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Simcoe Research Station 

• Apples

• Sweet and Tart 

Cherries

• Peaches
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Cherries, Sour, 
1,374Cherries, 

Sweet, 370

Grapes, 16,442

Nectarines, 606

Peaches , 
4,384

Pears , 
980

Plums and 
Prunes, 775

6,139

Ontario Grape, Pear and Stone Fruit 
Production (acres) (2002)

• Ontario has ~500 acres 

of peaches and 

nectarines

• over 50% of Canadian 

tender fruit production

• 4% of location sold on-

farm retail, 95% 

wholesale 

• ~30% of market supply 

(70% of tender fruit are 

imported)

Source: Fruit and Vegetable Survey, Statistics Canada; Ontario Tender Fruit Producers' 

Marketing Board Annual Report, Grape Growers of Ontario Annual Report



The Niagara Peninsula is the primary tender fruit production in Canada
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Learning Objectives
• Importance of thinning

• What is ACC and how does it work?

o Physiology

o Leaf development of peach 

• ACC research data from Canada and elsewhere

• Review Valent USA Accede product Label
• Rates, species, guidelines, precautions key points

• Factors affecting the thinning response

• Grower recommendations for adopting Accede™ (ACC)use
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Importance of Thinning Stone Fruits

Hand thinning is:

• Timing: the only current and widely practiced 
method to reduce the crop load of peaches

• Late: completed at the end of phase I of fruit 
development (~50+ days after bloom)

• Labour cost 

• $17.45/hr and growing (2018 Ontario 
Tender Fruit Grower’s)

• Wage rates will continue to rise

• Labour scarcity and availability

• Lack of experienced labour

• Other thinning methods have not largely been 
successful or widely adopted
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Estimated hand labour per acre
for a mature peach/nectarine orchard in Ontario
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Pruning/
$785 /27%

Thinning/
$873 /30%

Harvesting/
$1,224 
/41%

Raking 
Brush/ $52 

/2%

Total = $2882 
(166 hrs)

50 

hours/acre



What is 1-ACC
• Chemical Name: 1-Amino-cyclopropane -1-

carboxylic acid  

• Naturally occurring amino acid found in 
plants

• 1-ACC, discovered in 1979, is a precursor of 
ethylene in the ethylene biosynthesis 
pathway (Adams and Yang, 1979) 

• In sufficient concentrations, ethylene 
accelerates flower and fruit drop, 
enhances fruit colour and ripening 

• Is xylem and phloem mobile (Morris and 
Larcombe, 1995) 9

Arc et al, 2013

Ethylene

Ethylene Biosynthesis

Pathway
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• ACC oxidase (ACO) in the plant cell converts ACC to 
ethylene in a temperature dependent biochemical 
reaction. 

• The rate of ethylene release following an ACC 
application reaches a maximum after 2-3 days, and 
ethylene declines to background levels around 10 
days after application. 

• No residues at harvest

• No gummosis in peaches/nectarines, in contrast to 
other ethylene releasing compounds such as 
ethephon.

• Can cause leaf yellow and leaf drop

• In peach, fruit drop is dependent on the activation of 
one of three abscission zones (AZ). AZ1 is responsible 
for the abscission of buds, flowers and young fruits 
(early June-drop) and AZ-2 and 3, in succession, are 
activated in mid and late June-drop ( Rascio et al., 
1985).
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ACC Physiology

AZ2

Photo credit: J. Cline

Byers, R.E., Costa, G. and Vizzotto, G. 2003. Flower and fruit thinning of 

peach and other Prunus. p.351-392. In: Horticultural Reviews 28 (Janick J. ed), 

Wiley J. & Sons Publishers, New Jersey, USA. 

https://doi.org/10.1002/9780470650851.ch7
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Leaf abscission zone  

• A specific cell layer in 
the leaf and fruit stem

• As the cell walls and 
vascular connection 
break down, the organ 
drops (abscises)
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ACC manufactured by Valent BioSciences.
Commercially formulated as Accede® 
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• First new chemical thinner for stone fruit 

• Accede® applied during pink bud stage to 

petal fall will reduce fruit set and reduce, but 

not eliminate, the need for hand thinning. 

• A second application of Accede® can further 

reduced fruit set. 

