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Abstract

Evaluation and understanding of processes affecting atmospheric greenhouse
gas (GHG) concentrations from the soil surface are critical to mitigating global
climate change, particularly from the agricultural sector and the impact of soil-
water regimes. The objectives of this study were to assess GHG [i.e., carbon
dioxide (CO,), methane (CH,), and nitrous oxide (N,O)] emissions, evaluate
soil oxidation-reduction (redox) potential (Eh), and track water-soluble (WS)
nutrient changes under differing water regimes [7.e., flooded (FL), intermittent
wet and dry (IWD), seasonally flooded (SFL)] in silt-loam-textured meso-
cosms in the greenhouse. Soil Eh was measured hourly via redox sensor, GHG
concentrations were collected weekly using vented, closed-chamber sampling
with gas chromatography analysis, and soil samples were collected five times
during the study period from January to April 2025. Greater fluctuations of
GHGs and Eh were observed in IWD and SFL mesocosms. Carbon dioxide
was the only gas with statistical differences among GHG emissions and was
greatest (P < 0.05) from IWD (3.99 Mg-ha™') and the lowest from FL (0.30
Mg-ha™') mesocosms. Water soluble phosphorus was the greatest (4.1 mg-kg™)
from IWD, and the lowest from SFL (3.5 mg-kg™") and FL (3.2 mg-kg™). Water
soluble magnesium and redox-active elements (Ze., manganese, iron, sulfur)
differed (P < 0.05) between water regime and time. Results determined water
management practices can impact biogeochemical processes in multiple ways.
The investigation of soil resource properties under various water regimes
could better inform future management practices to improve nutrient and wa-
ter efficiency, reduce greenhouse gas emissions, and enhance soil health.
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1. Introduction

Atmospheric greenhouse gas (GHG) concentrations have increased since the pre-
Industrial Era due to anthropogenic activities, leading to deleterious impacts of
climate change [1]. Carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N;0) are the GHGs of interest often analyzed as major climate-change contribu-
tors. In the context of soils, soil surface CO, emissions occur as a result of aerobic
microbial and root respiration [2] [3]. Methane emissions from the soil surface
occur from specialized soil microorganisms (e, methanogens) in anaerobic, or
water-logged, conditions [4], and generally only occur after all of the common
electron acceptors in the soil and soil solution [Ze, oxygen (O,), nitrite (NO3 ),
manganese (Mn**), iron (Fe*"), and sulfate (SOi_ )] are depleted [5]. Nitrous oxide
emissions are a result of denitrification, or the reduction of nitrate ( NO; ) or
NO; to dinitrogen (N>), nitrogen monoxide (NO), and/or N,O by soil organisms
in O,-limited to anaerobic conditions [6] [7]. The development of mitigation
practices, aimed to reduce GHGs released from soil, needs to be calibrated to sev-
eral factors within the pedosphere-atmosphere continuum that control GHG pro-
duction and release [8]. Climate change can also affect inputs and outputs of the
water cycle (WC) [9]. Greater temperatures increase evaporation and transpira-
tion rates of plants [9]. Warmer air, caused by the greenhouse effect, can hold
more water vapor, which increases the volume and intensity of rainfall events
leading to more flooded and saturated soils [10]. These changes to the WC can
produce possible feedback loops that affect water regime, rate of microbial respi-
ration, and GHG emissions [11].

Among the environmental parameters affecting biogeochemical processes re-
lated to GHG production in soil, volumetric water content (VWC) and soil oxi-
dation-reduction (redox) potential (Eh) play a fundamental role, creating condi-
tions that can enhance or suppress the production of specific GHGs [12]. Ecosys-
tem hydrology, often described in terms of VWC fluctuations, varies among eco-
systems and climate regions, and is influenced by precipitation, groundwater, bi-
ota, and topography [13]. However, the impact that soil VWC can have on GHGs
can be evaluated and generalized across different ecosystems based on the degree
of soil wetness experienced [8].

The difference in CO, emissions among various water regimes can be attributed
to different decomposition rates at different VWCs, which are also affected by soil
nitrogen (N) availability and biomass production [14]. Water fills soil pores, lead-
ing to soil O, depletion and creates anaerobic conditions [13]. Flooded or satu-
rated conditions limit gas diffusion in the soil and within the flood water at the
soil surface, slowing GHG release from the pedosphere, while dry-soil conditions
can limit the transport of soluble substrates, therefore, both dry and flooded con-
ditions can result in reduced microbial activity and soil respiration [15]. Addi-
tionally, O, absence in saturated soil substantially limits organic material oxida-
tion, decreasing soil respiration rates [16]. Hydrologic regimes characterized by

alternate-wet-and-dry (AWD) phases create fluctuating anaerobic/aerobic condi-
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tions in the soil, promoting soil respiration and the decomposition of soil organic
matter (SOM), consequently affecting the amount of CO, produced and released
into the atmosphere [17]. While anaerobic conditions can favor carbon (C) se-
questration in the topsoil, persistent saturated conditions, at microsites or within
an entire soil profile, can facilitate methanogenic activity and CH, production
[16]. Nitrogen-gas production in the pedosphere requires O, and enough soil
moisture to activate the various enzymatic activities related to nitrification-deni-
trification, in addition to transporting soluble C and N substrates toward micro-
bial communities [18]. Therefore, the alternation of wet and dry soil conditions is
typically conducive of N,O production [18]. Overall, soil moisture conditions
around 60% water-filled pore space (WFPS) maximizes soil respiration, between
80% - 90% WEFPS maximizes nitrification-denitrification, and above 95% WFPS
maximizes methanogenesis [19].

Soil inundated with water can dissolve ionic compounds, affecting not only the
biological components of the pedosphere but also the chemical status of the soil
[13]. Prolonged saturation alters the soil Eh and often creates anaerobic or reduc-
ing conditions [20]. Soil reduction occurs when soils are depleted of O, and mi-
crobial respiration processes utilize alternate electron acceptors other than O; [Ze,,
N, Mn, Fe, sulfur (S), and C] [20]. Soil Eh can estimate the alternative electron
acceptor present in the soil solution [20]. Certain electron acceptors (ie., Mn and
Fe) provide visual evidence of reduction (Ze., redoximorphic features), where ox-
idized Mn will appear black and oxidized Fe will appear reddish, but when re-
duced, both Mn and Fe are colorless and will reveal the soil’s mineral grain color
[20]. Soils with differing degrees of wetness will undergo variable transitional pe-
riods of Eh and redoximorphic features. Saturated soils often require at least two
weeks to develop stable anaerobic or reducing conditions [20]. However, it should
be noted that soil Eh measurements are sensitive to soil texture, humidity, and
measurement method and are spatially variable, even within short distances [21].
Predicted soil Eh for specific electron acceptors also varies among measurement
conditions and is related to the specific microbial community present, creating
difficulties in precisely evaluating the control of soil Eh on GHG emissions [22].
Microbial metabolism is typically aerobic when the soil Eh is >400 mV and be-
comes fully anaerobic around —200 mV or lower, with N, Mn, Fe, and C reduction
occurring from 400 to 0, 400 to 0, 200 to 0, and 0 to —400 mV, respectively [23].

