USDA

——7--"'—_ U.S. Department of Agriculture
- Natural Resources Conservation Service

NOTICE OF GRANT AND AGREEMENT AWARD

NRCS-ADS-093

1. Award Identifying Number

NR233A750004G013

2. Amendment Number

3. Award /Project Period

Date of final signature -
04/01/2028

4. Type of award instrument:

Grant Agreement

5. Agency (Name and Address)

USDA Partnerships for Climate-Smart Commodities
c/o FPAC-BC Grants and Agreements Division
1400 Independence Ave SW, Room 3236

Washington, DC 20250

Direct all correspondence to FPAC.BC.GAD@usda.gov

6. Recipient Organization (Name and Address)

UNIVERSITY OF ARIZONA
PO BOX 210158B, RM 538
TUCSON AZ 85721-0158

UEI Number / DUNS Number: ED44Y3W6P7B9 / 806345617

EIN:

7. NRCS Program Contact

Name: ECHO DOMINGUES

8. NRCS Administrative
Contact

Name: Aileen Anderson

9. Recipient Program
Contact

Name: Kimberly Ogden

10. Recipient Adminisirative
Contact

Name: Marcel Villalobos

(b)(B)

(b)(6)

11. CFDA

10.937

12. Authority

15 USC 714 et seq

13. Type of Action

New Agreement

14. Program Director

Name: Kimberly Ogden

(b)(6)

15. Project Title/ Description: The project expands markets for climate-smart natural rubber from guayule in AZ and Tribal partner
lands and supports producer implementation and monitoring of climate-smart practices.

16. Entity Type: H = Public/State Controlled Institution of Higher Education

17. Select Funding Type

Select funding type:

X Federal

X Non-Federal

Original funds total

35,000,000.000

35252795.00

Additional funds total

$0.00

$0.00

Grand total

35,000,000.000

35252795.00

18. Approved Budget

Page 1 of 5




Personnel

$6,030,936.75

Fringe Benefits

$1,642,410.09

Travel $132,639.35 Equipment $178,683.00
Supplies $489,023.37 Contractual 11,375,528.540
Construction $0.00 Other 15,150,778.900

Total Direct Cost

30,835,208.000

Total Indirect Cost

$4,164,792.00

Total Non-Federal Funds

35252795.00

Total Federal Funds Awarded

35,000,000.000

Total Approved Budget

70,252,795.000

This agreement is subject to applicable USDA NRCS statutory provisions and Financial Assistance Regulations. In accepting this
award or amendment and any payments made pursuant thereto, the undersigned represents that he or she is duly authorized to
act on behalf of the awardee organization, agrees that the award is subject to the applicable provisions of this agreement (and all
attachments), and agrees that acceptance of any payments constitutes an agreement by the payee that the amounts, if any,
found by NRCS to have been overpaid, will be refunded or credited in full to NRCS.

Name and Title of Authorized
Government Representative

Katina Hanson
Acting Senior Advisor for
Climate-Smart Commodities

Digitally signed by
KATINA HANSON
Date: 2023.04.14
09:15:47 -05'00'

signature KATINA
HANSO

Date

Name and Title of Authorized
Recipient Representative
Betsy Cantwell
Senior Vice President for
Research and Innovation

Signature ¢ . /

.f“ —
Lr 4 v Y LSS
43 f IOy
é ;f/ N ( %‘;1’,’2{,{2',/4
'

Date 4/13/2023

NONDISCRIMINATION STATEMENT
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Statement of Work

Purpose

The purpose of this agreement, between the U.S. Department of Agriculture, Natural Resources Conservation Service
(NRCS) and Arizona Board of Regents, University of Arizona (Recipient), is to build markets for climate-smart
commodities and invest in America'’s climate-smart producers to strengthen U.S. rural and agricultural communities.

Objectives

The objectives of this project are to support the production and marketing of climate-smart commodities by providing
voluntary incentives to producers and landowners, including early adopters, to implement climate-smart agricultural
production practices, activities, and systems on working lands; measure/quantify, monitor and verify the carbon and
greenhouse gas (GHG) benefits associated with those practices; and develop markets and promote the resulting
climate-smart commodities.

Budget Narrative

The official budget summarized below and described in the attached Budget Narrative will be considered the total budget
as last approved by the Federal awarding agency for this award.

Amounts included in this budget narrative are estimates. Reimbursement or advance liquidations will be based on actual
expenditures, not to exceed the amount obligated.

TOTAL BUDGET $70,252,795

TOTAL FEDERAL FUNDS $35,000,000
PERSONNEL $3,928,949

FRINGE BENEFITS $1,069,974
TRAVEL $86,410

EQUIPMENT $178,683

SUPPLIES $318,582

CONTRACTUAL $10,244,644
CONSTRUCTION $N/A

OTHER $15,007,966 (PRODUCER INCENTIVES $13,038,705)
TOTAL DIRECT COSTS $30,835,208
INDIRECT COSTS $4,164,792

TOTAL NON-FEDERAL FUNDS $35,252,795
PERSONNEL $0

FRINGE BENEFITS $0

TRAVEL $0

EQUIPMENT $0

SUPPLIES $0

CONTRACTUAL $0

CONSTRUCTION (usually n/a) $N/A

OTHER $35,252,795 (PRODUCER INCENTIVES $35,252,795)
TOTAL DIRECT COSTS $35,252,795
INDIRECT COSTS $0

Recipient has elected to voluntarily waive a portion of indirect costs. The irrigation system costs have also been
excluded from institutional indirect cosis at the 53.5% MTDC rate and instead are being charged at a rate of 10% TDC
even though they are not excluded under the current rate agreement.

Recipient has an approved Negotiated Indirect Cost Rate Agreement (NICRA) with a rate of 53.5 percent and a base of
DHHS-approved facilities and administrative (F&A) of Modified Total Direct Costs (MTDC). Graduate Tuition Remission,
capital equipment, and subaward costs in excess of $25,000 per subrecipient are excluded from the MTDC base used to
calculate F&A costs.

When equipment is purchased with Federal funds it must be used until no longer needed as described in the General
Terms and Conditions and 2 CFR 200. If the residual value of the equipment is $5,000 or more at the time it is no longer
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needed, the recipient must request disposition instructions. The disposition instructions may direct the recipient to: 1)
sell the equipment and return a proportionate share of the proceeds to the Federal agency; 2) transfer title to another
eligible entity identified by the Federal agency; or 3) keep the equipment if desired and compensate the Federal agency
for its proportionate share of the value.

Responsibilities of the Parties:

If inconsistencies arise between the language in this Statement of Work (SOW) and the General Terms and Conditions
attached to the agreement, the language in this SOW takes precedence.

RECIPIENT RESPONSIBILITIES
Perform the work and produce the deliverables as outlined in this Statement of Work and attachments.

Ensure Paperwork Reduction Act (PRA) clearance is obtained prior to conducting data collection from producers or other
project participants, including data collection performed by subrecipients.

Comply with the applicable version of the General Terms and Conditions.

Submit reports and payment requests to the ezFedGrants system as outlined in the applicable version of the General
Terms and Conditions. Reporting frequency is as follows:

Performance Reports: Quarterly
SF425 Financial Reports: Quarterly
Detailed Progress Report: Quarterly

(The detailed progress report is in addition to the performance and financial reports referenced above and described in
the general terms and conditions)

Expected Accomplishments and Deliverables

See attached Benchmarks Table and associated Project Narrative.

Resources Required

See the Responsibilities of the Parties section for required resources, if applicable.

