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See you in 2026
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* Please complete the short online survey
that will be emailed to you after today’s
webinar. It will take just a couple minutes!

* Be sure to sign up for an opportunity to win a
prize in the drawing. After submitting the
survey, a form to fill out with your
name/address will appear.

Acknowledgement: This project was supported by the U.S.
Department of Agriculture’s (USDA) Agricultural Marketing
Service through SCBG24-246. Its contents are solely the
responsibility of the authors and do not necessarily represent
the official views of the USDA.
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Healthy Soil, Healthy Food

Carlos Pires, NDSU Extension soil health specialist and assistant professor
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Nondiscrimination Statement

NDSU does not discriminate in its programs and
activities on the basis of age, color, gender
expression/identity, genetic information, marital
status, national origin, participation in lawful off-
campus activity, physical or mental disability,
pregnancy, public assistance status, race, religion,
sex, sexual orientation, spousal relationship to current
employee, or veteran status, as applicable. Direct
inquiries to Vice Provost, Title IX/ADA Coordinator,
Old Main 100, 701-231-7708, ndsu.ecaa@ndsu.edu.
This publication will be made available in alternative
formats for people with disabilities upon request,
701-231-7881.
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SOIL COMPOSITION

What happens if we...

e |Nncrease the water fraction?
e |ncrease the mineral fraction??

e Change the mineral fraction?

ldeal soil composition

NDSU | EXTENSION




WHY ARE THE UPPER MIDWEST SOILS SO RICH IN ORGANIC
MATTER (OR USED TO BE)?

» Glacial activity

# PRAIRIE GRASS ROOT SYSTEMS &

 Young soils. Because glaciers covered the soil, these soils
have not had as much exposure to wind and water.

* Native Vegetation

* Prairie vegetation occupied much of this area until ~150
years ago. Deep root system.

« Climate

« Short growing seasons and hard winters prevent SOM
degradation.
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WHY “USED TO BE”"?

I\
\

Estimated
to 4% in 1888
(Wagner 1989)

Soil organic carbon (%)
(%]
L

¥ Wheal 61 manure year
1 ®m Com 6t manure year '

Sanbom field: central Missouri

Morrow plots: east central llinois

O Corn—oats—hay rotation
O Cormn—oats (1885—1953), Corn—sovbeans (1954—1988)

35 -59%

ko)

47 -70%

Reicosky, Hatfield, and Sass (2000)

A Continuous wheat

@ Continuous com

0 1 ¥ T
1880 1800

Long-term effect of tillage and crop rotations on soil carbon in Midwest USA
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REMOVED ORGCANIC MATTER
THROUGH TILLAGE

MONOCULTURE AND
CROPPING PRACTICES
THAT LIMITS CARBON RETURN

INCREASED EROSION RATES
AND SOIL DEGRADATION

REDUCED SOIL BIODIVERSITY AND
FUNCTIONALITY

AND INCREASED USE OF
EXTERNAL INPUTS




T
. . ,/II ) i\

Water purification R
and soil contaminant

reduction

International
W= vearof Soiks

fao.org/soils-2015

®
Soil
sequestration
L]
functions i
Trovision ofr rood,
fibre and fuel

Soils deliver
ecosystem
services
that enable
life on Earth

--------

Cultural
heritage

Provision of
construction
materials

Flood
regulation

with the support of

Od and AgriCUIture o 5¢ hatt  Federal af Ecanomic Affairs Foundation N
5 f on . ucation and Research : f pharmaceuticals
Organization of the e e B Tt _ for human Source of ph:
United Nations Sore infrastructure and genetic resources

$wiss Confederation
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WHAT DO WE KNOW ABOUT SOIL BIODIVERSITY?

® Soil biodiversity is the variety of life belowground.
® Soil is home to more than 25% of our planet’s biodiversity.

® More than 40% of living organisms in terrestrial
ecosystems are associated during their life cycle directly

with soils. ﬁ%‘?‘;;%ﬁ’?“
. . . . planet's <
® Soils contain arguably the most diverse terrestrial pladiesit

communities on the planet.

only 1% of
this universe .

SOIL ORGANISMS...

Areasource of medicines .
and support human health

WTTTYTTIL

PENICILUN i e
WY - -
e U 2N

In just 8 cm of soil,
thereare 13
quadrillion living
organisms

There are more TR e
organisms in 1 gram of g' bRty
healthy soil than there \

are people on Earth

. ~ 50% OF THE PLANET'S SOIL
Lt;eczt\évr?;g%lr:tlof PASSES THROUGH THE GUT
hectare of soil MOF EARTHWORMS |
is equivalent EVERY YEAR ~
to the weight —_ ___ . R —

of 2 cows

FAO
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The Hidden Society: How Soil Microbes Shape Soil Health
WHAT ARE SOIL MICROBES

» Soil microbes are the incredibly diverse and abundant microscopic organismes,
including bacteria, fungi, archaea, and other protists, that live in the soil and play a
crucial role in soil health and ecosystem processes.

