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A World Without Soil – the past, present, and precarious future of the earth
beneath our feet

by Jo Handelsman, published 2021 by Yale University Press
Book Review (by Kathy Sasowsky):

Written for the lay person, but informative for soil scientists, this new book hopes to prompt all to
appreciate soil more. “Dirt” as she describes is derived from Old Norse with a root that means
“excrement”, and we all know that is not our profession. We will be familiar with many of the topics she
discusses, but there is always more to learn about soil, as we all know.
This was a Christmas present, and I was so disheartened from the beginning of the book to read that
battles that I thought had been won, were in fact, not won. The author is around my age, and had also
learned about no-till agriculture, contour plowing, and strip contours – all efforts to stem soil erosion.
The National Food Security Act and the terrific efforts of USDA NRCS to curb soil erosion had been very
successful. The problem that I had not been aware of was “…after 1985, Congress weakened the
language of the legislation repeatedly until the NRCS had little power to hold farmers accountable for
soil protection.” “On the eroded land, nutrient loss, yield reduction, land devaluation, and loss of
biodiversity must all be accounted for in cost estimates. Off-site erosion costs range from sediment
deposition, flooding, need for water treatment, increased food prices, and intensifying climate change.”
Even small losses in production can impact family farms. Let’s “…preserve soil rather than squander
it….”
Our country is more successful than most others at protecting soil; developing countries have raging
problems with soil erosion and desertification. “Over the past seventy years, the United States has
contributed 50 percent of total food aid…., “so the preservation of global soil affects us here. The
impacts are in food security, climate change, water supply, disease, immigration, and global stability.
“The United Nations reports that cumulative land degradation – 80 percent of it caused by soil erosion –
is harming the welfare of 40 percent of the world’s population, contributing to global and regional
conflict, and causing mass migrations.” “Local food shortages worsen as rivers fill with sand, preventing
fishermen from catching small fish to use as bait for larger ones. In northern Nigeria, where the climate
is characteristically hot and dry, crops grown in unhealthy or eroded soil are more susceptible to
drought.” We still have our work to do. And there is a link between soil erosion and climate change; the
latter causes the former and the former exacerbates the latter.
Descriptions of soil structure formation and its benefits to soil health are described: “As plants develop a
foothold, they slough off polysaccharides (long, stick strings of sugars), protein, and DNA that together
form a thick mucus that binds soil particles into aggregates or clods and makes a wholesome broth for
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microbial residents.” As we know, stronger structure means higher infiltration rates; higher infiltration
means less runoff and less water erosion. Also we know that an increase in organic matter improves soil
structure, also increases infiltration rates and soil health. Additionally, “Higher soil organic matter
fosters higher biodiversity, which in turn reduces plant disease.”
Another soil-related benefit is related to water quality. One third of American citizens rely on the soil to
filter their water, sometimes with no other filtration. “…soil is excellent at filtering out pathogens, which
is why manure is usually a safe fertilizer.” “…most do not reach the groundwater.” We think of
microbes as being pathogens and yet in the soil, “…fewer than 1 percent of its bacterial species are
readily culturable….”; this means that soil is the necessary medium for them. In turn, I would argue for
our microbiome health, we need food grown in healthy soil. Humans have more microorganism cells in
