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Some reflections from the departing NYSHS President

M y family and I recently celebrated the 100th anniversary of 
my grandfather, GG Mead, buying our farm. Looking back 
over my almost 40 years of fruit growing, and recalling 

the anecdotes about the challenges of farming faced by my dad and 
grandfather, it’s easy to see so many things that have changed. My 
grandfather farmed with a pair of Belgian draught horses, packed 
Ben Davis, Sheep’s Snout, and many other “heirloom” apples into 
wooden barrels, which he hauled to the docks at Tivoli on the 
nearby Hudson River for overnight boat transport to Manhattan.

Apples were harvested into galvanized pails filled by workers using 
26- or 28-ft tall ladders. Trees were planted at 30 or 40 per acre and 
took the better part of a decade to reach full production, unless 
the cultivar was Northern Spy, which took significantly longer. 
When it was finally time to remove a block of orchard, the trees 
were cut down with a 2-man shad belly saw, the stumps removed 
with a half stick of dynamite each, and the largest trunks were sold 
to a company that milled them into saw handles known for their 
resistance to cracking. Time and space will run short if I try to tell 
you of all the changes in the last century.

Some things have stayed the same over the years, such as growing 
apples and strawberries. Another constant has been the continued 
hand harvest of these and every other fruit and berry I grow, 
although articles I read in this and other fruit publications indicate 
the possibility of successful robotic harvest in the next decade 
… or so. Unchanged as well is my forefathers’ and my love of 
storytelling. Please indulge me as I briefly share a favorite from my 
neighborhood. A farmer just south of me approached the preacher 

of the nearby church with a request for climate help from above. 
Why can’t some of that bitter cold in the winter be saved up and 
let out a little at a time in July and August when it’s just too hot to 
get much done? And then there’s water – we need about an inch 
a week, but it should only fall at night so we can get our work 
done. Then the preacher replied, “I think you misunderstand. I’m 
in sales, not management.

Unlike that preacher, today’s fruit growers are managers. They 
also must find profitable outlets, direct or wholesale, for what 
they produce. In addition, we face myriad challenges from new 
invasive pests, older pests with new resistance profiles, increasing 
costs for inputs, availability and costs for a willing, able and legal 
workforce. The list goes on and on. Can each of our farms do the 
research or political activity necessary to answer the many issues 
we all face? Should each grower face these challenges alone? I think 
not. The NYS Horticultural Society and the Michigan Tree Fruit 
Commission have proven track records of obtaining government 
financial support to continue important research that will put our 
farms’ future success within our reach. These organizations also 
inform and work to influence government decision-makers about 
our labor needs and other situations that affect our operations. I 
ask you to please support your state’s group with your finances and 
time, to help with their efforts. Many thanks for your consideration 
of my request.

Chuck Mead
NYS Horticultural Society President
chuck@meadorchards.com
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“Our goal in the design of this system 
was to construct an effective yet 
economically viable and long lasting 
lure to out-compete the fruit for 
the attention of the Spotted Wing 
Drosophila adult female.  Upon 
finding and alighting on the disk, the 
fly engages in feeding and cleaning 
behavior, ingesting the bait and 
toxicant.  This results in reducing the 
overall SWD population, leading to 
significant reduction of egg laying by 
the pest on raspberry and blackberry.”

Assessing Attract and Kill Disks in Conventional and 
Organic Small Fruit Production
Peter Jentsch
Department	of	Entomology,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY

The newly invasive spotted wing drosophila (SWD), Drosophila 
suzukii, (Figure 1) first entered the continental United 
States in California in 2008, with the first NY observations 

in the northern 
Hudson Valley in 
2011 (Figure 2), 
on late  season 
organic raspberry.  
The rapid spread 
o f  th i s  ins e c t , 
i t s  exponential 
r e p r o d u c t i v e 
c a p a c i t y ,  i t s 
l a c k  o f  n at i v e 
biological control 
constraints, and 
the inherent lack 
of  competit ion 
for fruit resources 
from other insects 
during early fruit 
d e v e l o p m e n t , 

provided ample opportunity for SWD to be a highly successful pest 
of small fruit.  The estimated losses in 2012 exceeded $1.3 million in 
New York State blueberries, with significant losses in raspberries and 
blackberries that were undocumented.  Since then, yearly infestation 
levels of 40–100% injury to berry crops have been observed by mid- 
to late August in commercial raspberry and blackberry plantings.  
 The root of the problem lies in the insect’s physiology, beginning 
with its ability to lay its eggs into unripened fruit, using a highly 
serrated and sclerotized or thickened ovipositor (Figure 3).  Its 
ability to penetrate very firm fruits, with the capacity to lay over 
300 eggs during its brief life of 3–6 weeks, makes it a formidable 
pest.  No other native drosophila can achieve this, and as such, it 
occupies a non-competitive niche that increases its reproductive 
success.  Escalating SWD populations often begin in late June, as 
the insect develops on non-crop hosts.  These fruiting plants reside 
in agricultural perimeter hedgerows, woody or riparian “weedy” 
margins, and landscapes with ornamentals, unmanaged shrubs, 
and vines.  In the Hudson Valley, the Tartarian honeysuckle, also an 
invasive species and native to Asia, produces berries that are highly 
favored by the SWD.  Coupling this with rapid larval development 
and short intervals of 12 days for the completion of a generation, 
gives this pest the potential to cause an unprecedented level of severe 
damage in mid- to late summer and fall berry plantings.  In growing 
seasons with periods of low relative humidity, egg production can 
be negatively influenced, as was seen in 2016 (Tochen et al. 2016).
 Management to reduce the severity of injury to raspberry, 
blackberry and, in some vineyards, thin-skinned grape, requires 
intensive insecticide programs.  From research efficacy studies, 

Figure	1.		Male	(L)	and	female	(R)	spotted	wing	drosophila.

Figure	2.		Spread	of	SWD	from	2008	to	2013	in	the	US.

Figure	3.		Adult	female	SWD	(L)	with	sclerotinized	and	serrated	ovipositor	
(magnified).
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raspberries and blackberries require 3–4-day insecticide 
application intervals for fruit to retain commercial market 
acceptability.  In very strict cultural markets, a zero tolerance for 
eggs or larvae within the fruit is required, yet blueberry and grape 
management programs require a 7-day schedule to maintain sound 
fruit, weather and material efficacy permitting.  In conservative 
management programs, this is initiated upon first trap capture 
of the adult using frequently monitored, commercially available 
traps.  In more advanced management systems, the detection 
of the adult and the first egg found in fruit are used to initiate 
insecticide programs.  This level of committed management has 
forced many farmers, especially those using organic production 
systems, to reduce or eliminate late season berry production 
altogether.  Infestations by SWD also became a threat to Hudson 
Valley cherry growers in 2015, while in 2016, thinned-skin grape 
varieties such as Pinot Noir, Marquette and Vignoles, along with 
late season raspberry and blackberry, suffered the highest levels 
of injury.  

Sustainable Agriculture Research Using Attract and kill 
(AtK) Strategies
 Behaviorally based pest management techniques have been 
developed and utilized to reduce or eliminate specific pests from 
the environment.  These strategies employ an attractant, typically 
a nutritional bait or reproductive lure, which the insect seeks out, 
feeds or is simply arrested upon, facilitating its exposure to the 
media that contains a toxicant.  AtK stations are designed for a 
specific insect pest based on its biology, behavior and physiology.  
This can be narrowed further to a single species when insect 
pheromones are used.  
 Numerous examples of attract and kill strategies have been 
developed for infestations of urban pests.  These include gel baits 
placed in kitchen cracks and crevices for German cockroaches, 
softwood bait stations placed along the perimeter of a home’s 
exterior for subterranean termites, sugar-based feeding bait 
stations for carpenter ants, yellow sticky cards and tape for 
flies, and pheromone collection stations for Japanese beetles.  
More recently, the use of Attractive Toxic Sugar Bait (ATSB) in 
combination with a pesticide-impregnated net are being employed 
for the management of pyrethroid-resistant mosquitoes in regions 
of sub-Saharan Africa, where malaria is a persistent threat to 
human health (Stewart et al. 2013).
 The AtK system is designed to augment and provide an 
alternative to directed residual pesticide applications in homes, 
landscapes and agricultural commodities.  Benefits of effective AtK 
systems can include long-term solutions through pest population 
reductions, leading to lower levels of insect infestations and injury 
in the home, and in crops or ornamental plants.  As these systems 
often employ toxicants that are ingested by the insect, they can be 
very effective, because they contain reduced-risk or lower levels 
of environmental toxicants that reduce the impact on non-target 
organisms.  The shortcomings of these systems, especially in 
agriculture, lie in their degree of attractiveness, as the intent is to 
out-compete the host for the attention of field pest populations as 
a feeding or egg-laying site, which is no small undertaking.

Attract and Kill for SWD Management on Raspberry
	 Over the past three years, our lab has worked on a species-
specific attract and kill system to manage SWD.  Developing 
effective olfactory and visual fruit-mimicking cues in an attract 

and kill system has been found to increase the overall success 
of pest attraction (Wiman et al. 2016).  With this in mind, we 
evaluated natural lures previously assessed by a group of research 
entomologists, to develop a highly attractive AtK station for use 
against SWD in small fruit plantings.  The lure type, size, shape, 
color, addition of sugars, yeast, and placement of the AtK system 
within the bramble canopy to optimize response to the insect’s 
relative humidity requirements, were selected to act in synergy 
during host-finding, to increase attraction by the target insect to 
the lure (Knight et al. 2013, 2015; Cowles et al. 2015; Morrison et 
al. 2016).
 Our goal in the design of this system was to construct 
an effective, yet economically viable and long-lasting lure, to 
effectively out-compete the fruit for the attention of the SWD adult 
female.  Upon finding and alighting on the disk, the fly engages 
in feeding and cleaning behavior, ingesting the bait and toxicant.  
This results in reducing the overall Drosophila suzukii population, 
leading to significant reduction of egg laying by the pest on the 
crop.  For conventional producers, AtK may reduce application 
frequency while lengthening spray intervals, possibly reducing 
the need for direct insecticide applications to the crop altogether, 
especially late in the season.  Secondarily, the AtK system may 
provide a means by which organic small fruit growers can utilize a 
system that reduces the potential for SWD to develop resistance to 
the few effective insecticides available, such as spinosad (Entrust), 
by providing long-lasting residual control.  
 The attractants we used in these stations included red 
raspberry concentrate (high in fructose), and apple cider vinegar 
plus brewers yeast — highly attractive to vinegar flies (Drosophila 
spp.) — all of which were used to formulate the “AtK solution”.  
The station also employed a Super Absorbent Polymer (SAP) and 
gelatin embedded and layered over each side of a 3” polypropylene 
netted disk, acting as a substrate to bind the components together.  
When the AtK solution is applied to the netted substrate, it forms 
into a firm yet dynamic gel that absorbs and retains moisture from 
rain and dew under high humidity, while releasing volatiles during 
low humidity, to maintain its attractiveness throughout the season 
(Figure 4).  

Figure	4.	 	Changes	in	AtK	disk	weight	relative	to	rain	events	and	relative	
humidity	in	spring.
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 In laboratory efficacy studies, we tested insecticides applied to 
AtK disks that are registered for use in NY for small fruit.  Active 
ingredients in 1% a.i. concentrations were mixed into the AtK 
solution to “mask” the odor of the formulation, thereby reducing 
repellency when they were applied to the disks.  We then placed 
13 female and 12 male SWD adults into insectary “tents”.  A single 
disk was added, having received AtK solution plus insecticide 1 
hr prior to adult fly exposure.  Red raspberries were provided for 
flies to deposit their eggs.  
 In general, insecticides in the older classes of organophosphates 
(Imidan), carbamates (Carbaryl) and pyrethroids effectively caused 
adult mortality, resulting in reduced SWD damage to fruit.  The 
reduced-risk insecticide products included spinetoram (Delegate) 
and the organic spinosad formulation (Entrust), which were 
also very effective when used in 
AtK stations.  Although directed 
application of Beauveria bassiana 
products for SWD management 
shows promise in reducing larval 
viability, activity of this microbial 
a.i. is inhibited by the high acidity 
levels of the AtK solution.  To 
date, 15 formulated insecticide 
active ingredients , employed 
in conventional and organic 
production and presently registered 
in NY for use on raspberry, 
blackberry and blueberry, have 
been tested using attract and kill stations (AtK).  The active 
ingredient that exhibited both effective adult mortality leading to 
reduced crop injury and high residual activity in the laboratory and 
field, was spinosad (Entrust, Dow AgroSciences).  However, over-
reliance on any registered product would put undue season-long 
pressure on the SWD population that could lead to resistance to 
its active ingredient.  This is especially true in organic production 
systems, in which Entrust is the only effective OMRI-approved 
insecticide for managing SWD.  Removal and replacement of disks 
to accommodate insecticide rotation in the field would likely be 
uneconomical.  
 To address this concern, we modified our program in 2016 to 
reduce the resistance potential in SWD populations through the 
use of hydrogen borate, a formulation of boric acid.  Efficacy studies 
have shown boric acid to give comparable results to spinosad 
when formulated using a 1% concentration in combination with 
2 mL of AtK solution, and applied to disks in both the laboratory 
and the field.  This active ingredient is accepted for use in organic 

Figure	5.			Attract	and	Kill	Station	(L)	and	AtK	in	the	field	after	4	months	(R).

productions practices (by OMRI and NOFA) and allowed with 
specific restrictions.  The US EPA has concluded that boric acid 
is relatively nontoxic to bees and birds, slightly toxic to freshwater 
fish, practically non-toxic to frogs and toads and aquatic life, such 
as waterfleas (US EPA/OPP 1993).  The EPA has determined that, 
because they are of low toxicity and occur naturally, boric acid 
and its sodium salts should be exempted from the requirement 
of a tolerance (maximum residue limit) for all raw agricultural 
commodities (National Pesticide Information Center).

2016 Field Trials
	 This season, we deployed attract and kill (AtK) stations in 
conventional and organic commercial production systems on 
three farm sites in two Hudson Valley counties.  Two of the three 
farms are NOFA-certified organic farms, one in Poughkeepsie 
(Dutchess County) and the other in Accord (Ulster County), with 
a conventional farm in Milton (Ulster County).  We placed AtK 
stations along single rows of raspberry, with individual treatment 
plots that were 30 ft in length, in a complete replicated block design 
in a V-pattern (Figure 6).  The three treatments used were replicated 
six times across the blocks on each farm, with the addition of 
untreated control plots (UTC).  The four individual plots were: an 
untreated AtK disks control, with stations spaced at 36-in intervals 
(Green); treated disks with 1% Boric Acid, spaced at 18 in (Red); 
and treated disks with 1% Boric Acid, spaced at 36 in (Yellow) 
(Figure 7).  The block was split into two groups of three replicates, 
with intervals of either 7 days or 3–4 days for retreatment with the 
AtK solution.

Figure	6.		Plots	established	in	bramble	using	a	split	plot,	complete	replicated	block	design.

Figure	7.		AtK	spacing	and	position	diagram	in	raspberry	plots.
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 The raspberry sites on each of the three farms had differences in SWD 
adult populations and subsequent egg laying in fruit, as seen on the y-axis of 
each graph, which represents eggs per gram of berry weight.  The conventionally 
treated block on a 7-day program had the lowest level of infestation of the 
three farms (Figure 8).  Weekly applications of insecticides reduced the overall 
population and fruit infestations throughout the season.  The AtK-treated rows 
receiving weekly re-treatment intervals of the AtK solution plus Boric Acid on 
the 18-in spacing (Red) provided 86.1% lower infestation levels of fruit, yet not 
statistically lower than the conventionally treated fruit without AtK stations.  
Spacing differences between the AtK stations sprayed on a 3–4-day spray 
schedule demonstrated a 10–20% lower incidence of fruit infestation compared 
with the disks that were sprayed on the 7-day schedule.
 The organically managed raspberry site sprayed weekly with spinosad 
(Entrust) had higher overall infestations than the conventionally sprayed 
block, demonstrating a 63.4% lower incidence of fruit infestation compared 
with the fruit sprayed with Entrust only.  SWD infestations were highest in the 
unsprayed raspberry planting.  AtK stations provided 60.0 to 70.0% reduction 
in fruit infestation compared with unsprayed fruit, and all plots 
were statistically lower than the untreated plots.  Combining and 
analyzing the data across all sites showed statistical separation Figure	10.	Percent	injury	reduction	using	AtK	in	untreated	raspberry.

Figure	8.	 Percent	injury	reduction	using	AtK	in	conventional	raspberry. Figure	9.			Percent	 injury	 reduction	 using	 AtK	 in	 commercial	 organic	
raspberry.

Table	1.	 Evaluations	of	attract	and	kill	stations	for	controlling	spotted	wing	drosophila	in	raspberrya.		
Hudson	Valley	Research	Lab,	Highland,	NY,	2016.

among the disks sprayed 2x/week, disks 
that were unsprayed, and the untreated 
plots (Table 1).

Discussion
	 We observed a significant reduction 
of fruit injury to raspberry by employing 
attract and kill stations with 1% boric 
acid in three unique production systems 
this season.  The question now is whether 
modifications of this approach can be 
made to increase attractiveness, further 
reducing fruit injury enough for the system 
to act as a stand-alone pest management 
tactic.  As it stands, AtK stations for SWD 
can be employed as one component in 
a diversified pest management system.  
Additional strategies would include crop 
sanitation with the removal of infested 
fruit in the bramble planting canopy 
and floor, frequent harvest intervals to 
reduce fruit resources available to the 



8  NEW YORK STATE HORTICULTURAL SOCIETY

Email: Skinne@columbiatractor.com      Web: www@columbiatractor.com

Kinz

ONE CHANGE – PUT KINZE IN PLACE OF RHINO IN THE AD -THANKS

pest, and cultural controls of weeds and the plant canopy, to 
reduce relative humidity, all of which have been shown to limit 
the reproductive success of the fly and reduce fruit infestations in 
European plantings.  We plan to further develop the AtK station 
by reducing its size and increasing the number of disks. Opening 
the lower canopy to reduce relative humidity will increase stress 
on the SWD population while increasing air flow and volatility of 
the attractant may help to improve AtK system efficacy. Further 
testing of comparative placement of the AtK stations, focusing on 
the lower canopy, may reduce the number of AtK stations needed 
within the row, to further reduce system costs.
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“Just after harvest in the fall can be 
the best time to apply herbicides for 
weed control, depending on your farm 
operation, labor situation, and weed 
problems.”