Milestones

See attached Benchmarks Table and associated Project Narrative.
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GENERAL TERMS AND CONDITIONS

Please reference the below link(s) for the General Terms and Conditions pertaining to this award:
https://www.fpacbc.usda.gov/about/grants-and-agreements/award-terms-and-conditions/index.html

Attachments:

Budget Narrative

Project Narrative

Benchmarks Table

Climate-Smart Practices List and Limitations
Data Dictionary

Climate-Smart Specific Terms and Conditions
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Attachment — Project Narrative

i. Executive Summary

A. Contact Information
Kimberly Ogden*, Professor and Chair of Chemical and Environmental Engineering, University
of Arizona, Tucson, AZ 85721; ogden(@arizona.edu; (520) 621-9484

B. List of Project Partners

UArizona Cooperative Extension (Peter Ellsworth, Professor of Entomology and Integrated Pest
Management Specialist; Jose Carvalho de Souza Dias, Assistant Professor and Extension Weed
Scientist; Debankur Sanyal, Soil Health Specialist and Assistant Professor)

UArizona Hydrology and Atmospheric Sciences (Yang Song, Assistant Professor)

Bridgestone Americas, Inc. (Bridgestone) (David Dierig, Section Manager, Agro Operations
Guayule Research; Guangyao (Sam) Wang, Research Agronomist)

Colorado State University (Jason Quinn, Mechanical Engineering)

OpenET (Robyn Grimm, Managing Director)

Regional Growers: A&B Farms, LLC, Phoenix, AZ; D&E Arizona Farms, Casa Grande, AZ;
Knorr Farms, Maricopa, AZ; TP Farming, LLC, Tempe, AZ; H-Four Farms, Buckeye, AZ;
Tierra Verde Farms, Casa Grande, AZ; Tempe Farms (Will Thelander), AZ; Cooley Farms,
Mesa, AZ

Advisory Board Members: Central Arizona Project; Bonneville Environmental Foundation;
Arizona Farm Bureau Federation, Central Arizona Irrigation and Drainage District

C. List of Underserved/Minority-Focused Project Partners

University of Arizona — Hispanic-Serving Institution (HSI)

Colorado River Indian Tribes (Mohave, Chemeuvi, Hopi and Navajo peoples)
Gila River Indian Tribe

Potential Partners we continue to Hold Discussions with
Tohono O’odham Nation

Ak-Chin Indian Community

Yavapai Apache

Fort McDowell

As a note: Arizona is home to 22 tribal nations. Relationships between the nations and University
of Arizona are good, but whenever there are leadership changes, the relationships have to be
reaffirmed and resolutions take time. We will continue to work to increase the tribal partners,
however, the number of acres we committed to for underserved communities can be obtained
with only 2 tribal partners.

Leadership Team: Kimberly Ogden (UA, PI), Peter Ellsworth (UA Extension), David Dierig
(Bridgestone Americas), Jason Quinn (CSU), Homer Marks* (Tohono O’odham Nation), Will
Thelander (Tempe Farms).

* Although we are still in discussion with Tohono O’odham nation in terms of a potential
resolution, Mr. Marks has served as an advisor to the Sustainable Bioeconomy for Arid Regions
project funded by USDA NIFA and is well respected by the 22 tribal nations in the region, hence
he is an excellent person to be on our leadership team.

10f 30



Attachment — Project Narrative

D. Compelling Need for the Project

Natural rubber is a national critical agricultural material with applications in national defense,
aviation (all aircraft tires are made of 100% natural rubber), heavy duty vehicle transportation,
high-performance vehicles, medical devices, medical supplies, and engineering and other
applications that demand high tensile strength, vibration dampening, and high wear and heat-
resistant rubber. Synthetic rubbers are used in many of the same applications; however, natural
rubber maintains performance and safety qualities (e.g., better crack and fatigue resistance,
reduced heat build-up, better gas milage) that synthetics have been unable to meet. Annual global
production of natural rubber exceeds 14 million metric tons. The $1B+ of US natural rubber
imports represent a tremendous global greenhouse gas reduction opportunity. Domestic natural
rubber production from a desert shrub, guayule (Parthenium argentatum), has the potential to
produce carbon-negative rubber through improved climate-smart agricultural practices, and with
already established and growing production facilities and markets.

Currently, the natural rubber commodity is supplied almost exclusively from the rubber tree
(Hevea brasiliensis), growing mostly in Southeast Asia where 93% of global natural rubber supply
is produced. The Covid-19 pandemic demonstrated the effects of supply chain disruptions. In some
cases, top tire producers were forced to shut down [1], affecting the transportation industry. The
supply chain faces additional risks that could leave the US without a source of natural rubber for
longer periods, causing major damage, or even catastrophic disruption, to our economy and
national security. These risks include climate risk: climate change threatens 70% of current rubber
plantations; genetic risk: a biologically single-sourced raw material that is clonally propagated is
highly susceptible to crop disease; supply risk: short-term demand spikes for crops such as palm
oil creates a seven-year gap until rubber trees can be replanted and harvested; social risk: labor-
intensive processes make it difficult for the development of new farms in already poverty-stricken
regions; economic risk: the commodity has experienced large price volatility ($0.87 to $4.03 per
kg) over the past decade as demand for tires in emerging nations accelerates [2,3] and crude oil
prices (and therefore synthetic rubber prices) rise, increasing the demand for natural rubber; and
political risk: instability in regions where the rubber tree is grown could disrupt commodity
supply chains [4]. Together, these risks jeopardize multiple US industries and illustrate the need
to develop a domestic climate-smart natural rubber production platform.

Pioneer climate-smart US natural rubber bioeconomy

Guayule-based rubber benefits:

Develop & optimize agricultural practices that

/ Quantify economic and environmental impacts of
support carbon sequestration in the desert sw

the guayule value chain

Create revenue T{]FIUHUBISEWEd Strengthen SW bioecanomy to support opening of
growers & tribal partners | tnanspontaTION BID mﬂums Bridgestone Americas natural rubber facility in 2026

Grow a domestic supply of carbon B ,FE:L:;R[ - m5+ - Participate in USDA Partnerships for Climate Smart
negative natural rubber / Commodities Network

Figure 1: Beneficial outcomes of our climate-smart domestic natural rubber production project

Guayule is an alternative source for the commodity, producing equivalent natural rubber to Hevea.
Guayule offers the opportunity to create a new domestic industry, based on climate-smart
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Attachment — Project Narrative

practices, that mitigates the risks of Hevea; creates a secure, supplemental supply of natural rubber
for the US; has impactful, sustainability benefits; and improves rural wealth in underserved desert
farming communities (Figure 1). This shrub, native to the southwest US, provides a model for
optimizing desert cropping systems in terms of climate impacts while concurrently addressing
water issues due to reduced requirements compared to traditional crops [3]. Without considering
soil carbon or direct field emissions, guayule rubber is already competitive (1.03 kg CO2-eq per
kg rubber) with traditional Hevea rubber production (1.21 kg COz-eq per kg rubber) based on life
cycle GHG accounting [5]. The COz-eq per kg rubber includes the emissions due to transport from
Asia to the US. Additionally, a guayule-based natural rubber industry includes biofuels from
bagasse, high value products from resin (adhesives, insecticides), and other bio-based co-products,
further de-risking the economics while concurrently improving environmental impacts by
displacing petroleum-based products.

This project will accelerate the development of a net-zero or better GHG natural rubber source in
the desert Southwest that supplies both natural rubber and co-products to established markets. We
will catalyze a new US rubber bioeconomy to address national security supply issues, support rural
underserved farmers, address growing water issues and establish climate-smart farming of a native
crop adapted to our arid region, all while sequestering carbon and reducing GHG emissions
through optimization of agricultural practices and processing. Optimization of the rubber
biorefinery for GHG reductions can result in eliminating the need for natural gas through the use
of bagasse for combined heat and power and can further reduce GHG emissions by a factor of 7
[2]. Agricultural-based climate-smart benefits of the project include:

e creation of a domestic natural rubber-based bioeconomy that is constructed with best
management practices to sequester GHGs leading to carbon-negative rubber production;

e adoption of climate-smart agricultural practices by underserved (rural and tribal)
stakeholders, enabling the sustainability of farming in the Southwest while bringing high-
skill, high-wage post-processing jobs to the region; and

e data-based models and experimental validation of the carbon cycling and savings with
results integrated into COMET to support expansion of guayule production beyond the
industrial and farming partners in this project.

E. Approach to Minimize Transaction Costs Associated with Project Activities

This project will leverage existing results and resources, building on the work of the USDA NIFA
Coordinated Agricultural project—Sustainable Bioeconomy for Arid Regions (SBAR), a $14.7M
USDA investment. To minimize costs, Bridgestone Americas, Inc. will provide a $35M+ cash
match and the UArizona will waive the federally approved 53.5% overhead costs for all payments
to growers and the Bridgestone match; the non-charged overhead is approximately $33M.

