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Introduction

The Names Johnson... SJ Johnson

Legal Guidance: Nutrien Ltd. and its affiliates do not provide information security advice. This material
has been prepared for informational purposes only, and is not intended to provide, and should not be

relied on for any information security or other advice. You should consult or engage your own information
security experts.



Cyber Terminology

Malware

Phishing

Internet of Things (loT)

Ransomware

oT

Patching

State Sponsored Actor

Software that is specifically designed to disrupt, damage, or gain unauthorized access to a
computer system.

The fraudulent practice of sending malicious emailsin order to induce individuals to reveal
personal information.

the interconnectionvia the internet of computing devices embedded in everyday objects,
enablingthem to send and receive data.

A type of malicioussoftware designed to block access to a computer system until a sum of
money is paid.

Information technology (IT) is the development, management, and application of computer
equipment, networks, software, and systems. IT is crucial to modern business operations
because it enables people and machines to communicate and exchange information.

Operational technology (OT) uses hardware and software to manage industrial equipment
and systems. OT controls high-tech specialist systems, like those found in the energy,
industrial, manufacturing, oil and gas, robotics, telecommunications, waste control,and water
control industries.

A patchis a set of changes to a computer program, or its supporting data designed to update,
fix, orimprove it

Motivated by military, economic, or political interests, typically employing malicious cyber
campaignsto gain access to sensitive assets for competitive advantage



Cyber Safety

g

Phishing
Awareness

Safe Web
Browsing

When fraudulent
messages attempt
to trick you into
giving up
information or

Ensuring you
travel to known
good websites

and avoid
malicious sites is
payment. key.

o

Password
Management

Passphrases >
Passwords where
applicable. Learn

how to securely

store all your
passwords.

Social
Engineering

Threats can come
in more than just
emails, be wary of
suspicious text
messages, phone
calls etc.

Multi-Factor
Authentication

MFA is key to
securing accounts
wherever it is
possible to
enable.




Cybersecurity Trends

Security Awareness
« Everyone is a target
* Ensuring a cyber-secure work force is key

Technology Race
» Greater reliance on technology
« Attackers are using new tech as well

State Sponsored Actors
- Global attacks, politically motivated
* Hundreds of thousands of these attacks

Securing Remotely
« Remote work increasingly common
- Personal devices on company networks

IoT and Cloud
Everything is becoming connected
More exposure







Global
operations in
some of the

most targeted
countries

wy M -

Heavy reliance Targets by state
on connections sponsored groups,
and third party part of China Five
business within Year Plan
supply chains

As the Agriculture industry shifts more
towards internet enabled technologies
this increases the risk of cyber
iIncidents occurring.

Attackers do their
research! Strong
years and earnings
inag put us in
attackers'
crosshairs.

——— ¢

More reliance on the internet
means more targets to attack
and more potential points of
access and compromise.




Important Timely Events

CYBER NEWS

Wednesday, April 20th, 2022

Vol 13-15

FBI WARNS OF "TIMED'
RANSOMWARE ATTACKS
ON AGRICULTURE SECTOR

Farming and agriculture seen as a
lucrative target where victims could
be more willing to pay a ransom for a
decryption key because of the time-
sensitive nature of the industry.

Cyber News

CYBER NEWS

Monday, May 9th, 2022

Vol 13-16

AGCO RANSOMWARE ATTACK
DISRUPTS TRACTOR SALES
DURING U.S. PLANTING SEASON

QAAGCO

Your Agriculture Company

CYBER NEWS

Tuesday, October 11th, 2022

Vol 13-16

PRESIDENT BIDEN SIGNS NSM-16 TO
STRENGTHEN U.S. FOOD SAFETY,
SECURITY; HIGHLIGHTS CLIMATE
CHANGE, CYBERSECURITY
T S — -




Smart Agriculture + Cyber Risk
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r loT
.'I t" As more devices are
'_." there is more opportunity
& 1 Lo | for risk
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4 Limited Patching
These systems often
have limited patching or

are neglected \

\ \_ y
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Speed of Change

Adopting new tech needs
to be done at a pace

security can be ensured
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Data Integrity

Preventing Injuries and

Major Focus

Protection Ta rg ets Windows Computers/Servers
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Production Downtime
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Environmental Conditions [ Bt Coraiie dhey

Industrial Devices

)

Harsh Environments —

Extreme Temp, Vibrations



Attacks on ICS Systems can lead to real world impacts N /

Florida Water Treatment Plant

Attacker changed the
chemical mix to extremely
dangerous levels. Could
have caused severe
sickness and/or death in
the community.

Cyber criminals infected
systems and rendered
many facilities inoperable,
forcing a system-wide
shut down.

(f Middle East Oil Refinery

Rare and dangerous new

form of malware (Triton)

targets industrial safety
control systems that
protect human life.

4

Colonial Pipelines

Colonial Pipelines suffered
a ransomware attack to
B their payment systems.

/ They shut off their pipeline
Sree in response and operations

did not restore for 5 days

i —




Key Takeaways

A4

Everyone is a target, from organizations, to personal
accounts, attackers want it all

There is no one stop shop that fixes all security risks,
different technology needs to be secured differently

Cyber attacks come in many forms targeting many kinds of
systems; we might be most familiar with phishing emails but
that is not all we need to be aware of
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About Safety
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In 1995, a domestic terrorist killed 168 people and injured hundreds

more when he used a fertilizer bomb to blow up a federal building in
Oklahoma City.

The Department of Homeland Security has since stated that

terrorists could target any of the tens of thousands of facilities |
throughout the United States that house hazardous chemicals—like &
the ammonium nitrate fertilizer used in that bombing. :

4 © 2022 J.R. Simplot Company




Describe what happened:
An SGS fumigation truck was staged in a growers field,
when it was stolen at 9:30 at night.

What was the outcome:
The vehicle was utilized in criminal activity and left
abandoned, and partially stuck in a trash pit

Where in the plant did it occur:
Truck was stolen from where it was staged off site in a
growers field

What equipment was involved:
SGS fumigation truck
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About Safety

g
:

Initial Causal Findings:
Upon investigation, it was determined that the vehicle was left unattended in the field with the doors unlocked and the

keys in the cab.

The vehicle had approximately 1,500 gallons of hazardous material in the tank. The valves on the tank were not secured
as required by EPA regulation.

Immediate Corrective Actions:
Key lock boxes have been ordered and will be installed to allow the vehicle keys and tank valve lock keys to be placed in

and secured.

Padlocks will be installed on valves on all pesticide/hazmat loads when unattended.
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Theft

» Theft of Anhydrous Ammonia -

an individual attempted to steal
Anhydrous Ammonia using an
insulated bucket. The individual
was part of an undercover
investigation on drug and meth
manufacturing and ended up
getting caught up in the effort.




Break Ins

SGS Winnemucca Nevada

O

7/19/2020 - Office window forced open. Cash box with
approximately $300 in cash stolen

9/18/2020 — Office broken into with cash box and
approximately $150 in cash stolen

11/02/2020 — Office window broken. No items taken
(they attempted to take the safe but were unable).

© 2022 J.R. Simplot Company
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Other incidents

About Safety

Suspicious Phone Calls — over the years, several of our facilities have received suspicious phone calls
from out of state or out of country asking about purchase of high-risk products such as ammonium
nitrate.

Video Taping — recently, we’ve had a number of groups stand outside our fence lines video taping
our facilities and employee’s; they are attempting to illicit a response from our people and create a
scene or altercation; we instruct our employees to avoid these individuals and not engage regardless
of what is said to them

Suspicious Public Complaint — in California, we had a member of the public contact the Corporate
office and 3 local branches irate about a driver going too fast through his town; he was acting angry
enough that we issued a security bulletin to all sites in that area and contacted local law
enforcement for support/advice; we were able to find a photo of the individual via Facebook and
sent that out to all locations

Cash Purchases / Unknown Customers — people of shown up to our sites with fistfuls of cash to buy
bagged fertilizers; not necessarily high-risk fertilizer, but it’s been assumed these individuals were
using the fertilizer for marijuana growing operations (this was before a lot of it was legalized)

General Theft — warehouse break-ins where people have driven the forklift around

)




CFATS Program in response

Congress authorized the U.S.
Department of Homeland Security
(DHS) to establish the Chemical
Facility Anti-Terrorism Standards
(CFATS) program in 2006. The
program in its current form is
authorized until 2023 and managed
by the Cybersecurity and
Infrastructure Security Agency
(CISA).

© 2022 J.R. Simplot Company



A facility that meets or exceeds the specified concentrations and quantities
for any COl is required to report possession of those chemicals by completing
an online survey called a Top-Screen via the Chemical Security Assessment
Tool (CSAT).

Complete
Chemical
Terrorism
Vulnerability
(CVI)
Training

All faciliies with COI High-nsk facilities

11

Facility may be tiered in or drop out

Register for
Chemical
Security
Assessment
Tool (CSAT)

Submit

Top-
Screen

Receive a
Tier (1-4)

or be
deemed
not
high-risk

Provide a
Security
Vulnerability
Assessment
(SVA)/Complete
Site Security Plan
{SSP) or
Alternative
Security Plan

(ASP)

Receive
Authorization
and an
Authorization
Inspection

If the facility receives a tier...

Receive

SSPIASP

Implement
Planned
Measures
and Undergo
Regular
Compliance
Inspections

About Safety




Exclusions to CFATS

About Safety

Most farmers and ranchers currently aren’t subject to reporting
if the chemicals are applied directly to their crops, feed, land,
livestock or poultry.

12




What security
improvements can be
" done for facilities

who do not fall under
CFATS?



Best
anagement
ractices for

Security

© 2022 J.R. Simplot Company




EHS Manager
Northern California
Central Valley
Southern California

Retail EHS Support Structure

EHS Manager
Mountain West

Sr. Director Health,
Safety & Security

EHS Sr. Manager

EHS Manager
EHS Manager Great Plains

Texoma AgVenture /
Meridian

EHS Manager
Columbia Plateau
Northern Plains

EHS Manager
Bayou
Southeast

EHS Manager
Eastern Cornbelt
Mid-South

15
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EHS Manager Responsibilities

Partners with Regional and Location Leadership and Employees
to ensure compliance with Safety, Environmental, DOT and
Security Requirements

» Research and Communicate new rules and existing rules and changes

Acts as a Liaison between the location and Regulatory Agencies
such as OSHA, EPA, State DEQ and others

» Including written report generation or permit requirements
Locations notify their EHS Manager in the event of...

» Occupational Injury or Illness

» Environmental Spill or Release

» Vehicle Accident and/or Property Damage

» Agency Inspection

» Security issues

Schedule and conduct Audits according Responsible Ag and
Internal protocols

Develops and provides basic EHS training to employees.

16
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The Global Safety Philosophy
reflects the Company’s
commitment and promotion of
continuous improvement of
safety processes.

COMPLIAN( VIANUAL
SUSTAINABLE MA ENT SYSTEM

J.R. SIMPLOT
COMPANY
AGRIBUSINESS

EMPLOYEE
ACCIDENT
ILLNESS axp
INJURY
PREVENTION
PROGRAM

The Compliance Manual and AllIPP
Manual serve to guide the EHS
processes within Retail. Each location
will have a Yellow Book and each
employee with have an AllIPP.

17
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Establishment of Incident and Event Reporting

Found in Sections 2.3 (Safety) and 3.4 (Environmental) of the

Yellow Book

Health & Safety Incident Reporting

INCIDENT DESCRIPTION CONTACT/FORMS TIME FRAME

WORKPLACE
FATALITY

SERIOUS
INJURY -
OTHER

RECORDAELE
INJURY

Employee injury
resulting in:
¥ Fatality

An incident resulting in:
A serious injury other

than the above category

¥ Amputation

¥ loss of eye

¥ In patient
Hospitalization

Work-related injury or
illness requiring medical
treatment beyond basic
first aid.

. Call 9-1-1
. EHS Mgr.
. Area Operations Mgr.

Safety Dir. Corporate
OSHA Office

. Workers Comp

Insurance

. Incident Report Form
. Workers Comp Claim

. Call 9-1-1

. EHS Mgr.

. Area Operations Mgr.
. OSHA office

. Workers Comp

Insurance

Incident Report Form

. Workers Comp Claim

. EHS Mgr.
. Area Operations Mgr.
. Workers Comp

Insurance

. Accident Report Form

. Workers Comp Claim

. Call First!

2. Immediate!
. Immediate!
4. Immediate!
. MUST BE DONE ASAP BUT

NO LONGER THAN 8-HRS.
EHS Dept. will assist with
this notification

. Email to HS&S Dept. within

2 hrs,

. Notify Insurance Co. w/in

24-hrs.

. Call First!

. Immediate!

. Immediate!

. MUST BE DONE ASAP

BUT NO LONGER THAN
24-HRS.

. Notify ASAP but w/in 24

hrs.

. Email to HS&S Dept. w/in

2-hrs.,

. Notify Insurance Co. w/in

24-hrs.

. Same day or next morning
. Same day or next morning
. Motify ASAP but w/in 24-

hrs.

. Email to HS&S Dept. wfin

2-hrs.

. MNotify Insurance Co. w/in

24-hrs.

ARE.

About Safety
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Facility Self
Inspection Booklets

Included site inspection booklets for the
entire calendar year:

» Annual Inspection Requirements
» Monthly Inspection Requirements
- ’ ety

LYy

All Regulatory items included:

» Fencing and security

» Fire Extinguishers

» Emergency Eyewash/Showers J A N U A RY
» Containment Structures

Locations to maintain records onsite, no need

to enter any systems REMINDER:

v Update your Emergency Bésponse Plar

v" Start your Annual T#7 1l Submisssor




Responsible Ag

About Safety

* Responsible Ag is an industry-led initiative committed to helping
agribusinesses properly store and handle farm input supplies. The
program helps members ensure they are compliant with
environmental, health, safety and security regulations to keep
employees, customers and our communities safe.

« 3 year certification cycle - goal to get every location certified

Responsible (G

\_____/

20 The J.R. Simplot Company



Completed
every 3 years

Conduct “in house” Security Assessments

Simplot Site Vulnerability Assessment (Retail)

. Facility Information

Facility Secunty Owner:
Office Phone Number:

Cell Phone Number:
Assessment Representative:

. Owner Information

Name of Owner: J.R Simplot

1099 West Front Street
Boise, Idaho
83702
SVA cycle
Required every 3 years
Date this is being

. Scope of Operations (Check One)

o SGS Retail Facility

o Wholesale

o Turf & Horticulture (Partners)
o Western Stockman's

. General Site Security Information (Circle as Appropriate]

1) Does the facility maintain a Written Crisis Management Plan (CMP) that has been reviewed for accuracy and
updated within the past 12 months? Yes No

2) Has the facility tested their CMP in the past 12 months for prep.  drill, etc)
Yes No
3) Has the facility conducted a minimum of one on site, d il i ise that included local
ities (fire, law )? Yes No

Does the facility have and utilize an effective incident reporting system (Yellow Book Section 2.3 Incident

4)
Reporting Guidelines) that allows all security related incidents and near misses to be reported by facility
personnel or security partners? Yes MNo
5) Does the facility conduct ion drills a mini of that involves all shifts and ensures
bility of all employees, contractors and visitors? Yes No
6) Are all facility security Ipolicies revi d for y @ minil of every 3 years? Yes No
7) Has the facility “Security A " fraining once per 3 year cycle (DOT Security Module) for

If to participate in the recognition and appropriate reporting of

all that

ploy

10)Isa managemem syslem m place that requi i ployees, vendors and contractors to
relinquish keys, access badges and other access devices that have been distributed to them prior to leaving

the premises? Yes No
11) Does the facility require all visitors to check in and out via registration log (Photo ID may be required)?

