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Abstract

Critical zone processes in drylands play a crucial role in the global carbon cycle, and one of the
most important processes is soil CO; efflux at the interface between soils and the atmosphere,
which represents a main pathway for loss of carbon. Predicting the carbon dynamics at this
interface is challenging due to the complexity of belowground processes, which include both
biotic (soil respiration) and abiotic (calcite precipitation) production of CO., as well as transport
processes that include both diffusive and advective components. In this study, we aimed to
investigate the contribution of soil air displacement to soil CO» efflux during pulsed moisture
events (natural rainfall, artificial rainfall, and irrigation) in a shrubland and agricultural site. To
achieve this, we took simultaneous measurements of both diffusion using soil CO;
concentrations (Fick’s Law calculations) and total CO» efflux at the surface (eosFD sensors) and
compared the two. Our results demonstrate that the introduction of water to the soil during
pulsed moisture events immediately increases CO: effluxes, and furthermore, these increases
cannot be attributed to diffusion processes. We show that displacement plays a consistent role in
both agricultural and shrubland sites during various types of pulsed moisture events, highlighting
the importance of transport processes such as displacement in understanding the timing of CO»

release from these soils.
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Introduction

Dryland ecosystems are critical to the global carbon cycle, playing a vital role in the
storage and release of carbon (Poulter et al., 2015). These ecosystems are characterized by a
unique dryland critical zone, which includes the zone of the Earth's surface that extends from the
top of vegetation canopy to the bottom of the groundwater table (Scott & Biederman, 2018).
Drylands, which cover about 40% of the Earth's surface (Guo et al., 2016; Roxburgh & Noble,
2001), rely on both inorganic and organic soil carbon as important carbon pools. In particular,
dryland soils are known for their unique ability to store large amounts of soil inorganic carbon
(SIC), making them key players in the carbon cycle (Gao et al., 2017). One fundamental part of
the dryland carbon cycle is soil CO; efflux, or the release of carbon dioxide from the soil to the
atmosphere (Maier et al., 2011). This process can be a major source of uncertainty in predicting
the carbon dynamics of these ecosystems, as it depends on belowground processes that are less
well studied and can be influenced by a wide range of factors, including temperature, soil
moisture, and land use change (Kumar et al., 2020; Chamizo et al., 2022). Understanding the
mechanisms controlling carbon storage and respiration in drylands is therefore essential for
accurately estimating carbon budgets and assessing the impacts of environmental changes. By
identifying the key drivers of soil CO2 efflux and other components of the dryland carbon cycle,
we can develop more accurate models of carbon storage and release in these systems. This, in
turn, can help us develop more effective strategies for mitigating carbon emissions and managing
global carbon budgets.

Unlike mesic environments, dryland systems experience infrequent and variable
precipitation events followed by chronic shortages of soil moisture (Collins et al., 2014). This

causes drylands to go through only short periods of water sufficiency (Knapp et al., 2008). As a

Reproduced with permission of copyright owner. Further reproduction prohibited without permission.