Climate change may result in alterations to soil hydrology, impacting GHG pro-
duction and release, change soil Eh and subsequent chemical reactions, and over-
all impact soil biota, which can further promote climate change [13]. The study of
soil hydrology, GHG, and soil redox status is critical to understanding the impacts
of the aforementioned factors within the pedosphere. Understanding mechanisms
affecting biogeochemical processes responsible for GHG production under differ-
ent soil water regimes, and how the processes are going to be impacted by climate
change, can provide essential guidance to develop tailored mitigation practices.

Therefore, the objectives of this study were 1) to assess GHG (Ze., CO,, CH,,
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and N,O) emissions, 2) evaluate soil Eh variations, and 3) track water-soluble
(WS) nutrient changes under differing water management regimes [ze., flooded
(FL), intermittent wetting and drying (IWD), seasonally flooded (SFL)] in silt-
loam-textured mesocosms in the greenhouse. It was hypothesized that FL meso-
cosms would have greater CH, fluxes and emissions than the other water regimes
due to constant water saturation and potential anaerobic conditions present, lead-
ing to methanogenesis, and reduction of electron acceptors; SFL mesocosms
would have greater N,O fluxes and emissions than the other water regimes due to
the combination of persistent saturated and short-term aerobic conditions that
enhance nitrification-denitrification; and IWD mesocosms would have the great-
est CO, and the least CH, and N,O fluxes and emissions because of greater micro-
bial respiration from a lack of continuous flooding leading to simulated anaerobic
conditions. It was hypothesized that CH, fluxes would be strongly negatively cor-
related with soil Eh in FL mesocosms and that N,O and CO, fluxes would be mod-
erately positively correlated with soil Eh in IWD mesocosms. It was also hypoth-
esized that soluble nutrient concentrations [ie., potassium (K), calcium (Ca),
magnesium (Mg), sodium (Na)] would experience the greatest and lowest de-
crease over time in IWD and FL mesocosms, respectively due to remobilization
processes during drying phases for IWD. It was also hypothesized that redox-ac-
tive elements (Ze., Mn, Fe, S) would experience a greater concentration increase
in the FL mesocosm and a lower concentration increase in IWD, due to more
negative Eh in the FL mesocosm that could force reduction of elements. It was
finally hypothesized that zinc (Zn) and phosphorus (P) concentrations would ex-
perience the greatest decrease in FL mesocosms, and the lowest decrease in IWD,
due to adsorption and precipitation processes commonly occurring in flooded

conditions [20].

2. Materials and Methods

2.1. Soil Collection and Mesocosm Preparation

The study was conducted between January and April 2025 in a greenhouse at the
Agricultural Research and Extension Center (AREC), Fayetteville, AR. Soil was
collected the previous fall from the top 10 cm of a silt-loam soil (fine-silty, mixed,
active, thermic Typic Glossaqualfs) cropped to a rice (Oryza sativa)-soybean ( Gly-
cine max) rotation at the Pine Tree Research Station near Colt in east-central AR
and from a private producer’s silt-loam soil (fine-silty, mixed, active, thermic
Aeric Epiaqualfs) cropped to soybean near Tillar in southeast AR. Moist soil was
sieved through a 6-mm mesh screen to simulate mixing by tillage. As there was
not sufficient mass of soil from either individual soil, the two silt-loam soils were
thoroughly mixed together and air-dried for several weeks on a greenhouse bench
at ~30°C. The two soils shared similar characteristics; therefore, the mixing pro-
cess did not substantially alter physical soil properties.

Twelve, 0.023-m? plastic tubs (ie., mesocosms) were assembled on a single
bench on 30 January, 2025 [day of year (DOY) 30] by thoroughly hand-mixing 20
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kg of the air-dried soil mixture with 3.5 kg of commercially obtained composted
peat and animal manure (Garden Magic Compost and Manure, Michigan Peat
Co, Houston, TX). The organic compost was added to provide enough organic,
labile, C-containing material to stimulate microbial response to the established
soil moisture treatments. The low level of soil fertility commonly observed in in-
tensively cultivated fields could have limited microbial processes if organic addi-
tion was not implemented [1]. The weight and measured volume of the soil-com-
post mixture were used to calculate the soil bulk density (BD) in each mesocosm.
Water-regime treatments (Z.e, IWD, SFL, and FL) were assigned to each meso-
cosm in a completely random design (CRD) with four replicates per water regime.
To monitor soil Eh over time, on 6 February, 2025 (DOY 37), a redox sensor
(Model S650KD-ORP, Sensorex, Garden Grove, CA) was installed in each meso-
cosm in a vertical orientation at a 4-cm depth from the soil surface, while water
content reflectometers (Model CS616, Campbell Scientific, Inc., Logan, UT) were
installed in a horizontal orientation at the 10-cm depth in all mesocosms, except
in the FL treatment replicates, to monitor soil VWC over time. Since FL meso-
cosms were constantly flooded (described below), a reflectometer was not neces-
sary. All the sensors were connected to a datalogger (CR 1000, Campbell Scien-
tific) powered by an external 12-V battery and set to scan the sensors every 5
minutes and record data as an hourly average. Therefore, each sensor recorded 24
data points per day. On 10 February, 2025 (DOY 41), sensors and dataloggers be-
gan recording data.

After sensor installation, a 30-cm diameter by 30-cm tall polyvinyl chloride
(PVC) base collar was installed in each mesocosm to facilitate weekly GHG meas-
urements (described below). Base collars were installed to the bottom of the mes-
ocosms, roughly a depth of 12 c¢m, in a position that did not interfere with the
installed sensors. To allow for water flow in and out of the base collars, each base
collar had four, 12.5-mm-diameter holes at 12 cm up from the beveled bottom.

After base collar installation, the holes were located right at the soil surface.