‘J%k % f
} Springtails (Collembola) *

S% 0, D

Beetles, Spiders, Crustaceans, Molluscs, Millipedes
/ ) Protozoa ¥‘k ﬁ(ﬁc‘*‘m*’& v
“V/  Exctworms
I l l |

| l l | l

Nematodes

4 8 % 32 64 128 256 512 1028 2 4 8 6 32
[ | | |
gm mm

Body Width

Fig. 1—Soil organisms grouped by class, showing the size of body width. Bacteria in the
Brackin et al. (201 7) diagram represent all prokaryotes, bacteria and Archaea.
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BACTERIA

» Bacteria are simple, single-celled microorganisms

« Fast growing

Shapes
« High energy requirements
e gy req o o
« High activity in tilled soils -
. Q (%)
i Gra m+ a re Water St reSS reSISta nt Cocci Staphylococci Diplococci Streptococci
« Gram- are not. o 0% ¢ 9 el V'
00 ° v 47
Q &
° Exa m p | eS Bacg Coccobacilli Vibrio Coryneform bagilli
« Escherichia coli (E. coli) | ? A:H’Lﬂ’
. . . . % &
i Rh IZObI u m - N flxatlon Spirilla Borrelia-type Treponema-type Leptospira-type

spirillum spirillum spirillum

 Nitrobacter and Nitrosomonas — Nitrification

« Azospirillum — Root growth

NS
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FUNGI

Fungi are multi-cellular organisms.

The best-known fungi are mushrooms, molds, and yeast.

Fungi grow as long strands called hyphae (up to several yards long)

* Mycelium is a network (bunch) of hyphae

Can be grouped as decomposers, mutualists, or pathogens.

« Examples
« Penicillium - known for producing the antibiotic penicillin

« Trichoderma - biological control of insects

« Arbuscular Mycorrhizal fungi

« Fusarium - plant pathogen

NS
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PROTOZOA

« Single-celled organisms
* Primarily eat bacteria

* The bacteria contain more N than the protozoa can utilize and
some ammonium is released to plants.

« Examples
« Amoeba
 Giardia

« Toxoplasma

NDSU SfRERIVER




THE ROLE OF SOIL MICROBES

Microbial Group Microbes' roles

« Decompose N rich materials (low C:N ratio)
 Nutrient cycling
Bacteria (Gram + & Gram -) ¢ Release nutrients that other organisms could not access (usable
form)
 Help to bind soil particles into aggregates (polysaccharides)

* |Improve soil aggregation
Fungi « Decomposers (high C:N ratio — lignin)
* Break down nutrients that other organisms cannot
* Enhance plant nutrient uptake (P, NH,)

* Improve soil aggregation
« Forms fungal links between roots of neighboring plants

Arbuscular Mycorrhizal
Fungi

« Decomposers
Protozoa  Regulate microbial populations (consume bacteria)
 Nutrient cycling
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ENZYMES

« Soil enzymes are proteins produced by soil organisms and plants

« Accelerate biochemical reactions such as residue (carbon & nitrogen) decomposition

« Essential for nutrient cycling

B-glucosidase (BG)

Carboncyclingenzymethat
facilitatesthe degradation of plant
material to generate sugars that
microbes use as a source of energy.

Acid Phosphatase (AcidP)

Phosphoruscycling enzymethat converts
organic phosphorusto mineral
phosphorus. Acid phosphatases
predominatein soil with a pH between 4-6
while alkaline phosphatase predominates
in soilswith pH between 9-11.

NDSU | ExTENSION

N-acetyl-B-glucosaminidase
(NAG)

Carbon and nitrogen cycling
enzymethat degradeschitin,an N-
rich substance presentin plants,
fungi, bacteria,invertebrates,and
animals.

Arylsulfatase (ArylS)

Sulfur cycling enzyme that controls
the acquisition of organicsulfur. It
allows microorganismsto satisfy
their sulfur requirements.




SOIL HEALTH

 The capacity of the soil to function as a living ecosystem and sustain plants, animals,
and humanes.