their bodies than human cells. “…the vast majority of life is microbial.” “And nowhere is the diversity of
microbes greater than in the soil.” Pharmaceutical companies have abandoned soil (used from 1940’s
to 80’s) as a source of new antibiotic treatments, in search of more lucrative maintenance drugs, despite
evidence that soil could have a plethora of potential health uses, including fighting antibiotic resistant
infections.
Fortunately, we know how to preserve soil, to increase its health, and to aid in solving many world
problems. Somehow we need to keep getting the word out about soil! “…Bhutan’s verdant forests,
which are constitutionally mandated to cover at least 60 percent of the land.,” based on a philosophy
that they measure “…Gross Nation Happiness – rather than GDP to create and assess national policy.”
They also value their hydroelectric industry which requires a lack of sediment, and therefore a lack of
soil erosion. In contrast is Indonesia, “…the world’s fourth most populous country.”, where “Sediment
records indicate that erosion tracks closely with population density….” Indonesia is dominated by almost
all small landholders, who “…are most vulnerable to the effects of soil erosion.” This is not only true
there, but globally, so global food supply, security, and soil preservation is critical. We know no-till and
conservation tillage, cover crops, crop rotation help organic matter in soil, microbes, and soil health.
Unfortunately, globally these are not practiced. We need to communicate globally about our known
solutions, which pay off in the long run by preserving soil, increasing yield, decreasing water use, etc.
More data is showing that well-managed livestock grazing, especially in semi-arid regions, can improve
soil organic matter and water retention. Rather than prohibiting practices, can we encourage and
compensate farmers for healthy soil practices which will benefit all of us in the long run?
On a related topic: “In 2019, all major greenhouse gases reached record high concentrations, including
carbon dioxide, which reached 409.8 parts per million, the highest level on record in ice cores that
encompass eight hundred thousand years.” “As more land warms, …more extreme rainstorms deliver
water more quickly….” “People in poorer countries are four times more likely to be displaced from their
homes by extreme weather events than those in wealthy countries….” Because “Soil…[contains] the
largest terrestrial store of carbon.” It is a sink for carbon. Soil has “…more than the total amount
released by human activities since 1750….” soil is critical for climate moderation. Gelisols “…sequester
roughly one quarter of all organic carbon in soil.” “Prairie plants that gave rise to Mollisols transport
copious organic carbon into their roots, producing more biomass below ground than above.”
Switchgrass, which is a perennial that has great potential for a biofuel and is much better for soil health
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than corn, has roots that penetrate (as reported in this book) 3.5 m, as opposed to 0.2 m for corn, or
0.06 m for turfgrass!
Methane, a very potent greenhouse gas, is released from wetlands that have insufficient oxygen. Rice
production can be increased by increased oxygen, addition of straw, and methanotrophs
(microorganisms that eat methane as food). Draining wetlands can increase carbon dioxide. Nitrous
oxide, an extreme greenhouse gas can be emitted from nitrogen fertilizer. Moderate oxygen levels
moderate nitrous oxide emissions. There are known scientific practices that can help agriculture
improve its contributions to climate change without sacrificing yield. As much as agriculture is blamed
for greenhouse gases, “The majority of anthropogenic [people-derived] sources of greenhouse gases are
the result of burning fossil fuels….” Emphasizing soil health can benefit the farmer, the society, and the
environment.
The author, Jo Handelsman, is a professor at the University of Wisconsin-Madison and former science
advisor to President Obama.

