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Much of my thought climate smart farming

• Jared Diamond book on Collapse on 
Why Civilizations Fail

• Helped form my ideas

• He notes that success and failure 
depends on how well societies adopt 
to their changing environment



Outline 
• History of carbon loss in our region. 
• Management changes.
• Impacts on the environment 
• Impacts on climate resilience

• Summary



Historically
• Food was produced by plowing native grasslands and cutting down 

forest.
• These practices often had serious environmental consequences.   

• Erosion often increased, 
• Farming resulted in the release of soil nutrients contained within the soil 
• SOC and the yield potentials decreased with time. 

• In many areas, the practices that we used resulted in a reduction in 
soil health. 





How well are we doing?
• In 1970’s the dominant farming 

practice was 
• Plow
• Disk several times
• Plant 
• Cultivate to control weeds

• Many still use this approach in their 
garden.

• These practices resulted in the loss 
of 40 to 60% of the soil organic 
carbon



From 1970 to 2011, farming changed 
• From near 0 to 49 % farms in the northern 

Great Plains used a reduced tillage system

• From near 0 to 33% of the farms in 
Heartland used a reduced tillage system

• From near 0 to 28% of the farms northern 
Crescent used a reduced tillage system.

• Since 2011 reduced tillage and cover crops 
adoption has continued to increase



Data from Midwest Laboratories from 2000 to 2022
Nebraska   279 lbs SOC-C/(a year)
Iowa                  413 lbs SOC-C/(a year)
Minnesota      414  lbs SOC-C/(a year)
South Dakota 399   lbs SOC-C/(a year) 

Driven by decreasing tillage intensity and higher yields.
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Over 12 million soil samples (0 to 6 inch) 
were collected and analyzed for SOM by 
Midwest laboratories.



Yields increased from 2000 to 2020
Corn yield increases Soybean yield increases
• Iowa  1.87 bu/(a year) Iowa  0.63 bu/(a year)
• NE  2.28  bu/(a year) NE  0.78  bu/(a year)
• MN 2.16 bu/(a year) MN 0.57 bu/(a year)
• SD 2.89 by/(a year) SD 0.70  bu/(a year)



Erosion decreased
During this time that the biofuel industry was created, has 
erosion increased?



Consequences based on the NRI (total cropland)
• In Nebraska sheet and rill erosion decreased from 4.42 in 1982 to 2.98 

tons/a in 2017

• In Iowa, sheet and rill erosion decreased from 7.93 in 1982 to 5.60 tons/a 
in 2017.

• In South Dakota sheet and rill erosion decreased from 2.19 in 1982 to 1.35 
Mg year-1 in 2017

• In Minnesota, sheet and rill erosion decreased from 2.52 in 1982 to 1.87 
ton/a in 2017



Soil organic carbon improves our ability to 
store water that is required to produce food



Increased water linked to higher yields

Crop 1974 (kg/ha) 2012 (kg/ha)

Wheat 1230 (18bu/acre) 3070 (46 bu/acre)

Soybean 1340 (20 bu/acre) 2012 (30 bu/acre)

Corn 2060 (33 bu/acre) 6321 (100 bu/acre)

This yield increase was attributed better genetics and improved 
soil health.

Reduces our reliance on federal payments.



Management improvements has reduced evaporation and increased soil 
water storage. 

Return in 2012 (compared to 1974) due to increased water
Crop In of water

from better 
health

Acres WUE Price Return due 
To soil 
health

State million Bu/inch $/bu $ million
Corn 1.61 5.2 8.81 7.25 534
Soybean 1.61 4.1 3.60 14.25 338
Wheat 1.61 2.43 5.85 7.83 177
Total 11.73 1,050

This results 
in an annual 
return of 
$89.6/acre  
resulting 
from soil 
health



Summary
• Yields increased, SOC increased, and water erosion decreased

• These results suggest that new technologies have allowed us 
• To change the food production paradigm from decreasing environmental 

quality to Increasing yield and environmental quality simultaneously.

Findings from our farms also show that based on Jared Diamond 5 
criteria, we are going in the right direction.  



Other practices that can improve productivity. 

• Cover crops
• 4 R nutrient management. 



Cover crops
• Meta analysis, 
• 3293 papers were identified, of these 62 had the desired 

characteristics,

• Rotations that include corn
• Published between 1990 and 2022
• Changes in SOC reported
• Had cover crop and no-cover crop treatments
• Replicated experiments that lasted at least 2 years



Cover crops
• An extensive review showed that cover 

crops increased SOC-C  in the surface 12 
inches at a rate of 714 lb SOC-C/ (a × year)

• In SD, dormant seeded rye planted after 
the full season crop and terminated at 
planting, reduced N2O emissions and 
increased methane consumption.  



4 R nutrient management

• Adopt the 4R approach, 
• Right rate,
• Right source,
• Right timing,
• Right place,

• This is an active area of 
research, and this is for a 
different time and place.



Producer survey money required to change 
behavior. 



Based on these findings
• Make payments to farmers to reduce their tillage intensity
• Adopt cover crops, dormant seed the cover crop after harvest
• Use 4R nutrient management

• Make the payments high enough to encourage changes



Summary
Our preliminary research showed that that reducing tillage 
intensity, adopting cover crops, and following 4R nutrient 
management will reduce our footprint,

Analysis of farmer soil samples suggests that SOC levels are 
increasing at rate > 400 lbs C/(a year).

This carbon if sold on the market for $50/MT would produce over 
$300/a annually.

SOC increases did not happen by magic, but required investments 
by farmers, industry, and the local, state, and federal governments. 
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