Yes No

12) Does the facility require that all visitors and vendors have appointments and are they escorted by on-site
employees during their visits? Yes No
13) Has the facility performed a documented site analysis and need for
facility? Yes No
14) Has the facility performed a documented self-site analysis idering current p i i or need
Yes No

to enhance; exterior lighting, surveillance cameras, security fencing, access comrol’
15) Has the facility performed a documented site analysis i

No
16) The facility has enhanced their perimeter security by posting appropriate signage (No Trespassing, Private
No

Property, etc.) at suggested 150" intervals? Yes
17) Is the facility p kept free of trees or other objects that prohibit an unobstructed view of the

perimeter or could aid in access over or through the perimeter? Yes No

and need for? Yes

18) Does the facility have an inventory control process in place that would allow recegnition of the type and

quantities of missing product or stock at any given time? Yes No
19) Does the facility adequately address field security of vehicles and is a field key management process in
place? Yes No
i i ili No

20) Does the facility take security info consideration when routing shipments to and from this facility? Yes
21) At the time of hire, are new employees oriented on security p and i and provided

general security awareness training?  Yes No
F. Chemical Facility Anti-Terrorism Standard i CFATS
1) Has your facility utilized the AG RETAIL FACILITY DHS CFATS STATUS form to determine your applicability
regarding DHS Chemicals of Interest (COI)? Yes No N/A
2) The facility has met all DHS i i storage by falling into one of the following
cateqaries: (Circle One)
a) Your facility chemical inventory bdent:ﬁes no storage of chemicals of interest (COI) as outlined in DHS
dix “A" (no Top: )
”mms option is selected, inue the inder of the survey.
D) Your facility has submitted a TopScreen for COI storage but was determined per DHS to be a NON-
TIERED facility.
**If this opfion is the i of the survey.
¢} Your facility has submitted a TopScreen for COI storage and has been categorized as a fier 1 thru 4
facility but your site security plan has been approved by the DHS.
**If this opfion is selected, stop here. Your survey is complete.
3) Does the facility consider the following regarding storage of COI; dary i ing sizeftype,
fencing, secure storage areas, CCTV, motion alarms, lighting, smoke detectors, valve locks, etc.
Yes No NA
4) Are ammonia nurse wagons stored within a fenced, secure area?  Yes No N/A
5) Does the duration of rail storage of chemical exceed 24 hours? Yes No N/A
6) Does the duration of truck storage of ical exceed 24 hours? Yes No N/A
7) Is the main breaker for electric povier located in a secure area (enclosed secure building or fenced)? Yes No
8) Does the facility have a process in place that validates customers seeking security sensitive products?
Yes No NA
9) Does the facility accept cash p for security it ? Yes No N/A
Yes No N/A

10) Does the facility confirm the |dentny of persons picking up secumy sensifive products?

About Safety
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Cameras and
Security Systems

» Visible to be a deterrent

» IT spec’d to be firewall
complaint and anti-Hack



Key Access and Controlled Access

OFFICE GROUNDS VEHICLES BULK TANKS
(PRODUCTS AND
FUEL)




Employee Trainings

Hazmat
based




Other Security
Concerns

» Theft

» Bizarre Purchase Requests (esp. focused
on high risk chemicals)

(@) STOPMETH g ¢

lowa Program Puicput s

T WEROEERE | L

» Cash Buyers
Je |

» Non-Customer

» Out of Country/State

» Disgruntled employees

» Homeless Encampments




Additional Informtation

» CFATS
»https://csat-help.dhs.gov/

» Responsible AG

»https://www.responsibleag.org/

: L/ .
ReSpOnSlble b, LG » Steve Griego
— ) Steve.griego@simplot.com



https://csat-help.dhs.gov/
https://www.responsibleag.org/

About Safety
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November 30th, 2022
The Blackhawk Marriot
Davenport, lowa

2:10 PM

2022 Fluid Technology Workshop

Liquid Storage Tank Safety Recommendations.
Is your fertilizer tank fit for service?

John Cornell, H.I.R. Technical Services

USEUM AND PARK




The information in this presentation is 100% real situations that | have seen first hand.

 Numerical values and pictorial references have been changed as not to be vendor specific.
v' Any similarities to inspection reports provided by others are not to be deemed as relating to any
individual or specific party.
v" For training purposes only.
v" The tank owner can drive quality. We must demand better reports!

1.2 Compliance with This Standard

The owner/operator has ultimate responsibility for complying with the provisions of this standard. The application
of this standard is restricted to organizations that employ or have access to an authorized inspection agency as
defined in 3.3. Should a party other than the owner/operator be assigned certain tasks, such as relocating and
reconstructing a tank, the limits of responsibility for each party shall be defined by the owner/operator prior to
commencing work.

v" Remember, if former employees accepted shotty tank inspection reports, the onus is on the
company to qo back over the reports and to make sure they are in compliance.

A



I s there guidance for the construction, inspection, and repair of larger Liquid Fertilizer tanks.

Yes, The Fertilizer Institute.

ABOVEGROUND STORAGE TANKS
CONTAINING LIQUID FERTILIZER

RECOMMENDED MECHANICAL
INTEGRITY PRACTICES

December 2009
m The Fertilizer Institute

820 First Street, N.E.
Suite 430
Washington, D.C. 20002

(202) 962-0490
www.tfi.org

“In general, the Tank Integrity Work Group and the UAN Working
Group recommend that all new tanks should be designed and built to
American Petroleum Institute (API) Standard 650 and inspections of
existing tanks should be based upon API Standard 653, but with
modifications for the unique characteristics of a tank storing liquid
fertilizer.”

“3.4 For ASTs used to store liquid fertilizer and of unknown design, or
built to known criteria other than API1 650, (perhaps AWWA D100 or 103).
inspection criteria should be in accordance with the guidelines and
recommendations of API 653 to the extent possible. An authorized
inspector, or an authorized inspector in conjunction with an
experienced storage tank engineer, may modify the inspection in
consideration of original construction details that do not meet API
650 design criteria. The result of the inspection should be equivalent
to the API 653. In addition, consideration should be given to other
ancillary criteria as described in Sections 4, 5, 6 and 7 regarding
fertilizer-specific issues.”




The reason for this presentation....
1)  API 653 inspection reports must be complete “d”.

2) Fertilizer tanks are covered under the law. Some say that a fertilizer tanks can be inspected to a
lesser degree than a gasoline tank.

3) Some say that any certified inspector can inspect any tank.

4)  An Inspection report should be used to right the past.



(%) Techstreet Store c the world to
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INSPECTION OF ABOVE-GROUND, B Most Recant @ TeC:hStl‘eet“ S’tore Connecting the world fo standards
) ATMOSPHERIC PRESSURE, VENTED, BOLTED @ Track
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PETROLEUM AND NON-PETROLEUM STORAGE by Publisher 7 for

REPORT / SURVEY by H | R Technical Servic 21

R Preview

.} HIR HIR FTV RP 2007

HIR FTV RP 2007 © MostRecent

In-service Inspection of Aboveground Atmospheric Fiberglass Reinforced Plastic @ Trackt
Tanks and Vessels

Appendix C, Checklist, General rules regarding inspections.

RECOMMENDED PRACTICE by H.IR. Technical Services, 03/01/2018

79) Intentionally left blank. View all product details

80) Inspect the floor staves for topside coating failure and corrosion. Inspect the
underside for corrosion. Coating failures must be addressed before the tank is
returned to service.

81

in their proximity, should just be checked to see if they are loose by using only
your fingers to see if you can easily tighten them. Only the owner should use a
wrench teo tighten any nuts that are found to be loose.

i API| 2019 APl Inspection and | X

Any nuts that do not appear to have as much thread engagement as the others I

In @

82

Check the vertical ladder, and the roof rafters for signs of corrosion or
structural failure.

83) Intentionally left blank. 129 The Inspection Of Vented, Fiberglass Storage Tanks X

84) Take photos capturing all of the interior of the tank, so the tank owner can

clearly see the condition of the internal coating. Take close-ups of all areas John Comell, HLR. Technical Services
exhibiting a higher rate of corrosion than the remaining portion of the tank’s
interior. One common cause of metal loss could be related to abrasion caused “The purpose of this presentation is to provide procedures for conducting periodic preventive

by movement of suspended solids.

a5 maintenance inspections along with the more comprehensive inspections that are required

Use a pit gage™ to record the depth of isolated pits. Afterwards, create a

drawing showing the exact locations of all active corrosion and pits found on and that must be performed by a Trained Inspector as relating to inspection of fiberglass

the inside of the shell. This will allow the owner to visually monitor these areas . . . i . . . .

for possible through wall corrosion that may eventually oceur. reinforced plastic (FRP) atmospheric tanks and vessels in corrosive industrial and commercial
86) Intentionally left blank. service after being placed into services or experiencing a change of service. The procedures
87) Intentionally left blank. are intended to: minimize maintenance costs, ensure compliance with environmental and

safety requirements, minimize system failures and ensure that proper engineering,
construction and maintenance practices are in place”

*What a pit gage is and how it is used? Turn to 14.025 of this publication.




One tank inspection website states:

“For liquid fertilizer tanks, no federal requirements exist as to how often an APl 650 tank must be inspected.”

Citation 312927429/01001

Inspection Reporting ID Open Date SIC Establishment Name
312927429 0626700 04/01/2011 2869

Citation Issuance Date Hazard Category

01001 09/23/2011 Chemical

Section 5(a)(1) of the Occupational Safety and Health Act of 1970: The employer did not furnish employment and a place of employment which were free from recognized hazards
that were causing or likely to cause death or serious physical harm to employees in that: Employees were exposed to inhalation of toxic chemicals, fire and thermal burn, and
struck-by hazards caused by the rupture of aboveground atmospheric storage tank containing flammable and combustible products I Bl ey St s S ey
| exposing employees to serious fire,
explosion and toxic release hazards in the event a leak or rupture were to occur as a result of corrosion and or wall thinning. The employer did not develop and implement an
inspection plan or procedure to perform internal and external inspection to ensure the ongoing integrity of any of the facilities atmospheric storage tanks and charge tanks.
Feasible means of abatement, among others, include the following: 1) Adhere to the tank manufacturers instructions (2 Adhere API RP 575, section 6.1 FREQUENCY OF
INSPECTION - Tanks covered by API Std 653 should be checked at least monthly. These routine in-service inspections should include checking for corrosion, leaks, settiement,
distortion, and determining the condition of the foundation, insulation systems, and paint systems. The value of the API Std 653 informal monthly inspection is to detect changes.
Personnel experienced in the tanks operation usually perform the monthly inspection. Observations, especially changed conditions, should be reported to a tank specialist for
further assessment and evaluation. (3 Adhere API Std 653, section 6.4.2 INSPECTION INTERVALS - The interval from initial service until the initial internal inspection shall not
exceed 10 years.




' One tank inspection website states:

No federal requirements exist as to how often an API 630 liquid fertilizer tanks must be inspected.

| say that false statements like the one aforementioned could lead to more tank failures with the liquid fertilizer industry.

@SHA Sty s e « Astarting point for creating a mechanical integrity program is listing all equipment and
etc..
O tEEE I o Recommendations from the manufacturer.

;‘{':;‘a:,?:;,i',‘,;fg; « Employers should look for applicable codes/standards or industry best practices.

* Inspections and tests must follow Recognized and Generally Accepted Good
Engineering Practices (RAGAGEP).

* Inspection and test frequency must be consistent with manufacturer’s recommendations
and good engineering practices.

Sited therein:

 In 2008, a nearly 90-year-old liquid fertilizer storage tank catastrophically failed.

 Seriously injured two employees.

* Further, some tank inspection and testing activities did not follow recognized and
generally accepted good engineering practices.




#1, AP1 653 Inspection Reports must be complete w/ very little guessing.

We took 3 Ultrasonic thickness readings on the roof as illustrated below.....

a. Do you believe this is complete or acceptable.

b. How many times have you walked on a tank roof
and would you feel comfortable knowing this was
the limit of the last inspection?

Roof plates as measured: .186", .184”, and .182”
Average roof plate thickness as calculated.... = .184



#1, AP1 653 Inspection Reports must be complete w/ very little guessing.

We took 3 Ultrasonic thickness readings on the roof as illustrated below.....

TANK ROOF EVALUATION
Any area or roof plates with any holes through the roof plate shall be
repaired or replaced.

Minimum “t” thickness for a existing steel roof plate.

4.2 TANK ROOF EVALUATION
4.2.1 General

4.2.1.1 The structural integrity of the roof and roo
verified.

4.2.1.2 Roof plates corroded to an average thickness of less than 0.09
inches in any 100 inch area or roof plates with any holes through the roof
plate shall be repaired or replaced.




#1, AP1 653 Inspection Reports must be complete w/ very little guessing.

This tank was inspected using API 653 as the basis

But..... This tank is only 7) years old and a settlement survey is not provided....

4.4 Tank Bottom Evaluation

Excessive foundation settlement of storage tanks can affect the integrity of tank shells and bottoms. Therefore,

monitoring the settlement behavior of tanks is a recognized practice to assess the integrity of tank bottoms. See
Annex B for techniques for evaluating tank bottom settlement.

B.3.4.5 In general, settlement occurs slowly, and for most existing tanks, the majority of settlement is presumed to

have occurred in the first few years of service. Significant additional settlement will not be expected after the initial
inspections.

And also, “Check for settlement” is found in Annex “C” twice.



#1, AP1 653 Inspection Reports must be complete w/ very little guessing.

_ 2.6 (H-1)DG

tmin
SE
Sometime they do this................. 26 28 47 100 34216 _ .
21000 1.0 21000 '
Fertilizer
This is what they should have done.......... 26 28 47 135 461916 _ .

21000 1.00 ~ 21000
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#2, What is required for a report to contain and does it change in relationship to the product being stored?
Some say that a fertilizer can be inspected to a lesser degree than a gasoline tank?

Notes:
 Tanks usually don't fail due to the product type, but instead to stress and corrosion.

 To say you are going to perform a complete 653 inspection sort of makes everyone think that you are going
to perform a complete 653 inspection.

« Truth be told, owners of more hazardous product tanks (gasoline) have more regulators involved so they

must cross the “t"s and dot the “I"s. Some tank like fertilizer tanks are more remote and who's really paying
attention.

 And yes, there are more issues for the owners of PHMSA and EPA regulated tanks and the owners know
what to look for and don't fall for the low-bidders sales pitch, “you don’t need to do that because it's not
required for your type of product” or “API 653 is just a guide”



#3, Some say that any certified inspector can inspect any tank.

Notes:

This is just not true.

Inspectors start out with a basic understanding of tank design and then compare what is currently
standing right in front of them to what they are convinced to have been there many, many years ago.

An inspector that only has experience with inspecting small, Annex “J” (shop-fabricated) tanks would be
hard-pressed to inspect a 200’-0 diameter PHMSA regulated gasoline storage tank, having a modern
full-surface contact floating roof having a wiper seal around the perimeter, a foam system and a beautiful
geodesic dome on top. Don’t send this person to my refinery. | as the tank owner can say no. | as the
owner am responsible for my tank’s inspection.

Are they sending API 653 Certified Inspectors out to inspect your given tank? Sometimes, NO.

API 653, Section 12.1.1.2, Personnel performing NDE shall be qualified in accordance with API 650,
Section 8, and any supplemental requirements given herein.




#4, An Inspection report should be used to right the past.

Assumptions can hurt the client....
* Original roof thickness assumed to be 12ga. (.104).

Individual spot UT reading taken on roof plates.
»  Maximum reading .102”

Minimum Current minimum thickness: .096”

CR = (.104-.096) / 38 years =.00021” per year.

R, = (.096 -.090) / or .006 /.00021= 28.5 years.

//

M/l’ 0/7g

A

This was NOT a bolted tank with a baked-on
coating or galvanized coating.
How was this derived?

