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Gardening for Ecological 
Resilience 

• Creating bio diversity for biological buffering
• Great soil management for resilience

fungal-jungle.blogspot.com

www.ukagriculture.com



Traditional and Indigenous 
Practices

• Diachronic knowledge

• Synchronic knowledge

Texas A&M University
Wendy Sue Harperwww.sare.org



Resilience in Context

• Ecosystem stability is made up of three 
things:
– Resistance: the ability to resist change under 

stress.
– Resilience: the ability to bounce back after 

stress or disturbance.
– Persistence: the ability to remain unchanged 

over time.



Why Resiliency
Red = High Emissions. 
Yellow= Low emission



Why Resiliency

http://vtclimate.org/



Why Resiliency
http://www.watershedmanagement.vt.gov/wqd_mgtplan/swms_appC.htm

Hurricane Irene on 
8/27/2011.
NASA image courtesy 
Jeff Schmaltz, MODIS 
Rapid Response, NASA 
Goddard Space Flight 
Center. 



Why Resiliency



Ecological Keys To Resilient Soil  
• Build and maintain soil tilth: 

– Create a high biodiverse soil that acts like a 
sponge by building soil structure. 

• Create and maintain biological diversity:
– Manage your food web by creating habitat 

and food for diverse organisms.  
Maintain active organic matter helps both-
if done without nutrient enrichment.

(These three keys are tied to how you design 
and maintain your garden.)



Create Great Soil Tilth



Good Tilth Means Good Soil Structure

University of Nebraska-Lincoln

Ohio State University

• Think about being a 
root: Which soil can you 
grow through best! Get 
air and water from 
easiest! 

• Think about being water. 
Where will you go?

None

None

Soil Structure and Structureless 
Conditions (None)



Tilth Prevents Erosion:
Erosion is the process of detachment and 

transport by wind or water
Prevent it by:

Make the wind or water less erosive by slowing it down.

Protect the soil from exposure to wind or water.

Build the soils resistance to erosive forces. (Brady and Weil, 2002)



Maintain Soil Tilth by 
Building Soil Structure: 

• Improves: infiltration and drainage, air exchange, 
moisture holding capacity, root penetration and 
seed germination!

• Lowers bulk density and reduces erosion!
• It ameliorates natural textural properties!

!Don’t Destroy Your Structure
!Wait and work your soil when it has dried out enough
!Add OM to improve soil structure
!Keep soil covered to protect soil structure
!Treat soil gently



Maintain Biological Diversity



Biological Buffering
• “This dampening of plant susceptibility to 

insects and disease led Phelan et al. (1995) to 
propose the concept of biological buffering, 
which asserts that a more complex soil 
community supported by the influx of active 
organic matter tend to moderate fluctuation 
in the soil environment and greater 
ecological stability.” Phelan (2009) 



The Ecology of Soil Organisms
& Soils

Feeding 
Levels

Sizes

DFW



Invisible and Interconnected
SMB

SMB

fungal-jungle.blogspot.com

www.profileproducts.com

SMB



Interesting Relationships Between Microorganisms

Fungal 
Hyphae 
Nooses

Nematode with 
fungal hyphae

Captured 
Nematodes

Population Checks and 
Balances.

DFW

DFW

SMB

SMB

SMB



More Interesting Relationships!! 
Phoresy: Detritivore Hitchhikers

Mites Sucker 
Disc

Immature 
Phoretic 
Mites

Phoretic 
Nematodes 

DFW

DFW

DFW

DFW



Plant - Microbial Relationships
Rhizobium and Legumes: Mutualism

SMB



Plant - Microbial Relationships 
Mycorrhizal FungiEctomycorrhizae Endomycorrhizae

SMB

SMB

SMB
Brady 
and 
Weil, 
2002.

Brady 
and 
Weil, 
2002.

fungal-jungle.blogspot.com

www.profileproducts.com



Plant-to-Plant 
Microbially 
Mediated 
Mutualistic 
Relationships

Brady 
and 
Weil, 
2002.



Plant - Microbial Relationships 
Disease Suppression Mechanisms

• The process of OM breakdown from OM additions: 
• compost 
• cover crops, manures, etc. 

• Antagonists
– Bacillus, Entrobacter, Trichoderma, Streptomyces, 

Pseudomonas, and more!
– Single strains are not as effective as mixtures of microbes! 
– Antibiosis, Nutrient competition. Parasitism
– Induced systematic resistant- plant vaccination (less 

common)
• Doesn’t suppress all diseases: some easy, some hard
• Lasts about 6 months



2

1

3) Increase 
extrafloral nectar 
flow  as food for 
adult beneficals

3

2) Give off signals 
to attract beneficals 
that attack the pests

1) Produce chemicals 
that  slow pest feeding 

Plant-Insect Mutualistic Relationships

Healthy plants growing in health soils are usually less attractive 
to pests or better able to defend themselves.