Managing Apple Orchard Weeds in the Fall  
Deborah Breth1, Elizabeth Tee1, Dan Donahue2, and Anna Wallis3
1Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Albion,	NY
2Cornell	Cooperative	Extension,	Eastern	NY	Commercial	Horticulture	Program,	Hudson	Valley	Research	Laboratory,	Highland,	NY
3Cornell	Cooperative	Extension,	Eastern	NY	Commercial	Horticulture	Program,	Plattsburgh,	NY

Springtime in the orchard is very labor-intensive, with many 
horticultural and pest management needs to address.  
Growers are still pruning, chopping brush, applying fertil-

izer, planting new 
orchards ,  and 
installing trellis 
in the spring, all 
while keeping up 
with weekly scab 
sprays, fire blight 
blossom sprays, 
weed control and 

fruit thinning sprays.  Often, weed management is on the bottom 
of the priority list.  By the time we can take action against weeds 
under the trees, they have grown too tall and have already robbed 
the orchard of nutrients meant for the trees.  Research continues 
to show that the critical timing for clean herbicide strips in low 
AND high density apple plantings is May through July (Merwin 
1994; Breth 2014, 2015).  Just after harvest in the fall can be the best 
time to apply herbicides for weed control, depending on your farm 
operation, labor situation, and weed problems.   Make plans based 
on the weed problems you need to address, and read the labels.  

The advantages of fall weed control
•	 Fall weed control removes a time-sensitive task from the early 

spring that competes with many other time-sensitive tasks.  The 
use of fall herbicides helps prevent weeds from getting ahead 
of us in the spring.  If weeds are not treated in the early spring, 
they are generally too tall and have passed their susceptible 
treatable stage.  The taller the weeds, the greater the risk of 
herbicide damaging tree trunks and foliage.   

•	 Our normally reliable rains in the fall help to incorporate the 
residual herbicides into the weed seed germination zone.  Some-
times we get a dry spring, which does not facilitate herbicide 
incorporation, allowing weed seeds to germinate.   

•	 Fall weed control will remove the winter annuals and help 
control some persistent perennials.  Winter annuals typical 
in orchards are hoary bittercress, annual bluegrass, purple 
deadnettle, and chickweed.  We are also targeting rosettes of 
marestail, shepherd’s purse, and other winter annuals that flower 
in the spring.  It is unclear how much competition winter an-
nuals pose in the fall and early spring for nutrients.  

The disadvantages of fall weed control
•	 Harvest runs late in the season, and there is little time and 

energy left to do field work.

•	 Often a trashy, weedy surface in the fall prevents an even distri-
bution of residual herbicides, and fails to uniformly stop weed 
seed germination.  Dropped apples, rootsuckers, and leaves will 
also prevent even distribution of the herbicide to the soil sur-
face.  This may require a sweeping or raking implement under 
trees to clear the herbicide strip before herbicide application.  

•	 Low hanging branches are common after harvest and will be 
sprayed with herbicide.

•	 Winter annuals are considered good cover crops to hold the 
soil in place and prevent soil erosion in the winter, especially 
on sloped ground.  Therefore, fall weed control may not be the 
best option in all parts of the state where soil erosion would 
be an issue.  

•	 Using glyphosate in the fall is very risky, due to the potential 
uptake in the trees and transport to the root systems; therefore, 
it is not advisable, unless you use every precaution, including 
shielding the boom, and preventing contact with the bark of 
the trees.  Do not spray across the herbicide strip in one pass 
under a tree row when using glyphosate, especially in the fall! 

•	

Materials and Methods
 The Apple Research and Development Program funded a 
fall weed control trial in 2014 through 2016 to look at several 
of the options registered in apples.  One trial was established 
at Ledge Rock Farms, Medina, NY.  In 2014-15, a second trial 
was conducted by Dan Donahue (CCE-ENY Commercial Hort 
Program) in Highland, NY.  A third trial was conducted by Anna 
Wallis (CCE-ENYCHP) in the Champlain Valley in 2015–16. 
Thirteen treatments were applied at the Medina site with a CO2 
backpack sprayer on 6 November 2014, in a random block design 
in 5-tree plots, 4 feet wide, with 4 replicates per treatment.  Rep 
1 was 2 rows of Gingergold, established in 2011, that had no pre-
plant weed control and with primarily perennial weed problems, 
including bindweed, yellow toadflax, and dandelion.  Rep 2 (NY1) 
and Rep 3 and 4 (NY2) were established in 2012 after pre-plant 
weed control was implemented, mainly with annual weeds like 
prostrate knotweed, common mallow, and perennial yellow 
toadflax.  Trees were planted on a 3 x 13 ft spacing.
 All treatments and rates are listed in Table 1.  All treatments 
included a post-emergent herbicide, but not all treatments in 2014 
included a residual herbicide.  AMS (sprayable ammonium sulfate 
at 10 lb/100 gal) was added, as required by the glyphosate and 
Rely labels.  All treatments, except those with Stinger, Unison, 
and Clean Amine, included a nonionic surfactant (NIS) at 0.25%.  
Treatments including Venue or TreeVix included methylated 
seed oil (MSO) at 1% vol/vol, with no NIS.  The untreated plots 
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had no application in the fall and had 100% weed cover with 
common groundsel, hoary bittercress, purple deadnettle and 
yellow toadflax.  As weed cover approached the 20% threshold 
in late May, post-emergent programs were applied to evaluate 
control of specific weeds that broke through each fall treatment.  
These programs included combinations of systemic herbicides 
such as glyphosate, Stinger (clopyralid), 2,4-D formulations, and 
contact burning herbicides such as paraquat, Rely (glufosinate-
ammonium), TreeVix (saflufenacil), Venue (pyraflufen ethyl), and 
Aim (carfentrazone-ethyl).  These treatments are also listed in 
Table 1.  All plots were treated with Gramoxone SL at 2.5 pt/A 
on 7 August 2014.  
 The treatments applied in Fall 2015 at Ledge Rock Farms are 
also listed in Table 1.  The second-year treatments were applied 
on 27 October 2015, changing the active ingredients from the 
Fall 2014 treatments based on weeds present in the fall of 2015.  
All treatments included Gramoxone SL at 2.5 pt/A and nonionic 

29-‐May	  -‐	  15	  	  or	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3-‐Jun	  -‐15	  	  	  	  	  	   7-‐Aug-‐15 27-‐Oct-‐15 3-‐Jun-‐16 7-‐Jul-‐16

All	  glyphosate	  and	  Rely	  
treatments	  included	  
sprayable	  AMS,	  Ammonium	  
sulfate	  (10	  lb/100	  gal)

All	  	  plots
All	  treatments	  included	  NIS	  
(Induce)	  at	  .25%

All	  included	  	  NIS	  at	  .25%	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Glyphosate	  treatments	  

included	  AMS	  at	  10	  
lb/100

A
Casoron	  SC	  (2.2	  gal/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  	  
Venue	  (4	  oz/a)	  +	  	  MSO	  (1%)

Sandea	  	  (1	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  
Prowl	  H2O	  (4	  qts/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

AMS	  (10	  lb/100)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Glyphosate	  (2	  qt/a)	  +	  
Unison	  (3	  pt/a)

B
Sandea	  	  (1	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Prowl	  H2O	  (4	  qts/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Spot	  	  Treated	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Unison	  	  (3	  pt/a)

Sinbar	  WG	  (2	  lb/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
CleanAmine	  (3	  pt)

C
GoalTender	  (4	  pt/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Rely	  (82	  oz/a)
Alion	  (5	  oz/a)	  +	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

AMS	  	  	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Rely	  (82	  oz/a)

D
Chateau	  WG	  (12	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  
Prowl	  H2O	  (4	  qts/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Spot	  	  Treated	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Unison	  	  (3	  pt/a)

Matrix	  (4	  oz/a)	  +	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  	  
Rely	  (82	  oz/a)

E
Alion	  (5	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Spot	  	  Treated	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Unison	  	  (3	  pt/a)

Casoron	  SC	  (2.2	  gal/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Gramoxone	  SL	  (2.5	  pt/a)	  +	  	  	  	  	  	  	  	  	  	  
Aim	  (2	  oz/a)	  	  	  +	  	  	  NIS

F
Matrix	  (4	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
TreeVix	  (1	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  
MSO	  (1%)

Sinbar	  WG	  (1	  lb/a)	  +	  	  	  	  	  
Diuron	  4L	  (3	  pt/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

	  Glyphosate	  (2	  qt/a)	  +	  
Unison	  (3	  pt/a)

G
Simazine	  4	  L	  (3	  pt/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  
Diuron	  4L	  (3	  pt/a)	  +	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
CleanAmine	  (3	  pt)

Chateau	  WG	  (12	  oz/a)	  +	  
Prowl	  H2O	  (4	  qts/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
CleanAmine	  (3	  pt)

H
Sinbar	  WG	  (2	  lb/a)	  +	  	  	  	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
Unison	  (3	  pt/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Aim	  (2	  oz/a)

Alion	  (5	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Matrix	  (2	  oz/a)	  +	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
Unison	  (3	  pt/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Aim	  (2	  oz/a)

I
Glyphosate	  (2	  qt/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Unison	  (3	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  	  	  	  	  
Rely	  (82	  oz/a)

Alion	  (5	  oz/a)	  +	  	  	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

S`nger	  (10.56	  oz/a)	  +	  	  	  	  	  	  	  
Unison	  (3	  pt/a)

J Gramoxone	  SL	  (2.5	  pt/a) Glyphosate	  (2	  qt/a)
Alion	  (5	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Matrix	  (2	  oz/a)	  +	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  
CleanAmine	  (3	  pt)	  +	  	  	  	  	  
Aim	  (2	  oz/a)

K Glyphosate	  (2	  qt/a)
S`nger	  (10.56	  oz/a)	  +	  	  	  	  	  	  	  
Unison	  (3	  pt/a)

Alion	  (5	  oz/a)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Matrix	  (2	  oz/a)	  +	  	  	  
Gramoxone	  SL	  (2.5	  pt/a)

Glyphosate	  (2	  qt/a)	  +	  	  	  	  	  	  	  	  	  	  	  
Aim	  (2	  oz/a)

L S`nger	  (10.56	  oz/a)
Glyphosate	  (2	  qt/a)	  +	  
CleanAmine	  (3	  pt)

GoalTender	  (4	  pt/a)	  +	  
Gramoxone	  SL	  (2.5	  pt/a)

Gramoxone	  SL	  (2.5	  pt/a)	  +	  	  	  	  	  	  	  	  	  	  
Aim	  (2	  oz/a)	  	  	  +	  NIS

M Untreated
AMS	  (10	  lb/100)	  +	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Glyphosate	  (2	  qt/a)	  +	  
Unison	  (3	  pt/a)

Untreated
S`nger	  (10.56	  oz/a)	  +	  	  	  	  	  	  	  
Unison	  (3	  pt/a)

12/6/201612/6/201612/6/2016

Table	  1.	  Herbicides	  and	  rates	  applied	  over	  the	  2-‐year	  fall	  weed	  control	  trial.	  	  

6-‐Nov-‐14

All	  included	  	  Nonionic	  surfactant	  
(NIS)	  at	  .25%	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Glyphosate	  treatments	  included	  
AMS	  at	  10	  lb/100
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surfactant (NIS) at 0.25% vol/vol.  There were no treatments, 
other than the untreated plots, that were left without a residual 
herbicide, since we demonstrated that post-emergence herbicides 
alone are not effective at removing weed pressure through May 
of the following season.  Clover and dandelion became the most 
common weeds in the untreated check plots.  
 Plots were evaluated by estimating the percent green weed 
cover (PWC) in an 18”-diameter ring, taking 3 readings per plot 
in each replicate.  The weeds constituting the PWC were recorded 
for each treatment.  Because of the different pre-plant action and 
tree age, Rep 1 data are not included in this analysis.  The data 
from Reps 2–4 were analyzed using ANOVA (p ≤ 0.05) with Tukey 
HSD means separation (α = 0.05).  The percent control of the 
residual treatments (Tables 2a and 3a) was calculated by compar-
ing the early June PWC ratings of herbicide treatments with the 
PWC in untreated plots.  The percent control of post-emergence 
herbicide treatments (Tables 2b and 3b) was calculated comparing 



more easily follow the results tables in this report.
 In the Fall of 2015, a trial was conducted in the Champlain 
Valley at a commercial orchard site in Peru, to evaluate the 
efficacy of fall applied herbicides for weed control in the subse-
quent season.  Ten selected pre-emergent herbicide treatments 
were applied; the ground was nearly bare (no weeds present), 
so surfactant and burndown materials were not included in the 
tank mix.  Treatments were applied to 9’ x 4’ plots to include 
3 trees, replicated 3 times, under NY1/Nic-29, on 28 October 
2015.  Temperature at the time of application was 40°F.  Post-
application rainfall was 1.02” within 24 hr, with a 5-day total 
of 1.12”.  Temperatures during the 5 days following treatments 
averaged 43°F, ranging from a low of 27.5°F three nights after 
treatment (the only night with sub-freezing temperatures), and 
a high of 64°F.  Weeds were rated once in the spring on 17 May 
2016 for PWC and the weed species present in each plot.     

2014–2015 Results
 Untreated weedy checks and plots without residual herbi-
cide in the fall were the first to break through the suggested PWC 
threshold of 20% by 19 May in the midst of petal fall insecticide, 
fungicide, and late fire blight sprays.  Those plots were treated 
on 29 May with different post-emergence treatments.  The next 
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1-‐Apr 24-‐Apr 7-‐May 19-‐May 1-‐Jun
A Casoron* 0.8	  	  	  b 4.3	  ab 2.2	  	  	  	  b 5.3	  	  d 32	  	  	  	  d 56
B Sandea	  +	  Prowl* 0.3	  	  	  b 0.9	  	  	  	  b 0.3	  	  	  	  b 0.3	  	  d 6.1	  	  	  	  	  	  e 91
C Goaltender* 0.1	  	  	  b 0.4	  	  	  	  b 0.8	  	  	  	  b 1.4	  	  d 9.6	  	  	  	  	  	  e 87
D Chateau	  +	  Prowl* 0.0	  	  	  b 0.1	  	  	  b 0.3	  	  	  b 0.4	  	  	  	  	  	  d 5.0	  	  	  	  	  	  e 93
E Alion* 0.1	  	  	  b 0.1	  	  	  b 0.1	  	  	  b 0.3	  	  	  	  	  	  d 2.2	  	  	  	  	  	  e 97
F Matrix* 0.0	  	  	  b 5.3	  	  ab 6.9	  	  ab 6.8	  	  	  	  cd 43	  	  	  cd 40
G simazine	  +	  diuron* 0.1	  	  	  b 1.1	  	  	  b 1.1	  	  	  b 0.6	  	  	  	  	  	  d 8.9	  	  	  	  	  	  e 88
H Sinbar* 0.6	  	  	  b 2.9	  	  ab 2.3	  	  	  b 5.2	  	  	  	  	  	  d 33	  	  	  	  d 54
I Unison	  +	  Gly 0.3	  	  	  b 6.4	  	  ab 5.4	  	  ab 8.6	  bcd 54	  	  bc 25
J Gramoxone 0.6	  	  	  b 6.7	  ab 12.4	  a	  	  	   24.6	  ab 61.1	  	  abc 15
K Glyphosate 0.2	  	  	  b 10.2	  a	  	  	   14.1	  a	  	  	   25.7	  	  a 78.3	  	  a -‐9
L STnger 1.6	  	  	  b 3.2	  ab 2.8	  	  	  	  b 11.1	  	  abcd 65	  	  ab 9
M Untreated 8.6	  a	  	   	  	  	  	  	  	  7.7	  	  ab	  	  	   12.3	  a	  	  	   22.8	  	  abc 71.7	  	  ab

*Applied	  6	  Nov	  2014	  with	  Gramoxone	  SL	  (2.5	  pt./acre)	  plus	  NIS	  at	  0.25%.
Numbers	  followed	  by	  the	  same	  leIers	  are	  not	  staJsJcally	  different.	  	  

TREATMENT	  Fall	  2014

Table	  2a.	  	  PWC	  and	  percent	  control	  for	  each	  treatment	  in	  2015	  a[er	  fall	  treatments	  in	  2014.	  	  
%	  weed	  cover

%	  Control	  

%	  weed	  Cover Postemergent	  Spray
1-‐Jun 	  May	  29-‐Jun	  3 19-‐Jun %	  control 2-‐Jul 15-‐Jul 31-‐Jul

A Casoron* 32	  	  	  	  d Gly	  +	  Venue	  +	  MSO 6	  	  	  	  bc 81 6	  	  c 37	  	  cd 42	  	  cdef
B Sandea	  +	  Prowl* 6.1	  	  	  	  	  	  e Unison	  spot 2	  	  	  	  	  	  c 67 2	  	  c 28	  	  de 25	  	  efgh
C Goaltender* 9.6	  	  	  	  	  	  e Rely 0	  	  	  	  	  	  c 100 1	  	  c 5	  	  gh 7	  	  	  	  	  	  gh
D Chateau	  +	  Prowl* 5.0	  	  	  	  	  	  e Unison	  Spot 4	  	  	  	  bc 20 2	  	  c 12	  	  	  fgh 12	  	  	  	  	  gh
E Alion* 2.2	  	  	  	  	  	  e Unison	  Spot 0	  	  	  	  	  	  c 100 0	  	  c 2	  	  	  	  	  	  	  	  	  h 2	  	  	  	  	  	  	  	  	  h
F Matrix* 43	  	  	  cd Gly	  +	  TreeVix	  +	  MSO 2	  	  	  	  	  c 95 2	  	  c 14	  	  	  fgh 17	  	  	  fgh
G simazine	  +	  diuron* 8.9	  	  	  	  	  	  e Gly	  +	  Clean	  Amine 1	  	  	  	  	  c 89 2	  	  c 22	  	  ef 30	  	  defg
H Sinbar* 33	  	  	  	  d Gly	  +	  Unison	  +	  Aim 3	  	  	  	  	  c 91 1	  	  c 15	  	  	  fg 22	  	  efgh
I Unison	  +	  Gly 54	  	  bc Gly	  +	  Rely 12	  	  bc 78 13	  	  c 45	  bc 51	  cd
J Gramoxone 61.1	  	  abc Gly 50	  	  a 18 33	  	  b 72	  	  a 88	  	  ab
K Glyphosate 78.3	  	  a STnger	  +	  Unison 46	  	  a 41 58	  	  a 79	  	  a 94	  	  a
L STnger 65	  	  ab Gly	  +	  Clean	  Amine 20	  	  b 69 12	  	  c 37	  	  cd 45	  	  cde
M Untreated 71.7	  	  ab Gly	  +	  Unison 16	  	  bc 78 28	  	  b 57	  	  b 63	  	  abc

Numbers	  followed	  by	  the	  same	  leIers	  are	  not	  staJsJcally	  different.	  	  

