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A nation that destroys its soil, destroys itself. 
– President Franklin Roosevelt

2015 International Year of Soil
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2015 International Year of Soil
 We speak a lot of the importance of sustainable food systems for 

healthy lives. Well, it starts with soils.
 We need healthy soils to achieve our food security and nutrition 

goals, to fight climate change and to ensure overall sustainable 
development. 

 The multiple roles of soils often go unnoticed. Soils don’t have a 
voice, and few people speak out for them. They are our silent ally 
in food production.

 Soils also host at least one quarter of the world’s biodiversity. They 
are key in the carbon cycle. They help us to mitigate and adapt to 
climate change. They play a role in water management and in 
improving resilience to floods and droughts.

- José Graziano da Silva, FAO Director-General
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Regenerative Organic Agriculture 
and Climate Change
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Regenerative Organic Agriculture

• Cover Crops

• Crop Rotation

• Reduced Tillage

• Compost
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Reversing Climate Change
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Reversing Climate Change

 Storing Carbon

 Reducing Fossil Fuel Use
• Synthetic Inputs
• Tillage

 Reducing GHG Emissions from Soil
• Carbon Dioxide
• Methane
• Nitrous Oxide
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Soil Organic Matter Composition

Soil

Soil organic matter
1-6% of total soil mass

Soil microbial biomass
3-9% of total SOM mass

(0.03-0.56% of total soil mass)

Mineral particles

Stable (humus)
70-90%

(0.7-5.4%)

Labile (POM)
7-21%

(0.07-1.26%)

Fungi
50%

0.02-0.27%

Bacteria & 
actinomycetes

30%
(0.01-0.16%)

Yeast, 
algae,

protozoa,
nematodes

10%
(0.003-

0.054%)

Animals
10%

(0.003-0.054%)

- Modified from Building Soils for Better Crops, Magdoff and van Es, 2000 
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Regenerative Organic 

Labile

Microbial

Recalcitrant

Stabilized
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C6H12O6 +  6O2
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Why Bank Carbon?
Increases\Improves:

1. biological activity – growth and 
diversity of microflora

2. water infiltration, holding capacity, 
quality, and efficiency of use

3. soil tilth and structure 
4. natural fertility – nutrient cycling and 

storage and capacity to handle manure 
5. cation exchange capacity
6. adsorption of pesticides

Decreases\Reduces:
1. soil erosion
2. soil compaction
3. air pollution

C

-Courtesy of Don Reicosky, ARS retired

Carbon is the hub, each spoke is 
an environmental benefit which 
adds strength and support to the 
wheel to maintain environmental 
quality.
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The Farming Systems Trial (FST) 

• Established in 1981.
• Three cropping systems are 

compared.
• 8 replications, 3 crops represented 

each year in each system
• Plot size: 20 x 300 ft (6 x 91.5 m)
• Lysimeters installed in 4 reps in fall 

of 1990
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Organic-manure based

Organic-legume based

Conventional-chemically based

Main cropping systems in FST

Tilled manure system
No-till manure system (added in 2008)

Tilled legume system
No-till legume system (added in 2008)

Tilled conventional system
No-till conventional system (added in 2008)

http://hcs.osu.edu/hcs612/species/hairy_vetch2a.jpg
http://hcs.osu.edu/hcs612/species/hairy_vetch2a.jpg
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FST long-term grain yields 1981-2010
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FST Energy Analysis

Energy inputs
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FST Greenhouse Gas Emissions
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• Higher percentages of water stable aggregates
• Higher carbon levels
• Higher levels of glomalin
• Potentially more arbuscular mycorrhizal (AM) fungi 

FST Soil Results
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Soil carbon and soil nitrogen increased significantly in 
the organic systems, but not in the conventional 
system

Soil carbon increases were greatest in the first 13 years 
of the trial. Carbon continued to build in both organic 
systems during the second half (after 1994), but at a 
slower rate.

The conventional system has shown a loss in carbon in 
more recent years.