Crops listed on label: apple, apricot, sweet and 

tart cherry, nectarine, peach, chicksaw plum, 

Japanese plum, plumcot, fresh prune plums



Accede® Benefits
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• Reduces hand thinning

• Delivers early crop load management to 

improve fruit size (indirectly to improve 

colour and quality) 

• Helps reduced tree and limb damage by 

heavy crop loads

• May improve harvest management by 

advancing and compressing fruit maturity  
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Accede® Rate and Timing Trials
Peach (Prunus persica)

• Redhaven: 2018, 2019, 2022

• Vivid: 2021, 2023

• Harrow Dawn: 2021, 2023

European Plum (Prunus domestica)

• Vibrant: 2023

Japanese Plum (Prunus salicina)

• Early Golden: 2023
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Research Objectives

• Determine the optimal rate and timing of foliar 
applications of 1-ACC to thin peach trees

• Measure any negative effects of 1-ACC on tree 
health, including leaf yellowing and leaf drop

• Measure the effects of 1-ACC on fruit quality –
including fruit size, size distribution, and maturity

• Conduct a cost-benefit analyses
Costs:  product cost, potential negative effects on the tree

Benefits: reduced hand thinning, improvement in fruit size
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Experimental Plan – Harrow Dawn/Bailey

Harrow Dawn: early season cultivar (Aug 5)

Trees planted: 2018 (4-yr-old)

Spacing: 10’ x 18 ft (242 trees/acre)

Treatments applied to single trees using a

commercial air blast sprayer to 

tree row volume dilute (761 L ha-1)

1 ‘guard’ tree was left between sprayed trees

System: Open vase, free standing

Treatments: 8

Replications:5

Experiment design: RCBD

Tree were trickle irrigated
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Thinning Treatments
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All 1-ACC sprays included 0.05% (v/v) Agral 90 non-ionic 

spray adjuvant (Syngenta Canada Inc., Guelph, Canada)

19 mm

Full bloom

Pink bud

Shuck split

Treatment            (mg 

L
-1 

/ ppm)

Application 

timings/fruitlet 

diameter

Date of 

application

Days 

before/aft

er full 

bloom

Hand thinned control Jun 22 47.0

300 ACC Pink Apr 27 -10

600 ACC Pink Apr 27 -10

300 ACC Pink and FB Apr 27, May 6 -10, 0

300 ACC Shuck split May 27 21

600 ACC Shuck split May 27 21

300 ACC 19 mm Jun 07 32

600 ACC 19 mm Jun 07 32



Measurements
Thinning

Fruit set

Crop load

Number of fruit per tree

Number of fruit removed during hand 
thinning

Time to thin trees

Leaf Phytotoxicity

Leaf yellowing

Leaf drop
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Fruit
Number of fruit per tree
Yield per tree
Average fruit weight
Fruit size distribution
Proportion of fruit harvested on each harvest 
date

Fruit Quality
Firmness, soluble solids, juice pH, titratable 
acidity

Economics
Value of fruit per tree
Cost of thinning 

Vegetative growth
Trunk cross section area
Shoot growth

Detailed data are required to access ACC performance. Fruit 

set and percent reduction in hand thinning is not sufficient to 

measure product performance. 



1-ACC effect on flowers (cv. Harrow Dawn) 
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Flowers on distal portion of branch appeared more affected by ACC
10-14 days to observe a response after spraying

There was very little leaf drop or leaf yellowing when applied at bloom
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Air temperature, rainfall, solar radiation, Vineland Station (April 1 – June 30, 2021)
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Figure 1.  2021 minimum (dashed line) and maximum (solid line) air temperature, 
precipitation and solar radiation at the Vineland, ON (1 Apr - 30 June). 
Arrows indicate the dates of  full bloom 6-May (FB) and application of treatments on
27-Apr (T1), 6-May (T2), 27-May (T3) and7-June(T4).

T4

Atypical warm temperatures 

in late March advanced bud 

development predisposing 

the orchards to potential 

frost. 

This was followed by cool 

weather around 20-Apr with 

minimum temperatures 

reaching as low as -1.7oC 

on 22-Apr.



Harrow Dawn Results – Fruit set
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Harrow Dawn Results – Time to Thin
Ideal target is to 

reduce the amount 

of thinning by 50%

Accede applied at 19 mm is ‘off’ label



23

Harrow Dawn Results – Fruit size

Accede applied at 19 mm is ‘off’ label
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Harrow Dawn Results – Fruit size distribution

Accede applied at 19 mm is ‘off’ label
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Harrow Dawn Results – Maturity
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Experimental Plan – Vivid/Bailey

Vivid: early season cultivar (Aug 20)

Trees planted: 2017 (5-yr-old)

Spacing: 10’ x 18 ft (242 trees/acre)

Treatments applied to single trees using a

commercial air blast sprayer to 

tree row volume dilute (761 L ha-1)

