to capture up to 620 kg of CO2 for every tonne 
applied to the soil 18. By replacing one tonne of limestone with Wollastonite, up to 1000 kg of 
CO2 emissions can be avoided and removed from the atmosphere, considering both the 
captured CO2 and the prevention of CO2 release from lime breakdown 18. 
 
Several factors influence these sequestration rates. The application rate of Wollastonite is a 
primary factor, with higher rates potentially leading to greater carbon capture. However, 
optimization is needed to avoid any adverse effects on soil or plants 11. The particle size of the 
Wollastonite is also critical; finer particles have a larger surface area, which enhances their 
reactivity and thus accelerates weathering and carbon sequestration 11. Soil type, particularly its 
initial pH and mineral composition, can affect the weathering rate 34. Climatic conditions such as 
temperature and rainfall significantly drive the chemical reactions involved in weathering 12. 
Certain plant types, especially legumes, can enhance the sequestration process due to root 
exudates and nitrogen fixation 15. Understanding and optimizing these factors are essential for 
maximizing the carbon sequestration potential of Wollastonite in agricultural systems. 

7. Long-Term Stability and Fate of Sequestered Carbon 

A key advantage of using Wollastonite for carbon dioxide sequestration is the long-term stability 
of the captured carbon. The weathering process forms stable carbonate minerals, primarily 
calcite (CaCO3), which can store carbon for thousands to millions of years 11. This permanent 
storage distinguishes enhanced rock weathering from other carbon sequestration methods that 
might have shorter durations of carbon retention. 
 
The bicarbonate ions (HCO₃⁻) produced during the weathering of Wollastonite are soluble in 
water and can leach from the soil into groundwater 11. These ions are eventually transported to 
rivers and the oceans, contributing to the vast reservoir of dissolved inorganic carbon. In the 
oceans, these bicarbonates can further react to form stable carbonate minerals, contributing to 
long-term carbon storage in marine sediments 11. This process also plays a role in ocean 
chemistry by helping to buffer the increasing acidity caused by the absorption of atmospheric 
CO2 11. 
 
While the formation of stable carbonates is the primary pathway for long-term carbon storage, 
the stability of these carbonates can be influenced by soil pH. Calcium carbonate solubility 
increases in more acidic conditions 15. However, applying Wollastonite helps raise soil pH, 
which can mitigate this effect and promote the precipitation and stability of carbonate minerals in 
the soil 11. The continuous weathering of Wollastonite provides a sustained release of calcium 
ions, which can react with bicarbonate ions to form these stable carbonate compounds. Overall, 
using Wollastonite in agricultural soils offers a promising route for achieving long-term and 
stable sequestration of atmospheric carbon dioxide. 
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8. Wollastonite as a Sustainable Alternative to Lime 

From a carbon sequestration perspective, Wollastonite presents itself as a more sustainable 
alternative to traditional agricultural lime (calcium carbonate). The production and use of lime 
can have a carbon footprint. Limestone, the raw material for lime, contains a significant amount 
of CO2 (up to 44% by weight), and this CO2 can be released during the production of lime and 
when lime reacts with the soil 11. It is estimated that lime releases approximately 30% of its 
weight as CO2 when it reacts in the soil 11. 
 
In contrast, Wollastonite does not release CO2 upon weathering. Instead, it actively sequesters 
atmospheric CO2 through the enhanced rock weathering process 11. This fundamental 
difference makes Wollastonite a more climate-friendly option for soil amendment. Studies 
suggest that by replacing limestone with Wollastonite, up to 1000 kg of CO2 emissions can be 
avoided and removed from the atmosphere for every tonne of limestone replaced 18. This 
includes the CO2 captured by Wollastonite and the CO2 emissions prevented by not using lime. 
Another key difference lies in the longevity of their effects on soil pH. While lime can rapidly 
adjust soil pH, its effects may be relatively short-lived 17. Conversely, Wollastonite gradually 
releases alkalinity as it weathers, leading to a more sustained effect on soil pH over multiple 
growing seasons 17. This longer-lasting effect could reduce the frequency of application and 
associated costs for farmers. 
 
