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Abstract

Soil loss due to subsidence is a major concern in the Everglades Agricultural Area (EAA) of South Florida.
Summer is typically the fallow season in the EAA, and soil loss due to oxidation and erosion is significant.
Flooding and cover cropping are common practices being adopted to conserve soil, reduce weed pressure, and
enhance soil health in the EAA. Cover crops also increase the microbial biomass which are the key drivers of
soil function. The objective of this study was to determine the effect of (i) fallow, (ii) dry rice as a cover crop, (iii)
flooded fallow, and (iv) flooded rice as a cover crop on soil health indicators and microbial community and
diversity within the EAA. Baseline (pre-planting) soil samples were collected from all fields before the
application of different treatments and post-harvest soil samples were collected after rice was cut and tilled into
the soil surface. Microbial community composition was determined using 16S rRNA gene amplicon and fungal
ITS gene amplicon sequencing. Soil bulk density decreased, and cation exchange capacity (CEC) increased in all
farming practices including fallow fields. Results showed flooded fallow, flooded rice, and rice planting
increased maximum water holding capacity (MWHC) and soil protein and decreased total potassium (TK). Bulk
soil microbial communities responded surprisingly quickly to the applied treatments. Taxonomic composition of
prokaryotic and fungal communities at the phylum level revealed visible shifts in microbial communities in
response to the treatments. Instead of leaving field fallow, planting rice or flooding is a better strategy to improve
soil health.
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1. Introduction

The Everglades Agriculture Area (EAA) of southern Florida, USA consists of Histosols, which have 80-90 %
organic matter (OM) (Morris et al., 2004; Wright and Hanlon, 2009). In the early 1900s, this area was artificially
drained for cultivation. The organic matter exposed to the surface continues to decompose at faster rate by
heterotrophic aerobic microorganisms compared to anaerobic microbial decomposition in flooded soil (Tate and
Tarry, 1980). This process of soil decaying is called subsidence (Wright and Hanlon, 2009). From 1924 to 2019,
the rate of subsidence in the EAA has been examined and reported multiple times. The average rate of
subsidence from 1924-1967, 1968- 2009, and 2010 to 2019 was reported to be an average of 2.8 cm yr™, 1.4 cm
yr', and 0.64 cm yr', respectively (Bhadha et al., 2020). If an effective soil conservation method is not adopted
soon EAA soil will be too shallow for agricultural use or without soil. Soil conservation is a major concern in
EAA for sustainable agriculture. Several management practices such as flooding, increasing water table, crop
rotation, and cover cropping can be adopted to slow down the subsidence rate and also to build up organic matter
in the soil.

Flooding or raising the water table results in the reduction of aerobic decomposition of organic matter which
slows down the subsidence rate (Bhadha and Schroeder, 2017). Besides the reduction of soil subsidence,
flooding also reduces nutrient depletion, and insect pests’ population (Cherry et al., 2015). Crop diversification
including cover crop or crop rotation is another option to manage subsidence. Sugarcane, rice, and winter
vegetables are commonly grown in the EAA. After harvesting sugarcane and winter vegetables in the summer,
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farms in EAA are either left fallow, flooded fallow, or planted with rice. Flooded rice after sugarcane harvest is a
good crop rotation practice as it helps to reduce soil oxidation (Bhadha et al., 2021). Growing cover crops in the
fallow season between sugarcane and winter vegetables not only retain soil nutrients but also add organic matter.
Cover crops are becoming more popular during the fallow season because they sequester carbon, reduce soil
erosion, and increase microbial community and diversity (Bacq-Labreuil et al., 2019). Planting leguminous cover
crops may result in greater soil nitrogen (N) due to N,-fixation (Gabriel et al., 2012). Nonlegume cover crops, on
the other hand, maybe more successful in increasing soil organic matter and minimizing N leaching due to their
higher biomass (Sainju et al, 2003). Previous research has found that cover crops boost the number of
saprophytic and mycorrhizal fungi (Bacg-Labreuil et al., 2019). Muhammad et al (2021) showed that planting
cover crops increased bacteria and fungi biomass by 7-13% compared to no cover crop. The larger
fungal/bacteria ratio indicates that fungi were more influenced by cover crops than bacteria. Cover crop residue
provides essential nutrients for microbial growth and development (Tao et al., 2017), whereas microbial
communities decompose cover crop residue and add nutrients for main crops. Microbial compounds released
following the decomposition of crop residue are the main antecedents of soil organic matter (Cotrufo et al.,
2013). Soil organic matter enhances the soil absorption complex and nutrient retention, which is good for plant
development (Drost et al., 2020). Besides enhancing soil health, the microbial community is capable of
protecting host plants from pathogens and increasing tolerance to environmental stress (Rillig, 2004). Microbial
community and activity are influenced by cover crop species and soil type (Muhammad et al., 2021). Integrative
assessment of how soil’s physical, chemical, biological properties and microbial community are affected by
common land management practices in the EAA is essential to fully understand soil loss via subsidence.
However, there is limited information available on the effect of flooding and growing rice as a cover crop on soil
physical and chemical properties and microbial community and diversity in the EAA. Therefore, the objectives
of this study were to: i) evaluate the impact of cultivating flooded rice and dry rice as a cover crop, leaving the
field fallow and alternative practices such as flooded fallow on soil health of histosols; and ii) investigate the
microbial community and diversity.