Table	  2b.	  	  PWC	  for	  each	  treatment	  followed	  by	  percent	  control	  a[er	  post-‐emergence	  spray	  in	  2015.	  	  

All	  plots	  treated	  with	  Gramoxone	  2.5	  pt/acre	  on	  7	  August	  2015.

%	  weed	  cover
TREATMENT	  Fall	  2014

the PWC 2 to 3 weeks 
after the post-emergent 
herbicide application 
to PWC just prior to 
the post-emergent ap-
plication for each treat-
ment.  The average of 
all PWC readings taken 
in each season of the 
trial, and overall av-
erage of all readings 
taken throughout the 
duration of the project 
are reported in Table 
4.  All treatment plots 
are labeled A-M (M is 
the untreated check) to 

Figure	1.		The	yellow	flowering	weed	in	the	foreground	is	yellow	toadflax	
(Linaria vulgaris).		The	plots	treated	with	Alion	in	Fall	2014	looked	
relatively	 bare	 in	 mid-July	 2015	 with	 only	 a	 spot	 treatment	 of	
2,4-D.

treatments to break by 1 Jun were Casoron (Figure 3), Matrix, 
and Sinbar.  Alion, Chateau + Prowl H20, Sandea + Prowl H2O, 
GoalTender, and simazine + diuron provided excellent residual 
weed control into June.   Alion (Figure 1), GoalTender (Figure 2), 
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Chateau + Prowl, and Matrix (Figure 4) treatments all held PWC 
below 20% through July, with only one follow-up post-emergent 
application, suggesting the residual herbicide in the fall was still 
effective at stopping weed seed germination through July.   
 Yellow toadflax (Linaria vulgaris), a perennial in Figure 
1, came through all the fall treatments, but in low numbers in 
Sandea + Prowl H2O, Chateau + Prowl H2O, and Alion plots, 
which were spot-treated with Unison (2,4-D) on 3 June.  The 
Sandea + Prowl treatments started to break in late July, with 
common groundsel and dandelion; Chateau + Prowl broke with 
dandelion and common mallow.  Alion plots had just a bit of 
prostrate knotweed; GoalTender plots had a bit of common 
groundsel, prostrate knotweed and annual grasses starting to 
germinate.  Results from the trial at the Hudson Valley Lab were 
much like the western NY results.  The best control in PWC 
was in plots treated in the Fall 2014 with Alion, or Chateau, 
or GoalTender, with the next best group of treatments being 
Casoron CS, Matrix, simazine + diuron, and Sandea.

2015–2016 Results  
 It is important to rotate product mechanism of action 
between seasons.  Table 3 shows the longest lasting treatments 
in Medina were Alion 2014, followed by Casoron 2015 (Figure 
5a), GoalTender 2014 followed by Alion 2015 (Figure 5b), and 
Stinger 2014 (no residual) followed by GoalTender 2015. 
  It is important to note the less than satisfactory results of 
Alion 2015 following the glyphosate + 2,4-D non-residual pro-
gram in 2014-15 with a trashy weed cover in the Fall 2015.  The 
Alion + Matrix treatments with Gramoxone in the fall plots, 
which had no residual herbicide in 2014, only provided 59–72% 
control compared with the untreated check.  These plots also 
had heavier weed pressure to start, and therefore were more 
difficult to get even distribution of residual herbicide in the 
herbicide strip.  Alion has no post-emergent activity, but Matrix 
has activity on annual grasses (1–2 inches height) and some 
broadleaves (1–3 inches height).  As with all residual herbicides, 
both of these herbicides need even distribution on the soil to 
be activated in the weed seed germination zone to be effective 
at preventing germination of weeds throughout the spring.  
 The surprising result was that GoalTender, applied in Fall 
2015 to a trashy herbicide strip, was effective at cleaning up and 
maintaining the herbicide strip into early June 2016.  This was 
effective because GoalTender is a good residual and has good 
post-emergent activity against many weeds that are 4 inches in 
height.  Combined with Gramoxone (paraquat), as in this trial, 
it is even more effective.  (Note that GoalTender and other 
oxyflurofen products must not be applied between budswell in 
the spring and final harvest.) 
 In the Champlain Valley trial, conditions for the 28 October 
2015 herbicide application were very good, with cool average 
temperatures following the application and adequate rainfall 
within 24 hr to activate herbicides that require it.  In this trial, 
the most common weeds to break through in the spring were 
vetch, oxalis, and orchard grass. Table 5 shows the best control 
in terms of PWC was provided by Matrix, Sandea, and Alion, 
with 92%, 82% and 78% control, respectively.  Chateau provided 
moderate control (64%), but with considerable variability be-
tween plots.  The remaining treatments provided on average 
less than 40% control, requiring a burndown material in the 
spring. 

Figure	 2.	 GoalTender	 2014	 plots	 followed	 by	 Rely	 had	 excellent	 weed	
control	into	mid-July	2015.		

Figure	 3.	 Healthy	 prostrate	 knotweed	 growing	 through	 Casoron	 2014	
treatment	in	early	June	2015.

	Figure	4.		Matrix	2014	treated	with	glyphosate	plus	TreeVix,	3	June	2015,	
provided	 good	 burndown	 of	 prostrate	 knotweed	 and	 yellow	
toadflax.
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	Figure	5.			The	 longest	 lasting	 treatments	 in	 Medina	 were	 Alion	 2014	 followed	 by	 Casoron	 2015	 (a),	 GoalTender	 2014	 followed	 by	 Alion	 2015	 (b),	 and	
Stinger	2014	(no	residual)	followed	by	GoalTender	2015.

Table	  3a.	  	  PWC	  and	  percent	  control	  in	  2016	  a8er	  fall	  treatments	  in	  2015. Table	  3b.	  	  PWC	  for	  each	  treatment	  followed	  by	  percent	  control	  a8er	  post-‐emergence	  spray	  in	  2016.	  	  
Postemergent	  spray

19-‐Apr 10-‐May 25-‐May 3-‐Jun 13-‐Jun %	  Control 6-‐Jul %	  Control 8-‐Jul 23-‐Aug %	  Control
A Sandea	  +	  Prowl* 18	  	  	  	  bc 47	  	  bc 45	  	  bc 52 A Sandea	  +	  Prowl* 45	  	  bc Gly	  +	  Unison 18	  	  bc 60 7	  	  	  cd 84 36	  	  	  bc
B Sinbar* 16	  	  	  	  bc 50	  	  b 49	  	  b 47 B Sinbar* 49	  	  b Gly+CleanAmine 29	  	  	  b 41 13	  	  bcd 73 48	  ab
C Alion* 0	  	  	  	  	  	  d 0	  	  	  	  	  	  d 3	  	  	  	  	  	  	  	  e 97 C Alion* 3	  	  	  	  	  	  	  	  e 2	  	  	  	  	  	  d 13	  	  bcd Rely 0	  	  	  	  	  	  d 100
D Matrix* 8	  	  	  	  	  	  cd 20	  	  	  	  	  d 29	  	  	  	  	  cd 69 D Matrix* 29	  	  	  	  	  cd Gly	  +	  Rely 6	  	  	  cd 79 18	  	  	  b 38 46	  ab
E Casoron* 0	  	  	  	  	  d 0	  	  	  	  	  d 0	  	  	  	  	  	  	  	  e 100 E Casoron* 0	  	  	  	  	  	  	  	  e 0	  	  	  	  	  d 4	  	  	  	  	  	  d Gram+Aim 33	  	  bcd -‐725
F Sinbar	  +	  diuron* 9	  	  	  bcd 21	  	  	  	  	  d 27	  	  	  	  cd 71 F Sinbar	  +	  diuron* 27	  	  	  	  cd Gly	  +	  Unison 9	  	  	  	  cd 67 7	  	  	  	  cd 74 79	  a
G Chateau	  +	  Prowl* 2	  	  	  	  	  	  	  d 22	  	  	  	  	  cd 38	  	  bcd 59 G Chateau	  +	  Prowl* 38	  	  bcd Gly+CleanAmine 12	  	  	  	  cd 68 5	  	  	  	  cd 87 21	  	  bcd
H Alion*	  +	  Matrix* 3	  	  	  	  	  	  d 18	  	  	  	  	  	  d 26	  	  	  	  	  	  d 72 H Alion*	  +	  Matrix* 26	  	  	  	  	  	  d Gly+Unison+Aim 11	  	  	  cd 58 5	  	  	  	  	  	  d 81 7	  	  	  	  	  cd
I Alion* 19	  	  	  b 49	  	  b 40	  	  bcd 57 I Alion* 40	  	  bcd SXnger	  +	  Unison 28	  	  	  b 30 19	  	  	  b 53 4	  	  	  	  cd
J Alion*	  +	  Matrix* 4	  	  	  	  	  	  	  d 20	  	  	  	  	  	  d 27	  	  	  	  	  cd 71 J Alion*	  +	  Matrix* 27	  	  	  	  	  cd Gly+CleanAmine+Aim 17	  	  bc 36 11	  	  bcd 59 14	  	  bcd
K Alion*	  +	  Matrix* 3	  	  	  	  	  	  d 22	  	  	  	  	  cd 38	  	  bcd 59 K Alion*	  +	  Matrix* 38	  	  bcd Gly	  +	  Aim 17	  	  bc 55 16	  	  bc 58 46	  ab
L Goaltender* 1 5 9 91 L Goaltender* 9 25 44 Gram+Aim 43 2
M Untreated 100	  a 100	  a 93	  a M Untreated 93	  a 91	  a 100	  a SXnger+Unison 44	  	  ab 56

*Applied	  27	  Oct	  2015	  with	  Gramoxone	  SL	  (2.5	  pt./acre)	  plus	  NIS	  at	  0.25%.
Numbers	  followed	  by	  the	  same	  leHers	  are	  not	  staIsIcally	  different.	  	  

%	  Weed	  Cover

Numbers	  followed	  by	  the	  same	  leHers	  are	  not	  staIsIcally	  different.	  	  

Treatment	  Fall	  2015
%	  weed	  cover	  and	  %	  control

25-‐MayTreatment	  Fall	  2015 %	  Control

Table	  3a.	  	  PWC	  and	  percent	  control	  in	  2016	  a8er	  fall	  treatments	  in	  2015. Table	  3b.	  	  PWC	  for	  each	  treatment	  followed	  by	  percent	  control	  a8er	  post-‐emergence	  spray	  in	  2016.	  	  
Postemergent	  spray

19-‐Apr 10-‐May 25-‐May 3-‐Jun 13-‐Jun %	  Control 6-‐Jul %	  Control 8-‐Jul 23-‐Aug %	  Control
A Sandea	  +	  Prowl* 18	  	  	  	  bc 47	  	  bc 45	  	  bc 52 A Sandea	  +	  Prowl* 45	  	  bc Gly	  +	  Unison 18	  	  bc 60 7	  	  	  cd 84 36	  	  	  bc
B Sinbar* 16	  	  	  	  bc 50	  	  b 49	  	  b 47 B Sinbar* 49	  	  b Gly+CleanAmine 29	  	  	  b 41 13	  	  bcd 73 48	  ab
C Alion* 0	  	  	  	  	  	  d 0	  	  	  	  	  	  d 3	  	  	  	  	  	  	  	  e 97 C Alion* 3	  	  	  	  	  	  	  	  e 2	  	  	  	  	  	  d 13	  	  bcd Rely 0	  	  	  	  	  	  d 100
D Matrix* 8	  	  	  	  	  	  cd 20	  	  	  	  	  d 29	  	  	  	  	  cd 69 D Matrix* 29	  	  	  	  	  cd Gly	  +	  Rely 6	  	  	  cd 79 18	  	  	  b 38 46	  ab
E Casoron* 0	  	  	  	  	  d 0	  	  	  	  	  d 0	  	  	  	  	  	  	  	  e 100 E Casoron* 0	  	  	  	  	  	  	  	  e 0	  	  	  	  	  d 4	  	  	  	  	  	  d Gram+Aim 33	  	  bcd -‐725
F Sinbar	  +	  diuron* 9	  	  	  bcd 21	  	  	  	  	  d 27	  	  	  	  cd 71 F Sinbar	  +	  diuron* 27	  	  	  	  cd Gly	  +	  Unison 9	  	  	  	  cd 67 7	  	  	  	  cd 74 79	  a
G Chateau	  +	  Prowl* 2	  	  	  	  	  	  	  d 22	  	  	  	  	  cd 38	  	  bcd 59 G Chateau	  +	  Prowl* 38	  	  bcd Gly+CleanAmine 12	  	  	  	  cd 68 5	  	  	  	  cd 87 21	  	  bcd
H Alion*	  +	  Matrix* 3	  	  	  	  	  	  d 18	  	  	  	  	  	  d 26	  	  	  	  	  	  d 72 H Alion*	  +	  Matrix* 26	  	  	  	  	  	  d Gly+Unison+Aim 11	  	  	  cd 58 5	  	  	  	  	  	  d 81 7	  	  	  	  	  cd
I Alion* 19	  	  	  b 49	  	  b 40	  	  bcd 57 I Alion* 40	  	  bcd SXnger	  +	  Unison 28	  	  	  b 30 19	  	  	  b 53 4	  	  	  	  cd
J Alion*	  +	  Matrix* 4	  	  	  	  	  	  	  d 20	  	  	  	  	  	  d 27	  	  	  	  	  cd 71 J Alion*	  +	  Matrix* 27	  	  	  	  	  cd Gly+CleanAmine+Aim 17	  	  bc 36 11	  	  bcd 59 14	  	  bcd
K Alion*	  +	  Matrix* 3	  	  	  	  	  	  d 22	  	  	  	  	  cd 38	  	  bcd 59 K Alion*	  +	  Matrix* 38	  	  bcd Gly	  +	  Aim 17	  	  bc 55 16	  	  bc 58 46	  ab
L Goaltender* 1 5 9 91 L Goaltender* 9 25 44 Gram+Aim 43 2
M Untreated 100	  a 100	  a 93	  a M Untreated 93	  a 91	  a 100	  a SXnger+Unison 44	  	  ab 56

*Applied	  27	  Oct	  2015	  with	  Gramoxone	  SL	  (2.5	  pt./acre)	  plus	  NIS	  at	  0.25%.
Numbers	  followed	  by	  the	  same	  leHers	  are	  not	  staIsIcally	  different.	  	  

%	  Weed	  Cover

Numbers	  followed	  by	  the	  same	  leHers	  are	  not	  staIsIcally	  different.	  	  

Treatment	  Fall	  2015
%	  weed	  cover	  and	  %	  control

25-‐MayTreatment	  Fall	  2015 %	  Control

Post-emergent Control for Problem Weeds
 Every orchard has its own set of problem 
weeds that must be addressed after a residual 
program.  The herbicide choices will depend on 
the weed species.  A couple of the weed species 
encountered in this project include yellow toad-
flax, and dandelion.  Unison and Clean Amine 
are 2,4-D products with toadflax on the label; 
however, not all 2,4-D products have toadflax on 
the label.  Toadflax must be treated while it is still 
short to get the greatest effect.  Stinger has no 
effect on toadflax.  In this trial, both Unison and 
Clean Amine in combination with glyphosate, 
with or without Aim, burned the tips of the plants, 
stopped growth, and eventually the plants died.  
Toadflax also died when Unison was mixed with 
Stinger.  When glyphosate was mixed with Rely, 
toadflax was burned but resprouted from the 
extensive creeping roots resembling rhizomes in 
the topsoil.
 Dandelion has also become a prominent weed 
in orchard herbicide strips as a perennial weed, 
with a strong taproot and prolific production of 
seeds for new seedlings.  The plots treated with 

GoalTender in 2014 followed by Alion in 2015 had no dandelion for most of the 
season.  Effective treatments against established dandelion were glyphosate plus 
2,4-D (with or without Aim), Glyphosate plus Rely, and Glyphosate plus Aim.  
There was no control from Gramoxone plus Aim.  Stinger slowly cleaned up 
the untreated check, which was full of dandelion and clover.   Another objective 
of this project was to evaluate control options for perennial weeds and will be 
summarized in a future article.  

a b
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Conclusions and 
Considerations
1. Pre-plant preparation 

i n f l u e n ce s  th e  w e e d 
species that will challenge 
your production system.  
If perennial weeds are not 
controlled before tillage 
and disking a new planting 
site with glyphosate, 2,4-
D and/or Stinger, these 
weeds will challenge new 
orchards for years to come.

2. Expect more than one weed 
control application every 
year in tall spindle systems 
with abundant sunshine 
and trickle irrigation.  
Trickle irrigation will 
result in weedy spots due to dilution of residual herbicide.

3. Weeds are typically too tall for control by late spring, 
which increases the risk of tree injury from post-emergent 
herbicides on the tree trunks.   Watch hot temperatures 
when applying herbicides that “burn.”  Do not spray 
herbicides across the tree rows with flood nozzles.

4. Late spring application of residual herbicide can result in 
poor activation if we have a dry season like 2016.  Rainfall, 
necessary to activate residual herbicides in the weed seed 
germination zone, is more reliable in the fall.  Check labels 
for rainfall requirements.  

5. If weeds are allowed to establish late, they will contribute 
to vole problems.  

6. Winter annuals like red deadnettle, chickweed, hoary 
bittercress and other small flowering weeds in the spring 
brown out after flowering and are not considered to be very 
competitive.  These winter annuals will not be present if 
fall residual herbicides are used.

