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Connecting Soil Health and Human 
Health-Crop Management 
TALK THREE-CODY WYOMING

A little over 100 Years Ago MU Hired A Young Soil Scientist-Dr. William 
Albrecht to Study Soil Microbiology
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Dr. Albrecht Taught Students Not Only In 
the Class But In the Field

Sanborn Field That Was Established in 1888 and Still 
Going!  The Third Longest Continuous Research Station in 
the World
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With Dr Albrecht’s Help Aureomycin was 
Discovered on Plot 23.  2003 is the 75th

Anniversary of the Discovery of Aureomycin at 
Sanborn Field

75th Anniversary Aureomycin
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Dr. Albrecht Was At MU 
At A Very Special Time

Hans Jenny-Father of Soil Chemistry and 
a Colleague of Dr. Albrecht

7

8

https://www.google.com/imgres?imgurl=https%3A%2F%2Fourenvironment.berkeley.edu%2Fsites%2Fourenvironment.berkeley.edu%2Ffiles%2FHansJenny.jpg&imgrefurl=https%3A%2F%2Fourenvironment.berkeley.edu%2Fhans-jenny-memorial-lecture&tbnid=aao-SG8yVatseM&vet=12ahUKEwjIv6KrtqP0AhUQX80KHckiBZkQMygAegUIARCsAQ..i&docid=Oji8U3ztRK6_KM&w=150&h=217&itg=1&q=hans%20jenny&client=firefox-b-1-d&ved=2ahUKEwjIv6KrtqP0AhUQX80KHckiBZkQMygAegUIARCsAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.amazon.com%2FFACTORS-SOIL-FORMATION-Quantitative-Pedology-ebook%2Fdp%2FB00JSZ23CQ&psig=AOvVaw07FtDzUSm5Mp2vFUKwH2uq&ust=1637376879231000&source=images&cd=vfe&ved=0CAgQjRxqFwoTCPiXma-2o_QCFQAAAAAdAAAAABAI
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Hans Jenny work demonstrated the degradation of Soil 
Productivity Including Water Holding Capacity

Drs. Bradfield and Baver Were Also Colleagues and 
Contributed To the Understanding of Base Saturation And Soil 
Fertility
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Some of Their Groundbreaking Research

Dr. Albrecht Started Putting Together All of These Different Disciplines Which Leads to 
How They Affect Soil Microbial Activity-June 22, 1922
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In Annual Cropping Systems Even With Manure Applied There Was A Loss of Soil C 
and N.  Only in a Perennial System With Manure Did Soil C and N Accumulate.

Timothy

When Soils From Rotations Were Treated With Lime (Ca Source) then Nitrifying 
Activity Increased, Especially When Fertilizer Had Not Been Applied
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Dr. Albrecht's 1939 Manuscript Soil Science Society of America

VARIABLE LEVELS OF BIOLOGICAL ACTIVITY IN 
SANBORN FIELD AFTER FIFTY YEARS OF 
TREATMENT Wm. A. Albrecht

Concluded that soil microorganisms were 
dependent upon:

soil N, P,  and Ca

June, 1925

Dr. Albrecht Didn’t Have The Tools That We Have Today:  What 
Does Today’s Data Say?

Norkaew, 2018

 

Fertility pH TN P SOC Microbes Agg. Stab. 

  g/kg mg/kg g/kg pmols/g % 

No Fertility 5.5 a 1.15 a 5.2 a 10.7 a 72,334 a 15 a 

Full Fertility 5.7 a 1.45 b 37.0 b 14.0 b 90,902 b 17 b 

Manure 6.9 b 1.78 c  56.2 c 17.5 c 121,854 c 25 c 

Different letters indicate significance at the 0.05 probability level 
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Dr. Albrecht Understood 
the Importance of 
Organic Matter

In 1938, Dr. Albrecht
Wrote An Article on
Soil Organic Matter
For the Special 
Issue of the USDA
Annual Yearbook 
of Agriculture
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Albrecht and Organic Matter

Charles Kellogg Chief Of USDA Soils, Was 
Not A Fan Of Dr. Albrecht and Noted So 
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Doe Better Fertility Increase Organic 
Matter?  Yes!

