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SOIL HEALTH

‘the capacity of the soil to 
function or the ability of the 

soil to perform key ecosystem 
functions that sustain plants, 

animals, and humans’
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SOIL NUTRITION



SOILS HAVE INHERENT AND 
DYNAMIC SOIL QUALITY

INHERENT SOIL QUALITY
The result of a location’s unique 
combination of minerals, climate, 
biology, relief, and time

DYNAMIC SOIL QUALITY
Changes due to human use and 
management

SOIL HEALTH
Focuses on the dynamic and 
anthropogenic aspects of soil 
quality
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HUMANS



SOIL HEALTH IN WASHINGTON STATE APPLE PRODUCTION

Important soil health indicators for Central WA 
orchards:

• AWC & % sand (water availability indicators)
• Bean bioassay & lesion nematode (root health 

indicators)
• Macro & micronutrients (nutrient availability)
• Penetration resistance or bulk density 

(compaction indicator)
• POXC & % OM (organic matter indicator)
• PMN (organic N availability)
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https://doi.org/10.1371/journal.pone.0258991

https://doi.org/10.1371/journal.pone.0258991


GROUNDCOVER MANAGEMENT - MULCHING

• Increase in tree growth and yield is inconsistent

• Increase SOM and biological activity

• Increase water holding capacity, making the orchard 
more resilient to drought

• Increase plant available minerals and disease 
suppression

• Reduce soil erosion in hillside plantings

• Increase weed suppression, especially in organic 
systems

• Reduce leaching of nutrients (nitrate) and pesticides
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PREVIOUS RESEARCH IN NEW YORK

Photo: Greg Peck



WHY CARE?

COST/ECONOMICS

TIME CONSTRAINTS

PRODUCT RESTRICTIONS

CONSUMER CONCERNS
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ENVIRONMENTAL PROTECTION

American Farmland Trust - https://farmlandinfo.org/publications/soil-health-case-studies/

PRODUCT EFFICACY



DRIVING QUESTIONS

1. What is the soil health 
status of orchards in NYS?

2. Is soil health the same in 
perennial vs. annual 
cropping systems?

3. What soil health indicators 
are the best predictors of 
yield/fruit quality in 
orchards?

4. What orchard management 
practices impact soil health 
indicators? 

5. Are there opportunities to 
improve soil health in NYS 
orchards?
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2021 - 2022 
STATEWIDE 
ORCHARD 
SAMPLING 
LOCATIONS
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LOW PRODUCTIVITYHIGH PRODUCTIVITY

PAIRED SAMPLES (2022)



SAMPLING 

SOIL SAMPLING 

FOLIAR 
SAMPLING

MANAGEMENT 
SURVEY

Cornell Soil health (CASH) test
Nematodes (Clemson)
Root Health Bioassay​

Macro and micronutrients 
(Dairy One)​

Fruit yield/quality
Grower management 
practices
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NO CLEAR RELATIONSHIP BETWEEN 
NEMATODE PRESENCE AND PERFORMANCE

Nematodes present: lesion, dagger, pin, ring, root 
knot, spiral

92% of orchards (23 of 25 ) had nematodes 
present

64% of orchards (16 of 25) had levels of concern 
to plant productivity
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PRELIMINARY RESULTS -
NEMATODES

LESION 
NEMATODE



FARM EXAMPLE – LOF REGION
FOLIAR NUTRIENTS
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FARM EXAMPLE – LOF REGION
SOIL HEALTH INDICATORS
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Is the soil health test telling us 
something the foliar and soil 
nutrient tests are not?



PRELIMINARY RESULTS – VARIABLE CLUSTER ANALYSIS (YIELD)

2022

15

2021
Number of 

Members
Most Representative 
Variable

Cluster Proportion of 
Variation Explained

Total Proportion of 
Variation Explained

10 Total Carbon 0.854 0.267++

5 % Silt 0.687 0.107+

3 Zn 0.759 0.071
3 Subsurface hardness 0.751 0.07
3 B 0.61 0.057
2 C/N ratio 0.854 0.053
2 Mg 0.804 0.05
2 p 0.69 0.043
1 Root pathogen pressure 1 0.031
1 Aggregate stability 1 0.031

Number of 
Members

Most Representative 
Variable

Cluster Proportion of 
Variation Explained

Total Proportion of 
Variation Explained

9 Soil Organic Carbon 0.698 0.233
7 Ca 0.683 0.177
4 % Sand 0.854 0.127
3 Subsurface hardness 0.709 0.079
3 Al 0.833 0.062
2 S 0.818 0.061

Consistent variables clustering : Soil Carbon, texture, compaction, nutrients 



PRELIMINARY RESULTS – RANDOM FOREST MODEL (YIELD)

2022
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2021



FUTURE WORK
• Continue to expand soil health sampling 

• 20 orchards in 2023
• Maintain paired sampling method
• Continue nematode & foliar nutrient 

analyses
• Collect data on soil arthropods (e.g., 

collembolas, earthworms) – NEW!
• Bulk density data – NEW!
• Create orchard soil health case studies –

NEW!
• Develop minimum dataset of soil health 

indicators for NYS orchards
• Expand into other perennial fruit crops

PITCH DECK 17



SUMMARY
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Orchard soil health is the capacity of soil to support 
productive trees over time without negatively affecting 
the surrounding environment. Soil health is influenced 
by interacting biological, physical, and chemical 
properties of soil.
It is important we increase our understanding of the 
biological and physical properties of soil in addition to 
the traditional chemical properties to increase the 
productivity and sustainability of our orchards.



THANK YOU AND 
QUESTIONS

Debbie Aller, PhD

da352@cornell.edu

www.newyorksoilhealth.org​
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