F. Approach to Reduce Producer Barriers to Implementing CSAF Practices

Natural rubber from guayule represents a profitable, low-water intensity, and climate-favorable
commodity. We have identified the following activities as viable solutions to barriers in growing
guayule as a part of a climate-smart system:

e demonstrate profitable agronomic management practices including seeding, stand
establishment, fertilization, and irrigation;

e expand our guayule Agricultural Extension program to support existing growers and
strengthen the grower network, particularly with disadvantaged and tribal growers;
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Attachment — Project Narrative

e share sustainable, integrated pest management practices and locally-adapted plans for
addressing insect, weed, and pathogen pests;

e reduce operational and market demand risks; and

e scale processing from a pilot plant to a commercial-scale biorefinery to support
production of large quantities of feedstock.

The work plan includes direct-to-user education, testing, and demonstration in grower field sites
to alleviate producer barriers. For this project, our approach is to use best management practices
for production of climate-smart natural rubber, including no-till practices to maximize soil carbon
uptake, irrigation scheduling and management to reduce water requirements using an
evapotranspiration (ET) tool, OpenET, and nutrient management using low-cost nitrogen sources
to optimize crop yield. Technical assistance will be provided through a dedicated network of
experts and educators, leveraging existing collaborations between UArizona Extension and the
agriculture industry, as part of a community-based, grower-led, grower-centered program.

G. Geographic Focus

The southwest US is home to both large corporate growers as well as small farm owners and Native
American Tribes dependent on agriculture for their livelihood. Traditional crops include cotton,
corn, wheat, alfalfa, pecans, and almonds. Climate-driven water scarcity has forced growers to
decide whether to plant alternative crops or leave fields fallow open to dust pollution and erosion,
which leads to higher greenhouse gas emissions [6]. Converting to guayule will concurrently
address water issues and mitigate GHG emissions while creating economic stability and security
for an important agricultural region. Optimization of desert cropping systems has not received as
much investment and is an area of opportunity. The project will be guided by non-governmental
organizations (NGOs), including OpenET and the Bonneville Environmental Foundation, as well
as the Central Arizona Project and the Central Arizona Irrigation and Drainage District. This pilot
grower group implementing climate-smart practices and the pilot processing facility producing
climate-smart commodities will be a foundation for expansion to a full-scale facility that is built
on environmentally-conscious practices.

H. Project Management and Capacity

Project management will be similar to management of the SBAR project (sbar.arizona.edu), a
USDA NIFA-funded public/private partnership between UArizona, Bridgestone, and Colorado
State University (CSU). The team will be led by Kimberly Ogden, PI for SBAR, and supported by
David Dierig (Bridgestone), Peter Ellsworth (UArizona Cooperative Extension), Jason Quinn
(CSU), Will Thelander (Tempe Farming), and Homer Marks (Tohono O’odham Nation). We build
upon a long and successful history of working together to establish grower-led and grower-
centered programs and networks to produce remarkable results in agriculture [4, 7-10]. The project
team includes the necessary expertise, extension scientists, grower leadership, delivery systems
and networks to establish a climate-smart guayule cooperative that will share and operationalize
best management practices.

Climate-smart natural rubber commodities—both solid rubber and latex forms—will enter a
developed market, as will the co-products from the process, including bagasse and resin fractions
for biofuels and high-value adhesives or insecticides, respectively. Bridgestone has invested over
$100M on guayule R&D since 2012, including a demonstration-size Biorubber Process Research
Center in Mesa, Arizona, and a 300-acre guayule research farm in Pinal County, AZ for plant
breeding, agronomic research, and shrub supply for processing. USDA, other federal agencies, and
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Attachment — Project Narrative

UArizona have also heavily invested in guayule. In coming years, Bridgestone will continue to
invest in the design and building of the first-ever domestic commercial natural rubber facility. A
fully operational commercial line is expected by 2027, producing 250 tons per day (tpd), with
plans to open three additional processing lines, processing a total of 1,000 tpd. This quarter-size
facility will require 10,000 acres of farmed guayule for the first year and an additional 10,000 acres
each successive year. These first steps are the beginning of the vision for at least 20 similar
facilities and associated crop production areas to be established across the Southwest, with the goal
of supplementing 20% of the world’s natural rubber supply. This investment, catalyzed by the
USDA, represents an opportunity to develop a climate-smart bioeconomy in the Southwest.

ii. Plan to Pilot Climate-Smart Agriculture on a Large Scale

A. Description of CSAF Practices to be Deployed

We will evaluate and implement best carbon management practices (Figure 2) in the desert
Southwest for the production of guayule, which includes investigation of the viability of carbon
sequestration in desert soils through low and no-till practices, the impacts of biochar application,
the effects of water delivery (flood, drip) on production and water usage, the reduction in direct
emissions (CO2, N>O and CH4) through precision nutrient delivery with the adoption of drip
irrigation, and the establishment and evaluation of environmental benefits from perennial crop
production. The impacts of these agricultural practices will be evaluated through direct
measurement and life cycle modeling. Model results will be used to guide the experimental work,
the deployment of best practices for CSAF guayule production, and data integration with COMET.

BIimate-Sm;_;ﬁrt Natural Rubber

Define optimal agricultural practices to
enable carbon sequestration in desert
soils through low- and no-till practices

Optimize water utilization in
guayule production

.. Quantify ecological benefits of guayule (low use of pesticides
iy & herbicides) on pollinators & natural enemies of pests in
guayule fields & surrounding agriculture landscape

Quantify the reduction in direct emissions (N,0
and CH,) through precision nutrient delivery

Evaluate soil health and nutrient delivery
including use of guayule based biochar

Quantify and model soil carbon and direct GHG emissions
=2 with data integrated into COMET

Domestic natural rubber commodities will reduce global GHGs and benefit transportation, healthcare, agriculture, and defense.

Figure 2: Guayule Climate -Smart Agricultural Best Practices to be deployed.

No-tillage practice after planting: Guayule can be grown with no-tillage practice once planted.
After each harvest, plants regenerate from existing roots and eliminate the need for replanting,
making no-tillage practices a natural fit in the guayule cropping system. With regeneration and
some natural reseeding to replenish the stand, guayule fields can be kept no-till for more than a
decade. The effects of long-term no-tillage practices on GHG emissions, soil carbon sequestration,
soil erosion, and dust pollution will be quantified.

Innovative new drip technology: Guayule is a drought-tolerant desert perennial that uses less water
than crops currently grown in Arizona [11]. N-Drip is a non-pressurized drip irrigation system that
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Attachment — Project Narrative

costs significantly less to install and operate than current drip irrigation technology and provides
even greater water savings. The N-Drip system is expected to have a longevity of up to eight years
in the field and is warranted by the manufacturer. N-Drip can also reduce herbicide use and
increase rubber yield [11,12]. Traditional irrigation systems will be deployed concurrently to
evaluate the benefits of N-Drip in terms of water use, GHG emissions, and yield.

Nutrient application through N-Drip with enhanced fertilizer efficiency. Supplying nutrients
directly to plant roots through a drip system increases nutrient use efficiency and reduces GHG
emissions. Preliminary results showed that the N-Drip system reduced GHG emissions by 60%
and fertilizer use by 25-50% compared to flood irrigation by fertigation, which reduces nitrogen
fertilizer denitrification (and thus reduces GHG emissions) and leaching.

Biochar application for carbon sequestration: Recovery of natural rubber from guayule generates
1.5 ton/acre of biochar through the pyrolysis of the bagasse. The biochar provides an excellent
material to sequester carbon into soil. In this project, biochar will be applied to the soil prior to
planting at a rate of 4.5 ton/acre for increased soil carbon sequestration. Use of biochar will be
compared to other forms of nutrient addition such as manure, biosolids and synthetic fertilizers.

Quantification of consumptive water use changes regionally and at field-scale: In the arid
Southwest, water scarcity is driving regional changes in agricultural practices and forcing
agricultural lands out of business or to remain fallow. Evapotranspiration (ET) data are essential
to creating an accurate water budget, which is often the first step toward proactive water
management at farm, water district and watershed scales. OpenET is a farm-level water
management tool and helps individual farmers make more informed decisions about their irrigation
practices. Flux towers will be constructed in both a guayule field and a traditional field with
rotating crops and used with other ground-level GHG monitoring tools to provide ground truth to
satellite data and to provide a comparison between crops’ water requirements. A typical S-year
regional crop rotation for annual crops is cotton (year 1); wheat (year 2); and alfalfa (years 3-5).