2. Materials and Method
2.1 Soil Sampling

This study was conducted on Histosols within the EAA during the summer of 2021. Four commonly used
farming practices including fallow, dry rice as a cover crop, flooded fallow, and flooded rice as a cover crop were
included in this study. Each farming practice was conducted on a separate field and soil samples were collected
form each filed as randomized complete design. Diamond variety of rice was seeded at 100 kg ha™. Irrigation
was not applied to dry rice whereas in flooded rice field, flooding was initiated 3 weeks after planting. Eight
random baseline soil samples (referred to in this study as pre) were collected in May 2021 before planting rice or
flooding from each field. The second set of eight soil samples (referred to post) were collected in September
2021 after rice was cut and tilled into the soil surface or the flooded field was drained out. Post soil samples were
collected at the same spot or as close as possible to the pre-soil samples to minimize error due to variability in
field conditions.

2.2 Soil Analyses

Air-dried pre-and post- soil samples of particle size less than 2 mm were analyzed for soil health indicators,
including soil pH, bulk density (BD), maximum water holding capacity (MWHC), organic matter (OM), cation
exchange capacity (CEC), active carbon (AC), soil protein (SP), Mehlich-3 phosphorus (M3P), Mehlich-3
potassium (M3K), total phosphorus (TP), total potassium (TK), and total Kjeldahl nitrogen (TKN). Soil pH was
determined using Accumet AB250 pH meter with a 1:10 soil to water ratio. Bulk density was calculated by
dividing soil mass by a fixed core volume. Maximum water holding capacity was determined based on the
saturation procedure described in Jenkinson and Powlson (1976). Organic matter content was calculated based
on the loss on ignition method. Soil samples were placed in a muffle furnace at 550 °C to combust organic
material. The weight of ashed samples were measured after bringing to room temperature. Soil OM content was
calculated as the difference between dry weight and ashed weight on a percentage basis (Amgain et al., 2021a).
Cation exchange capacity was estimated using the ammonium acetate method (Sumner and Miller, 1996). Active
carbon was determined based on potassium permanganate (KMnO,) oxidizable carbon using 0.02 M KMnO, for
mineral soils, in which approximately 2.5 g of soil was reacted with 20 ml of 0.02 M KMnO, for exactly two
minutes, filtered and the supernatant solution was then analyzed using Thermo Scientific Genesys 30
spectrophotometer at 550 nm (Schindelbeck et al., 2016). Soil protein was determined by using a sodium citrate
extraction method (Schindelbeck et al., 2016) under autoclaving with high temperature and pressure. The
extracted protein was quantified by using the Thermo pierce colorimetric bicinchoninic acid assay (BCA) as
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calibrated against protein standards of known concentration. The color development was read by using Thermo
Scientific Genesys 30 spectrophotometer at 550 nm. Soil available P and K were determined using Mehlich -3
extraction method and then analyzed using Agilent 5110 inductively coupled plasma-optical emission
spectrometer (ICP-OES) (Santa Clara CA). Total P was determined by ashing samples for at least 5 hours (not to
exceed 16 hours) at 550 °C in a muffle furnace followed by extraction with 6 M HCL and analyzed using
ICP-OES. TKN was determined using the digestion method followed by colorimetric determination (EPA
method 351.2).