2.2. Water Regimes

After soil-compost mixture addition, mesocosms were kept visibly moist from 6
to 9 February 2025 (DOY 37 to 40) to allow the soil to settle. On 10 February 2025
(DOY 41), the water-regime treatments were established. The mesocosms under
FL and SFL were flooded on 10, February 2025 (DOY 41). The flood in the FL
mesocosms was maintained at a depth of at least 4 cm until termination of the
study on 3 April 2025 (DOY 93). The flood in the SFL-mesocosms was maintained
at a dept of 4 cm from 10 to 24 February, 2025 (DOY 41 to 55), at which time the
SFL mesocosms were left to dry until 12 March 2025 (DOY 71) for what was con-
sidered the first drying cycle. The flood was re-established in the SFL mesocosms
on 13 March 2025 (DOY 72) and maintained until 26 March 2025 (DOY 85), at
which time the second drying cycle started and lasted until the end of the study
(e, 3 April 2025; DOY 93). The IWD mesocosms were watered to maintain a
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constant VWC of 0.56 cm’-cm™ slightly below saturation (Ze., 0.58 cm®cm™).
Mesocosms under the IWD water regime followed the same wet and dry cycles as
for the SFL mesocosms. All mesocosms were watered on a regular schedule, three
times per week, except during the drying cycles. In order to water the IWD mes-
ocosms, the VWC was measured with a Theta Probe (HH150 Moisture Meter and
SM150T Moisture Sensor, Delta-T Devices, Cambridge, England), then, using the
estimated bulk density, VWC converted to gravimetric water content and then
again to milliliters of water necessary to reach the desired target VWC in each of
the IWD mesocosms. Since no plants were in the mesocosms, evaporation was the
only process of water removal from the mesocosms. A primary and secondary
heating/cooling system kept the diurnal and nocturnal temperature in the green-

house at 31°C and above 22°C, respectively, for the duration of the study.

2.3. Soil Sampling and Analyses

Initial soil properties were characterized after mixing the two silt-loam soils to-
gether, but before the organic compost was added. Three soil sub-samples were
collected from the mixture during the air-drying process. Soil sub-samples were
oven-dried at 70°C for at least 48 hours, mechanically ground, and sieved through
a 2-mm mesh screen. Mehlich-3 extractable soil nutrient concentrations (i.e., P,
K, Ca, Mg, Fe, Mn, Na, §, and Zn) were determined in a 1:10 soil mass:extractant
volume ratio and analyzed by inductively coupled, argon-plasma spectrophotom-
etry (ICAPS; Spectro Arcos ICP, Spectro Analytical Instruments, Inc., Kleve Ger-
many) [24]. Weight-loss-on-ignition after combustion at 360°C for 2 hours [24]
was used to determine SOM concentration.

Additional soil samples were collected from each mesocosm every two weeks
during the study period [ie., 12 and 25 February, 11 and 25 March, and 2 April,
2025 (DOY 43, 56, 70, 84, and 92)] to characterize WS nutrient fluctuations. Two
soil cores were collected in mesocosms on each of the five soil sampling dates us-
ing 5-mm diameter copper tubes. Soil cores were representative of the entire mes-
ocosm soil depth and were collected outside the GHG sampling base collar to
avoid soil disturbance impacting GHG analysis. Samples were oven-dried at 70°C
for at least 48 hours and manually ground in a mortar and pestle and sieved
through a 2-mm mesh screen. Similar to procedures for Mehlich-3-extractable soil
nutrients, WS nutrient (ie, P, K, Ca, Mg, Na, S, Fe, Mn, and Zn) concentrations

were determined in a 1:10 soil mass:water volume ratio and analyzed by ICAPS.

2.4. Greenhouse Gas Measurements

Gas sampling procedure followed the methodology outlined by [25]. Gas sam-
pling occurred weekly from 13 February to 3 April 2025, (DOY 44 to 93) for a
total of eight gas sampling dates. Before sampling, rubber stoppers 1.3 cm in di-
ameter (part #73828A-RB, Voigt Global, Lawrence, KS) were placed in the four
holes at the soil surface in the base collars. A 30-cm-diameter, 10-cm-tall PVC
cap, with a 2.5-cm? fan (MagLev GM1202PFV2-8, Sunon Inc., Brea, CA) installed
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on the underside for headspace gas mixing and 15-cm-long, 0.63-cm-inside-di-
ameter copper refrigerator tube to maintain pressure equilibrium between inside
and outside the chamber, was placed on the base collars, sealed with a rubber flap
to create an air-tight, closed-headspace chamber. Gas samples were collected from
each chamber using a syringe and transferred into a pre-capped, pre-evacuated,
10-mL glass vial (part #5183-4479 and part #5182-0838, Agilent Technologies,
Santa Clara, CA) once every 30 minutes over a period of one hour (Ze, 0, 30, and
60 min). A portable meteorological station (S/N: 182090284, Control Company,
Webster, TX) was used to record the ambient air temperature and barometric
pressure at the start of each sampling event. Gas samples were analyzed using a
Shimadzu GC-2014 ATFSPL 115 V gas chromatograph (GC; Shimadzu North
America/Shimadzu Scientific Instruments Inc., Columbia, MD), with a flame ion-
ization detector coupled with a methanizer for CH, and CO,, and an electron cap-
ture detector for N,O concentrations.

Gas fluxes were determined from the change in gas concentration over the 60-
min measurement interval by determining the best-fit linear regression slope
across the 0-, 30-, and 60-min concentrations for each mesocosm on each sample
date (Microsoft Excel v. 2503, Microsoft, Redmond, WA). The regression slope
was then multiplied by the measured chamber volume and divided by chamber
surface area to obtain gas flux (uL-m *min™') for each gas (ie, CO,, CHy, and
N,O). Following previous studies [26]-[28], fluxes < 0 were reassigned the value
of 1075, which represented the detection limit of the GC-2014. Season-long GHG
emissions (Mg-ha™! for CO,, kg-ha™* for CH, and N,O) were calculated by linear
interpolation between fluxes on consecutive sampling dates for each mesocosm.
Global warming potential (GWP) was calculated for each mesocosm using the

conversion factors of 28 and 265 for CH, and N,O, respectively [1].

