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Fig. 1.  Counter balancing responses of Gala fruit size and yield to crop load with the curvilinear 

response of crop value to crop load showing an optimum crop value at a crop load of ~8-
9 fruits/cm2 TCA. 

 
 

Editorial
An idea for a partnership of agricultural producers and government 
to fund research

Farmers in New York State have been successfully producing 
a very diverse number of agricultural products for many 
years. Success has come partly because of our climate and 

soils but also because producers have been on the cutting edge of 
new technologies and growing practices that have allowed us to 
compete with other production areas.  We all agree that production 
research and producer educational programs are vital for us to stay 
competitive and successful in the future.  Today we must ask: how 
can we maintain the level of research and extension needed to keep 
us in business?  Where will the money come from to conduct the 
research and educational programing and how do we make sure it is 
spent wisely?  Can a mechanism be created for grower and industry 
funds that can be matched at some level with government funds 
to get the job done?  How do we make sure there is coordination 
and collaboration between researchers and educators? Existing, 
but diminishing, public funds are not and will not be adequate to 
support the research and education programs growers and the wider 
public need. A better coordinated, more efficient system would 
complete the critical function of allocating these funds to their best 
purpose more effectively than the existing system can.  More private 
sector dollars and a demonstrably efficient, accountable, well-
coordinated system is necessary to move government to recognize 
that matching public investments, along with grower investments 
in agricultural research, extension and education will provide high 
returns and spur practitioners to make those investments.

This discussion has been on-going the last few years and an idea 
has emerged. What if an organization existed with one of its jobs 
being to get producers to prioritize the production issues they see as 
critical to being successful? It could take those issues to the research 
and education professionals and solicit proposals from them that 
address the high priority producer issues.  Then, the producers who 
are contributing financial support decide which proposals will best 
solve these identified production issues.  Finally, this organization 

would work with the researchers and educators to make sure the 
required work gets done in a cost efficient way.  After the research 
is done, it could make sure the information gets to the producers 
so they can put it to work to make their businesses profitable into 
the future.  The organization would ensure that grower funds are 
used for projects producers request and available government funds 
are added to the efforts.

Ten years ago, the New York Farm Viability Institute (NYFVI) 
was formed to fund research and education projects that would 
improve the profitability of agriculture producers in NYS.  It 
started with some federal funds and has been funded by annual 
state appropriations since.  What if the NYFVI was changed so 
it facilitated a government match to funds producers are already 
investing in research and education projects and was operated 
as described in the paragraph above?  NYFVI might also receive 
federal and corporate funds that could also be used to match 
grower funds.  Besides facilitating the process, NYFVI could also 
coordinate projects that have impact in more than one commodity 
area.  NYFVI could do all this if the producers of NYS believe it 
would be beneficial and would leverage their personal contributions.  
This model could be applied to all of NY agriculture, keeping us 
on the cutting edge and profitable into the future. Many grower-
funded and managed programs, including the Apple Research 
and Development Program, provide critical support every year for 
research that improves the profitability of fruit, vegetable, dairy, 
and corn and soybean production. We can substantially improve 
the existing system through better coordination and efficiency, 
more opportunity for the public to recognize the benefits of 
applied research; and most important, by using grower dollars as 
a lever to add  government matching funds to the effort.  Some 
commodity groups do not put anything into research or education.  
If a government match was available, it would be an incentive for 

	   3	  

 

 
 
 
 
 

 
 

	   5	  

 
 

0	  

2	  

4	  

6	  

8	  

10	  

12	  

Brown	  core	  (%)	  
LSD	  	  	  	  	  	  =	  3.3	  0.05	  

A	  

Greasiness	  (%)	  B	  

LSD	  	  	  	  	  	  =	  9.9	  0.05	  

(Continued on p.2)



 