2.3 DNA Extraction, 16S rRNA Gene Amplicon Library Preparation and Sequencing

Soil samples were placed on ice until returning to the lab and thereafter stored at -80 <C until further processing.
Approximately 5 g soil samples were homogenized by grinding using mortar and pestle. DNA was then isolated
from 0.25 g (wet weight) samples using the DN easy Power Soil kit (Qiagen, Germantown, MD) following
manufacturer’s instructions. Samples were treated by bead beating twice for 30 seconds at 4.0 m/s in a
FastPrep-24 bead beater (MP Biomedical, Irvine, CA). DNA was dissolved in 50 pl molecular biology grade
water and stored at -20 <C before use. Quality and quantity of DNA was assessed by UV/Vis spectroscopy using
a NanoDrop ND-1000 (Thermo Scientific, Waltham, MA) and yielded DNA concentrations between 109.65 to
213.82 ng/ul with 260/280nm ratios > 1.7 from all samples. DNA samples were stored at -80 <C until use.

PCR amplifications, library preparations and DNA sequencing were conducted at the University of Illinois
Chicago genome research core. PCR products for 16S rRNA gene amplicon libraries were generated following
Earth Microbiome Project protocols (Thompson, 2017 #591). The V4-V5 region of the 16S rRNA gene was
amplified using primers 515F-Y (Parada, 2016 #428) and 926R (Quince, 2011 #1542). Fungal ITS gene
fragments were amplified using primers ITS1F and ITS2R (White et al., 1990). Barcoded libraries were prepared,
pooled and sequenced on an lllumina MiniSeq instrument using the 250 cycle MiSeq Reagent kit v3 (Illumina,
San Diego, Ca).

Amplicon sequences were demultiplexed on the instrument. Dada2 with default settings implemented in the
QIIME 2 package was used to remove barcodes, quality filter (Q > 30), trim reads, merge reads, and screen for
chimera (Callahan, 2016 #1283) (Bolyen, 2019 #1346). This yielded between 15,612 and 21,765, as well as
14,150 and 78,130 non-chimeric high-quality sequences per sample for 16SrRNA genes and fungal ITS genes,
respectively. Amplicon sequence variants (ASV) table was generated with dada2 and taxonomic assignments
were made with giime feature-classifier using sklearn algorithm against the Silva database version 138 (Quast,
2012 #1284).

Data were rarefied to even depth of 15,000 (16S rRNA genes) and 14,000 (fungal ITS genes) sequences per
sample. Bray-Curtis and weighted Unifrac distance matrices were calculated using “qiime diversity
core-metrics-phylogenetic” command in Qiime 2. Shannon Index, Observed OTUs, Chaol alpha diversity
metrics were calculated using phyloseq V1.30.0 (McMurdie, 2013 #2081) in R version 3.6.3 (R Core Team,
2020 #1579).

2.4 Statistical Analysis

Effects of different farming practices on soil health indicators were analyzed using the generalized linear mixed
models (GLIMMIX) method (SAS version 9.4, SAS Institute Inc.) as a randomized complete design. Since each
farming practice was conducted on a separate field, each farming practice was analyzed separately and compared
pre vs post soil samples. Means were separated using Tukey—Kramer multiple-comparison procedure when the F
test was significant at p <.05.

For microbial data, Principal coordinate analyses (PCoA) and distance-based redundancy analysis (dbRDA)
were run by using the PCoA and capscale functions in vegan, respectively, using the vegan package
(https://CRAN.R-project.org/package=vegan {Oksanen, 2019 #1577}) implemented in R. Significance of
differences between treatments and time point were tested by the adonis function with 999 permutations in vegan.
Pearson correlations and ANOVA comparison of means were conducted in base R.