2.5. Statistical Analyses

Based on a CRD repeated-measures, a two-factor analysis of variance (ANOVA)
was used to evaluate the effects of water regime (i.e., FL, IWD, and SFL), time (Ze.,
weekly sampling dates), and their interactions on GHG (Z.e., CO,, CH,, and N,O)
fluxes and WS soil nutrient (Ze., P, K, Ca, Mg, Na, S, Fe, Mn, and Zn) concentra-
tions using the ASREML package (version 4.1.0.90) in R (version 4.3.2, R Foun-
dation for Statistical Computing, Vienna, Austria). Water regime and time were
considered fixed effects. Restricted maximum likelihood (REML) was used as the
convergence method for the model, where different distributions (i.e.,, normal and
gamma) and variance-covariance structures (Ze., identity, compound symmetry,
diagonal, autoregressive first and second order, and unstructured) for the residu-
als were evaluated. Each model was assessed with heteroskedasticity and ho-
moskedasticity. The Akaike information criteria (AIC) and the likelihood ratio
test (LRT) were used to determine the best fit. As a result, all response variables
were characterized by a normal distribution and homogeneity of variance, with a

variance-covariance structure of the residuals modeled as identity for the three
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GHGs and all WS nutrients, except for Fe and Mn concentrations whose residuals
were modeled with an autoregressive first order matrix. Each response variable
dataset was complete and balanced and the visual analysis of externally studen-
tized residuals showed no clear outliers.

Wald tests were performed on the best-fit models to extract the ANOV A results
for the fixed effects. Pairwise, multiple comparisons were made using Tukey’s
method. Soil Eh data were extracted from the 1-hr time period during which each
actual GHG sampling occurred for each mesocosms. A simple linear correlation
analysis was performed using JMP (version 14.3.0, SAS Institute, Inc., Cary, NC)
to evaluate the relationships between GHG fluxes, separately by gas, and soil Eh
for each water regime. A one-factor ANOVA was conducted in R to evaluate the
effect of water regime on GHG emissions and GWP. Assumptions for the one-
factor ANOVA were checked using the Shapiro’s test for normality and Levene’s
test for homogeneity of variance. As a result, GHG emissions and GWP were nor-
mally distributed and characterized by homogeneity of variance. Significance for

all tests was judged at P < 0.05.

3. Results and Discussion

3.1. Initial Soil Properties

Soil properties were assessed at the beginning of the study and used to characterize
the soil from an agronomic perspective. Based on general agronomic soil recom-
mendations from the University of Arkansas Division of Agriculture, soil nutrient
concentrations of K (111 mg-kg™) and Zn (2.0 mg-kg™') were sub-optimal, P (35.3
mg-kg™') was optimal, and Ca, Mg, S, and Mn (1214, 280.7, 14.3, and 145.3 mg-kg™!
respectively) were above levels recommended for agricultural practices (Table 1)
[29]. Soil nutrients concentrations determined that the soil represented a typical
Arkansas soil under prolonged cultivation [29]. Iron concentrations were consid-
ered elevated and close to toxic levels for crops (Ze, >300 mg-kg™; Table 1) [29].
The presence of moderately high concentrations of Fe, Mn, and S created an ideal
environment for soil redoximorphic activity [20]. Soil organic matter was low for
row-crop agriculture production (1.6%), where recommendations indicate an
ideal level for agricultural activity to be at or above 2.0% (Table 1) [29]. The ad-
dition of organic compost provided additional C substrate for microbial processes

to occur at a relatively short timescale (Z.e., eight weeks).

3.2. Soil YWC

Reflectometer-recorded VWC for IWD and SFL mesocosms were averaged across
mesocosm replication, and FL mesocosms were reported as 0.56 cm’®cm™ to
represent saturated VWC (Figure 1). Both IWD and SFL mesocosms followed
similar trends, with the magnitude of SFL being consistently greater than IWD.
At the beginning of the study, during the first wet cycle (10 to 24 February; DOY
41 to 55), both IWD and SFL mesocosms’ VWC gradually decreased initially,
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Table 1. Summary of initial soil chemical properties (n = 3) from the silt-loam-soil mixture
used for the 2025 greenhouse study.

Mean

Soil P t
on Froperty (# standard error)

Mehlich-3 extractable nutrients (mg-kg™)

P 35.3(0.7)
K 111 (6)
Ca 1214 (11.6)
Mg 280.7 (2.7)
S 14.3 (0.3)
Fe 210 (1.7)
Na 33.3(0.3)
Mn 145.3 (0.9)
Zn 2.0 (<0.1)
Soil organic matter (%) 1.6 (<0.1)
0.7
IWD
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Figure 1. Soil volumetric water content (VWC) measured at the 10-cm soil depth over time
by day of year (DOY) by water regime [J.e., intermittent wetting and drying (IWD), flooded
(FL), and seasonally flooded (SFL)] for the 2025 greenhouse study.

followed by a more uniform and stabilized trend, possibly due to the assessment
of percolating water within the tubs during the first water applications (Figure 1).
As anticipated, VWC from the IWD and SFL mesocosms decreased throughout
the first drying cycle (25 February to 12 March; DOY 56 to 71) then rapidly in-
creased at the start of the subsequent wet cycle (13 to 26 March; DOY 72 to 85),
and gradually decreased at the final dry cycle until study termination (27 March
to 3 April; DOY 86 to 93; Figure 1). The drying processes in the IWD mesocosms
were visually more rapid than in the SFL mesocosms, highlighting the substantial
difference in environmental conditions between saturated and flooded settings

(Figure 1). Volumetric water contents for IWD and SFL mesocosms were visually
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close in pattern to the inverse of IWD and SFL mesocosm Eh, likely due to the
relationship between VWC and microbial respiration, indirectly linking VWC to
soil Eh (Figure 1; Figure 2) [13] [23].

500
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Figure 2. Soil oxidation-reduction potential (Eh) measured at the 4-cm soil depth over time
by day of year (DOY) by water regime [i e, intermittent wetting and drying (IWD), flooded
(FL), and seasonally flooded (SFL)] for the 2025 greenhouse study. Dashed lines around
the solid line in each panel represent the 95% upper and lower confidence interval of the

mean.