1 ‘guard’ tree was left between sprayed trees

System: Central Leader, free standing

Treatments: 4

Replications:4

Experiment design: RCBD

Trees were not trickle irrigated
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Thinning Treatments
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All 1-ACC sprays included 0.05% (v/v) Agral 90 non-ionic 

spray adjuvant (Syngenta Canada Inc., Guelph, Canada)

Full bloom

Pink bud

Treatment               

(mg L
-1

/ ppm)

Application 

timings/fruitlet 

diameter

Date of 

application

Days after 

full bloom

Hand thinned control Jun 23 47.0

300 ACC Pink Apr 27 -10

600 ACC Pink Apr 27 -10

300 ACC Pink and FB Apr 27, May 6 -10, 0



Vivid Results – Fruit set
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Vivid Results – Time to Thin
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Vivid Results – Fruit size
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Vivid Results – Fruit size distribution
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Vivid Results – Maturity
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Vivid Results – Fruit quality (firmness)

Measurements 

made on similar 

size fruit

2 3/8” – 2 5/8”

1st  harvest 153 g 

2nd harvest 142 g 
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Vivid Results – Economics
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2021 Summary

36

Effect Harrow Dawn Vivid

1-ACC was effective in thinning Yes Yes

ACC spray timings Pink to Full bloom Pink and split 
application (Pink &   
Full Bloom)

Improvement in fruit size Up to +32% +29 to +83%

Time to hand-thin 63-81% reduction 21-74%

Gross fruit value less thinning costs Decreased Increase

Improved fruit firmness No Yes

Advanced maturity (more fruit picked on first 
harvest date)

Small Significant

Leaf injury, leaf drop (phytotoxicity) Very little Very little
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2022 Summary

37

Effect Redhaven

1-ACC at 200, 300, 400, 500 ppm No

ACC spray timings Pink to Full bloom

Improvement in fruit size No effect

Time to hand-thin No effect

Gross fruit value less thinning 
costs

Decreased

Improved fruit firmness No effect

Advanced maturity (more fruit 
picked on first harvest date)

No effect

Leaf injury, leaf drop 
(phytotoxicity)

Very little

• There was widespread winter injury to peach and nectarine trees resulting in lower flower 

density, especially in the lower tree canopy (temps dropped to -4oF in Jan 2022)

• Trees would not normally be treated with 1-ACC in this situation

• Objective: to study performance of ACC in a light flowering year

• Orchard variability 

was high

• Thinning was 

required(380 fruit 

removed in HTC)

• Fruit set data did not 

reflect final crop loads

• ACC did not cause 

over-thinning in a year 

when likely not 

recommended
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Preliminary 2023 Peach Results Summary 
(Franzluebber and Cline) 
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Effect Harrow Dawn Vivid

1-ACC was effective in thinning
(300, 400, 500 ppm)

Effective at full bloom,  
not at 20 mm fruitlet ⌀

Yes, at full bloom and 20 
mm fruitlet  ⌀

Fruit weight ACC increased fruit 
weight slightly 
compared with the 
hand thinned controls

Increased 11 to 63% 
compared with the HTC

Time to hand-thin Up to 43% reduction Up to 37% reduction

Advanced maturity (more fruit picked on 
first harvest date)

Yes, by up to 20% 
more fruit

Yes, by up to 30% more 
fruit

Leaf injury, leaf drop (phytotoxicity) Very little at FB, 
moderate at 20 mm 
fruitlet ⌀

Very little at FB, moderate 
to high at 20 mm fruitlet ⌀

Objectives

• Rate treatments: HTC, 300, 400, 500 ppm ACC

• Timing: Full bloom, 20 mm fruitlet diameter

• Bloom period was unusually long (10+days) with cool weather

• Fruit set was good, trees required hand thinning
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Registration status, rates and timing of Accede™

• Registered in June 2021 in the USA 
by Valent USA

• 40% ACC (w/w) Granular 
formulation (liquid in California)

• Not approved for “organic” 
certification 

• Label rates: 300 to 600 ppm

• Timing: pink bud to petal fall, no 
post-petal fall applications are 
recommended

39



Peach phenology in relation to ACC  spray timing
• There is relatively little leaf development at pink bud and full bloom. 
• Post-bloom applications to peaches result in leaf yellowing and leaf drop. Phyto appears to be 

less on plum

40Pink bud Bloom

20 mm fruitlet 
diameter



Leaf Phytotoxicity with Post-bloom ACC Applications

450 ppm ACC 
European Plum 41

500 ppm ACC  applied 30 DAFB. Photo 
taken 10d after spraying (Vivid peach)



Accede™ product Label
Precautions/Considerations
• Cultivars differ in sensitivity
• Use 300 – 600 ppm assuming 100 

gallons/acre spray volume
• Spray with sufficient volume for complete 

tree coverage
• Do not apply when frost is expected
• Do not apply injured or stressed plants or 

fruits (e.g., drought stress, freeze injury, etc.)
• Application above 90oF (32oC) may increase 

result in over thinning and leaf yellowing 
and leaf drop

• Reduce rates when applied after or during a 
period of cold temperatures (< 40oF)

• Adjuvants: Use of a non-ionic surfactant 
with Accede will improve performance and 
response.