3. Results
3.1 Impact on Soil Physical Properties

Soil BD ranged between 0.69 and 0.73 g cm™>and 0.53 and 0.58 g cm™ for pre and post soil samples, respectively
(Figure 1 a). All farming practices showed a significant decrease in BD. The maximum water holding capacity of
pre and post soil ranged from 173 to 183 % and 182 to 199 %, respectively (Figure 1 b). Maximum water
holding capacity was higher in post-harvest soil samples compared to pre-planting/flooding soil samples in all
farming practices except for the field that was left fallow. Fallow field was the only farming practice that showed
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a decrease in OM, all other farming practices remained statistically similar and showed no change between pre
and post soil samples.
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Figure 1. Effects of farming practices on physical soil health indicators. a. bulk density and b. maximum water
holding capacity. Means sharing a common letter within each farming practice are not significantly differentat p =
0.05 significance level

3.2 Impact on Soil Chemical Properties

All soil samples had neutral to alkaline soil pH (6.9 to 7.8). For flooded fallow, the pH of soil samples before and
after flooding was statically identical. The pH of the soil increased significantly in fallow and dry rice but
declined in flooded rice (Fig 2a). Organic matter content of pre-planting and post-harvest soil samples ranged
from 75.7 to 77.6 and 71.1 to 80.6 %, respectively (Figure 2b). Cation exchange capacity of pre-planting soil
samples ranged from 72 to 78 cmolc kg™ and post-harvest soil samples ranged from 138 to 156 cmolc kg™
(Figure 2c). All farming practices increased cation exchange capacity. Total Kjeldahl nitrogen (TKN) of pre and
post soil samples ranged from 14611 to 18749 mg kg™ and 12481 to 14993 mg kg™, respectively (Figure 2d).
TKN concentration of flooded fallow and flooded rice farming was statically similar, whereas TKN
concentration was reduced for fallow and dry rice. Total phosphorus ranged from 1706 to 2296 mg kg™ and 1517
to 1923 mg kg™ for pre and post soil samples (Figure 2e). The only farming practice that decreases TP was a
fallow field. There was no significant difference in TP between pre and post soils for dry rice, flooded fallow,
and flooded rice. Total potassium ranged from 540 to 606 mg kg™ for pre soil samples and 303 to 653 mg kg™
for post soil samples (Figure 2f). All farming practices significantly decreased TK except fallow. The field that
had been kept fallow, there was no significant difference in TK between pre and post soil samples. Mehlich-3
phosphorus of pre and post soil samples ranged from 174 to 210 mg kg™ and 168 to 201 mg kg™, respectively
(Figure 2g). No significant difference in pre and post M3P was observed for dry rice and flooded rice fields,
whereas M3P was increased in a fallow field and decreased in the flooded fallow field. Mehlich-3 potassium
ranged from 307 to 386 mg kg™ for pre soil samples and 180 to 476 mg kg™ for post soil samples (Figure 2h).
There was a significant decrease in M3P in the fallow field, whereas M3K increased in flooded fallow. Mehlich3
potassium remained statistically similar for dry rice and flooded rice.
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Figure 2. Effects of farming practices on chemical soil health indicators. a. soil pH, b. organic matter, c. cation

exchange capacity (CEC), d. total Kjeldahl nitrogen (TKN), e. total phosphorus (TP), f. total potassium (TK), g.

Mehlich-3 phosphorus (M3P), and h. Mehlich-3 potassium (M3K). Means sharing a common letter within each
farming practice are not significantly different at p = 0.05 significance level
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3.3 Impact on Soil Biological Properties

Active carbon ranged from 27909 to 29553 mg kg™ and 28437 to 29004 mg kg™ for pre and post soil samples,
respectively (Figure 3a). Active carbon remained statistically similar for all farming practices. Although
statistically similar, flooded rice and flooded fallow had increased AC, whereas fallow and dry rice had
decreased AC. Soil protein ranged from 286 to 322 mg kg™ for pre soil samples and 350 to 456 mg kg™ for post
soil samples (Figure 3b). Dry rice, flooded fallow, and flooded rice farming practices increased soil protein,
whereas it remained statistically similar for fallow.
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Figure 3. Effects of farming practices on biological soil health indicators. a. active carbon and b. soil protein.
Means sharing a common letter within each farming practice are not significantly different at p = 0.05 significance
level

3.4 Impact on Microbial Community and Diversity

To test if and how EAA soil microbial communities respond to the different treatments, prokaryotic and fungal
communities were analyzed via amplicon sequencing of 16S rRNA- and fungal ITS genes, respectively.
Surprisingly, principal Coordinate Analyses of weighted Unifrac distance matrices revealed significant
differences between pre- and post-treatment in prokaryotic and fungal communities even within the relatively
short timeframe (Figure 4). The same analysis based on Bray-Curtis distance matrices did not reveal significant
differences (data not shown). Differences between weighted Unifrac and Bray-Curtis-based results suggest that
the changes in both types of communities are predominantly caused by changes among closely related taxa.