Quantification of other environmental co-benefits of guavule production. Additional co-benefits
include protecting wildlife habitats and decreasing pesticide use. The wildlife in this case are
pollinators (including native and managed bees), that benefit from a perennial crop with an
extended flowering period. Understanding and exploiting arthropod distributions present an
opportunity to decrease pest pressures and to increase key ecosystem services of pollination and
natural biological control areawide. The team will validate existing models [ 13—15] through faunal
surveys regionally where guayule is planted. The models will help document and quantify the local
and areawide increases in supply of key arthropod predators, parasitoids, and pollinators to the
system, thus reducing the application of insecticides on a regional basis and decreasing GHGs.

B. Plan to Recruit Producers

Community-based approaches require strong stakeholder support and leadership from within the
community. Will Thelander, part of the leadership team and well-known within the Arizona farm
community, will continue to lead the effort to recruit producers through the guayule network.
These efforts will build on his commitment to the crop (growing 80 acres) by assembling 10 to 20
growers committed to adopting guayule as a part of this project (see letters of support). Selected
farms will be located no more than 75 miles from the proposed commercial processing facility (see
letters of support). We will recruit growers with a willingness to apply climate-smart practices,
with emphasis on involving tribal partners (see letters of support; currently in discussions with
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other regional tribes). Project ramp-up (Table 1) will parallel Bridgestone’s commitment for a
quarter-scale commercial facility. This plan includes expanding cultivation from 300 acres across
six farms in 2023 to 20,300 acres and 30 farms by 2027.

Table 1: Planned project acreage where guayule will be grown using climate-smart practices

Year New acres | Accumulative acres # of Farms Accumulative fields
2023 300 300 6 6

2024 2,000 2,300 10 25

2025 8,000 10,300 15 130

2026 10,000 20,300 30 250

2027 0 20,300 30 250

C. Technical Assistance, Outreach, and Training

Introduction of technology and innovation, such as climate-smart practices, into any system
requires a comprehensive approach. Doing so in tandem with the introduction of a new broad-acre
crop, like guayule, requires significant leveraging of existing networks and relationships.
UArizona Cooperative Extension will capitalize on trust built around organizational structures that
support the production of broad-acre crops like cotton and alfalfa. Collaborators Dierig, Dias,
Ellsworth, and Sanyal have extensive experience in technology transfer and the development of
Extension programs. UArizona Extension is already actively engaged with growers, and we build
upon the activities of the SBAR project. Our approach includes: 1) continuous engagement with
stakeholders to identify and discuss new challenges; 2) development of custom solutions through
applied research and education; 3) assessment and measurement of outcomes and impacts; and 4)
curation of feedback from stakeholders to adjust and improve our research and education plan.

We will embrace the five concepts developed by Rogers [16] that are responsible for 50% of the
variation In the adoption of new technologies. Relative advantage requires perception by the
adopters that the innovation is “better” than the alternative. The project team has established that
large water savings are possible [11,12] as well as a reduction in areawide pest pressures [13—15]
in the cultivation of guayule. Adoption of climate-smart agricultural practices includes low/no-till,
natural seeding, N-Drip irrigation, precision nutrient delivery and proper soil preparation.
Compatibility with existing values and practices is a particular strength of our proposed climate-
smart approach, due to use of existing equipment, fields, and basic cultural practices. Simplicity
and ease of use rests on our ability to convey concepts and practices to adopters in a manner that
is compatible with their understanding and skills. Farmer Thelander has conveyed to local growers
that, once planted and established, the cultivation of guayule is generally straightforward and
worry-free. Trialability will be central to our approach to rapidly increase acceptance of critical
production practices by growers and reduce uncertainty. Our Extension team will work directly in
grower fields, establishing “check strips™ that vary seed establishment, insect, weed, and soil health
practices in a manner that helps existing and new growers understand the value of each to the
production system. This approach, in turn, will help us produce observable results that will feature
site visits and informal gatherings with stakeholders, formal field days, and visually-rich social
media and printed communications. In this way, we will demonstrate the advantages of each
critical practice, stimulating interest in climate-smart natural rubber production.

7 of 30



Attachment — Project Narrative

We will develop and manage a grower-industry network to support peer-to-peer communication
and learning. Each grower will be invited to the network and engaged regularly, both individually
on site and in group settings. We expect regular formal, and even more frequent informal, meetings
to reflect on grower needs, solutions and technical assistance. We will use our UArizona Extension
social media accounts, including Instagram, Facebook, and YouTube, for outreach. We will
leverage our relationships with Native American communities and tribal and individual farms to
convey opportunities and best practices in guayule production.

In terms of a project timeline, the first tasks will be to update intellectual property agreements,
develop UArizona/grower contracts, and recruit an Extension educator. The Project Team will
convene at project initiation, discuss grower recruitment efforts, plan for the first planting season,
and discuss GHG data gathering and management. In Spring Year 1, the team will work directly
with the first six adopters to ensure they understand the technical requirements of growing guayule.
Practices include pre-plant tillage, bed preparation, herbicide timing, type and placement, seed
treatments for insect control, and insect monitoring and control procedures to support defining best
practices for climate-smart production. The field layout for these sites is shown in Figure 3; the
detailed monitoring plan is discussed in Section iii. All sites will be locations for hosting small
grower gatherings and teaching events for growers that will adopt guayule in Years 2 to 4.
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Figure 3: Treatment layout for initial adopter farms. The top row indicates the size, in acres, of
each plot or untreated area.

Annually, at least two formal field days and one guayule production conference will be held,
available in hybrid format to reach as large an audience as possible. Each new grower will be
provided contact information for technical experts to conduct site visits and offer education on
best practices. Email distribution lists, direct messages, text blasts and Extension and SBAR
websites will be used to distribute messages, meeting information, and links to brief guides and
project reports. Reports, containing results from demonstration and validation trials, will be
deposited in UArizona’s Library Repository and permalinks distributed to our grower network. At
least one focus session per year will be conducted with the explicit purpose of soliciting feedback
from guayule growers and prospective growers about their needs. Our translational research and
outreach plan will be modified and improved based on the feedback. At least three Guayule
Production Shorts, 1-2 page graphically-rich documents, will be produced each year and
distributed broadly throughout the southwest US and Mexico. Bulletins will be distributed that
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address areas of concern, including insect pest management, integrated weed management, water
management and soil health. Bulletins will highlight the benefits from GHG mitigation and carbon
sequestration associated with implementation of new climate-smart practices. These opportunities
will help foster a sense of community for guayule growers and serve as important demonstrations
to prospective growers of the practices leading to profitable and climate-smart guayule production.

D. Plan to Provide Financial Assistance for Producers to implement CSAF Practices

The financial assistance plan builds on the Bridgestone R&D production model, in which growers
received stable payments every six months, and Bridgestone was responsible for planting,
harvesting and delivery of the crop to the processing facility. As we move from R&D to production
scale and implement CSAF practices, the University of Arizona will pay the growers
approximately $1,158 per acre per year, regardless of yield during this project. Of this,
approximately 56% of the cost per acre will be provided to UArizona by Bridgestone as a project
cash match. The payment is to encourage grower participation and enticement to switch crops and
invest in understanding climate-smart practices that add profitability to their production. The
contract agreement will be the legal document outlining the climate-smart agricultural practices to
be adhered to by growers.