Improved Soil Fertility Had An Even Larger 
Impact On Organic Matter Than Manure!
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Increasing Ca Soil Availability Increases 
Soil Organic Matter

Manganese Is Important For Organic 
Matter Decomposition and Stabilization.
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Soil Organic
Matter Is 
Involved In
All Aspects 
Of Soil Health 

Soil Organic Matter Is From Plant and Animal 
Materials That Is Broken Down By Soil 
Microbial Organisms.
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All organic matter in soil is not equal
Scientists describe 3 pools of soil organic matter

**really is a continuum of decomposition

27

Passive SOM
500 – 5000 yrs

C/N ratio 7 – 10

Active SOM
1 – 2 yrs

C/N ratio 15 – 30

Slow SOM
15 – 100 yrs

C/N ratio 10 – 25

• Recently deposited organic material
• Rapid decomposition
• 10 – 20% of SOM

• Intermediate age organic material
• Slow decomposition
• 10 – 20% of SOM

• Very stable organic material
• Extremely slow 

decomposition
• 60 – 80% of SOM

Organic M
aterial

From Symbiosis
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What is a Healthy Soil?

Hans Jenny work demonstrated the degradation of Soil 
Productivity Including Water Holding Capacity
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Tilled vs No-Till-We Have Destroyed Much of Our Soil 
Structure-Lets Talk About Regenerative Agriculture

LONG TERM PASTURE TILLED IN AN ANNUAL CROP

Chemical

PhysicalBiological
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Soil Biology:
Microorganisms:

Bacteria-100 million-1 Billion!

Fungal Filaments-Several Yards

Protoza-Several Thousand

Nematodes-10-20

Cow’s  Stomach and The Soil-Feed The Microbes Fed 
The Cow and Plant
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Annual Cover Crops and Perennial Crops Are a Way To 
Increase Soil Biology

Cover Crops Nothing New:  Did This is 
the 1930’s.
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Often When You Plow Up a Pasture
You Have A Bumper Yield The First Year, Maybe the Second and  Then It 
Goes Down.  Why?

Example:  Tilling Under a Perennial Cover
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In the Short Term, You May Even Improve Yield When Killing and/or 
Tilling A Cover Under

Longer Rotations Using Cover Crops, Using Perennial 
Crops Can Also Improve Soil Health
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Cover Crop (left) Larger and More Robust Than No Cover Crop 

(right)-Dry Year and Better Soil Health=More Water

Lengthening the Rotation Resulted In Greater Soybean Yield
Rotation Cover Crop Crop(s) Soybean Yield   

   Bu/acre 

Continuous  none Soybean 39 

 Yes   46 

Two-Year none Corn/soybean 42 

 Yes  42 

Three-Year none C/Soy/Wheat 42 

 Yes  52 

Four-Year none C/Soy/W/Red Clover 52 

 Yes  52 

Five Year none C/Soy/W/2 Alfalfa 54 

 Yes  58 

LSD (0.05)           9 

LSD (0.10)           8 
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In Only Two Years A Perennial Cover Crop 
Can Make Huge Differences In Soil Health

 

 Aggregate Active   Soil Organic Total 

Treatment Stability Carbon B-Glucosidase Carbon Nitrogen 

 g/kg g C/kg soil μg PNP/g soil/hr    g/kg   g/kg 

Alfalfa  33.0 0.39 65.8  1.53  0.15 

Tilled annual  13.3* 0.33* 45.6*  1.33* 0.12* 

• Indicates significant difference at the 0.05 probablity level 

What About Soil 
Chemistry-Nutrients?
IS THERE AN INTERACTION WITH SOIL BIOLOGY?
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What Does Recent Data From Sanborn Tell Us About the 
Interaction of Soil Chemistry and Biology?

Norkaew, 2018

        Chemical  Biological   

Fertility pH TN P SOC Microbes   

  g/kg mg/kg g/kg pmols/g   

No Fertility 5.5 a 1.15 a 5.2 a 10.7 a 72,334 a   

Full Fertility 5.7 a 1.45 b 37.0 b 14.0 b 90,902 b   

Manure 6.9 b 1.78 c  56.2 c 17.5 c 121,854 c   

Different letters indicate significance at the 0.05 probability level 

Table 1.  Soil health indicators from the upper soil horizon from four soil cores taken in November 2020. Saturated hydraulic 

conductivity (Infiltration) 2023 Rotations species include corn (C), wheat (W), red clover (RC), grain sorghum (GS), Timothy, tall 

fescue or in restored prairie.  Soil fertility include no fertility, full (fertility:  N,P,K, lime), manure (13.5 Mg dairy manure ha-1).   