Although the number of replicates was not sufficient to draw clear conclusions about the effects of each
treatment on the microbial communities, alpha diversity measures indicated that the flooded fallow treatment
could potentially reduce prokaryotic diversity (Figure 5). In contrast, Observed ASVs, Chao-1, and Shannon
index all indicated a reduced fungal diversity in all but the flooded fallow treatment (Figure 5). Taken together,
these data suggest that prokaryotic and fungal communities responded differently to the imposed treatments.

Taxonomic composition of prokaryotic and fungal communities at the phylum level revealed visible shifts in
microbial communities in response to the treatments. In prokaryotic communities the combined relative
abundance of taxa below 1.0% relative abundance, grouped as “Other”, increased in all but the fallow treatment
from between 5.1% and 5.8% to 6.7% and 9.3% post-treatment. Conversely, Actinobacteriota decreased in all
but the fallow treatment from 17.2% - 20.8% to 14.5% - 17.0%. The only other substantial pre-post difference
appeared in the increased relative abundance of Chloroflexi in the fallow treatment from 14.0% to 19.3%.
Pre-treatment fungal communities were highly dominated by Ascomycota ranging between 78.2% to 81.6%,
accompanied by less than 15% combined other identified fungal phyla (Basidiomycota, Mortierellomycota,
Rozellomycota, and other phyla below 1.0% relative abundance). Relative abundance of Ascomycota
consistently decreased in all four treatments, with the fallow treatments showing the largest declines. Conversely,
all treatments showed an increase of unidentified fungal taxa from between 9.9% to 16.2% pre-treatment to
between 20.0% and 43.2%, likely representing poorly studied thus far uncultivated taxa. Notably, Rozellomycota
increased in relative abundance in all four treatments from below 1.0% pre-treatment to 1.3% in the dry rice, 2.4%
in the flooded rice, and 7.9% in the fallow treatment.
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4, Discussion

The high pH of EAA soil may be associated with the mixing of limestone bedrock with the topsoil. Increased
soil pH is a serious problem for EAA producers because it has the potential to reduce the bioavailability of
micronutrients from the soils (Sims and Patrick, 1978). The decrease in bulk density after all treatments is
associated with the loosening of soil over time. Previously soil was compacted due to the use of a heavy machine
for planting and harvesting vegetables. Over time these soils lose due to roots of rice plants and weeds. Lower
soil BD is preferable since it improves aeration, tilth, and reduces root constriction. Increase in OM contributed
to better nutrient cycling, aggregate stability, and water holding capacity (Lehman et al. 2015). The increase in
MWHC of flooded field is most likely due to the increased delivery of finer-sized material in the form of silt and
clay by irrigation water. Those fine particles high in the organic matter have a larger surface area which increases
the water holding capacity. Increase in MWHC is also associated with increase in the OM content of the soil.
Bhadha et al. (2017) reported every 1% increase in OM equates to a 2.3% increase in soil water holding capacity
of sandy soils. Growers can enhance the MWHC of their soils by using farming techniques that increase soil OM.
Soil CEC is influenced by carbon content and fraction clay sized particles (Parfitt et al., 1995). A higher CEC (72
cmolckg™) value of Histosols in EAA may be associated with high soil carbon content (> 70%). An increase in
soil CEC is considered a beneficial improvement since it has the ability to hold fertilizer and pesticides in the
soil matrix for a longer. The quantity of AC in soil quantifies the amount of C that can be easily mineralized to
CO; in a short period of time under ambient circumstances. In the EAA, soil loss due to oxidation is a concern,
therefore farming practices that increase AC is not always a beneficial practice. The deduction in TKN after dry
rice is attributed to N uptake by rice. With no fertilizer application, rice cultivation in the EAA solely depends on
the soils and irrigation water for its nutritional needs. Reduction in TKN in the fallow field is associated with
leaching and other forms of N loss. Although TKN was not significantly different in a flooded field, it has
decreased, which is due to N uptake by rice and some of the loss was compensated by irrigation water. Although
TKN decreased after flooding and rice planting, soil protein level increased. Soil protein is the quantity of
organically bound N in soil OM that can be mineralized by microbial communities. Our findings showed that
flooding or growing cover crops in EAA helps to increase soil protein levels, which is beneficial because
maintaining microbially degradable N helps to meet the nitrogen demands of subsequent cash crops. A decrease
in TK in rice cultivated field might be due to uptake by rice plants. A decrease in TP in the fallow field is
associated with soil loss due to wind erosion and leaching following rainfall. In the flooded field, no change in
TP may be due to the addition of P from irrigation, whereas in a dry rice field, leaching loss and wind erosion of
sediment is minimum. Tootoonchi et al (2018) reported TP of EAA canal water ranged from 0.033 to 0.066 mg
L in the 2014 and 2015 rice growing season. In another study, Amgain et al (2021b) observed TP of canal water
ranged from 0.01 to 0.8 mg L™ from July through August 2019. Increase in plant available potassium (M3K) and
phosphorus (M3P) in a fallow field may be due to the breakdown of recalcitrant to readily available forms. From
a nutrient perspective increase in M3P and M3K is a good sign as it indicates nutrient availability for the
subsequent cash crop.

