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The IssuesThe Issues

•• Water quality is dependant upon soilWater quality is dependant upon soil

•• Plant growth is dependant upon soilPlant growth is dependant upon soil

•• Erosion control is dependant upon soilErosion control is dependant upon soil

•• Weed growth is dependant upon soilWeed growth is dependant upon soil

•• What do we know about the soil?What do we know about the soil?



•• Habitat restoration is difficult or Habitat restoration is difficult or 
impossible without stable soilimpossible without stable soil

•• Erosion control has been agricultural Erosion control has been agricultural 
in approachin approach

•• 25 years, little progress…25 years, little progress…

The JourneyThe Journey



Asking the (soil) QuestionsAsking the (soil) Questions

•• What’s missing? What’s missing? (disturbance)(disturbance)

•• How to put it backHow to put it back…(restoration)…(restoration)

•• What will grow? What will grow? (restoration)(restoration)

•• How do we stop the weeds? How do we stop the weeds? (restoration)(restoration)

•• Do we ‘Do we ‘stopstop’ the weeds?’ the weeds? (ecological)(ecological)



W hat’s Missing?W hat’s Missing?
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BYE!!BYE!!MulchMulch



What’s Missing?What’s Missing?
Total N in Disturbed Tahoe Soils Total N in Disturbed Tahoe Soils 
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What’s Missing, the rest of the N storyWhat’s Missing, the rest of the N story

Regression
95% confid.

% plant cover vs. mineralizable NH4 
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Regression
95% confid.

% plant cover vs. extractable NO3 
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% plant cover vs. extractable NH4
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Replacing N: Soil Replacing N: Soil 
Am endm entsAm endm ents
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Replacing N: Com postsReplacing N: Com posts
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Soil amendments, mulches, Soil amendments, mulches, 
weeds…weeds…



Where it the Where it the CheatgrassCheatgrass
coming from??coming from??

•• CompostCompost

•• MulchMulch

•• Seed bankSeed bank

•• Blowing in?Blowing in?



Succession and com petitionSuccession and com petition
High N availability=high early High N availability=high early seralseralweedsweeds

(Bernese&Aerts, 1984; Heil&Brugggink 1987)



Initial Study ResultsInitial Study Results

•• TreatmentsTreatments

–– Compost + BiosolCompost + Biosol

–– BiosolBiosol

–– Mulch (no Mulch (no addt’laddt’l nutrients)nutrients)

•• Results:Results:



Bromus Bromus tectorumtectorum response to compost response to compost 
mulch and nutrientsmulch and nutrients
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Soil Restoration:Soil Restoration:
Other VariablesOther Variables

•• CompactionCompaction

•• WaterWater

•• Water holding capacityWater holding capacity

•• InfiltrationInfiltration

•• WaterWater

•• HH22OO

•• MicroorganismsMicroorganisms

•• Other nutrients (macro and micro)Other nutrients (macro and micro)



Other VariablesOther Variables

•• CompetitionCompetition

•• Native GrassesNative Grasses
•• Francis & Francis & PykePyke 1996 1996 

–– Wheatgrass (Wheatgrass (NordenNorden, , HycrestHycrest))

–– 130130--520 seeds m520 seeds m22

•• Herron, Herron, SheleySheley, Maxwell & Jacobsen , Maxwell & Jacobsen 
20012001
–– BluebunchBluebunch, annual Rye, Squirreltail, annual Rye, Squirreltail

–– 3000 seeds m3000 seeds m22

•• Northstar Unit 7Northstar Unit 7
–– 3000 seeds m3000 seeds m22

–– < 1% Bromus < 1% Bromus tectorumtectorum



Other Variables IIOther Variables II
•• Soil Physical TreatmentSoil Physical Treatment



Ecosystem Trajectories Ecosystem Trajectories 
vsvs Weed TrajectoriesWeed Trajectories
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After Bradshaw and Chadwick, 
The Restoration of Land 1980



Weeds and Restoration:Weeds and Restoration:
W here do we go from here?W here do we go from here?

••TestingTesting

••Adaptive ManagementAdaptive Management
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