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The Hudson Valley still has about 

5,000 acres of apples, with many 

farms involved in agri-tourism, 

along with large-scale production 

for sales to grocery chains.



Unintended consequences: herbicides

• Background & research on glyphosate and apple tree health

• Other herbicides and interacting factors

• Precautions for herbicide applications

Outline for this presentation

Unintended consequences: fungicides and bees

• Background and current status

• Selecting fungicides to minimize bee damage

• Other ways to minimize fungicide impacts on bees



Unusual basal trunk 

cankers were found 

on apple trees.

Clues:

• no root rot

• arched injury on 2 sides

of trunks.

• Growers used 

glyphosate.

• Trunks above cankers 

had lesions typical of 

Botryosphaeria 

dothidea (arrow)

Background: problems on apples, 2001-2004



Macoun/M.9 photographed 22 Oct ‘04



Botryosphaeria dothidea

• Fungal pathogen that causes white rot.

• Endemic on bark as a weak pathogen.  

• Causes superficial oval lesions on older 

wood that contribute to flaky bark.

• Sometimes causes wart-like growths



Botryosphaeria dothidea

• Becomes aggressive when trees are 

under drought-stress.

• Can kill drought-stressed limbs or trees.

For more info on white rot canker:

Canker problems in apple orchards.

N.Y. Fruit Quarterly 15(4):9-12. (2007).
On-line at http://www.nyshs.org/fq.php

Above and left: B. dothidea on drought-stressed trees.



Hypothesis:

Basal trunk cankers are caused 

by Botryosphaeria dothidea

invading bark that was injured 

when glyphosate was applied to 

water-stressed trees.

Background: problems on apples, 2001-2004

Rosenberger, D. A. and Fargione, M. J. 2004. 

Apple tree deaths attributable to herbicides? 

Scaffolds Fruit Journal 13(13): 3-5. On-line at: 

http://www.scaffolds.entomology.cornell.edu/ 



Glyphosate:

• Systemic herbicide originally   

sold as Roundup.

• Today there are >45 trade names and 

formulations.

• Widely used in apple orchards, especially 

to control problem weeds such as poison 

ivy, sumac, Asian bittersweet, 

brambles, etc.

Background on glyphosate
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Glyphosate in trees can cause development of 

strap-shaped leaves the following year, but 

effects of lower 

doses are less 

well understood.

Photos from 

Dr. Babadoost’s 

presentation at this 

meeting in 2015.



Background on glyphosate

• Dr. Hannah Mathers’ group at Ohio State showed that 

exposed trees have reduced winter hardiness.

• Sublethal levels of glyphosate can be detected in trees for 

at least two years after exposure.

Glyphosate mode of action: 

• Broad-spectrum chelator: 

Ca, Mg, Cu, Fe, Mn, Ni, Zn

• Inactivates enzymes that require Mn 

and other ions as co-factors. 

• Blocks shikimic acid pathway which is important 

for fruit ripening and plant defense mechanisms. 



Work in Dr. Mather’s lab at Ohio State confirmed my prior 

suspicions that glyphosate exposure was contributing to trunk 

splitting, winter-damage, and lower limb death observed in 

some orchards.

Other Problems on Apples?
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When the glyphosate patent expired in 2000:

1.  It got cheaper so that more was 

applied to tree fruit crops.

2.  Manufacturers started adding 

surfactants to speed weed kill 

on Roundup-ready crops.

3.  Surfactants enhanced uptake into apple tree 

bark and the sprayed leaves on root suckers.

4.  Trunks hit with glyphosate in repeated

applications year after year developed

permanent injury. 

Probable chain of events:



Background on glyphosate

• Dr. Hannah Mathers’ group at Ohio State showed that 

exposed trees have reduced winter hardiness.

• Sublethal levels of glyphosate can be detected in trees for 

at least two years after exposure.

Glyphosate mode of action: 

• Broad-spectrum chelator: 

Ca, Mg, Cu, Fe, Mn, Ni, Zn

• Inactivates enzymes that require Mn 

and other ions as co-factors. 

• Blocks shikimic acid pathway which is important 

for fruit ripening and plant defense mechanisms. 
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• Internal browning is a physiological 

disorder that develops after 7-10 

months of CA storage.

• Severity varies by year, with greatest 

severity following cool summers.

• Variable from block to block.

• Extensive trials have failed to identify 

reliable predictors of occurrence or 

methods for reducing losses.

Photo courtesy 

of Mario Miranda Sazo

• The shikimic acid pathway is involved in 

many aspects of fruit ripening.