Bulk soil microbial communities responded surprisingly quickly to the applied treatments. Pre-treatment
prokaryotic communities were composed similar to a previous report from the EAA (Huang et al., 2021).
Notably, both, PCoA and phylum-level relative abundances showed distinct changes in microbial communities in
different treatments in relatively short periods of time. Although no direct link could be observed between
specific soil physical and chemical properties and soil microbial communities in this study, at least in part due to
the limited replication, soil moisture and pH were previously shown to be the predominant drivers associated
with differences in microbial communities in EAA soils (Huang et al., 2021). Although, soil moisture was not
determined directly here, divergence of microbial communities between fallow and flooded treatments may be
indicative of shifts towards facultative or strict anaerobic microbial communities in flooded treatments, as well
as a sufficient turnover of microbial communities within the treatment times for such changes to become
detectable.

5. Conclusions

From a soil conservation standpoint, cultivating rice as a cover crop or flooding the land had positive effects on
the soil physical and chemical priorities. Rice as a cover crop or flooding had reduced bulk density and increased
soil protein and water holding capacity. Soil with a lower bulk density and a higher maximum water holding
capacity is desirable because it promotes root development and reserves water for the dry season. Within the
EAA, planting rice in flooded field or flooding the field during the fallow period is a good management practice
to enhance soil health as it helps to reduce soil loss via oxidation. Furthermore, detailed characterization of rice
cultivation and flooding treatments on soil microbial communities and activates may be warranted to interrogate
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in more detail which roles the different microbial tax and activities play in the retention or degradation of soil
organic matter and associated mineral nutrients.

Acknowledgements

The authors would like to thank Dr. Abul Rabbany and Mr. Salvador Galindo with field and lab work. We would
also like to thank Florida Department of Agriculture and Consumer Services — Specialty Crop Block Grant
(Agreement # 26705), and United States Department of Agriculture - Research Capacity Fund (Hatch
FLA-ERC-006097) for in part funding for this study.

Reference

Amgain, N. R., Fontanier, C. H., & Martin, D. L. (2021a). Short-term effects of alternative cultivation practices
on putting green infiltration rates. Crop science, 61(6), 4425-4435. https://doi.org/10.1002/csc2.20604

Amgain, N. R., Rabbany, A., Galindo, S., & Bhadha, J. (2021b). Effects of Water Management Strategies and
Nitrogen Fertilizer on Rice Yield Cultivated on Histosols. Journal of rice research and development, 4(1),
331-338. https://doi.org/10.36959/973/431

Bacg-Labreuil, A., Crawford, J., Mooney, S. J., Neal, A. L., & Ritz, K. (2019). Cover crop species have
contrasting influence upon soil structural genesis and microbial community phenotype. Scientific reports,
9(1), 1-9. https://doi.org/10.1038/s41598-019-43937-6

Bhadha, J. H., & Schroeder, B. L. (2017). Best management practices for maintaining water quality in sugarcane
cultivation. Achieving sustainable cultivation of sugarcane, 1, 22.
https://doi.org/10.19103/AS.2017.0035.14

Bhadha, J. H., Capasso, J. M., Khatiwada, R., Swanson, S., & LaBorde, C. (2017). Raising soil organic matter
content to improve water holding capacity, UF/IFAS Extension Publication#SL 447.
https://doi.org/10.32473/edis-ss661-2017