3.3.Soil Eh

Evaluation of soil Eh in each mesocosm resulted in visual and numeric similarities
among IWD and SFL mesocosms that were characterized by wider fluctuations
compared to the more constant Eh from FL mesocosm (Figure 2). Between the
IWD and SFL mesocosms, as was observed for the VWC patterns, the magnitude
of IWD fluctuations in soil Eh was numerically greater than that of SFL (Figure
2). Soil Eh from IWD and SFL mesocosms initially experienced a decreasing trend
following the first wetting phase (10 to 24 February; DOY 41 to 55), then increased
during the first drying phase (25 February to 12 March; DOY 56 to 71) followed
by another Eh decrease during the subsequent wetting phase (13 to 26 March;
DOY 72 to 85), and finally increased throughout the final drying phase (27 March
to 3 April; DOY 86 to 93; Figure 2). The IWD mesocosms experienced aerobic
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conditions (Z.e., Eh > 0 mV) for the majority of the study, except from DOY 72 to
85, when a negative soil Eh, was observed (Figure 2) [20] [23]. The lack of ponded
water atop the soil surface in the IWD mesocosms, most likely allowed the infil-
tration of O, delaying and limiting the creation of a reducing environment (Figure
2) [30]. Soil redox potential in FL mesocosms followed a linear decrease from the
start to the end of the study period, indicating that soil conditions were becoming
more reduced as the study progressed, due to the lack of O, inputs and the con-
sumption of alternative electron acceptors [31]. The soil Eh in the SFL mesocosm
experienced reducing conditions in the last part of the first wet cycle and for the
majority of the second wet cycle, most likely due to the higher VWC (Figure 1;
Figure 2) [32].

3.4. Greenhouse Gas Fluxes

Across the three treatments (i.e., IWD, SFL, and FL), based on visual observation,
the temporal variation of the GHG fluxes showed distinct patterns across water
regimes (Figure 3). Carbon dioxide fluxes remained substantially low in the FL
mesocosms for the entire duration of the study most likely due to the constant
presence of the ponding water that significantly limited aerobic respiration and
the diffusion rate of gas molecules (Figure 3) [33]. Wider fluctuation of CO, was
observed in IWD mesocosms, where a combination of aerobic and saturated con-
ditions enhanced soil respiration processes (Figure 1; Figure 3) [28]. A single,
discernible peak was observed from the SFL mesocosms on 13 March (DOY 72)
when the flood was re-established, potentially caused by gas produced and accu-
mulated in the soil profile during the dry cycle being pushed out (Figure 1; Figure
3) [34].

Somewhat similar to CO,, the FL mesocosms reported relatively low and con-
stant N,O fluxes, while more variability was observed in the IWD mesocosms,
where saturated and aerobic conditions most likely enhanced the coupled action
of nitrification-denitrification (Figure 1; Figure 3) [35]. Similar to CO, the rein-
troduction of the flood on 13 March (DOY 72) in SFL mesocosms likely caused
the only discernable peak of N,O fluxes (Figure 3).

Likely related to the variability in environmental conditions throughout the
greenhouse study, CO, and N,O fluxes differed (£ < 0.05) by treatment over time,
while CHj fluxes differed (P < 0.05) only by treatment (Table 2). However, a
significant difference among treatments was reported only at three sampling dates
(27 February, 6 and 13 March; DOY 58, 65, and 72) for CO,, and one sampling
date (13 March; DOY 72) for N,O (Figure 3). Contrary to that hypothesized, the
peak CO; flux (1179 grm>-h™') was measured on 13 March (DOY 72) from SFL
mesocosms and was greater than CO, fluxes from both IWD and FL mesocosms
on the same day (Figure 3). Similarly, and as hypothesized, peak N,O flux (0.21
mg-m>-h™') was measured in the SFL mesocosms on 13 March (DOY 72), but was
only greater than the flux reported from the FL mesocosms on the same day

(Figure 3). Carbon dioxide fluxes were not significantly different (2> 0.05) than
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Figure 3. Carbon dioxide (CO:) and nitrous oxide (N:0) fluxes, reported as least square
means, among water regimes [Ze., intermittent wetting and drying (IWD), flooded (FL),
and seasonally flooded (SFL)] over time by day of year (DOY) during the 2025 greenhouse
study. Lines connecting data points are for graphical representation only. Asterisks (*) be-
low the zero-flux line denote measurement dates when a significant (P < 0.05) difference
occurred among treatments.

zero on all sampling dates except 3 April (DOY 93) and 13 March (DOY 72) for
the FL and SFL mesocosms respectively. Intermittent wetting and drying treat-
ment fluxes averaged among replicates, measured on February 13, 20 and 27
March, and 3 April (DOY 44, 79, 86 and 93 respectively) were not different (P>
0.05) than zero. Nitrous oxide fluxes measured on February 27, and March 6 and
20 (DOY 58, 65, and 79 respectively) in the IWD treatment, February 13 and 21
(DOY 44 and 52) in the FL treatment, and on March 13 (DOY 73) in the SFL
treatment, were not different (P> 0.05) than zero.

As hypothesized, CH; fluxes averaged over weekly measurement dates were
greatest in the FL mesocosms but did not differ (2> 0.05) from the SFL meso-
cosms (Figure 4). Methane fluxes were lowest in the IWD mesocosms but did not
differ (P> 0.05) from the SFL mesocosms (Figure 4). The statistical similarities
among water regimes could possibly be due to large variability of CH, fluxes
among replicates in the SFL regime that created a large standard error in the

statistical analysis. Soil heterogeneity and soil-gas-water pockets can form
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Table 2. Analysis of variance summary of the effects of water-regime treatment, time (ze,,
measurement date), and their interaction on greenhouse gas [i.e., carbon dioxide (COy),
methane (CHa), and nitrous oxide (N.O)] fluxes for the 2025 greenhouse study.

Source of Variation CO; CH, N.O
P

Treatment <0.01 0.02 0.49

Time <0.01 0.51 0.18

Treatment x time <0.01 0.24 <0.01

micro-conditions that allow for CH, formation in overall conditions that would
not normally enhance methanogenesis [36]. Methane is also known to conglom-
erate as bubbles in situ within wetland soils [37]. It is possible that CH, formed
under reducing conditions, was then fluxed out when oxidizing conditions re-
turned, causing sporadic large values (Ze., hot spots) that inflated the confidence
interval of the averaged fluxes among sampling dates [37]. The lack of significant
differences of CH, over time highlights how the three water regimes were charac-
terized by different, but constant environmental conditions even when drying
phases are added to the management practices, and suggest that water regimes
divergent from flooded conditions can constitute a valid alternative to reduce
methanogenesis in environments prone to substantial production of CH, like rice
fields and wetlands (Figure 4) [38].

0.30
£ 0.20
o
€
(2]
E
- 0.10
o
b
000 —
FL SFL IWD

Water Regime

Figure 4. Methane (CH.) fluxes, averaged over weekly measurement dates, among water
regimes [Ze., intermittent wetting and drying (IWD), flooded (FL), and seasonally flooded
(SFL)] for the 2025 greenhouse study. Different lower-case letters atop bars denote a sig-
nificant (P < 0.05) difference. Line on top of bars represents the standard error of Tukey’s
statistical analysis.