Functions / Services Stakeholders

Habitat provisioning

Policy, human health

Soil Security Global and national

policymakers

Carbon sequestration

Biodiversity, climate control

~ Soil Health

Public, landowners

Water cycling

Water quality, economic viability

Soil Quality

Neighbors

Nutrient cycling and
productivity

Farmer, land user

‘————————————

— = Plant production
“to sustainable

mf\_\nt goals _

Common good Private property Rights

Multi-
dimensional

Qualitative Quantitative Assessment

Relevant spatial scales, functions, ecosystem services, and stakeholders of soil security, health, quality, and fertility.
The concepts also differ in the view of soil rights and assessments. Source: Adapted from Lehman et al. (2020).
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SOIL HEALTH

BIOLOGY

EXTENSION

NDSU
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s, Cycling
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Source: Rice, Sarto, and Pires




SOIL HEALTH

WHAT S HEALTHY SOIL'?

Dead Plants
& Matter

Living

Holds air Organisms

UNHEALTHY SOIL )( HEALTHY SOIL

- —

Poor structure ngh salts Stable structure

]

Amanda Pratt - Small Fanmes Graphic Designes, Kate Wagner « Hosticuhture Facuity, Melanie Stock < Small Fasms Spacialist
Lhah State Univers an affirmatesa action/squal oppartul ratitution and is commatted to a learning and working F Q O

USU Extension Publications | July 2020 | Scils/01 ¥
arwironment frea from dscrimination. For USU's non-discrimination notice, see equity.usu.edu/non-discrmination
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SOIL HEALTH PRINCIPLES

54_‘ MINIMIZE DISTURBANCE
—@

No-tillage, minimum tillage, strip tillage.

MAXIMIZE SOIL COVER

Cover crops, residue management,
cropping system, perennials

7\,  MAXIMISE BIODIVERSITY

Z Qj Plant diversity (cash and cover crop),
integrated crop-livestock system

% MAXIMIZE CONTINOUS LIVING ROOTS

Cove crops, reduce fallow

“Make the most efficient use of external inputs”
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SOIL HEALTH JOURNEY

IMPROVED WATER
‘ AVAILABILITY AND
DRAINAGE

IMPROVED
SOIL STRUCTURE

IMPROVED
NUTRIENT CYCLING

ORGANIC MATTER
TURNOVER

BIOLOGICAL
ACTIVITY

Hatfield et al. 2017. Advances in Agronomy
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MEASURING SOIL HEALTH

Soil Health Indicators are NOT an end to themselves

Soil Function

Management Soil Soil
Health Health
Indicator Practice

Soil health indicators are tools that help translate management practices into our desired outcomes

Source: Andrew McGuire Slide courtesy: Dr. Krupek, Ohio State University
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SOIL HEALTH ASSESSMENT: COMMON INDICATORS

« Respiration potentials
«  Number and diversity of mycorrhiza, and

Soil earthworms
. « Diversity of macro and microorganisms
BIOIogy * Microbial profiling, Enzymatic activity

« Soil proteins

» Soil organic matter content

« Total C and N content, Active C
. « Inorganic N
Soll «  pH, Salinity content
Chemistry + Heavy metals: lead, copper, nickel, zinc
« Electrical conductivity, CEC
« Macro & micronutrients
« Bulkdensity

Soil Aggregate stability

o
I I m e Physical « Available water capacity

0. «  Water-filled pore space

Source: Nunes et al. (2021) P _ _ , ,
Slide courtesy: Dr. Krupek, Ohio State University
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MANAGING SOIL MICROBES

Management

 Most microbes are found in the rhizosphere.

 Rhizosphere is the area surrounding plant roots.

Plant derived organic materials in the
rhizosphere

Exudates

— low molecular weight
compounds released from plant
cells in a non-metabolic manner
(leakage)

» Secretions

— compounds metabolically
released from plant cells

Lysates

— compounds released from
moribund cells during autolysis

Plant mucilage

— plant polysacchrides SOi I H o ri zo ns

Fargo Soil Series

(T S S S S S N

BN
Wéml\\\
e
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MANAGING SOIL MICROBES

Management

« Soil health principles

Cover crops

NDSU | extension




MANAGING SOIL MICROBES

« Relationship between fungi, aggregate stability, and carbon

Aggregates
Fungi
Carbon

NDSU

EXTENSION

(a)

Macroaggregate mass > 250 mm

(g 100 g soil)

45

40 4
35 -
30 4
25
20 4
15 -
10 +
5 -

0

y=0.6674x + 6.4308
r=0.8299
P < 0.0001

0

10 20 30 40 50
Extramatrical hyphae (m g~')

—_—
) o
S
o
=

Organic C (g kg~! sand-free aggregates

I\~
(43}
|

e Oy
“« =
°
20 4 ® e o o
oo w a
* O
154 . e . . ac©
* ‘0
10
| y=0.105x + 14.413 .
° = 0,369 Higher SOM
P=0.0059
0 . . . . Increased
0 10 20 30 40 50 . . .
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MONITORING SOIL HEALTH

