Returning Carbon from Air to Soils
by Jim Laurie & Gene Fry
	March 23, 2008 - Since 1750, humans have emitted 1,200 gigatons (GT) of carbon dioxide (CO2) by burning fossil fuels. The atmosphere has retained 500-600 GT of it (150 GT of carbon).  In this way, humans have increased atmospheric CO2 by 100 parts per million (ppm).  A growing group of farmers and researchers contend that subsidized chemical agriculture has badly damaged soils.  What follows is their message.  Water and energy use are far higher than required.  Farmers are going broke.  Above all, we are moving soil carbon to the air, adding to the greenhouse effect that brings rapid climate change.
	Our land use practices have depleted soil carbon from a billion acres of US rangeland and crop lands, to the tune of at least 100 tons of carbon per acre.  That’s 4-5 pounds per square foot, or roughly half a percent of the top few inches of soil.  Thus, US soil carbon depletion amounts to 100 GT or more, about 70 ppm of CO2, if spread across Earth’s atmosphere.  Similar land practices have depleted soil carbon across other areas, larger than the United States.  So the potential for returning carbon from the air to soils is much greater than 70 ppm.  It may well exceed the 100 ppm humans have added to the air in the past few centuries.
	If we could return carbon from the air to soils, we could reduce atmospheric CO2 considerably.  To date, plans to add carbon to the oceans by farming algae (or simply adding iron filings in strategic places) are more widely known.  A subsidy policy that encourages carbon sequestration in soils may pay off big time.  A byproduct would be to make soils more productive.  This would make farmers (and food consumers) happy.
Oxygen Depletion and CO2 Levels: A Geologic Perspective
	Some researchers believe that rising CO2 levels (together with oxygen depletion) caused most of the great extinctions to date.  Their analysis is summarized below.
	Most extinction episodes featured the following steps.  Rising temperature melted the polar ice.  Winds decreased, as temperature gradients declined from poles to tropics.  Ocean currents changed.  No longer were descending currents cold and full of oxygen.  The new warmer water currents were oxygen poor.  If oxygen demand in the ocean was great enough, the ocean became anoxic.
	If oxygen demand was even greater, a “Canfield Ocean” could materialize.  Canfield Oceans are dominated by sulfur metabolizing microbes.  Oxygen levels are very low.  Animals can’t live there.  Much of Earth’s history had an anoxic or Canfield Ocean – mostly until the Cambrian explosion of animal life.  Later, 250 million years ago (mya), the Permian Extinction came at a time of rising CO2 levels.  The warming caused a Canfield Ocean, which killed most life on earth.
	In the last great extinction episode, 55 mya, CO2 levels rose to about 800 ppm.  A great deal hydrogen sulfide was released during this time, which could break down ozone in the upper atmosphere.
	Since the late Eocene (40 mya), the ocean has been oxygenated top to bottom.  Mammals have thrived and filled niches in all habitats.  CO2 levels dropped to very low levels (compared to earlier geologic eras), as grasslands locked up thousands of gigatons of carbon in deep soils.
	Over the last 2 million years, CO2 levels were usually below 250 ppm, as a series of Ice Ages dominated temperate regions.  In the last 10,000 years, an interglacial period, CO2 levels have ranged from 250 to 280 ppm.  That appears neither low enough to accumulate vast ice sheets nor high enough to melt polar ice completely.  The oceans remained oxygen rich.
	Did agriculture happen in this time because of stable climate?  Or did breaking up soils and burning grasslands to herd animals add enough carbon to the atmosphere that the Ice Ages did not yet return?  Perhaps both are true.
Geologically Recent CO2 Levels
	Burning fossil fuels tipped the balance in the other direction.  The ocean sequesters several GT of CO2 per year from burning grasslands and agriculture.  But when fossil fuel burning added several more GT per year, the ocean couldn’t keep up.  The polar ocean is now 30% more acidic, so many microscopic plankton can no longer make shells.  Moreover (partly as a result), the ocean carbon sink is fading.
	Meanwhile, atmospheric CO2 levels are growing faster.  The fastest CO2 rise recorded in ice cores was 80 ppm in 6,000 years, or 1.3 ppm per hundred years.  CO2 in the air increased by half again that much in the last year alone.
	The process of turning the ocean anoxic may be greatly accelerated by agricultural practices, led by nitrate runoff from fertilizers.  The ocean now features 150 “dead zones.”  Many are expanding rapidly.  These represent a huge oxygen demand, at a time when we are reducing oxygen absorption, via a warmer ocean and a less windy Arctic.