Bhadha, J. H., Wright, A. L., & Snyder, G. H. (2020). Everglades Agricultural Area Soil Subsidence and
Sustainability: SL 311/SS523, rev. 3/2020. EDIS, 2020(2). https://doi.org/10.32473/edis-ss523-2020

Bhadha, J. H., Capasso, J., Rabbany, A., Xu, N., & VanWeelden, M. (2021). Soil Health Response of Histosols to
Flooded versus Dry-Fallow Conditions during Summer: SL484/SS697, 1/2021. EDIS, 2021(1).
https://doi.org/10.32473/edis-ss697-2021

Bolyen, E., Rideout, J. R., Dillon, M. R., Bokulich, N. A., Abnet, C. C., Al-Ghalith, G. A., ... Caporaso, J. G.
(2019). Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nature
biotechnology, 37(8), 852-857. https://doi.org/10.1038/s41587-019-0209-9

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W., Johnson, A. J. A., & Holmes, S. P. (2016). DADAZ2:
High-resolution sample inference from Illumina amplicon data. Nature methods, 13, 581-583.
https://doi.org/10.1038/nmeth.3869

Cherry, R., Tootoonchi, M., Bhadha, J., Lang, T., Karounos, M., & Daroub, S. (2015). Effect of flood depth on
rice water weevil (Coleoptera: Curculionidae) populations in Florida rice fields. Journal of entomological
science, 50(4), 311-317. https://doi.org/10.18474/JES15-05.1

Cotrufo, M. F., Wallenstein, M. D., Boot, C. M., Denef, K., & Paul, E. (2013). The M icrobial E fficiency-M
atrix S tabilization (MEMS) framework integrates plant litter decomposition with soil organic matter
stabilization: do labile plant inputs form stable soil organic matter?. Global change biology, 19(4), 988-995.
https://doi.org/10.1111/gch.12113

Drost, S. M., Rutgers, M., Wouterse, M., De Boer, W., & Bodelier, P. L. (2020). Decomposition of mixtures of
cover crop residues increases microbial functional diversity. Geoderma, 361, 114060.
https://doi.org/10.1016/j.geoderma.2019.114060

Gabriel, J. L., Mufpz-Carpena, R., & Quemada, M. (2012). The role of cover crops in irrigated systems: Water
balance, nitrate leaching and soil mineral nitrogen accumulation. Agriculture, ecosystems & environment,
155, 50-61. https://doi.org/10.1016/j.agee.2012.03.021

Huang, L., Chakrabarti, S., Cooper, J., Perez, A., John, S. M., Daroub, S. H., & Martens-Habbena, W. (2021).
Ammonia-oxidizing archaea are integral to nitrogen cycling in a highly fertile agricultural soil. ISME
Communications, 1, 19. https://doi.org/10.1038/s43705-021-00020-4

Jenkinson, D. S., & Powlson, D. S. (1976). The effects of biocidal treatments on metabolism in soil-V: a method

47



http://sar.ccsenet.org Sustainable Agriculture Research \ol. 11, No. 4; 2022

for measuring soil biomass. Soil biology and biochemistry, 8(3), 209-213.
https://doi.org/10.1016/0038-0717(76)90005-5

Lehman, R. M., Cambardella, C. A,, Stott, D. E., Acosta-Martinez, V., Manter, D. K., Buyer, J. S., ... Karlen, D.
L. (2015). Understanding and enhancing soil biological health: the solution for reversing soil degradation.
Sustainability, 7(1), 988-1027. https://doi.org/10.3390/su7010988

McMurdie, P. J., & Holmes, S. (2013). phyloseq: An R Package for Reproducible Interactive Analysis and
Graphics of Microbiome Census Data. PLOS ONE, 8, e61217.
https://doi.org/10.1371/journal.pone.0061217

Morris, D. R., Gilbert, R. A., Reicosky, D. C., & Gesch, R. W. (2004). Oxidation potentials of soil organic matter
in Histosols under different tillage methods. Soil Science Society of America Journal, 68(3), 817-826.
https://doi.org/10.2136/sssaj2004.8170

Muhammad, I., Wang, J., Sainju, U. M., Zhang, S., Zhao, F., & Khan, A. (2021). Cover cropping enhances soil
microbial biomass and affects microbial community structure: A meta-analysis. Geoderma, 381, 114696.
https://doi.org/10.1016/j.geoderma.2020.114696