E. Plan to Enroll Underserved and Small Producers

The work proposed almost exclusively works with underserved and small producers. Letters of
support demonstrate that seven growers, and two tribal nations are already invested and
committed to producing guayule. The number of growers is expected to increase based on the
education and extension work outlined. A core mission of our work is rural wealth creation for
underserved and small producers in the Southwest.

iii. Measurement/Quantification, Monitoring, Reporting, and Verification Plan

The project will integrate measurements and modeling from field experimentation to define the
climate smart best practices for production of natural rubber in the desert Southwest. The field
experiments will include extensive data collection that will be coupled with modeling work to
quantify and predict the carbon intensity of different agricultural practices. Farm sites will be
selected in 2023 as “model research and demonstration sites” over the five-year study. We will
quantify, at each farm, soil health and nutrient transport, impacts of farming practices such as
low/no-till, and water and nutrient delivery methods with results used to define best practices for
large-scale adoption (Figure 4). Continuous data collection and monitoring of the growing
conditions will be conducted through effective communication between the project team and
growers. We will measure and evaluate various soil parameters, direct GHG emissions, water use,
and socio-economic and environmental co-benefits using IMPLAN.
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Figure 4: The project approach includes multiple measurements and models, with a focus on the
on-farm practices shown in the yellow shaded box

Furthermore, data collected from the field experimentation will be used to understand GHG
emissions of the different field management practices using accepted methodology [17]. A field
experiment-model integration framework will be developed to quantify site-level GHG emissions
during the growth process of crops (more detail found in Section iii.A below). The data will also
be integrated into a combined International Organization for Standardization (ISO)-based lite
cycle assessment (LCA) and techno-economic model developed as a part of the USDA-funded
SBAR program [3]. Our strategy (Figure 4) incorporates an integrated, robust, and comprehensive
approach to data measurement and analysis, which includes soil carbon and plant
measurements, ground level GHG measurements, flux tower measurements, soil carbon
modeling, and holistic life cycle and techno-economic modeling. Data from field measurements
and modeling will be used to recommend large-scale adoption and feed directly into COMET-
Farm and COMET-Planner.

A. Approach to Greenhouse Gas Benefit Quantification

The field plots will be laid-out using a split-plot design with irrigation methods and rates as main
plots and soil amendments as sub-plots (Figure 3). Each replication will be conducted in two
sections of a field of about 60 acres and replicated in the first six farms. Control experimental
layouts will be established in these farms and maintained by the project team. As stated previously,
the data collection or field work focuses on evaluating different agricultural management practices
and includes the following components.

Low till/no till: Guayule will be direct seeded in April 2023. Once planted, no-tillage will be
practiced in the field with natural seeding practices demonstrated to support sustained no-till
practices. Weed and insect pests will be managed using herbicides and insecticides registered with
the Special Local Need label in Arizona. The crop is expected to be sustained for more than a
decade without tilling through the demonstrated re-seeding process.

Water and nutrient delivery: In the field sites, two irrigation methods (N-Drip and furrow) with
two irrigation rates (2.5 and 3.5 acre-ft water/year) and four nutrient management treatments
(biochar, bio-solid, manure, and synthetic fertilizer) will be tested.
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Soil health and nutrient transport: We will establish test plots with different nutrient management
techniques under variable water management systems: 1) synthetic fertilizers; 2) biochar plus
synthetic fertilizers; 3) manure plus slow-release nitrogen fertilizer; and 4) bio-solids (from water
treatment plants) plus slow-release nitrogen fertilizer. All scenarios will represent the same
nutrient inputs with specific differences (slow vs. fast release) evaluated in terms of GHG
emissions and soil carbon.

Soil carbon and plant measurements: The work includes the direct measurement of carbon in the
soil with samples collected from each field site in spring, summer, fall and winter that target critical
growth stages of the crop. Soil and plant tissue parameters, including soil temperature, soil
moisture, texture, bulk density, pH, electrical conductivities, dissolved inorganic nitrogen
fractions, carbon-nitrogen ratio for leaf, woody and root litters, and other labile pools of nutrients
and organic matter, will be measured [17-20]. Natural processes including litter and soil organic
matter decomposition; N mineralization and transformation; vertical soil GHGs transport and
emissions; crop photosynthetic carbon fixation and carbon flux; crop N demand, uptake, and
allocation; and crop water demand and uptake will be modeled, incorporating the soil
measurements with the ultimate output being the determination of carbon intensity, amount of
carbon sequestration and the environmental co-benefits of guayule production [21,22].

On-farm GHG measurements: Soil greenhouse gas samples will be collected from static chambers
[24] installed in the experimental plots using a highly-efficient, moder, portable splashproof
multi-gas FTIR (Fourier transform infrared) analyzer (GT5000 Terra, Gasmet™) [23-25]. Six
GHGs—nitrous oxide (N20), methane (CHa), carbon dioxide (CO-), ammonia (NH3), water (H>O)
vapor, and carbon monoxide (CO)—will be measured simultaneously from the integrated soil
chambers inside each experimental plot [26]. These data will be used to calibrate and validate
modeled soil GHGs by the Community Land Model version 5.0 (CLM5.0). CLMS5.0 is a land-
surface model to simulate carbon, nitrogen, water, energy exchange through soil-vegetation-
atmosphere system and assess the ecosystem-level GHG budget [27]. Following the typical soil
biogeochemical model (e.g., century model), CLM5.0 simulates litter and soil organic matter
decomposition and GHG emissions using empirically-derived first-order linear decay equations
modified by environmental conditions such as soil C/N ratio, chemical position, temperature and
moisture. CLMS5.0 includes the ability to simulate the effect of vertical environmental
heterogeneity (e.g., soil moisture, temperature, organic mineral carbon ratio) on advective-
diffusive transportation of GHGs [28] and thus can be used to assess the effect of cropland soil
managements (e.g., biochar addition, tillage) on soil emissions.

Static chambers will be installed in the vicinity of irrigation system drip lines and from the middle
of the furrow in the furrow irrigation treatment [29]. Every month, soil GHG fluxes will be
collected using an inlet-outlet channel system integrated to the gas analyzer, except between
November and January as no irrigation will be applied during guayule dormancy [30]. GHG
sampling will be scheduled following irrigation events, approximately 5-7 days after irrigation
[29]. Three gas samples will be taken at 40-minute intervals from each experimental sub-plot (soil
amendment treatment) at each sampling event. A larger time interval is chosen to facilitate random,
simultaneous sampling inside large experimental plots. At each sampling, gas fluxes will be
measured for six minutes at 20-second intervals to attain a linear regression of gas fluxes [24].
GHGs will be measured in adjacent crop fields as background where other major cropping systems
are maintained such as wheat, cotton, and alfalfa. These data will be used to compare guayule
systems with contemporary cropping systems in the desert ecosystem. Gas samples will be taken
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in the early morning, between 6 and 10 am; if the GHG fluxes are very high, a second sample will
be collected after 1-2 days. Data will be stored in a secure computer database and an external
digital storage device. GHG sampling will be accompanied by simultaneous measurements of
volumetric soil moisture, temperature, and water-filled pore space (WFPS) [29]. Site-level GHG
emissions will be monitored by eddy-covariance flux towers at the guayule site and nearby sites
with contemporary crops. Net ecosystem carbon exchange (NEE) or net COz flux between the crop
site and the atmosphere will be monitored at a reference height using Open Path Eddy Covariance
(EC) instrumentation. Data will be collected for five years at each site to provide a robust data
record for evaluation of accuracy of model calculations of ET and NEE. The EC approach is a
well-established methodology that provides high accuracy measurements for a wide range of crops
and vegetation types [31-34]. EC has the key advantage that it is portable (as opposed to weighing
lysimeters, for example) and can be installed and removed in commercial agricultural fields as
needed to accommodate cultivation, pruning and other agronomic practices. In addition, EC
provides independent measurements of all components of the surface energy balance, and a
measure of the uncertainty of ET data collected can be calculated using energy balance closure
analysis [35].

The following EC instrumentation will be deployed on the flux towers: an Infrared Gas Analyzer
and Sonic Anemometer (IRGASON) (Campbell Scientific, Inc. Logan, UT) to measure water flux,
orthogonal wind components, sonic temperature, and barometric pressure; a CNR4 four-
component Net Radiometer (Kipp & Zonen B.V., Delft, Netherlands) to measure the net energy
balance between incoming and outgoing shortwave and longwave radiation; six HFP0O1 Soil Heat
Flux Plates (Huskeflux Thermal Sensors B.V. Delft, Netherlands) to measure soil heat flux; six
TCAV Averaging Soil Thermocouple Probes (Campbell Scientific, Inc. Logan, UT) to measure
the average temperature of the soil, and six CS650 Water Content Reflectometer (Campbell
Scientific, Inc. Logan, UT) to measure soil volumetric water content, bulk electrical conductivity,
and temperature (these two sensors are paired together to measure change in heat storage in the
layer of soil above the soil heat flux plate); and an HMP155A (Vaisala, Vantaa).