Baseline Sustaining

O@
gf'c? "
%Yn
(%

Soil Health
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SOIL HEALTH AND COVER CROPS

Soil Health and Cover Crops: A Topic Of Interest Across Farmers, Growers and Producers

kT Where should PFI place the most emphasis?
o L B2

B soil health
s0% W Cover crops

7% On-farm research & demonstration

34% 34%

33%

M Local & regional food system development
30%
B Beginning farmers

B Diversified crop rotation and 3rd crops

20% B Agricultural policy

B Water quality
10% W Profitability

B Marketing & market development

0% M Climate change

Source: Practical Farmers of lowa Survey Results. https://practicalfarmers.org/2024/01/a-birds-eye-view/
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https://practicalfarmers.org/2024/01/a-birds-eye-view/

SOIL HEALTH AND COVER CROPS

Green
Mung beans COVER CROP Clover
PURPOSE
OC®
Legume | Brassica

sudan

SERVICE PLANTS!
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SOIL HEALTH AND COVER CROPS

Increase

Improve yields
soil health '

<2

Prevent
soil

_ erosion X ¥ Build soil
\ Scavenge s organic
nitrogen \ matter
: 4
Ry . _
— ' o /
Economic -

returns

o

Improve
rainfall
infiltration

Provide
nitrogen
(legumes)
.
Re:;::e . Control
compaction Encourage pollinators weeds

and beneficial insects

Slide courtesy: Dr. Krupek, Ohio State University
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SOIL HEALTH AND COVER CROPS

\Crops
Council

Start with where is your farm?
Start with where is your farm?

North Dakota & Cass #
North Dakota * Cass *
Tell us your goals
Tell us your goals

Erosion Fighter £
‘Weed Fighter ]

Show current cash erop options

Show current cash crop options

Show drainage options =
Show drainage options

Cover crop bype options
Caver crop type options
Display cover crap type Group cover crops by type
Display cover crop type Group cover crops by type

Available Cover Crops

Available Cover Crops
Planting periods: WELTTEVTE TN Freeze/Maisture Risk to Establishment ” . — - " " .
Coal fulfillment: & =Excellent, 3 =Very good, [2=Cood, 1 =Fair, n=Pnnr Planting periods: UL IS TNy - Freeze/Maisture fisk to Establishment
= Gaal folfillment: 4 =Excellent, 3 =Very good, -;21f=Ennd. 1 =Fair, n=Pnnr

Cover Crop At

He Cover Crop pot et
Rye, Winter Cereal [l
Rye, Winter Cereal L]
Sorghum, sudangrass, and.. 4 R
Sorghum, sudangrass, and.. (&
Triticale, Spring [l

Triticale, Winter ]
Buckwheat 1
Wheat, Spring [
Millet, Foortail 3
Wheat, Winter 4
Millet, Praso 1
Alfalta 1
Barley, Spring ]
Triticale, Spring 3 _
Millet, Foxtail 1 . )
Triticale, Winter 3
Millet, Proso k]
(ats 1
- Wheat, Winter 3
Beans, Faba 8
Ao : S

https://www.midwestcovercrops.org/selector-tools/
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SOIL HEALTH AND COVER CROPS

« Consider a “target cash crop”

= Early spring crops, warm season crops, and fall cash

Crops
P . . = - Cover Crop Chart AREA
= Manage your space in blocks based on harvest times  ssiciwairesearcn senice COWHOGE  PANLARGHTECIURE  SELATIVE WATERUSE &

