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Soil Health: Wh?tjl\s’ All
The Fuss?

Tim Reinbott
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William
Albrecht
Saturday

Evening Post-
September
1945

Are We Starving to Death?

By NEIL M. CLARK -

.."in eminent 2oil doctor warns that, uanless we at-

tack theproblem of mineral-depleted land omana tional

he abandoned the old-college-daye kid-

:Li.ng attitude that he had mairtaingd at
dinner before his wife and daughter, and spoke
s:ripus.i'v of his personal. tragedy. He mentioned
his father, who had lived to be sighty-six and was
strong snd sctive plmost to the last. "'MF aunts
and uncles, too,” he said—"nons of them died
under xev:m:}'-ﬁw_ And loolk st me”™ bitterly.
“Just look at me!™ 1 had already looked and
been shocked. “It's my heart, the doctar EFE
Why should I have a bad heart? ['ve always
taken care of myseli. But here I am, a little past
fifty, and I know as well as anybody that I might

"ull ‘i" HEN Jim was driving me to the station,

pop off at any time. Meil, cen yoo tell me—can

anybody tell me why I"'m net so pood & man as my
dad was—why Fll never live as long as he did? "

I conldn't, amd dide't try. - It cceurred to me,
too, that I couldn't explain why Jim's wife has
I:!Enmmi: I‘lﬂﬂg By I ]:n\'\nknuw:n hB\.I.'., nor W}.l:,’
their daughter, as a child, gave signs of rickets!

Twro thnﬁ:LuLl:l:ne:L fzw"udum'm:mded me
of Jim's desperate questions, While 1 was having
an inlay replaced, my dentist took cecaslon te say
that his own testh weren't so good as his Texas
father’s, and that few of his patients had teeth as
good-as their parents’. | wondered if that might
not have some bearing on Jim’s questions. Still
later I wea sitting in Dz, Wm. A. Albrechi’s office
at the University of Missourd, in Columbia, ls-
tening to an absorbing and almost unbelievable
story about health in America and the particular
chapter in that stery which he ‘has helped to
write, and I interrupbed to mention Jim. *Could
it be,™ T asked hirn “‘that bhe is simply hongry?"™

Dr. Wm A ;‘l.lhr!ch[ (right) and Dr. 1. 5. Wittwer
r_-hcf_'l.:_mg results of some soil tests on spinach.

scale, we face slow exﬁnctio_?:_l from **hidden hunger.”

ninmbers many physiclegists, physicians, FUTEEATE
and dentists among-his close friends. He is a.doe-
tor of soil, a student and teacher of soil chemistry,
head of the Department of Soils at the University
of Missouri. However, he has never believed, in
hard-and-fast boundaries between sciences, and
when it became clear there miust be a tHieup be-
tween human health and the soll, he made that
the major goal of his research. How, he asked
himself, do soil and plants work together?
Strangely, though agricultere is mankind's oldest
industry, nebody knew; not as scientists insist on
knowing. What, Albrecht asked hirmself, is plant
health, and how does it depend on soil health,
and what does it mean for those of us who can't
explain or dector our chills and fevers away?
Two things that Albrecht did have belped to
revolutionize scientific theught and practice in
thie whaole field. First, he developed a complete
E}'pnl_hsj's a% to why some soils in constant agri-
cultural use become sick and others stay well;
«somme of the sedls of China have besn in yearly wse
for forty centuries and are still healthy, Next, he

developed a fully controlled technique for testing

treatments ﬂﬂignnd to Pmdul:: !l.e:hh'l,- soils and
healthy plants. Thess two steps are somewhat
:;nmwr:b'e to the d,gv\e]upmu:t in medicine of the
Eermm H}rpunhms, plos a laboratory techniqoe for

n.n:[Ln.g out how germe act. To deseribe Albrecht's
hypothesis and technique in detail would take
more space than can be allowed in this articls
But enough must be told for the reader to under-
stend in o general way what happens, Perhaps
the sasiest nPPruaach is I‘J:zuu;h Hans .T-:nny and
his experiment that failed.