A Memory from Tim Gerber

This is the text in the 1992 Threshold Acre Celebration brochure. A scan of the
brochure cover is in file identified as “Threshold scan.jpg.”
A Cause for Celebration
After 93 years of field work by hundreds of professional soil scientists, a
detailed inventory of the soils of Ohio has been completed. The Association of
Ohio Pedologists is planning the Threshold Acre Celebration to commemorate
this important scientific achievement.
The last acre of soil in the state to be mapped is considered to be a
“threshold,” because much remains to be done. Because of different uses for
soils and an increase in the knowledge about soils, soil surveys need to be
updated or “modernized” periodically.
Some of Ohio’s citizens who are faced with land use decisions will require even
more detailed information from a soil scientist at specific sites. Others will
need training on how to use the published information. The information itself
will need to be adapted to new formats to facilitate its use.
The dedication ceremony will be held during the 1992 Farm Science Review. More than 150 soil
scientists – most of whom are retired from public service – are also being invited to a reunion to be held
at the Madison County Fairgrounds in London on the evening of September 21.
The Ohio Soil Survey
Julie Weatherington-Rice AOPEditor2020@gmail.com

Page 3

ASSOCIATION OF OHIO PEDOLOGISTS NEWSLETTER VOLUME 49 ISSUES 2-3
Part 2
The first soil survey of Ohio was conducted in Montgomery County in 1899 by the U.S. Department of
Agriculture (USDA). The report identified seven different kinds of soils in the county. In 1915, the
Reconnoissance Soil Survey of Ohio was published, and it identified 26 basic kinds of soils in the state.
Between 1900 and 1939, soil surveys for 32 counties and 5 urban areas were published by the USDA.
The Ohio Soil Survey was led during the 1920s and 1930s by Dr. Guy W. Conrey of The Ohio State
University, Department of Agronomy and the Ohio Agricultural Experiment Station (OAES).
Only four more soil surveys were completed by 1951, but improvements were evident in each of the
publications. The map scales nearly quadrupled, and the Soil Survey of Fairfield County was the first one
to have soil maps published on aerial photographs.
In 1952, a new agency was created – the Division of Lands and Soil – within the Ohio Department of
Natural Resources (ODNR). The division was organized “to complete as rapidly as possible, an accurate
and workable soil and land use inventory of the state.” In the same year, the Soil Conservation Service
(SCS) became the USDA agency responsible for directing the national soil survey program.
Direction for the revitalized Ohio Soil Survey came from the Soil Inventory Board. Field soil scientists of
ODNR and SCS completed soil surveys in four more counties in the 50’s and 21 more in the 60’s.
Meanwhile, researchers at OSU studied the soils in these inventoried counties to better understand the
differences between Ohio’s soils. An OAES laboratory analyzed critical properties of soil samples
collected by the field soil scientists.
Some of the older, less detailed soil surveys were replaced in counties where the need for more
information on soils and their uses was recognized. By 1982, the state had 64 “modern” soil surveys.
That year the Huron County Commissioners signed a contract to share in the cost of modernizing the
oldest of them. Since then, soil survey modernization projects have begun in 11 other counties.
Since 1974, when ODNR developed the Ohio Capability Analysis Program (OCAP), soil survey information
from 54 counties has been digitized for computer analysis. Plans call for information from all future soil
survey modernization projects to be digitized by the Division of Soil and Water Conservation’s OCAP
staff for use in a variety of geographic information systems.
Cooperating Agencies
The following agencies have made the progression of Ohio’s soil survey possible, and participate as
members of the Soil Inventory Board: USDA Soil Conservation Service.
ODNR Division of Soil & Water Conservation, Ohio Agricultural Research & Development Center, OSU
Department of Agronomy, and Ohio Cooperative Extension Service.
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The Soil Inventory Board responds to the expressed interest of local officials regarding soil survey
projects. Locally, the Soil & Water Conservation Districts (SWCD) commonly take the lead in bringing
together the parties that are most interested in having up-to-date soil survey information.
The team of soil scientists who have accomplished this important task are indebted to SWCD staff
members and other local officials who have provided their assistance. During the past 20 years, local
sources have also contributed as much as 25 percent of the cost of soil survey projects.
Sponsorship
The Association of Ohio Pedologists, organized in 1976 and dedicated to maintaining professionalism
among soil scientists, is hosting this event. It is affiliated with the American Registry of Certified
Professionals in Agronomy, Crops and Soils (ARCPACS). Membership includes publicly and privately
employed soil scientists and consultants.

The Technical Corner
This is a new column open to any and all members who want to discuss technical issues, equipment,
new methodologies, observations, any of the discussions that we would typically have at field days and
training sessions which, because of the Covid-19 Pandemic, have not been available to us at this point in
time. The Executive Committee is hoping that this column will encourage the ongoing dialogue that has
made AOP gatherings so very informative. We may also find that these materials can be used for
training the next generation of soil scientists. Would you like to be next?

They are Here! They are Wonderful!

I’m including Mike’s write up from last newsletter as it explains how the interactive maps were made.
I’ll then include pictures, links and a short history to sum up this incredible effort, 200 years in the
making.