Individual spot UT reading taken on roof plates.
Maximum reading .102”

Minimum Current minimum thickness: .096”
CR=(~.188-.096) / 38 years =.0024” per yeatr.
R, = (.096 -.090) / or .006 /.0024 = 2.5 years

C/06‘6/1//

When the inspector assumes that one part of the tank was not built in accordance with
API 650, all other variables within the required calculations need to be investigated.



y

In closing | would like to once again thank the management team here at NISTM for this continued opportunity.
| would like to open the floor for any questions regarding today’s presentation.

Afterwards, feel free to track me down for any generic tank questions that you may have.

Thank you.

John Cornell, Sr. Storage Tank Specialist
H.I.R. Technical Services

LinkedIn: https://www.linkedin.com/in/john-cornell-3a2bh8346/
Twitter: https://twitter.com/TankTrainer1
Bizfluence: https://bizfluenceapp.com/hubs/storage-tanks



https://www.linkedin.com/in/john-cornell-3a2b8346/
https://twitter.com/TankTrainer1
https://bizfluenceapp.com/hubs/storage-tanks

Product Stability and
Compatibility

“Quality is not what happens when what you do
matches your intentions. It is what happens when
what you do matches your customers'
expectations.” Guaspari

Presented by Jesse Voss
Quality Assurance - Specialty Liquids

The Andersons

The e _ | | |
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Product Stability and Compatibility

» Stability

»Major issues affecting stability - Extremes
» Hot Summer Storage
» Freezing Cold Winter Storage

» Formulate the problem out

»Reduce inventory of vulnerable products during extreme periods
» 10-34-0 in Summer
» 6-24-6 D in Winter

»Ship vulnerable products closer to time of use
»Understand the effects of extreme storage conditions on received product

» Compatibility
»|f done right, compatibility can be formulated out
»Jar test is always recommended

| @ © &) =




Compatibility

» Differentiation - Makes
formulation tricky

» Stringent process for product
developement

»Reduced passes - Humic Acid
compatibility with Capture LFR

»SRN (triazone) compatibility with
Polyphosphate

»Non chelated micronutrient
compatibility with Ortho and
Pyrophosphate

© &) =
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Compatibility

Compatible

Limited Compatibility
Incompatable

Might change final color

L

Product last in the trailer

Gol Start Fertilizer 20%
Polys

Premium Fenrtilizer S0%
Diamomd Fertilizer 100%:
Urea Ammonium Mitrate

Solution
Ammonium Thios ulfate

Comrentional 10-34-0
H-0-1 zero Phosphate
Solution ATS

Potassium Thios ulfate
Mule: 10%,1 5%& 20% Zn

Ammonium Sulfate
Solution KTS

solution
Potassium Carbonate

Ammonium Nitrate
Solution
Super72SRN ZE-0-0
Citrate, EDTA 10% Zn

Solution
MS Soy Mix
MS VWheat Mix

Aqua Ammonia
Urea Solution
Chelate 6 Zn
Chelate 9 Zn
Chelate Mn &
10% B MEA
4.5% Fe EDTA
7.5% Cu EDTA
MS Corn Mix

Product to be loaded
Gold Start Fertilizer 20% Palys
Premium Fertilizer 50% Polys
Conventional 10-34-0  70% Polys
Diamond Fertilizer 100% Ortho
X-0-X zero Phosphate grades
Agua Ammonia
Urea Solution
Ammaonium Nitrate Solution

I | | | Jcoor Joolor lcolor Jcoior Joolor |

Color Color Color Colar Colar

:

Color Colar Colar Calor Colar

Color Color Color Color Colar

Urea Ammonium Nitrate Solution Color Color Color Color Color

Ammenium Sulfate solution Color Color Color Color Color

Ammanium Thiosulfate Solution ATS Color Color Color  |Color Color

Potassium Thiosulfate Solution KTS Color Color Color  |Color Color

Potassium Carbonate Solution Color Color Color Color Color
Super 72 SRN 28-0-0 Colar Color Color Color Color
Water | Jooior |

Colar Color Color Color Colar Colar
Color Colar Colar Calor Colar

Nulex 10%,15%& 20% Zn
Citrate, EDTA 10% Zn (10XL)
Chelate & Zn

Color Color Color Color Colar

- Color Color Color Color  [Color Color

Chelate 9 Zn

Chelate Mn &
10% B MEA

Color Color Color Color

4.5% Fe EDTA Color Color Color Color
7.5% Cu EDTA Color
MS Corn Mix Calor
MS Say Mix Color

MS Wheat Mix




Compatibility

The Andersons Ag Specialty Compatability Chart

ARPF MICRO EZG [EZG |EZG |EZG [EZG EZG  [EZG EZG EZG EZG LICio LILTRA
TRIFLE |EEZY |BOROM [CORM  |CARE PHOS|SWEET [CA cu FE MG M M ZINC BEAM |CORM WHEAT |EEZY EEZY EEZY CALCIUM | SEASON (100 POLY OVERPASS |OVERPASS|FOLIAR |[BEAM  |MICRO MATE GLYPHO
PRODUCTS CROWMN|MAN |10 Ml ZMB Fl< |MEEZY |3+ TS 45 (250 |6 b MAH BLEMD |Mi= BLEMD CAL D |CAL-BE  |CAL-K  [MITRATE |PASS ORTHO |BELENDS |SF CcF K MAKER |NOURISH [SG LIk SATE

100z ORTHO

POLY BLENDS .---.---.------------- -

OWERPASS SF

FOLIARE

EZ5 ZINCMARN
EZG BEAN ELEMD
EZG CORM M=
EZG WHEAT
BLEMDO

EEZY CaL 10

EEZY' CAL-BE

EEZY CAL-K

LIGUID CALCILR
MITRATE

SEASOM PASS

BEAMMAKER

MICRONOURISH

ULTRAMATE SG

LIAM

GLYPHOSATE

Color Chart
Compatible
Splash N' Ga
) Ol Mot Min

B &)y



Extreme Heat

The &

Andersons

8.00
4.00
0.00

Impact of Temperature on Conversion Level

11-37-0 Aging Test

A g

w2 X PN

IS
4 s} o
°

}

0204060901m12014062v05d%9200202402602803m320340

B

150 F Oven

+

130 F Oven

Freezer 10 F

4 10SFOven ® SOF Qven

— \inirym Corverszion esmm Jold Precipiaton

Counter 7S F

Johnny
Walkers



Extreme Cold

»Seeing increased gallons
shipped in the fall to be stored
over winter

» Market driven

»80/20 and 100% Ortho products
are most vulnerable

» Extreme Cold weather
»Storage - Steel Tank
»Shipment - Stainless Trailer

DO G




Salt out Material

Product Analysis
* As-is analysis
e N=13.68%
e P205 =42.64%

. K2O 1.85%
Boron = 0.006%
* Copper =0.0142%
* Iron=0.211%
« Manganese = 0.0354%
 Zinc =0.225%

* DAP Analysis
« 18-46-0 (dry)

The S22

Andersons
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Nucleation

a Monomers Mucleus

Monomer assembly
4 w @ a
e 13 & i
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Mucleation within disordered precursors
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> Product can seem to be stable
In cold extremes in very clean
containers

» Presence of crystals in a tank
can cause nucleation

» Reduces the stability of the
overall product

Monclassical T Classical

« ACS Publications - American Chemical Society

»Clean tanks are extremely
Important for product stability

e Pl
\\\\
dersons



Phase Separation

»Water freezes and rises to the
top

»Salt solution concentrates

» Sometimes crystals can then
form in the concentrated salt
solution and fall to the bottom

The 2zz<o W4 @ |
Andersons 2




Product Handling

»Handling product at temps
below the SOT (salt out
temperature)

»Does not allow crystals to go
back into solution

»Aggressive agitation and heat are
required

The S22

Andersons




Production Correction

» Monopotassium Phosphate
(MKP) formation at Low pH

"l"h V"
C S s aw

Andersons




New Challenges...Mold

* |ncreased carbon additives
* Fulvic
e Humic
* Product Carryover
 Water condensation in tank
tops leads to a thin water
layer on top of product.
 Prime environment for mold
growth.

The S22

Andersons
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Product Handling and Storage Guidelines

The

NOTICE: READ GUIDELINES
PRIOR TO FILLING TANKS
FOR OVERWINTER STORAGE

RECEIVING AND STORAGE

«" Empty and sanitize tanks, pumps and pipes prior to

recelving product to reduce the possibllity of contaminants.

& Ensure tank lids are In place and secure.
& If applicable, place caps on open plpe/hose ends.

o Store low-salt liquid fertilizers In high-volume, flat bottom
tanks during winter months.

& Utllize the full volume of the tank to store product to
minimize Internal condensation.

" Remove all iquid from Isolated pipes and pumps after
recelving product to avold product freezing In the winter
and expanding/breaking plpes, valves, flanges and pumps.

x DON'T blend low-salt fertilizers with other products to
ensure the highest quality blend.

x DON'T use shared lines and pumps to avold cross-
contamination

””.

AN NG N

Andersons i 2

SPRING HANDLING:
RECIRCULATION & FILTRATION

" Aggressive racirculation/agitation must be completed prior
to removing product from tank.

« Recirculation/agitation can be initlated when product
temperature Is above the labeled salt-out temperature. 30
minutes Is recommended for every 500 gallons of product.
In all Instances, longer Is better.

An Ice plug may be present at the top of the tank at the
time of recirculation where water has come out of soluticn
and froze. Aggressive recirculation/agitation will aid In
reconstituting the water and any salt-out material back Into
solution.

" Fliter product prior to use.

»In-depth guidelines
available

» https://andersonsplantnutrie
nt.com/agriculture/resources
/tank-guidelines
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Winter State Temperature Averages supplied by NOAA
National Climatic Data Center

Winter State Temperature Averages
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What to do when winter arrives?

Masks were worn so we

didn’t catch whatever the

geese caught.

Probably tetanus.

Anrllilersons



Methods of Determining Salt out Temperatures

New ISO/DIS 23381 Determination of Salt Out
(Crystallization) Temperature of Liquid Fertilizers

Adopted Andersons Methods for determining Salt out temperatures

1) Quick Chiller Method: Maintain Chiller at about -24 F. Expose sample to chiller via clear test
tube and record temperature and type of solids that form. Remove sample from chiller and
stir vigorously with test tube stirrer at room temperature. Record temp when solution is clear
and free of solids. Repeat if needed. This is the salt out temperature reported. This is a quick
test and since you are using the temperature when the sample warms up to clear, This value
represents the ISO/DIS 23381

2) Slow Cooling/thawing method: Subject samples to slow incremental temperature decreases
and record temperature and type of solids that form. Then slow incremental increases to
temperature until samples is clear. Repeat 3 cycles. Record this temperature when sample is

clear as the Salt out temperature. We have seen some salt out temperatures increase by 15-
20 F because of freeze thaw concentration effects.

The
Andersons



Salt Out Determination Chiller Method

Sample exposed to -25 °F until
solids start to appear &
temperature recorded as start
temperature. Then exposed

another 2-3 minutes longer.
The
Andersons

Sample is then stirred with test
tube stirrer and temperature
probe. Solids are observed as
they slowly re dissolve.

Sample right before the salt
out temperature is recorded.
You can see a small amount of
ice phase still present.



100% Ortho Phosphate fertilizers exposed to freezer 4 °F
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Ice phase on top and Ice phase that floated to the Sample was in freezer 5 days
MAP & DAP on the bottom. top then sat idle (68 °F) 5 days. MAP

The & DAP crystals still not dissolved.
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80% Ortho Phosphate fertilizers exposed to freezer 4 °F

(
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6-24-6 80% Ortho
Phosphate
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In freezer 4 °F for 2 weeks.
Note the ice on top and
MAP & DAP crystals on the

bottom.
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Same sample as on the left.
Clear liquid in the middle
with ice on top and crystals
on the bottom

Same sample as on the
left. Exposed to 68 °F for
10 days no agijtation. Note
the MAP & DAP crystals
still on the bottom.



Observations when Fertilizer Salts Out

 Ice phase usually forms first and floats to the top. Since the ice is primarily water, this
process concentrates the other components in the fertilizer thus changing the
physical characteristics of the system.

* With this increase in concentration of the liquid portion, the formation of MAP & DAP
crystals becomes more possible. You now have a product that is non-homogeneous
and will behave differently than before it salted out.

« Solution after Salt out: Heat of some kind is necessary to re-dissolve the MAP & DAP
crystals as well as the Ice. With heat alone, the process will take an extended amount
of time and the final product will be stratified with low concentration fertilizer on the
top and high concentration fertilizer on the bottom, leaving the solution susceptible
to further salt out episodes.

* Along with heat, one must also introduce some type of agitation/re-circulation. This
helps the fertilizer return to the original concentration throughout the vessel before
the salt out occurred.

The
Andersons



Salt Out vs Precipitation

e Salt out : When a liquid fertilizer is exposed to low temperatures for
an extended time. These temperatures vary and the results can be
ice or ice and crystalline salt complexes. Usually re dissolve with
heat and agitation.

* Precipitation: Solids that form from incompatible mixing of
products, pH change, hydrolysis of polyphosphates releasing
insoluble metals. To mention a few causes. These solids typically
don’t re dissolve. Identification of the precipitate and possible
cause of precipitate can lead to a solution of further prevention.

The
Andersons



Salt out vs Precipitation

) '...
00000000
‘ XXXX

POLOOOOO0O0O00

These samples precipitated at room temperature and will not re dissolve unless the chemistry is
changed. Prime examples of precipitation failures.
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Figure 3.3: Influence of pH on the solubllities of ammonium orthophosphates.

Solubility of Ammonium Ortho Phosphates ” ., M it
o [ " L 9.0-28.2:0
The diagram located on the right has been in circulation L. gA(;AI‘iF;s gQ.IFi)ds
for many years after being developed by TVA. The scale 51+ = =
on the right is related to the total concentration (Solubility T o4 s :
of Ammonium Phosphates 100% Ortho Salt Ibs/100 lbs T q w3
Water) || [Highycorrdsive o :
" | T ¢ [to carpon steel z
The scale on the left is related to the pH. 5.8 to 8.0 | 3. N - ““
relates to the cross hatched section with the “Desired i \3 ; 11920 | 2
target area” of the diagram on the right hand side. The i 1'7/ o
scale to the left pH 5.8 to 4.1 relates to the left side of the ) ;ﬁ]g;ia&
diagram. This area also has a lower pH and products that 50+ Low solubility
fall into this area can be corrosive to steel storage tanks. :
iy :.
1 wiz

Ihs NH/umin (20 Tbs) PO,

111e 50 160 (7.0 180 190 200 240 220 230 M0 280 %0 270
Andersons; Ibs NH,/100 Ibs 75% H,PO,




Solubility of Ammonium Ortho Phosphates

Same diagram as previous but with N:P205 ratio shown on
the bottom scale of the diagram. This converted scale is
much easier to work with when developing formulas. The
key scale is the N:P205 Ratio. The N value is only counted
for non neutralized N components ie: AQua ammonia or
Anhydrous ammonia.

The P205 value is only counted for Non neutralized P205
sources ie: Ortho phosphoric acid.

This diagram can also be used with some success with
NPK systems that include (KOH). Accounting for the K20
from KOH, by subtracting that K20 value from the P205
then using that new P205 value to obtain the N:P205 ratio.

Ammonia and KOH are both bases and neutralize
phosphoric acid but when KOH is in the system instead of

KCI higher pH values can be obtained with lower salt out
characteristics.

A%ersons
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Effect of Polyphosphates on solubility of
Ammonium Phosphate solutions

Scale from bottom to top shows an increase of dissolved salts NH4 & P205
Scale at bottom shows increase in N:P205 weight ratio (pH increase to the

right)

This chart can give you a relative comparison of the
solubility of ammonium polyphosphates versus Ortho
phosphate. As you can see the higher polyphosphate are
much more soluble and not so pH dependent. Notice the
peak of the 45% Polyphosphate is representative of a 9-
30-0 grade. The peak of the all ortho phosphate is

representative of 7.5-24-0
Some work has been done to determine Potassium

Phosphate solubility of 200% ortho products. Typically O-
20-23 will have a salt out of 20 F. Add a little ammonia in
place of the K20, 1.4-20-20 and you will see a salt out of O
F. We have found that pH plays a critical role in determining
salt out values. TVA has limited data with NPK fertilizers
containing KOH.

