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Goal:  Stable, Healthy, 
Functional Landscapes



Background
• Risk of tree loss

– Limited diversity
– Poorly-adapted species

• Primary point of leverage
– Tree selection



Goals
• Change tree palette to 

more resilient species 
• 20-year study to test 

promising cultivars
– Resilience to climate 

change
– Other qualities

• Network of sites and 
collaborators

• Share performance 
information



Projected Climate
Projected Changes in USDA Hardiness Zones 

City

2010-2019        
Avg Min 
Temp (°F)

Current 
Hardiness 

Zone

2080-2089      
Avg Min 

Temp (°F)

Predicted 
Hardiness 

Zone

Redding 34.1 9B ->10A 40.6 10A-> 11A

Sacramento 36.7 9B ->10B 42.4 10B-> 11A

Merced 33.6 9A ->10A 38.9 10A-> 10B

Fresno 34.6 9B ->10A 40.0 10A-> 11A

Bakersfield 36.3 9B ->10B 41.5 10B-> 11A

• Temperature
– 1 zone change

• Precipitation
– 110% increase
– More winter, less 

summer 

http://cal-adapt.org/tools/

http://cal-adapt.org/tools/


Species Profiles
TRAIT Source Description

Soil Moisture Selec Tree Soil moisture required by tree species for establishment.  
Soil Texture and 

pH
Selec Tree Trees species tolerance of a range of soil pH and textures. 

Sunlight 
Exposure

Selec Tree Tree species tolerance of full sun, shade, and filtered exposure. 

Drought 
Tolerance

WUCOLS Water needs of tree species: high, moderate, or low water needs. 

Wind Tolerance Selec Tree Branch strength of tree species: strong, medium, weak.

Salt Tolerance
Selec Tree and Wu 

and Dodge 2005
Salinity tolerance

Cold Hardiness
USDA

Cal-Adapt
 Species tolerance of minimum temperatures in Central Valley. 

Invasiveness Cal-IPC Potential for species invasiveness: severe, moderate, minor.

Current Pest and  
Disease Threats

Pest Vulnerability 
Matrix (PVM)

Current pest and disease threats that pose risk to tree species. 

Emerging Pest 
and Disease 

Threats

Pest Vulnerability 
Matrix (PVM)

Emerging pest and disease threats that could pose risk to tree species in the 
future.

HABITAT SPECIFICITY

PHYSIOLOGY

BIOLOGICAL INTERACTIONS


Species Vulnerability Tool

				General Tree Information														Habitat						Physiology 								Biological Interactions						Vulnerability Score 

				Species		Common Name		Size		Hardiness Zone (USDA)		Sunset Zone		Shade Tree?		Hazardous Habit		Soil Texture and pH		Soil Moisture		Sunlight Exposure		Drought Tolerance 		Salt Tolerance 		Wind Tolerance		Cold Hardiness

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardiness score- Based on if a plant can tolerate the current and future min temps (current 9, future 11). May need to consider if scoring for the species range is more representative of species success in an area		Invasiveness		Major or Minor Pests and Diseases		Emerging Pests and Diseases		Habitat Score		Physiology Score		Biological Interactions Score		Total Score

				Acacia aneura		Mulga		15-20 ft. 		8b

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 15 F
		8-9, 12-24		Moderate Shading Capacity		Allergy (Health Hazard), Low Root Damade Potential		1		1		1		1		NA		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Caution- other acacias are invasive in CA
		0		1		3		2		2		7 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


				Acacia jennerae

				Acacia minuta

				Acacia notabilis

				Acacia pendula

				Acacia rigidula

				Acacia schaffneri

				Acacia smallii

				Acacia stenophylla		Shoestring Acacia		20-30 ft.		8-11		8,9 and 12-24		Low to Moderate Shade Capacity		Allergy (Health Hazard) 		1		1		-1		1		-1		-1		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Cal-IPC advises caution for acacia 		0		1		1		0		1		2

				Albizia sinaloensis

				Bauhinia

				Brachychiton acerifolia

				Brachychiton australis

				Calocedrus decurrens

				Celtis occidentalis 

				Celtis reticulata		Netleaf Hackberry, Western Hackberry		25-35 ft.		3-9		1-3 and 10-13		Moderate Shading Capacity		Allergy (Health Hazard), Low Root Damade Potential		0		1		1		1		NA