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., ... Wagner, H. (2019). vegan:
Community ecology package. R package version, 2, 5-6. Retrieved from
https://CRAN.R-project.org/package=vegan

Parada, A. E., Needham, D. M., & Fuhrman, J. A. (2016). Every base matters: assessing small subunit rRNA
primers for marine microbiomes with mock communities, time series and global field samples.
Environmental microbiology, 18(5), 1403-1414. https://doi.org/10.1111/1462-2920.13023

Parfitt, R. L., Giltrap, D. J., & Whitton, J. S. (1995). Contribution of organic matter and clay minerals to the
cation exchange capacity of soils. Communications in soil science and plant analysis, 26(9-10), 1343-1355.
https://doi.org/10.1080/00103629509369376

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., Yarza, P., Peplies, J., & Gl&kner, F. O. (2012). The
SILVA ribosomal RNA gene database project: improved data processing and web-based tools. Nucleic acids
research, 41(D1), D590-D596. https://doi.org/10.1093/nar/gks1219

Quince, C., Lanzen, A., Davenport, R. J., & Turnbaugh, P. J. (2011). Removing noise from pyrosequenced
amplicons. BMC bioinformatics, 12, 38. https://doi.org/10.1186/1471-2105-12-38

R Core Team. (2020). R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing.

Rillig, M. C. (2004). Arbuscular mycorrhizae and terrestrial ecosystem processes. Ecology letters, 7(8), 740-754.
https://doi.org/10.1111/j.1461-0248.2004.00620.x

Sainju, U. M., Whitehead, W. F., & Singh, B. P. (2003). Cover crops and nitrogen fertilization effects on soil
aggregation and carbon and nitrogen pools. Canadian journal of soil science, 83(2), 155-165.
https://doi.org/10.4141/S02-056

Schindelbeck, R. R., Moebius-Clune, B. N., Moebius-Clune, D. J., Kurtz, K. S., & van Es, H. M. (2016). Cornell
University comprehensive assessment of soil health laboratory standard operating procedures. Cornell
Univ.,, Ithaca, NY.

Sims, J. R., & Patrick, W. H. (1978). The distribution of micronutrient cations in soil under conditions of varying
redox potential and pH. Soil Sci. Soc. Am. J., 42, 258-262.
https://doi.org/10.2136/ss5aj1978.03615995004200020010x

Sumner, M. E., & Miller, W. P. (1996). Cation exchange capacity and exchange coefficients. Methods of soil
analysis: Part 3 Chemical methods, 5, 1201-1229. https://doi.org/10.2136/sssabookser5.3.c40

Tao, J., Liu, X, Liang, Y., Niu, J., Xiao, Y., Gu, Y., ... Yin, H. (2017). Maize growth responses to soil microbes
and soil properties after fertilization with different green manures. Applied microbiology and biotechnology,
101(3), 1289-1299. https://doi.org/10.1007/s00253-016-7938-1

Tate 1ll, R. L., & Terry, R. E. (1980). Variation in microbial activity in histosols and its relationship to soil
moisture. Applied and environmental microbiology, 40(2), 313-317.
https://doi.org/10.1128/aem.40.2.313-317.1980

Thompson, L. R., Sanders, J. G., McDonald, D., Amir, A., Ladau, J., Locey, K. J., ... Knight, R. (2017). A

48



http://sar.ccsenet.org Sustainable Agriculture Research \ol. 11, No. 4; 2022

communal catalogue reveals Earth’s multiscale microbial diversity. Nature, 551(7681), 457-463.

Tootoonchi, M., Bhadha, J. H., Lang, T. A., McCray, J. M., Clark, M. W., & Daroub, S. H. (2018). Reducing
drainage water phosphorus concentration with rice cultivation under different water management regimes.
Agricultural water management, 205, 30-37. https://doi.org/10.1016/j.agwat.2018.04.036

White, T. J., Bruns, T. D., Lee, S. B., & Taylor, J. W. (1990). Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. PCR Protocols: a guide to methods and applications, 18(1),
315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wright, A. L., & Hanlon, E. A. (2009). Soil Structure in Everglades Agricultural Area Histosols: Effects on
Carbon Sequestration and Subsidence. EDIS, 2009(7). https://doi.org/10.32473/edis-ss514-2009

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

49



