v

AdVanced Crop Advisors \Morkshop
|/ January 24t & 25t 2024

/ Marshall McDanieI

Associate Professor in Soil-Plant Interactions

Agronomy | lowa State University




Outline: Vil
1) Background onSojl Health [

2) Introducing the | ,
* Marsden Agricultural Diversification Experiment

(MADE)

3) Money in Soil Ecosystem Services x
(i.e., Soil Health)

4)- Conclusions S0il-pignt NV

aniel L,

marsh@iastate.edu
X Y @Soil_Plant_IXNS

I'M an [OWA STATE UNIVERSITY

AGHONOM IST Department of Agronomy






Go gle Books Ngram Viewer

Graph these comma-separated phrases: ‘ lﬁ\lberl Einstein,Sherlock Holmes, Frankenstein ‘ case-insensitive
between 1800 and 2000 from the corpus| English v |with smoothing of . Search lots of books
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Google’s Ngram of
‘Soil Tilth’, ‘Soil Quality’ and ‘Soil Health’

What historical event
occurred around this
time (or before) that
might have caused

this change soil’s use
in printed literature?

Proportion of All Printed Sources (%)
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‘Ihe nation that destroys its soil
destrays itsell”

Franklin D. Roosevelt (26 February 1937)

RURAL SLUMS
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APRil 1% 1935 is offering new opportunities fto farmers
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Mary Whelan dissertation – University of Redlands (Redlands, CA)
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* Cover crop mixtures
* Extended crop rotations
* Intercropping

* CRP or Prairie Strips

* Grazing cover crops

* Seed pastures in rotation
* Adding manure

y 5y
PRINCIPLES OF ﬁ: Y

SOIL HEALTH T
BIODIVERSITY

T * Cover crops
* Perennial crops
* Residue retention

MAXIMIZE SOIL COVER

* Reduced tillage

* CRP or Prairie Strips

Source: NRCS
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~ Marsden Agricultural Diversification Experiment

(MADE)
3 cropping systems
Plots 60 ft x 276 ft
4 blocks

Initiated in 2001 near Boone, IA
Dr. Matt Liebman (Agronomy)



Presenter Notes
Presentation Notes
The study we are talking about is located at the Marsden Farm  in Boone, close to Agron Farm.
It was established in 2001 by ML to compare different cropping systems 

This is an aerial pic of his experiment at Marsden farm –replicated trial, large scale, where diversified cropping systems are compared 

this is a very significant and impactful exp for iowa growers as it is a LONG- term study (started in 2001) and offers the opp to look at alterative cropping systems 




MADE Mission:

A long-term investigation of how
cropping system diversification and
crop-livestock integration affect
sustainability.

MADE Ethos:

Conduct research relevant to |A
farmers

* Talk, engage, listen to farmers

* Use farmers’ input to inform research

 This makes research more
meaningful/impactful

Matt Liebman, Professor Emeritus in

Agronomy at ISU, speaking to farmers visiting
MADE in 2003. (Source: PFl Website)



MADE is one of the most sampled/studied
~16 acres in |A

v’ 22-year (and going) record of cropping data with each phase of rotation represented

v’ > 40 peer-reviewed publications using data collected from MADE

v Dozens of collaborating scientists, including: weed ecologists, soil SZD
economists, microbiologist, plant pathologists, food nutritionists,
crop modelers, etc..

v Millions SSS in funding over the years
USDA <& A

WALTON FAMILY
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e
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MADE Experimental Design

System Crop Rotation Fertilization
2-year
3-year
4-year
ats + Ailfalfa ‘Alfalfa Composted Cattle Manur.'é

Slide Source: Leonor Leandro


Presenter Notes
Presentation Notes
At Marsden farm, the CROPPING SYSTEMS CONSISTED OF two main components 
Rotation x fertility

2-yr …this is the predominant system in Iowa and the Midwest – C_S plus synthetic fertilizer 
The 3 and 4 systems – fertilizer reduced by 86 and 91% 

Companion cropped – red clover under seeded

2yr- fall chisel plowing, spring field cultivation before corn and soybean
3yr - Similar plus disk tilling before oat/red clover, several to incorporate red clover



Rotation Year 1 Year 2 Year 3 Year 4 Crop Key

T Corn
2-yea ' Soybeans
Vv VV Oats _

Red clover |
T Alfalfa

\'4 Fertilizer Key

Pre-plant N V
4-year | Side-dressN 'V

LSNT Test T

Composted
Cattle @

Manure
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Month



Summing up all the Benefits of Diversified Rotations

Agronomic and Environmental Rotation Mean Effect Size
Benefits (with standard error) (% Diff. from 2-year)

p-value Reference

2-Year 4-Year

Productivity/Profitability

I

Cropping System External Inputs

Environmental Impact

* = corn on 15.5% and soybean on 13% moisture

Baldwin-Kordick (2022)






$even $oil Ecosystem $ervices

Regulate Flooding Habitat for
Organisms
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Source: Rebekah Baldwin-Kordick

Food,Fiber, Fuel Cycling Nutrients

Water Purification
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Physical $oil Health Benefits:

Bulk Density Soil Hardness Water Infiltration
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Physical $oil Health Benefits:

S Greater ease of root growth = healthier plant, more yield

S Increased water intake (i.e., infiltration)
¢ reduced soil erosion and run-off (loss of fugitive nutrients)
¢ decreased soil moisture in the spring = increases days-of-operation

S Increased water storage
¢increased plant-available water in summer = healthier plant, more yield
¢ greater biological activity = healthier plant, more yield