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Other members of the Celtis genus are salt sensitive		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to California
		-1		-1		2		2		-1		3 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA field. 
No salinity data


				Chilopsis linearis 		Desert Willow		25		8-9		7-14 and 18-23		Low Shading Capacity		Moderate Biogenic Emession, Allergy (Health Hazard), Low Root Damage Potential		0		1		1		1		1		1		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to CA, Texas, and Mexico

		0		1		2		4		2		8

				Chorisia insignis

				Chorisia speciosa

				Cordia boissieri

				Cordia myxa

				Cordia sonorae

				Crescentia alata

				Dalbergia sissoo		Indian Rosewood		65 ft.		10-11		13, 19, 21-24		Low to Moderate Shade Capacity		High Root Damage Potential, Thorns		0		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Wet, but well drained soil		1		1		NA		-1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Susceptible to Breakage
		1		1		1		1		1		1		3		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA field


				Ebenopsis ebano (syn. Pithecellobium flexicaule)		Texas Ebony		50 ft. 		10-11		10-13		Moderate Shading Capacity		High Root Damage Potential		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil		-1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low for other california regions, but / for Central Valley
		NA		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardy to future zone
		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Texas and North Mexico		NA		NA		0		3		1		4 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA fields- 

				Ehretia tinifolia

				Enterlobium cyclocarpum

				Erythrina bidwillii

				Eucalyptus microtheca

				Eucalyptus papuana		Ghost Gum		56 ft.		10a

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 32 F		5-6, 8-24		Moderate Shading Capacity		Moderate Root Damage Potential, No Known Health Hazards		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Does not perfer clay soil (Selec Tree)
		1		1		1		NA		NA		1		1		-1		1		2		2		1		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


				Eucalyptus spathulata

				Forchammeria watsonii

				Geijera parviflora		Australian Willow		30 ft.		9-11		8, 9, and 12-24		Moderate Shading Capacity		Moderate Biogenic Emession, No Known Health Hazards, Low Root Damage Potential 		1		1		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Selec Tree: Drought tolerant
WUCOLS: Moderate Water needs		NA		0		1		1		1		1		3		1		3		7 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Geoffroea decorticans 

				Hesperocyparis macnabiana		MacNab Cypress		20 ft.		8		9-14 and 18-20		Dense, Evergreen Leaves		Low Biogenic Emission, Low Root Damage Potential, Dry Fruit Litter		1		1		-1		1		NA		0		1		1		NA		NA		1		2		1		4 (NA)

				Ipomoea arborescens

				Jacaranda mimosifolia		Jacaranda, Blue Trumpet Tree, Black Poui		50 ft.		9-11		12-13 and 15-24		Moderate Shade Tree		Irritant (Health), Low Biogenic Emissions		1		0		-1		0		-1		-1		1		1		0		1		0		-1		2		1

				Leucaena greggii

				Leucaena leucocephala

				Leucaena pulverulenta

				Leucaena retusa

				Lysiloma candidum

				Lysiloma watsonii

				Maclura pomifera		Osage Orange		65 ft.		5-9		2-3, 10-13		Dense Leaves and Moderate Shade Tree		Tree has Thorns, Allergy and Irritant (Health Hazard), Moderate Root Damage Potential		1		1		1		1		NA		1		1		1		NA		NA		3		3		1		7 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Olneya tesota		Desert Ironwood		35 ft.		9-10		8-9, 11-14, 18-23		Low Shading Capacity		Moderate Biogenic Emission, No Known Health Hazard, Low Root Damage Potential, Thorns		0		1		-1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low in other CA regions, but / for the Central Valley		NA		1		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Sonoran Desert		NA		NA		0		3		1		4 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Parkinsonia florida

				Parkinsonia praecox		Sonoran Palo Verde		20 ft.		9		12-13, 18-24		Low Shading Capacity		Low Root Damage Potential, No Known Health Hazards, Thorns		0		1		-1		1		NA		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to the Sonoran Desert		NA		NA		0		2		1		3 (NA)

				Piscidia mollis

				Pistacia atlantica		Mt. Atlas Pistache		65 ft.		8-11		8-24		Moderate Shade Tree		Moderate Root Damage Potential		1		1		1		1		1		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Mediterranean Region
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		0		1		3		3		2		8

				Pistacia lentiscus

				Pistacia x ‘Red Push’ 