7. Always use a post-emergent herbicide with a fall residual 
herbicide to burn off existing weeds.  I always use paraquat, 
not glyphosate.  I do not use glyphosate in treatments 
after early July because of sublethal effects to trees and the 

TREATMENT	  2014-‐15 Treatment	  2015-‐16
A Casoron*,	  Gly+Venue+MSO Sandea	  +	  Prowl*,	  Gly+Unison 15 	  	  	  	  	  CDE 29 	  	  	  	  BC 20 	  	  	  	  	  	  	  CDE
B Sandea	  +	  Prowl*,	  Spot	  Unison Sinbar*,	  Gly+CleanAmine 9 	  	  	  	  	  	  	  	  	  	  	  EF 34 	  	  	  	  B 19 	  	  	  	  	  	  	  	  	  DEF
C Goaltender*,	  Rely Alion*,	  Rely 2 	  	  	  	  	  	  	  	  	  	  	  	  	  	  F 3 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G 3 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G
D Chateau	  +	  Prowl*,	  Spot	  Unison Matrix*,	  Gly+Rely 5 	  	  	  	  	  	  	  	  	  	  	  	  EF 21 	  	  	  	  BCDE 11 	  	  	  	  	  	  	  	  	  	  	  	  	  EFG
E Alion*,	  Spot	  Unison Casoron*,	  Gramoxone+Aim 1 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F 6 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FG 3 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  G
F Matrix*,	  Gly+Treevix+MSO Sinbar	  +	  diuron*,	  Gly+Unison 11 	  	  	  	  	  	  	  	  	  	  DEF 25 	  	  	  	  BCD 17 	  	  	  	  	  	  	  	  	  	  DEF
G simazine	  +	  diuron*,	  Gly+CleanAmine Chateau	  +	  Prowl*,	  Gly+CleanAmine 8 	  	  	  	  	  	  	  	  	  	  	  	  	  EF 17 	  	  	  	  	  	  	  CDEF 11 	  	  	  	  	  	  	  	  	  	  	  	  	  EFG
H Sinbar*,	  Gly+Unison+Aim Alion+Matrix*,	  Gly+Unison+Aim 10 	  	  	  	  	  	  	  	  	  	  DEF 11 	  	  	  	  	  	  	  	  	  	  	  	  	  EFG 10 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FG
I Unison	  +	  Gly,	  Gly	  +	  Rely Alion*,	  SVnger+Unison 24 	  	  	  	  BC 27 	  	  	  	  BCD 25 	  	  	  	  	  	  	  CD
J Gramoxone,	  Gly Alion+Matrix*,	  Gly+CleanAmine+Aim 38 A 15 	  	  	  	  	  	  	  	  	  	  DEFG 29 	  	  	  	  	  BC
K Glyphosate,	  SVnger+Unison Alion+Matrix*,	  Gly+Aim 44 A 24 	  	  	  	  	  BCDE 36 	  	  	  	  	  B
L SVnger,	  Gly+CleanAmine Goaltender*,	  Gramoxone+Aim 21 	  	  	  	  	  CD 18 	  	  	  	  	  	  	  	  CDEF 20 	  	  	  	  	  	  	  CDEF
M Untreated,	  Gly+Unison Untreated,	  SVnger+Unison 34 	  AB 88 	  	  A 55 	  	  A

14-‐15	  AVG	  Percent	  
Weed	  Cover

15-‐16	  AVG	  Percent	  Weed	  
Cover

2014-‐2016	  	  Average	  
Weed	  Cover

Table	  4.	  	  Summary	  of	  the	  seasonal	  average	  PWC	  for	  each	  treatment	  	  for	  each	  year	  and	  for	  the	  2-‐year	  duraVon.	  	  

Numbers	  followed	  by	  the	  same	  le2ers	  are	  not	  sta4s4cally	  different.	  	  

Material	  #1 Rate Material	  #2 Rate
%	  Weed	  

Cover Weed	  Species	  Breakthrough

2,4-‐D 3	  pt/A na na 85 OX,	  V,	  G
Glyphosate 3	  qt/A na na 65 OX,	  V,	  M,	  LQ
Glyphosate 3	  qt/A 2,4-‐D 3	  pt/A 62 OX,	  V,	  M,	  LQ
Alion 5	  oz/A na na 22 OX,	  V,	  G,	  HW
Casoron 2.8	  gal/A na na 70 OX,	  V,	  G,	  M
Chateau 12	  oz/A na na 36 OX,	  V,	  D,	  G,	  LT	  
GoalTender 4	  pt/A na na 67 OX,	  V,	  G,	  HW
Matrix 4	  oz/A na na 8 OX,	  V,	  G
ProwlH2O 4	  pt/A na na 68 V,	  G,	  M,	  HW
Sandea 1	  oz/A na na 18 OX,	  V,	  D,	  G	  
SXnger 0.67	  pt/A na na 73 V,	  G,	  M	  
Control na na na 92 See	  complete	  list
*	  no	  surfactants	  or	  Gramoxone	  used.	  	  Sprayed	  onto	  nearly	  bare	  ground.
KEY:	  OX:	  Oxalis,	  V:	  Vetch,	  D:	  Dandelion,	  G:	  Orchard	  Grass,	  M:	  Mustard,	  LQ:	  Lambs	  Quarters,	  LT:	  Lady's	  Thumb,	  
HW:	  Horseweed	  

Table	  5.	  Champlain	  Valley	  Fall	  2015	  Weed	  Control,	  EvaluaXon	  Spring	  2016

potential for winter injury.  Glyphosate in the spring/early 
summer cleanup with 2,4-D after fall residual application 
will help with perennial weed control.  If there are lots 
of perennial weeds in the fall, use 2,4-D after harvest.  If 
broadleaf perennials are present in row middles, this is also 
the time to apply 2,4-D in the row middles.

8. Perennial weeds are most susceptible to glyphosate or 2,4-
D before a frost, so these products may not be effective in 
a November treatment against them unless they are still 
green and actively growing.  Wait to use glyphosate for 
perennial weeds in the spring, when there is less risk of 
uptake in the tree.  

9. If no residual herbicide is used in the fall, weeds will break 
in early May.  If 2,4-D, Venue, TreeVix, or Aim are used 
alone, grasses will prevail!  Tank mix partners should have 
complementary spectrums of weed control.  

10. Check out this cross-reference for herbicide effectiveness 
for specific weeds.  http://lof.cce.cornell.edu/submission.
php?id=321&crumb=pests|pests

 Fall weed control will relieve some time-sensitive work 
in spring, and minimize weed competition with high density 
apple trees through the critical month of May.  The greatest 
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success will be achieved if the herbicide strips are maintained 
consistently, by taking action when weeds are small, and if 
the strip is not littered with apples, leaves, and rootsuckers.  
Check the Cornell Tree Fruit Pest Management Guidelines 
and product labels for descriptions of herbicide options for fall 
weed control.  
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The	Empire	State	Producers	Expo	at	the	Oncenter	Convention	Center	in	Syracure,	NY.

See	page	16	for	more	info.
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SAVE THE DATE!
2017 Expo

The	Empire	State	
Producers	Expo	

is	coming	up	January	17-19	
at	the	Oncenter	Convention	

Center	in	Syracure,	NY!	

This show combines the major fruit, 
flower, vegetable, and direct marketing 

associations of New York State in order to 
provide a comprehensive trade show and 
educational conference for the fruit and 

vegetable growers of this state, as well as 
the surrounding states and Eastern Canada. 

The	Becker	Forum	is	Jan	16,	2017	
at	the	Holiday	Inn	Liverpool.

For more informaiton:

https://nysvga.org/expo/information/

2017 EXPO PROGRAM OVERVIEW

MONDAY, JANUARY 16, HOLIDAY INN
BECKER FORUM

GAPs/Produce Safety Alliance Grower Training
8:00 AM – 5:00 PM
Convention Center

TUESDAY, JANUARY 17, ONCENTER
NYS Berry Growers Association

Berry Crops Protected Culture Workshop
8:30 AM – 4:00 PM

Preregistration required to receive workshop materials.

TUESDAY, JANUARY 17, ONCENTER
GAPs Day 2 Workshop: Writing Your Own Food Safety Plan

8:30 AM – 4:30 PM 
This workshop requires special registration and is limited 

to those who have attended a PSA/FSMA 7-hour course 
or day 1 GAPs training.

TUESDAY, JANUARY 17, ONCENTER
New York State Vegetable Growers Association

Meeting and Lunch
12:00 PM Rooms 7-8

TUESDAY, JANUARY 17
Trade Show

8:00 AM – 5:00 PM
NYS Tasting

 2:30 PM – 3:30 PM

WEDNESDAY, JANUARY 18
Special Session: The New York Grown and Certified Program

Richard Ball, New York State Commissioner of Agriculture
10:30 AM – 11:30 AM Ballroom West

WEDNESDAY, JANUARY 18
Trade Show

8:00 AM – 5:00 PM
Ice Cream Social in the Trade Show

2:30 PM – 3:30 PM

THURSDAY, JANUARY 19
Trade Show

8:00 AM – 1:30 PM

THURSDAY, JANUARY 19 – FEATURED SESSIONS
Tree Fruit – Technology in the Orchard

8:30 AM – 9:45 AM Ballroom East

Onions: Ensuring High Quality in Small-Scale Production
11:00 AM – 12:15 PM Ballroom West

Hard Cider
1:45 PM – 3:00 PM Rooms 1-2
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“To date, an effective method to improve 
fruit set following a spring freeze 
during the pre-bloom period of green 
tissue development has not been 
identified... The purpose of this study 
was to characterize the effectiveness of 
the “Spring Tonic Spray” and Promalin 
applied to Cortland and Honeycrisp 
several weeks after the 2016 spring 
freeze event.”

The Fallout from the 2016 Hudson Valley Pre-Bloom 
Freeze: Will Applications of Certain Foliar Nutrients 
and Promalin Help Save an Apple Crop?
Gemma Reig1, Daniel Donahue2
1Horticulture	Section,	School	of	Integrative	Plant	Science,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY.
2Cornell	Cooperative	Extension,	Eastern	New	York	Commercial	Horticulture	Program,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY.

I	f the abnormally warm weather this past winter and during 
the month of August are any indication, the climate in the 
Hudson Valley is changing.  Many scientists expect shorter, 

warmer winters 
with longer and 
hotter summers 
to become more 
commonplace in 
the future.  As a 
result, new chal-
lenges are like-
ly to emerge in 
Hudson Valley 
apple orchards.  
Growers experi-
enced one such 
chal lenge this 
past spring. The 

early season accumulation of heat units led to McIntosh green tip 
(GT) at the Cornell Hudson Valley Research Lab on March 16th, 
almost three weeks earlier than average.  Development continued 
at a faster than normal pace, reaching half-inch green to early 
tight cluster (TC), depending on the variety, by April 5th.  Disaster 
struck in the early mornings of April 5 and 6 as temperatures 
dipped into the single digits in Columbia County, and the low 
teens in Ulster Co.  According to published cold injury charts, 
flower bud mortality should have been close to 100%.  In reality, 
a substantial number of buds survived and resumed development 
(Figures.  1–2).  At the pink bud stage, the weather cooled, with 
the bloom period being cold, wet, and much longer than normal.  
The period from pink to petal fall was as long as three weeks for 
some varieties.  In the end, full bloom occurred only 5–8 days 
earlier in 2016 compared with 2015.
 The temperatures at which fruit buds are injured depend pri-
marily on their stage of development.  When buds begin to swell 
and expand into blossoms, they become less resistant to freeze 
injury.  For each stage of development, data is published showing 
at which temperatures 10% and 90% of apple fruit buds are killed.  
However, little has been published on how the tree as a whole, 
or specifically the fruit buds, respond to an early freeze event in 
terms of fruit set.  Stover et al. (1999) studied responses to differ-
ent combinations of nutrients such as boron, zinc and nitrogen, 
applied in prebloom sprays after dormant tissue damage. The 
combination of boron, zinc, and nitrogen applied in a tank mix 
has been commonly termed a “Spring Tonic Spray”.  These plant 
nutrients are often applied as soil amendments if the deficiencies 
are indicated by soil and foliar testing.  However, for a more im-

Figure	1.	 	Freeze-damaged	flower	cluster	
on	 15	 April	 2016,	 9	 days	
following	 the	 freeze	 event.		
[Photo	by	Sarah	Rohwer].

Figure	2.		Freeze-damaged	flower	cluster	at	the	tight	cluster	stage.		[Photo	
by	Dan	Donahue]

mediate effect, these nutrients can be also applied via foliar sprays.  
Boron is known to improve pollen tube development and ger-
mination in fully developed flowers, and foliar applications have 
been shown to increase fruit set.  In addition, a prebloom spray 
of boron is also beneficial 
in overcoming the effects 
of winter injury to buds 
(Stiles and Reid 1991).  
Zinc is known to influ-
ence growth of the leaves 
and new shoots, as well 
as the development of 
the pollen tubes and seed 
set.  Finally, nitrogen 
is known to positively 
influence fruit set.  Less 
well understood is how 
foliar-applied nutrients 
might help damaged tis-
sue recover from a se-
vere freeze event that oc-
curred during the green 
tip through tight cluster 
period.
 Researchers in New 
York and North Carolina 
have also reported that 
applications of the plant 
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growth regulator Promalin, a combination of benzyl adenine (a 
cytokinin) and GA 4+7 (gibberellins) immediately following a 
severe frost event during bloom can significantly increase fruit 
set and yield in apple trees.  Promalin stimulates the retention of 
fruitlets with nonviable or missing seeds that otherwise would 
have fallen from the tree after bloom.  Basically, Promalin sends 
hormonal signals to the tree that the seedless fruitlets are still 
viable and continued retention is justified.  The practical result 
can be the development to harvest of parthenocarpic (seedless) 
fruit.  Such fruit would be a challenge to chemically thin later 
on, and perhaps store after harvest, but retention of such fruit is 
certainly an improvement over the alternative of having no fruit 
at all.  
 To date, an effective method to improve fruit set following a 
spring freeze during the pre-bloom period of green tissue devel-
opment has not been identified.  Variations in cultivar response 
are also unknown.  One challenge in pursuing such research in 
the orchard is the unpredictability of this type of freeze event, as 
no freeze equals no results, so it would be difficult to plan for a 
field trial.  The freeze of early April 2016 presented a (thankfully) 
rare opportunity to test the effectiveness of established damage 
mitigation strategies.  For this reason, given the unexpected op-
portunity, the concern at the time that the industry was looking 
at a potential 100% crop loss, uncertainty regarding the quality 
of further seed development, and based on the little informa-
tion published about the timings and the products used as a 
freeze-rescuers, the purpose of this study was to characterize the 
effectiveness of the “Spring Tonic Spray” and Promalin applied 
to Cortland and Honeycrisp several weeks after the 2016 spring 
freeze event.

Materials and Methods
Experiment	1
 Treatments were evaluated in an experimental orchard plant-
ed in 1995 at the Hudson Valley Research Laboratory (Highland, 
New York).  This orchard contained 56 plots, wherein each plot 
contained Golden Delicious (Smoothee strain), Cortland (Redcort 
strain) and Jerseymac, all propagated on M.9 rootstock.  Cortland 
was the variety evaluated in this trial.  Trees were trained to a 
slender spindle, spaced at 6 ft (1.8 m) between trees within the 
row and 36 ft (11 m) between rows, and grown in Bath gravelly 
silty loam soil.  A randomized complete block design was used, 
with two plots per replication (four replications total) for each 
treatment.  Except for chemical thinning, standard commercial 
management practices recommended for the area were followed.
 The “Spring Tonic Spray” consisted of a tank mix of Boron 
(Solubor 0.8 lb/A), Zinc (EDTA-Zinc 1.2 pints/A), and Urea 
(46% formulation 2.4 lb/A).  The Promalin spray was applied at 
1.2 pint/A.  The experimental treatments consisted of the fol-
lowing: 1. Unsprayed control; 2. A single spray of Tonic at early 
pink stage (21 April); 3. A single spray of Promalin at bloom (25 
April); and 4. A single spray of Tonic at early pink stage (21 April) 
plus a single spray of Promalin at bloom (25 April).  Treatments 
were applied using an airblast sprayer that delivered 67 gallons 
per acre with tree-row volume calculated at 185 gallons per acre 
(2.76X concentration).  
 Between the late tight cluster and early pink bud stages (18 
April), 100 buds (25 buds x 4 replications) were dissected to evalu-
ate the damage from the freeze event that occurred around 7:00 
AM on 5 April and 6:00 AM on 6 April. (Table 1).  On these early 

mornings, the minimum temperatures were 18.9°F and 21.6°F, 
respectively, according to the NEWA weather station located in 
the research orchard.  Bud samples were collected prior to the 
application of any treatments.
 At full bloom, five days following the Promalin application, 
10 flower clusters per tree were selected and evaluated on the 
tree, without detaching the flowers.  Each flower was described 
as dead or alive, according to the pistil status.  The pistil is the 
organ most susceptible to a freeze event, followed by the ovary, 
ovules, epidermis and receptacle.  After that, percent king flower 
survival and percentage of all flowers surviving were calculated.  
In mid-June, the number of fruits per tree was counted and the 
trunk circumference was measured, to calculate the crop load 
for each tree.

Experiment	2
 Treatments were evaluated on Honeycrisp in a commercial 
orchard planted in 2000 at Milton Farm (Milton, NY) by Crist 
Brothers Orchard, Inc.  Trees were on M.26 rootstock, trained 
to a vertical axis tree form, spaced at 6 ft (1.8 m) between trees 
within the row and 16 ft (4.8 m) between rows, and grown in Bath 
gravelly silt loam soil.  A randomized complete block design was 
used, with three trees per replication (four replications total) for 
each treatment.  Commercial orchard management practices 
commonly recommended for the Hudson Valley region were 
followed, including fertilization, pest management, and chemical 
thinning (NAA and carbaryl).
 The experimental treatments consisted of the following: 1. 
Unsprayed control; 2. A single spray of Tonic at early pink stage 
(16 April); 3. A single spray of Tonic at late pink stage (23 April).  
4. A single spray of Promalin at bloom (30 April); and 5. A single 
spray of Tonic at early pink stage (16 April) plus a single spray 
of Tonic at late pink stage (23 April).  Treatments were applied 
using an airblast sprayer calibrated to apply 70 gallons per acre 
with tree-row volume calculated at 200 gallons per acre (2.85X 
concentration).  The rates per acre for Boron (Solubor), Zinc 
(EDTA-Zinc), Urea and Promalin were 1.0 lb, 0.75 pt, 3.0 lb, and 
1.5 pt, respectively.
 At pink stage (21 April), 100 buds (25 buds x 4 replications) 
were dissected to evaluate the damage from the freeze events that 
occurred on 5 and 6 April.  On these early mornings, according to 
grower data, minimum temperatures dropped to 17°F and 19°F, 
respectively.  Bud samples were collected from trees that were 
not used for this trial, but they were located nearby in the same 
rows. (Table 1).
 At full bloom and after five days of Promalin application, 10 
flower clusters per tree were selected and evaluated on the tree, 
as described for Experiment 1.  Also, in mid-June, the number 
of fruits per tree were counted, the trunk circumference was 
measured and the crop load for each tree was calculated.