= Annual Y = Upright & = Low
B = Biennial #¥ = Upright-Spreading ¢ & = Medium
P = Perennial 2 = Prostrate ¢ & 6 = High
Cover Crop Timing Options for Minnesota Vegetable Growers R s R T ——
CeGRASSes  eemeceeeeseesessssessmmseseesesssessessenessmsnsnannn BROADLEAF - cnsneemennmnnamnnnssnmnnennsamnnnnsenmammmnanne .-GRASS--
~ : - A A 'Y A Iy
o / : Winter cover crop - dies over winter %
o v/ Vv s
= = A é A &la &
v % . . FOXTAIL
© oAt o Winter cover crop BARLEY AMARANTH MILLET
L . . 3 T LEGUME === -=remrmmsmsmmnmsmamancans vl T o
survives winter A [V B0 NEE o]~ A NBE Y o~ o~ Yy .
OAT CAMELINA | MUSTARD Bc‘:‘l_lg\';':: CHICKPEA MEDIC COWPEA C;::LER BUCKWHEAT :ﬁl’g
¥ " * — = * by *| T o« s I
B o]~ NEE T B o Y o|~F o| 7Y 7y
WHEAT PHACEWA | canoia | EERSEEM PEA LUPIN LABLAB Al QUINOA oo
“'\f ] * o o) ) e * ) v
A8 Y 70 Y[ 8|~ o~ Yy O oA of|F Y10 Yy
o Late summer / fall cover crop ANNUAL iy SABISH CRIMSON LENTIL FABA rENUGREEK | VELVED Clicor GRAIN
o RYEGRASS HAX CLOVER LENTIL BEAN BEAN SORGHUM
© v 4 * * v | * * )
B ; A Y B [YE Y @3 &b|~/P |8 db]Ar oA b~ YY1 B Y
CEREAL RE SWEET MUNG SUDAN
T Summer cover crop @ RYE Kale IURNIF clover | LESEEDEZA | - oypp | EISEONPEA BEAN CUCURETAR]  cpass
¢ V] * * ¥ = # Y 0k * * e )
v A B YA Y Y& & Y [T b]A 'Y e [
TRmTcALE | sinacH EET WHITE % ALFALFA % soYBEAN | sarrlower TEFF
June July August September October —_— vl o * v i
P 'Y o ob|ar déd]A [YTI [YY)
saivcoIN | sunneeme | peanur | sunrower CORN
. . . . 2t 20 = 24 X
Source: University of Minnesota Extension V 4.0 April 2023 P ——

Slide courtesy: Dr. Krupek, Ohio State University
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SOIL HEALTH AND COVER CROPS: TERMINATION

« Cover crop species, growth state, weather, and cover cropping goals should all be
considered

« Balance between benefits and potential penalties to the next crop

« NATURAL TERMINATION: Winter kill of summer/fall grasses, radish, turnip, peas

« CHEMICAL TERMINATION: Herbicides

« MECHANICAL TERMINATION: Tarp, roller/crimper, mower, chain. You can be creative!

Tarping. Source: University of Wisconsin-Madison Extension Roller crimper
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SOIL THE FOUNDATION OF NUTRITION

Promate
plnt growh () bavcheed in cart Plays akeyrleinbiain
7% Q@ metabolsm R raton Roleof 18 ooy leads to the loss
: R nutrients Cenlibutes bo perception o bste Soil degradahm:\ macr onutrients
wirler hertness s IO zgl'ﬁim necessary for Needed for immune system heath of soil micro arn
. . . plant growth Key cormpanent of protein
sholosyihess el and human Eeartilformace
(4] reproductive e
29 o 4 E_d\egu- dem
() . (re )] © 0, carrer “W‘EWNI‘%"?EQ;:E. ~a n eople
Lo -
P e il e Over 2 bﬂho 1r13ument
e o s | Duickens maturly Mailsing cid-bace belance ‘%Uﬁ from micCrC
= Fiu tquaib' Heeded for proper fluid balsnce defh.leﬂﬂf—b
Rekcespi il Fssentisllo etz and i
o rml farrmatian I functioring of e system < [~
Kev i bl
creaseswaler-use Helps delher agen ) Sustainable
e, o Seed quality tothe lssues soil management
gm“;—; () Eﬁ‘f:dj‘ﬁa"‘im ! ; tor healthy soils,
entymefectonsly , ) & healthy food
Pt aﬂphtl.seoFFemdF enzymes, - ; "i? and healthy
< 5 (0 Responsble for engyme sty ! people

Hel acthly and i
() Hlepa\sa'la 'II:yoFP.-anda[‘.aI

A u =
=P ealthy so &y
| Q rnlll_ronutrlents for a hea}]tl’ly ]_]_fe gm

@ Soil N
macronutrients
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More than half of the
world today suffers
from a deficiency of
micronutrients despite
adequate daily caloric
iIntake

The first cause of
malnutrition is soil
deficiency, followed by
low food intake.

FAO




ONE HEALTH: SOIL, ANIMAL, ENVIRONMENTAL, HUMAN
Healthy soils for healthy plants for healthy humans
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HEALTHY
‘gut microbiome

Environmental
- Bioterilzers Health

* Biostimulants
* Biocontrol microbes

HEALTHY
plant microbiome

RICH
soil microbiome

Human
Health

Figure 2. The direct and indirect effects of the plant microbiota on the human gut microbiome.

Source: Heribert Hirt
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Thank you!

carlos.pires@ndsu.edu

Dr. Carlos Pires
Extension Soil Health Specialist
Assistant Professor of Soil Health
School of Natural Resource Sciences
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