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Drylands cover 40.6% of Earth’s landmass & support 2.3 billion people

Southwest
ern 
Colorado, 
USA
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Maestre et al. (2024) | NPJ Biodiversity 

Drylands are highly diverse ecosystems that support immense biodiversity 
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Drylands experience widespread land degradation and climate change

Jones et al. (2013)

Extraction

Land use change

Overgrazing

Aridification
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Active restoration interventions are often needed 
to address dryland degradation

Seed Vector Art  Graphics | freevector.com

Seed-based restoration

…but, conventional approaches have limited success 
in meeting large-scale dryland restoration projects…

Barriers

Additional restoration treatments

https://www.freevector.com/vector/seed


Precision restoration
As defined by Copeland et al. (2021) 

A framework to increase the success of 
ecological restoration by targeting 
specific biotic and abiotic barriers

10Photo | TNC Canyonlands Research Center 

involving local communities and 
knowledge systems is key



Adaptation of Colorado State University’s Continuum of Engaged Scholarship (2019)  
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How can we use community-engaged precision 
restoration to restore degraded drylands?
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Southwestern Colorado and the Ute Mountain Ute Reservation 



16Photo | Carrie Havrilla



“We need ‘groceries’ for the cattle.” ~ Former Chairman Manuel Heart
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Using collaborative restoration science, how can we find solutions to 
promote success of seed-based restoration in degraded drylands?
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Seed pellet 
technology

RestoreNet + local 
restoration treatments

Support the Tribe’s dryland restoration decision-making 

Relationship-building and collaboration

Collaborative dryland restoration research

Climate-adaptive 
place-based 
restoration
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Respect and support Tribal goals and 
sovereignty. CSU was invited by UMUT leadership 
to support the Tribe’s restoration and climate 
adaptation goals. Follow the lead of Tribal members 
and Environmental Programs leadership. 

Acknowledge Indigenous and Traditional 
Ecological Knowledge. Tribal members and elders 
have great knowledge of these lands, plants, and 
ecosystems that extends back generations. 

Show up. Sustain community engagement and 
listen. Invited participation at listening sessions to 
identify community needs.
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UMUT relationship building &
research co-development 
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Place-based restoration of a culturally important site 
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Abiotic Conditions
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Hobbs et al., 2009

Climate-adapted restoration strategies need to reflect novel conditions
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Biotic barriers
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Seed-based 
restoration

Media lunas Seed pelletsCoarse woody debris

Precision restoration 
treatments
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Precision reperimental treatments
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Herbicide controlled knapweed, but triggered a strong secondary invasion
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Treatment effects were limited, but moisture retention strategies showed 
promise for increasing SBR success 

Rick Merrill

L. lewisii | Katie Laushman

K. lanata 

Media LunaControl Seed Pellets
Coarse 
Woody 
Debris

Broadcast
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Seed + Clay  + Other optional Amendments 

Seed pellets may be useful because: 
● Protect seeds from potential predators
● Protect seeds until germination conditions are ideal 

(e.g., large precipitation event)
● Improve seed distribution and seeding efficiency
● Easy way to add amendments
● May improve germination and establishment 

success 

…but our understanding of best practices for seed pellet 
synthesis in precision restoration is limited…

Seed pellets (or “seed balls”) 
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!



Seed pellet experiments (in the greenhouse) 
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METHOD

Which method of making seed pellets 
best supports seedling establishment?

Mechanically-madeHand-made
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Mechanically-made seed pellets increased seeded species establishment relative to broadcast seeding

Photos: Emily Swartz
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Does adding activated carbon to seed pellets protect seedlings from herbicide?

Swartz, Caldwell, and Havrilla (2026)  
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Swartz, Caldwell, and Havrilla (2026)  



SOIL MICROBIAL 
ADDITIONS

Biocrust: soil surface dwelling communities of: 
cyanobacteria, lichen, and moss. 