Results and Discussion
 The 2016 winter in eastern New York was unusually mild.  
The lowest mid-winter temperatures observed were -10.5°F at the 
Highland orchard site and -9.4°F at the Milton orchard site, both 
on 14 February.  The combination of a mild winter and early spring 
contributed to green tip (McIntosh) occurring in the Highland 
orchard 19 days earlier than average.  Therefore, when the freeze 
event occurred on 5 and 6 April, apple bud phenology was more 
advanced than would be expected for those dates.  Cortland was 
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generally at early tight cluster, while Honeycrisp was slightly 
behind at half-inch green.  According to published data from 
Michigan and Utah State Universities, buds at half-inch green 
experience 90% mortality when exposed to 15°F temperatures 
for 30 minutes, while only 21°F is required for the same degree 
of loss at tight cluster.  Knowing this, the industry did not hold 
out much hope for the survival of a commercial crop following 
the spring freezes in 2016.  However, the reality turned out much 
differently.  
 Results from only one year of study indicated that, when 
measured 10–14 days after the freeze event, the test cultivars 
suffered significant, but not catastrophic, flower bud losses (Table 
1).  Cortland showed less flower survival compared with Hon-
eycrisp.  These findings may be explained by the fact that they 
were located at different sites, the temperatures were different, 
and because Cortland was in a more advanced phenological stage 
than Honeycrisp. Five days after the last treatment application 
(Promalin), flower status at full bloom was evaluated (Table 2 
and Table 3).  No statistical differences among treatments were 
found for either the king flowers or all flowers combined.  This 
result was also observed in crop load evaluations, meaning that 
these treatments did not increase fruit set under these specific 
conditions in this year.  
 Stover et al. (1999) reported that prebloom (pink bud stage) 
tonic sprays sometimes increased cropping of winter-damaged 
McIntosh and Empire apple trees in New York.  McArtney et al. 
(2014) reported that Promalin can work as a bloom frost-rescue 
treatment for apples when applied promptly following the frost 
event, because it increased fruit set and yield.  The results were 
cultivar-dependent, and the productivity was not completely 
restored to the level of a full crop.  Promalin has a supplemental 
(2ee) label in New York for frost damage remediation in apples.  
The label is for application during the bloom period, within 24 
hours after the frost event.  However, there is evidence that ap-
plications up to 3 days after the frost event can still increase fruit 
set.  Neither of these research efforts addressed the specific ques-
tion at hand in the Hudson Valley this past spring: What can be 
done to mitigate flower damage from a freeze during the period 
from green tip to pink?
 There is no efficacy data published for the scenario of apply-
ing Promalin during the bloom period when the freeze event had 
occurred several weeks earlier.  Our single year of results showed 
that a Promalin spray under such a scenario did not increase crop 
load compared with the control, meaning that Promalin did not 
function as a freeze-rescue treatment under the conditions of 
this study.  Indeed, although no statistical differences were found 
among treatments for either cultivar, Promalin showed the lowest 
percentage of flower survival and the lowest crop load in Cort-
land (Table 2) and the lowest crop load in Honeycrisp (Table  3).  
Promalin is considered a “mild” thinner, and perhaps this effect 
is reflected in these results.
 It may be inadvisable to base field recommendations on 
only a single year’s results, but history would indicate that such 
a severe GT to TC freeze is a rare event that is not likely to be 
repeated in the near future, so further orchard testing oppor-
tunities are unlikely.  Since the freeze events were experienced 
throughout the Hudson Valley region, and was not a variable 
we could control locally in our study, we will never know how 
the crop would have turned out in their absence.  Why did the 
“Spring Tonic” work in the study by Stover et. al.  (1999) and not 

Table	2.			 Effects	 of	 treatments	 on	 Cortland	 flower	 viability	 at	 full	 bloom	
and	on	crop	load.	

Treatment	 Survival	of		 Survival	of	 Crop	load
	 	 king	flowers	(%)		 all	flowers	(%)	 (fruit	cm-2)	

Control 65.0 78.8 2.1
Tonic at early pink stage 68.8 81.4 2.1
Promalin at bloom 57.5 77.5 1.7
Tonic at early pink stage + 
Promalin at bloom 58.8 80.8 1.9
Probability	>	F	 ns	 ns	 ns

Data was subjected to analysis of variance (ANOVA) for each cultivar, (JMP®10).  
“ns” indicates treatments were not significantly different (P≤0.05).

Table	3.			 Effects	of	treatments	on	Honeycrisp	flower	viability	and	on	crop	
load.

Treatment	 Survival	of		 Survival	of	 Crop	load
	 	 king	flowers	(%)		 all	flowers	(%)	 (fruit	cm-2)	

Control 91.9 65.0 5.1
Tonic at early pink stage 92.1 69.2 3.9
Tonic at late pink stage 89.5 57.5 4.9
Tonic at early pink stage + 
Tonic at late pink stage 91.5 64.2 4.7
Promalin 91.5 60.8 3.6
Probability	>	F	 ns	 ns	 ns

Data was subjected to analysis of variance (ANOVA) for each cultivar, (JMP®10).  
“ns” indicates treatments were not significantly different (P≤0.05)

Table	1.			 Flower	viability	expressed	as	percent	survival	measured	10–14	
days	after	the	5	and	6	April	freeze	events.		

Cultivar	 Survival	of		 Survival	of
	 king	flowers	(%)	 all	flowers	(%)

Cortland 59.0 65.3
Honeycrisp 60.0 88.3

here?  Possibly, flowers produced on spurs that were injured dur-
ing a dormant season freeze suffered from a localized nutrient 
deficiency due to damaged spur tissue, while the development 
of flowers injured this past spring was not affected in the same 
way.  Regarding the ineffectiveness of Promalin in this study, 
as the season progressed, it became clear through observation 
across the Hudson Valley region that seed counts in fruits had 
been reduced to only a minor degree.  Numerous apples sampled 
during harvest for quality and maturity evaluations did not show 
a clear trend towards reductions in seed counts.  Based on our 
study, we see no reason to recommend that growers, when faced 
with the recovery from a severe freeze during the period of green 
tip through tight cluster, should apply a tonic of foliar nutrients 
pre-bloom or a Promalin spray during bloom as freeze-rescue 
strategies.  As a side observation, the utility of our commonly 
referenced freeze damage charts for the period of GT to TC 
needs to be re-evaluated, as we did not observe flower losses to 
the degree we were led to expect.
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‘Archer’: A New June-bearing Strawberry for Matted 
Row and Annual Plasticulture Production  
Courtney Weber
Horticulture	Section,	School	of	Integrative	Plant	Science,	Cornell	University,	NYSAES,	Geneva,	NY	14456

“The performance of ‘Archer’ over multiple 
trials has been very positive, with large 
fruit size, high total yields, an extended 
harvest season, and very good eating 
quality.  ‘Archer’ should perform well in 
other temperate strawberry production 
regions, producing large, high quality 
berries for growers.”

Archer’ is a new short day (June-bearing) strawberry from 
the Cornell berry breeding program that produces very 
large fruit in the early midseason.  ‘Archer’ has been 

included in mul-
tiple trials at Cor-
nell University’s 
New York State 
Agricultural Ex-
periment Station 
( N Y S A E S )  i n 
Geneva, NY, to 
evaluate its per-
formance in both 
matted-row and 
annual plasticul-
ture production 

systems.  It is consistently larger than most other varieties, 
which allows for an extended harvest and high yield.  ‘Archer’ 
fruit weight has averaged more than 17% larger than ‘Jewel’ 
over its harvest season, and with over 90% higher yield across 
four different trials.  The fruit is uniformly, broadly conic in 
shape with few abnormalities common in other large-fruited 
varieties.  The fruit commonly has a small cavity, especially in 
the largest berries.  ‘Archer’ fruit is very aromatic and sweet, 
with a very high strawberry flavor and bright red skin color 
that carries into the interior (Figures 1 and 2).  Overall, it is a 
very attractive berry with good holding and eating quality that 
fills baskets quickly, which should please professional pickers 
as well as pick-your-own customers.
   ‘Archer’ originated from a cross of NYUS1786 (‘Lateglow’ 
x ‘Jewel’) x ‘L’Amour’ made in 1999 and planted in 2000 in a 
matted row system with 4 ft center-to-center row spacing and 
1 ft between plants within row, without irrigation, following 

‘

Figure	2.		 ‘Archer’	 fruit	 harvested	 in	 the	
summer	 of	 2016	 from	 2nd	 year	
test	 plants	 at	 Emmi	 Farms	 in	
Baldwinsville,	 NY.	 	 Note	 the	
interior	color	of	the	fruit	and	small	
cavity.	

Figure	1.		 ‘Archer’	fruit	harvested	in	the	summer	of	2016	at	the	propagating	
nursery	 planting,	 Krohne	 Plant	 Farms,	 Inc.,	 Hartford,	 MI,	
demonstrating	 trueness	 to	 type	 after	 propagation	 [Photo	
courtesy	of	Krohne	Plant	Farms,	Inc.]

recommendations in 
the Strawberry Pro-
duction Guide (Pritts 
and Handley 1998).  
The planting estab-
lished well with the 
aid of nearly 10 inches 
of rain in May and 
June 2000, and mod-
erate temperatures.  
The original seedling 
plant was selected on 
June 19, 2001, from 
a population of 27 
plants and labeled as 
NY01-16 for future 
trials.  Temperatures 
in 2001 were mod-
erate in May during 
bloom and fruit development, with a maximum day time 
temperature of 86°F and very warm in June with maximums 
above 90°F on 3 occasions.  Rainfall was adequate for matted 
row production, with 2.3 inches in May and 5.1 inches in June, 
although 2.76 inches of that was in one event.  Runner tips were 
collected in the fall of 2001 for rooting and establishment of a 
1st stage test plot in 2002 in a matted row system.   
 ‘Archer’ plants are vigorous and productive, and produce 
multiple fruiting laterals for harvest, and abundant runners in 
the summer.  Flowering in Geneva, NY, typically begins between 
May 7 and 14.  Harvest typically begins in the first week of June, 
a few days before ‘Jewel’, with peak harvest around June 17, 
similar to ‘Jewel’, and ends near the end of June (Tables 2–4).  
‘Archer’ has shown no particular susceptibility to root diseases 
in non-fumigated ground, even in fields previously planted to 
strawberries, and has tolerated renovation and overwintering 
more consistently than ‘Jewel’.  Leaf diseases have only been 
noticeable in high rainfall years such as 2015, when leaf spot 
was noted to be moderate.  Grower evaluations across NY have 
been consistent with this performance.  

Trial Performance
 The initial field notes on ‘Archer’ when it was selected 
indicated it had very large fruit, with good interior color and 
good flavor that was somewhat tart (this was 2 days after getting 
2.76 inches of rain in 2001).  Three fruit were collected from 
that initial plant, one each of a primary, secondary, and tertiary 
fruit from a single fruiting lateral.  They weighed in at 51.1g, 
27.3g and 15.9g, respectively, totaling 94.3 g (3.4 oz).  This is 
equivalent to almost 4000 lbs per acre in an annual plasticulture 
system, from just one harvest from one fruiting lateral.  Each 
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plant produces three to five fruiting laterals 
and produces multiple secondary, tertiary and 
quaternary berries on each lateral that exceed 
the 8-g minimum cutoff for commercial ac-
ceptability.  
 The single 15-ft 1st stage test plot estab-
lished in 2002 was evaluated for 3 years from 
2003–05 for plant performance and fruit qual-
ity.  ‘Archer’ performed well in these seasons, 
having consistently large fruit, renovating well 
and having good vigor.  In 2005, runners were 
again collected to establish an additional 1st 
test plot in 2006, to provide adequate propaga-
tion material for 2nd stage testing.  In the fall 
of 2006, runner tips were collected and rooted 
for establishment of a variety comparison trial 
in the spring of 2007.  The overwintered plug 
plants were planted into a matted row trial 
with four standard varieties for comparison 
(‘Earliglow’, ‘Honeoye’, ‘Jewel’ and ‘Winona’) 
under the same parameters as the 1st stage 
test.  Yield data, including total harvest weight 
and mean fruit weight, was collected in 2008 
and 2009 throughout each harvest season.  
‘Archer’ had the largest mean fruit weight over 
both seasons (Table 1).  Yield in 2008 trailed 
only ‘Honeoye’ (Table 1) and surpassed all 
varieties in 2009 (Table 1), with over 13,300 
lb/acre equivalent extrapolating from 10 ft 
harvest areas, demonstrating its high vigor and 
yield potential.  ‘Archer’ also demonstrated an 
extended harvest season, with harvests above 
the 8-g mean fruit size two times longer than 
the other varieties, 17 and 29 days, respectively, 
for 2008 and 2009 (data not shown), showing 
its ability to maintain large fruit size as illus-
trated in Figure 3 for the 2013 trial.
 In 2010, after the positive results in the 
perennial matted row trial, ‘Archer’ was ad-
vanced in the program for establishment in 
tissue culture for propagation of disease-free 
mother plants for trials at the NYSAES, and 
at off-site locations with grower collaborators.  Mother plants 
were grown from cultures in 2010–11 in greenhouse conditions 
for observation for disease symptoms and indexing.  In early 
January 2012, leaf samples were sent to Agdia, Inc.  (Elkhart, 
IN), for testing for a wide array of viruses, for which the samples 
were all negative.  Plug plants were produced from mother plant 
runners in the winter/spring 2012 to establish the first of three 
successive annual plasticulture trials established in 2012–14 and 
harvested in 2013–2015, respectively, comparing ‘Archer’ with 
a wide range of standard and newer short-day (June-bearing) 
varieties that had been introduced into the industry in recent 
years (Tables 2 to 4).  These trials were planted at a density of 
19,008 plants per acre equivalent, with 5.5 ft  between bed cen-
ters, with each bed containing double offset rows with plants 
10 in apart within each row, following recommendations in 
the Strawberry Production Guide (Pritts and Handley 1998).  
Yield data, including total fruit weight, mean fruit weight and 
maximum fruit weight at each harvest date, was recorded until 

Table 1: Yield and mean berry weight of ‘Archer’ compared to standard varieties in a matted row 
production system established in 2007 and harvested over two seasons at the Cornell University’s 
New York State Agricultural Experiment Station in Geneva, NY. No irrigation was provided for 
this trial with standard weed control, renovation and winter protection with straw. In 2008
temperatures were average to cool with high rainfall in June. In 2009 the temperatures were cool 
with average rainfall in May and June.

Yielda

(g/row ft.)
Yieldb

(lb./acre)
Berry Weightc

(g)
Cultivar 2008 2009 2008 2009 2008 2009

Archer 220 554 5,280 13,300 12.3 14.9

Earliglow 59 117 1,420 2,820 9.1 10.2

Honeoye 238 355 5,700 8,520 9.2 9.4

Jewel 201 146 4,830 3,510 10.6 11.8

Winona 168 378 4,018 9,060 10.5 12.9
a 10 ft. of each plot harvested
b based on 10890 row ft./acre (4 ft. row center spacing). 1 lb.=approximately 454 g
c mean weight over season including harvests with mean fruit weight of at least 8 g

Table	1.		 Yield	and	mean	berry	weight	of	‘Archer’	compared	to	standard	varieties	in	a	matted	
row	production	system	established	in	2007	and	harvested	over	two	seasons	at	the	
Cornell	University’s	New	York	State	Agricultural	Experiment	Station	in	Geneva,	NY.	
No	irrigation	was	provided	for	this	trial	with	standard	weed	control,	renovation	and	
winter	protection	with	straw.	In	2008	temperatures	were	average	to	cool	with	high	
rainfall	in	June.	In	2009	the	temperatures	were	cool	with	average	rainfall	in	May	and	
June.

the mean fruit weight fell below 8 g on a given harvest day for 
each of the three trials.  
 In 2013, mother plants were sent to Krohne Plant Farms, 
Inc. (Hartford, MI) to propagate test plants for commercial 
grower members of the New York State Berry Growers Associa-
tion (NYSBGA) to test under the testing agreement between 
the NYSBGA and the Cornell Center for Technology Licens-
ing (www.ctl.cornell.edu).  Plants were sent to 11 testing sites 
across NY in 2014 for evaluation under commercial production 
conditions.  
 The first annual plasticulture trial at the NYSAES was har-
vested in 2013 comparing ‘Archer’ with ‘Camino Real’, ‘Chan-
dler’, ‘Clancy’, ‘(Strawberry) Festival’, ‘Herriot’, ‘Jewel’, ‘Ovation’, 
‘Palomar’, ‘Radiance’, ‘Seneca’ and ‘Ventana’.  ‘Archer’ again had 
the largest mean fruit size of any variety in the trial, at 15.3 g 
over the whole season, and was in the top tier for yield along 
with ‘Ventana’, ‘Seneca’ and ‘Herriot’ (Table 2).  Its large size also 
resulted in an extended harvest period (Table 2).  Maximum 

Figure	3.		 Maximum	 fruit	 weight	 in	 grams	 for	 strawberry	 varieties	 on	 2014	 harvest	 dates	
demonstrating	the	ability	of	‘Archer’	to	maintain	high	fruit	weight	over	an	extended	
harvest	period	compared	to	other	commonly	grown	varieties.

 

Figure 3: Maximum fruit weight in grams for strawberry varieties on 2014 harvest dates demonstrating the  
ability of ‘Archer’ to maintain high fruit weight over an extended harvest period compared to other commonly 
grown varieties.  
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Table 2: Yield, mean berry weight and harvest dates in 2013 of ‘Archer’ compared to other 
strawberry varieties in an annual plasticulture production system established in 2012 at the Cornell 
University’s New York State Agricultural Experiment Station in Geneva, NY. Weather conditions 
in 2013 were warmer than average in May and cooler and wetter in June than average. 