New Exciting Maps from ODNR DGS – Mike Angle

Ohio Geological Survey to release new series of Groundwater Vulnerability Maps
By Mid-January, the ODNR, Division of Geological Survey, Groundwater Group will be releasing a new
seamless series of statewide Groundwater Vulnerability (GV) Maps. This effort is a culmination of a
three year project, partially funded by a grant from the Ohio Water Development Authority (OWDA) The
GV maps are compiled using the DRASTIC system and will replace the earlier series of Groundwater
Pollution Potential (GWPP) Maps that have been in existence since the late 1980’s. DRASTIC is an
acronym for the seven components that are evaluated: Depth to water, net Recharge, Aquifer media,
Soil Media, Topography (% slope), Impact of the vadose zone media, and hydraulic Conductivity. These
components are evaluated and a vulnerability index (aka DRASTIC number) is derived. Every polygon is
assigned the vulnerability index number along with a hydrogeologic setting. The hydrogeologic setting
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quickly infers the geologic setting (often landscape, aquifer and/or vadose zone). Examples include
Buried Valleys, Thin till over Sandstone, Glacial Lakes, etc.
The new seamless GV maps will have improvements over the earlier GWPP series. The settings and
ratings have been standardized and revaluated and earlier border matching issues have been resolved.
The GWPP series was mapped over 30+ years and a variety of authors, methods, and mapping
philosophy changes were made. Technologically, roughly the first 45 counties were mapped using paper
and mylar methods with a slow conversion to GIS beginning about 2000. The first maps totally created in
GIS occurred about 2007. All the previous existing maps were revaluated, checked, and matched in
order to create the seamless GIS coverage. In addition, 11 new counties, mainly along the Ohio River in
SE Ohio were mapped for the first time.
Soil scientists will be most interested in the soil media, slope, impact of the vadose zone media, and the
net recharge components. Soil media are derived from looking at the overall soil profile and
determining how restrictive to water flow the soil profile is. Soil types with ratings in ascending order
are clay (1), clay loam (3), silt loam (4), loam (5), sandy loam (6) high shrink-swell clay (7), peat/muck (8),
sand (9), and gravel (10) and thin or absent (10). Thin or absent soils contain bedrock in their profiles,
usually within 54 inches. Slope was derived from looking at DEM and hill shade in GIS and follows
increments used in soil mapping: 0-2%=10, 2-6%=9, 6-12%=5, 12-18%=3, and >18%=1. The vadose zone
is typically the soil parent material and includes till, alluvium, outwash, and various bedrock lithologies.
The vadose media ratings will vary depending upon texture, lithology, compaction, fracturing,
weathering, etc. Recharge ratings are somewhat of a summation of all the other properties and are
rated in increments of inches per year such as 2-4 in/yr, 4-7 in/yr, etc.
The hydrogeologic setting, vulnerability index number, and all of the component ratings can be viewed
by polygon in GIS. There will be an interactive map on the Geological Survey’s website by mid-January.
In addition, both the Hydrogeologic Setting and Vulnerability Index will be in layouts for wall maps.
The hard copy link, https://ohiodnr.gov/static/documents/geology/GW2_Nelson_2022.pdf.
The interactive link: https://ohiodnr.gov/discover-and-learn/safety-conservation/about-odnr/geologicsurvey/groundwater-resources/groundwater-vulnerability-map
The Explanation Document: https://ohiodnr.gov/wps/wcm/connect/gov/e3fe9649-96b9-427d-baf2c6b92b8d4fd7/OFR2022_1_Nelson_2022_web.pdf?MOD=AJPERES&CONVERT_TO=url&
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This interactive map is the columniation of the efforts of hundreds of scientists, engineers, surveyors,
drillers and miners who have worked in Ohio for over 200 years. The efforts began on foot and on
horseback with survey chains, stadia rods and later levels, plane tables and alidades and ended up using
remote sensing, satellites, aerial overflights and geographic information systems (GIS). When the work
began, no one had begun to use airplanes, automobiles, let alone dreamed of computers, but all the
work and all the layers in this interactive map came from all those pieces. As Tim Gerber pointed out
above, the soils layer alone took almost 100 years. The surface elevation layer goes back to the
beginning surveys in Ohio, including the canal building efforts where surveyors on horseback found the
flattest routes across the state to build the canals which took Ohio produce to markets to the east.
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How many water wells have been dug and drilled in Ohio to be used to determine the depth to water?
Certainly more than a million in the last 250 years. Schoenbrunn Village at New Philadelphia is 250
years old this year, the oldest white settlement in Ohio. We know the Native Americans in the region
were mining drift coal from local stream cuts in the area even before the Moravian settlements were
founded. So the records that document the bedrock, the aquifers may go back that far, as well. In this
interactive map, we have the whole earth sciences records summarized in one place, helping us to
understand, at the flick of a computer button, how easy or how difficult it would be to contaminate the
ground water at any one spot by installing a potentially contaminating land use at that location. As you
go forward, locating potential septic systems sites, I hope you refer to this interactive map often and
that you give a bit of thanks to all of those folks that went before us to make our work even possible.

Journal Articles etc. of note
From Duane Wood

Farm vehicles are now heavier than most dinosaurs: Why that’s a problem
May 18, 2022