				Pithecellobium dulce

				Pithecellobium mexicanum

				Pithecellobium pallens

				Platanus mexicana

				Prosopis glandulosa		Honey Mesquite		20 ft. 		10-11		10-13, 18-24		Low to Moderate Shade Capacity		Tree has Thorns, Low Root Damage Potential		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil
																								

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		-1		1		NA		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Branches droop, but resist breakage
		1		1		0		1		0		3		2		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Prosopis velutina

				Prunus serotina capuli

				Quercus buckleyi 		Texas Red Oak, Nutall Oak, Spanish Oak		65 ft.		5-9		4-17		Moderate Shade Tree		Low Root Damage Potential 		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 15 F
																		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Branches droop, but resist breakage
		-1		1		NA		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
branches droop, bet resist breakage		1		1		-1		1		1		3		1		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus cerris		Turkey Oak		50 ft.		6-7		4-24		Moderate to Dense Shade Tree		Low Root Damage Potential 		1		0

lizzie roeble: lizzie roeble:
Well Drained Soil								

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
branches droop, bet resist breakage		1		1		NA		1		1		1		-1		1		2		3		1		6 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus douglasii		Blue Oak		50 ft. 		NA		1-11, 14-24		Moderate Shade Tree		Allergy and Poisonous (Health Hazard), Moderate Biogenic Emissions, Low Root Damage Potential		0		1		1		1		NA		1		NA		1		-1		1		2		2		1		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus engelmannii		Engelmann Oak, Mesa Oak, Pasadena Oak		50-65 ft.		NA		7-9,  14-21		Moderate Shade Tree		Allergy and Poisonous (Health Hazard), Moderate Root Damage Potential, High Biogenic Emission		1		1		1		1		NA		1		NA		1		-1		1		3		2		1		6 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus ilex		Holly Oak

				Quercus lobata		Valley Oak		50-70 ft.		7-9		3-9, 12-24		Moderate Shade Tree		Moderate Biogenic Emession, Allergy and Poisonous (Health Hazard), Moderate Root Damage Potential		1		1		1		1		-1		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Ca
		-1		1		3		1		1		5

				Quercus muehlenbergii		Chinquapin Oak		65 ft. 		3-9		2-12, 14-17		Moderate to Dense Shade Tree		Low Root Damage Potential 		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil																								

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardiness score- Based on if a plant can tolerate the current and future min temps (current 9, future 11). May need to consider if scoring for the species range is more representative of species success in an area		-1		0		NA		1		1		1		-1		1		0		2		1		3 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus polymorpha

				Quercus rhysophylla

				Quercus tomentella		Island Oak		20-50 ft.		NA		7-9, 14-17, 19-24		High Shading Capacity				1		1		1		1		NA		NA		NA		1

lizzie roeble: lizzie roeble:
Native to CA and Mexico
		-1		1		3		1		1		5 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


				Quercus virginiana		Southern Live Oak		50 ft.		7-10		4-10, 12-24		Moderate to Good Shade Tree		High Biogenic Emissions, Moderate Root Damage Potential, Allergy and Poisonous (Health Hazard)		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Wet to Moist 
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Ca
		1		0		1		1		1		1		-1		1		2		3		1		6

				Quercus wislizenii		Interior Live Oak		65 ft.		8		7-9, 14-16, 18-21		Dense Shading Capacity		High Biogenic Emission, Allergy and Poisonous (Health Hazard), Moderate Root Damage Potential 		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Moist to Dry
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Caution- other acacias are invasive in CA
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

lizzie roeble: lizzie roeble:
Native to CA and Mexico
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Cal-IPC advises caution for acacia 												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		1		1		NA		1		1		1		-1		1		3		3		1		7 (NA)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


																										

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Other members of the Celtis genus are salt sensitive						

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to California
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to CA, Texas, and Mexico

		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Wet, but well drained soil		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 32 F														

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low for other california regions, but / for Central Valley
																				

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA field. 
No salinity data
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Susceptible to Breakage
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Does not perfer clay soil (Selec Tree)
												

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardy to future zone
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Texas and North Mexico		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Selec Tree: Drought tolerant
WUCOLS: Moderate Water needs																				

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA fields- 		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low in other CA regions, but / for the Central Valley		Sapindus saponaria drummondii

