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Plant Responses to Changing Conditions



The Little Colorado River
● Nort he rn  Arizona , wit h in  t he  Colorado 

Pla t e au
● Major t rib u t a ry of t he  Colorado Rive r
● Charac t e rize d  b y:

○ Se m i- a rid  c lim a t e
○ Variab le  flows / Ephe m e ra l
○ Sa line  and  a lka line  floodp la in  s oils  

● Inc re as ing s u rface  s a lin iza t ion
● Wid e s p re ad  invas ion  b y Tam arix (s a lt ce da r)
● Ecologica lly and  cu lt u ra lly s ign ifican t  t o  

Ind ige nous  com m unit ie s

USGS



The Restoration Challenge

0 1 Increasing salinization in 
Southweste rn riparian systems

0 2 Tamarix invasion alte rs soil & 
hydrology

0 3 Restoration success varie s unde r 
stre ss 



Drivers of Surface Soil Salinity in Riparian Systems

Evapoconcentration
● High  e va p ora t ion  ra t e s
● Sa lt  a ccum ula t ion  a t  s oil s u rfa ce

Tamarix InfluencesHydrologic Alte ration
● Re d uce d  ove rb a nk flood ing
● Sha llow s a line  ground wa t e r ris e

● High  t ra ns p ira t ion  ra t e s
● Sa lt  e xc re t ion  t h rough  le a f gla nd s
● Le a f d e com p os it ion  inc re a s e s  s u rfa ce  

s a lt  loa d s
● Incre d ib ly d e ns e  s t a nd s  of Ta m a rix 

t h roughou t  t he  LCR



Knowledge Gaps

Most studies test salinity in isolation

Few integrate salinity x competition

Limited data on source population tolerance

Bottom line: How does willow respond to 
compounding effects of competition with 
Tamarix and increased salinity stress?



Does increasing salinity reduce willow growth?

Does Tamarix compe tition intensify these  e ffects?

Do high-salinity sourced willows pe rform be tte r under 
stre ss?

Research Questions



Field Site Context
● 3 willow source  populations

● Floodbank habitats along the  
Litt le  Colorado Rive r

● Se lected using surface  salinity 
risk asse ssments

● Research conducted with Tribal 
pe rmitt ing

● Salinity Gradient:

○ Low: LDCA

○ Moderate: LWCA

○ High: MFCAM

Focal: Cameron, AZ
● Highest salinity stress: 

persistent flooding, 
shallow water tables, and 
concave surfaces.

Focal: Diablo Canyon, Birdsprings, AZ
● Low-moderate salinity site where 

shallow saturation and flooding 
promote surface salt buildup, creating 
early stage stress for native willows.

Focal: Wolf Crossings, Leupp, AZ
● Moderate salinity risk due to 

riverwash soils, shallow water 
tables, and salt-concentrating 
landforms.

Competitor: Grand Falls, AZ
● Patchy salinity risk dominated by 

riverwash soils; shallow 
saturation and flooding variable 
microsite stress.



Experimental Design

Focal Willow 
Collections -
Early 2025

Pairings - June 
2025

Greenhouse 
Growth (~13 

weeks)

Finals 
Phenotypic 

Traits 
Measured 
(October 

2025)

Salinity 
Treatment

Phase One (0-6 
weeks)

Phase Two (6-13 
weeks)

Control 0 ppt NaCl 0 ppt NaCl

Low 1 ppt NaCl 5 ppt NaCl

High 5 ppt NaCl 10 ppt NaCl

*Measurements focused on focal willows only.



Measured Variables

Aboveground

Be lowground

Physiology

● He igh t
● Ba s a l Dia m e t e r

● Biom a s s  Alloca t ion
● Root  Arch it e c t u re

● Ga s  Excha nge
● Phot oche m ica l Effic ie ncy



Willow Height Declines with Increasing Salinity and Competition
Low - salinity source Moderate - salinity 

source
High- salinity source

Salinity p < 0.001

Competitor p < 0.001

Salinity:Competitor p < 1

*Error bars indicate ± 95% CI



Increasing Salinity Drives Greater Root Allocation

Salinity p < 0.001

Competitor p < 0.05

Population p < 0.05

*Error bars indicate ± 95% CI

Low - salinity source Moderate - salinity 
source

High- salinity source



Low Salinity Treatments Enhance Water-Use  Efficiency

Low - salinity source
Moderate - salinity 

source High- salinity source

Salinity p < 0.001

Fieldsite p < 0.001

Salinity:Fieldsite p < 0.05

*Error bars indicate ± 95% CI



Integrating the Stressors 

S

O

● Willow p la s t ic it y
● Som e  s ource  p op u la t ions  

s how t ole ra nce

Strengths

● St ra t e gic  s ou rce  s e le c t ion
● Ta m a rix re m ova l t im e d  wit h  

low s a lin it y wind ows

Opportunitie s

W

T

● Growt h  s up p re s s ion  und e r 
h igh  s a lin it y

Weaknesses

● Incre a s ing c lim a t e - d rive n  
s a lin iza t ion

● Cont inue d  hyd rologic  
a lt e ra t ion

● Inva s ive  d om ina nce  in  
s t re s s e d  m ic ros it e s

Threats



Research Implications
● Source  popu la t ion  s e le c t ion  m ay in flue nce  

re s t ora t ion  s ucce s s  unde r s a lin it y s t re s s

● In t e rac t ions  be t we e n  s a lin it y and  invas ive s  —
t he y s hou ld  not  be  m anage d  inde pe nde n t ly

● Phys iologica l m e t ric s  can  p rovide  e a rly s t re s s  
ind ica t ors

● Re s t ora t ion  p lann ing s hou ld  incorpora t e  s it e -
s pe c ific  s a lin it y ris k a s s e s s m e nt s

● In t e gra t ing hyd rology, s oil che m is t ry, and  
invas ion  dynam ics  im prove s  ou t com e  
p re d ic t ion



Questions?

Thank you!
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