Research on Glyphosate and

Internal Browning on Apples
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From 2009-2013, we completed 11 trials to 

assess impacts of glyphosate on 

internal browning during CA storage:

• 9 in western NY (2009-10-11).

• 2 at the Hudson Valley Lab (2011-12).

• All were done with Empire.

• For all trials, fruit were held in CA

storage for 8 months followed by 7 

days at room temperature before 

they were evaluated.

Research on Glyphosate and

Internal Browning on Apples

Photo courtesy 

of Mario Miranda Sazo
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3-Yr Summary of WNY Trials

Methods:

• 4 single-tree reps on 3 farms/yr

• Treatments sprayed on a lower limb.

• Product was Roundup PowerMax® 

applied at 1 or 3 ml/gal.

• Fruit harvested from tops of trees.

• Different trees were used each yr.

Results:

• Glyph trt caused a significant

effect at the FO orchard in 

all 3 years, but effect was 

reverse of expected in 2010-11.

• Among the other 6 orchard/yr trials, 

only one showed any significant 

impact of glyph treatment 

(orchard BE for core browning in 

2009-10).

• Conclusion: Glyph exposure

can impact internal browning, 

but effects are variable and 

unpredictable by year and farm.
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Conclusions on Glyph & Internal Browning

1.  Glyphosate is NOT the primary cause 

of internal browning !!

2.  Glyphosate can affect the amount of 

browning that appears, but impact 

may be either positive or negative.

3.  Given the unpredictable nature of the 

glyph-browning interaction, the best 

approach will be to minimize glyph 

contact with apple foliage.

Photo courtesy 

of Mario Miranda Sazo



If glyphosate impacts host defense mechanisms,

could glyphosate impact spread of fire blight?

High-density meadow orchard of ‘Lady Apple’ 

trees that were used to investigate potential 

interactions between glyphosate exposure and 

spread of shoot blight during summer.

• Varying concentrations of glyphosate were 

applied to small trees in replicated plots.

• A single shoot on each tree was

inoculated with E. amylovora in June

• Canker extension and secondary 

spread were recorded for each tree.



Conclusions after two years of testing:

1.  The relatively high rates used in the trial were 

probably higher than would occur via drift 

under good orchard management.

2. Given the susceptible cultivar and the range of 

of glyph doses that were tested, we should 

have detected effects of glyph on blight if any existed.

Does glyphosate impact spread of fire blight?

3.  Glyphosate exposure did NOT increase the spread of blight 

to new shoots.

4. Glyphosate exposure did NOT increase length of cankers 

that developed on inoculated branches.



Details of studies with glyphosate were 
published in 2013 in:

New York Fruit Quarterly 21(4):23-27, 
on-line at http://www.nyshs.org/fq.php



1. Relationship between basal trunk cankers 

and glyphosate remains unproven but probable.

Conclusions about the impacts of 

glyphosate on apple tree health

2. Exposure sometimes increases the incidence of internal 

browning following long-term storage.

3. There is no evidence that glyphosate increases damage 

from fire blight, black rot, or wood decay caused by 

Schizophyllum commune.

4. Based on work in Ohio, exposure can  reduce winter 

hardiness.

Given the potential negatives, apple growers 

should handle glyphosate with care.



Unintended consequences: other herbicides   

• Many growers switched from 

glyphosate to glufosinate (Rely).

• Unlike glyphosate, Rely is not 

translocated within trees.

• HOWEVER, Rely can injure 

exposed bark.

• Several cases of severely damaged 

Fuji trees have been reported, and 

Rely is suspected as a 

contributing factor.

• Caution is required when applying 

any contact herbicide! 



Label cautions on contact herbicides:

Glyphosate (e.g., from Roundup Weathermax): 

Use extreme care to avoid contact of this herbicide solution, spray, drift or 

mist with foliage or green bark of trunk, branches, suckers, fruit or other 

parts of trees, canes and vines. Avoid applications when recent pruning 

wounds or other mechanical injury has occurred.

Glufosinate (Rely):

Only trunks with callused, mature brown bark should be sprayed

unless protected from spray contact by nonporous wraps, grow tubes, or 

waxed containers. 

Gramoxone:

• Do not allow spray to contact green stems (except suckers), fruit or 

foliage.

• Use a shield or wrap plant when spraying 

around young trees or vines.



Better application equipment is needed to minimize drift and 

avoid wetting of trunks when herbicides are applied.

Above: Yellow lines denote 

spray pattern. Red line 

shows level of wetting that 

occurred on young tree 

trunks.