Andersons

Increased dissolved salts

Figure 3.2: Effect of polyphosphate level ond
N:P,0, weight ratio on solubllity of ammoniated

phosphoric acids, 32°F ().
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Temperature effects on conversion of 11-37-0
John Walker from Potash Corp

Left scale is conversion, or % Impact of Temperature on Conversion Level
Polyphosphates. The bottom scale 11.37.0 Aging Test

is days of aging. The minimum
conversion is shown at about 65%.
This will be slightly different
depending on the tramp metal
content of the wet process acid
used.

Obviously temperatures above 90 F
have a detrimental effect on the %
Polyphosphate content.

»
L X PN e q :

0 20 40 &0 &80 100 120 140 60 % 200 220 240 260 2380 300 2320 340
ays of Aging

¢ 150FOQven @ 130FQven & 105 F Oven © SOF Oven x Counter 75 F

Refrigerator 20 F + Freezer10F s Minimimum Conversion -sssm Solid Precipiation
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Compatibility of Micronutrients: Fully Chelated vs
Sequestered

Fully Chelated metals are determined by the ability of the metal to remain in solution (dissolved) for the

life of the product it is dissolved in. Our verification is determined by the ability of the chelated metal

solution to be added to a 100% Orthophosphate solution and remain dissolved, with no precipitate, for an
extended period of time.

Chelated/Sequestered: There are many molecules that hold metals in
solution. Some of the most popular are EDTA (Ethylenediaminetetraacetic
acid), Di Sodium EDTA, HEDTA, MEA (Monoethanolamine), TEA
(Triethanolmine), Glucoheptonate, Ammonium, Citrate, Acetate,Formate,
Polyamino acids and polyphosphates etc

We prefer to work with the EDTA groups which we find have the strongest
chelating capability for most metals.

When working with solutions containing tramp metals it is important to
keep the Metal Chelate Selectivity (Displacement) series in mind. This
chart on the right shows the preference of EDTA chelation based on the
metals. Similar to the Noble Metals chart. Ex: Fe "3 must be chelated
before attempting to chelate Cu *2 etc when both are present in an
unchelated or sequestered form.

Andersons
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Adding non EDTA metal micronutrients to poly phosphates

10-34-0 & 11-37-0 blends with a minimum of 70% polyphosphates can
keep most metals in solution, up to about 1.5% wt total of the metals.
This value is based on ignoring the tramps Mg, Al, Fe,& S contained in the

wet process acid.

We found that non EDTA metals can be added to 50% polyphosphates and
stay in solution, totaling about 0.5 to 0.75% depending on the metals

We have also found that non EDTA metals can be added to 20%
polyphosphates and stay in solution, totaling 0.2 to 0.25% depending on

the metals.

Those metals sequestered by acetate, citrate, nitrate, ammonium, etc will
vary to the amount and length of stability in the above solutions. Stability
tests can be performed to verify.

The
Andersons



Some Nutrient Incompatibilities

» Sulfate, Nitrate, and Chloride based metals have very limited solubility's in low polyphosphate
fertilizers.

* Low value phosphate fertilizers IE: 8-1-8 do not mix well with hard water. Phosphates will
precipitate.

* We have found some solubility inconsistencies with the mixtures of Manganese EDTA and
Boron MEA.

* Iron EDTA and Copper EDTA have been found to degrade in the presence of sunlight/UV light.
The EDTA bond is broken/destroyed and Iron will take the place of copper leaving it to
precipitate as a solid.

» Potassium mixed with UAN can cause the precipitation of potassium nitrate crystals at certain
concentrations.

* Potassium mixed with Sulfur in the form of sulfate can cause potassium sulfate to precipitate.

| am sure you know of other incompatible mixtures.

The
Andersons



Aqua Ammonia & Ammonium Salts
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Acetic acid 45% or 100%?

The concentration curve
for acetic acid (purple
line) is another example
of the reason for
verification. The density
is the very close to the
same for 45% & 100%

The
Andersons
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Ammonium Sulfate pH curve ' F)
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Figure 2-4. Effect of Adding Ammonia to Sulfuric Acid
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Storage & Compatibility Properties of different
formulations

* Know and/or verify salt out values for products to be stored.
Internet can be a useful tool or a trap sometimes.

* If salt out value is undesirable then look at changing the chemistry,
the location, or time of year, to obtain successful storage.

* One must also recognize that hot temperatures can be just as
damaging to high polyphosphate products.

The
Andersons
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Increased Phosphate Fertilizer
Efficiency with Crystal Green®
Granular Fertilizer
and a Liquid Starter

Dr. Galen Mooso PhD, CPAg, CCA

Ostara Technical Field Agronomist

Scott Kluesner, CCA
Ostara Regional Sales Manager (1A, IL, WI)

November 30, 2022 OSTARA



Importance of Using a Phosphate Starter
Fertilizer

 Phosphorus nutrition is very important for early root
development and plant growth.

* Proper P nutrition is required for:
cell division and enlargement
energy transfer in biological work - photosynthesis
reproduction and transfer of heredity traits
timely plant maturity
high yielding crops
* No other element can substitute for P in plant nutrition
* P nutrition can be a challenge in cold soils — not very availa?e

OSTARA



Liquid phosphate fertilizer is a perfect start for your crop

G OSTARA



But what happens
to phosphate the
rest of the
season?

OSTARA
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The Phosphate Challenge

* Up to 90% of conventional applied
phosphate is not available to crops
during the growing season. [ h
 Soil Fixation/Antagonistic Cations
 Soil Erosion/Runoff removes P
« Leaching

* Inefficient phosphates lead to excess - J
nutrient loss and cause harmful
environmental degradation.
O OSTARA



Inefficient
phosphate
sources are

preventing yield
potential and
Impacting the
environment.

C OSTARA




.
Why Focus on Phosphate for Higher Crop Yields?

* Increasing plant populations results in plants with smaller
root systems.

« Soll test values might not be calibrated for the yield
potential of modern hybrids.

« Soil P availability is low, while crops require season-long
availability.

* Improving P efficiency/reduce environmental losses.

0 OSTARA
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P Availability is Critical for High Yielding Corn

P Uptake & Partitioning for 230 Bushel Corn

100 A 100

s Grain
= Tassel, Cob, Husk Leaves
80 1 mm==m Stalk and Leaf Sheaths
mmmm |_eaf Blades

75

60 -

/

50

40 -

25

20 -

Percent (%) of Total Phosphorus

Phosphorus Uptake (Ib P,0, ac”)

0 - 0
0 500 1000 1500 2000 2500
GDD,

E V3 V6 V9 vi14 V18 R1 R3 R5 R6

Growth Stage

O OSTARA
Average of 6 hybrids in Champaign and DeKalb IL in 2010 Agron. J. 105:161-170 (2013)



Delivered Phosphorus yield per acre to the Mississippi Watershed
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Table 2. Total annual phosphorus load and yields, delivered to the Gulf of Mexico, for the four states
contributing the largest loads and the entire Mississippi River watershed. Percentage attributed to each
source by the SPARROW model calibrated for 2012 inputs and loads (Robertson & Saad, 2021)

Delivered P load Delivered yield Source distribution
Urban Fertilizers Manures Natural
losses
thousand tons PO, Ib P,O_per watershed %o
equivalent acre
Illinois 61 4.2 32 46 T 16
Kentucky 52 5.1 14 29 15 42
lowa 50 3.5 13 a7 25 16
Missouri 46 2.6 20 41 24 16
Mississippi River watershed 490 1.6 21 38 18 23

OSTARA
Bruulsema, 2022
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contributing the largest loads and the entire Mississippi River watershed. Percentage attributed to each
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The need for a
more efficient
phosphate Is
critical for the
future of
agriculture and
the environment.

OSTARA




J

Maximize Phosphate Efficiency
Remains Plant Available All Season

Reduced environmental loss to soil
fixation, runoff and leaching.

Soll incorporation keeps it from
moving off-site but still plant
available

Stay where you put it-be there when
you need it

Compatible with other crop nutrients

Recognized by the 4R Nutrient
Stewardship program

Crystal Green

5-28-0 with 10% Mg

Crystal Green
Synchro™ 50

8-40-0 with 5% Mg

The most efficient granular
phosphate fertilizer on the
market. Can be blended in
various ratios with
ammonium phosphate or
applied directly

A fully homogeneous
granular phosphate fertilizer
containing Crystal Green
that eliminates the need for
blending with ammonium
phosphate fertilizer.

c OSTARA




How Crystal Green Works

 Crystal Green phosphate

granules solubilize as roots exude
organic acids.

O— MAP

Nutrient Release

« Roots take up nutrients as they
need them to promote crop
growth and development.

« Remains available all season to
meet crop demand.

.
Roots Mining a Crystal Green Granule

0 OSTARA
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The Solubility of Crystal Green

Crystal Green®
Phosphate Fertilizer
IS Sparingly Water
Soluble

Citrate secreted from growing roots into soil solubilize
Crystal Green

P

Water Solubility ™ Citrate Solubility

10%

Photo courtesy of Mike

Crystal Green Ammonium Phosphate
Dolinski

Source

o OSTARA
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Prevent Soil P Tie-Up

Range of maximum

= VERY HIGH P availability
0
3=
([ ®  HIGH
X
i Efi.xation
= y iron (Fe)
= MEDIUM Y
c
=
(@)
. 2 /\
< LOW P fixation by P fixation by

aluminium (Al) calcium (Ca)

pH 3 pH 4 pH5 pH 6 pH7 pH 8 pH9
< <> >
ACID SOILS NEUTRAL ALKALINE SOILS
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Surface pH is Affected by Geography

"Soil pH

B <40 [60-65
B so-45 [l 65-70
45-50 [ 70-75
[ ]s50-55 1 75-80
[ ]s55-60 >80

Source: Oregon State University
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Avolid Runoff & Leaching

Orthophosphate (mg)

250

200

150

100

50

Cumulative Orthophosphate in Leachate as Affected by P Source

o 100% VAP Auburn, AL 2014
100% Crystal Green
e ©
66% Crystal Green o« ® © o © ¢ °
33% MAP e ®° °
[ J
Control ®

1 2 4 7 9 11 13 16 17 23 26 29 37 42 47 49 55 62 67 72 75 83 89 97 106
Days After Fertilization

By using Crystal
Green, leaching or
runoff from phosphate
fertilizer is
significantly reduced.

Research conducted by Auburn University

using turf lysimeters, showed Crystal Green
phosphate leachates equal to untreated controls.
Yet, turf color and quality of establishing
bermudagrass was equal to or better than

standard practice.
O OSTARA



..
Rem em b er th e M a‘g n eS I u m Mg is required for chlorophyll

N synthesis and photosynthesis

Current market price for
granular magnesium sulfate
9.8% is ranging from $600-
1 $800 per ton

Crystal Green is
5-28-0-10Mg in one

00810017
0010008

highest Mg-demanding crops in

g nutrient-packed
~ Mg - Top 0- to 5-cm p
PERCENTILE wt %
eI granule.
701080 06710084
ave T oanos Corn, potato, sugarcane and
2o T 0vwozs sugar beet are among the
o

0 15 S00 KILOMETERS
weight peecent Lambert Confoemal Conic projection
ntimeters X

Sy North America. ;
P~ 1 1 1 \ Datum NAD 1983 B N
‘ ” OSTARA




Conventional Crystal

A Fit For Every Crop

Average Yield Increase

Corn 9 bu/acre
Continuous research
Soybean* 2 bu/acre at accredited
Wheat 4.8 bu/acre universities shows
Crystal Green is well
Canola 2.6 bu/acre suited among a
Potato 26 cwt/acre variety of different
crops and soil types.
Sugar beets 810 Lb. CRS/acre
Tomato 80 box/acre

*Crystal Green applied at a 50% reduced rate of fertilizer application vs grower standard practice

Fertilizer Green
(left) (right)

G OSTARA



Crystal Green
paired with a
liquid starter Is a
great combination
for high-yielding
production
practices.

C OSTARA



6 Site-Year Average
EAPP BDAP OSynchro EAPP + Synchro

B No P Control

Soil P (ppm)

V9 R2 POST
Sample Timing

Figure 2.7. Seasonal soil P availability, measured at three corn growth stages (V9. R2. and

postharvest [POST]), as affected by P fertilization treatments averaged over six site-years across

Illinois. Synchro 73 and Synchro 83 data were averaged together.
LSD (o= 0.10): within V9 =9; R2 = 12: Post = 10.

LSD (o= 0.10): P Treatment x Time = 11.
Foxhoven, Univ. of IL G OSTARA




Effect of P Fertilization Treatment on Three Grain Yield Sites
2019

Grain Yield, bu./acre

230
- mNo P m APP m DAP Synchro m Synchro+APP
220
215

210

213
209 209 210
205
200
200
195
190
185
180

APP- 20 Ib. P,Oc/acre
DAP-100 Ib. P,O./acre

Synchro-100 Ib. P,Os/acre Foxhoven, Univ. of IL G OSTARA
Synchro- 80 Ib. P,Oc/acre + APP 20 Ib.P,O:/acre




Crystal Green applied
fall 2022 via strip-till
with anhydrous
ammonia is ready for
spring planting with a
starter fertilizer to
provide season-long

nutrition.

OSTARA




Crystal Green + P starter fertilizer will:

* Increase phosphate use efficiency
* Provide season-long P availability
» Significantly reduce phosphate losses

That’s a win for yield and a win for the
environment.

O OSTARA



Thank You!

Contact us to learn more.
Info@ostara.com
WWW.0Stara.com

c OSTARA
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Developing Liquid Starters for Corn
Production in the Midwest

Jeffrey Vetsch, Researcher 4
Univ. of MN Southern Research and Outreach Center

2022 Fluid Technology Workshop December 1, 2022, Davenport, lowa

M UNIVERSITY OF MINNESOTA

Driven to Discover®




News Research Training Advocates Partners jo

F nutrient
stewardship

HBME. & WHAT ARE THEARS https://nutrientstewardship.org/4rs/
4RS What are the 4Rs

4R Principles
Benefits of Using the 4Rs
Implementation

Sustainability

RESOURCES
4R Pocket Guide

RIGHT SOURCE RIGHT RATE RIGHT TIME RIGHT PLACE
4Rs of Nutrient StewardShlp Matches fertilizer type to Matches amount of Makes nutrients available Keep nutrients where
crop needs. fertilizer type crop needs. when crops needs them. crops can use them.

4R Farmers & The Lake

I 4R Micronutrient Webinars I




Where do liquid starters fit in 4R management?

Crops: corn, small grains, soybean, sugar beets

Nutrients applied: N, P, K, S, Zn, other micros
— Crop response can be affected by placement, nutrient and rate

Tillage system: no-till, reduced till, strip-till (band method)
Crop rotation: corn after corn or small grains vs soybean
Soil characteristics: poorly drained, well drained, pH
Broadcast P rates affect starter response to N, P & S
Soil test P levels: low, medium/optimum or very high

© 2018-22 Regents of the University of Minnesota. All rights reserved.
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Liquid starter placement at Waseca (2004-06)

Fluid NPKS 3-Yr Avg. « Corn after soybean (2 yr) or
- corn silage (1 yr)
Placementi. Corn Yield . High to very high Bray P1
bu/ac « Surface dribble as good as
stream injected behind coulter
Control 186 * Yield response to NPKS
* N&P in pop-up also increased
2x0 196 yield in this study (data not
2%2 195 shown)
« Randall and Vetsch. 2006.
LSD (0.10) = 7 Fluid Journal

U Averaged across 4 NPKS rates of application * FFF funding

(Waseca, 2004-2006).