3.5. GHG Emissions and Global Warming Potential

Evaluation of GHG emissions across mesocosm water management regimes (Ze.,
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IWD, SFL, FL) resulted in significant differences for CO, emissions (P < 0.05), but
not for N,O and CH, emissions (P> 0.05; Table 3). In accordance with that hy-
pothesized, CO, emissions were greater in the IWD mesocosms (3.99 Mg-ha™)
and significantly decreased in the SFL (2.17 Mg-ha™) and again in the FL (0.30
Mg-ha™) mesocosms (Table 3). Based on VWC and soil Eh trend across meso-
cosms, more aerobic conditions were experienced in the IWD compared to the
SFL and FL, and SFL was more aerobic than FL, leading to greater rates of aerobic
microbial respiration, therefore releasing CO, [2] [3]. A decreasing trend in soil-
surface CO, release as soil moisture increased, often as a result of seasonal flood-
ing or wetting events, has been reported in previous studies in wetland soils [39]
[40].

In contrast to that hypothesized, CH, emissions did not statistically differ be-
tween IWD, SFL, and FL mesocosms (P = 0.26; Table 3). However, numerically,
FL mesocosms’ CH,4 emissions were 3 times greater than SFL, and 8.8 times greater
than IWD mesocosms (Table 3), indicating greater, yet nonsignificant, CH, re-
lease from mesocosms with greater VWC. Studies evaluating varying wetland
moisture conditions often conclude that, as VWC increases, soil-surface CH, re-
lease also increases [39] [40]. The lack of a significant difference in CH, emissions
based on water management regime may be due to insufficient flooding duration
or shallow soil depth to provide adequate prolonged reducing conditions for
methanogenesis. The presence of a shallow flood most likely allowed some degree
of O, infiltration, slowing the rate of reduction of the soil in the SFL and FL mes-

ocosms [35].

Table 3. Analysis of variance summary of the effect of water regime [7.e., intermittent wet-
ting and drying (IWD), seasonally flooded (SFL) and flooded (FL)] on season-long gas [Z.e.,
carbon dioxide (CO:), methane (CH4), and nitrous oxide (N20)] emissions and global
warming potential (GWP) for the 2025 greenhouse study. Mean (+standard error) are re-
ported.

Water Regime CO: (Mg-ha) CHa (kg-ha™) N0 (kg-ha?) GWP (Mg-ha™)

IWD 3.99 (0.09) a"  0.27 (0.09) 0.61 (0.20) 4.17 (0.10) a
SFL 217 (0.09)b  0.79 (0.36) 0.63 (0.11) 2.35(0.11) b
FL 0.30 (0.04) ¢ 2.40 (1.5) 0.36 (0.10) 0.46 (0.03) ¢

P-value <0.001 0.26 0.37 <0.001

fMeans within a column with different lower-case letters are different at P< 0.05.

Similar to CH, emissions, N,O emissions did not differ between IWD, SFL, and
FL mesocosms (P = 0.37; Table 3). However, a numerical trend was observed,
with SFL mesocosms characterized by the numerically greatest N,O emissions,
while FL had the numerically least N,O emissions (Table 3), somewhat as hypoth-
esized. Former research has shown N,O emissions may increase with increases in
soil WEPS [41] and water depth [42]. However, a multi-site study evaluating N,O

emissions and VWC determined VWC is not a sole predictor of N,O emissions
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due to the complexity of the N-cycle within soils, where N,O production is the
result of synergistic parameters including available N, soil temperature, soil tex-
ture, microbial communities, and VWC history [38]. The fluctuation of wetting
and drying from SFL mesocosms may have allowed for nitrification and denitri-
fication to produce N,O, however, other aforementioned factors may have hin-
dered a direct significant response to determine the predictive ability of water
management regime on N,O emissions (Table 3). Cultivated agricultural soils
commonly lack N substrate that is compensated with fertilizer addition [1]. The
lack of N input additions to mesocosms may have limited nitrification-denitrifi-
cation processes, and therefore N,O production.

Due to the magnitude of CO, emissions, calculated GWP values reported results
similar to CO, emissions (Table 3). Similar to CO,, GWP differed between IWD,
SFL, and FL mesocosms (P < 0.05), with the greatest GWP in IWD mesocosms,
and the least GWP in FL mesocosms (4.17 and 0.46 Mg-ha™ respectively; Table
3). Per the results of GWP, increasing VWC can lead to lower GWP, potentially
reducing the impact on global climate change. However, individual GHG evalua-
tion is still necessary to determine the impact of gases with lower magnitudes than
CO:.. Drier soil conditions can lose more C from the soil from CO, emissions than
wet soils, indicating how appropriate water management is fundamental to reduce
the loss of soil organic material which is considered one of the major indicators of
soil health and soil fertility [43] [44].

3.6. Linear Regression Analyses

Linear regression analyses were conducted to determine the role of soil Eh in pro-
duction and release of GHGs across water regimes (Table 4). The linear models
explaining the variability of soil respiration were significant for the IWD and SFL
mesocosms but not for the FL treatment (Table 4). However, soil Eh was a signif-
icant parameter only for the soil respiration model in the IWD mesocosms. As
hypothesized, soil Eh was able to explain 29% of the variation of soil respiration
in the IWD mesocosms that equated to a correlation coefficient (r) of 0.53 (Table
4). The RMSE was numerically lower than the standard deviation (SD) of the raw
fluxes (376 mg-m-h™'), suggesting that the model predictions more closely cap-
tured the trend of the data compared to the general spread of the fluxes (Table 4).
The linear regressing model for IWD suggests that each unit increase of soil Eh
corresponds to a unit increase of CO, fluxes (Table 4). Regression models can be
assessed only in relation to the range values of the predictors [45]. Considering
that a general inverse relationship between soil VWC and soil Eh has been exten-
sively evaluated [22], the model for CO, indicated that increases soil Eh, observed
during the dry cycles in the current study, are associated with greater rate of soil
respiration (Figure 1; Figure 2; Table 4).

Different from CO, and contrary to that hypothesized, the linear regression
model for CH, in the FL mesocosms was the only model that was overall signifi-

cant and with a significant parameter (Table 4). The CH, linear regression model
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was able to explain 14% of the variability of the data with a moderate positive r
coefficient equal to —0.38 and a RMSE numerically lower than the SD of the flux
data in the FL mesocosms (0.46 mg-CH,m™-h™!, Table 4). The model indicated
that a unit increase of soil Eh corresponds to a 0.01 decrease in CH, production
(Table 4). Similar results were reported in rice production systems under various
water management practices [28] [46] [47].

