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To solve problems, you first have to recognize the problem exists.



Agriculture is Responsible for 10.6% of GHG Emissions in US



The Planet is Heating Up… Green House Effect



Unpredictable rainfall with 
intense flooding 

Longer more severe 
droughts

Water shortages



Soil Degradation & 
Soil Loss Crisis

US loses 1% of topsoil 
every year

“Annual cost of erosion 
from agriculture in USA 
is $44 billion per year…”

$70/person per year

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soil
s/edu/college/?cid=nrcs142p2_054028



Groundwater
aquifer 

contamination is a 
national concern

Groundwater aquifer 
contamination is

a national 
concern

http://nemwuppermiss.blogspot.
com/2013/10/usgs-mississippi-
river-nitrate-levels.html



More than 405 
Dead Zones occupy 
coastal waters 
worldwide covering 
95,000 square miles

https://robertscribbler.com/2015/05/05/ocean-dead-zones-swirl-off-
africa-threatening-coastlines-with-mass-fish-kills/



● Agriculture is 5th largest 
source of GHG Emissions

● 5 T soil lost/year in US
● Regenerative Agriculture 

cuts emissions, reduces 
erosion, rebuilds soil, and 
sequesters carbon

The State of CA has ambitious GHG Reduction Goals: 
AB 32/SB 32 - Limit GHG emissions to 40% below 1990 levels by 2030





California 
Department of Food 
& Agriculture 

REGENERATIVE AGRICULTURE
is an integrated approach to 

farming and ranching rooted in 
the principles of soil health 
leading to improved target 

outcomes.

Member of the CDFA 
Working Group to 
define Regenerative 
Agriculture for the 
purposes of 
programming and 
future funding 
opportunities. 



a) Build soil health, soil organic matter and biodiversity;
 b) Restoration and maintenance of water resources;
 c) Protection of air quality;
 d) Sequestration and reduction of greenhouse gas emissions;
 e) Use of sustainable and integrated pest management to eliminate reliance on
   pesticides;
 f) Improve nutrient cycling to reduce use of external fertilizers;

 i) Improve/enhance human health and rural communities
  

Target Outcomes: 



Total Soil-Centric Acres in the US

• Agriculture 895 M acres

• Cropland = 390 M acres

• Pasture & Range = 600 M acres

• Landscaped areas:  40 – 50 M acres
•  Residential lawns =  40 M acres
•  Golf courses = 2 M acres
•  Public parks and commercial 

landscaping = several million



RA based on the 5 core Soil Health Principles 



Tools in the RA Toolbox

Cover Crops

Minimize Soil 
Distrubance Compost

Diversity

Integrate 
Livestock





Change the Paradigm
Standard practice Diverse, enlivened, resilient, nutrient dense



Change the Paradigm

Standard practice Diverse, enlivened, resilient, nutrient dense



Same Soil - Different Management

Regenerative Conventional



“System-based RA reconciles the need of 
producing adequate and nutritious food with 

the necessity of restoring the environment, 
making farming a solution to environmental 

issues.”

Rattan Lal



Regenerative Farmer – Gabe Brown – North Dakota



Stacking Practices

No-Till/Minimum Till
Multi-Species Cover Crops
Crop Rotation 
Compost Applications
Adaptive Multi-paddock Grazing
Maximizing diversity

Layering RA Practices May be Synergistic



y= 0.11x+0.96
4.86 tons C/ha/year

y= 0.56x-5.69
22.63 tons C/ha/year

3% Soil Organic Matter
(1.72% Soil C)

David C. Johnson- NMSU Institute for Sustainable Agricultural Research  (ISAR)  davidcjohnson@nmsu.edu 

Stopped Using N-Fertilizers





Liquid Sun: Roots Leaking Exudates!



Soil is alive! 