Integrating field observations for predicting GHG emissions from guavule farmland: We will
integrate crop and soil measurements from six farms in Year 1 into CLMS5.0 to assess the effect of
crop management on soil GHG emissions and total GHG budget. Here we will expand CLMS5.0’s
ability to represent the dynamic growth process of guayule. To assess differences in GHG
emissions between guayule cropping systems and other common Arizona cropping systems, we
will integrate experimental data from nearby control sites to characterize growth dynamics of
wheat, cotton and alfalfa. We will integrate observed gross primary productivity (GPP), crop
biomass, leaf area index (LAI), crop C/N ratios and chemical composition measurements to
develop the guayule photosynthetic carbon fixation following the methods of Song et al. [36, 37],
and the dynamic carbon and nitrogen allocation feedbacks in response to climate and nutrient
availability. We will incorporate observed evapotranspiration and GPP data to develop crop
stomatal conductance and hydraulic conductance parameters and estimate water use efficiency of
different crop systems. We will incorporate observed soil, temperature, moisture, carbon and
nitrogen stock, physicochemical properties and organic C and N mineralization rates at three
sampling depths to determine vertical soil heterogeneity and its effects on soil organic matter
(SOM) decomposition and N mineralization.

The carbon modeling work will be used to predict GHG emissions of different framing operations
to define the best climate smart agricultural practices. A priority of the project includes evaluation
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of precision N application due to the issue of N>O production. The data from different plots,
combined with plant composition, will enable model parameterization and the development of a
tool to estimate precision N fertilizer demand at each crop growing period and guide N fertilizer
investment to acquire optimized crop yields with reductions in N2O emissions related to N
fertilizer application. The modeling work includes evaluating the effects of biochar and biosolid
addition on SOM decomposition and N mineralization. The model will be parametrized through
measured SOM decomposition rates and N mineralization rates. This approach will advance
CLMS5.0’s ability to mechanically simulate biochar and biosolid effects on SOM decomposition
and N mineralization, All these efforts will transform CLMS5.0 into an assessment tool that will
directly evaluate the effect of precision N fertilizer application, biochar and biosolid addition on
GHG emissions from guayule cropping systems. Finally, we will integrate CLMS5.0 model outputs
with the USDA COMET-Farm tool by using CLMS5.0-estimated GHG emissions, carbon
sequestration, crop yields, and water use efficiency under different management practices for
identifying the climate-smart management practices for guayule cropping system.

Life cycle assessment.: The experimental data and the results from the model will be coupled with
an existing life cycle assessment and techno-economic analysis (TEA) model to quantify the
emissions and economics of each farm plot. The existing model will be expanded to incorporate
direct emissions as measured and soil carbon changes as measured and modeled. The work will be
based on ISO standards and methods defined by the USDA [16]. The end-product will include a
direct trade-off assessment of the environmental benefits and corresponding costs. Data feedback
from the LCA and TEA modeling work will be used to make recommendations that meet
sustainability targets.

B. Approach to Monitoring of Practice Implementation

Data from the first two years of the project will inform best practices for growing climate-smart
guayule in the later years. The initial adopters will have extensive monitoring of their fields as
described in Section ii.A and the data will inform and validate models. As more growers adopt
guayule, the project team will monitor these additional acres quarterly and use the validated model
to assess implementation of best practices. At a minimum, each farm plot will represent a
sustainability case study with total GHG emissions, water intensity and economics quantified. We
will continue to perform extensive monitoring of the highly instrumented early adopters over five
years to understand the cumulative GHG emissions, carbon sequestration, water use, and socio-
economic and environmental co-benefits. The Extension team will maintain strong
communications with the growers who adopt guayule under this project and support best
management practices. In cases of challenges or barriers, the team will exert necessary efforts to
provide timely solutions.

C. Approach to Reporting and Tracking of Greenhouse Gas Benefits

The work includes the complete sustainability assessment of each farm, through direct
measurements and/or modeling. This approach includes understanding previous carbon intensity
through the use of COMET-Farm and the generation of site specific GHG and economic results.
The improved CLM5.0 model will be used as an assessment tool for supporting the evaluation of
GHG benefits at each farm under different agricultural practices. The system boundary and the
functional unit of the sustainability modeling, which include LCA and TEA, enables the evaluation
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of a guayule biorefinery for the production of natural rubber and co-products. The modeling work
supports holistic evaluation at the farm and commodity level. Direct evaluation of the cost for
carbon savings is a natural output from the integrated LCA/TEA modeling. The integrated
ecosystem model will generate anticipated GHG benefits per farm, per project, per commodity
produced, and per dollar expended. These model outcomes will support modification to COMET-
Planner to support the evolution of the longevity of the GHG benefits in the desert Southwest. We
will quantify anticipated GHG benefits by comparing total GHG emissions in the guayule cropping
system under different management practices with the corresponding GHG emissions from nearby
contemporary cropping systems. The work can be used to not only evaluate and define best
practices for guayule but for conventional cropping systems as well.

Anticipated GHG benefits: Without considering soil carbon or direct field emissions, guayule-
based rubber is already competitive (1.03 kg COz-eq per kg rubber) with traditional Hevea rubber
production (1.21 kg COz-eq per kg rubber) based on life cycle GHG accounting [5, 38]. Guayule
can dramatically exceed natural rubber production from Hevea due to the use of desert land
compared to tropical land and implementation of climate-smart practices. We anticipate, with
implementation of climate-smart practices, domestic natural rubber production can produce
carbon-negative rubber, which will have huge climatic impacts considering approximately 3
million metric tons of natural rubber is consumed in the US each year. We will further investigate
the future benefits based on modeling work with the improved CLMS5.0 model to estimate GHG
benefits per farm and per unit of rubber production under different climatic scenarios. We will also
run the model using projected climate forcing data from ensemble climate models (e.g., CMIP6)
under different scenarios (e.g., RCP4.5, RCP6.5, RCP8.5). Modeled change trends in GHGs
emissions among different management practices will then be compared to quantify the longevity
of GHG benefits.

D. Approach to Verification of Greenhouse Gas Benefits

The verification of GHG benefits will be done through experimental validation of modeling
efforts. GHG emissions from the experimental plots will be measured and monitored using USDA-
approved methodologies as described above. We will collect data at sufficiently high frequency to
ensure quality of information and accurately capture GHG benefits. Monitoring both soil GHG
emissions and site-level GHG emissions will allow us to compare GHG benefits from soil carbon
sequestration and crop carbon sequestration and assess the tradeoff of GHG benefit and economic
yields benefit of crop systems. GHG emissions data will also be collected from different cropping
systems, including cotton, wheat, and/or alfalfa neighboring our experimental plots, to indicate
comparative GHG benefits of ‘climate-smart’ guayule systems. These ‘check’ sites will serve
essential comparisons to evaluate environmental impacts of the guayule system. All observation
data from the crop systems will be incorporated into the CLMS5.0 model to parameterize distinct
growth processes and carbon emission processes of different crop systems and their response to
various management practices and support updates to COMET-Farm.

E. Agreement to Participate in the Partnerships Network

The project team 1s committed to advancing the state of the art of agriculture GHG accounting,
modeling, and dissemination. The team will be an active member in the partnership network.
Furthermore, we expect to be a critical partner because the work proposed focuses on desert
Southwest cropping systems which to date has not been a focus and represents an agriculture
practice area with significant knowledge gaps.
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iv. A Plan to Develop and Expand Markets for Climate-smart Commodities

Bridgestone is providing more than $35M in cost share, demonstrating its commitment to the
development of the climate-smart natural rubber commodity. UArizona’s Sustainable Bioeconomy
for Arid Regions (SBAR) Center and its Extension group already support several projects to
develop guayule as an economic crop. Small farmers have started to grow guayule in Arizona,
convinced by the existing and growing market for the natural rubber commodity. The opportunity
for implementation of climate-smart practices leverages these existing investments and is a
seamless mission since the establishment of the commercial viability of the crop will happen
concurrently with these ongoing efforts. Cooper Tire and Rubber Company, EnergyEne, Inc. and
GuaTecs are additional companies investing in guayule. Cooper Tire was part of the Biomass
Research and Development Initiative Grant (BRDI) that was completed in 2017.

