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Potential biological soll
health tests for farmers:

A Costeffective o Clsmies
ALogistically feasible g Test
AAir dried & stored
samples are OK
APotential to be scaled
up to commercial labs
A Sensitive to management |

1. Are these tests related””
to soybean yield?

2. Are they related to
management practices? = |




1. Are these tests related to soybean yield

O Alfisols
@ Entisols

A Onfarm approach
¢ 1 sample per field

Histosols
O Inceptisols
<> Mollisols

Spodosols
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@® Vertisols
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1. Are these tests related to soybean yield

A Onfarm approach ., :
¢ 1 sample per field

APOXC was linked &
soybean yield, likely
because it is closefy
tied to organic

Soybe

matter!
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2. Are these tests related to management practice

c A Drainage Class ACEN A Latitude
POXC g Crop Rotation ] A Crop Rotation

A pH A Texture Class

A Drainage Class =IVIN A Texture Class
A Manure

A Inherent properties determine capacity to increase thes
values.

A Crop rotation & manure use did impact levels, but ther
are many confounding factors.




For more Infog
check out this
recent pub!

SCIENCE
FOR
SUCCESS

FUNDED BY THE SOYBEAN CHECKOFF The best soybean management practices by Extension researchers from across
the United States

Exploring the Connection Between Soil Health and Soybean Yield

Soil Health Testing Overview

Soil health is a broad, multifaceted con-
cept that underlines the importance of
a soil's capacity to function.' Soil health
tests are an imperfect way to quantify
or characterize specific aspects of soil
health. The connection between pro-
ductivity (or yield) and soil health is
strong, in theory. Though well-studied
in corn, the evidence for a quantitative
connection between common  soil
health indicators and crop yield is
tenuous for most crop species. For
soybean, the link is less clear.

There are several soil health indicators
that may be suited to routine testing by
farmers (see right).**** All of these
tests, like many other soil health in-
dicators, relate to soil organic matter
(SOM) pools or fluxes."*

Key Takeaways

Soybean yield does align
with some soil health
indicators.

Factors outside of soil health
likely have a bigger impact
on soybean yield.

Protecting soil organic
matter protects yield.

Soil Health Tests

¢ Soil Organic Matter - Loss on Ignition (SOM-LOI)

Measured as loss of weight on ignition, as the organic
fraction of the sample will burn at very high temperatures.
This measurement is already conducted routinely on most
farms across the United States. It is inexpensive, but prone
to error.

Permanganate Oxidizable Carbon or Compounds (POXC)

Based on a color change of potassium permanganate
(which is bright purple in an oxidized form), this test
quantifies compounds that reduce KMnO4. This test has
been incorrectly dubbed *“Active Carbon” in the past,
thought to be more actively cycling organic compounds, but
is likely a mix of recently processed organic carbon and
other compounds - in some cases very stable compounds
like lignin.”

Autoclaved Citrate Extractable Nitrogen (ACE-N)

Extracts many heat-resistant proteins, representing a large
pool of organic nitrogen (N) in soil, as protein is high in N.

Potentially Mineralizable Nitrogen (PMN)

An anaerobic incubation measurement and represents the
amount of organic N likely to be mineralized into a plant-
available form throughout the growing season. Note that
there are other assays by the same name, both chemical
and aerobic incubations.

Mineralizable C (Min C)

Sometimes called soil respiration, is an incubation measure-
ment and reflects the size of the pool of readily available
organic carbon, as well as the activity level of microbial
communities in the soil. In these studies, a 24-hr incubation
was used in the lab, while other studies may use a longer
incubation, or measure respiration in the field.




Can we use long term trials to
look at management impacts?

A Each site was
replicated

A Measured 10+ soil
health indicators

Cover crop
A Crop rotation
= Drainage

+ Tillage

SeverdSilva et al., 20289, Env, & Ecbttps://doi.org/10.1016/j.agee.2025.109950



https://doi.org/10.1016/j.agee.2025.109950

Controlled drainage
(2 locationsg ND &
MN) had no effect.

More research

needed on this in the.

Red River Valley!
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Other practices had
more sitesc so we
used a metanalysis

approach!
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Other practices had
more sitesc so we
used a metanalysis
approach!

Only MinC & WEOC"
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Lessons LearnegSoil Health Testing

~_ ASome soil health tests relate to crop yieltikely
~ due to their link to organic matter.

%‘ Aln a multistate long term study, the only practlce ""' 1;
- that moved the needle was cover cropping! %
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~ Asoil Health =/= Soil Health Tests
A Soil health tests are an imperfect way to try to
characterize the bigger picture of health
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Practices: No-tillage, strip-tillage, reduced/minimum tillage.

y { 2 A t P Goal: Preserve soil structure, protect microbial life, and reduce erosion. ,

| S| f | €
are a helpful i—“

framework to MAXIMIZE SOIL COVER

Practices: Use of cover crops, effective residue management.

i ntro d u Ce p rOj e CtS : Goal: Protect soil from erosion, regulate temperature and moisture,

supress weeds.

AResidue
MAXIMIZE BIODIVERSITY
M an ag e m e nt Practices: Diverse crop rotation, cover crops, crop-livestock integration,

grazing.
Goal: Enhance soil biology, improve nutrient cycling, and build resilience

ACover crop variability e
APhosphorus & AMF

MAXIMIZE CONTINUOUS
LIVING ROOTS

Practices: Use of cover crops, reduced fallow periods,
incorporation of perennials.

Goal: Support soil microorganisms year-round, im-
prove soil structure and carbon sequestration.
Dr. Carlos PiresNDSU Extension Soil Health



No-till in the Red River Valley is needed!

Conserving moisture, and enhancing lotgrm
productivity.




But¢ no-till Is challenging in our climate!

Less corn residue is
decomposed

slow soil warming and drying

Delaying planting and
potentially emergence.




Does residue quantity impact nall

feasibility?

B.Maembe
NDSU MS Student

AMain treatment: Planter
options

ASplit treatment: Residue
level
ANo residue |
A100bpacorn crop (removed
72)
A200bpacorn crop (left all)

A300bpacorn crop
(doubled)




Highest residue levels had reduced yield.

VaIIey City- 2025
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Corn residue had a protective effect for some foliar disease!

Valley City- 2025
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Corn residue had a protective effect for some foliar disease!

Valley City- 2025
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Highest residue levels had reduced yield.

Casselton 2025
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Two planters in 2024 similar trend.

Casselton 2024
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This is an ongoing studyfuture analysis will include:

Greenhouse gas Soil moisture, temperature, &
measurements nutrient levels




Lessons Learned #2

Our typical converted netill planter had difficulties with the heavy |
residue
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[ Cover crops are planted during fallow periods to improve soil health]

S:\ Ilrlgr?g:;?c& Erosion Recovered Soil Organic
9 Potential Nutrients Matter

Benefits

Societal Benefits | reduced Pollution SpliEls Ecosystem service
Productivity