1t could be,” Doctor Albrecht answered. stand that more diseases than they ever suspected Jenny, fresh over from Eurich, was one of Albrecht's
I had come to ask Albrecht if Armerica could expect  could be traced to dietary deficiencies, and that many = research assistants from 1927 to [936; now he is asso-
to k“p an Hﬁ'\g- well, “America,” he sui:d_gn'ml:r. sick Feqpl,e_a WETE |1mg;|_-_w,' pmpl,.e_ 'T'Ew:( ealled 1t “ha n cate pr f: of =gl e + at the I.Tniverai.c}r of
“ig oot eating well now." humger’ because people who ate three sguares & day, 4 California. He was experimenting with soybeans fed




Dr. Albrecht
Showed This
Relationship

Between the Soil

and Human
Health

oﬁmphnuuunbydomaﬁcanimh.m&'wbanhay from treated soil made nearly three times ae much gain  their minerals, The loss - (Continued on Paze 88)

How to starve on three big meals a day. Upper: Soil deficient in mi \! d a crop similarly hcklng; the Ilvenock raised on jt, And you who eat

the livestock, suffer from ""hidden hunger.” Lower: .\lmcul-nch soil means fuller growth and sturdier health for the erop, for thc livestock and for you.



Continued capacity of soil to function as a
vital living ecosystem that sustains plants,
animals, and humans.

W h at i S t h e * Regulating water

Soil helps control where rain, snowmelt, and irrigation water goes. Water flows over
the land or into and through the soil.

Defi n iti O n Of * Sustaining plant and animal life

The diversity and productivity of living things depends on soil.

SOI I H e a It h ? * Filtering and buffering potential pollutants

The minerals and microbes in soil are responsible for filtering, buffering, degrading,
F US DA immobilizing, and detoxifying organic and inorganic materials, including industrial
ro I I and municipal by-products and atmospheric deposits.

* Cycling nutrients
N RCS Carbon, nitrogen, phosphorus, and many other nutrients are stored, transformed,

and cycled in the sail.

* Providing physical stability and support
Soil structure provides a medium for plant roots. Soils also provide support for
human structures and protection for archeological treasures.
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Modern Soil Health (Soil
Quality) Was Brought
Back To The Forefront By
Diann Jordan and Bob
Kremer In The mid 1990s

Potential use of soil microbial activity as an indicator of soil quality.

Book chapter: Soil biota: management in sustainable farming systems., 1994, 245-249 ref. 18

Authors: D. Jordan, R. J. Kremer
Editors: C. E. Pankhurst, B. M. Doube, V. V. S. R. Gupta, P. R. Grace
Affiliation: Department of Soil and Atmospheric Sciences, USDA-ARS, Missouri University, Columbia, MO 65211, USA
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Mother-in-Law-56 Years of the Same Garden Site: Her First
Garden Was Her Best Garden




Grandma and
Grandpa In
Their Garden
When They Are
In Their Late
70’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?




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
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Take A Look At Soil Health
Compaonents



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

The role of rumen microorganisms

The rumen holds
about 40 gallons

'l’ho role of rumen mlrooorganlsms\
Fiber degradation

* Production of proteins

* Production of VFAs

* Breakdown of nutrients

* Methane production

Lo, 100 billion 10 thousand
Lol bacteria fungi
i + 7+

1 milliter = ™ 10 mition *
of rumen fluid nrotnzna

Rumon microorganisms
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Annual Cover
Crops and
Perennial Crops
Are a Way To
Increase Soil
Biology




Cover Crops
Nothing New:
My Dad Did This

is the 1930’s.




Cover Crop (left
Larger and More

Robust Than No
Cover Crop

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




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




Lengthening the Rotation Resulted In Greater Soybean Yield In Dry
Years

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 4?2

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



Lengthening
Rotation
and Cover Crops

Increased Soybean
Yield in a Wet Year
Too

Rotation Cover Crop Yield
bu/acre
Continuous-no-till none 70
Yes 70
Continuous-tilled none 64
Yes 66
Corn/soybean none 68
Yes 73
Corn/soybean/wheat none 72
yes 71
Corn/soybean/wheat/red clover none 70
Yes 72
Corn/soybean/wheat/2 years alfalfa none 72
Yes 78
LSD (0.05) 4
LSD (0.10) 3



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 g 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*

e [Indicates significant difference at the 0.05 probablity level




A Perennial

Cover Crop-White Clover-

INg

IV

L




What About Soil
Chemistry-Nutrients?

|s there an interaction with Soil Biology?




What Does Recent Data From Sanborn Tell Us About the
Interaction of Soil Chemistry and Biology?

