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Riparian Buffer Issues in VT

Chemical Non-Native Species Removal
• Current large-scale removal involves glyphosate use

Water quality function uncertainty
• Riparian buffers saturate with phosphorus (P)

•  Transition from P sinks to sources
• Minimal monitoring (data gathering)
• Minimal maintenance (harvesting)

Limited Pollinator habitat aims
• Lack of available palettes for ecosystems and soil types
• Palettes often include limited, deer resistant species
• Long-term data gathering is needed to track succession

No Abenaki orientation
• Most projects do not collaborate with nor offer access

.

Multi-functional riparian forest buffers 
offer a holistic approach to address socio-
environmental problems.





Phosphorus (P) in the Watershed
Agriculture, the largest cause of nonpoint source pollution 
(Zaring, 1996; USEPA 1992), accounts for an estimated 38-
41% of base P loading for the VT portion of Lake 
Champlain (Lake Champlain Basin Program 2024).

Cyanobacterial bloom development is 
correlated with increased presence of 
soluble reactive phosphorus (SRP) (Cao et al., 
2016; Wang and Wang, 2009)



Insect pollinators, providing ecosystem services to > 80% 
of  earth’s flowering plants, are in serious (20–40%) 
population decline; an alarming situation for global 
biodiversity. (Nath et al. 2023)

Homegrown National Parks  (Tallamy 2020)

6th Great Extinction



Rematriation
supports Indigenous inhabitants to creatively stay in place 
and fulfill their inherent responsibilities to protect places 
and their ways of life, as a powerful reorientation. To 
effectively engage with Indigenous geographies, all climate 
resilience projects should ask: what does/could rematriation 
look like here? As conditions change, how can people live on 
and in relationship with this land in reciprocity and 
ecological balance? Given the extensive impacts of climate 
change, Indigenous reclamation of sacred lands and waters 
is essential to a thriving planet for all. 

(Barger et al. 2025)

As we gather, we acknowledge this research occurs on unceded 
territory of the original inhabitants of N’Dakinna, the Abenaki. 
The people of the Dawnland are the traditional stewards and 
caregivers of the land. Our relationship to the land calls each 
person to be better caregivers of the land. We pay our respects 
to the ancestors who were here for all time, our elders, and our 
relations, past, present and emerging.  We honor with gratitude 
this land and all it gives.

Unceded Wabanaki Territory



Eco-Literacy

“A significant need for practical, place-
based educational activities to cultivate 
both ecological literacy and 
responsibility…help students connect 
their learning to the specific 
environmental challenges faced by 
their community.” (Fitriani et al. 2025)

Crucial time to train next generation



Study Site History
Pre-colonial times

•As glaciers retreated, Abenaki ancestors moved seasonally

• From 12,500 Bp to 17th century Europeans’ arrival , Abenaki 
ancestors followed retreating shorelines 

•VT Pollen core studies show succession from boreal to mixed 
hardwood forests with Pinus sp. & Tsuga sp. 

•During Wabanaki Renaissance (1000 - 500 yrs ago) Abenaki 
practiced agriculture while relying on wild, tended food patches

•Land tended by Western Abenaki involved polyculture cropping & 
agroforestry; mound plantings amidst forest openings

•Extensive trade networks​ throughout regions​   ​

(Robinson IV 2007; Frink 1996; Wiseman, 2001, 2005, 2018; Doherty 1989; Haviland & Power 1994).



