. .Ntnm>>m Aw



Overcoming ecological barriers to dryland
restoration: innovative techniques and
community-engaged approaches across spatial
scales and environmental gradients

Emily H. Swartz

Advisor:
Dr. Caroline A. Havrilla

Committee:
Dr. Cynthia S. Brown
Dr. Mark Paschke
Dr. Seth Munson




GRADUATE DEGREE
/ PROGRAM IN ECOLOGY
SARE COLORADO STATE UNIVERSITY
J‘ . FOREST AND RANGELAND
STEWARDSHIP
Sustainable Agriculture COLORADOD STATE UNIVERSITY
Research & Education

T A
WESTERN
ALLIANCE

FOR RECLAMATION
MANAGEMENT

USDA

=~
Climate
Hubs
















Drylands are often considered “wastelands”
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Drylands are diverse and ecologically important
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Drylands comprise 41.3%
\ ¢ ofthe global land area
[
}l‘ In percent of the global terrestrial area
O 10 20 3|0 4|0 4.1
Dryland Systems ‘
I Arid
Semiarid Population I. ‘
Dry Subhumid : . : : :
O 10 20 30 40 44
In percent of the global population
MEA, 2000 adapted and mapped by Nora Bales 2026 Drylands are home to 31.7% of the population in 2000
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Seed-Based Restoration Success in Drylands is Low
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Chapter 1: Place-Based Restoration
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Chapter 1: Place-Based Restoration
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Climate-adapted restoration strategies need to reflect novel conditions
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Biotic Barriers
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Broadcast Seeding
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Media Luna Rock Structure
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Moisture retention strategies show promise
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Chapter 1: Key Results

« Techniques to improve moisture
retention showed promise and may
be more effective in less
competitive sites

* Need for more iterative and
adaptative invasive species
management to deal with multi-
species invasion

* Increased precision restoration
intensity may be needed at highly
degraded sites facing numerous
barriers
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Seed pellets containing activated carbon increase
emergence of native plant species used in dryland
restoration following herbicide application
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Seed Pellets
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Seed pellets improved emergence relative to broadcast seeding
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Under herbicide treatment, seed pellets containing activated

carbon had the highest emergence.
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Pellet composition had limited effects on emergence.
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Chapter 2: Key Results

» Seed pellets enhanced emergence
compared to broadcast seeding.

 Where chemical weed
management is necessary, seed
pellets containing activated
carbon had higher emergence
and should be considered.

* Activated carbon additions
provided no clear benefit in the
absence of herbicide.

| Introduction | Chapter1 | Chapter 2 | Chapter 3 | Conclusion




Chapter 3:
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Soil restoration increases soil health across global drylands
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Pitting
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Soil Inoculum
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Targeted Livestock Treatment
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Treatment effects were constrained by drought
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Active seeding increased desirable species density,

but soil inoculum had neutral effects \ Jo
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Targeted Livestock

Targeted livestock treatment had largely neutral effects e
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Pitting increased density at sites characterized by pulse precipitation
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Pitting
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Seed

Seed pellets had neutral or negative effects
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Chapter 3: Key Results

« Environmental conditions likely
constrained treatment impacts

 Soil moisture retention through
pitting showed promise, while
seed pellets, soil inoculum and
livestock treatment had largely
neutral effects

« Layered restoration
interventions did not increase
success under drought
conditions
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Key Results

* Moisture retention
treatments (e.g., pits, coarse
woody debris, media lunas)
have potential to increase
seeded species success

» Seed pellets show promise
under greenhouse
conditions but need further
refinement for field
applications

 Site conditions likely
constrained treatment
impacts

Introduction | Chapter1 | Chapter 2 | Chapter 3 | Conclusion




| Introduction | Chapter1 | Chapter 2 | Chapter 3 | Conclusion




Map released: Thurs. March 12, 2026
Data valid: March 10, 2026 at 8 a.m. EDT
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Supporting dryland restoration success with applied
ecological forecasting of seeding outcomes
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Thank you!

Questions?
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