Similar to CO,, and contrary to what hypothesized, among the linear models
for N,O, only the SFL and FL mesocosms reported an overall significant regres-
sion model and a significant predictor parameter (Table 4). The SFL and FL mod-
els were able to explain 15% (r = 0.39) and 24% (r = 0.49) of the variability of the
data within mesocosms, respectively (Table 4). The IWD regression model had
numerically lower RMSE compared to SD for the SFL (0.08 mg:N,O-m~*-h™") and
the FL (0.06 mg-N,O-m *h') mesocosms (Table 4). Both SFL and FL regression
models indicated that a unit increase of soil Eh corresponds to a 0.01 increase in
N,O production (Table 4). A positive relationship between soil Eh and N,O has
been reported in previous studies [46] [48], where production of N,O was rec-
orded in a wide range of soil Eh between 400 mV and —200 mV [48], although the
greatest rate of nitrification-denitrification was determined between 100 mV and
~100 mV [46].

Table 4. Summary of linear regression analyses to predict carbon dioxide (CO.), methane
(CH.), and nitrous oxide (N2O) fluxes (n = 96) separately by water regime [7e., intermittent
wetting and drying (IWD), seasonally flooded (SFL), and flooded (FL)] from soil oxidation-
reduction potential (Eh) measured in the top 5 cm from the mesocosms in the 2025 green-
house study.

Response Model Coefficient Overall ~ Overall
Variable/ (Standard Model Model RSME'
Water Regime Parameter Error) P-Value R*

CO:

IWD Soil Eh* 1.00 (0.28) <0.01 0.29 320.85
SFL Soil Eh 1.07 (0.33) <0.01 0.26 344.74
FL Soil Eh —-0.03 (0.02) 0.22 0.05 26.89
CH.

IWD Soil Eh <0.01 (<0.01) 0.96 <0.01 0.02
SFL Soil Eh <0.01 (<0.01) 0.23 0.05 0.19
FL Soil Eh* <-0.01 (<0.01) 0.04 0.14 0.43
N0

IWD Soil Eh <0.01 (<0.01) 0.44 0.02 0.10
SFL Soil Eh* <0.01 (<0.01) 0.03 0.15 0.07
FL Soil Eh* <0.01 (<0.01) <0.01 0.24 0.05

*P < 0.05; R?, r-square; RSME, root square mean error.
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Fluctuations of environmental conditions in the pedosphere impact soil-micro-
bial mechanisms that lead to GHG production and multiple factors need to be
considered to be able to efficiently capture and explain the variability of GHG
fluxes [49].

3.7. Water Soluble Nutrients Change over Time

Understanding soil nutrient dynamics from different moisture regimes aids water
management decisions and influences soil nutrients across numerous landscapes.
Statistical analysis determined WS-Mg, -S, -Fe, -Mn, and -Zn differed by water
regime over time, WS-K, -Ca, and -Na differed only over time and WS-P differed
by water regime and differed over time (P < 0.05; Table 5). Throughout the study,
WS-Ca, -K, and -Na were lowest on 12 and 25 February (DOY 43 and 56), spiked
to the study-long maximum on 11 March (DOY 70), and WS-Ca and -K decreased
during the final two weeks while WS-Na did not change (Table 6). The spikes
observed on the third sampling date for WS-Ca, -K, and -Na occurred during the
first dry cycle, but when the level of soil moisture was still above 0.30 cm®cm™ in
the IWD and SFL mesocosms (Figure 1). The concentration of WS-Ca and -K in
the FL mesocosms might have carried a large weighting factor in the observed
maximum on 11 March sampling date (Table 6). Compost mineralization might
have also influenced the increase of WS-Ca and -K observed on the third sampling
date. The increase in VWC measured shortly after the third sampling date may
have enhance adsorption of WS-Ca, -K, and -Na on the soil particles, which may
otherwise be suspended in solution (Figure 1). The decrease in WS-Ca and -K on
the final two sampling dates could be related to Ca and K bound to cation ex-
change sites on clay mineral edges during the dry cycle, and becoming exchange-
able, limiting the fraction of nutrient considered as water soluble (Figure 1) [50].
The lower affinity of Na, compared to Ca and K, for negatively charged clay edges
might have determined the lack of change of WS-Na reported during the last two
sampling dates (Table 6).

Table 5. Analysis of variance summary of the effects of water-regime treatment, time (ze.,
sampling date), and their interaction on water-soluble nutrients [Ze., phosphorus (P), po-
tassium (K), calcium (Ca), magnesium (Mg), sodium (Na), sulfur (S), iron (Fe), manganese
(Mn), zinc (Zn)] for the 2025 greenhouse study.

Soil Nutrient Water Regime Time Water Regime x Time

P <0.01 <0.01 0.09

K 0.27 <0.01 0.08

Ca 0.65 <0.01 0.11
Mg 0.28 <0.01 0.02
Na 0.18 <0.01 0.14

S <0.01 <0.01 <0.01

Fe <0.01 <0.01 <0.01
Mn <0.01 <0.01 <0.01

Zn 0.91 0.22 0.66
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In contrast to WS-Ca, -K, and -Na, WS-P differed by water regime and time
(sample date, Table 5). Averaged among water regimes, WS-P was greatest on 11
and 25 March (DOY 70 and 84), and lowest at the end of the growing season,
which was lower than initial WS-P and did not differ from the second measure-
ment date (Table 6). Averaged among sampling dates, WS-P was greatest from
the IWD treatment (4.1 mg-kg™), and lowest from the SFL (3.5 mg-kg™) and FL
(3.2 mg-kg™) moisture regimes, which was similar to what was hypothesized. Wa-
ter soluble-P was likely greatest from the IWD moisture regime because the wet-
ting and drying cycles created ideal conditions to release previously immobilized
P bound to Ca, Mg, or Fe, which was supported by the increase in all three nutri-
ents on the third measurement date (Figure 1; Table 6).

In contrast to WS-P, -Ca, -K, and -Na, WS-Mn, -Fe, -S, and -Mg differed by
water regime over time (P < 0.05) with a similar general trend throughout the
study period (Table 5; Figure 5). Water soluble-Mn, -Fe, -S, and -Mg among the
FL, SFL, and IWD moisture regimes generally increased from 12 February to 11
March (DOY 43 to 70) and slightly decreased from 11 March to 2 April (DOY 70
to 92; Figure 5). Notably, Mn, Fe, and S were the only elements where differences
within a sampling week were observed, and more differences were observed in
order of most to least oxidizable elements (Z.e. Mn > Fe > S) [50]. Thus, WS-Mn
differed on more dates compared to WS-Fe or S because Mn is more susceptible
to oxidation, which increased solubility during wet periods, with slighter changes

in moisture or redox than Fe or S [47].