Chemical Biological
Fertility pH TN P SOC Microbes
g/kg mg/kg g/kg pmols/g

No Fertility 5.5a 1.15a 5.2a 10.7 a 72,334 a
Full Fertility 5.7a 1.45b 37.0b 14.0b 90,902 b
Manure 6.9b 1.78c 56.2c 17.5c 121,854 c

Different letters indicate significance at the 0.05 probability level



Living Plant Roots Exudates Feeds The Bacteria, Fungi, and other
Life-20-40% of Carbon Fixed By The Leaves Is Exuded By the Roots




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

A Soill Aggregate

Micropore S0l

. /\*) Mmeraland

Microbial ="
“Glue" :

Graphic by Joe Boggs



A Soil Aggregate




How Are Aggregates Formed? Soil Biology
Microorganisms-Hyphae and Glomulin

Bacterial diversity  Agglomeration of
soil particles

Micro-aggregates Macro-aggregates

Polysaccharides,

proteins and minerals

Mycelium and spores



0.5um

0.01um

.
>

-
-

building composite small large
units building units microaggregates microaggregates

2pm - 50pm 50pm - 250pm

plant residues primary minerals root microbes organic cementing Fe-(hydr) phyllo-
partly decomposed (quartz, feldspar..) hairs and fungi matter agent oxides silicates

& 00 N\ &8 e



Aggregates Formed
By The Attraction of
Cations Like Ca and

Mg to Clay and
Organic
Compounds.

Fedogenic Soil
Processes Properties
\

Exogenous Anthropogenic
Factors Ferurbations

\J/—\,L/ /

Macroaggregate turnovery, ¢ “ =~ Microaggregate formation

I:IBD Hrﬂ" ':"
Lo .4
Soil - -
Matrix

C
./l\

C stabilization

N2
[ C source K }Organlsmﬁ]

fﬁcceasibilitx_.rfm]

decompaosition

Fig. 2. Factors affecting soil aggregation.



Macroaggregates
Are Constantly
Being
Broken Down to
Microaggregates.
Tillage Speed
This Up

Fresh

residue

Aggregate formation

L
—~a/

coz Increased decomposition

(’ duc to reduced physical

protecuon




Longer Rotations Using Cover Crops, Using Perennial Crops Can
Also Improve Soil Health By Improving Soil Biological, Chemical
and Physical Properties




Lengthen Rotation Increase POXC (Active Carbon) and Aggregate
Stability. Note that Soybeans were Generally Lower Than Corn in Soil
Health Indicators.

Corn and Soybean Active Carbon and Water Stable
Aggregate Stability

600 60
500 s 50
S
8 400 40 3
S 300 30 <
(O] w
% 200 20 =
< 100 10
0 0

Continuous 2 Year 3 Year 4 Year 5 Year

Rotation Length

B Corn AC Soyban AC  ess===Corn WSA  e====Soybean WSA



Longer Rotation More Soil Biology, PLFA-Total Microbial
Weight, pmols/g

PLFA Total Weight, pmols/mol

140000
120000
100000

|

|

e |

=

3

80000 d
60000 2
40000 R
20000 B

0

Continuous 2 year 3 year 4 year 5 year Perennial

mCorn M Soybean m Perennial TF Perennial SG



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

Phenolics In the Soil

900

e Corn and Cereals Produce A lot
of Phenolic Compounds

* Soybeans Produce Very Little
Phenolic Compounds
* Phenolic Compound Help Bind ¢

800

400

Phenolics, mg/kg
(9]
o
o

Soil Aggregates OH

* -Phenolic Synthesis | 300
Dependent »

 Produce Aromatic Ar

100

0

Soybean Clover Canola

Alfalfa
Species


https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.tcichemicals.com%2Fmedias%2FP1610.jpg%3Fcontext%3DbWFzdGVyfHJvb3R8MzcyMDJ8aW1hZ2UvanBlZ3xoYWMvaDczLzg5Mjc0OTQwMTI5NTgvUDE2MTAuanBnfDQ0OWU0ZWFhOGFhNjhhZTgyNGNjYmYwNTc2Njg2NDQyNDU3MzAxYjY4NmY1M2U4MWY1MTg0ZTI3Yzk0NTYwZDg&imgrefurl=https%3A%2F%2Fwww.tcichemicals.com%2FUS%2Fen%2Fp%2FP1610&tbnid=1QXeWpABssoolM&vet=10CBIQxiAoAmoXChMI2Nqe48qq_QIVAAAAAB0AAAAAEAY..i&docid=R9qC5K-VZDEPmM&w=345&h=345&itg=1&q=phenolic&client=firefox-b-1-d&ved=0CBIQxiAoAmoXChMI2Nqe48qq_QIVAAAAAB0AAAAAEAY
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How Does Soil
Aggregate Stability

Relate Back

o Soil

Chemistry and

Biology?




