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“The purpose of this 
Working Group (PES 
Working Group) is to 
recommend financial 

incentives designed to 
encourage farmers in 

Vermont to implement 
agricultural practices that 

improve soil health, 
enhance crop resilience, 
increase carbon storage 
and stormwater storage 

capacity, and reduce 
agricultural runoff to 

waters”.



The Biodiversity Continuum and Its Metrics: 
Actions to Take on a Continuum from Simple to Complex





“The purpose of this Working 
Group (PES Working Group) is 

to recommend financial 
incentives designed to 

encourage farmers in Vermont 
to implement agricultural 

practices that:

improve soil health, 
enhance crop resilience, 
increase carbon storage 
and stormwater storage 

capacity, 
and reduce agricultural 

runoff to waters”.

And mitigate the 
biodiversity crisis?



The 1st Law of Ecology: Everything Is 
Connected to Everything Else by the 
Flow of Energy Through Food Webs



Hedgerows: Repositories of 
Landscape Memory

Top of original 
soil profile

Record of 
native pre-
settlement
vegetation

- USDA, Soil Health Nuggets



Fungal threads and other soil biota are the 
“glue” that hold soil aggregates together



“…pesticides widely 
used in American 
agriculture pose a 
grave threat to 
organisms critical to 
healthy soil, 
biodiversity and soil 
carbon sequestration to 
fight climate change”.

Frontiers in Environmental Science, 04 May 2021 | 
https://doi.org/10.3389/fenvs.2021.643847

https://doi.org/10.3389/fenvs.2021.643847


Hedgerows: Pest Control Services
Big Brown Bat

Black Thread-
Waisted Wasp

Eastern Bluebird



Flies are the #1 diet of several 
common species of predatory wasps



Biodiversity:

- includes variety in all forms of life from microbial 
organisms to flowering plants to animals. 

- encompasses the diversity found at all levels of 
organization, from genetic differences between 
individuals and populations of a single species, to 
natural communities (ecosystems) composed of many 
species that interact via natural succession, predation, 
symbiosis, and many other processes. 

- includes the full range of geophysical processes upon 
which the evolution and existence of life depend, such 
as surface processes and soil formation, the water 
cycle, nitrogen fixation, carbon and nutrient cycles, and 
many others



The Biodiversity Continuum in the Farm Landscape
Present at All Scales of Organization

Rhizosphere Scale Biodiversity

Plot or Field Scale Biodiversity

Farm Scale BiodiversityLandscape Scale Biodiversity

Diverse Natural Communities



Soil Health Practices: Significant Measurement Challenges
Qualitative Visual-Sensory Indicators: 
Simple. Fast. Inexpensive. Best for Farmers 

Simple Tools for Assessing Soil Quality

Soil Respiration Test Kit

What Does the Soil Look Like?

Quantitative Sampling and Measurements: 
More Expertise, Time, Money. Better Suited for 
Research Applications and Studies 

On Farm Water Quality Organic Matter Levels

Best Observed in A Pit

How to Interpret in
Muck/Peat Soils?

Soil Structure

Need A Waterway for
Sampling and Measuring



To Succeed, You Have To Meet Farmers Where 
They Are On The Biodiversity Continuum



To Succeed, You Have To Meet Farmers Where 
They Are On The Biodiversity Continuum



-Analyzed corn and wheat yields vs. landscape complexity over a ten-year 
period for the entire US
-Number and quantity of landcover categories has a stronger influence on 
yields than how they are arranged
-Increased landcover diversity is strongly associated with yield 
increases of 10-20%. Similar to effects of soil fertility and precipitation



The Biodiversity Continuum and Its Metrics: 
Actions to Take on a Continuum from Simple to Complex



The Majority of Topsoil Loss from Agricultural Lands 
Occurs During Intense Rainstorms When Soil Is Bare or 
Nearly So



Ecological Service: Interception



Does Terminating Cover Crops With 
Herbicide Promote Soil Health? 