What does a modern combine harvester and a Diplodocus have in common? One answer, it seems, may
be their big footprints on the soil. A new study led by researchers from Sweden and Switzerland has
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found that the weight of farming machinery today is approaching that of the largest animals to have
ever roamed the Earth—the sauropods.
Depicted as the giant, friendly “veggiesaurus” in the movie “Jurassic Park,” sauropods were the biggest
of the dinosaurs. The heaviest were thought to weigh in at around 60 metric tons—similar to the weight
of a fully laden combine harvester. Tractors and other machinery used on farms have grown enormously
heavier over the past 60 years as intensive, large-scale agriculture has become widespread. A combine
harvester is almost ten times heavier today than it was in the 1960s.
The weight of animals or machines matters because soils can only withstand so much pressure before
they become chronically compacted. They may not look it, but soils are ecosystems containing fragile
structures—pores and pathways which allow air to circulate and water to reach plant roots and other
organisms. Tires, animal hooves and human feet all apply pressure, squashing the pores, not just at the
surface but deeper down too.
Soil compaction can cut plant growth and harvests, and increase the risk of floods as water runs off the
land and reaches waterways more quickly. The scientists involved in the new study took a look at how
much compaction is being caused by these giant farming machines and compared it with the sauropods
who lived over 66 million years ago. They found both to be big culprits of compaction.
Under pressure
The study points out that as the weight of farm machinery has grown, tire sizes have ballooned too,
adjusting the area of contact between the vehicle with the soil to reduce the pressure on the surface
and help avoid sinking. It seems that animals evolved with a similar strategy—increasing foot size with
weight to help avoid sinking into the soil.
Overall, pressure at the soil surface has remained fairly constant as farm machinery has gained weight.
But the authors suggest that stresses on the soil continue to increase below the surface and penetrate
deeper as vehicles (or animals) get heavier. Farm machinery today (and the sauropods of the past) are
now so heavy that they irreparably compact soil below the first 20 cm, where it isn’t tilled. Aside from
restricting how deep the roots of crops can grow to seek water and nutrients further down in the soil,
this can also create low-oxygen conditions that are not good for plants or the organisms they share the
soil with.
Where did the dinosaurs go for dinner?
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This creates a “sauropod paradox,” as the researchers call it. The dinosaurs and the loads transmitted
through their feet were so large that they would have likely caused significant subsurface damage to
soils wherever they roamed, potentially destroying the soil’s ability to support the plants and
ecosystems they would have relied on as their food source.
The image of sauropods roaming widely and foraging freely as depicted by Jurassic Park seems unlikely,
as they would have had an unsustainable influence on their environment. So how did they survive?
The scientists behind the study speculate that they may have kept to well-trodden paths, limiting their
impact while browsing the canopy with their long necks. How exactly a sauropod could live in
equilibrium with the soil remains a mystery for now.
Big food for thought
A more pressing conundrum is how to reconcile soil compaction by farming vehicles with sustainable
food production today. The risk of soil compaction varies with the type of machinery and the way it’s
used, as well as the type of soil and the moisture bound up in it.
The study estimates that 20% of croplands globally are at high risk of losing productivity because of
subsoil compaction by modern agricultural vehicles, with the highest risks in Europe and North America
where it’s relatively moist and there are more large farms using the largest machines. Clearly, this is an
issue in arable landscapes, but the problem also extends to grasslands where silage is baled, and urban
landscapes where the movement of construction vehicles on green space is not well controlled.
The authors call for design changes to machinery to help maintain the soil’s structure. We suggest
another option. To reduce their impact on the soil, we could reduce the need for such large machines in
the first place by growing food using smaller machines on smaller parcels of land, particularly in high-risk
zones. Finding ways to break up vast monoculture landscapes makes sense for many other reasons. For
example, wildflower field margins, hedgerows and trees can help sequester carbon, manage water
quality and support biodiversity.
Soil can only withstand so much pressure—whether from compaction or other threats such as continual
harvesting, erosion or pollution. Humans must act to reduce pressures on soils, or we risk going the way
of the dinosaurs.
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Risk of soil degradation and desertification in Europe’s Mediterranean may be more serious than
realized
More information:
Thomas Keller et al, Farm vehicles approaching weights of sauropods exceed safe mechanical limits for
soil functioning, Proceedings of the National Academy of Sciences (2022). DOI:
10.1073/pnas.2117699119
Provided by
The Conversation
This article is republished from The Conversation under a Creative Commons license. Read the original
article.
Citation:
Farm vehicles are now heavier than most dinosaurs: Why that’s a problem (2022, May 17)
retrieved 17 May 2022
from https://phys.org/news/2022-05-farm-vehicles-heavier-dinosaurs-problem.html
From Kathy Sasowsky
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Also from Kathy
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Here is the website link to Kiss the Ground. A wonderful video, if you have not seen it yet; and an
update on their activities.
https://kisstheground.com/regenerative-agriculture/?_kx=j1Rj_3hpasykXtzgwD3W-Zi7tK1KlGvFqoltNIiAGg=.WKh32v
That’s all I have been able to find that people sent to me to include in this newsletter. If you sent me
something and I missed it, accept my apologies and send it again to AOPeditor2020@gmail.com so it
does not get lost in my normal work email site. Thanks again for all the contributions.

GUIDE TO
REGENERATIVE
AGRICULTURE
Kiss the Ground’s Guide to Regenerative Agriculture highlights the issues with our current
agricultural model, covers the core principles and practices of regenerative agriculture, addresses
common myths and concerns, and
Kiss the Ground’s Guide to Regenerative Agriculture highlights the myths and concerns, and
provides resources to get involved.

Julie Weatherington-Rice AOPEditor2020@gmail.com

Page 20