				Schizolobium parahybum

				Sophora secundiflora

				Tabebuia chrysantha

				Tabebuia impetiginosa 

				Tabebuia chrysotricha 

				Tecoma stans stans

				Terminalia arjuna

				Terminalia catappa

				Thevetia peruviana

				Thevetia thevetioides

				Tipuana tipu

				Ulmus parvifolia 		Chinese Elm, Chinese Evergreen Elm, Lacebark Elm		65 ft.		5-9		3-24		Moderate Shade Tree		Allergy (Health Hazard), Moderate Root Damage Potential, Low Biogenic Emissions, Dry Fruit Litter		1		0		1		0		-1		0		1		1		-1		-1		2		0		-1		1

				Ulmus propinqua

				Vauquelinia californica

				Vitex agnus-castu

				Zelkova serrata





General Scoring Key

										Risk Factor		Data Source		Vulnerability Score

										Soil Moisture		Selec Tree		(-1) Species prefers wet soil (due to high rainfall). 
(0) Species prefers moist soil (due to moderate rainfall). 
(+1) Species prefers dry soil (due to little or no rainfall).

								Habitat		Soil Texture and pH		Selec Tree		Soil Texture: Clay, Loam, Sand and Soil pH: Acidic, Neutral, Alkaline
(-1) Species is restricted to one soil texture and one soil pH range. 
(0) Species tolerates two of the soil texture types and pH ranges. 
(+1) Species tolerates all soil texture types and pH ranges.

										Sunlight Exposure		Selec Tree		(-1) Species is limited to either sun, shade, or filtered exposure. 
(0) Species is tolerant to two: sun, shade, or filtered exposure. 
(+1) Species is tolerant to sun, shade, and filtered exposure.

								Physiology		Drought Tolerance		WUCOLS		(-1) Species has high water needs. 
(0) Species has moderate water needs.
(+1) Species has low or very low water needs.

										Wind Tolerance		Selec Tree		(-1) Species has weak branch strength.
(0) Species has medium branch strength.
(+1) Species has strong branch strength.

										Salt Tolerance		Selec Tree and Landscape Plant Salt Tolerance Selection Guide for Recycled Water Irrigation (Wu and Dodge 2005)		(-1) Species is sensitive (Wu and Dodge 2005) to salt or species salinity tolerance is moderate (in Selec Tree). 
(0) Species is moderately tolerant (Wu and Dodge 2005) to salt.
(+1) Species is tolerant or highly tolerant (Wu and Dodge 2005) or species salinity tolerance is good (Selec Tree).

										Cold Hardiness		USDA
Cal-Adapt		(-1) Species is not hardy to the region now or in the future.
(0) Species is hardy now, but not in the future.
(+1) Species is hardy to the region now and in the future.

								Biological Interactions		Invasiveness		Cal-IPC		(-1) Species is invasive and has severe or moderate ecological impact.
 (0) Species has a limited, or minor impact. 
(+1) Species is not invasive, or is native to California.

										Major or Minor Pest and Disease Threats		Pest Vulnerability Matrix (PVM)		(-1) Species has severe pest and disease threats.
(0) Species has moderate pest and disease threats.
(+1) Species has minor or no pest and disease threats.

										Emerging Pest and Disease Threats		Pest Vulnerability Matrix (PVM)		(-1) Species has severe emerging pests and diseases. 
(0) Species has moderate emerging pests and diseases. 
(+1) Species has minor or no emerging pests and diseases. 





Species Scoring Key

						Species Vulnerability Scoring Key

						HABIT												VULNERABILTY SCORE

						Soil Moisture		(-1) Species prefers wet soil (due to high rainfall). 
(0) Species prefers moist soil (due to moderate rainfall). 
(+1) Species prefers dry soil (due to little or no rainfall).

						Soil Texture and pH		Soil Texture: Clay, Loam, Sand and Soil pH: Acidic, Neutral, Alkaline
(-1) Species is restricted to one soil texture and one soil pH range. 
(0) Species tolerates two of the soil texture types and pH ranges. 
(+1) Species tolerates all soil texture types and pH ranges.

						Sunlight Exposure		(-1) Species is limited to either sun, shade, or filtered shade. 
(0) Species is tolerant to two: sun, shade, or filtered sun. 
(+1) Species is tolerant to sun, shade, and filtered sun.

																HABIT SCORE

						PHYSIOLOGY

						Drought Tolerance		(-1) Species has high water needs. 
(0) Species has moderate water needs.
(+1) Species has low or very low water needs.