Furthermore, Wollastonite offers additional benefits that are not typically associated with lime. 
As it weathers, it releases silicon, an essential nutrient that enhances plant resistance to pests, 
diseases, and environmental stresses 11. Lime does not provide this additional benefit. 
Therefore, Wollastonite can be considered a more comprehensive soil amendment that helps in 
carbon sequestration and pH adjustment and improves plant health and resilience through 
silicon provision. 

9. Practical Considerations for Implementing Wollastonite in Agriculture 

Implementing the use of Wollastonite in agriculture requires careful consideration of application 
rates, methods, economic factors, and the importance of soil testing. 
General recommendations for Wollastonite application rates typically range from 1 to 2 tonnes 
per acre when starting its use 28. However, growers should experiment with higher and lower 
rates to optimize results based on specific crop needs and soil conditions 28. Specific guidelines 
exist for different agricultural applications, such as 6 to 10 lbs per cubic yard in greenhouses, 1 
cup per yard of row at garden seeding, and varying rates for vegetable fields, field crops, and 
turfgrass 28. When substituting Wollastonite for lime to adjust soil pH, it is generally 
recommended to use approximately 1.2 times the amount of Wollastonite to achieve the desired 
Calcium Carbonate Equivalence (CCE) 18. The maximum annual application rate should 
generally not exceed 8900 kg per hectare 28. 
 
Wollastonite can be applied to agricultural fields using standard lime spreaders, which makes its 
adoption relatively straightforward for farmers as it does not require new or specialized 
equipment 11. This ease of application is a significant advantage for the widespread adoption of 
Wollastonite as a soil amendment. 
 
Economic considerations include the cost of mining, grinding, and transporting Wollastonite 11. 
While Wollastonite is relatively abundant and moderately inexpensive, the logistics of large-
scale application can represent a significant expense. However, rebates and farmer programs 
are being implemented to reduce these financial barriers and encourage the adoption of 
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Wollastonite 17. For instance, programs in Ontario, Canada, offer subsidies and even free supply 
of Wollastonite to farmers, with only trucking costs to be covered 17. The consistent supply of 
Wollastonite is also essential, with some suppliers ensuring availability for most of the year 30. 
 
Finally, the importance of soil testing cannot be overstated. Before applying Wollastonite, 
farmers should conduct thorough soil tests to determine their crops' pH, nutrient levels, and 
specific needs 24. This will help determine the appropriate application rate and ensure that 
Wollastonite is used effectively to achieve the desired soil pH and nutrient balance. Regular soil 
testing after application is also recommended to monitor the effects of Wollastonite and make 
any necessary adjustments to future applications. 

10. Co-benefits and Environmental Advantages of Wollastonite Use 

Beyond its primary function of carbon dioxide sequestration, using Wollastonite in agriculture 
offers several co-benefits and environmental advantages that further enhance its sustainability 
and value. 
 
The release of essential plant nutrients, particularly calcium and silicon, from weathering 
Wollastonite can significantly improve nutrient availability in the soil 11. This can lead to a 
reduced need for synthetic fertilizers, which are often energy-intensive and can have negative 
environmental impacts, such as nutrient runoff and greenhouse gas emissions 11. By providing a 
natural source of these nutrients, Wollastonite contributes to more sustainable agricultural 
practices and potential cost savings for farmers. 
The silicon released by Wollastonite enhances plant resistance to various pests and diseases 
11.  
 
This increased natural defense mechanism can reduce the reliance on chemical pesticides and 
fungicides, leading to healthier ecosystems and safer food production 11. 
 
Some research suggests that Wollastonite application can improve soil structure and water 
retention 17. Better soil structure enhances root growth and overall plant health, while improved 
water retention can increase resilience to drought conditions and reduce the need for irrigation. 
 
A crucial environmental advantage of Wollastonite is its potential contribution to ocean 
deacidification 11. The bicarbonate ions produced during the weathering process eventually 
reach the oceans, where they can help to buffer the increasing acidity caused by the absorption 
of atmospheric CO2. This broader environmental impact extends the benefits of Wollastonite 
beyond terrestrial carbon sequestration and agricultural productivity. 
 