Study Site History
Colonial time period • Early 17th century: 90% Wabanaki were killed

• 18th century: colonizer land practices replaced those of Wabanaki​

• 1840s colonially named ‘Champlain Valley’: VT’s wool production center

• 1840-50’s railroads increased sheep flock & dairy herd size

• Late 19th- 20th century: roads, ditches, installed without revegetating

• 1902 Shelburne Farms: “model farm” to experiment

• 1940s High soil P concentrations exacerbated by superphosphate

• Late 1950-60’s Dutch elm disease​
• Nonnative species grew

• 1972 Shelburne Farms became a nonprofit: Shelburne Farms Resources
• 1984 Public Agricultural and Environmental Education Center

• 2001 Shelburne Farms designated as National Historic Landmark(Donnis & Huyler 2000; Wiseman 2005; Frink 1994; Emmet, 1996)





Study Site Conditions

• Poorly drained, glaciolacustrine silty clay soils

• Highly erodible soils

• In pasture for decades

• Two drainage systems: tile network & series

• SRP concentrations > VT water quality x 18

• Categorized as fragmented (Photo from Don Ross’ students’ report: Charlotte Adams, Lily 
Calabrese, Jon Liebherr, 2014)

(Rubin and Görres, 2022; Perrow et al. 2002; USDA 2006; 
USDA NRCS 2006l; VT ANR & DEC 2017​)



Current site challenges

Abundant Common Buckthorn far beyond study area
• Current removal is miniscule in long-run
• Various vectors, (berries; birds, rodents, wind…)
• Long – term maintenance consistency

Compost pile (550 yd³) not able to be moved at this time
• Upslope surface & subsurface P inundations continue
• If removed yesterday, 6-9 decades before tangible results

Unmapped and broken tile drains going into the study sites
• Soil variability beyond normal for tracking P data
• Point sources of tile drain outlets impossible to locate

(Meals et al. 2010; Sharpley et al. 2013)



Pilot: Myco-phytoremediation Restoration Project
Findings:
• Manual removal of buckthorn with 3x in 2 season works
• Mycorrhizae seemed to reduce soluble reactive phosphorus (P)
• Mycorrhizae did not

• improve plant vitality
• increase plant P uptake

• P Biomass differed between species but not treatment
• 1.7 x > plants appeared than were planted
•  Elderberries had the highest P concentrations (> 3000 mg/kg)
• 0.1–0.5 kg/ha/year underestimates harvestable biomass P.
(Rubin and Görres 2022a, b; Rubin et al. 2024)Improved the study:

- 3x more replicates
-Endemic instead of commercial mycorrhizae
-Co-designed palette; 100% edible, medicinal, utilitarian to Abenaki 
- Added 4th objective of Eco-Literacy





Concept Map of Design



Site Preparation, Installation, Maintenance



Quantitative Data Collected
Phosphorus
• Total P in soil
• Mehlich-3 P in soil
• SRP-WEP in soil water 
• Plant P (Concentrations, Biomass)

Mycorrhizae 
• Root Colonization Counts
• DNA of fungi in soil

Pollinator Habitat
• Plant Species richness



Mycorrhizal Data; Checking Assumptions

Statistically significant difference for:
• Treatment (p < 0.001) (RVM > RV)



Phosphorus in Soil & Soil Water Data
For all 3 P metrics, Statistically significant difference for: 
• Treatment (p < 0.001) (OIV > RV & RVM)

For TP

For Mehlich 3

For SRP



Total Plant P  Data

Plant P concentration Statistically significant difference for:
• Category (p < 0.001) (Herbaceous > Fruit > Shrub)​

Plant P Biomass Statistically significant difference for:
• Category (p < 0.001) (Shrub > Fruit > Herbaceous)
• For Species (p = 0.014)
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Results:
• Significantly higher species richness in restored 

plots compared to control (p < 0.001)
• No statistical difference in species richness 

between RV & RVM (p = 0.665)

Methodology:
• 5 transects randomly generated each month 
• Data pooled from May-August
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Results:
• No difference between treatments in

• planted or migrated species

Migrated:
• Left in place, in seed bed, or from outside plots



Findings and applications1. Endemic mycorrhizae may not be necessary in 
riparian forested buffer restoration

2. Cyclical harvest & coppicing seems to facilitate P 
mitigation (& can be calculated) 

3. Designing a native multi-synusial palette can 
increase pollinator habitat & allows for succession

4. Co-designing palette with the land’s Original 
Peoples offers a model for reconciliation

5. Abundant eco literacy opportunities



Application of data
Inform Best Management Practice for RFBs
• Calculations that demonstrate P reduction is occurring
• Addition of phytoremediating maintenance (harvest)
• Benefits of multi-synusial design