						Wind Tolerance		(-1) Species has weak branch strength.
(0) Species has medium branch strength.
(+1) Species has strong branch strength.

						Salt Tolerance		(-1) Species is sensitive (Wu and Dodge 2005) to salt or species salinity tolerance is moderate (in Selec Tree). 
(0) Species is moderately tolerant (Wu and Dodge 2005) to salt.
(+1) Species is tolerant or highly tolerant (Wu and Dodge 2005) or species salinity tolerance is good (Selec Tree).

						Cold Hardiness		(-1) Species is not hardy to the region now or in the future.
(0) Species is hardy now, but not in the future.
(+1) Species is hardy to the region now and in the future.

																PHYSIOLOGY SCORE

						BIOLOGICAL INTERACTIONS

						Invasiveness		(-1) Species is invasive and has severe or moderate ecological impact.
 (0) Species has a limited, or minor impact. 
(+1) Species is not invasive, or is native to California.

						Major or Minor Pest and Disease Threats		(-1) Species has moderate or severe pest and disease threats.
(0) Species has minor pest and disease threats.
(+1) Species has no moderate or severe pest and disease threats.

						Emerging Pest and Disease Threats		(-1) Species has severe or moderate emerging pests and diseases. 
(0) Species has minor emerging pests and diseases. 
(+1) Species has no severe or moderate emerging pests and diseases. 

																BIOLOGICAL INTERACTIONS SCORE

																TOTAL SCORE





Species Selected

						General Tree Information														Habitat						Physiology 								Biological Interactions						Vulnerability Score 

						Species		Common Name		Size		Hardiness Zone (USDA)		Sunset Zone		Shade Tree?		Hazardous Habit		Soil Texture and pH		Soil Moisture		Sunlight Exposure		Drought Tolerance 		Salt Tolerance 		Wind Tolerance		Cold Hardiness

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardiness score- Based on if a plant can tolerate the current and future min temps (current 9, future 11). May need to consider if scoring for the species range is more representative of species success in an area		Invasiveness		Major or Minor Pests and Diseases		Emerging Pests and Diseases		Habitat Score		Physiology Score		Biological Interactions Score		Uncertainty Score		Total Score

						Acacia aneura		Mulga		15-20 ft. 		8b

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 15 F
		8-9, 12-24		Moderate Shading Capacity		Allergy (Health Hazard), Low Root Damade Potential		1		1		1		1		NA		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Caution- other acacias are invasive in CA
		0		1		3		2		2		1		7 ( ±1)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


						Acacia stenophylla		Shoestring Acacia		20-30 ft.		8-11		8,9 and 12-24		Low to Moderate Shade Capacity		Allergy (Health Hazard) 		1		1		-1		1		-1		-1		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Cal-IPC advises caution for acacia 		0		1		1		0		1		0		2

						Celtis reticulata		Netleaf Hackberry, Western Hackberry		25-35 ft.		3-9		1-3 and 10-13		Moderate Shading Capacity		Allergy (Health Hazard), Low Root Damade Potential		0		1		1		1		NA

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Other members of the Celtis genus are salt sensitive		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to California
		-1		-1		2		2		-1		1		3 (±1)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA field. 
No salinity data


						Chilopsis linearis 		Desert Willow		25		8-9		7-14 and 18-23		Low Shading Capacity		Moderate Biogenic Emession, Allergy (Health Hazard), Low Root Damage Potential		0		1		1		1		1		1		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to CA, Texas, and Mexico

		0		1		2		4		2		0		8

						Dalbergia sissoo		Indian Rosewood		65 ft.		10-11		13, 19, 21-24		Low to Moderate Shade Capacity		High Root Damage Potential, Thorns		0		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Wet, but well drained soil		1		1		NA		-1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Susceptible to Breakage
		1		1		1		1		1		1		3		1		5 (±1)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA field


						Ebenopsis ebano (syn. Pithecellobium flexicaule)		Texas Ebony		50 ft. 		10-11		10-13		Moderate Shading Capacity		High Root Damage Potential		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil		-1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low for other california regions, but / for Central Valley
		NA		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardy to future zone
		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Texas and North Mexico		NA		NA		0		3		1		3		4 (±3)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA fields- 

						Eucalyptus papuana		Ghost Gum		56 ft.		10a

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Can tolerate to 32 F																				

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardiness score- Based on if a plant can tolerate the current and future min temps (current 9, future 11). May need to consider if scoring for the species range is more representative of species success in an area		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Wet, but well drained soil						