Yield Berry 
Weightc

Harvest Dates

Cultivar g/planta lb./acreb g
1st

Harvest
Peak

Harvest
Last 

Harvestd
Harvest
Length
(days)

Archer 291 12,190 15.3 June 3 June 17 June 29 29

Clancy 192 8,050 14.7 June 12 June 17 July 5 24

Ventana 307 12,830 14.3 June 4 June 17 July 3 30

Jewel 200 8,360 13.9 June 12 June 17 June26 15

Seneca 363 15,170 12.9 June 12 June 17 July 5 24

Palomar 122 5,110 12.9 June 4 June 10 June 28 25

Chandler 187 7,810 12.5 June 7 June 10 July 3 27

Ovation 209 8,750 11.8 June 21 June 26 July 5 15

Camino Real 110 4,590 11.8 June 7 June 10 June 29 23

Herriot 286 11,950 11.0 June 12 June 17 June 28 17

Radiance 53 2,220 10.6 June 4 June 4 June 10 7

Festival 104 4,360 10.1 June 4 June 7 June 26 23
a 10 plants of each plot harvested
b based on 19,008 plants/acre (5.5 ft. bed center spacing; double offset rows with 10 inch in-row 
plant spacing). 1 lb.=approximately 454 g
c mean weight over season including harvests with mean fruit weight of at least 8 g
d date of the last harvest with mean fruit weight of at least 8 g

 

Table	2.		 Yield,	 mean	 berry	 weight	 and	 harvest	 dates	 in	 2013	 of	‘Archer’	 compared	 to	 other	
strawberry	 varieties	 in	 an	 annual	 plasticulture	 production	 system	 established	 in	
2012	 at	 the	 Cornell	 University’s	 New	York	 State	 Agricultural	 Experiment	 Station	 in	
Geneva,	NY.	Weather	conditions	in	2013	were	warmer	than	average	in	May	and	cooler	
and	wetter	in	June	than	average.

Table 3: Yield, mean berry weight and harvest dates in 2014 of ‘Archer’ compared to standard 
varieties in an annual plasticulture production system established in 2013 at the Cornell 
University’s New York State Agricultural Experiment Station in Geneva, NY. In 2014
temperatures were moderate through May and June with average rainfall. 

Yield Berry 
Weightc

Harvest Dates

Cultivar g/planta lb./acreb g
1st

Harvest
Peak

Harvest
Last 

Harvestd
Harvest
Length
(days)

Archer 386 16,120 13.3 June 4 June 16 July 3 30

Clancy 225 9,400 12.8 June 10 June 23 July 7 28

Seneca 238 9,970 12.5 June 8 June 13 June 18 11

Ovation 270 11,300 11.3 June 20 June 30 July 3 24

Wendy 220 9,210 11.1 June 2 June 10 June 18 17

Jewel 270 11,300 10.9 June 8 June 16 June 23 16
a 10 plants of each plot harvested
b based on 19,008 plants/acre (5.5 ft. bed center spacing; double offset rows with 10 inch in-row 
plant spacing). 1 lb.=approximately 454 g
c mean weight over season including harvests with mean fruit weight of at least 8 g
d date of the last harvest with mean fruit weight of at least 8 g
 

Table	3.		 Yield,	mean	berry	weight	and	harvest	dates	in	2014	of	‘Archer’	compared	to	standard	
varieties	 in	 an	 annual	 plasticulture	 production	 system	 established	 in	 2013	 at	 the	
Cornell	University’s	New	York	State	Agricultural	Experiment	Station	in	Geneva,	NY.	In	
2014	temperatures	were	moderate	through	May	and	June	with	average	rainfall.

fruit size for ‘Archer’ surpassed 60 g (2.2 oz), 
larger than any other fruit recorded across all 
other varieties (Table 2; Figure 3).  It continued 
to display an extended harvest season, due to 
its ability to maintain large fruit size (Table 2; 
Figure 3).  
 The second trial, planted in 2013 and har-
vested in 2014, compared ‘Archer’ to ‘Clancy’, 
‘Jewel’, ‘Ovation’, ‘Seneca’ and ‘Wendy’, and 
again showed that ‘Archer’ had the largest 
mean fruit weight and the highest yield over 
an extended harvest period (Table 3).  Maxi-
mum fruit weight reached 59 g (2.1 oz) for 
‘Archer’ in this trial (data not shown).  The 
third annual plasticulture trial, established in 
2014 and harvested in 2015, coincided with 
the test plantings at grower sites utilizing bare 
root plants propagated at Krohne’s under com-
mercial conditions.  This is the only trial where 
‘Archer’ did not have the largest mean fruit 
weight over the whole season, being second 
to ‘Valley Sunset’ (Table 4).  However, the har-
vest period for ‘Valley Sunset’ was very short, 
as fruit size dropped off quickly, resulting in 
few fruit besides the primary berries being 
harvested, and low yield.  ‘Archer’ was again 
in the top tier of varieties for yield, behind 
‘Record’ and ‘Rubicon’ but with considerably 
larger fruit (Table 4) than these varieties.  
 The performance of ‘Archer’ in grower 
trials in 2015 was very positive, even in a very 
wet year in which rainfall at the NYSAES in 
Geneva, NY, totaled 12.4 inches through May 
and June, of which 8 inches came between 
May 15 and June 15 during the majority of the 
fruit development and ripening periods.  This 
led to higher leaf and fruit disease incidence 
across trials on the station.  Many growers 
experienced similar conditions across NY, yet 
‘Archer’ achieved an overall favorable rating 
among growers of 4 out of a possible 5 in the 
five reports received.  Additional results of 
note from grower evaluations included size 
and flavor rankings above ‘Jewel’ and vigor 
ratings for stand establishment, renovation 
survival, and winter survival of 4.5, 5 and 4.5 
out of a possible 5, respectively.  Only one 
report of high leaf disease was recorded by a 
grower, and soft skin leading to gray mold was 
recorded at one site.  One grower reported 
producing ‘Archer’ fruit in the late summer 
of the planting year by holding plants in the 
cooler for a late planting in an annual plasticulture production 
system, in which the newly planted bare root plants were able 
to produce good sized fruit directly from cold storage.  He has 
plans to repeat this production system in future years to extend 
his summer harvest season through the month of July.  
 Overall, the performance of ‘Archer’ over multiple trials 
has been very positive, with large fruit size, high total yields, 

an extended harvest season, and very good eating quality.  
‘Archer’ should perform well in other temperate strawberry 
production regions, producing large, high quality berries for 
growers.  Growers can obtain a limited supply of plants for 
spring 2017 planting from Krohne Plant Farms, Inc.  (www.
krohneplantfarms.com) with additional nurseries expected  to 
begin propagation in 2017.  
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Table 4: Yield, mean berry weight and harvest dates in 2015 of ‘Archer’ strawberry compared to 
newer varieties in an annual plasticulture production system established in 2014 at the Cornell 
University’s New York State Agricultural Experiment Station in Geneva, NY. In 2015 
temperatures were moderate to cool through May and June with very high rainfall. 

Yield Berry 
Weightc

Harvest Dates

Cultivar g/planta lb./acreb g
1st

Harvest
Peak

Harvest
Last 

Harvestd
Harvest
Length
(days)

Archer 218 9,110 15.5 June 3 June 12 June 22 20

Valley Sunset 67 2,810 16.3 June 15 June 17 July 3 19

Record 293 12,250 12.7 June 5 June 20 June 24 20

Mayflower 157 6,560 12.1 June 5 June 12 June 15 11

Sonata 188 7,850 11.5 June 3 June 15 June 15 13

Herriot 188 7,890 10.5 June 1 June 8 June 15 15

Rubicon 265 11,110 10.2 June 5 June 15 June 19 15

Malwina 193 8,090 10.2 June 26 July 6 July 8 13
a 10 plants of each plot harvested
b based on 19,008 plants/acre (5.5 ft. bed center spacing; double offset rows with 10 inch in-row
plant spacing). 1 lb.=approximately 454 g
c mean weight over season including harvests with mean fruit weight of at least 8 g
d date of the last harvest with mean fruit weight of at least 8 g

 

Table	4.		 Yield,	mean	berry	weight	and	harvest	dates	in	2015	of	‘Archer’	strawberry	compared	
to	newer	varieties	in	an	annual	plasticulture	production	system	established	in	2014	
at	the	Cornell	University’s	New	York	State	Agricultural	Experiment	Station	in	Geneva,	
NY.	 In	 2015	 temperatures	 were	 moderate	 to	 cool	 through	 May	 and	 June	 with	 very	
high	rainfall.



NEW YORK FRUIT QUARTERLY .  VOLUME 24  .  NUMBER 4  .  WINTER 2016 25

Brown Marmorated Invasion is Picking Up Steam
Julianna Wilson
Michigan	State	University,	East	Lansing,	Michigan

“Based on our monitoring efforts of brown 
marmorated stink bugs in Michigan 
over the last few years, we have moved 
from a watchful waiting phase to the 
need for some growers to make targeted 
decisions against this pest in the coming 
season.”

Last year, I wrote about how we have been tracking the 
brown marmorated stink bug (BMSB) in Michigan.  This is 
an update to that report and a call to action for fruit grow-

ers in the Great 
Lakes region to 
be prepared for 
stink bug activity 
in 2017 – if they 
were not already 
aware of BMSB in 
2016.  
    Brown mar-
morate d  s t ink 
bug, Halymorpha 
halys ,  is  being 

monitored in the Great Lakes region as an exotic pest of great 
concern to growers of apples and peaches, and as a potential con-
taminant of wine and juice grapes.  At Michigan State University, 
we have been tracking this pest using a combination of lure-baited 
traps set up at the edges of orchards and vineyards near woodlots, 
streams, and soybean fields, keeping track of suspected damage 
to fruit via grower complaints, and tallying residential reports 
submitted to the Midwest Invasive Species Information Network 
(www.misin.msu.edu).

2016 Trapping results
 While BMSB are fairly easy to identify and distinguish from 
native stink bugs, they can be highly cryptic in orchards and vine-
yards.  They prefer the tops of trees and vines, and their coloring 
exactly matches that of trunks (Figure 1).  Traps are easy to deploy 
and check, but the area of influence for a single baited trap ap-
pears to be relatively small, and not terribly efficient.  That said, 
the traps are still one of the main tools for keeping track of their 
numbers in a particular orchard block or vineyard (Figure 2).  
 In 2016, we used both pyramid style and Rescue® brand traps, 
and either lures available from AgBio Inc., or the Trécé lure avail-

Figure	1.			Can	you	spot	all	10	brown	marmorated	stink	bugs	on	this	peach	
tree	limb?	BMSB	blend	in	easily	with	tree	bark.		Photo:	Michael	
Haas,	Michigan	State	University.

Figure	2.			A	Rescue®	brand	trap	with	the	
Trécé	 brand	 lure	 full	 of	 BMSB	
after	 one	 week	 in	 an	 apple	
orchard	when	the	weather	was	
warm	 in	 October.	 Note	 that	
the	 trap	 is	 attached	 to	 a	 trellis	
post	at	the	edge	of	the	orchard	
and	that	the	fins	of	the	trap	are	
touching	 the	 post	 to	 enable	
nymphs	 to	 crawl	 up	 and	 into	
the	 trap.	 	 Photo:	 Michael	 Haas,	
Michigan	State	University.

able from Great Lakes 
IPM at over 80 sites.  
BMSB nymphs and/or 
adults were caught in 
traps as early as June at 
a few sites, but the surge 
in trap catch really began 
in late August (Figure 
3), with the majority of 
BMSB caught in traps 
in southwest Michigan.  
All trap/lure combina-
tions caught BMSB, and 
while overall numbers 
were up in terms of trap 
catch and number of sites 
where BMSB were caught 
compared with the pre-
vious season, whether 
we caught BMSB or not 
appeared to be most de-
pendent on local BMSB 
population densities.  

2016 Fruit damage 
reports
 In addition to the 
trapping data, we had 
more growers report sus-
pected damage close to harvest in 2016 than in previous seasons 
– mainly in apples.  Suspected damage was reported from Berrien, 

Figure	3.		Graph	showing	the	percent	traps	(either	pyramid	or	Rescue®	and	
either	AgBio	or	Trece	lures)	that	caught	BMSB	(blue	line)	and	the	
average	 number	 of	 BMSB	 captured	 per	 trap	 on	 each	 date	 (red	
squares).	 	 A	 total	 of	 1,934	 BMSB	 were	 caught	 in	 2016	 network	
traps.
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Genesee, Kent, Muskegon, Ottawa, and Van Buren counties.  All 
of these reports were from apples harvested from trees within 
a short distance (10 trees or less) from the orchard edge or in 
fruit from orchards destined for cider, in which insecticides were 
only minimally used to control other pests during the season 
because of a higher tolerance for imperfections in finished fruit 
(Figure 4).  The timing of when feeding likely occurred in apple 
orchards coincided with the end of peach harvest and the decline 
of soybeans.  Because BMSB damage can be mistaken for bitter 
pit and vice versa, it is still hard to tell how much of the damage 
can honestly be attributed to feeding by BMSB.

Current status of residential nuisance reports
 Based on citizen science reports to the Midwest Invasive Spe-
cies Information Network (www.misin.msu.edu) as of October 
2016, we now know that BMSB has been detected in 55 Michigan 
counties, including two counties in the Upper Peninsula.  Of the 
more than 7,500 records submitted to MISIN, more than 6,500 are 
reports from Michigan, giving us a clear indication that BMSB is 
now well established as a nuisance pest in our state, particularly 
in the southern part of the Lower Peninsula (Figure 5).  The ma-
jority of other reports come from northern Ohio, Indiana, and 
Illinois, but there have been reports submitted from all across 
North America.  

What to do in 2017 if you grow fruit that attracts BMSB
 BMSB nymphs and adults can both cause damage in fruit 
crops, but the damage will not be detected until weeks or even 
months later – especially in the case of fruit that is stored before 
being sold.  Because of this delay between feeding and when 
damage becomes apparent, it is important to keep records of 
where damaged fruit occurred on your farm each season – those 
will be the orchards to target next season.  It is also important to 
note orchards or vineyards that border onto crop and non-crop 
habitats favored by BMSB, as they will move in and out of differ-
ent habitats, depending on the time of year.  
 Peaches and nectarines are highly attractive to BMSB 
throughout the entire fruit development period.  Monitoring in 
these orchards should begin in mid-to late May – especially along 
wooded edges – using pheromone-baited traps.  Initiating sprays 
when bugs are first detected might be an appropriate timing, but 
has not been evaluated in Michigan.  Weekly border sprays on 
5–10-acre plots (crop border plus first full row) have been shown 
to be an effective strategy for control of BMSB in New Jersey 
peaches.  In orchards with known populations of BMSB and a 
history of damage to fruit harvested from the edges, peaches in 
the orchard interior also should be monitored for injury or bug 
presence.  If BMSB is detected on the orchard interior, a full block 
spray should be applied followed up by border sprays every 7–10 
days.
 Apple orchards adjacent to peach orchards and other fa-
vored crops such as soybean are considered to be at high risk 
for BMSB feeding injury as soon as peaches are harvested and 
soybeans begin to senesce.  Apple orchards that are at risk of 
BMSB damage should receive a full cover of an insecticide that 
works on both codling moth and BMSB.  The timing for this 
would correspond with second-generation codling moth, making 
sure that the tops of the trees are well covered.  Monitoring with 
pheromone-baited traps will help determine population pressure 
and whether follow-up applications every 7 days with a perimeter 

Figure	5.			Summary	of	residential	nuisance	reports	of	BMSB	submitted	to	
the	MISIN	database	in	the	Lower	Peninsula	of	Michigan	by	county.		
Numbers	are	based	on	a	total	of	6,540	reports	in	Michigan,	the	
majority	of	which	have	come	from	urban	and	suburban	areas	in	
the	 Detroit/Ann	 Arbor	 (Oakland,	Wayne,	Washtenaw	 Counties),	
Lansing/Jackson	 (Ingham,	 Jackson	 Counties),	 Kalamazoo,	 and	
Grand	Rapids	(Kent	County)	metropolitan	areas.

Figure	4.			Example	 of	 suspected	 damage	 caused	 by	 BMSB	 feeding	 on	
‘Golden	 Delicious’	 in	 harvest	 bins	 from	 a	 farm	 near	 the	 border	
of	Kent	and	Ottawa	counties	in	Michigan	in	2016.		Photo	credit:	
Amy	Irish-Brown,	Michigan	State	University	Extension

spray until harvest are needed.  It is also important to combine 
trapping with other sampling methods, such as jarring of upper 
branches of fruit trees over beating trays in orchard edges close 
to woodlots.  
 In vineyards, feeding by BMSB can injure wine and juice 
grapes, but the primary concern is presence of the stink bugs 
during the crush, which may taint the juice.  Research in Mary-
land indicates that 5–10 adult BMSB in a 25-pound lug of white 
grapes will impart a perceptible taint in the juice, but research is 
still under way to understand a threshold for detection in wine.  
A single application of a pyrethroid insecticide prior to harvest 
will remove bugs hiding in clusters, but growers should check 
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with their winemaker or processor before spraying close to 
harvest, and be sure to only use products with short pre-harvest 
intervals.  As in other crops, the majority of BMSB are expected 
to be found in the edges of vineyards rather than in the interior, 
so this knockdown treatment may be effective if applied only to 
the crop edge.

Resources and events planned for 2017
 Based on our monitoring efforts of brown marmorated stink 
bugs in Michigan over the last few years, we have moved from 
a watchful waiting phase to the need for some growers to make 
targeted decisions against this pest in the coming season.  In an-
ticipation of this, the Michigan State University Extension fruit 
team has published (as of this issue) a guide for tree fruit growers, 
Managing Brown Marmorated Stink Bugs in Michigan Orchards, 
and is planning a BMSB Summit in June 2017.  The BMSB Summit 
will be held in the Grand Rapids area and will include speakers 
from regions that have been dealing with this pest for the last 
decade, with the purpose of providing our region’s growers with 
the most up-to-date recommendations for managing this pest.
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Mechanical Blossom Thinning Followed by 6-BA Shows 
Promise as an Alternative to Thinning Without Carbaryl 
Mario Miranda Sazo1, Poliana Francescatto2, Jaume Lordan Sanahuja2, and Terence L. Robinson2 
1	Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY
2	Horticulture	Section,	School	of	Integrative	Plant	Science,	Cornell	University,	New	York	State	Agricultural	Experiment	Station,	Geneva,	NY

 ”After string thinning the same trees 
for 3 consecutive years, our data indicate 
that the use of a string thinner followed 
by 2 Maxcel sprays was the most effective 
and safe mechanical thinning program 
for enhancing Gala’s fruit size in an 
orchard with a narrow fruiting wall.  We 
have identified another strategy as a 
future alternative to thinning without 
carbaryl in apples.  The adoption or 
transitioning to narrower tree wall 
systems will facilitate the use of this 
technology.”

