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Impacts of the Expanded Irrigation Service on Carbon Sequestration
in Tea Plantations: A Case Study Based on CO: Flux Measurements
Using the Static Chamber Method
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Abstract

Human-induced greenhouse gas emissions, particularly carbon dioxide (CO-), are widely
recognized as major contributors to global climate change. Nature-based solutions such as
photosynthesis offer viable pathways for atmospheric CO: removal, however, the carbon
sequestration potential of agricultural systems remains underexplored and insufficiently
quantified. The Ministry of Agriculture (Taiwan) aims to reduce greenhouse gas emissions from
the agricultural sector by at least 50% by 2040, guided by four strategic pillars: mitigation,
sequestration, circularity, and green transition. When emission reduction reaches technological
and practical limits, carbon sequestration or capture is considered a viable strategy to offset
residual emissions in the pursuit of net-zero goals. Tea (Camellia sinensis), as a woody perennial
crop with high biomass and a long life cycle, presents a promising potential for carbon uptake.
While existing studies often rely on allometric models to indirectly estimate carbon
sequestration, such approaches are constrained by multiple assumptions. This study explores
the application of the static chamber method—commonly used in rice paddies for greenhouse
gas flux measurement—for directly assessing CO- flux in tea plantations. This method, though
still relatively uncommon in tea-related studies, may provide more accurate and site-specific
data than traditional estimation models. This study conducted CO: flux monitoring on three
types of farmland within the Expanded Irrigation Service Promotion Area in Dongshan
Township, Yilan County, Taiwan: (1) a tea plantation equipped with an irrigation system and
managed with proper irrigation practices, (2) a rainfed tea plantation, and (3) adjacent fallow
land. From November 2024 to September 2025, gas sampling was carried out monthly under
fair weather conditions. Samples were stored under refrigeration and analyzed within two weeks
using gas chromatography with a thermal conductivity detector (GC-TCD) to ensure data
accuracy and reliability. Preliminary results showed that the well-irrigated tea plantation had
greater CO: uptake than the rainfed one, while the fallow land exhibited net CO: emissions.
These findings suggest that “Expanded Irrigation Service Policy” may enhance carbon
sequestration in addition to their primary goal of improving crop yield stability, thus
highlighting their ancillary benefits in climate mitigation. While the static chamber method
proved feasible in this context, challenges such as data variability and operational limitations
were encountered. These technical insights offer valuable guidance for improving future
experimental designs and instrumentation protocols. Overall, this study demonstrates that well-

developed farmland irrigation infrastructure and optimized irrigation management have the
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potential to positively influence the carbon sequestration capacity of tea plantations, further
underscoring the critical role of agricultural engineering and farmland water management in

sustainable development and climate adaptation strategies.
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