Quorum Sensing

Many bacteria use a cell-cell communication system called quorum 
sensing to coordinate population density-dependent changes in 
behavior. In many species, quorum sensing modulates virulence 
functions and is important for pathogenesis. Over the past half-
century, there has been a significant accumulation of knowledge of 
the molecular mechanisms, signal structures, gene regulons, and 
behavioral responses associated with quorum-sensing systems in 
diverse bacteria.

https://mbio.asm.org/content/9/3/e02331-17#



Quorum Sensing: 
Signaling 
between 

microbes - 





Mycorrhizal Fungi

• Help plants take up water and nutrients

• Improve nitrogen fixation by legumes

• Help to form stable aggregates

• Help plants resist fungal diseases and 
parasitic nematodes, drought, salinity and 
aluminum toxicity

• Have been show to stimulate free-living 
nitrogen-fixing bacterial azotobacter - in 
turn stimulates plant growth-stimulating 
chemicals



Fungal species become a part of the 
plant root structure





Biofilms provide 
anaerobic environment 

for nitrogen fixing 
bacteria 



Nitrogen Paradox
Free Living Nitrogen Fixing Bacteria 



Soil Aggregation/ Slake Test

Conventional 
Till

Minimum tillNo-Till Conventional 
Till

No-Till Pasture



Signs of Regenerative Farming Practices



Regenerative Agriculture Farming Research in the 
Palo Verde Valley

Metropolitan Water District Project in Collaboration with Hay Day Farms



Using Cover Crops for soil health 
purposes - including SCA and WI

Fallow fields using tillage - 
for weed control



Significant Difference in Soil Temperature Down to 12”

12.5 oF difference 10.5 oF difference 8.5 oF difference



Regenerative Practices Enhances TMB (ng/g)
More diverse biology created within this regenerative system



Regenerative Practices Enhances 
% Total Fungal Biomass

This sets the stage for soil aggregation and soil carbon accrual



Regenerative Practices Enhances 
Arbuscular Mycorrhizal Fungi  %



Changes in Soil Tilth
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Changes in Soil Tilth
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Changes in Soil Tilth



Carbon (0”- 4” soil depth) by Treatment 2022

Carbon Regenerative Conventional
% SOM 3.4 ± 0.19 a 3.08 ± 0.17 b
% MAC 48.1 ± 10.6 a 28.64 ± 8.3 b
CO2-C 86 ± 18.33 68.14 ± 29.5
% Total Carbon 4.07 ± 0.18a 3.62 ± 0.02b



Changes in Soil Tilth

BeforeAfter





What to look for on-farm

For every 1% increase in SOM:  
Increase water holding capacity by 25,000 gallons/acre







A Statewide ‘Network’  

Josiassen - Rice 

Stone Land - Cotton  

Chico State - Grain

Hay Day - Alfalfa 



Consistent Design   

● ~ 30 acres/treatment → 15 sample points each 
● Two Transitional Sites & Two with varying land use legacy   









Net Ecosystem Exchange 



PLFA data on SCAP PV Site - Year 1

Regenerative Standard
Total Fungi, PLFA ng/g 70.64 ± 14.27a 41.28 ± 6.4b

Total Fungi, % of Total Biomass 4.77 ± 1.25a 2.05 ± 0.28b

Arbuscular Mycorrhizal Fungi ng/g 35.83 ± 8.12a 17.76 ± 3.14b

AM, % of Total Biomass 2.61 ± 0.86a 0.88 ± 0.16b

Saprophytic Fungi ng/g 34.81 ± 7.93a 23.52 ± 3.47b

Saprophytic Fungi, % of Total 
Biomass 2.15 ± 0.48a 1.17 ± 0.15b



Regenerative Agriculture

RA improves all cropping systems 
RA improves all management systems 
It’s a proven Nature Based Solution to the Climate Crisis
RA as the new normal
The time is now



Help us feed the world
while we save the planet...

Get Involved in Regenerative Agriculture

Educational Programs Field Research Technical Service

Food Hub & Marketing Field Monitoring Laboratory Experience
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