Chemical $oil Health Benefits: l

Cation Exchange Capacity Salt-extractable Organic C

4-year



Chemical $oil Health Benefits: A\

S Greater storage capacity of nutrients = healthier plant, more yield
¢ reduce SSS needed for nutrients
¢ more efficient at storing those you do apply

S Greater microbe food
C reduces N loss
¢ greater biological activity = healthier plant, more yield



Biological $oil Health Benefits:

Earthworms Microbial Biomass

4-year = +71%



Biological $oil Health Benefits:

S Earthworms (soil engineers) = healthier soil 2 more yield

¢ improved soil physical properties |

¢ improved soil chemical properties E%I%\I}EEI'KS:

S More microbes | |
Earthworms increase plant production: a

¢ efficient nutrient cycling meta-analysis
¢ red uced need for fe rti | izer JDcIBr;n\?'g{eKme;oL(jﬁng?in:;g:fM Lubbers!, Hannah M. J. Vos', George G. Brown?, Gerlinde B. De
Crop Yield (130 observations)
L P i
+25%
- 1I 0 [I] 1 IU 2 ID 3I'D 4I'D

Earthworm effect (%)



ENERGY FLOWS IN THE DIRECTION OF THE ARROW, [°= FIRST LEVEL CONSUMER.S
2°= SECOND LEVEL COMSUMERS
3°= THIRD LEVEL CONSUMERS
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How much ‘animal equivalents’ of soil biomass
are in 1 acre of soil?

A.dog (50 Ibs)

B. human (150 |bs)

C. bison (1,200 lbs)
D.bull (2,000 Ibs)

E. elephant (8,000 Ibs




Who's in our soil?

Soil Flora or Fauna Numbers HGINERS
(per g of soil) (Ibs / ac)
010 011

Viruses 0.0002

Bacteria & Archaea 0.001 10° — 1010 400 - 4,500
Actinomycetes 0.001 107 — 108 500 -4,500
Fungi 0.008 10-10°m 800 -13,000
Algae 0.013 10*-10° 10 -500
Protista 0.050 102 - 106 20—-300
Nematodes 1 10t — 102 10— 300
Mites 0.5 1-10 1-500
Collembola 1 1-10 1-500

Earthworms 100 NA 50 - 3,500




Soil biota in one acre is about the size of two African elephants
- Soil Health Institute




Microbial biomass — eye of the needle that all organic matter passes through
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Adapted from Tate Book Cover



Greater proportion of N in microbes and organic N
In 4-year rotation

(in the corn phase) 20}
* Total soil N concentrations are (not significant): _ 15}
* 0.25+0.01 % in 2-year [
* 0.31 +0.06 % in 4-year = ol
* Dynamic soil N pools (<4% of TN): 0\3
* NH,*-N = ammonium-N 05 L
* NO;-N = nitrate-N
* SEON = salt-extractable organic N N Pool 00 , ,
* MBN = microbial biomass N. ,’:‘l'gijg — © 2Year 4-Year
SEON e Crop Rotation
MBN

De et al. (unpublished)



Average Weekly Retail Anhydrous Prices

$1,780

Week Ended 01/12/24
$1,580
$1,380 _/_/-’_-_\\_’./A\
$1,180

$980

$780 ™~

$580

w2024 w2023 —2022 5Yr Avg

$380 . r : : :
Jan Feb  Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec




Less need to add N fertilizer to corn in June

28

Below 25 ppm (Critical Value),

N needed for 2-year
26

24 ““T_“
I

: : : -:' Y W Below 15 ppm, ;
_J_—USG Of theJ.ae Sprlng N Needed for Manure/Alfalfa g oo |
':;Sml Nitfate Test B
in Iowa Corn Productlon — 20
Sawyer 2017_CROP3140 § 18 —
» 2-year gets pre-plant N (100 Ibs N/ac) and £ 07 v
sidedress N based on LSNT (18/20 years) o 4T |
)
— 12t
* 4-year sometimes gets sidedress N 10 . .
based on LSNT (5/20 years) 2-Year 4-Year

Crop Rotation



4-year rotation

decreases NO;" in

lysimeters
(4’ deep)

Corn years:

* 4-year reduces NO; in 7/9 years

e 9.8% decrease

Soybean years:

* 4-year reduces NO; in 6/9 years

* 30.3% decrease

Lysimeter Nitrate Concentration (mg L™

EPA standard

20 |

15

10

Ol
T

o
T

Corn

CZZT/OJ 0

4

2-Year

4-Year
Crop Rotation

Tomer et al. (2014), De et al. (unpublished)






Soil Health and the Bottom Line
Take-home Messages

—_—

——

—

* Improving soil health has clear tangible and intangible economic benefits
 Demonstrated at MADE and commercial farms

* Soil health at MADE is making SSS because combination of...
* Improved Crop Productivity
* Reduced inputs

* What about other SSS for other externalities or intangible benefits...?
* Soil carbon
e Water quality
* Reduced greenhouse gases
* Biodiversity
* Land value (sort of like CSR2)
* Resilience?




Climate Change Resilience

Dr. Ashani
Thilakarathne Matt Woods Ally Larson

Funding Support: £ JedesadiLicel)

Association
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The 4-year
rotation enables
soybeans to better
resist drought is
more

Soybean Stomatal Conductance

——
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Source: Rebekah Baldwin-Kordick
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19 vears later, the 4-year rotation...

=

More recently (19 years later)...

SOC stocksn, (Mg ha™")

o0 |

2-year 4-year Data from Huang & Hall_unpublished



Soil Carbon
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Original Graphic: Jan Konietzko
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Email: marsh@iastate.edu
X ¥ @Soil_Plant_IXNS

Website: https://www.soil-plant.com/

- IOWA STATE UNIVERSITY
AG HONOM IST Department of Agronomy
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