© 2018-22 Regents of the University of Minnesota. All rights reserved.




Liquid starter placement at Waseca (2007-09)

Starter Treatment Grain . Corn after corn (3-yr)
Placement APP UAN Yield Moisture « Very high Bray P1
gal/A Ib N/A bu/A % . Sutrfacl:\le drlbbledW|th
extra N as good as
control 0) 0) 184 24.2 0opup
In-furrow 5 0 190 24.1 « N&P in pop-up also
2x0 5 0 186 24 .2 increased yield
“ « Randall and Vetsch.
0 15 192 23.8 2010. Fluid Journal
¢ 5 30 190 23.8 . FFF funding
¢ ) 45 187 23.5

LSD (0.10): 4 NS

© 2018-22 Regents of the University of Minnesota. All rights reserved.




Liquid starter placement by nutrient (N-P-S-Zn)

Starter Treatment Grain « Corn after beans
Placement  Products Rate Yield * 8 of 9 sites very high Bray P1
bu/ac DTPA Zn r_anged 0.4-1.8 ppm
— 3 of 9 sites had DTPA Zn=0.4 ppm
control None None 196 e 20f9 + y|e|d response to Zn
In-furrow APP 5 gal 200 * 1 of 9 —yield response to Zn

In-furrow  APP+Zn 5+Y4 |b 199  * 20f9 +yield response to APP

infurrow  APP+Zn  5+%lb 197  ° 30f9+yield response to

APP+ATS, compared to APP
Surf. Band APP+ATS  5+2 gal 205 alone

Surf. Band APP+ATS+Zn  5+2+Y, 201 . 50f9 + yield response to

O-site average LSD (0.10): 3 APP+ATS, compared to control
Vetsch 2010 AFREC (MN) funding

© 2018-22 Regents of the University of Minnesota. All rights reserved.




In-furrow starter interactions with N source and
management of no-till corn (vetsch and Randall. 2000. Agron, J).

Continuous corn Corn-soybean

170 W no starter = starter 170 W no starter = starter

160 160
(&} &)
g 8
2 150 a 150
5 140 3 140
> >
c c
@ 130 S 130
@) Q)

120 120

110 110

UAN AA None Row cleaner
N source Row cleaners on planter

© 2018-22 Regents of the University of Minnesota. All rights reserved.




Corn yield as affected by N management in strip-till at Waseca.

Time of application, N source, inhibitors and N rate (Ib/ac) Yield
Fall AA Preplantt Planting UAN Sidedress UAN  (bu/A)
None None None None 111

w/N-Serve 161
Without 161
AA 168
Urea W/NBPT 166
Urea WNBPT  Dribble, 20 172 |
‘e Coulter In;. 166
[ Dribble, 20 Coulter, 80 170 ]
Coulter, 20 Coulter, 80 170 |
Dribble, 40 Coulter, 60 160
Coulter, 40 Coulter, 60 163
Broadcast, 40 Coulter, 60 174

1t W/INBPT as Agrotain

© 2018-22 Regents of the University of Minnesota. All rights reserved.

LSD (0.10): 8




Effects of liquid starter fertilizer on V6 continuous corn.

Starter Fertilizer Rate Dry matter yield, V6
APP UAN ATS 2012 2013
-------------- gal/acre ------------- %
0 0 0 100 100
0 0 2 107 VAN 193 bu/ac)
0 0 4 131 117 21% moisture
0 8 0 145 165 B
0 8 2 184 175
0 8 4 184 180
4 0 0 144 161
4 0 2 151 170
4 0 4 153 167
4 8 0 193 184
4 8 2 187 187
4 8 4 200 207

Funding provided by the V, AF REC

Fluid Fertilizer Foundation

Agricultural Fertilizer Research & Education Gauncil



Effects of liquid starters on corn grain moisture and yield, plant
height and height CV at Waseca (clay loam, poorly drained).
Grain Grain  Plant CV of

Effects of starters H,O Yield height height * APP In-furrow
% bu/A inch % — did not affect grain yield (very high
APP (10-34-0) in-furrow STP sites, not high pH).
None 17.8a 209a 314b 79a — reduced grain moisture in 3 of 4 yr
4 gallA 17.3b 210a 34.0a 6.8b and for the 4-yr avg.
« UAN as a surface band
UAN (28-0-0) surface dribble band — reduced grain moisture in 2 of 4 yr.
None 17.7a 209a 31.3b 83a — reduced CV of plant height (4-yr avg)
8 gal/A 17.3a 210a 34.1a 6.4b .
J « ATS in a surface band
ATS (12-0-0-26) surface dribble band — reduced grain moisture in 2 of 4 yr
None 17.8a 207b 31.9c 7.4a — increased grain yield in 1 of 4 yr (4
2 gal/A 17.4a 21la 327b 7.6a bu/A avg. across yr)
4 gal/lA 174a 211a 33.6a 7.0a

Funding provided by the %% AFREC UNIVERSITY OF MINNESOTA

Fluid Fertilizer Foundation L e , , : Driven to Discover™
Agricultural Fertilizer Research & Education Gauncil



Effects of liquid starters on corn grain moisture and yield, plant
height and height CV at Rochester (silt loam, well drained).

Grain Grain Plant CV of

Effects of starters H,O Yield height heigt °* APP in-furrow
% bu/A inch % — Increased grain yield 1 of 4 yr and
APP (10-34-0) in-furrow decreased 1 of 4 yr (high STP sites,
None 19.1a 219a 31.1b 6.6a not high pH)_' _ _
4 gallA 1854 219a 334a 62a — reduced grain moisture in 2 of 4 yr
 UAN as a surface band
UAN (28-0-0) surface dribble band — reduced grain moisture in 2 of 4 yr.
None 19.0a 218a 31.7b 6.5a — Increased corn grain yield in 1 of 4 yr
8 gal/A 18.6a 220a 32.7a 6.2a ATS in a surface band
ATS (12-0-0-26) surface dribble band a _reduced grain_mg_iswre (4-yravg.)
None 190a 218a 319a 6.7a — increased grain yield in 1 of 4 yr
2 gal/lA 18.7b 219a 32.3a 6.2a
4 gal/A 18.7b 220a 32.5a 6.2a

Funding provided by the %% AFREC UNIVERSITY OF MINNESOTA

Fluid Fertilizer Foundation L e , , : Driven to Discover™
Agricultural Fertilizer Research & Education Gauncil



Summary of liquid starters in continuous corn

® Generally, starter fertilizers containing N, P and S applied as UAN,
APP, and ATS increased early growth and reduced plant to plant
variability in a reduced tillage system.

® N, P and S starter fertilizers often reduced grain moisture at harvest.

® Yield responses to fluid starters were inconsistent during this study
period, however drought increased yield variability in 2 of 4 yr at
Waseca.

® Responses were more likely on poorly drained glacial till soils.

® NOTE: Syield response may be reduced with high rates of MAP,
DAP or TSP as they often contain up to 1.5to0 2% S.

®ex: Applying 150 Ib P,O:/ac as MAP or DAP supplies about 5-6 Ib S/ac.

Funding provided by the 82 AFREC UNIVERSITY OF MINNESOTA

Fluid Fertilizer Foundation . e , , Driven to Discover™
Agricultural Fertilizer Research & Education Gauncil



Corn yield response to liquid starter with or without
broadcast P fertilization (Kaiser and Mallarino, 2005)
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Effect of residual fertilizer P application on next year
soybean yield (Kaiser and Mallarino, 2005)

o Grain Yield Response

29 | <16 ppm Soil P — gigggast |
<) Very L —
% 20 - (very L9 16-20 ppm Soil P [ 1 Broadcast + Starter |
g fe (Qptimum) i
8 14 -
x 12 i
% 10 -
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6 4 ]
2 i
0 T

Increasing Trend, but was not considered significant




New Richland 2015
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http://www.mncorn.org/index.php

Relative yield as affected by the interaction
between broadcast and starter P rates.
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Relative yield as affected by broadcast and
starter P rates across soil test P classes.
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Summary of N+P starter with vs without broadcast P

* lowa data: When STP was very low, low or optimum
— Starter alone provided 50-75% of the corn yield response to P
— Broadcast produced greater corn yields than starter alone
— Broadcast + starter not significantly greater
— Next year soybean yield greater with broadcast

e lowa data: When STP was high or very high
— Starter produced yields equal to broadcast
— IMPLICATIONS for when fertilizer prices are high

Funding provided by the " AFREC UNIVERSITY OF MINNESOTA

Fluid Fertilizer Foundation . e , , Driven to Discover™
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Summary of N+P starter with vs without broadcast P

 MN data: When STP was low (4—7 ppm Olsen)
— Starter alone increased yields but not as much as broadcast
— Starter + broadcast had greatest yields
— No starter rate response

« MN data: When STP medium (8-11 ppm QOlsen)

— Starter produced yields equal to broadcast
— Starter + broadcast had greatest yields

 MN data: When STP high (>12 ppm Olsen)

— Starter produced yields equal to broadcast
— IMPLICATIONS for when fertilizer prices are high

Funding provided by the V AFREC UNIVERSITY OF MINNESOTA

Fluid Fertilizer Foundation . e , , Driven to Discover
Agricultural Fertilizer Research & Education Gauncil



Summary: Where do liquid starters fit in 4R mqgt?

 Tillage system: no-till, reduced till & strip-till corn
— N, P & S applied surface dribble or N&P in-furrow

Crop rotation: corn after corn/small grains vs soybean
— N, P & S for corn after corn/small grain surface dribble

Soil characteristics: poorly drained and high/low pH

— N, P & S surface dribble on poorly drained soils; N&P in-furrow for high
(>7.5) or low (<5.6) pH soils

High rates of broadcast P often reduce starter P response

Soil test P levels: low, medium/optimum or high - very high

— In-furrow starter + broadcast P produces greatest yield on low and
medium/optimum P testing soils.

— $20 of in-furrow N&P starter = $100 of MAP/DAP on high P testing soils

© 2018-22 Regents of the University of Minnesota. All rights reserved. M
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New Information for Explaining
How Humic Products Benefit Crops

Dan Olk and Dana Dinnes
USDA-ARS

National Lab for Agriculture and the Environment
Ames, |A



What are humic products?

Extracts of immature coals (leonardite,
oxidized lignite), peats, composts.
Super-finely ground solid

Humic acid (HA), soluble in base but not acid.
and/or fulvic acid (FA), soluble in both base and
acid]

$ .-‘ ‘.._- el o W i 24 - bty
FLLg S A T A \‘\ o P

Application rates of 0.4-4 gallon/ acre. Cost as low as $S10/ acre.




lowa research: Strongest humic product responses occur with
environmental stress

Soil organic matter (%)

Soil type Clarion Nicollet Webster




Corn Grain Yield (Combine Monitor) by Soil Type

_ 2012 Finch Field, Ames, IA, 4 Reps I

Severe

+2.2% +2.9%
Drought 210.0 193 195
Year 190.0

+19.0%
159

+11.1%

170.0

150.0

+13.8%

114 +6.2%

107

130.0

110.0

Control Control

Control

Corn Grain Yield Bu/a

0.0 vs. vs. s
20.0 Humic Humic Humic
P=0.02 P=0.42 P=0.11

50.0

Upland SOM 3.5% Sideslope SOM 5.5% Lowland SOM 6.5%

m Control m Enersol Humic = Enersol Humic PreEmerge 2.0 L ha'!
Foliar V4 2.5 L ha'! + Foliar V4 1 L hat



Corn Grain Yield (Combine Monitor) by Soil Type

_ 2014 Finch Field, Ames, IA, 4 Reps I

Ideal
Growing

240

oy . +1.5% +1.1%
Conditions 220 i . 5035 206.6 205.8

200

180

160

140

Corn Grain Yield Bu/a

120

100

Upland SOM 3.5% Sideslope SOM 5.5% Lowland SOM 6.5%
W Control M Enarsol Humic ® Enersol Humic PreEmerge 2.0 L ha™!
Foliar V4 2.5 L ha! + Foliar V4 1L ha'!



Corn and soybean yield responses to a humic product: nearly ideal precipitation

_ patterns (2014-2015) vs. drought stress (2013, 2016-2017).Boyd 11 farm. Ames, IA I
(E)] Control Control

m Soybean Control 1 1 - 1
- Humic 34 oz/a V4 48.5

Humic 41 oz/a Pre-Emergence
N/A
Humic 34 oz/a V4 179.4

Control

Humic 27+14 oz/a Pre-Emergence + V4 186.3
Soybean Control N/A 55.2
Humic 64 oz/a V4 56.9

Humic 128 oz/a

Control 6 1 -— 1 -

Pre-Emergence

Humic 32 oz/a V4 233.7 0.02
Humic 64 oz/a V4 236.1 0.003
Soybean Control N/A 544 f -— 1 -
Humic 64 oz/a V4 60.3 <0.001
Humic 128 oz/a Pre-Emergence 61.5 <0.001

2 Probability of greater F values are the least significant difference T-tests from mixed models statistical analyses. RS



Corn Grain Yield: On-Farm Hand-Sampled Grain Weights.

_ 95 Pairinﬁs of Control vs. Humic Treated, 2009-2011 I

32
28
Ave = 1307 g/m
24 +6.5%
20

16
12

Pr<0.001

Ave = 1227 g/m

8
4
0

g

Frequency of Occurrence

Corn Grain Weight Categories (g/m)

® Control M Treated

Over 3 Years, 70-80% incidence of numeric grain yield increase



orn Cob Leng
The vield component causing grain
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Corn Cob Length.
_

Cob Length for 1-Meter Samples
from 95 farm trials, 2009-2011

20
18
16
14
12

Frequency of Occurrence

=
ONPBOOWO

Cob Length Size Categories (cm)

M Control M Treated

)YIELD

fertilizer

The distribution shift is a form of Stress Alleviation




Wet 1t Half

Dry 2"d Half
Growing
Conditions
180
170
c
> 160
(@)
o]
S 150
c
0
2 140
>
(@]
v 130
120
110
100

2013 Soybean Pod Count, Boyd Field 11

Xk
+23.2%

+20.9%
163.3

166.3

135.0

Control

Humic 34 oz/a @ V4

Treatment

Humic 41 oz/a @Pre-
emerge

* Significant at the
90% probability level




Drought stress, 2012 Finch field, Ames, IA
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Corn Root Measures




W- Upland soils I Lowland soils

2013 Wet, Control V4% Pre + V4 Control
then
drought
Total 21,920 28,927 32,831 ND ND
root
AT (+32%)  (+50%)
P level 0.061 0.012
(LSD)
2014 Near Total 16,718 21,186 18,105 19,083 23,225
ideal root
length (+27%) (+8%) (+22%)
P level 0.16  0.67 0.13
(LSD)

# Application rates: 2.5 L hat at V4, and 1+2 L ha! for split application

at pre-emergence and V4, respectively.

Total corn root length (cm) for three plants in a 45 dm? soil volume at the R2 growth stage

_ following AMCOL product at single or split application in two years. I

TECHNOLOGIES

VAVAY
A | 4




e Strip outside Conrad, IA,
received Ag Logic product
2009-2014.

* Soil penetration resistance
measured October 2016

Soil Benefits

Soil Penetration Resistance

180.0

Plow layer

160.0 -

140.0

120.0

100.0 -

80.0 -

Soil Resistance (PSl)

60.0 -

40.0 -

20.0 -

0.0 -

Oin 1in 2in 3in 4in 5in 6in 7in 8in 9in

10in 11in 12in

M Treated

H Control

JYIELD




Five-year field trial of Minerals Technologies “Enersol” product
lowa State University research farm, Boone, IA

Upland Soil Type

150 e Control

=) 5 gallon / acre
100 gallon /

e 1.0 gallon [ acre

Pounds/Square Inch

50

012 345¢6 78 9101112131415
Soil Depth (inches)

MINERALS
TECHNOLOGIES

\/\/\{
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Corn plant biochemical responses to a humic product in two farmer’s fields, by year.