FST Soil Results

1981 2010 1981 2010

Soil C 2.0% 2.4-2.5% 2.0% no change

Soil N 0.31% 0.35-0.37% 0.31% no change

Organic Conventional
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Long-term soil carbon data

• Carbon changes in FST systems are shown in colors and potential model curves in black.  
• Dots represent actual years with carbon data (archival samples will assist in refining rate of 

change estimates for missing years).
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Soil carbon data compared to conventional
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Aggregate Stability 2007
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4,079

558

3,264

906

4,022

190

4,568

1,400

Yields
(lbs/a/yr)

Profit
($/a/yr)

Energy Input
(MJ/a/yr)

Greenhouse gases
(lbs CO2/a/yr)

Organic Conv

Comparison of FST organic and conventional systems

Yields = grain and forage yields combined

FST Summary
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Impacts of Those Changes On Water Management

Conventional Soil 
Wheat After Rain

Organic Soil
Wheat After Rain
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Organic (left) and conventional (right) corn
during the 1995 drought – six weeks after planting

134 bu/a 102 bu/a

Water percolation volumes 
were 15-20% higher
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Organic Corn

Conventional Corn

FST 2015
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FST 2015 – Nutrient Stress in Conventional Corn
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Production budgets for corn
Organic

Tilled
Organic 
No-till

Conv
Tilled

Conv
No-till

vetch+
corn

vetch+
corn corn vetch+

corn
Expenses

fertilizer 0.00 0.00 118.04 90.44
herbicide 0.00 0.00 108.19 144.56
seeds 139.40 139.40 88.15 148.35
custom haul 30.00 30.00 30.00 30.00
labor 39.35 18.61 15.78 16.14
fuel 47.60 23.96 23.76 20.67
repair & maintenance 17.56 10.35 8.42 8.97
interest on op.capital 6.35 4.54 11.50 13.50
fixed expenses 52.02 30.98 27.31 27.46

Total Expenses ($/acre) 332 258 431 500
Profit ($/acre) *

@ 100 bu/a yield 504           578        -16 -85
@ 150 bu/a yield 922           996        191         122         
@ 200 bu/a yield 1,340        1,414     399         330         

Break-even price ($/bu)
@ 100 bu/acre 3.32 2.58 4.31 5.00
@ 150 bu/acre 2.22 1.72 2.87 3.33

@ 200 bu/acre 1.66 1.29 2.16 2.50

These production budgets were calculated using the free on-line Mississippi State Budget Generator (MSBG), developed by the Department of Agricultural 
Economics at Mississippi State University, (http://www.agecon.msstate.edu/what/farm/generator/). When available, input and price data were taken directly 
from data collected at the Rodale Institute (2008-2010), otherwise default values from the Budget Generator were used. 
* The 3-year average price for organic corn was $8.36/bu, for conventional corn $4.15/bu.

http://www.agecon.msstate.edu/what/farm/generator/
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1. MINIMIZE SOIL DISTURBANCE – reduce tillage; 
use cover crops, compost, and mulch; manage 
livestock – Keeping not Adding Carbon

2. ENERGIZE WITH DIVERSITY – diversify and 
lengthen rotation; use cover crops and compost –
Adding and Diversifying Carbon

3. KEEP THE SOIL COVERED – reduce tillage; 
retain residue; use cover crops, compost, and mulch 
– Keeping, Adding, and Diversifying Carbon

4. MAXIMIZE LIVING ROOTS – choose crops 
carefully; use cover crops; manage livestock –
Adding, Keeping, and Diversifying Carbon

5. INSERT LIVESTOCK – manage animals for soil –
Adding, Keeping, and Diversifying Carbon

Soil Health Principles
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Organic No-Till www.rodaleinstitute.org
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The BROWN REVOLUTION
Recognize proper soil management as the most 

ecologically and economically sustainable form 
of agriculture.

Energize with Diversity

Keep Soil Covered

Reduce Soil 
Disturbance

o Provide food, fiber, and fuel 
o Provide nutrients
o Protect the soil 
o Consistency
o Resiliency
o Moisture to roots
o Maximize efficiency
o Make money

Maximize Living Roots

Soil Food Web Pyramid
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Kris Nichols
Kristine.nichols@rodaleinstitute.org

610-683-1444 

http://rodaleinstitute.org/

Regenerative Organic Agriculture and Climate Change
http://rodaleinstitute.org/assets/RegenOrgAgricultureAndC

limateChange_20141001.pdf

Thank You!

mailto:Kristine.nichols@rodaleinstitute.org
http://rodaleinstitute.org/
http://rodaleinstitute.org/assets/RegenOrgAgricultureAndClimateChange_20141001.pdf
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