Benefits: soil stability, water retention, improved fertility 
(N)

Does adding biocrust inoculum to seed pellets 
promote seed germination and growth? 

Finding: Yes! Soil microbial additions (biocrust) 
improved emergence in and out of seedballs
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Summary: promising seed pellet strategies and amendments 
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MECHANICALLY-
MADE 

ACTIVATED 
CARBON 

BIOCRUST 
INOCULUM



Seed pellet 
technology

RestoreNet + local 
restoration treatments

Support the Tribe’s rangeland restoration decision-making 

Relationship-building and collaboration

Collaborative dryland restoration research

Climate-adaptive 
place-based 
restoration



RestoreNet
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42UMUT RestoreNet site | May 2021



Once plants establish, they can survive and thrive 
▪ “Restoration islands” may be a restoration tool

Most successful species:
▪ Pascopyrum smithii (Western wheatgrass) 
▪ Krascheninnikovia lanata (Winterfat)
▪ Oryzopsis hymenoides (Indian Ricegrass)
▪ Linum lewisii (Blue flax) 
▪ Penstemon palmeri (Palmer’s penstemon)

Outplanting success
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Seed pellet 
technology

RestoreNet + local 
restoration treatments

Support the Tribe’s dryland restoration decision-making 

Relationship-building and collaboration

Collaborative dryland restoration research

Climate-adaptive 
place-based 
restoration

Low-cost water retention 
treatments (e.g., pits, woody debris) 

may improve seeding success

Outplanting success suggests 
“restoration” islands may be an 

important future tool 

Seed pellets can aid establishment, 
but it matters how you make them 

and what’s in them 

Broadcast seeding alone is 
ineffective 
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1 | Collaborative precision 
restoration in southwestern 

Colorado 

2 | Livestock and soil inoculation 
treatments across RestoreNet

3 | Ecovoltaics: Harnessing the 
upsides of change?

How can we use community-engaged precision restoration to restore degraded drylands?
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RestoreNet
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RestoreNet “1.0” restoration treatments



RestoreNet
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“RestoreNet 2.0”: Harnessing livestock and soil microbes  
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Kimmell, Fagan, & Havrilla (2023)  

Soil restoration improves soil health across global drylands



Precision restoration treatments
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Restoration treatments (increasing intensity) 
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Most Arid

Treatment effects have been constrained by drought

Least Arid

Data from U.S. Drought Monitor | 2026



Pitting increased density at sites characterized by pulse precipitation

*

+

Pits

Most Arid Least Arid



Targeted livestock treatment overall had neutral effects on seedling density

Targeted Livestock 

Treatment



Active seeding increased desirable species density, 
but soil inoculum and seed pellets had neutral effects



Take aways

60

• Environmental conditions (drought, again!) 
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. 
More is not more when the conditions are 
wrong.
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Dryland solar development – a double-edged sword for dryland restoration?
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63Photo | Pivot Energy



Ecovoltaics
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Sturchio & Knapp (2023) 



Exploring potential synergies between PV systems and dryland restoration
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Figure generated with Google AI (Nano Banana 2)



1 | Collaborative precision restoration 
in southwestern Colorado 

2 | Livestock and soil inoculation 
treatments across RestoreNet

3 | Ecovoltaics: Harnessing the 
upsides of change?

Precision restoration, sustained engagement, and creativity are key to tackling barriers to dryland restoration

Co-producing science with local 
communities supports improved 

decision-making, resource 
allocation, and restoration success 

Stories of low success are 
important too, and support 

resource allocation, and next 
steps of collaborative learning

Change is hard. But some changes 
may also provide opportunity



Adaptation of Colorado State University’s Continuum of Engaged Scholarship (2019)  
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Carrie Havrilla 
Colorado State University
Caroline.Havrilla@Colostate.edu
www.drylandecology.com 

 

Questions? | Get in touch

Check out our lab!

mailto:Caroline.Havrilla@Colostate.edu
http://www.drylandecology.com/
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