A. Partnerships Designed to Market Resulting Climate-smart Commodities

The proposed system supports the development of a biorefinery with multiple products: solid
rubber, latex, bagasse and resin. We have commercial partners interested in the concept,
specifically based on the commodities being biobased, climate-smart, and affordable.
Bridgestone will use the produced solid rubber for eco-friendly tires and will market them as a
climate-smart products. This corresponds to Bridgestone’s current effort of a circular strategy
implementing recycling of end-of-life tires into a clean energy biofuel along with partner
Lanzatech. In addition to solid natural rubber, the Bridgestone facility will produce latex, an
aqueous suspension of rubber used for dipped goods, such as medical gloves. Discussions are
underway with a potential latex distributer, Corrie MacColl International. Bridgestone also
works with Versalis on co-developing additional products from the guayule resin and bagasse.
Processes includes their commercial biomass conversion to ethanol using cellulosic sugars
pathways. Additional commodity products from the bagasse include biofuels through a pyrolysis
pathway in collaboration with Frontline Bioenergy, LLC based on lowa State University
technology. From the resin, Gowan, a private agriculture input supplier, is exploring potential uses
as a bio-pesticide. Research continues through the SBAR project to develop additional markets for
the resin as an adhesive with Logitech, for use in particle board, and as a source of high value
terpenes.

B. A Plan to Track Climate-smart Commodities through the Supply Chain

Robust LCA will be used to track climate-smart commodities through the supply chain. The
primary product from the system is natural rubber. The developed LCA will enable tracking of the
GHG intensity for production from feedstock to all of the potential final products (tires, latex
gloves, biochar, resin, biofuel). The industry partner already has internal tracking, through their
quality control system, to directly allocate emissions appropriate through the end production of
tires. This data will be coupled with the developed LCA to provide an external verification of the
total GHG emissions associated with the final products.

C. Estimated Economic Benefits for Participating Producers

Growers will see a number of benefits from this type of cropping system. They will receive regular
payments every six months for two to five years depending on when they begin growing the crop.
The perennial crop will be harvested for the growers every two years and allowed to grow back
and then harvested again. The ability to grow a crop that does not require portions of their land to
be fallow due to reduced irrigation water allotments represents a huge advantage to rural farmers
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in the desert Southwest. Guayule farming thus reduces soil erosion and dust pollution as co-
benefits. Growers will also benefit from the stability of the long-term nature of the contract
compared to year-by-year fluctuations associated with other commodity crops.

In addition, we are pursuing a voluntary program for the certification of GHG emissions reduction
called Verified Carbon Standard Program with the nonprofit DC-based corporation Verra. Those
VCUs can be sold on the open market by the grower. We will provide information to the growers
and interested industry partners based on our integrated LCA and techno-economic modeling.

D. Post-project Potential

The timing of the project will enable the adoption of climate-smart agricultural processes as the
industrial crop will be commercialized through the project with farmers open to project-defined
best practices. This pilot project will lead to a second phase, where the remaining three processing
lines proposed by Bridgestone will be activated. This expansion is planned to occur two years after
the 2027 opening and will require a total of 100,000 acres. This model will then be replicated in
a second area of the Southwest. Bridgestone is heavily invested in developing a new agricultural
guayule variety with higher rubber yield to increase the rate of return. Growth of these high rubber
producing plants will spur additional processing facilities in Texas, New Mexico, Arizona, and
California as well as other countries such as Mexico. Other companies vested in guayule include
Cooper Tire, EnergyEne, Inc., GuaTecs, and latex companies. The foundational work developed
in this project will define the climate-smart agricultural practices that will be adopted across
geographic regions. Extension bulletins, publications, model results, and models will be available
to the public including all guayule growers and processers.
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Answers to the Questions asked

e Will all climate smart agriculture practices implemented through this project meet NRCS
practice standards? What is your process for ensuring that implementation of the
practices meet NRCS standards?

Climate smart agricultural practices will be implemented through this project to meet NRCS
standards. The applicable NRCS standards include: Code 327 Conservation Cover; Code 328
Conservation Crop Rotation; Code 590 Nutrient Management; Code 315 Herbaceous Weed
Management; Code 595 Integrated Pest Management; Code 441 Irrigation System,
Microirrigation; and Code 449 Irrigation Water Management. The Extension agents and
Bridgestone, Americas agricultural experts will work with growers to assure these standards
are implemented and obtain data from the growers. There will be 5 test plots set up on
growers’ farms that will be continuously monitored by Extension agents and will
demonstrate best practices. In terms of irrigation practices, the bid process for finding a
vendor for the new irrigations systems will require that the vendor implement NRCS
practices. A Logic Model for implementation of practices that assure adoption of NRCS
Standards is included with this document.

* Are you proposing to implement any practices on land that is not currently used for
agricultural production? No

e Will any practices involve ground disturbance below the plow zone, such as fencing? No

o Please describe any potential project activities that may involve concentrated animal
feeding operations (CAFOs)? N/A

e Technical assistance is the responsibility of the grant recipient. Please clarify in your
proposal who will be providing the technical assistance.

As a land-grant institution part of the University mission is to conduct outreach and
educational activities in the state of Arizona through the UArizona Cooperative Extension.
With the experience and background of the extension individuals associated with the
project, we will provide assistance to growers and will have access to a full staff of extension
individuals if other needs are identified during the project.

More specifically, technical assistance to the growers will be done by:

Peter Ellsworth — Integrated Pest Management

Jose Carvalho de Souza Dias — Weed management
Debankur Sanyal — Soil Health

Armin Sorooshian/Robyn Grimm — Flux tower maintenance

o o O O
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Kimberly Ogden — water quality measurements

Irrigation — vendor/Ogden, bids will be obtained as requested
Trent Teegerstrom/Levi Esquerra — tribal engagement

David Dierig/Sam Wang — stand establishment and harvesting
Jason Quinn — Economic and Lifecycle information

0o o 0 ©

e Please provide a detailed description of the project’s marketing plan for the climate-
smart commodities which will be accomplished by Bridgestone Americas, Inc. As noted
in the attached NOFA, marketing plan is required as follows: A plan to develop and
expand markets for climate-smart commaodities generated as a result of project
activities, including: A. Any partnerships designed to market resulting climate-smart
commadities, B. A plan to track climate-smart commodities through the supply chain, if
appropriate, C. Estimated economic benefits for participating producers including
market returns, and D. Post-project potential, including anticipated ability to scale
project activities, likelihood of long-term viability beyond project period, and ability to
inform future USDA actions to encourage climate-smart commodities. This funding
opportunity is focused on projects that generate climate-smart commodities, and not on
projects that focus on generating carbon offsets.

Bridgestone has invested over $100 million dollars since 2012in an effort to develop guayule
natural rubber (GNR) tires and co-products. Significant innovation has occurred to progress
from shrub to final product in numerous demanding tire applications. Our first marketing
strategy began this year by introducing GNR tires to the motor sports world. Bridgestone
produced INDYCAR racing tires containing GNR side walls that debuted at the Music City
Grand Prix in August 2022. Bridgestone flew a group of 12 top reporters to the Bridgestone
Guayule Farm in Arizona a few days before the race to see how the rubber was grown and to
the Bio-Rubber Processing Center. They were flown to the race in Nashville and were
Bridgestone’s guest there. Many articles in the Press resulted. Bridgestone will have similar
marketing strategies when Climate-Smart (CS) GNR products and coproducts are developed.
The Bridgestone Communications and Public Relations Team will lead this effort and include
CS information.