Stover Roots Stover Roots
2013  Wet, then 0 +9 to 0 0
Drought +28%
P=0.09 and 0.24
2014  Wet, then -6% and 0 0 +10 to
|deal -11% p-0.10 +38%
and 0.32 P=0.02 and 0.005

- . ]

@l s\ ringaldehyde p-Coumaric acid Ferulic acid
| T




Now, let’s look at
nitrogen stress

2022 Boyd 32 Field — N Rate X Humic Split-Plot Design

_ 8 Row Plots with 30-inch Row Spacing I

Treatments

Main Treatments (Nitrogen Fertilizer Rates):
T1=0kg N/ha (01b N/a)

T2=70kg N/ha (62 Ib N/a)
T3 = 140 kg N/ha (125 Ib N/a)

T4 =210 kg N/ha (187 Ib N/a)

Apply UAN sidedress in interrows centers at
earliest possible after emergence

Split Treatments (Humic Product):

H1 = Without (Control)

H2 = With (Humic Treated)

Enersol 32 oz/a broadcast foliar-applied
at ~v4




ﬁ

2022 Boyd 32 Field — N Rate X Humic Split-Plot Design

‘ N

Boyd 32 08-13-2021
RGB Reflectance

Rep 1

Rep 2

Rep 3

Rep 4

! 1
0 20 40 80 Meters




Combine grain vield response to a humic product
2021 field trial, Ames, IA (bushels/ acre)

N rate Control Humic Difference P level
(Ib acrel) product




Combine grain vield response to a humic product

_ 2021 (and 2020) field trial, Ames, IA (bushel/ acre) I

N rate Control Humic product Difference
(Ib acre)

42.8 42.1

165.7 160.0

Mainplot trmt:
P=0.098 for 187
N and 250 N.




2021 Combine grain yield

_ Humic vs Control across five N fertilizer rates I

250 y=0.7411x + 44.693
R2 = 0.8961 -4
o e
H i
200 o o
° o .
< o LY = 0.6694x + 55.692
~ ‘xs.-ﬁ‘ 0 2
3 e R2=0.8936
S50 e
g ....:::::.' """""""" e
- i
g 100 o
o RRC
c | : ‘
5 el .
(@) ....... .
50 8.
s
o
0
0 50 100 150 200 250 300
N Rate Ib N/a
e Control_GrainYield(Bu/a) e Humic_GrainYield(Bu/a)

--------- Linear (Control_GrainYield(Bu/a)) -+ Linear (Humic_GrainYield(Bu/a))



_ 2021 Cob length for hand-samples (7 plants/plot) I
_ Humic vs Control across five N rates I

20
y =0.0303x + 10.588
R?=0.8168
18 °
° [ ] JPRRTE '
— 16 e # v=0.0259x +11.249
£ o ®  R?:=0.6576
3 -:::33:== """""
?n 14 E _..-.....,-_-.:-,-,:::::;;::1?'-‘ """ Hand-sampled grain weight
G:J 12 : . .......... response to humiC
5' @ e et . (bushels/acres)
o .
o
03 ON -20
) 62 N -18
: 125N  +8
6 187N +14
0 50 100 150 250N +23 300
N Rate (Ib N/acre)
e Control_AveCoblLength(cm) e Humic_AveCobLength(cm)

--------- Linear (Control_AveCoblLength(cm)) - Linear (Humic_AveCobLength(cm))



_ 2021 Stover weight for hand-samples (7 plants/plot) I
_ Humic vs Control across five N rates I

1200
y =1.9826x + 557.83
R?=0.7939 ‘
2 4
1000 ’ o :
0 T :y - 1.8667x+552.87 ®
E 800 $ ......-.:::‘.-,::'.'-'--i:: .......... R*=0.8118
:-Jn ! ....--.::-.:::::::'.::::'.'.‘.'. ......
; ..-::::::::::‘-:'-":".'"3
>600 !"”"”“,,::: ‘‘‘ !
S
() °®
S ]
Q400
.
v
200
0
100 150 200 250 300

N fertilizer Rate (lb N/a)

Control_TotalStoverODwt(g) e Humic_TotalStoverODwt(g)
Linear (Control_TotalStoverODwt(g)) - Linear (Humic_TotalStoverODwt(g))




_

* In this field study on fertile lowan soils, the humic product did not
increase nitrogen availability at the low N fertilizer rates.

* Yet it increased corn grain yield at the higher N fertilizer rates.

* Might there be mechanism(s) for humic product efficacy other than
enhancing nutrient supply?



Humics can be biostimulants, not fertilizer enhancers

_

* Very low application rates—negligible nutrient input

* They make soil micronutrients more available? Must then prove
micronutrients are limiting crop growth. Does not explain plant

responses to foliar applications or responses in hydroponic
systems.

* Excessive application rates lead to diminished crop benefits or

even yield loss. USDA research, and also Rose et al. (2014)
review.

* Limited evidence: Negative responses for corn in seasonally
flooded soils



How much carbon are we adding via humic products?

Carbon source Carbon input to soil
(kg ha)

Humic product 2
(2 gallon/acre, 20% HA+FA)

Crop residues 2150
(5 tons ha)

Soil organic carbon 1,800,000

(2% SOC, 6-inch plow layer, 1.2 g/
cm?3 bulk density)



Toxic effects at excessive rates

_

2014 Humic Timings & Rates Trial:
Corn Yield Corn Grain Yield Response to Varied Rates of

GrowMate Plant Fulvic Acid

Planting 48 oz Planting 48 oz +Planting 48 oz +
V5 24 oz V5 48 oz

© SALEL 138.7
S 210

a

o 200 - . %535.0
2 Humic N

> 2

Q 190 3.

£ %30.0
2 =

§ 180 Control -g

@ ‘gzs.o
E 170 I I | 8

2

<

(Y
N
o
o

0.0 gal/a 0.5 gal/a 1.5 gal/a 2 gal/a



_ patterns (2014-2015) vs. drought stress (2013, 2016-2017). Boyd 11 farm. Ames, IAI

Grain Yield

Corn and soybean yield responses to a humic product: nearly ideal precipitation

P > F2 Compared

2013

2014

2015

2017

Soybean

Corn

Soybean

o
=
>

Soybean

Control
Humic 34
oz/a
Humic 41
oz/a
Control
Humic 34
oz/a

Humic 27+14

oz/a
Control
Humic 64
oz/a
Humic 128
oz/a
Control
Humic 32
oz/a
Humic 64
oz/a
Control
Humic 64
oz/a
Humic 128
07/3

N/A
V4

Pre-Emergence

N/A
V4

Pre-Emergence +
V4
N/A
V4

Pre-Emergence

N/A
V4

V4

N/A
V4

Pre-Emergence

47.9

182.2
179.4

186.3

55.2
56.9

57.3

226.6
233.7

236.1

to Control




C

Very different corn grain yield response under excessively wet
onditions, 2018.

Proc Mixed |Proc Mixed
Factor Trt Mean |Proc Mixed Pr>F |LSD Pr>F Dunnett’s Pr>F
Corn Combine Whole-Pass Grain Yield Bu/a @ 15.5% Market Moisture
Trt 1 (Control) 182.4
Trt 2 (32 oz/a Enersol) 183.0
Trt 3 (64 oz/a Enersol) 169.8

Main Trt Effect 0.1753

Trt 1vs. Trt 2 0.9317 0.9942
Trt 2 vs. Trt 3 0.1026 :
Trt1vs. Trt3 0.1161 0.1933

Corn Combine Whole-Pass Grain Yield Mg/ha @ 15.5% Market Moisture

Trt 1 (Control) 11.45
Trt 2 (32 oz/a Enersol) 11.49
Trt 3 (64 oz/a Enersol) 10.66




_Our thoughts (Per the Scientific Process) :
* The active ingredient is NOT the whole humic acid molecule or the whole
fulvic acid molecule. Literature review on soil humic substances: plant

growth promotion not linked with one specific fraction or subfraction
(Zandonadi et al., 2013).

* The active ingredient(s) is/are specific biochemical compounds that mimic
life-promoting compounds. These active compounds are likely NOT true
hormones.

* What might the nature and origin of these compounds be?

* A geologic view:
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-

Age
(Years) Current X,000s X00,000s — X,000,000s X00,000,000s
Bituminous
Compost Leonardite Lignite coal
Sub-
bituminous

coal

Aro C rings,
Fat ids

Humic application rate (Rose et. al, 2014)
1,000+ ppm <200 ppm

Ami cids,
Car drates




-Conclusions ]
* Field efficacy of humic products in lowa was demonstrated (1) especially

during environmental stresses, and (2) by positive grain yield responses of
corn at medium to high N fertilizer rates.

* At low N fertilizer rates, corn grain yield decreased with humic product use.
This product did NOT make N more available to the crop.

* Multiple mechanisms might explain humic product field efficacy. Our data
and previous results in lowa are inconsistent with nutrient-based
mechanisms. Instead, humic products might contain mimics of growth-
promoting compounds, possibly of lignin origin.






SCIENCE DRIVEN DECISIONS

Fluid Fertilizer Technology Workshop
“Which Starter Nutrients Close The Yield Gap
When Corn Is Planted After Cereal Rye

Jacob Vossenkemper, PhD — Director of Research & Agronomy
For Twin State Inc.
Davenport, IA Nov 30t and Dec 15t 2022




SCIENCE DRIVEN DECISIONS

* Special Thanks

* Lowell Gentry, Principal Research Specialist at Univ of
Illinois

e Dr. Shalamar Armstrong, Soil Ecosystems and
Nutrient Dynamics Lab at Purdue Univ

* Hunter Bielenberg, Agronomy Research Manager at
Twin State Inc.

* My “army” of interns who make all this work possible




Research Rati SCIENCE DRIVEN DECISIONS

* Increasing societal interest in addressing

climate change
* Soil health

* Regenerative agriculture
e Carbon/GHG markets
* Nutrient loss reduction

k{‘%raw \\\\ A » . N )\ \ ‘*‘5_ s *;\1 . Jjpv@liqui-grow.com liqui-grow.com



Pew Research SCIENCE DRIVEN DECISIONS

Gen Z, Millennials more active than older generations https://www.pewresearch.org/science/2021/
addressing climate change on- and offline 05/26/climate-engagement-and-activism/

% of U.S. adults who say ... EAt
op concern

Climate should be top Addressing climate Have personally :
L . . M One of several important concerns
priority to ensure change is my top taken action to _
sustainable planet for personal concern help address Not an important concern
future generations climate rhange
within the Among Rep/lean Rep who are ...
Millennial Boomer Gen Z 16 39 44
Millennial k] 39 48
Gen X 60
Boomer & older 65
Among Dem/lean Dem who are ...
GenZ 53 39 R:
Millennial 9

Gen :
VS e SIS, ==Y Boomer & oder INNE-RENTTY 7 |




Timing of N Application Is Important

Annual Tile Nitrate Load for Corn

W 100% Fall m50% Fall ™ 100% Spring

2016 2017 2018 2019 2020
Fall N plots lost 12 Ibs/A more tile nitrate than spring N pIots.

Figure Courtesy 60
of Lowell Gentry,
Univ of lllinois >0

Tile Nitrate (Lbs/A)

20

1

o

o

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN



Research Rati SCIENCE DRIVEN DECISIONS

* Cover crops proposed to help address these issues
that society is becoming more concerned about
* Reduce soil erosion
* Increase nutrient stewardship/reduce loss
* Increase soil water retention/infiltration
* Increase soil organic carbon
* Store CO, in soil = less in atmosphere curbs
global warming

row, VS
k& Amm\\\\%\ o N




Cumulative NOs-N load (Ibs/A)

4-yr Cumulative Tile Nitrate Load 2016-2019

1200 —100% Fall

a
~— .
—50%/25%/25% //_ ab —— Fall applied
100

——100% Spring
bc — Spring applied
75% Spring / pring app

80 C . .
—50%/50% Jﬂ—:—//_/ s— Split applied
—50%/50%/C € » Split+Cover Crops

40 —

0 =

0 I I I I I I I
Nov-2015 May-2016 Nov-2016 May-2017 Nov-2017 May-2018 Nov-2018 May-2019

Figure Courtesy of Lowell Gentry, Univ of lllinois



Research Rati SCIENCE DRIVEN DECISIONS

* Cereal rye has become the most widely used cover
crop in the north-central United States

* Will germinate and grow at soil temps of 35 deg F
* Deep rooted, excellent nitrogen scavenger
* Quick green up and biomass in spring
* Relatively easy to kill = winter annual suppression
* Relatively inexpensive (S15/ac or so)

* Great cover crop — except????

klf%mw \\\
&&\\m\‘\\\




Corn Yield Differences Following a Rye Cover Crop
Summary of 23 trials frum 2003 - 2010 ENCE DRIVEN

"*F

ﬁ%%%%%%%;?% %&’ o-?&’%% RS %%%i%% .‘,;..b Averaged over the 23

40
.1

500

trials 5.2 bu/ac yield
decrease when corn
followed cereal rye

o5 10

S4.50 corn that’s
S23.40/ac, there went
your payment

]
=
2

Com Yield Difference (bu/ac)
fis : &

How can we avoid this?

=30.00

~35.00

=100

IOWA STATE UNIVERSITY

liqui-grow.com

Extension and Outreach




Research Rati SCIENCE DRIVEN DECISIONS

Why can cereal rye reduce corn yields?

e Stand - Difficult to get effective seed to soil contact, need a no-till planter prepared for
the job

* Green bridge — Pythium over winters very well in cereal rye and acts as a bridge to the
next corn crop

* Allelopathy? — Debated, but natural herbicidal compounds are released from some
grasses as they decay effecting germination and vigor of future crops

* Nutrient deficiencies — Because of cereal ryes aggressive root system and vigorous
biomass accumulation it is an excellent scavenger of nitrogen and other mineral
nutrients

* Those nutrients may or may not be released to the proceeding corn crop in time to
meet crop demand
* Soil temps can remain wet and cool if a mat of cereal rye is on soil surface in early spring

llg%
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Species such as cereal rye, which has a high carbon-to-nitrogen ratio, will tie up fixed nitrogen during the inning of
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Green Bridge —-

Plant Disease * 2017 * 101:591-600 * http://dx.doi.org/10.1094/PDIS-07-16-0975-RE
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Time Interval Between Cover Crop Termination and Planting Influences Corn
Seedling Disease, Plant Growth, and Yield

H O

J. Acharya, Department of Plant Pathology and Microbiology, lowa State University, Ames 50011; M. G. Bakker, T. B. Moorman, and T. C.
Kaspar, National Laboratory for Agriculture and the Environment, United States Department of Agriculture—Agricultural Research Service,
Ames, [A 50011; A. W. Lenssen, Department of Agronomy, lowa State University, Ames; and A. E. Robertson, Department of Plant Pathol-
ogy and Microbiology, lowa State University, Ames

Acharya et al., 2017

[logcopies ITS per 10° copias tuad])

Bottom line: burndown cereal rye 2 to
3 weeks before planting corn to avoid
seedling diseases and yield loss

— m
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Research Rz SCIENCE DRIVEN DECISIONS

Fig 4. The concentration of extractable soil inorganic N with depth in spring 2014.
Soil inorganic N (mg N kg soil ')

Kaye J, Finney D, White C, Bradley B, Schipanski M, et al. 0 1 2 3 4 5 6 4 8 9 10 11
(2019) Managing nitrogen through cover crop species . . . . . r . y r . r
selection in the U.S. mid-Atlantic. PLOS ONE 14(4): e0215448.
https://doi.org/10.1371/journal.pone.0215448 0.1 F
https://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0215448 0.2
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0215448

Management Considerations

Ibs/A
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Biomass x Biomass N

0°°"°
y =9.3649x + 15.576
R?=0.8582
0 0.2 0.4 0.6 0.8 1 1.2
Tons/A

1.4

Figure Courtesy of Lowell Gentry, Univ of lllinois
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Where Does SCIENCE DRIVEN DECISIONS
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(0 N‘ Figure Courtesy of Shalamar Armstrong, Purdue Univ
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e T Soil N Demand Synchrony

80 Bacteria Activity

75% Legume Peak CC and Soil N
decgmp' Demand

60

40

20

25% Legume Corn Soil N

—Demand

PAN from cover crop (Ib/acre)
N
o

'S
o

tiller joint boot .  Cereal

&
o

v— - ——

3N 41 51 6/1
Date of cover crop termination

Flgure 4.—Effect of kill date on typical plant-
available N (PAN) release from cereal, legume, or
mixed stands. Based on compilation of field data
from Willamette Valley cover crop trials. Source:
D. Sullivan.