Phosphorus (P) Pays Program
• Farmers get paid to reduce P

Harvest Assistance via Reclaiming the Commons
• While contributing to food & medicine security

Pollinator habitat enhancement
• Pollinator education to grow eco-literacy

Maintenance through service learning
• Train restoration workers in regenerative strategies

Educational Manual for the Farm
• To be shared with other research/education farms

Fact sheets
• For state agencies and practitioners
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Questions, Insights..
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Glimpse into soil 2024 DNA

- Endemic mycorrhizae complex 
-Fungal communities arise seasonally

- Not a direct transfer of fungi via inoculation
- Dung saprotrophs in restored inoculated
- Current endemic growing strategies may 

encourage generalists



More details on Plant P Uptake



More on 2024 Soil DNA

We used high-throughput amplicon sequencing with genera fungal and 
AMF-specific primers because the general fungal primers (ITS) do not work 
well for AM fungi. We used the dada2 bioinformatics pipeline to process 
raw sequences and clustered at 97% OTUs (operational taxonomic units). 
Taxonomy was assigned by blasting representative sequences against the 
UNITE database to identify general fungi and the MaarjAM database to 
identify AM fungi. Analysis was done based on the relative read abundance 
or presence/ absence of general fungal OTUs and AM fungal taxa. 



• Ground Truth Palettes as not always accurate
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Survivability Data

Results:
• No statistical difference in plantings’ survival 

between treatments (p = 0.823)
• Species had statistical significance (p < 0.001) 

for survival

• Not all survived in the nursery
• Not all survived once planted
• Some reproduced



No need for Glyphosate
• 3 x in 2 seasons cut back = 90% death rate, rest is easy to strip

•  habitat for overwintering invertebrates, fungi, early migrants…

Research indicates glyphosate can
•  increase P cycling in soil & water while contributing complex compounds that harm 

terrestrial & aquatic ecosystems.
• contribute to P saturation in soils and decrease soil capacity to absorb and retain 

phosphate; adding to water quality impairment.

(Borggaard and Gimsing 2008; Hébert et al. 
2019; Lima et al. 2023;  Lozano 2024; Su· 
2025; Sun et al. 2019;Henry 2023; Rigden 
2023; Rubin et al. 2024)



Phosphorus in Soil & Soil Water Data
For all 3 P metrics, Statistically significant difference for: 
• Treatment (p < 0.001) (OIV > RV & RVM)

For TP:
• Date (p < 0.001) (6/9/25 > 8/9/25)
• Not between RV & RVM (p = 0.997)

For Mehlich 3 not :
• RV & RVM: (p = 0.132)
• Date: (p = 0.055)

For SRP not for:
RV & RVM: (p = 0.064)
• Date: (p = 0.064)



Mycorrhizal Data; Checking Assumptions

Statistically significant difference for:
• Treatment (p < 0.001) (RVM > RV)
• Treatment with category (p < 0.009) Herbaceous
• Treatment with species (p = 0.023) SWG



• Ground Truth Palettes as not always accurate
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Current site challenges

Abundant Common Buckthorn far beyond study area
• Current removal is miniscule in long-run
• Various vectors, (berries; birds, rodents, wind…)
• Long – term maintenance consistency

Compost pile (550 yd³) not able to be moved at this time
• Upslope surface & subsurface P inundations continue
• If removed yesterday, 6-9 decades before tangible results

Unmapped and broken tile drains going into the study sites
• Soil variability beyond normal for tracking P data
• Point sources of tile drain outlets impossible to locate

(Meals et al. 2010; Sharpley et al. 2013)



Mycorrhizae arise

(Strullu-Derrien et al., 2015, 2018)

Mycorrhizal symbiosis
 at the dawn of land flora

Earliest fossil evidence for plant–fungal 
interactions found in 407-million-yr-old 
Rhynie chert

42
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