Slide is 
Courteous of 
Fred Magdoff

Plants use a number 
of defense strategies 
following damage by 
feeding insects



Create Functional Biodiversity
Increase Practices that Promote Biodiversity

Provide Diverse Organic Matter – Food Below Ground
Add Organic Residues
Add Manure or Compost
Grow Cover Crops 
Incorporate Plant Diversity

Provide Diverse Habitat and Food Above Ground
Rotate Crops
Grow Cover Crops
Use Mulches
Plant Mixtures of Species

Interplant, Under-sow, Companion Plant, Polyculture 
Plant Biological or Ecological Islands; Habitat and Food For Beneficial 
Organisms

Bio-strips, Flower Strips, Beetle Banks, Strip Insectary 
Intercropping, Vegetative Corridors, Hedge Rows

Selective Weeding 
Reduce Practices that Diminish Biodiversity

Reduce Tillage, Bare Land, and Chemical Inputs
Change Tolerance Levels for Pests
Use Integrated Pest Management



Biological or Ecological Islands

www.sare.org

Syrphid Fly

Lacewing
s

Parasitic Wasp

www.attra.org
www.sare.org

www.sare.org

NCSU-IPM

NCSU-IPM

NCSU-IPM

www.sciencemuseum.org.uk



Refugia or Conservation Head Lands

www.sare.org

University of Minnesota Extension

NCSU-IPM

www.sare.org

www.ukagriculture.com 



Hedge Rows as Habitat 

Wind Shelter Belt

Vegetation Barriers

Vegetative Corridors

Spined Soldier Bug

Praying Mantis

USDA/NRCS/NAC

National Corn Growers Association

Texas A&M University

University of Idaho

www.sare.org



Mulch as Habitat 

Ground Beetles

Spiders

DFW

DFW

WSH

WSH



Beetle Banks: Britain 

Ground Beetles 
and other 
Predatory 
Beetles

http://www.orc.govt.nz/ 

Oregon State University Extension

www.snh.org.uk/ 

DFW



Intercropping: Living Mulches

Bigeyed BugRove Beetle
Minute Pirate 
Bug

NCSU-IPM
www.omafra.gov.on.ca/

www.dereila.ca

www.sare.org



Keep Proper Soil OM Levels

Versus

Organic matter makes structure and feeds the biology!

(We want to do this without nutrient enrichment!)



DO
YOU

KNOW
What’s
In Your

Dirt
?

pH??

Heavy Metals??

N-P-K??

% OM??

Micronutrients??



W

https://www.uvm.edu/sites/default/files/Department-of-Plant-and-Soil-Science/AGTesting/How_to_Take_a_Soil_Sample.pdf
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Mixed Vegetables: VMIX



Soil Test 
Report

• Soil Test Results
• Recommendation

– Limestone
– Nitrogen
– Phosphorus
– Potassium

• Management Info
• Who to call 

– (From page 2)



FYI

• Interpretation of soil 
test results to help 
you figure out what 
all this soil test 
information means.



Ecological Keys To Resilient Soil  
• Management for active organic matter:

– Builds soil tilth, infiltration, resistance to 
surface structure being broken down.

– Increases water holding capacity.
– Feeds the food web to create complex 

relationships for stability.
– Suppresses of pests.
– Provides slowly mineralized N, which does 

not stimulate weeds like soluble forms.

(OM ameliorates natural soil properties.)



Ecological Keys To Resilient Soil  
• Create and maintain biological diversity:

– Create sources of foods with diverse 
plantings and organic matter additions.

– Create habitat with plant you choose to 
promote beneficial insects and pollinators 
and build soil tilth.

– Minimize practices that negatively impact 
biological diversity.

(Biodiversity provides biological buffering.)



Biodiversity and Soil Management For 
Food and Habitat Means….

• Management ! Stability !
• Ecological Balance

– Resistance: System’s desistance to degradation
– Resilience: System’s ability to bounce back
– Persistence: System’s ability to remain unchanged

• Efficiency of Soil Processes
– nutrient cycling 

• Self-Regulation or Self-Sufficiency (Emergent Properties)
– Mutualistic organism relationships
– Pest checks and balances

• Stability – Biologically Buffered System



Any Questions?

WSH

WSH

WSH

WSH

WSH

WSH



Biological Slide References
• DFW: The Decomposer Food Web: Ecology 

of organisms of compost and soil litter by
Dr. Daniel Dindal, Professor Emeritus, Soil 
Ecologist, SUNY-Syracuse 

• SMB: Soil Microbiology and Biochemistry 
from Soil Science Society of America

• WSH: Wendy Sue Harper, Ph.D.



Free Useful Resources
• Building Soils for Better Crops. 2009. 

by Fred Magdoff and Harold van Es. 
Sustainable Agriculture Network. 
Handbook Series Book 10. 
http://www.sare.org/publications/bsbc/b
sbc.pdf

• Farmscaping to Enhance Biological 
Control by Rex Dufour. ATTRA. 2000. 
https://attra.ncat.org/product/farmscapin
g-to-enhance-biological-control/



The    End