In the Northeastern US, almost all apple orchards are chemi-
cally thinned early in the season each year using a combina-
tion of either naphthaleneacetic acid (NAA, a synthetic aux-

in) plus carbaryl 
or benzyl adenine 
(BA, a synthetic 
cytokinin) plus 
carbaryl.  Carba-
ryl, which is a car-
bamate insecti-
cide, causes some 
thinning but also 
e n h a n c e s  t h e 
thinning efficacy 
of either NAA or 
BA.  Carbaryl has 
been an essen-
tial component 
of chemical thin-
ning programs 
for more than 40 

years.  However, there is concern that carbaryl will be removed 
from the market by regulatory action in the US.  In Europe, the 
European Commission prohibited the use of carbaryl in 2007, 
and in 2008 its use was no longer allowed.  If carbaryl were re-
moved from the market, apple growers in the Northeastern US 
would not achieve adequate thinning with NAA or BA alone.  
Since 2014, one US-based supermarket chain (Whole Foods 
Markets) has prohibited the use of carbaryl on apples they have 
purchased, even though it is still a legal product.  In 2014, we 
began recommending 5 thinning strategies for growers who 
needed to thin without carbaryl as a result of Whole Foods 
Markets’ action (Robinson and Hoying 2014).  In addition, the 
Cornell crop load management program is currently research-
ing the use of ACC (1-aminocyclopropane carboxylic acid, a 
naturally ocurring amino acid/precursor to ethylene, tested 
for late thinning at the 18–20-mm fruit stage), Metamitron (a 
photosynthesis inhibitor that creates a photosynthetic deficit 
in the tree), and ABA (abscisic acid), with promising results as 
thinners in apples.  

Strategies for chemical thinning without carbaryl
1.		Multiple	thinning	sprays: Probably the best approach to 

thinning without carbaryl is to use multiple thinning sprays 
beginning at bloom, and then use the precision thinning 
protocol to measure progress toward the target fruit number 

after each spray.  Thus, a spray program for a hard to thin 
variety like Gala could begin at bloom with a 2% spray of 
ammonium thiosulfate (ATS) or a 10 ppm spray of NAA 
followed by a petal fall spray of NAA+Maxcel, followed by 
a 10–12-mm spray of NAA+Maxcel.  A spray program for 
an easy to thin variety like McIntosh could begin at petal 
fall with a NAA+BA spray followed by a second spray of 
NAA+Maxcel at 10–12 mm.  With good assessments after 
each spray using the fruit growth rate model followed by the 
carbohydrate model, growers could adjust rates to achieve 
the target fruit number.

2.		Higher	rates	of	NAA: Thinning with NAA alone requires 
higher rates than when thinning with combination sprays of 
NAA+carbaryl.  A good rule of thumb is to increase the rate 
of NAA by 50% over the rate you have used when combined 
with carbaryl.  For example, if in the past you used 5 ppm 
NAA+ carbaryl on McIntosh, now you should use 7.5 ppm 
NAA alone.  Likewise, if you used 7.5 ppm NAA+carbaryl on 
Empire in the past, you should now use 10 ppm NAA alone.  
However, very high rates of NAA can cause a temporary 
fruit growth stunting, and a negative effect on final fruit size.  
Thus, we recommend not exceeding 10 ppm, even though 
up to 20 ppm will give more thinning.

3.		Mixtures	of	BA	and	NAA:  BA alone is a weak thinner and 
requires very high rates for effective thinning.  However, high 
rates (above 150 ppm) can cause lateral bud break, which we 
don’t want.  Thus, a high rate of BA alone is not a good solu-
tion.  Carbaryl gives a synergistic effect with BA, which is the 
reason the mixture of BA and carbaryl is so useful.  We have 
had very good success mixing BA and NAA for several variet-
ies.  In one study (Robinson 2006) we evaluated the mixture of 
BA and NAA on 12 varieties (Braeburn, Cortland, Delicious, 
Empire, Fuji, Gala, Gingergold, Jonagold, Jonamac, Liberty, 
McIntosh and Sansa).  We had very successful thinning on 
10 of the 12, but with Delicious and Fuji, we ended up with 
numerous pygmy fruits from this mixture.  For small fruited 
varieties like Gala, Empire, Jonamac, etc., growers can use 
the combination of BA+NAA.  Our studies indicated that 7.5 
ppm of NAA could substitute for the carbaryl.  Thus, if in the 
past a grower thinned Gala with 75 ppm BA+1pt Sevin, now 
he/she could spray 75 ppm BA+7.5 ppm NAA.  

4.		Additions	of	oil	to	BA:  Small amounts of spray oil (1pt/100 
gallons) added to a spray of BA can increase thinning efficacy, 
since the oil acts as a penetrant.  With most BA sprays, only 
a small fraction of the spray deposited on the leaf or fruit is 

This research was partially supported by the New York Apple Research and Development Program
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absorbed into the plant, where it can act as a thinner.  Com-
mercial BA formulations come with a surfactant already 
added to improve uptake, but more uptake can be achieved 
with oil.  However, the use of oil carries its own risks of 
inducing russetting if Captan is applied shortly before or 
shortly after the BA+oil spray.  This is especially true if the 
BA+oil spray is applied from petal fall to 15 mm or following 
a frost.  We have given the following urgent caution since 
2014: Do not use oil as a surfactant with BA if you are using 
a Captan program from petal fall to 15 mm.  The situation 
where BA+oil is most useful is with Delicious and Fuji where 
NAA causes pygmies.  For these two varieties, we suggest 
a thinning program that does not use NAA, but rather BA.  
However, to get enough thinning response from the BA, 
growers must use some oil to get greater uptake.  If in the 
past on your Red Delicious or Fuji you used 100 ppm BA+ 
1pt of carbaryl, now growers can use 100 ppm BA+ 1 pt of oil.

5.			Additions	 of	 Regulaid	 to	 NAA:  The use of regulaid 
(1pt/100) with NAA can significantly increase the thinning 
efficacy of NAA.  The Regulaid increases uptake of NAA in 
a similar manner to oil’s effect on BA uptake.  The use of 
Regulaid is very common in WA state, but not so common 
in NY because of the risk of overthinning in some years, 
and the risk of russetting due to increased Captan uptake 
when Captan is used shortly before or after a NAA spray 
that contains Regulaid.  Thus, we have given the same cau-
tion as with BA+oil: Do not use Regulaid as a surfactant 
with NAA if you are using a Captan program from petal fall 
to 15 mm.  If Regulaid is used, it can essentially substitute 
for the carbaryl.  For example, if in the past a grower used 
5 ppm NAA+carbaryl on McIntosh, now he/she can use 5 
ppm NAA+1pt/100 of Regulaid.  Likewise, if in the past you 
used 7.5 ppm NAA+carbaryl on Empire, now you could use 
7.5 ppm NAA+1pt/100 of Regulaid.  

A cooperative effort to develop a long-term mechanical 
blossom thinning strategy in Western NY
 The first mechanical blossom thinning trials were conducted 
in apples in North America in Pennsylvania (2007), Washington 
(2009), and Canada (2010).  In Europe (mainly in Italy, Germany, 
Catalonia, and Switzerland), there has been a significant amount 
of research with mechanical blossom thinning conducted since 
1996.  Even though fire blight is also a concern, the rise in organic 
production and the lack of registered thinners has also increased 
the implementation of mechanical thinning during the last years.  
There are approximately 600 string thinner machines being 
utilized for pome and stone fruits in Europe at this moment.  In 
the US, we first knew about the successful use of a string thin-
ner in 2013 by a Québec apple grower (Louis Cournoyer), who 
spoke at the 56th IFTA Annual Conference intensive workshop, 
“Insights into Innovative Orchard Technology”, in Boston on 23 
February 2013.  A few Western New York growers who attended 
the workshop (Kevin Bittner, Mark Russell, and Jill McKenzie) 
were interested in Louis’s mechanical thinning experience and 
offered  a string thinner and trees for preliminary on-farm 
non-replicated trials in 2013 (data not shown in this article).  
In the spring of 2014, Adolf Beltz (a German apple grower and 
manufacturer of the Darwin string thinner machine) travelled to 
New York, assisted by Matt Peters (Bartlett Company, Ontario, 
Canada) and showed Jason Woodworth (apple grower, Lamont 

Fruit Farm, Inc.) how to use the Darwin machine in Super 
Spindle apple trees.  From this cooperative effort we learned: 
(1) the optimal and safe application timing during apple bloom, 
(2) how to maneuver, calibrate, and select the tractor speed and 
the thinning severity of the Darwin machine for light, medium, 
and heavy bloom conditions, and more importantly, (3) how to 
position the string thinner regarding the tree canopy structure 
to minimize damage to the spur leaves, reproductive and veg-
etative structures (Figures 1–3).
 In 2014, there was significant interest in economical and safe 
nonchemical thinning strategies for use in high-density apple 
orchards as a result of Whole Foods Markets’ action.  The main 
objective of this study was to evaluate the use of a single spindle 
string thinner on two high-value apple cultivars in the Western 
NY fruit region for three consecutive years.  The specific goals 
were (1) determine the proper thinning severity for Honeycrisp 
and Gala, (2) verify the potential spread of fire blight under the 
more humid NY weather climate compared with other regions 
in Europe, (3) supplement the mechanical thinning with other 
chemical treatment to enhance fruit size, and (4) measure return 
bloom and potential yields.

Materials and Methods
 We conducted two string thinner studies (2.5 acres total) 
on mature Gala and Honeycrisp apple trees on B.9 rootstock at 
2 ft x 11 ft spacing over a period of three years (2014, 2015, and 
2016).  The Gala and Honeycrisp trees were 7 and 9 years old 

Figure	1.		 Ideal	 timing	 and	 floral	 cluster	 comparison	 for	 string	 thinning	
as	 shown	 by	 Adolf	 Beltz:	 (a)	 his	 left	 hand	 shows	 a	 very	 late/
advanced	 blossom	 stage	 for	 string	 thinning,	 (b)	 his	 right	 hand	
shows	the	optimal	blossom	stage	for	string	thinning	with	a	king	
flower	open	and	the	lateral	flowers	at	the	balloon	stage.	

A

B
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at the beginning of this study, respectively.  Both were trained 
to a Super Spindle apple system at Lamont Fruit Farm Inc., 
Waterport, New York.  The shape of the canopy was a narrow 
tree wall.  The string thinner (Darwin machine) consisted of a 
tractor–mounted frame with a 10-ft tall vertical spindle in the 
center of the frame.  Attached to the spindle were 54 steel plates 
securing a total of 216 plastic cords, 
each measuring 2 ft in length.  Speed 
of the clockwise rotating spindle was 
adjusted with a hydraulic motor.  The 
string thinner spindle was operated at 
220 or 240 rpm in 2014, 200 or 220 
rpm in 2015, and 180 or 200 rpm in 
2016.  Each year, the mechanical thin-
ner was driven through the orchard 
rows at the same speed of 5 miles/
hour.  All treatments were applied 
at 70–80% bloom stage for the king 
flower, and balloon stage for the lat-
erals for Gala and Honeycrisp, on 17 
May 2014; for Gala on 10 May 2015, 
for Honeycrisp on 11 May 2015, for 
Gala on 13 May 2016, and for Hon-
eycrisp on 18 May 2016.
 The specific treatments for Gala 
were: Control apple trees that re-
ceived the grower standard chemical 
thinning program; 2% ATS at bloom, 
2 pt/A Sevin XLR at petal fall, 1 gal/A 
Maxcel + 2 pt/A Sevin XLR at the 
8–10 mm fruit stage, and 1 gal/A 
Maxcel + 2 pt/A Sevin XLR at the 
12–14 mm fruit stage (without the 
use of the string thinner).  The grower 
standard program was compared 
against 4 string thinning treatments 
in 2014 (2 treatments were followed 
with 1 Maxcel application @ 16 oz/A), 
4 string thinning treatments in 2015 
(2 treatments were followed with 1 
Maxcel application @ 32 oz/A), and 
6 string thinning treatments in 2016 
(4 treatments were followed with 1 
or 2 Maxcel applications @ 64 oz/A) 
(Table 1).
 The specific treatments for 
“Honeycrisp/B.9” were: Control 
apple trees that received the grower 
standard chemical thinning program; 
2% ATS at bloom, 2 pt/A Sevin XLR 
at petal fall, and Fruitone L 4.25 oz/A 
+ 2 pt/A Sevin XLR at the 8–10 mm 
fruit stage (without the use of the 
string thinner).  The grower standard 
program was compared against the 
same number of string thinning treat-
ments as used for Gala.  Maxcel rates 
were not the same for both cultivars 
in year 3 (see rates and results in 
Table 1).  A streptomycin application 

was made after the string thinner treatments were applied in 
2014, 2015, and 2016.  Minimal hand thinning was conducted 
in order to break clusters of fruit each year.  
 The two field experiments were designed as randomized 
complete blocks, with five replications consisting of 50 trees per 
plot.  Each year, Gala or Honeycrisp trees received consistent 

Figure	2.		 A	narrow	fruiting	wall	and	a	correct	method	of	application	are	critical	for	the	successful	adoption	
and	safe	use	of	a	string	thinner	during	bloom.		A	Darwin’s	driver	must	be	get	closer	to	the	trunk	
so	that	when	its	cords	hit	the	canopy,	some	also	hit	the	trunk,	fruiting	branches,	or	the	wires,	
allowing	them	to	retract	when	they	struck	these	surfaces.		

Figure	3.		 Different	effects	of	string	thinning	on	number	of	fruitlets	removed	after	application	on	apple.
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Table	1.		 Effect	of	blossom	thinning	with	a	Darwin	string	thinner	on	Yield,	Fruit	Size,	Fruit	Color,	and	Crop	Value	of	Gala	and	Honeycrisp	in	2014,	
2015,	and	2016	(Lamont	Fruit	Farm,	Waterport,	New	York,	USA).

 

Table 1. Effect of blossom thinning with a Darwin string thinner on Yield, Fruit Size, Fruit Color, and Crop Value of Gala and Honeycrisp in 2014, 2015, and 2016 (Lamont Fruit Farm, 
Waterport, New York, USA). 

   2014 Results 
Variety/rootstock Darwin 

Rotational 
Speed 
(rpm) 

Chemical1, 2, 3 Fruit 
Number 
(N˚fruit/ 

tree) 

Yield/ 
tree (kg) 

Yield/acre 
(bu) 

Yield/ha  
(t) 

Fruit size 
(g) 

Adjusted 
Fruit Size 

(g) 

Crop Value 
($/acre) 

Fruit 
Color 

(%) 

Gala/B.9 Chemical 
thinning 
“Grower 
Standard” 

Control 72.3 a 13.3 a 1452 a 65.1 a 184.8 a - 16,790 a - 

Gala/B.9 220 rpm No Maxcel 55.8 b 8.6 bc 944 bc 42.3 bc 155.1 b - 7,292 b - 
Gala/B.9 220 rpm Maxcel 59.6 b 9.2 b 1002 a 44.9 b 153.2 b - 7,728 b - 
Gala/B.9 240 rpm No Maxcel 53.5 bc 7.6 bc 829 bc 37.2 bc 144.2 b - 5,099 b - 
Gala/B.9 240 rpm Maxcel 46.5 c 7.0 c 769 c 34.5 c 152.1 b - 5,683 b - 
 LSD P≤0.05  8.6 1.62 20.4 176 7.91  3,578  
Contrast Maxcel vs. No Maxcel NS NS NS NS NS  NS  
Honeycrisp/B.9 “Grower 

Standard” 
Control 60.8 a 14.9 a 1628 a 73.0 a 243.9 a - 28,958 a - 

Honeycrisp/B.9 220 rpm No Maxcel 51.9 ab 12.3 ab 1342 ab 60.1 ab 215.0 a - 23,633 ab - 
Honeycrisp/B.9 220 rpm Maxcel 41.3 bc 10.1 bc 1107 bc 49.6 bc 244.6 a - 19,961 b - 
Honeycrisp/B.9 240 rpm No Maxcel 33.7 c 9.0 bc 978 bc 43.8 bc 268.7 a - 18,693 b - 
Honeycrisp/B.9 240 rpm Maxcel 33.1 c 8.7 c 953 c 42.7 c 273.9 a - 17,985 b - 
 LSD P≤0.05  15.1 3.37 61.1 368.1 16. 5  696.5  
Contrast Maxcel vs. No Maxcel NS NS NS NS NS  NS  
          
   2015 Results 
Gala/B.9 “Grower 

Standard” 
Control 46 a 7.8 a 852 a 38 a 164 a 163 a 8,196 a - 

Gala/B.9 200 rpm No Maxcel 44 a 7.1 a 776 a 35 a 160 a 160 a 6,810 a - 
Gala/B.9 200 rpm Maxcel 37 a 5.8 a 632 a 28 a 152 a 156 a 5,364 a - 
Gala/B.9 220 rpm No Maxcel 49 a 7.3 a 792 a 36 a 149 a 147 a 5,543 a - 
Gala/B.9 220 rpm Maxcel 45 a 6.6 a 722 a 32 a 142 a 141 a 5,103 a - 
 Duncan 

P≤0.05 
 NS NS NS NS NS NS NS  

Contrast Maxcel vs. No Maxcel NS * * * NS NS NS  
Honeycrisp/B.9 “Grower 

Standard” 
Control 35 a 9.8 a 1066 a 48 a 282 a 281 a 21,114 a - 

Honeycrisp/B.9 200 rpm No Maxcel 43 a 9.5 a 1039 a 47 a 227 c 233 c 16,542 a - 
Honeycrisp/B.9 200 rpm Maxcel 33 a 9.0 a 978 a 44 a 274 ab 272 ab 18,843 a - 
Honeycrisp/B.9 220 rpm No Maxcel 38 a 8.7 a 954 a 43 a 227 c 230 c 15,780 a - 
Honeycrisp/B.9 220 rpm Maxcel 29 a 7.2 a 784 a 35 a 254 b 249 bc 14,225 a - 
 Duncan 

