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Soil organisms
There are all kinds of critters in the soil



Arbuscular 
Mycorrhizal 
Fungi (AMF)

• 240 species

• Associate with >200,000 
plant species (~80%)

Symbiosis

• Plants give fungi 
carbohydrates

• Fungi increase root 
surface area, providing 
nutrients and water to the 
plant



AMF Benefits

Jacott, Murray, and Ridout. 2017. Trade-Offs in Arbuscular Mycorrhizal Symbiosis: 
Disease Resistance, Growth Responses and Perspectives for Crop Breeding.



Tree Growth

Multiple studies in apple have found AMF have the potential to increase tree growth

Hosseini and Gharaghani, 2015. (greenhouse, potted, high-pH unsterilized field soil) 



Nutrient Use Efficiency

A few studies have found some increases in leaf nutrients in trees inoculated with AMF, though this is 
not always consistent. 

Hosseini and Gharaghani, 2015. (greenhouse, potted, high-pH unsterilized field soil) 



Nutrient Use Efficiency

A few studies have found some increases in leaf nutrients in trees inoculated with AMF, though this is 
not always consistent. 

Morin et al. 1994 (Greenhouse, potted, high P nursery soil, sterilized) 



Drought Tolerance

Mycorrhizal colonization enhanced apple drought 
tolerance by: 

• improving gas exchange capacity
• increasing chlorophyll fluorescence 

parameters 
• creating a greater osmotic adjustment 

capacity
• increasing scavenging of reactive oxygen 

species (ROS)
• and using MAPK signals for interactions 

between AMF and their apple plant hosts. 
(Huang et al., 2020). (greenhouse, sterilized 
mix in pots)



Disease Resistance

• Berdeni et al. (2018) found mycorrhizal applications 
decreased the prevalence of nectria apple canker in 
apple trees by 18%. (potted plants, in low AMF media)



But….

How does this all translate to the field in commercial orchards? 

?



Our NESARE Study

To determine the economic potential of 
inoculating northeast apple orchards with AMF 
at planting

3 commercial replant field sites (NY, NH, and NJ)

4 commercial fungi blends

2 fertility management scenarios

• High/low P and N (NY and NJ)

• Neutral/low pH (NH)

Greenhouse studies in Geneva to give us more 
control, comparing different combos of scions 
and rootstocks



Our team is evaluating:

• AMF Root Colonization

• Tree growth and survival

• Leaf nutrient levels

• Tree water use efficiency

• Effects on the microbial community

• Economics

Product Propagules per Tree* Rate Per Tree # Trees per Acre Cost per Acre Other Listed Ingredients

Symvado 1320 1 pouch 1210 435.60

Mykos Gold 900 3 grams 1210 45.42

MycoBloom 2160 spores per tree 3 Tablespoons 1210 1269.56

Promate 2400 2 pouches 1210 1393.92 N,P,K,Ca, Mg, S, Humic acid

Product Comparison

Species Symvado Mykos Gold MycoBloom Promate

Claroideoglomus claroideum x x

Funneliformus mosseae x x

Cetraspora pellucida x

Claroideoglomus lamellosum x

Acaulospora spinosa x

Racocetra fulgida x

Entrophospora infrequens x

Rhizophagus irregularis x x x

Claroideoglomus etunicatum x

Total Species per Product 4 1 7 1



Test orchards planted in 2023



Pre-Plant Soil Diversity



Pre-Plant Soil Diversity



Tree Growth: June-Oct 2023

2023 Field Trial Trunk Circumference Growth (cm)
NY NJ NH

Fungi Symvado 0.6 B 0.9 1.4
MycoBloom 0.7 AB 0.9 1.5
Mykos Gold 0.6 B 0.9 1.5

Promate 0.9 A 1.0 1.5
Control 0.7 AB 1.0 1.4
P-value 0.00382 0.6076 0.87525

Fertility Low 0.7 1.0 1.5
High 0.7 0.9 1.4

P-value 0.1382 0.2512 0.7481

Fungi x Fertility P-value 0.6361 0.1098 0.4124



2023 Data Still Being Analyzed

Summer and Fall Water Use 
Efficiency Estimates

Root Colonization Assessments

In 2024, we will assess nutrient 
uptake with leaf analyses

Project continues through 
February 2026



2023 Greenhouse Studies

Design: 
• Three stress treatments (Control, Drought, Low Phosphorus)
• Four AMF treatments (None, MycoApply, MykoBloom, MykosGold)
• Four rootstocks (B.9, M.9, G.41, G.935)
• Two scions (Aztec Fuji, Honeycrisp)
• Total trees = 480

Objective: Examine the interaction between rootstock, scion, AMF treatment and applied stress on growth and 
performance

Stomatal conductance and photosynthetic efficiency data throughout the experiment

Trunk diameter measurements

Water use efficiency testing, waiting on results from the lab, foliar testing in later years







Trunk diameter change during the experiment

Data is messy and 
inconclusive. No 
significant effect of 
AMF treatment nor 
stress treatment 
detected.  

Rootstock and Scion are 
significantly different
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Stay in Touch 

We will be hosting meetings on this topic this summer in Eastern and Western NY

More details to come! 



Thank you! 
Northeast SARE

Our research team:

Jason Londo, Megan Muehlbauer, Jeremy DeLisle, Mario Miranda-
Sazo, Jenn Stanton, Liz Tee, Hannah Martens 

Our cooperating orchards: Northern Orchard, Riamede Farm, Apple 
Hill Farm

Advisory member: Chris Whipple, Tedd Furber, Ely Giroux, Ben Keim, 
Steve Woods, Deborah Aller

This material is based upon work supported by the National Institute of Food and Agriculture, U.S. 
Department of Agriculture, through the Northeast Sustainable Agriculture Research and Education 
program under subaward number LNE23-472R. Any opinions, findings, conclusions, or 
recommendations expressed in this publication are those of the author(s) and do not necessarily 
reflect the view of the U.S. Department of Agriculture.
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