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HEALTHY SOIL = HEALTHY FOOD = HEALTHY PEOPLE

JI Rodale 

Organic Gardening and Farming 

Magazine, 1942

Eve Balfour founded the Soil 

Association in England in 1946

JI founded the Soil and Health 

Association (Rodale Institute) in 1947

The soil health and human health connection begins to emerge
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Chronic Disease in the US 
> 45% of the population
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Cost of chronic disease, 2015 - 2050
$95,000,000,000,000

Chen et al. 2018. The macroeconomic burden of noncommunicable diseases in the United States: Estimates and projections. 
PLOS ONE.



Roy et al. 2021. Environmental Research Letters

Massive nitrogen loading in major crop production areas of the United States



1995 2019

1995 ~ 25 million lbs. applied annually 1995 ~ 275 million lbs. applied annually

United States Geological Society – National Water Quality Assessment. 2023

Glyphosate

Over 70% of water samples had glyphosate
Over 80% of Americans have glyphosate in their body 



Pesticides and Cancer

All Cancer Rates 
attributed to 
agricultural use 
areas similar to 
All Cancer Rates 
from smoking 

Gerken et al. 2024. Frontiers in Cancer and Society



David Thomas, 2003: Davis et al. 2004: Davis et al. 2009; Scott et al. 2006; Simmonds 1995
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Nutritional Decline in our Food

(~1950 – 2000)



Fan et al. 2008. Journal of Trace Elements in Medicine and Biology.

Wheat  grown in  the  long - term 

Broadbalk Wheat  Tr ia l  a t  

Rothamsted Research,  UK 

Traditional Wheat         Semi-dwarf Wheat
Photo: William Cunningham (U. of Minnesota) and Mary Ann Cunningham 
(Vassar College)  
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United Nations Environment Programme (UNEP), 2002
Status of the world’s soil resources (UN FAO), 2015

Global Soil Degradation
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Could organic farming that improves soil health be a solution to 

improve nutritional quality of crops? 

And improve human health? 



- 4x higher pesticide residues in conventional crops.

- Higher cadmium, nitrate, and nitrite in conventional cereals.

- Lower protein, amino acid, and fiber in organic cereals.

- Higher total antioxidant activity in organic crops.

Many of these compounds have previously been linked to a reduced risk of chronic diseases, including CVD 
and neurodegenerative diseases and certain cancers, in dietary intervention and epidemiological studies.

Marcin Baranski et al. 2014. British Journal of Nutrition
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Farming Systems Trial



Orgnically managed soils are healthier than conventional

Farming Systems Trial

Soil Organic Carbon (SOC), 2021
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Farming Systems Trial

Pearsons et al. 2022. Sustainability

Protein levels highest in Organic Manure Maize, Conventional Wheat, and Organic Legume Soybean
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Sampling Date – November 11, 2019

Soil Chemical Indicators, Farming Systems Trial, 2019

Total N P K Ca Mg S 

Systems pH % mg/kg mg/kg mg/kg mg/kg mg/kg

Conventional 6.13 b 0.29 b 6.02 b 84.81 1241.00 b 111.29 b 7.63 b

Legume 5.90 b 0.29 ab 6.21 b 90.83 1183.81 b 87.50 c 10.65 a

Manure 6.18 a 0.32 a 8.54 a 99.10 1542.88 a 130.69 a 10.60 a

System < 0.001 < 0.01 < 0.01 NS < 0.001 < 0.001 < 0.001

Tillage NS NS 0.06 NS NS NS NS

System x Tillage NS NS NS NS NS NS NS

Farming Systems Trial

Soil



Wheat Nutrients, 2019
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------------ mg per 100g ------------

Systems Ca Fe K Mg Zn B6 Protein Kcal
Conventional 31.45 2.55 351.39 120.76 B 2.84 0.26 A 12.19 A 363.57 A

No-Till 33.60 2.64 356.25 121.33 2.89 0.26 12.20 364.00
Tillage 29.85 2.48 347.74 120.33 2.81 0.27 12.19 363.25

Legume 34.16 2.52 353.06 119.35 B 2.66 0.24 B 10.52 B 359.75 B
No-Till 29.58 2.45 346.04 117.66 2.66 0.23 10.27 359.25
Tillage 38.74 2.59 360.09 121.03 2.65 0.24 10.77 360.25

Manure 31.92 2.73 364.02 130.03 A 2.76 0.23 B 10.80 B 356.63 C
No-Till 33.09 2.79 374.44 132.32 2.79 0.23 10.70 357.38
Tillage 30.76 2.67 353.61 127.74 2.74 0.23 10.89 355.88

System NS 0.0514 NS *** NS *** *** ***
Tillage NS NS NS NS NS NS NS NS
System x Tillage * NS NS NS NS NS NS NS

Farming Systems Trial

W h e a t ,  2 0 1 9

Conventional wheat received 60 kg/ha of ammonium nitrate – explains higher Vitamin B6 and Protein
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DRI values are Daily Recommended Intake values from tables from the National Academy of Sciences Food 
and Nutrition Board, https://ods.od.nih.gov/Health_Information/Dietary_Reference_Intakes.aspx

Nutrient density = nutrient concentration (g, mg, µg) divided by energy (kcal)
PLUS 

meets nutritional values needed to sustain a thriving life.