P≤0.05 
 NS NS NS NS ** ** NS  

Contrast Maxcel vs. No Maxcel * NS NS NS ** ** NS  
          
   2016 Results 
Gala/B.9 “Grower 

Standard” 
Control 77 de 14.8 bcd 1619 bcd 73 bcd 195 a 129 bc 20,405 a 52 ab 

Gala/B.9 180 rpm No Maxcel 112 ab 16.8 ab 1830 ab 82 ab 150 d 149 ab 13,210 b 58 a 
Gala/B.9 180 rpm 1x Maxcel 119 a 18.3 a 1993 a 89 a 152 d 164 a 15,061 b 55 ab 
Gala/B.9 180rpm 2x Maxcel 91 c 14.5 cd 1583 cd 71 cd 161 d 121 c 13,486 b 51 ab 
Gala/B.9 200 rpm No Maxcel 90 cd 16.3 abc 1766 abc 79 abc 182 bc 141 abc 19,564 a 58 a 
Gala/B.9 200 rpm 1x Maxcel 100 bc 17.5 a 1916 a 86 a 178 d 154 a 20,132 a 47 b 
Gala/B.9 200 rpm 2x Maxcel 73 e 13.8 d 1510 d 68 d 191 a 118 c 18,381 a 46 b 
 Duncan 

P≤0.05 
 ** ** ** ** ** ** ** * 

Contrast Maxcel vs. No Maxcel NS NS NS NS NS NS NS - 
Contrast  1x Maxcel vs. 2x Maxcel ** ** ** ** * ** NS - 
Honeycrisp/B.9 “Grower 

Standard” 
Control 57 bc 18.6 ab 2025 ab 91 336 a 233 a 41,580 ab 52 

Honeycrisp/B.9 180 rpm No Maxcel 62 ab 16.3 b 1783 b 80 271 d 178 c 33,270 d 58 
Honeycrisp/B.9 180 rpm 1x Maxcel 72 a 19.6 a 2136 a 96 276 cd 200 b 41,065 abc 53 
Honeycrisp/B.9 180rpm 2x Maxcel 68 ab 19.7 a 2147 a 96 295 bcd 211 b 43,051 a 57 
Honeycrisp/B.9 200 rpm No Maxcel 57 bc 16.8 b 1839 b 82 305 b 202 b 36,385 bcd 54 
Honeycrisp/B.9 200 rpm 1x Maxcel 56 bc 16.3 b 1783 b 80 301 bc 196 bc 35,464 cd 55 
Honeycrisp/B.9 200 rpm 2x Maxcel 50 c 16.3 b 1782 b 80 334 a 218 ab 36,714 bcd 59 
 Duncan 

P≤0.05 
 ** ** ** ** ** ** ** NS 

Contrast Maxcel vs. No Maxcel NS NS NS NS NS ** * - 
Contrast  1x Maxcel vs. 2x Maxcel NS NS NS NS ** * NS - 
1 In 2014, a Maxcel rate of 16 oz/A was applied to Gala and Honeycrisp at the 8–10 mm fruit stage (1 spray). 
2 In 2015, a Maxcel rate of 32 oz/A was applied to Gala and Honeycrisp at the 8–10 mm fruit stage (1 spray). 
3 In 2016, a Maxcel rate of 64 oz/A was applied to Gala 1 time at the 6–7 mm fruit stage or 2 times at the 8–10 mm fruit stage. A lower rate of Maxcel of 32 oz/A was  
   applied to Honeycrisp 1 time at the 6–7 mm fruit stage or 2 times at the 8–10 mm fruit stage. 
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treatment with the string-thinning machine, as the rotational 
speed was adjusted.  For example, the same rows that were 
treated at 240 rpm in 2014 were treated at 220 rpm in 2015 and 
were finally treated at 200 rpm in 2016 (the same adjustment 
occurred for the rows that were originally treated at 220 rpm 
in 2014, then at 200 rpm in 2015, and finally at 180 rpm in 
2016).  Return bloom evaluations were conducted in May 2015 
and 2016.  In September of each of the three harvest seasons, 
whole tree fruit counts and fruit weight of three data trees per 
plot in 2014 and 2015 and of four data trees per plot in 2016 
were collected at harvest, one time for Gala and two times for 
Honeycrisp.  Percent fruit color was also assessed for each 
cultivar at the NYS Agricultural Experiment Station in Geneva 
in October 2016.

Results
Effects	of	mechanical	blossom	thinning	treatments	on	fruit	
set,	fruit	number,	fruit	size,	fruit	weight,	and	yield

Gala
 In 2014, all string thinning treatments reduced fruit set 
and fruit number, and did not increase fruit size.  The string 
thinning treatment applied at 240 rpm without Maxcel caused 
much greater thinning than the string thinning treatment ap-
plied at 220 rpm followed by Maxcel or not.  Maxcel applied 
at 8–10 mm did not improve fruit size and had minimal effect.  
String thinning at 240 rpm caused as much as a 40-g decrease 
in fruit weight compared with the control trees.  
 In 2015, all string thinning treatments reduced fruit set and 
did not significantly reduce fruit size, fruit weight, and fruit 
numbers compared with the control trees.  Maxcel applied at 
8–10 mm did improve fruit size and had a better effect than in 
2014.  The string thinning at 220 rpm and the string thinning 
at 220 rpm followed by Maxcel caused as much as a 7-g and 
2-g decrease in fruit weight compared with the control trees, 
respectively.  The 220 rpm speed resulted in a much safer speed 
than the 240 rpm in 2014.
 In 2016, the string thinning at 200 rpm (alone or in com-
bination with Maxcel) was a more effective thinning treatment 
than 180 rpm.  Maxcel applied early at 4–6 mm and then at 
8–10 mm improved fruit size and had a substantial effect on 
Gala fruit growth.  Overall, two Maxcel sprays were better than 
one Maxcel spray.  The string thinning at 200 rpm followed by 
two Maxcel applications caused as much as a 4-g decrease in 
fruit weight.  Also, the number of fruit per tree and the yield 
were not statistically different compared with the control trees.  
Darwin 180 rpm (alone or followed by one Maxcel spray) did 
not thin effectively and had 35 and 42 more fruit on the trees 
compared with the control trees, respectively.

Honeycrisp
 In 2014, all string thinning treatments reduced fruit set, 
fruit number, and did not increase fruit size and crop value.  
These 2014 results were similar when compared with Gala ex-
cept that the effect on fruit size was non-significant but there 
was still a reduction in crop value.  A 30-g decrease in fruit 
weight was the highest difference between the control trees 
and the string thinning treatment applied at 220 rpm without 
the use of Maxcel.
 In 2015, all string thinning treatments (for both rotational 

speeds with or without Maxcel) did not significantly reduce fruit 
number/tree and yield (kg/tree) at harvest.  The string thinning 
treatment applied at 200 rpm followed by Maxcel increased 
fruit size and was not statistically different from the control 
trees.  There were as much as 48-g and 21-g increases in fruit 
size from the string thinning treatments at 200 rpm and 220 
rpm followed by Maxcel, respectively.  The highest fruit weight 
reduction was achieved with the string thinning treatment at 
200 rpm without Maxcel, and there was a 55-g decrease in fruit 
weight compared with the control trees.
 In 2016, all string thinning treatments significantly affected 
yield, fruit number, and fruit size compared with the control 
trees at harvest.  For example, the most productive treatment 
(kg fruit/tree) was measured with the string thinning at 180 
rpm plus two Maxcel sprays, followed by the string thinning 
at 180 rpm plus one Maxcel, the control trees, and the string 
thinning at 200 rpm without Maxcel.  The higher number of 
fruit per tree was evaluated with the string thinning at 180 
rpm plus two Maxcel sprays, followed by string thinning at 180 
rpm plus one Maxcel, the string thinning at 180 rpm without 
Maxcel, and the control trees.  The string thinning at 200 rpm 
followed by two Maxcel sprays did not significantly reduce fruit 
size compared with the control trees.  There were as much as 
24-g and 29-g increases in fruit size from the string thinning 
treatments at 180 rpm and 200 rpm followed by two Maxcel 
sprays, respectively.

Effects of mechanical blossom thinning treatments 
applied on May 2014 and 2015 on return bloom of 
Honeycrisp and Gala
 2015	Results	(data	not	shown): String thinner treatments 
had a negative effect on return bloom of Honeycrisp.  There 
were fewer blossom clusters per tree when the string thinner 
spindle was operated at 240 rpm in 2014.  Based on the negative 
effect on return bloom of Honeycrisp, we decided to decrease 
the rotational speed from 240 rpm to 220 rpm in 2015.  String 
thinner treatments had a positive effect on return bloom of 
Gala. There was no reduction in blossom clusters per tree in 
the low, medium, or upper sections of the trees.  The 220 rpm-
treated trees had the higher number of blossom cluster per tree.  
 2016	Results	(data	not	shown): String thinner treatments 
again had a negative effect on return bloom of Honeycrisp.  
There were fewer blossom clusters per tree when the string 
thinner spindle was operated at 220 rpm in 2015.  However, 
based on the negative effect on return bloom of Honeycrisp, 
we decided to decrease the rotational speed from 220 rpm to 
200 rpm and from 200 rpm to 180 rpm in 2016.  Both string 
thinner treatments and the treatments followed by Maxcel did 
not significantly reduce the blossom clusters per tree in the low, 
medium, or upper sections of the Gala trees compared with the 
grower standard trees.  In both 2015 and 2016, the reduction on 
the rotational speed of the Darwin was the same.  The effects of 
mechanical blossom thinning treatments applied on May 2016 
on return bloom of Honeycrisp and Gala will be evaluated in 
early May 2017.

Discussion
 We began this three-year study with very disappointing 
results for Gala in 2014.  At harvest we measured a significant 
reduction in Gala fruit size and yield from the string thinning 
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treatments, which also reduced crop value.  The string thinning 
treatments applied at 220 or 240 rpm caused as much as a 30-
and 40-g decrease in fruit weight compared with the control 
trees. The addition of Maxcel to the mechanical thinning pro-
gram did not improve fruit size or crop value compared with 
the grower standard chemical thinning program.  The Gala 
control trees used for this study received multiple sprays of 
Maxcel, which likely stimulated cell division and gave larger 
fruit size, while the string thinner treatments reduced spur leaf 
area, which likely inhibited initial fruit growth and cell division.  
The string thinning treatment at 240 rpm was too invasive in the 
tree canopy.  Damage to the spur leaves and reproductive and 
vegetative structures was significant with this rotational speed.  
Increasing the rotational velocity of the string thinner (from 
220 to 240 rpm) caused more string contact with the narrow 
canopy and increased leaf damage, especially for Honeycrisp.  
This higher rpm removed more Honeycrisp blossom clusters, 
spur leaves, and broke fruiting shoots compared with Gala.  
The most severe treatment removed 100 more Honeycrisp 
spur leaves compared with the control (data not shown).  As 
the spindle speed of 220 rpm provided the best overall thinning 
response and minimized injury to leaves, this was the rotational 
velocity tested the following year.  In 2015, on the Honeycrisp 
or Gala rows that were treated the previous year at 220 rpm and 
240 rpm, we reduced string thinner speeds to 200 and 220 rpm, 
respectively.  
 The canopy width for Gala and Honeycrisp trees was nar-
rowed and improved through mechanical dormant pruning fol-
lowed by manual pruning, to obtain maximum and safe thinning 
efficiency with the string thinner.  This narrowed canopy (24 
inches width, 12 inches from the trunk) allowed the Darwin’s 
driver to apply the machine closer to the trunk, so that when its 
cords hit the canopy, some also hit the trunk, fruiting branches, 
or the wires, retracting when they struck these surfaces.  This 
method of application, more than the reduction of Darwin’s 
speed in year 2, did effectively reduce the removal of entire spurs 
and the loss in spur leaf area as experienced in year 1.  Our 2015 
data indicate that string thinning treatments at 200 rpm and 220 
rpm minimized spur leaf injury and provided the safest overall 
fruit thinning, with less than 4 and 2 blossom clusters removed 
per tree after the thinning treatment was applied for Gala and 
Honeycrisp, respectively (data not shown).  
 Although 2014 and 2015 were severe fire blight infection 
seasons, the risk of spreading fire blight after string thinning 
followed by an antibiotic was not a problem for the sensitive 
Gala cultivar used in this study.  In 2014, the severity of thin-
ning, even at the higher rotational velocity of 240 rpm, did not 
increase the incidence or severity of fire blight, even though 
an adjacent/grafted block had severe fire blight pressure.  The 
environmental conditions before, during, and after bloom were 
also conducive to fire blight development in 2015.  However, the 
second-year study again showed no increase in the severity of 
fire blight in May 2015.  Our results are contradictory with past 
evaluations of the risk of spreading fire blight in apple orchards 
with a string thinner.  The incidence and likelihood of fire blight 
infection were increased by using the machine in a Penn State 
study (Ngugi and Schupp 2009).  They found that when a string 
thinner was used on non-inoculated trees immediately after 
thinning trees infected with fire blight, infection with fire blight 
was significantly increased in the previously non-inoculated 

trees.  They also concluded that the use of a string thinner 
should be limited to orchards with no history of disease in the 
last 3 years, and on days when predicted weather is not suitable 
for tree infection by Erwinia amylovora; otherwise, a severe 
fire blight epidemic could develop in the orchard.  Therefore, 
in deciding whether to use a string thinner, it is important to 
mention that additional fire blight work will be conducted at the 
NYS Agricultural Experiment Station in Geneva in the spring of 
2017 (K.  Cox, personal communication) to validate our positive 
results in orchards with a fire blight epidemic and determine the 
risks of string thinning in orchards that are infected with fire 
blight, but asymptomatic.  Such efforts are needed before the 
technique can be fully recommended in our humid continental 
type climate.  
 The use of string thinning treatments in combination with 
6-BA (Maxcel) proved to be a more successful strategy for fruit 
size enhancement in the second and third years of this study.  
Crop values were still lower compared with the chemical thin-
ning programs, but closer.  Because a single spray of Maxcel at a 
lower rate of 16 oz/A did not work for Gala in year 1, we tested 
a higher rate of 32 oz/A for enhancing Gala’s fruit size without 
promoting additional thinning.  The Maxcel “fruit size effect” 
desired for Gala (a small fruited variety) was only achieved 
with Honeycrisp in 2014, although this effect was not our main 
research goal for this bigger cultivar.  For Honeycrisp, we were 
more interested in evaluating the influence of mechanical thin-
ning on return bloom, which was negatively affected in 2015 
and 2016.
 Today, US consumers are increasingly demanding larger 
Gala fruit (> 180–200 g fruit, ideally 88 sizes) and growers 
prefer to produce a bigger, high quality Gala than a smaller one 
outside the desired size range.  Fortunately, the addition of a 
higher rate of Maxcel to the mechanical thinning program did 
improve fruit size or crop value compared with the control trees 
in year 2.  In 2016, we increased the Maxcel rate to 64 oz/A for 
Gala and doubled down on the Maxcel applications, to see an 
even better improvement on Gala fruit size from the second 
application.  In 2016, the Gala trees that were string thinned 
at 200 rpm followed by two Maxcel sprays did not significantly 
reduce fruit size compared with the control trees.
 The uncertainties of optimal fruit set, ideal fruit distribu-
tion on branches, or similar crop values are valid concerns or 
aspirations for any grower considering mechanical blossom 
thinning as an alternative to chemical thinning without carbaryl.  
In this study, our grower cooperators were actively engaged and 
concerned that the apples tended to clump on the branches, and 
this may have affected color development in 2014 or 2015 (fruit 
samples not evaluated).  In 2016, fruit samples were taken to 
measure fruit surface color distribution in Geneva.  No treat-
ment effects on color distribution were observed compared with 
the control trees for both cultivars.  

Conclusion
 After string thinning the same trees for 3 consecutive years, 
our data indicate that the use of a string thinner at 200 rpm, 
with 216 plastic cords, at a tractor speed of 5 mph, and in com-
bination with 2 Maxcel sprays, was the most effective and safe 
mechanical thinning program for enhancing Gala’s fruit size in 
an orchard with a compact, rectangular box, and with shoots 
no more than 12 to 14 inches from the trunk.  We have identi-
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fied another strategy as a future alternative to thinning without 
carbaryl in apples.  The adoption or transitioning to narrower 
tree wall systems will facilitate the use of this technology.  

Literature Cited
Ngugi, H. K. and Schupp, J. R.  2009.  Evaluation of the risk of 

spreading fire blight in apple orchards with a mechanical 
string blossom thinner.  HortScience 44: 862–865.

Robinson, T. L.  2006.  Interaction of Benzyladenine and Naph-
thaleneacetic Acid on fruit set, fruit size and crop value of 
twelve apple varieties.  Acta Hort.  727: 283–290.

Robinson, T. L.  and Hoying, S. A.  2014.  Thinning Without 
Carbaryl in 2014.  Lake Ontario Fruit Newsletter.  11: 3–4.

  
Acknowledgements
 The authors acknowledge the following two sources of fund-
ing for this project: the New York Apple Research and Develop-
ment Program and the Sustainable Agriculture Research and 
Education grant # ONE15-242.  We greatly thank the growers 
Jason Woodworth, Jose Iniguez, and Rod Farrow during the 
planning, research, and development of this 3-year study for 
adoption of new technologies and techniques.

Mario	 Miranda	 Sazo is an Extension Associate who 
specializes in orchard management and orchard 
mechanization with the Lake Ontario Fruit Program, 
Cornell Cooperative Extension.  Poliana	 Francescatto 
and Jaume	 Lordan Sanahuja are Postdoc Associates 
at Cornell’s Geneva Experiment Station in Dr. Robinson’s 
program.  Terence	 L.	 Robinson	 is a research and 
extension professor at Cornell’s Geneva Experiment 
Station who leads Cornell’s program in high-density 
orchard systems, irrigation, and plant growth regulators. 



36  NEW YORK STATE HORTICULTURAL SOCIETY

 3 

 
 

 
Figure 3. Modified sprayer and sensors in the trial orchard 
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Figure 2.  RR test site, Wayne Co., NY using Gala trees on M.9 rootstock planted May 3, 2014.   
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