1. Winter injury 

Tree decline problems of the past decade probably 

result from complex interactions of many factors:

2. Drought stress

3. Herbicide injury

4. Dogwood borer

5. Black stem borer

6. Latent viruses

Primary factors: 

• Glyphosate label: 

Avoid applications when recent pruning 

wounds or other mechanical injury has 

occurred.

• There is as yet no proven link or correlation 

between borer damage and herbicide injury, 

but …

• Before applying glyphosate, one might ask:

“Do you know what your borers were doing 

last night?”



1. Winter injury 

Tree decline problems of the past decade probably 

result from complex interactions of many factors:

2. Drought stress

3. Herbicide injury

4. Dogwood borer

5. Black stem borer

6. Latent viruses

2. High densities = limited roots
(greater drought susceptibility, like trees in pots)

3. Climate change

1. Rapid growth of new trees

6. New pesticides/ formulations

4. New rootstocks 

5. Lack of virus-free trees

Primary factors: Contributing factors

Thus, don’t blame all problems on herbicides



1. Apply only with hooded boom sprayers.

2. Minimize glyphosate exposure of trunks 

and root suckers, especially after June.

Precautions for herbicide applications:

3. Always include a chemical drift 

inhibitor in the spray tank so as to 

minimize small droplets that drift to 

low limbs.

4. Avoid excessive use of adjuvants that 

may increase uptake through bark.

5. Use glyphosate formulations that are 

similar to the original Roundup (i.e., with 

few or no surfactants), then add a 

minimum of surfactant as needed.



6. Never apply with controlled droplet 

applicators that generate super-fine 

droplets.

7. NEVER ever apply glyphosate to 

Macoun trees.

Precautions for herbicide applications:

Untested concepts for reducing injury:

• Paint trunks to reduce herbicide absorption.

• Avoid applications to drought-stressed trees.

• Use more dilute solution when mixing herbicides 

(e.g., 50-70 gal water/sprayed acre rather than 

25-35 gal water/A as is currently common in 

NY).



Unintended consequences: 

Fungicides and bees

Facts from recent publications:

1. Fungicides used alone are relatively non-toxic to bees.

2. Bees foraging in sprayed fields bring back pollen that is 

heavily contaminated with fungicides.

3. Exposure to several fungicide groups makes bees much 

more sensitive to some insecticides/acaricides, but the 

interaction factor varies by bee species.

4. Problems with DMI fungicides were first reported in 1992, 

but initial reports did not get much attention.

5. Problem fungicides identified so far include some DMIs 

(Indar, Rally), chlorothalonil (Bravo and generics), and 

pyraclostrobin (Pristine, Merivon).  



Facts from recent publications:

6. At least one report indicates that fungicides brought into the 

hive inhibit some of the natural microflora in the bee food 

fed to honeybee larvae, thereby indirectly reducing bee 

fitness.

7. Many species other than honey bees provide pollination in 

orchards.

8. Pollinator species vary in their susceptibility to the 

synergistic toxicity of fungicides and insecticides.

9. Some pollinator species have only one generation/year, so 

as single adverse pesticide application will lower the 

population for an entire year.

Unintended consequences: 

Fungicides and bees



10. Many questions remain unanswered …., 

but we should be considering how to reduce impacts of 

fungicides on bees and other pollinators.

Two suggestions for reducing fungicide toxicity to bees:

1. Prior to petal fall, 

avoid fungicides that reduce pollinator viability.

2. After petal fall, 

manage ground cover so that bees will not be attracted.

Unintended consequences: 

Fungicides and bees



Unintended consequences: Fungicides and bees

Flowering plants in row middles will attract bees that will be 
killed by sprays applied at petal fall and during summer.

Manage ground cover so that 
bees will not be attracted

Approaches: 

1. Use 2-4D and/or Stinger to eliminate broad-leaf weeds in 
row middles: Stinger during summer, 2-4D after harvest.

2. Establish wild-flower meadows away from sprayed 
orchards to feed bees during summer.



Unintended consequences: Fungicides and bees

Prior to petal fall, avoid fungicides that reduce pollinator viability.

Fungicides with potential negative impacts if applied before PF:

Indar              Chlorothalonil                Pristine

Rally               (Bravo & generics)       Merivon

Rationale:

1. Residues from prebloom sprays may still be present during 

bloom; thus the rationale for avoiding these fungicides not only 

during bloom but also prior to bloom.

2. Good alternatives are available for all apple diseases

and most stone fruit diseases, except for black knot on plums.

• Chlorothalonil is the only effective fungicide for black knot.

• Use it at white bud and PF, and supplement with better 

sanitation (i.e., pruning out old infections.



Questions ?