Table 6. Summary of the effect of time (ie, sample date) on water-soluble calcium (Ca),
potassium (K), sodium (Na), and phosphorus (P) for the 2025 greenhouse study.

Soil Property (mgkg™)
Sample Date  Day of Year

Ca K Na P
12 Feb 43 42 df 37 ¢ 26 ¢ 33Db
25 Feb 56 48d 37 ¢ 34D 3.2bc
11 Mar 70 105 a 55a 42 a 4.6a
25 Mar 84 92b 49b 4la 4.1a
2 Apr 92 67 ¢ 45b 40a 2.7 ¢

"Means within a soil property with different lower-case letters are different at 2 < 0.05.

Water soluble-Mn differed on 11 March, 25 March, and 2 April (DOY 70, 84,
and 92), where the FL and SFL moisture regimes were similar to each other and
greater than the IWD (Figure 5).

Variations in WS-Mn appear related to soil VWC, which can be observed on
11 March, 25 March, and 2 April (DOY 70, 84, and 92) where the IWD soil
moisture is lower than SFL and FL, which could explain the lower WS-Mn from
the IWD treatment (Figure 1; Figure 2; Figure 5). Water-soluble-Fe differed on

two measurements, where the FL treatment was similar to the SFL, but lower than
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Figure 5. Water-soluble soil manganese (Mn, panel A), iron (Fe, panel B), sulfur (S, panel
C), and magnesium (Mg, panel D) between day of year (DOY) among water regimes [Ze.,
intermittent wetting and drying (IWD), flooded (FL), and seasonally flooded (S-FL)] for
the 2025 greenhouse study. Lines connecting data points are for graphical representation
only. Asterisks (*) below the zero line denote sample dates when a significant (2 < 0.05)
difference occurred among treatments.

the IWD on 11 and 25 March (DOY 70 and 84; Figure 5). The differences within
a measurement date appear greatest to lowest based on the degree of soil moisture
fluctuations prior to sampling. The larger fluctuation in soil moisture from the
IWD regime could reduce Fe quicker than the FL and SFL regimes, which may
explain the greater Fe from the IWD (Figure 1; Figure 5). Water-soluble-S dif-
fered only on 25 March (DOY 84) where the FL treatment was similar to the SFL,
but lower than IWD, which was similar to the SFL water regime (Figure 5). While
25 March (DOY 84) was the sampling date with the lowest redox potential among
the sampling dates, and while it was hypothesized the WS-S would be greatest
from the FL treatment, the IWD cycles may mineralize more sulfur from increased
organic matter decomposition than the flooded treatments (Figure 2) [50]. The
increase of redox-active elements in the soil solution during the third sampling
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date was temporally close to the N,O peak reported from the SFL mesocosms,
highlighting the potential correlation between environmental conditions, nutrient
dynamics, and microbial processes (Figure 3, Figure 5). The significant differ-
ences between water regime over time for the redox-active elements highlight how
water management practices can regulate biogeochemical cycles in the soil (Table
5, Figure 5).

In contrast to the hypothesis, WS-Mg fluctuated throughout the growing sea-
son, but did not differ within a measurement date (Figure 5). The variation of
WS-Mg throughout the study was likely due to a combination of drying phases
that concentrated WS-Mg, organic matter mineralization, or the exchange of
magnesium from cation exchange sites with other nutrients with a larger affinity
for exchange sites (Ze. Ca) [50]. Notably, WS-nutrient magnitudes and ranges
throughout this study appear similar to a study conducted by [51] that evaluated
biochar rate impacts on soil pH and WS nutrients on silt-loam soil in the green-

house.

4. Conclusions

This study evaluated three different watering regimes (z.e., IWD, SFL, and FL) on
soil VWC, Eh, GHG fluxes and emissions, and WS nutrient concentrations over
time in a greenhouse setting. Evaluated soil was considered low in SOM, and near
toxic levels of Fe, but similar to soils cultivated for extensive periods of time. Rec-
orded soil VWC and Eh were visually inversely related, as expected due to the
relationship of water-logged soils decreasing soil Eh. Flooded mesocosms experi-
enced the greatest VWC and lowest Eh, whereas IWD and SFL mesocosms fol-
lowed similar patterns according to wetting and drying cycles.

Greenhouse gas fluxes were highly variable and related to water regime treat-
ment. Carbon dioxide fluxes were significantly limited in the FL treatment, most
likely due to the ponded water preventing atmospheric O, exchange. In the SFL
and IWD treatments as the VWC decreased the CO, fluxes increased. Fluxes of
N,O showed a relationship to treatment and time, with fluxes increasing as the
VWC alternated between wetting and drying, most likely due to nitrification-de-
nitrification cycles. Methane fluxes only varied by treatment and not by time, and
were greatest in the flooded treatments similar to the initial hypothesis. In accord-
ance with that hypothesized, CO, emissions were significantly greater for IWD
than SFL mesocosms, and greater for SFL than FL mesocosms, likely due to more
aerobic conditions for IWD and SFL mesocosms allowing for CO, respiration. In
contrast to that hypothesized, CH; and N,O emissions did not differ between
treatments, however, numerical differences were noted, potentially indicating the
need for a longer study duration to evaluate CH4 and N,O emissions. Calculated
GWP values differed between treatments, with the greatest GWP occurring in
IWD mesocosms, and the least occurring in FL mesocosms, concluding VWC
may impact GWP and carbon losses from soil when soils are dry. Linear regres-

sion analyses highlighted the relevance of soil Eh in regulating GHGs and the im-
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portance of redox control mechanism as a potential tool to mitigate the impact of
GHGs on the global climate. Water soluble soil properties, like Mn, Fe, S, and
elements like P that are critical to plant growth were impacted by the implemented
water regimes, which highlights the importance of understanding water manage-
ment impacts on soil properties. The multidisciplinary approach used in the cur-
rent study determined how water regime can impact many aspects of the biogeo-
chemical cycle occurring in the soil, highlighting the necessity to expand current
scientific knowledge and ground truth dataset to develop adequate mitigation
practice to preserve the soil, water and air resources threatened by global warm-

ing.
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