 2020 
Plot, Rotation, Fertility crop   OC  POXC TN  PMN WSA     Respiration   Infiltration PLFA Wt 

  mg kg-1     mg kg-1      mg kg-1    mg kg-1      mg kg-1     mg CO2 kg-1 cm hour-1 pmols mols-1 

4-C-W-RC-Full Fertility C 1.50 383 0.165 64.4 19.3 628 7.4 79,406 

6-Cont. Corn-Full Fert. tilled C 1.25 270 0.133 33.9 12.8 474 7.8 54,514 

7-Cont. Corn-Full Fert. notill C 1.33 423 0.144 52.4 19.3 413 4.3 43,109 

9-Cont. Wheat-no fert W 1.18 333 0.127 52.8 33.3 523 10.4 57,826 

10-Cont. Wheat-manure W 2.08 588 0.210 90.8 32.5 794 14.4 74,064 

17-Cont. Corn-no fert C 0.85 222 0.092 16.8 11.0 293 4.0 51,331 

18-Cont. Corn-manure C 1.58 498 0.162 67.0 27.0 575 14.4 104,922 

22-Cont. Timothy-manure T 2.30 733 0.236 84.6 54.5 879 6.8 114,261 

23-Cont. Timothy-no Fert T 1.70 330 0.173 81.6 77.5 1007 8.1 101,869 

45 Restored Prairie P 2.00 463 0.181 73.6 50.8 1156 8.8 97,717 

Tucker Prairie P 3.30 585 0.319 162 83.0   345,700 

LSD  (0.05)  0.19 110 0.016 13.9 12.0 248 ns 20,257 

LSD (0.10)  0.16 92 0.014 11.7 10.0 208 4.5 16,959 
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What About Our Study? After Five  Years 
of Albrecht Recommendations? 

      Total 

Treatment  Cover Crop Mycorrhizae Microbes 

    pmols/mol  pmols/mol 

Control  no  2957  103,374 

64/14  Yes  3813  119,222 

 

Recommendations no  3388  109,809 

68/12  Yes  4225  124,127 

 

Rec+Magnesium no  2445  94,118 

54/20  Yes  3544  118,691 

LSD (0.05)       522       9,960 

The End Product of the Interaction of Soil Chemistry and Biology is Good 
Physical Soil Properties=Aggregate Stability

48

47

48



2/16/2024

25

A Soil
Aggregate

Longer Rotations Using Cover Crops, Using Perennial 
Crops Can Also Improve Soil Health

Aggregate Stability 54%
Aggregate Stability-34%
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How Are Aggregates Formed?  
Microorganisms
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Aggregates Formed 
By The Attraction of 
Cations to Clay and 
Organic Compounds.

Macroaggregates 
Are Constantly Being
Broken Down to 
Microaggregates.
Tillage Speed This Up
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Lengthen 
Rotation
Increase 
Active C and 
Aggregate
Stability 

Longer 
Rotation
More Soil 
Biology

1
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Different Crops Affect Soil Aggregation Differently:  Cereal 
Crops and Corn Much Better Than Soybeans-Why?

Corn and Cereals Produce A lot of Phenolic 
Compounds

Soybeans Produce Very Little Phenolic 
Compounds

Phenolic Compound Help Bind Soil Aggregates
◦ -Phenolic Synthesis Manganese Dependent

◦ Produce Aromatic Amino Acids
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Phenolics In the Soil

How Does Soil Aggregate 
Stability  Relate Back To 
Organic Matter and The 
Calcium/Magnesium Base 
Saturation?
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The Interaction of Chemical, Biological and Physical Properties 
at Sanborn Field

        Chemical  Biological Physical 

Fertility pH TN P SOC Microbes Agg. Stab. 

  g/kg mg/kg g/kg pmols/g % 

No Fertility 5.5 a 1.15 a 5.2 a 10.7 a 72,334 a 15 a 

Full Fertility 5.7 a 1.45 b 37.0 b 14.0 b 90,902 b 17 b 

Manure 6.9 b 1.78 c  56.2 c 17.5 c 121,854 c 25 c 

Different letters indicate significance at the 0.05 probability level 

What is the Difference? Better 
Aggregation Better Drought Tolerance
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Change In Active Carbon and Aggregate Stability After 5 Years of Albrecht Treatments 

      Total 

Treatment  Cover Crop Active Carbon Agg. Stab. 

    mg/kg  % 

Control  no  458  15 

64/14  Yes  458  23 

 

Recommendations no  523  21 

68/12  Yes  490  28 

 

Rec+Magnesium no  516  15 

54/20  Yes  491  27 

LSD (0.05)       63    6 

Remember, High Soil Mg or Na, Then 
Water Infiltration Decreased
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Chemical

PhysicalBiological
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Sanborn Field Study-Higher Fertility and Wheat Has Greater 
Aggregate Stability: Why?