Soil N demand
synchrony

between the soil
microbiome and corn
that occurs
approximately 53-65
days after cover crop

Relative Soil Nitrogen Demand

https://catalog.extension.oregons termination.
tate.edu/sites/catalog/files/proje
ct/pdf/pnw636.pdf
21 39 53 75 109
Calendar Days after Cover Crop Termination Nevins et al. (2018) Soil Biology and Biochemistry

. Figure Courtesy of Shalamar Armstrong, Purdue Univ
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Corn and Cereal R SCIENCE DRIVEN DECISIONS

* Cereal Rye is an excellent scavenger of nitrogen
* Nitrogen concentrations in the soil often very low after cereal rye cover crop
IS grown
* As cereal rye gets larger in the spring C:N ratio goes up
* In some cases, the plant available N balance in the soil can be negative
* Explosion of microbes breaking down carbon (cereal rye residue) use up all
available soil N
* Including fertilizer N added to the soil — leaves very little N for corn
* Makes since that a well-placed N source that's not highly available to soil
microbes and is available to corn would increase yields in this cropping system
e 2x2, 0x2 etc.... Out-of-furrow high-rate planter applied N applications

llq% \
row V8 G
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Corn and Cereal SCIENCE DRIVEN DECISIONS

2018 Purdue University Study - Avg of 3 Locations

230
225
220
)
©
> 217.5
2 215 .
o
o
P
210 211.3
205
200

No CR No 2x2 N CRO2x2 N CR25Ibs/ac2x2N CR50lbs/ac2x2 N CR 75 lbs/ac2x2 N

Figure adapted from: Preza-Fontes, G., Miller, H.,Camberato, J., Roth, R., & Armstrong, S.
(2022).Corn yield response to starter nitrogen rates followinga cereal rye cover crop.Crop,

." Forage & TurfgrassManagement,8,e20187.https://doi.org/10.1002/cft2.20187




Corn and Cereal Ry SCIENCE DRIVEN DECISIONS

John Sawyers Lab, lowa State — 2014-2016

Table 3. Corn population, plant height, and grain yield, 2014-2016.

Practice V6 Population V6 Height Yield
plants/acre inch bu/acre
Tillage Till 32,500b" 243 209a
No-till 33,500a 22b 203b
Starter Starter 30 lbs N/ac 2X2 33,000a 23a 207
No starter 33,000a 22b 205
Cover Crop With rye 33,000a 22b 204b
No rye 33,000a 23a 208a

t Letters indicate significant difference (p <0.10). No interaction between practices. Results across four locations.
[[ [7/ 2017 Integrated Crop Management Conference - lowa State University
NYforon |

. https://www.agronext.iastate.edu/soilfertility/info/NitrogenDynamics-
RveCoverCrop ICM2017.odf




Corn and Cereal Ry SCIENCE DRIVEN DECISIONS

* Not exactly cut and dry that out-of-furrow N applications are
required, despite my speculation

* What about sulfur, similar soil dynamics/cycling at work as nitrogen
(sulfur immobilizations/mineralization)

e Cereal rye probably results in colder wetter soils (particularly if
terminated well before planting) so roots grow slower, and P&K
would also diffuse slower toward roots

* What about root uptake efficiency with pythium, would this mean a
higher NPKS concentration is needed to meet crop requirement?

Ligyj ALY
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Materials and Meth SCIENCE DRIVEN DECISIONS

Sand Silt Clay Bray P1 NH4 Acetate K
Previous Crop Location Name Grid Coordinates CEC O.M. % Texture % (ppm) 1:1 pH
Corn Walnut, IL 41.476756, -89.635747 20.4 4.6 SiltyClay Loam 16 48 36 20 169 5.7
Soybean lllinois City, IL  41.304872,-91.066138 14.1 2.3 Clay Loam 28 42 24 6 113 5.9
Soybean Chillicothe, IL  40.912036, -89.556579 10.0 2.2 Loam 34 42 24 40 131 6.3

~
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Precision Planting:

SN Jjpv@liqui-grow.com liqui-grow.com
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Materials anc SCIENCE DRIVEN DECISIONS

Starter Nutrient Nutrient Rate Source Fertilizer
- - -lbs/ac N-P-K-S-Zn - - -

Broadcast Nitrogen (UAN) 180 UAN 32%
+Starter N 60 UAN 32%
+Starter NP 60-10 +APP
+Starter NPK 60-10-10 +KCL
+Starter NPKS 60-10-10-10 +ATS
+Starter NPKSZn 60-10-10-10-0.5zn +15% Ammoniated Zn

No other crop nutrients applied in these studies other than the
nutrients in the high rate out-of-furrow starter




Materials and SCIENCE DRIVEN DECISIONS

* Split plot design, cereal rye main-plots and starter
treatments as sub-plots

* Mixed model ANOVA in SAS

* Fixed effects: starter treatments, cereal rye and cereal
rye x starter treatments

 Random effects: location, blocks(location), split-plot
error term cereal rye x blocks(location)

* Mean separation PDMIX 800 for LSD at alpha 0.10

\ . Jpv@liqui-grow.com liqui-grow.com




Results SCIENCE DRIVEN DECISIONS

Type 3 Tests of Fixed Effects

Effect Num DF DenDF FValue Pr>F

Starter Treatment 5 138 13.17 <.0001

Cereal Rye 1 14 31.1 <.0001

Cereal Rye*Treatment 5 138 1.46 0.2061

Starter Nutrient Nutrient Rate Corn Yield Delta Yield Over Base N
- - -lbs/ac N-P-K-S-Zn--- = ---cc-ma-n--. bu/ac------------

Broadcast Nitrogen (UAN) 180 225.2
+Starter N 60 228.5 3.3
+Starter NP 60-10 234.5 9.3*
+Starter NPK 60-10-10 236.7 11.5*
+Starter NPKS 60-10-10-10 252.3 27.1%*
+Starter NPKSZn 60-10-10-10-0.5zn 259.4 34.2*

Starter Nutrient Pr>F =<.0001 LSD at 0.10 = 8.7

At
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Corn Yield
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Out-of-Furrow NPKSZn Starter Closes The Yield
Gap When Corn is Grown After Cereal Rye

14.5 bu/ac

Broadcast N +Starter N +Starter NP +Starter NPK +Starter NPKS  +Starter
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" SCIENCE DRIVEN DECISIONS

Manage Research & Sales Support (grower
Development meetings/key account visit’s)




SCIENCE DRIVEN DECISIONS

Agronomic Service Calls

IC or Emotion?

- Jpv@liqui-grow.com liqui-grow.com
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Main Statement N/

Current Liquid Newl
Fertilizers Nov_e
Ingredients

Fertilizers 2.0/3.0




Biostimulants N/ s

ol

* Clarify the marketplace

* Regulatory changes

* Moving forward -
finding the right fit

e Crucial Questions
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Biostimulants Market Growth

U.S. BIOSTIMULANTS MARKET SIZE, BY ACTIVE INGREDIENT, 2014-2025 (USD MILLION)

1|III|||||”

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

B AcidBased [ Seaweed Extracts [ Microbial [} Others

https://www.grandviewresearch.com/industry-analysis/biostimulants-market

/



https://www.grandviewresearch.com/industry-analysis/biostimulants-market

Market Interest

Evaluating Biostimulantand N X+

% progressivecrop.con [E

Crop Consultant

Evaluating Biostimulant and Nutrient Inputs to
Improve Tomato Yields and Crop Health

Surendra K. Dara | Entomology and Biologicals Advisor, UCCE
Ed Lewis [ Head, department, Plant Pathology, and Nematolody, University of Idaho

By PCC - October 3,2019 @ 941

B - B -
" s o o \ St :-‘

http://progressivecrop.com/2019/10/evaluating-
biostimulant-and-nutrient-inputsto-improve-tomato-yields-
and-crop-health/

B Microbials Do They Fit Your Far X +

@ i wengg.c [E]

WEST COAST NUT

Microbials Do They Fit Your
Farm?

By Crystal Nay | Contributing Writer
Published: January 4, 2020 « 275 views

£ o fin]=]<]

https://www.wcngg.com/2022/01/04/microbials-do-they-fit-your-farm/



https://www.wcngg.com/2020/01/04/microbials-do-they-fit-your-farm/
http://progressivecrop.com/2019/10/evaluating-biostimulant-and-nutrient-inputsto-improve-tomato-yields-and-crop-health/
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Abstract

Back d Plant i are diverse
and microorganisms used to enhance plant growth. The
global market for biostimulants is projected to increase
12 % per year and reach over $2,200 million by 2018
Despite the growing use of biostimulants in agriculture,
many in the scientific community consider
biostimulants to be lacking peer-reviewed scientific
evaluation.

Scope This article describes the emerging definitions of
biostimulants and reviews the literature on five catego-
ries of biostimulants: i. microbial inoculants, ii. humic

Keywords Microbial inoculants - Humic acid - Fulvic
acid - Protein hydrolysates - Amino acids - Seaweed
extracts - Biostimulants

Introduction

Plant biostimulants, or agricultural biostimulants, in-
clude diverse substances and microorganisms that en-
hance plant growth. The global market for biastimulants
has been projected to reach $2,24 Imillion by 2018 and
to have a compound annual growth rate of 12.5 % from
2013 to 2018 (Anonymous, 2013). According to the

https://link.springer.com/content/pdf/10.1007/s11104-014-2131-8.pdf

UF IFAS Extension

UNIVERSETY of FLOSTON

affzzzag] s

Plant Biostimulants: Definition and Overview of

Categories and Effects'
Ute Albrecht?

Introduction

Recent years have seen an explosion of non-chemical

crop production materials termed “plant biostimulants™
promoted as environment-friendly alternatives to chemical-
based products. Although the major driving force for

these materials is the organic farming industry, consumer
demands for more sustainable crop production along with
a growing number of reports regarding their beneficial
properties have resulted in increasing popularity among
conventional farmers. The global market for biostimulants
was valued at $2.19 billion in 2018 and is projected to reach
a compound annual growth rate of 12.5% from 2019 to
2024. Although the largest market for biostimulants is in
Europe (approximately 40% of the market share), the North
American market is estimated to reach $605.1 million in
2019. This article provides an overview of the definition

biacantrol agent and/or are offered in different combina-
tions that may include fertilizers.

In December 2018, the first statutory language regarding
plant biostimulants was provided in the Farm Bill (https.//
www.congress.gov/115/bills/hr2/BILLS-115hrZenr.pdf).

It describes a plant biostimulant as “a substance or micro-
organism that, when applied to seeds, plants, or the rhizo-
sphere, stimulates natural processes to enhance or benefit
nutrient uptake, nutrient efficiency, tolerance to abiotic
stress, or crop quality and yield” This legal definition of
plant biostimulants provides a first step in the process

to develop a regulatory framework, appropriate review;
approval, and uniform national labelling of these materials
that are currently regulated as fertilizers, soil inoculants, or
soil amendments at the state level. The definition provided

St AAED Bamn Tl fn mmonsimbnms eoiele slon A ininn

https://edis.ifas.ufl.edu/pdffiles/HS/HS133000.pdf



https://edis.ifas.ufl.edu/pdffiles/HS/HS133000.pdf
https://link.springer.com/content/pdf/10.1007/s11104-014-2131-8.pdf

Legislative Positioning — 2018 Farm Bill N/ s

SEC. 10111. REPORT ON PLANT BIOSTIMULANTS.

(a) REPORT.—Not later than 1 year after the date of the enact-
ment of this Act, the Secretary shall submit a report to the President
and Congress that identifies any potential regulatory, non-regu-
latory, and legislative recommendations, including the appropriate-
ness of any definitions for plant bmstlmulant to ensure the efficient
and appropriate review, approval, uniform national labeling, and
availability of plant biostimulant products to agricultural producers.

(b) CONSULTATION.—The Secretary shall prepare the report
required by subsection (a) in consultation with the Administrator
of the Environmental Protection Agency, the several States,
industry stakeholders, and such other stakeholders as the Secretary

determines necessary.
‘ (¢) PLANT B1OoSTIMULANT.—For the purposes of the report under
subsection (a), the Secretary—

(1) shall consider “plant biostimulant” to be a substance
or micro-organism that, when applied to seeds, plants, or the
rhizosphere, stimulates natural processes to enhance or benefit
nutrient uptake, nutrient efficiency, tolerance to abiotic stress,
or crop quality and yield; and

(2) may modify the description of plant biostimulant, as
appropriate.

https://www.congress.qov/115/bills/hr2/BILLS-115hr2enr.pdf



https://www.congress.gov/115/bills/hr2/BILLS-115hr2enr.pdf

Legislative Positioning - Continued

[.' Cory Booker Wants to Pay Man X

= C @ a civileats.com [E - & % ER

116711 CONGRESS
1ST SESSION S. 24 2

To provide incentives for agricultural producers to carry out climate steward-
ship practices, to provide for increased reforestation across the United
States, to establish the Coastal and Estuary Resilience Grant Program,
and for other purposes.

3

https://civileats.com/2019/08/08/cory-booker-wants-to-pay-many-more-farmers-to-practice-carbon-farming/
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What are Biostimulants? N/

WATER USE ROOT STRUCTURE NUTRIENT USE
EFFICIENCY AND GROWTH EFFICIENCY

PLANT BIOSTIMULANTS

STRESS INDUCED SYSTEMATIC DISEASE
TOLERANCE RESISTANCE TOLERANCE

Figure 1. Biostimulant effects on plants.

Albrecht 2019




Marketplace Noise

Humic substances

B Vitamins

ACIDS

Inorganic salts Other organic ac;és

Proteins Amino acids

Protein hydrolysates

Humins

Ivnc acids

N Mycorrhizae,
ids  Trichoderma, other
: beneficial fungi

Beneficial elements Rhizobium
Si, Na, Co, etc.
OTHER MICROBIALS
Phosphites Nitrogenous | . A Complex
compounds | Betaines Phytohormones __ ~ muFr)\iti es/
. . . consortia
Enzymatic Chitin/chitosan
extracts .
Other organic
matter extracts
EXTRACTS
Allelochemicals Botanicals

Source: Agricen Sciences analysis of
market analysts, survey papers on Biostimulants
https://www.bpia.org/solutions-provided-by-biological-products-biostimulants/#acid-based-biostimulants

Biostimulant Market Size, Growth, Share | 2022 - 27 (mordorintelligence.com)
Infographics - Biostimulants Market (fortunebusinessinsights.com)

KEY PLAYERS
K P @urL D:BASF seipasa BA§ER
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https://www.bpia.org/solutions-provided-by-biological-products-biostimulants/#acid-based-biostimulants
https://www.mordorintelligence.com/industry-reports/global-plant-biostimulant-market-industry
https://www.fortunebusinessinsights.com/industry-reports/infographics/biostimulants-market-100414

Marketplace Maturity

Market Concentration

Consolidated- Market dominated by 1-5 major

players

Source: Mordor Intelligence Mﬂ

Biostimulant Market Size, Growth, Share | 2022 - 27 (mordorintelligence.com) /
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Challenges for Category

GP EPA Considers Labeling Biost

¢ > C e ©Oa

Produce Rre
Get the Latest on #Coronavirus and How It's Affecting the Industry

EPA Considers Labeling Biostimulants as
Pesticides

ﬁ Posted by Carol Miller | July 24, 2019 o o~ @ 9

https://www.growingproduce.com/vegetables/epa-considers-labeling-biostimulants-as-pesticide/

/


https://www.growingproduce.com/vegetables/epa-considers-labeling-biostimulants-as-pesticide/

Making Progress

nIONGRES I R 77RO

Date All Actions

06/08/2022 Referred to the Subcommittee on Biotechnology, Horticulture, and Research.
Action By: Committee on Agriculture

05/12/2022 Referred to the House Committee on Agriculture.
Action By: House of Representatives

05/12/2022 Introduced in House
Action By: House of Representatives

BILLS-117hr7752ih.pdf (govinfo.qov)



https://www.govinfo.gov/content/pkg/BILLS-117hr7752ih/pdf/BILLS-117hr7752ih.pdf

Unanswered Questions

Problem: What exactly is a biosimulant?