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Other members of the Celtis genus are salt sensitive		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil		5-6, 8-24		Moderate Shading Capacity		Moderate Root Damage Potential, No Known Health Hazards		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Does not perfer clay soil (Selec Tree)
														

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Caution- other acacias are invasive in CA
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Cal-IPC advises caution for acacia 		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Low for other california regions, but / for Central Valley
								

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to California
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Susceptible to Breakage
				

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to CA, Texas, and Mexico

		1		1		1		NA		NA		1		1		-1		1		2		2		1		2		5 (±2)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


						Maclura pomifera		Osage Orange		65 ft.		5-9		2-3, 10-13		Dense Leaves and Moderate Shade Tree		Allergy and Irritant (Health Hazard), Moderate Root Damage Potential, Tree has Thorns		1		1		1		1		NA		1		1		1		NA		NA		3		3		1		3		7 (±3)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


						Parkinsonia praecox		Sonoran Palo Verde		20 ft.		9		12-13, 18-24		Low Shading Capacity		Low Root Damage Potential, No Known Health Hazards, Thorns		0		1		-1		1		NA		0		1		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to the Sonoran Desert		NA		NA		0		2		1		3		3 (±3)

						Prosopis glandulosa		Honey Mesquite		20 ft. 		10-11		10-13, 18-24		Low to Moderate Shade Capacity		Tree has Thorns, Low Root Damage Potential		1		0

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Well Drained Soil
										

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Hardy to future zone
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to Texas and North Mexico														

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields
		-1		1		NA		1

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Branches droop, but resist breakage
				

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Native to the Sonoran Desert														

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA field. 
No salinity data
		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA field
		1		1		0		1		0		3		2		1		5 (±1)

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


						Mulga		7

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


																																																

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA fields- 		

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields
		Shoestring Acacia		2

						Netleaf Hackberry, Western Hackberry		3

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA field. 
No salinity data


																																																

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		Desert Willow		8

						Indian Rosewood		5

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA field


																																																

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field
		Texas Ebony		4

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Tree has NA fields- 

						Ghost Gum		5

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has NA fields


						Osage Orange		7

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field


						Sonoran Palo Verde		3

						Honey Mesquite		5

Elizabeth Erin Roeble: Elizabeth Erin Roeble:
Species has an NA field






Overview

								Risk Factor		Data Source		Vulnerability Score

								HABITAT SPECIFICITY

								Soil Moisture		Selec Tree		(-1) Species prefers wet soil (due to high rainfall). 
(0) Species prefers moist soil (due to moderate rainfall). 
(+1) Species prefers dry soil (due to little or no rainfall).

								Soil Texture and pH		Selec Tree		Soil Texture: Clay, Loam, Sand and Soil pH: Acidic, Neutral, Alkaline
(-1) Species is restricted to one soil texture and one soil pH range. 
(0) Species tolerates two of the soil texture types and pH ranges. 
(+1) Species tolerates all soil texture types and pH ranges.

								Sunlight Exposure		Selec Tree		(-1) Species is limited to either sun, shade, or filtered exposure. 
(0) Species is tolerant to two: sun, shade, or filtered exposure. 
(+1) Species is tolerant to sun, shade, and filtered exposure.

								PHYSIOLOGY

								Drought Tolerance		WUCOLS		(-1) Species has high water needs. 
(0) Species has moderate water needs.
(+1) Species has low or very low water needs.

								Wind Tolerance		Selec Tree		(-1) Species has weak branch strength.
(0) Species has medium branch strength.
(+1) Species has strong branch strength.

								Salt Tolerance		Selec Tree and Landscape Plant Salt Tolerance Selection Guide for Recycled Water Irrigation (Wu and Dodge 2005)		(-1) Species is sensitive (Wu and Dodge 2005) to salt or species salinity tolerance is moderate (in Selec Tree). 
(0) Species is moderately tolerant (Wu and Dodge 2005) to salt.
(+1) Species is tolerant or highly tolerant (Wu and Dodge 2005) or species salinity tolerance is good (Selec Tree).

								Cold Hardiness		USDA
Cal-Adapt		(-1) Species is not hardy to the region now or in the future.
(0) Species is hardy now, but not in the future.
(+1) Species is hardy to the region now and in the future.

