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Healthy Soils = Healthy Food = Healthy Life

CONVENTIONAL
AGRICULTURE

* Herbicides

* Fertilizers

* Pesticides

FRAGILE
plant microbiome

POOR
soil microbiome

Conventional food
¢ Rich in meat
e Lowin

— fresh fruit

— salads

- raw vegetables
e Pesticide residues
¢ Microbiome-poor

FRAGILE
gut microbiome
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Healthy food
e Low meat
® Rich in organic
- salads
— fruits
- raw vegetables
e Pesticide-free
e Microbiome-rich

HEALTHY
gut microbiome

SUSTAINABLE
AGRICULTURE

® Biofertilizers

® Biostimulants

® Biocontrol microbes
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Soil Health Principles

Soil Armor
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Soil Health Parameters

Soil Fertility
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Soil Health and Soil
Fertility

& Healthy soils provide optimum
plant nutrition

« Nutrient cycling and storage
« Water and air movement
& Require less chemical input

® Produce nutritious food

l@l & Less pollution; Sustainable

When the natural nugrient cycle
is not optimized, fertilizers
need to be added to soils
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Overthe last 70 years,
the level of vitamins and
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pH and Nutrient Availability
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Cation Exchange Capacity (CEC)

& A measure of the total negative charges within the soil

& Soil's ability to supply important plant nutrients

A schematic look at cation exchange

CEC 25 CECS5
More clay, more positions Low clay content,
to hold cations , fewer positions to hold cations

Soil
Components




Nutrient Uptake

% Plants can only uptake water-
soluble ionic forms.

& Therefore, insoluble forms should be
transformed 1nto soluble forms.

Water Film
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Communicating with Soil Biology

Hartig net

Arbuscules

Mycorrhizas

Arbuscular
mycorrhiza

Microbial

Interactions Cluster Roots

N, Fixation 1 molecule of N, = 16 ATP



Nutrient cycling: SOM decomposition

SOM is the reservoir of nutrients
Atmospheric CO, 0, and carbon; releases nutrients

through microbial decomposition

Soil Respiration
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Nitrogen cycle

Atmospheric Nitrogen (N )

Nitrogen-fixing
bacteria living in
legume root nodules

| 1 Ammonium |
s 4, (NH,")

Nitrogen-fixing
soil bacteria Nitrifying bacteria



Nutrient Deficiency Symptoms: Nitrogen

Lower/Older leaves are first affected; Yellowing/ Burning




Nutrient Deficiency Symptoms: Phosphorus

Purple leaves; Bronzing




Nutrient Deficiency Symptoms: Potassium
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Yellowing/ Burning starts at the leaf margin



Nutrient Deficiency Symptoms: Magnesium

Yellowing between veins; older leaves first affected




Other Nutrient Deficiency Symptoms
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Judging Soils: Soil Health Assessment

Active Carbon | Soil Respiration




Potentially Mineralizable Nitrogen

& Indicator of N mineralization capacity
& Mineralization: ammonium-N to nitrate-N
X study: Measures ammonium

& N cycling: organic N &5 inorganic N
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Active Carbon (POXC)

* Permanganate Oxidizable Carbon (POXC)
* 1 -4% of total organic carbon
 Available to microbes as energy source

* Responds to changes in soil management

Passive

Total Organic Matter
* Loss-on-lgnition

(Routine soil test)

Active

—t—

* Active Carbon
* Soil Protein

* Respiration
3 soilfertility.osu.edu




Soil Respiration (CO, burst)

& CQO, released by so1l biota (microbes, roots)
& Indicator of potentially active soil lives
& Direct or indirect measurement

® Dependent on moisture and temperature




& Autoclaved Citrate Extractable (ACE)

& Indicate a pool of organic N in SOM
& Microbial activity

® Robust alternative to PMN




Soil Microbial Community

& Life of soil
& Ecological and physiological functions
& Nutrient cycling and availability

& Provides resiliency against weather




Soil Enzymes

& Enzymes decompose organic matters

& Influenced by moisture, temperature and pH

—

- ‘H‘% B \ -- d - (i) A!'VISL__II__fatase
(i) Phosphatase I SN— ) W

e =

; : >
I 4 ‘\\ y - ‘_;“
N H,PO, - N Sulfate '
~ i 502 Sulfat \
Phosphomonoesters »* P [0} A

X

s

s

Enzymatic action  Result . Soil organic matter - Microbial biomass




Phospholipid Fatty Acid (PLFA)

& Chemotaxonomic markers of microbes
& Phospholipids: component of cell membrane |
& Phospholipid saponified to fatty acids
& Soil sampling method is crucial

® Microbial Biomass 1s calculated

& An expensive test, both cost and time



Soil Health Practices




Catering Industry Needs:
Which Cover Crop to Use?

Soil Health & Cover Crops:
A Study from South Dakota

Debankur Sanyal, Ph.D.
Post Doc Research Associate
Dept. of Agronomy, Horticulture and Plant Science
South Dakota State University
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Cover Crops towards Soil Health Improvements.
SDSU

Extension

Which cover crops to choose Measuring nutrient catch Presented and published
for specific crop rotation and release and soil health research outcomes
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Cover Crops influence microbial biomass and microbial activity

Sanyal et al. (2023.)



Cotton Strips for in-situ Microbial Activity
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: BL ‘Blend‘Check‘Grass BL ‘Blend‘CheCk‘Grass BL ‘Blend‘Check‘Grass
A recovered cotton strip
‘ ‘ 14 DAB 21 DAB 28 DAB

Effects Cover Crop Mixes at Different Days After Burial (DAB)

Cotton strlps ready to be ‘burled’

Blend treatment had higher microbial activity

Sanyal et al. 2021



Earthworm Population in Soil

126,000

Adult (Cover)

277, 000

109,000 ® Juvenile (Cover)

m Juvenile (No Cover)

271,000

Adult (No Cover)

**Numbers depict earthworm population per hectare

Sanyal et al. (2021)



Innovative Grazing & Soil Health

3-Year project (2020-2022)

Treatments

o Swath Grazed CC

o Freely Grazed CC

o Ungrazed CC

o SorghumXxSudan (Control)

Grazing Period: 14-16 days 1n the fall
West River Ag Farm, SDSU at Sturgis, SD
Cash Crops: Spring Wheat and Field Peas

Parameters:

o Soil nutrients
o Soil health assays: protein, enzymes, active C
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Low-cost Soil Respiration Device
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CO, Emissions from Two Cotton Rotations

Cover Crop - Cotton Fallow - Cotton
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Potential Soil Respiration (PSR) in Wheat
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Testing Cover Crop Mixes




Water Sanitizers and Soil Health




Building New Farmlands




Thank you!

Dr. Chris Graham
Mr. Anthony Bly

Dr. Robert J. Goos
Dr. Bob Brueggeman
Mr. Chaz Stackpole
Dr. Channah Rock
Dr. Joey Blankinship
Dr. Charles Sanchez
Dr. Jeff Silvertooth
Dr. Diaa Elshikha
Dr. Pedro Andrade

Dr. Biswanath Dari
Dr. Arnab Bhowmik
Dr. Debalin Sarangi

Dr. Peter Sexton

Dr. Howard Woodard =

Dr. Babu S. Brar
Dr. Navreet Mahal
Dr. David Karki
Dr. Shyam Solanki

Dr. Gazala Ameen
Ms. Pallavi Sharma

Grain Research &

B Promotion Council
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Arizona Cotton
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