Furthermore, studies have indicated that Wollastonite can effectively reduce nutrient leaching, 
particularly phosphorus, from agricultural systems such as container nurseries 31. This is crucial 
for preventing water pollution and maintaining the health of aquatic ecosystems. These co-
benefits and environmental advantages underscore the potential of Wollastonite to contribute to 
more sustainable and resilient agricultural practices while actively mitigating climate change. 

11. Conclusion and Future Research Directions 

In conclusion, the research data overwhelmingly supports the significant potential of 
Wollastonite for carbon dioxide sequestration in agricultural use. Through enhanced rock 
weathering, Wollastonite reacts with atmospheric CO2 to form stable carbonate minerals, 
offering a long-term solution for carbon storage. This process helps mitigate climate change and 
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provides numerous co-benefits for soil health and crop production. Wollastonite effectively 
neutralizes soil acidity, releases essential plant nutrients like calcium and silicon, and enhances 
plant resistance to pests and diseases.  
 
Studies have shown promising carbon sequestration rates and increased crop yields across 
various plant species. Moreover, Wollastonite is a more sustainable alternative to traditional 
agricultural lime, as it does not release CO2 and offers additional advantages, such as silicon 
provision. The practical implementation of Wollastonite in agriculture is feasible using existing 
equipment, although careful consideration of application rates based on soil testing and crop 
requirements is essential. Economic and logistical aspects are being addressed through various 
initiatives aimed at making Wollastonite more accessible to farmers. 
 
Despite these promising findings, several areas warrant further research. Long-term field trials 
are needed across diverse soil types and climates to monitor carbon sequestration rates and 
soil health impacts over extended periods. Investigations into the optimal particle size and 
application methods for different agricultural systems would help maximize efficiency and 
benefits. Comprehensive life-cycle assessments should be conducted to fully evaluate the 
environmental and economic sustainability of Wollastonite use in agriculture.  
 
Further research on the interaction between Wollastonite application and soil organic carbon 
dynamics is crucial for understanding its role in soil carbon management. Additionally, exploring 
the potential of Wollastonite in reducing nutrient leaching from various agricultural systems 
deserves more attention. These future research directions will help to further refine the use of 
Wollastonite in agriculture and fully realize its potential as a key strategy in the fight against 
climate change while promoting sustainable agricultural practices. 
 
Table 1: Summary of Crop Yield Increases with Wollastonite Application 
 

Crop Type Wollastonite 
Application Rate 

Observed Yield 
Increase 

Reference Snippet ID 

Beans Not Specified 177% greater dry 
biomass weight 

15 

Corn Not Specified 59% greater plant 
height; 90% greater dry 
biomass weight 

15 

Soybean 10 kg/m² Two-fold increase in 
yield 

19 

Alfalfa All dosages tested Increased growth in 
height, above-ground 
and root biomass 

19 

Pumpkin 3.13 and 6.25 tons/acre Greatest tissue Si 
concentrations and 
disease resistance 

25 

Squash Not Specified Increased pest and 
disease resistance 

31 

Rye Not Specified Better growth when 
added with nitrogen 
fertilizer 

16 
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Table 2: Reported Carbon Dioxide Sequestration Rates for Wollastonite in Agricultural 
Soils 
 

Soil 
Type/Experiment
al Setup 

Wollastonite 
Application Rate 

Plant Type (if 
applicable) 

CO2 
Sequestration 
Rate 

Reference 
Snippet ID 

Rooftop pot 
experiment 

Not Specified Beans (Phaseolus 
vulgaris L.) 

12.04 kg of 
CO2/tonne 
soil/month (9 times 
higher than 
control) 

15 

Rooftop pot 
experiment 

Not Specified Corn (Zea mays 
L.) 

Lower than with 
beans 

15 

Agricultural soil Optimum dosage Soybean, Alfalfa 0.08 kg 
CO2·m−2·month−
1 

19 

General 1 tonne 
Wollastonite 

Not Applicable Up to 620 kg CO2 
captured 

18 

Replacing 1 tonne 
limestone 

1 tonne 
Wollastonite 

Not Applicable Up to 1000 kg 
CO2 emissions 
avoided and 
removed 

18 
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