								BIOLOGICAL INTERACTIONS

								Invasiveness		Cal-IPC		(-1) Species is invasive and has severe or moderate ecological impact.
 (0) Species has a limited, or minor impact. 
(+1) Species is not invasive, or is native to California.

								Major or Minor Pest and Disease Threats		Pest Vulnerability Matrix (PVM)		(-1) Species has severe pest and disease threats.
(0) Species has moderate pest and disease threats.
(+1) Species has minor or no pest and disease threats.

								Emerging Pest and Disease Threats		Pest Vulnerability Matrix (PVM)		(-1) Species has severe emerging pests and diseases. 
(0) Species has moderate emerging pests and diseases. 
(+1) Species has minor or no emerging pests and diseases. 
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								Risk Factor		Data Source		Vulnerability Score

								TRAIT		Source		Description

								HABITAT SPECIFICITY

								Soil Moisture		Selec Tree		Soil moisture required by tree species for establishment.  

								Soil Texture and pH		Selec Tree		Trees species tolerance of a range of soil pH and textures. 

								Sunlight Exposure		Selec Tree		Tree species tolerance of full sun, shade, and filtered exposure. 

								PHYSIOLOGY

								Drought Tolerance		WUCOLS		Water needs of tree species: high, moderate, or low water needs. 

								Wind Tolerance		Selec Tree		Branch strength of tree species: strong, medium, weak.

								Salt Tolerance		Selec Tree and Wu and Dodge 2005		Salinity tolerance

								Cold Hardiness		USDA
Cal-Adapt		 Species tolerance of minimum temperatures in Central Valley. 

								BIOLOGICAL INTERACTIONS

								Invasiveness		Cal-IPC		Potential for species invasiveness: severe, moderate, minor.

								Current Pest and  Disease Threats		Pest Vulnerability Matrix (PVM)		Current pest and disease threats that pose risk to tree species. 

								Emerging Pest and Disease Threats		Pest Vulnerability Matrix (PVM)		Emerging pest and disease threats that could pose risk to tree species in the future.







12 Selected Cultivars
Scientific Name Common Name

Australia
Acacia aneura Mulga
Acacia stenophylla Shoestring Acacia
Eucalyptus papuana Ghost Gum

Southwest US- Drought Tolerant
Chilopsis linearis Desert Willow
Parkinsonia x 'Desert Museum' Desert Museum Palo Verde
Prosopis glandulosa x 'Maverick' Thornless Honey Mesquite

Oklahoma-Texas US - Deciduous
Celtis reticulata Netleaf Hackberry
Ebenopsis ebano Texas Ebony
Maclura pomifera 'White Shield' White Shield Osage Orange
Quercus canbyi Canby's Oak

Asia
Dalbergia sissoo Rosewood
Ulmus propinqua Emerald Sunshine Elm 



Southwest US

Honey Mesquite

Desert Willow
SelecTree

Palo Verde  “Desert Museum”



Oklahoma
West Texas

Canby Oak – up to 50’

Osage Orange  30’-50’

Netleaf Hackberry - up to 80’
SelecTree

Texas Ebony (thorns)



Australia

Ghost gum (Corymbia 
papuana), 60’ height

Shoestring acacia

Mulga (Acacia aneura)



Asia

Rosewood
Elm ‘Emerald Sunshine’

Ulmus davidiana v japonica
35’; DED, elm leaf 

beetle resistance

60’, full leafy crown, highly 
decay resistant, few pests 

(root suckers)

(Dalbergia sissoo; India)



Experimental Design
• Control plot UCD (48)
• 4 Sacramento parks (24 

at each)
• Measure

– Tree size
– Crown vigor
– Pruning, pest, disease
– Soil type, temp, moisture 
– Irr. water, ET, minimum temps 
– Leaf-out date

• Inland Empire & 
Coastal SoCal



Sacramento Tree Foundation



Thanks to Our Partners!

Research Partnership

Trees graciously donated by:
• Boething Treeland Farms, Inc.

• Mountain States  Wholesale 
Nursery

• JF Schmidt & Son Co.

• LA Center for Urban 
Natural Resources 

Sustainability 

• ISA Western Chapter

Tree Planting Volunteers:
• Sacramento Tree Foundation

• City of Sacramento Parks Department 
• City of Sacramento Public Works - Tree 

Division 
• UC Davis Grounds Division

• UC Cooperative Extension



Questions?
http://www.fs.fed.us/psw/topics/urban_forestry/
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