• Direct 80% of spray to the upper 2/3rds of 
the tree canopy

42



Credit: Jozsef Racsko, Valent USA



Cultivar Response to Accede®
Expect cultivars to differ in response to ACC. 

The results below could be related to genetics as well as application timing, and tree and environmental factors 
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Source: Todd Burkdall, Valent 



Considerations for using Accede® for the first time 
• Start with lower rates (300-500 ppm) in 

2024 
• Leave and flag untreated rows for 

comparison purposes 
• Record pollination conditions and the 

weather before and after application
• Compare performance with neighbours
• Take detailed spray records of:

– Cultivar differences 
– Leaf yellowing and leaf drop
– When and where on the branch flowers drop
– Labour savings for hand thinning
– Effect on harvest maturity and number of 

harvest
– Fruit size (weight) and yield at harvest 

45

Encouraging Observations

• When fruit set is light and bloom is 
reduced, ACC did not cause 
excessive thinning

• ACC is effective at temperatures 
below 50oF (which is unusual for a 
PGR)
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Various Strategies of Thinning Peaches

A. Pruning (Marini, 2002. HortScience 37:642)

B. Fruitlet Thinning

Elgetol (Dinitro-ortho-cresol)

Ethrel (Cline, Taheri, Coneva and others)

Tree shaking (Leuty & Miller)

Rope Thinning (Byers)

Blossom desiccant thinners (eg, Tergitol) 
(Coneva and Cline, 2006)

High pressure water (Cline, 2017)

C. Flower Inhibition

Gibberellic Acid (Coneva & Cline, 2006 HortScience 

41:1596)



Darwin Mechanical String Thinning
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Designed by Fruit-Tec, Germany

Sold in North America by N.M. Bartlett Inc. https://www.provideag.ca/

Has front mount 3PH, fixed, or fork-lift mounts

Model evaluated Darwin 300

https://www.provideag.ca/
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Allstar
Tall spindle training 
system

Trees thinned at bloom

Goal was to evaluate: 
speed of rotation (RPM), 
string configuration and 
to compare with hand 
thinning

5-yr old, 6 ft (1.8 m)  x 16 ft (4.8 m) (468 trees/acre)
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Mechanical Thinning Study

Conducted for two years

Cultivars: Allstar, Catherina

High density spindle orchard  

system

Ground speed: 2.1 miles/hr

Timing: Full Bloom

Treatments

Hand thinned control

180 RPM, 18 strings

180 RPM, 9 strings

240 RPM, 18 strings

240 RPM, 9 strings



Mechanical Thinning Peaches Results

Major Limitations: 

• May damage the blossoms and 
leaves

• May expose the tree to additional 
disease

• Not selective or uniform throughout 
the tree canopy

• Requires a 2-D hedgerow narrow,  
‘V’ or quad ‘V’ tree canopy leaving 
fruiting shoots within 24” from 
scaffold

• Will not be effective on open vase 
systems 
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Aim for  approx. 50% flower removal 

• substantially reduces initial fruit load 

• does not over thin

Reduction in hand thinning 

• Allstar: 21-50% 

• Catherina: 10-50% 

Mechanical thinning increased fruit size 
by 8 – 15%
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Grower Cooperators

• David and Barbara Hipple, Hipple Farms, 

Beamsville, ON

• Tom Platts and Doug Darling, Sunnydale 

Farms, Jordan, ON

• Chris Andrewes, Andrewes Farm,  Beamsville, 

ON

Funding Partners

Ontario Tender Fruit Growers

BC Fruit Growers’ Association

UoG/OMAFRA Alliance Research fund

Valent BioSciences

Technical Assistance

Sofia Franzluebbers, MSc Candidate

Amanda Beneff 

Cathy Bakker

Summer students

Your questions and  comments. 

• John Cline – jcline@uoguelph.ca

• Kathryn Carter -
Kathryn.Carter@ontario.ca

mailto:jcline@uoguelph.ca
mailto:Kathryn.Carter@ontario.ca
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