Unclear definition - pg. 419 pf 2018 Farm Bill

EPA Draft Guidance — 2019 - Table 4 list of ingredients (pg. 11)

Clear up what product label language claims and FIFRA categories

Conflation of ingredients - PGRs, ag chem, and fertilizers

Alignment issues - USDA, EPA, and a variety of state regulators

Clarify international standards and pathways to market



https://www.congress.gov/115/bills/hr2/BILLS-115hr2enr.pdf
https://scireg.com/wp-content/uploads/2019/04/EPA-HQ-OPP-2018-0258-0002-1.pdf
https://scireg.com/wp-content/uploads/2019/04/EPA-HQ-OPP-2018-0258-0002-1.pdf

Question for Audience

How do we innovate liquid
fertilizers with new and
novel ingredients?
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Which New Ingredient Do |
Pick?




Marketplace Noise

Humic substances

B Vitami Humins
|§1mms ACIDS umin

Inorganic salts .ther organic ac vic acids
i o Mycorrhizae,
Proteins ipids  Trichoderma, other
Protein hydrolysates : | beneficial fungi
Beneficial elements | ptide . ins Rhizobium
Si, Na, Co, etc. 4 ' , :
OTHER I < lp MICROBIALS
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Enzymatic C

extracts
Othe
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EXTRACTS

Allelochemicals

Botanicals
Source: Agricen Sciences analysis of

market analysts, survey papers on Biostimulants

https://www.bpia.org/solutions-provided-by-biological-products-biostimulants/#acid-based-biostimulants

Biostimulant Market Size, Growth, Share | 2022 - 27 (mordorintelligence.com)
Infographics - Biostimulants Market (fortunebusinessinsights.com)
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Some Ground Rules

* New active ingredients have utility

* Species identity determines role in soll:
* Living inoculants

« Carbon chemistry determines function in soll:
* Size
* Charge
* C:N ratio
* Macromolecule diversity - food sources

/



Inoculant Cheat Sheet - Fungi

Trichoderma species Mycorrhizae — a
— a beneficial fungus beneficial plant/fungal
that helps protect the symbiosis that help
plants against trees get more water
pathogens and phosphate

Plant Production and Protection Division: Soil biological management with beneficial microorganisms (fao.orqg)

/



https://www.fao.org/agriculture/crops/thematic-sitemap/theme/spi/soil-biodiversity/case-studies/soil-biological-management-with-beneficial-microorganisms/en/

Inoculant Cheat Sheet - Bacteria

Azospirillium/Klebsiella — free-
living bacteria that helps with N
fixation on non-legumes

Pseudomonas species — bacteria
that helps with pathogen control
and nutrient availability

Aspergillus species - bacteria
that produce enzymes that break
down hard-to-digest plant fibers

Plant Production and Protection Division: Soil biological management with beneficial microorganisms (fao.orq)

/



https://www.fao.org/agriculture/crops/thematic-sitemap/theme/spi/soil-biodiversity/case-studies/soil-biological-management-with-beneficial-microorganisms/en/

Challenges with Inoculants

* Viability Is a concern

* Living vs. spore form

« Sensitive to fluctuations in environment —
moisture, temperature, UV, competition

* Some labs can help confirm label CFU count

* Challenges with mixing and compatibility in
the field

 Key question: how alive is your product?

/
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Non-living Carbon Products:
Spotlight on Food Sources,
Organic Acids, Enzymes &
Seaweeds




Some Ground Rules

* New active ingredients have utility

* Species identity determines role in soll:
* Living inoculants

« Carbon chemistry determines function in soll:
* Size
* Charge
* C:N ratio
* Macromolecule diversity - food sources

/



Feed the Microbiome

From: Kallenbach et al. 2016 Nature Comm.

0 days Time » 15 months

Images of sugar-treated model solls over time (a); the far-left panel
IS an uninoculated sterile kaolinite and sand mixture, and the far-
right panel is the same mixture, inoculated and treated with weekly
glucose additions for 15 months.

Lots of sources: molasses, sugars, microalgae, etc.

/



Fulvic Acids N | 27

 Smaller than humic acids ox . cooH
and honey colored T

o ngh CEC (500'600') - HO T COOH
holds nutrients like humic
acids

* Nutrient carrier into plant
 Stimulates plant roots

What is Fulvic Acid — Fulvic Force

https://soilsolutions.net/humic-acid-vs-fulvic-acid/
http://www.earthgreen.com/humic-vs-fulvic-acids
https://pubchem.ncbi.nlm.nih.gov/compound/5359407#section=2D-Structure



https://soilsolutions.net/humic-acid-vs-fulvic-acid/
http://www.earthgreen.com/humic-vs-fulvic-acids
https://pubchem.ncbi.nlm.nih.gov/compound/5359407#section=2D-Structure
https://home.fulvicforce.co.za/fulvic-acid/#:~:text=On%20average%20its%20chemical%20formula%20is%20C%2037,Total%20Environment%20358%20%282006%29%2C%20243-254%2C%2026%20May%202005%29.

Seaweeds & Kelps N | 28

 Old technology to improve soil
 Macro-algae — brown algae Ascophyllum nodosum is

common

« Complex, variable extracts

* Plant growth promoting Exact mechanism
* Helps with plant stress tolerance needs work

Plant response well studied
Regulatory path looks rough

Van Oosten et al. 2017




Enzymes

Breakdown

Phosphatase

Insoluble phosphate
Into available P

Enzymes - a substance produced by a living organism that
acts as a catalyst to bring about a specific biochemical reaction

http://www.m.elewa.org/JAPS/2013/18.2/3.pdf; http://web.mit.edu/12.000/www/m2015/2015/microbial_background.html



http://www.m.elewa.org/JAPS/2013/18.2/3.pdf
http://web.mit.edu/12.000/www/m2015/2015/microbial_background.html

Specific Enzymes = Specific Action

Protein breakdown

Protease

B glucosidase Cellulose breakdown

Amidase & Urease N cycle

P and S release

Phosphatase & Sulfatase

Yang et al. 2012 — Soil Enzyme Activities and Soil Fertility Dynamics




Humic Acids

aromalic COCH (isolated)

phenolic OH
HC=0 (H-bonded)
| (Sugor)
(HC OH),

COOH COOH COOH C=0 quinone Q" \0 OH
|
R- cn EN ‘ O
CH CH
HO ;C E 0 COOH
aromatic COOH adjacent
pheno“c on R- CH 1o a second COOH
{unbonded) (Peptide)
C 0

|
NH

¢

e Dual charge (+/-)
* Large size
* Poor food choice

Promotes:

F. J. Stevenson, Humus Chemistry, 1994, 289

* Nutrient retention
(high CEC)
* Physical Structure




Using Humic Acids for N Management

« Humic acids reduced peak
i . urea = ammonia gas loss
T by ~68% (Ahmed et al.

COOH COOH COOH
HO | | |
OO o e LT
SN
N 3 CH—CH,
* ( [ 7 o 2 O O 6
OH OH
o o cH Oo /
N
Y
Jd OH
aromatic Gt it
toa

nnnnnnnnnnn
(Peptide)

« Humic acids slowed down
conversion of ammonium
- nitrate (Dong et al. 2009)

NO, NH,*

* Humic acids soills leached
ht:?sj:.//su:ee:;e:ss::.5::r;(t:r:::;?;r;/r}:c:g;jfl/m;[;cgontent/uploads/ZOl5/01/N-Ioss.qu —_ 5 4%_ 6 O% I e S S n I t r at e (LI u
et al. 2009)



https://udextension.s3.amazonaws.com/factsheet/wp-content/uploads/2015/01/N-loss.jpg

Challenges with Non-living Products

 Variance In quality and efficacy

* Will it blend?

» Laundry list of label claims — what
does it do best?

* Logistics at all levels — need for
agitation?

* Biostimulant/fertilizer mixtures

/



Nutrien -

Feeding the Future* \/ ,

Closing Statements




Marketplace Noise

Humic substances

B Vitami Humins
|§1mms ACIDS umin

Inorganic salts .ther organic ac vic acids
i o Mycorrhizae,
Proteins ipids  Trichoderma, other
Protein hydrolysates : | beneficial fungi
Beneficial elements | ptide . ins Rhizobium
Si, Na, Co, etc. 4 ' , :
OTHER I < lp MICROBIALS
Phosphites Izlg:g:::;: : >hytohormones Complex

communities/

. consortia
Enzymatic C

extracts
Othe

matte

r etracts
EXTRACTS

Allelochemicals

Botanicals
Source: Agricen Sciences analysis of

market analysts, survey papers on Biostimulants

https://www.bpia.org/solutions-provided-by-biological-products-biostimulants/#acid-based-biostimulants

Biostimulant Market Size, Growth, Share | 2022 - 27 (mordorintelligence.com)
Infographics - Biostimulants Market (fortunebusinessinsights.com)



https://www.bpia.org/solutions-provided-by-biological-products-biostimulants/#acid-based-biostimulants
https://www.mordorintelligence.com/industry-reports/global-plant-biostimulant-market-industry
https://www.fortunebusinessinsights.com/industry-reports/infographics/biostimulants-market-100414

Crucial Questions for Suppliers and Growers ,\l/ 36

Robust Trial Probability
Data? of +ROI?

Patents and @ Regulatory
|IP?? Future?




Moving Forward N | s

« Consultants/advisers are crucial for translating MOA into
product selection — the ‘WHY’

 Nuanced functionality/crowded marketplace
« Watch out for wild claims

 Start with the end goal in mind

* Focus on blending and in-can options
 Unknowns for blend safety

* Proposed regulatory changes are sure to shake things
up




R
e Academic review Grop Consultant

Making Sense of Biostimulants for
Improving your Soll

» Complete Academic  popo

Overview (600+ pages r 1

* U - EXtenSiOﬂ ArtiCIG http://progressivecrop.com/2020/07/mak

ing-sense-of-biostimulants-for-
improving-your-soil/



https://link.springer.com/content/pdf/10.1007/s11104-014-2131-8.pdf
https://www.frontiersin.org/research-topics/6502/biostimulants-in-agriculture
https://edis.ifas.ufl.edu/pdffiles/HS/HS133000.pdf
http://progressivecrop.com/2020/07/making-sense-of-biostimulants-for-improving-your-soil/

Director of Agronom

- Thank You!




INNOVATION THAT GROWS

Planter-applied Fertilizer Systems

2022 Fluid Fertilizer Foundation Technology Workshop
Brad Van De Woestyne

JOoHN DEERE
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Yield advantage (bu/a)
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Nitrogen Fertilizer Form and Placement

Corn vield contrasts of five N fertilizer practices near planting

Surface Broadcast  Surface Injected Injected
Banded LAN Followed
Mon Inc Mon Inc By Inc
i 3
]
. :
™ ™ !
] ' 3 I
Ave =2.8 'm-re =3.4 ® rnve =5.3 IF‘UI.-’E =0.7 ve =122
n=42 =n=2? ®n=5 n=29 n=43
- [ ] -
. - Y .
*
[ ]
Broadcast Broadcast Surface Surface Surface
Mon Inc Urea Mon Inc Banded Broadcast
Mon Inc Then Inc Mon Inc

Key Takeaways:

« Literature review 13
scientific articles
from 12 states

« Each dot represents
one site-year
comparing forms
and placements

« Results show
injected nitrogen
better than surface
or surface and
incorporated UAN or
Urea

INNOVATION THAT GROWS




Field Trials ’

Depth from Distance from Rate of N at
Surface Row Planting
(inches) (inches) (Ibs N/a)
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Key Takeaways:

« Fertilizer
placement from
the row and
depth into soil
minor

 Rate of fertilizer
most significant
response

Nitrogen Rate (Ibs/a)
30
S0
M 180

INNOVATION THAT GROWS




Placement

INNOVATION THAT GROWS




In-Furrow Fertilizer






Protocol ’

Fertilizer placement at planting Starter Fertilizer Rate (gal/ac)

1 In-Furrow - Continuous 6
2 No Application 0
3 In-Furrow - On Seeds 2
4 In-Furrow - On Seeds 4
5 In-Furrow - On Seeds 6

NORTH
DAKOTA

\ MINNESOTA |
Minneapolis
ot

WISCONSIN
DAKOTA

NEBRASK

5 . :
Indianapolis

INNOVATION THAT GROWS
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ExactShot OnSeed Fertilizer: 21 Site-Years Yield Summary
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ExactShot OnSeed Fertilizer: 21 Site-Years Relative Yield vs Control
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Relative Yield Aggregate Summaries

Relative Yield vs Control Treatment

All treatment comparisons were around 100%.

A slight tendency to increase relative yield from
OnSeed?2 to OnSeedo6.

Two locations had significant yield increase from
OnSeed treatments

One location had a significant lower relative yield with
OnSeed treatments

Relative Yield vs Continous6 Treatment

All treatment comparisons were not statistically
different and were around 100%.

13 John Deere | Production Systems | December 2022

Relative Yield (%) vs Control
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Probability of Relative Yield vs Control

- ~50% of fields had Relative Yield > 100% for

OnSeed?2 vs Control

-« ~70% of fields had Relative Yield > 100% for

Continuous 6 and OnSeed4 vs control.

- ~80% of fields had Relative Yield > 100 % for

OnSeed6 vs Control
- ~25% of fields had Relative Yield
>101.5% for Continuous6 vs Control
>101.5% for OnSeed2 vs Control
>101.5% for On-Seed6 vs Control
>102% for OnSeed4 vs Control
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1.001

Cumulative Probability
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25% chance of
Relative Yield

TRT comparison

=== RY_Continous6_Control
RY_Onseed2_Control
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:':70% chance RY>100 === RY_Onseed6_Control

;} ~70% chance RY>100

o
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Relative Yield vs Control(%)
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Economics of In-Furrow Fertilizer

Considering corn price of $6.50/bu and liquid
fertilizer cost of $6.25/gallon

~70% chance of higher return with OnSeed?2
vs Continuous6

~ 60% chance of higher return with OnSeed4

vs Continuous6

The likelihood of cost saving increases with
lower fertilizer price and higher corn price.

* no fee for technology
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TRT comparison

== YR_Onseed2_Continoust
YR_Onseed4_Continoust

== YR_Onseed6_Continous6

Considering
Corn Price = $6.5.bu,
Lig. Fert. Price = $6.25/gal
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Key Takeaways

- Agronomic research is driving innovation in the solutions Deere
delivery into the marketplace

- Field trials building a database to quantify probability of
response/ROI

- Next step is predict outcomes with some level of probability

16 John Deere | Production Systems | December 2022
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