Example: Nutritional Quality Index (NQI)

NQI = Sample nutritional value (mg/g) ÷ Sample caloric value (kcal/g) = > or < 1
Reference Daily Value (mg)                              2000 kcal

Toward a nutrient density score

Adam Drewnowski. 2005. The American Journal of Clinical Nutrition

https://ods.od.nih.gov/Health_Information/Dietary_Reference_Intakes.aspx


Systems
Mean NQI           

(13 Nutrients)

Naturally Nutrient 
Rich                                   

(7 nutrients plus fiber)
Calorie For Nutrient

(13 Nutrients)

Conventional 2.355 a 1.355 a 8.72 a

Organic Legume 1.914 b 1.276 b 10.54 b

Organic Manure 2.10 a 1.336 a 9.61 a

P-value < 0.05 < 0.01 < 0.05

FARMING SYSTEMS TRIAL

• Ca ,  Cu ,  Cr,  Fe ,  K ,  Mg ,  Mn,  Mo,  Na,P,  Zn ,  B 6 ,Tota l  Prote in

• Need to  add  add i t iona l  v i tamins  and  an t iox idan t  compounds

W h e a t ,  2 0 1 9

Toward a nutrient density score



Vegetable Systems Trial
Nutrient Density - Winter squash

• ORGANIC: An increase in Ca, Mg, Fe, Cu, Vitamin B6 and proteins.
• Reduced tillage: An increase in P, K, Ca, and Cu.
• These nutrients play important roles in energy production, enzyme regulation, scavenging  

reactive oxygen and free radicals.

CNV = Conventional, ORG = Organic, BP = Black Plastic (high tillage), RT = Reduced Tillage



Vegetable Systems Trial 
Nutrient Density – ‘Lehigh’ Potatoes

• ORGANIC: An increase in K, Mg, Cu, Vitamin B6 and proteins.
• Reduced tillage: An increase in Fe and Vitamin C.
• These minerals such as Mg important in K and Ca transport and coordination of 

neuromuscles.



- Amino acid only produced by fungi or fungi-like bacteria

- Not synthesized by plants but attained through our diet

- Antioxidant, anti-inflammatory, cardiovascular disease and neurodegenerative??

Longitudinal Consumption of Ergothioneine Reduces Oxidative Stress and 
Amyloid Plaques and Restores Glucose Metabolism in the 5XFAD Mouse Model 
of Alzheimer’s Disease
Clayton A. Whitmore 1,2, Justin R. Haynes 1,2, William J. Behof 1,2, Adam J. Rosenberg 1,2 ,Mohammed N. Tantawy 1,2, Brian C. Hachey 3,
Brian E. Wadzinski 4, Benjamin W. Spiller 4, Todd E. Peterson 1,2, Krista C. Paffenroth 4,5, Fiona E. Harrison 5,6,7 , Robert B. Beelman 8, 
Printha Wijesinghe 9, Joanne A. Matsubara 9 and Wellington Pham 1,2,5,7,10,11,12,13,*

Ergothioneine



Pro jec t
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Specific arbuscular mycorrhizal fungi play a role in uptake or biosynthesis of ergothioneine 
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----- mg per kg ------

Main 

Treatment Tillage

Oats         

2014

Oats        

2017

Wheat        

2019

Conventional
No Till 10.43 a 12.83 a 3.29 a

Tilled 8.33 ab 9.32 b 2.12 ab

Legume
No Till 6.913 b 6.55 bc 1.42 b

Tilled 6.618 b 4.85 c 1.31 b

Manure
No Till 8.49 ab 4.36 c 1.46 b

Tilled 5.75 b 3.70 c 1.46 b

System NS NS ***

Tillage * ** NS

SystemxTillage NS NS NS

Ergothioneine
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Farming Systems Trial

Conventional wheat received 60 kg/ha ammonium nitrate top dressed in spring



On-farm wheat variety trials

Long-term agricultural systems trials

Exploring the Link Between Soil and Human Health:
Protein, Protein Quality and the Nutraceutical Amino Acid Ergothioneine

This project is funded by the 

Foundation for Food and 

Agricultural Research – Award 
#CA20-SS-0000000152

In partnership with



Vegetable Systems Trial 
Ergothioneine - Black Bean and Green Bean (Phaseolus vulgaris)

• Crude protein levels in black beans >> green beans.
• Crude protein levels ORG > CNV.
• ERGO concentration  in ORG green bean  > CNV  green beans.



Streptomyces coelicolor colonization in in vitro grown wheat plants. Post 

inoculation, plants were imaged for S. coelicolor colonization in roots and 

shoots. The red in the micrograph shows the presence of live S. coelicolor.   

Current and Future Research Directions

• Publish multi-year results 

• More in-depth nutrient analysis 

– expand measurement of 

phytonutrients

• Explore microbial basis of 

phytonutrient concentrations



Andrew Smith, Ph.D., 
COO

Rodale Institute

andrew.smith@rodaleinstitute.org
www.rodaleinstitute.org
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“Upon this handful of soil our survival depends. Care for it, 
and it will grow our food, our fuel, our shelter and 
surround us with beauty. Abuse it, and the soil will 
collapse and die, taking humanity with it.”     

- Ancient Vedas – 4,000 years ago


