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Soil Health 1n Stream & Floodplain Restoration

Soil health and microbial
diversity 1s essential to long-
term effectiveness of
restoration projects

Ecosystem Services provided

by microbial communities:
*»Organic matter decomposition
**Nutrient cycling (C, N, P, and S)
*»Biomass production

**Overall soil structure
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Promoting Ecosystem Services in Restoration Design

Pre-restoration

» Diversifying physical g
conditions: elevation
change, instream
structures

» Retention of organic

matter within streams (Miller & Kochel, 2013)

» Floodplain recoNNECtion m——




Buried Historic Hydric Soils

* Organic-rich (C and N) soil horizon
from pre-colonial wetlands overlain by
legacy sediment deposits

* Buried by legacy sediment deposits
resulting from colonial era agricultural and
deforestation practices.
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Buried Relict Soils — Removal During Restoration

Pre-restoration

L Buried Relict Soils are
typically removed with
overlying legacy sediment
during restoration

Relict soil horizons contain
historical soil microbiomes Post-restoration
and nutrients that could be =

leveraged to improve water
quality at restored sites
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Historic hydric soils could boost ecosystems services

“Daylighting” of relict soils

/

within the floodplain

*» Enhance ecosystem functions (denitrification, organic matter decomposition, etc...)

% Recovery of dormant, native, microbial communities — increase in diversity and

Restored floodplains with hydric soils at the

function
% Colonization of active, contemporary, microbial communities in organic rich soil
Pre-disturbance, valley-bottoms with Degraded, filled with legacy sediments,
wetlands and marshes wetlands & hydric soils buried

Thick organic overlying
rich soils lega}cy
\V sediments
T—
Active %I »
microbial

Disconnection
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oligotrophic, organotrophs, microbial !ablle carbon
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bacteria in burial

surface

labile
carbon

microbial composition
changes towards
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facultative species




How do microbial communities 1n historic hydric
solls change during the first three years
following restoration, and how do they compare
with contemporary soils?




Site Description — Gramies Run in Elkton, MD

2017, pre-restoration March 2019, post-restoration

< Floodplain restoration = o P

project completed between
March 2019 and March
2020

< Removal and regrading of
overlying legacy sediments

< Relict soil horizon was
removed

< Raising of streambed

< Construction of instream ="
structures June 2023 | June 2019
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Soil and Porewater Analysis

Three — year floodplain incubation (Nov. 2020 —
Nov. 2023)

_—

Soil porewater chemistry — Monthly sampling |[ poc, NO,-N, NH;-

Bulk soil chemistry — Spring and fall sampling || N, Total C&N

Total microbial community characterization — high
throughput sequencing of 16S rRNA (Next Generation
Sequencing (NGS))

Active microbial community characterization — high
throughput sequencing (NGS) of 16S rRNA amplified
from cDNA
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Historic Hydric Soil Microbiome i1s
Distinct From Contemporary Soils

¢ HHS microbial community
composition significantly different from
contemporary soils, both active and
total

¢ Significant correlations of soil
treatments with top abundant phyla
(relative abundance > 1%)
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Historic Hydric Soil Active Total
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Active - Historic Hydric Soil
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Conclusions

* Historic hydric soils exhibited distinct microbial communities compared to
contemporary soils

* Historic hydric soil microbial community gradually shifted from anaerobic,
oligotrophic dominated taxa to more aerobic and copiotrophic communities

* Active and Total communities of historic soils displayed more clear, progressive
change over time than contemporary soils -> strong indication for reactivation and
revival of dormant communities

* Significant temporal change in composition of active microbial community ->
potential for strong recovery in soil functions
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Incorporation in Restoration

e Allow historic hydric soils to remain in-situ at original elevation in floodplain
where possible

e Achieving microbial community structures and functional capacities comparable to
natural floodplains or reference sites is likely a long-term process

Pre-disturbance, valley-bottoms Degraded, filled with legacy Restored floodplains with hydric
soils at the surface

with wetlands and marshes ediments, wetlands & hydric soils

Thick
organic
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Active
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Next Steps — Mesocosm Experiments

What is driving changes in microbial
community composition of historic hydric
soil?

Anoxic (glovebox) experiment
% One year incubation experiment of relict
soil at anaerobic conditions

Aerobic (greenhouse) experiment
¢ One year incubation experiment of relict
soil at anaerobic conditions

¢ Assessing chemical and biological
controls on microbial community
recovery 1n historic hydric soils
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