Crimping Mature Annual Rye



Field Edges: A Crucial Piece of the Farm Landscape

Domesticated non-native farm grasses:
Slows runoff and erosion, otherwise low 
biodiversity benefits

Complex native prairie or meadow:
Traps runoff, sediment, and nutrients 
Many other biodiversity benefits

Multilayered Native Hedgerow: Traps runoff, sediment, 
and nutrients. Very high biodiversity benefits



Hedgerows and Native Grasslands Offer 
A Multitude of Ecological Services



California Healthy Soils Program

Planting a Hedgerow Funded Through 
the California Healthy Soils Program

Strongly positive cost-benefit ratio for 
hedgerow ecological services. Payback 
in as little as 7 years

“Riparian and hedgerow habitats with woody vegetation stored 18% of the 

farmscape’s total carbon (C), despite occupying only 6% of the total area. 

Infiltration rates in the riparian corridor were >230% higher than those observed 

in the production fields, and concentrations of dissolved organic carbon (DOC) 

in soil solution were as much as 65% higher”.



What Does the Water Look Like Where The 
Stream Enters and Leaves the Farm???

This?

Or This?
Sediment Laden Tributary Entering a 
Larger Stream Below the Farm 

Or This?
Blue green algae



Do Livestock Have Unlimited 
Access to Waterbodies?

How Is Manure Managed? 
And Where in Relation to 
Waterbodies?



Do Livestock Have Unlimited Access to Waterbodies?
What Do The Streambanks Look Like?

Livestock express natural social 
behaviors that emulate ancient 
migratory patterns of native 
graziers and exist in balance with 
water bodies and other natural 
resources

Bison, Yellowstone NP

Healthy streambanks in well 
managed rotational grazing 
system

Continuously grazed and 
degraded streambanks



Farmer-Driven Soil and Whole-Farm Health Indicators

- 300-Acre Diversified Farm located in an environmentally sensitive
area near Lake Michigan

- ¼ of the farm in natural areas: forest, wetlands, large creek
- No Inputs Other Than Seeds
- Long rotation with major intervals of alfalfa and other cover crops

The Inspectors Report, Spring 2012



Consistent Recording of Yields Over Decades
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Simple Tools to Assess Soil Health: Soil Probe, 
Tile Finder, Jar of Water, Magnifying Glass

• Dialed in on finding and 
remediating areas of soil 
compaction, which 
causes reduced or 
declining yields and poor 
water infiltration



Soil Compaction: Silent Soil Killer

From: An Illustrated Guide 
to Visual Soil and Water 
Quality Indicators



Some Places Are Just 
Too Wet To Farm

Some farmers have 
the wisdom to 
accept this reality 
and restore the 
original wetlands 



In the biodiversity continuum, simple in-field and edge-of-
field soil health practices make up the core of the program.

More complex ones can be added over time



The Low Hanging Fruit Principle:
Target Areas or Watersheds Where the Need is Greatest

Just one poorly managed field or 
impaired agricultural tributary can 
account for most of the sediment 
and nutrient loading of a watershed

Convex slopes are another good 
target. Water runs off of them more 
readily, leading to lower soil quality 
due to less infiltration of water and 
shallower soil profiles, along with 
greater rates of topsoil erosion, 

convex

concave

convex concave



Prairie Strips: Soil Health Practice With Multiple Benefits

https://www.nrem.iastate.edu/research/STRIPS/



Prairie Strips: Soil Health Practice With Multiple Benefits

https://www.nrem.iastate.edu/research/STRIPS/            https://www.youtube.com/watch?v=Fo13YXQY-QI 

“STRIPS research shows that prairie strips are one of the most 
affordable and environmentally beneficial agricultural 
conservation practices available. The STRIPS (Science-based 
Trails of Rowcrops Integrated with Prairie Strips) team has been 
conducting research on prairie strips for over ten years and we 
have shown that integrating small amounts of prairie into 
strategic locations within corn and soybean fields -- in the form 
of in-field contour buffer strips and edge-of-field filter strips --
can yield disproportionate benefits for soil, water, and 
biodiversity. Prairie strips provide these disproportionate 
benefits to a greater degree than other perennial vegetation 
types because of the diversity of native plant species 
incorporated, their deep and multilayered root systems, 
and their stiff-stems that hold up in a driving rain”. 