Creating Healthy Soils
	Earth holds more than 4 billion acres of highly degraded soils.  If all agricultural soils are included, the total is more than 10 billion acres.  Agriculture has reduced the carbon content of soils by half or more over the last 200 years.  Some of the loss has gone into the atmosphere by burning and oxidation.  Much has been washed away by soil erosion.  It is not normal to see rivers running brown with lost soil.  Healthy grasslands don’t allow this to happen.
	Average soil carbon loss from land degradation is at least 100 tons of carbon per acre.  It may exceed 200 tons per acre.  But reversing the process may be possible.  If you multiply 4 billion acres by 100 tons of carbon per acre, you could get about 400 GT of new carbon in the soil, more than twice the amount humans have added to the atmosphere.  Using the higher values of 10 billion acres worldwide and 200 tons of carbon per acre, you get 2,000 GT of new carbon in the soil.  The potential to reduce CO2 levels in the air is large.
	Soil carbon comes in the form of increased humus, and more numerous life forms, notably dung beetles and worms, complete with tons of their castings.  Fungal networks thrive in moisture rich soils.  Dung beetles drag carbon from cow manure a few inches underground.  Meanwhile, perennial grasses re-grow above ground and extend their roots below ground.  This also adds more carbon to soils and helps retain much more moisture in the soil.
	Side benefits of creating these soils on rangelands include increasing water retention 6- to 8-fold.  This reduces floods and droughts.  Production of grass-fed meat increases several-fold.  Better land use increases employment and reduces hunger in many parts of the world.
	These ideas behind “Holistic Management” grassland management practices stem from research by Allen Savory in Zimbabwe and New Mexico, USA.  It works best in areas with dry seasons and intermittent rainfall.  He estimates that 30 million “Holistic Managed” acres have increased soil carbon by at least 3.6 GT.  That’s 120 tons per acre.  Holistic Management International, an Albuquerque, New Mexico-based international nonprofit organization, provides training, courses, and consulting services to stewards of large landscapes, including ranchers, farmers, pastoral communities, government agencies, non-governmental organizations, environmental advocacy groups, and other non-profits.  The company hopes to increase the area under Holistic Management by a third over the next three years, creating another 1-GT carbon sink.
	Much of the western United States has become desert in the last 100 years, after the stocking rates were greatly reduced under now-traditional practices.  However, the Mattox Ranch in West Texas, USA, improved grass productivity 5-fold by doubling its herd size.  They move animals in herds to give maximum animal impact on sections of land for short time periods.  Then they move the animals to the next section.  Grass re-grows.  This system requires careful monitoring.  It simulates the impact of huge wild herds followed by predator packs and dung beetles, conditions that first created these grasslands.
	Allan Yeomans developed a similar soil building approach for Australia, called the Keyline Process.  He describes it in his book, Priority One-Together We Can Beat Global Warming.  It works better with year-round moist soils.  Changing land practices can reduce costs and raise income for family farmers.  It can reduce or eliminate the use of chemicals, improve the water cycle, increase habitat for wildlife, and generally improve the health of the land.
Reducing Atmospheric Carbon
	We cannot reduce CO2 levels significantly by going on an energy diet; we can only slow or stop their rise.  We need help.  Nevertheless, it is vital that we keep CO2 levels from growing further.  So we must reduce carbon emissions by 50% worldwide and 80% in the United States.  That will stabilize CO2 concentrations at dangerous levels of 400 to 500 ppm, but below levels that would wreak total havoc on life on Earth.
	We are now at 385 ppm.  Each ppm represents 1.4 GT of carbon.  If we reduce atmospheric carbon by 120 GT, then we could reach 300 ppm.  In fact, we can capture this amount the way nature did it over the last 40 million years.  We can create humus-rich grassland soils.
	If we reduce annual carbon emissions by half, to 5 GT, and use land practices that take 10 GT per year out of the air, we could take several gigatons per year out of the air.  CO2 levels could shrink by 4 GT per year.  This would thin our CO2 blanket by 2-3 ppm per year and start removing carbon we added from the recently more acidic surface layers of the ocean.  Fifty years from now, we could approach 300 ppm in the air, with less acid oceans.
	Further reading includes
Holistic Management (1999) by Allan Savory with Jody Butterfield;
“Moving Our World Toward Sustainability,” by Allan Savory and Christopher Peck (www.greenmoneyjournal.com/article.mpl?newsletterid=41&articleid=549);
Priority One-Together We Can Beat Global Warming (2007) by Allan Yeomans; and
Under a Green Sky (2007) by Peter Ward.
	More information is also available at www.carbonfarmersofamerica.com/solutions.htm; www.utexas.edu/depts/grg/eworks/proceedings/engeo/richardson/richardson.html; http://managingwholes.com/dung-beetles.htm; and www.ecoresults.org/home_page.htm.
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