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 5.5a 1.15a 5.2a 10.7 a 72,334a 15a
Full Fertility 5.7a 1.45b 37.0b 14.0b 90,902b 17b
Manure 6.9b 1.78c 56.2c¢c 17.5c¢ 121,854 c 25¢c

Different letters indicate significance at the 0.05 probability level
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Sanborn Field-Increase Water Availability As Aggregate Stability and Total Carbon Increase

Profile Available Aggregate Total

Treatment Water Stability Carbon
cm % %
Continuous Corn 7.75 a 11a 0.87s
Continuous Wheat 7.59 a 33b 1.18 b
3-Year Rotation (C-W-RC) 9.91b 40 b 1.23 b

|01
o~
(]
4]
0
N
(98]
o
0

Continuous Timothy 11.




Adding Manure Increased Soil Water Capacity At
Sanborn Field-Greater C, Biology and Aggregate
Stabilitv

Profile Plant Available Water Capacity
Sanborn Field

®Manured BNon-Manured

12

11

10
* )
8

7 In
6

Corn Wheat Rotation Timothy

Profile Available Water Capacity (cm)

Cropping System

mno
hang
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2024-Water in the Top 6 inches With

Various Rotation Length-Soybeans

Treatment percent soil aggregate total
i Water  _water __ stability _carbon
% inches % %

Continuous Soybean Tilled 17 1.50 21 1.27
Continuous Soybean No-Till 16 1.42 28 1.40
Corn/Soybean 16 1.42 29 1.30
Corn/Soybean/Wheat 22 1.95 36 1.40
Corn/Soybean/Whea/Red Clover 21 1.85 40 1.49

Corn/Soybean/Wheat/Alfafa-2 years 19 1.68 41 1.61



2025-Water in the Top 6 inches With

Various Rotation Length-Soybeans

2025

Treatment percent soil aggregate total

Water water stabilit carbon

% inches % %
Continuous Soybean Tilled 19 1.68 9 1.35
Continuous Soybean No-Till 21 1.85 16 1.55
Corn/Soybean 19 1.68 19 1.41
Corn/Soybean/Wheat 22 1.95 15 1.44
Corn/Soybean/Whea/Red Clover 24 2.12 19 1.84

Corn/Soybean/Wheat/Alfafa-2 years 24 2.12 17 1.67
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What About Soil
Water Content

Throughout The
Growing
Season?
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Bradford 2024
(Differences
Between cover
crop and non
cover crop plots)

Dynamic features
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Comparison of Different Management
Treatments On Water Runoff and Infiltration




Aggregate
Stability

Switchgrass Tall Fescue No-till-CC No-till Tilled

Y o
/




Infiltration

Switchgrass Tall Fescue No-till Cover Crop No-till Tilled



Conclusions

e Soil health is composed on three Properties: Soil
Biology, Soil Chemistry and Soil Physical Properties

* These are integrated with one another-If you
change one you will change the others

* Improvement in soil health indicators can lead to
better soil structure which results in better soil
water holding capacity
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Without the Help of The ' MISSOURI
Missouri Soybean S@YBEANS

Merchandizing Council, United

Soybean Board and NRCS This =
Research Could Not Have Been j T
Accomplished

USDA Natural Resources Conservation Service

— U.S. DEPARTMENT OF AGRICULTURE




Missouri Agriculture Experiment Station YouTube
Channel. Weekly Video Stories and Monthly
Podcast-Tim’s Take
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WIS [ enighights 3
© Educationl octivities by CAPNR
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Missouri Agricultural Experiment Station
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Agricultural Identity. missourl.cduw/apply-the brand/social medlalguidelings for-engagement and 1 more link ! - : ) ol tmT .
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W .. Symposium 2024 81 views South Farm - Family F... Festival! Come try if y...
MO views 137 views 177 vwews
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Tim's Take Episode 26 | Dr. Temple Grandin Visual Thinking Pa..

G4 views - 3 months ag0 .
Thig morth, Tim had the pleasure of interviewing Dr. Tenpie ! : ey : . b GREENLEY @ &y
Grardin. Joi him a5 he gleans rem her yesrs of wisdorn and 5 2 4 : : sk .
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