No Fertility Full Fertility 6 tons Manure

0

2

4

6

8

10

12

14

16

18

20

%
 W

at
er

 S
ta

b
le

 A
gg

re
ga

te
s

Comparison of % Water Stable Aggregates Under Continuous Corn Versus Continuous Wheat at 
Sanborn Field 

Norkaew, 2018
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Why More Yield Response In a Dry Year Than A Wet 
Year?

Treatment Wet Year Yield Dry Year Yield

bu/acre bu/acre

Control 178 161 c

Recommendations    190* 203 a

Recom. Without Pell Lime 193* 183 a

Recom.+Mg and Lime 179 174 bc

Recom+Mg no lime 173 185 ab

Micros Only 179 178 bc

P and K 175 -

Conclusions: 
All Factors of Soil Health Are Changed By the Albrecht System

Soil Biology-more soil Microorganisms

Soil Chemistry-balanced  Ca and Mg and available P, K, S and micronutrients

Soil Physical –greater Aggregate Stability=better soil water infiltration, water availability and soil 
aeration

65

66



2/16/2024

34

Soil Health Leads To 
Healthy People (and 
animals)

Dr. Albrecht Put Together The Concept of 
Healthy Soil, Healthy Plants, Healthy Animals 
(People).
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Records of Naval
Inductees Correlated 
To The Soil Fertility of 
Their Home 

Albrecht’s Dental Records
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Worn Out Soil And Childhood Ailments 

Connecting Ca/Mg, Soil Heath, and 
Wheat Quality-Sanborn Field

 

Plot Ca Mg CP Lysine Methon. Ca Mg K P S Agg. Stab 

 % %     %       

3 71 11 13.8 0.39 0.33 0.06 0.14 0.46 0.39 0.14 20 

25 78 13 13.3 0.37 0.21 0.05 0.14 0.43 0.35 0.14 29 

26 63 9 11.9 0.33 0.19 0.05 0.14 0.44 0.35 0.13 13 

28 70 8 11.7 0.33 0.19 0.05 0.13 0.46 0.36 0.13 16 
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Nutrients Are Often Tied To One Another-Mg Uptake is 
Dependent Upon P

How Soil P Affects Blood Serum of 
Lactating Cows

Treatment  Mg Ca K P 

   mg/dl   

Control-no P Fertilizer  1.47 7.52 26.4 4.90 

Mineral Block-no P fertilizer 1.72* 7.63 26.6 6.05* 

P Fertilizer Treatment-  1.72* 7.35 26.9 6.24* 

• Indicates significant differences at the 0.05 level 
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How Does Soil Biology 
Affect Human Health?

Improved Soil Biology Improves Human 
Health
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A Study To Compare Regenerative Management Such As Cover 
Crops Vs Conventional Crops-David Montgomery and Ray 
Archuleta 

Montgomery et al, 2022

Comparison of Soil Organic Matter and the Haney Soil 
Health Index In Conventional and Regenerative Systems

Montgomery et al, 2022
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Wheat:  Cover Crop vs No Cover Crop 
after Several Years

Regenerative

Nutrient Cover Crop No Cover Crop

ppm ppm 

B 0.90* 0.64

Mg 1439* 1112

K 7219* 5750

Mn 50.96* 37.66

Fe 40.78 34.10

Cu 2.56 2.17

Zn 18.99* 12.21

Mo 0.220* 0.053

*significantly different from the no cover crop at the 0.05 level

Wheat mineral density comparisons.

Montgomery et al, 2022

Beef Fatty Acid Composition

Fatty Acid Regenerative Conventional Ratio 

 g/100 g g/100 g 

Total Omega-3 0.1056 0.0358 2.9 

Total Omega-6 0.1416 0.2216 0.6 

Omega-6/Omega-3 1.3140 6.1933 0.2 

Montgomery et al, 2022
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Conclusions
Soil Nutrients Levels Affects Soil Microorganisms and Soil Structure

The Albrecht System Improves Soil Microorganisms and the Soil Structure-Soil Health

This Improves Water Infiltration and Reduces Soil Runoff

Improving Soil Health Results In Better Nutrient Density of Food 

A Healthy Soil=A Healthy Plant=Healthy Animal (People) Just Like Dr. Albrecht Said that it Would.
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