GNR has also been validated as a direct replacement of Hevea natural rubber (HNR) in both
tread and side wall applications in light truck tires. For side wall application, guayule specs
surpassed control in endurance and high-speed durability test while rolling resistance is
maintained. For both severe and mild Truck, Bus, Radial tread applications, direct
replacement of HNR with Bridgestone GNR is trending toward slight wear improvement and
showed better rolling resistance. Bridgestone is continuing commercial fleet trials of GNR
tires and is also utilizing GNR-based components in the development of passenger tire
products with industry-leading sustainable material content.
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Outside of the rubber that may be used in tire production, various products/co-products are
obtained in Bridgestone’s processing of the guayule shrub. These materials include GNR
latex, resin, and bagasse. To make the guayule rubber project economically viable,
monetization of the co-products generated during Bridgestone’s processing of the guayule
shrub must occur. Bridgestone is currently pursuing numerous market areas and has already
engaged prospective customers in many of those areas. Some specific market activities by
co-product/product include:

Natural Rubber Latex—Bridgestone has developed a proprietary process to emulsify the
rubber cement obtained via the rubber extraction process to generate “guayule latex”. This
latex is an alternative to the more typically encountered HRN latex and yields rubber-based
materials with physical properties approaching that of traditional HNR. One important
distinction of the guayule latex is that it does not possess the same protein package that
Hevea contains, which leads to Type | latex allergy. Bridgestone is pursuing many of the
applications/markets where Hevea rubber is used including cosmetics; balloons; medical
gloves, devices, and associated products; specialty non-medical gloves (e.g., cleanroom,
linemen’s); latex foam; and others. A list of prospective customers (names redacted) and
their product areas is listed in the following table.

Customer 1L us Specialty Gloves
Customer 2L Austria Surgical Gloves
Customer 3L us Condoms

Customer 4L us Balloons

Customer 5L Japan Cosmetics

Customer 6L us Food (Chewing Gum)
Customer 7L us Custom Compounder
Customer 8L us Latex Tubing & Custom
Customer 9L us Balloons & Custom
Customer 10L us Specialty Gloves
Customer 11L NL/US Talalay Latex Mattresses

Resin—The product known as “resin” is a collection of various compounds that is dissolved
in the solvent system and separated from the high molecular weight guayule rubber.
Components of the resin include low molecular weight guayule rubber, terpenes,
sesquiterpenes, and other guayule essential oil constituents. The resin has been evaluated
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for use in lumber/wood composites, resins, adhesive systems, insect repellents, and
flavor/fragrance applications. Bridgestone is evaluating multiple potential outlets for the
crude resin stream as well as for fractions obtained after separation of some components. A
list of prospective customers (names redacted) and their product areas is listed in the
following table.

Insecticide/Insect

Customer 1R us Repellant

Customer 2R Germany Adhesives

Customer 3R us Resins and Adhesives
Customer 4R us Resins and Adhesives
Giistormer'5R Switzerland Flavor & Fragrance
Customer 6R us Adhesives

Bagasse—The primary product on a weight basis from guayule processing is the solid plant
residual material known as “bagasse”. Guayule bagasse is a lignocellulosic material that
possesses significant fuel value. Bridgestone is evaluating numerous pathways for guayule
bagasse including internal usage of the bagasse as a green fuel, selling the material into the
fuel pellet market, production of biochar (and carbon offsets), and usage as feedstock for
bicethanol/biochemicals. A list of prospective customers (names redacted) and their product
areas is listed in the following table.

Customer 1B us Plant fuel
Biochar/Carbon Offsets
us sold into respective
Customer 1B markets
Custorner 28 US/UK Fuel Pellets
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Customer 3B us Fuel Pellets

Customer 4B Japan Fuel Pellets

Customer 5B us Biochar/Carbon Offsets
Customer 6B us Bio-chemicals

Guayule has been the subject of many Press articles regarding the water crisis in the US and
especially in the Southwest, because of the crop’s ability to save water compared to crops
currently being grown. Bridgestone and growers are often interviewed by local, national,
and international reporters. We see future interviews as a venue to promote GNR as a
climate-smart produced commodity. Plans include training growers by Bridgestone’s Public
Relations team on how to speak to the press to include Climate-Smart production.

As the definition of “climate smart” evolves, the “climate smart” designation could be
leveraged in press releases, advertisements, corporate materials, and in selected cases, on-
product. For tires that is not a given, but may be possible for certain applications
(complicated by the fact that a tire is a mixture of many materials and only the GNR would
be climate smart). In the latex and co-product applications it would be at the discretion of
the customer, but certainly easier and less confusing for the consumer because most of the
product composition would be derived from guayule and, hence, carbon smart.

As part of the SBAR project funded by USDA NIFA, some joint patents (University of Arizona
and Bridgestone Americas, Inc.) have been or are being developed for guayule coproducts.
To this end, the project will be supported by Tech Launch Arizona (TLA), the technology
transfer arm within the University of Arizona responsible for the protection of intellectual
property (IP) rights and commercialization of technology through industry partners or new
venture development. TLA works with project teams to disclose inventions, protect IP,
complete the filing and prosecution of patent applications, market and further develop IP,
and establish license agreements with companies who will further develop and
commercialize the technology. TLA provides support to researchers via a focus organization
comprising dedicated licensing managers embedded in research colleges, a business
intelligence team to prepare commercial market assessments for each invention disclosure
received by TLA, a communications and marketing team, an IP management team, and a
venture development group to mentor startup teams.

UArizona inventions are marketed to potential licensees through multiple channels,
including:

e Direct marketing campaigns targeted to companies identified as potential leads by the
business intelligence team, licensing manager, project team, TLA’s network of more than
1400 external advisors, and/or inventors,

e One-to-one contacts made with company technology scouts or other staff responsible
for in-licensing, alliances, R&D management, or business development,
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e Participation in licensing networking events via professional societies, such as AUTM,

e [nviting inquiries by passively marketing on technology marketplace platforms, such as
Leading Edge Only, In-Part, as well as UArizona’s own website for technologies available to
license (https://techlaunch.arizona.edu/technologies/technology-portfolio)

Inventors are invited to participate in customer discovery opportunities through the NSF I-
Corps program, and several UArizona teams have gone further to complete a national NSF |-
Corps cohort.

e Provide a detailed description on how you plan to track climate smart commodities
through the supply chain, include any actions that Bridgestone Tires will take.

Sustainability modeling work includes life cycle assessment which inherently will track all
emissions, indirect and direct, from the farm through to the end product. Currently, the team
has an integrated TEA and LCA model that captures all the unit process operations for the
production of rubber. This will be expanded to include the production of tires and co
products in this project. The integrated model captures all energy and mass through all
operations. These serve as inputs to life cycle assessment modeling which converts them to
emissions through life cycle inventory data. The modeling includes the supply chain for
consumables and energy and includes the end fate of the produced products of which there
are three primary ones, rubber, resin, and bagasse.

* Please provide clarification on the ownership of the raw production and how that will be
transferred to Bridgestone Americas, Inc.

Bridgestone Americas, Inc. is responsible to (i) provide the guayule Crop by direct seeding it
on the growers Property on or around April 15 or September 15 of each year as the number
of acres is increased, (ii) they will visit fields at least twice a week in the first two months and
then at least bi-weekly in the third and fourth months to provide Grower with pest and
irrigation management advice and (iii) they will harvest the guayule biannually.

e Please review the Federal Regulations regarding intellectual property rights and the
agreement between University of Arizona and Bridgestone Tires to ensure compliance.

We will ensure compliance with Federal Regulations regarding intellectual property rights.
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Attachment - Benchmarks

Benchmarks and Milestones

Q2 2023 Q3 2023 Q42023 Q1 2024
Number of producers involved 4 5 8
Number of underserved producers involved 1 1 2 2
New acres 250 50 1000
Number of acres involved (cummulative numbers) 250 300 300 1300
Dollars provided to producers per time period $296,250 $59,250 S0 $1,404,000
Total number of dollars provide (cummulative numbers) $296,250 $355,500 $355,500 $1,759,500
GHG Benefits (Metric Tons of CO2e Reduced or Sequestered) cummulative -2.44E+05| -5.69E+05( -9.01E+05 -2.21E+06
Number of new marketing channels* expanded 11
Number of marketing channels* established
Number of measurement tools utilized 1 2 4 6
Outreach, training and other technical assistance (same as number of
producers) 4 5 5 8
Other MMRYV and supply chain traceability attributes
Other measurements of work related to marketing of commaodities (TEA and
LCA papers) 1
Demonstrated engagement of major partners (sum of growers and coproduct
potential marketers) 15 5 5 8
Climate smart technologies employed (if applicable) 2 2 4 4

Marketing channe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>