2  NEW YORK STATE HORTICULTURAL SOCIETY

	 NEW YORK STATE HORTICULTURAL SOCIETY

	 President	 William	R.	Gunnison
	 	 Gunnison	Lakeshore	Orchards
	 	 3196	NYS	Rt.	9W	&	22,	Crown	Point,	NY	12928
	 	 PH:	518-597-3363	(W);	518-597-3817(H)
	 	 CELL:	518-572-4642
	 	 gunnisonorchards@yahoo.com

	 Vice	President	 Chuck	Mead,	Mead	Orchards	LLC
	 	 15	Scism	Rd.,	Tivoli,	NY	12583
	 	 PH:	845-756-5641	(W);	CELL:	845-389-0731
	 	 chuck@meadorchards.com

Treasurer/Secretary	 Doug	Fox,	D&L	Ventures	LLC
	 	 4959	Fish	Farm	Rd.,	Sodus,	NY	14551
	 	 PH:	315-483-4556
	 	 dfox12@toast.net

	Executive	Director	 Paul	Baker
	 	 3568	Saunders	Settlement	Rd.,	Sanborn,	NY	14132
	 	 CELL:		716-807-6827;		FAX:		(716)	219-4089
	 	 pbaker.hort@roadrunner.com											

Admin	Assistant	 	 Karen	Wilson	
	 	 630	W.	North	St.,	Geneva,	NY	14456
	 	 PH:	315-787-2404;	CELL:	315-521-0852
	 	 FAX:	315)	787-2216;	wilsonk36@hotmail.com

	 Cornell	Director	 Dr.	Terence	Robinson,	NYSAES
	 	 630	W.	North	Street
	 	 Hedrick	Hall,	Room	125,	Geneva,	NY	14456
	 	 PH:	315-787-2227;	CELL:	315-521-0435
	 	 tlr1@cornell.edu

	 Director	 Tom	DeMarree,	DeMarree	Fruit	Farm
	 	 7654	Townline	Rd.	
	 	 Williamson,	NY	14589
	 	 PH:	315-589-9698;	CELL:	315-576-1244
	 	 demarreeff@aol.com

	 Director	 Peter	Fleckenstein,	Marshall	S.	Skiff	Orchards
	 	 4472	Cherry	Valley	Tpk.,	LaFayette,	NY		13084
	 	 PH:	(315)	436-1045;	CELL:	(315)	664-0391
	 	 peterfleck@verizon.net

	 Director	 Dan	Sievert
	 	 Lakeview	Orchards,	Inc.
	 	 4941	Lake	Road,	Burt,	NY		14028
	 	 PH:	716-778-7491	(W);	CELL:	716-870-8968
	 	 lvorchards@hotmail.com

	 Director	 Roderick	Dressel,	Jr.,	Dressel	Farms	
	 	 271	Rt	208,	New	Paltz,	NY	12561
	 	 PH:	845-255-0693	(W);		845-255-7717	(H)
	 	 rdresseljr@aol.com

	 Director	 Robert	DeBadts,	Lake	Breeze	Fruit	Farm
	 	 6272	Lake	Road,	Sodus,	NY	14551
	 	 PH:	315-483-0910	(W),	315-483-9904	(H)	
	 	 bobdebadts@aol.com;	(Summer	–	use	FAX	only)

	 Director	 Peter	Barton
	 	 55	Apple	Tree	Lane,	Paughquag,	NY	12570
	 	 PH:	845-227-2306	(W);	845-227-7149	(H)
	 	 CELL:	845-656-5217
	 	 pbarton@bestweb.net

	 Director	 John	Ivison,	Helena	Chemical	Co.
	 	 165	S.	Platt	St,	Suite	100
	 	 Albion,	NY	14411;	PH:	585-589-4195	(W)
	 	 CELL:	585-509-2262
	 	 ivisonj@helenachemical.com

	 	Director	 Ward	Dobbins,	H.H.	Dobbins	&	Sons
	 	 99	West	Ave.	PO	Box	503
	 	 Lyndonville,	NY		14098,	PH:	585-765-2271
	 	 FAX:	585-765-9710

APPLE RESEARCH & DEVELOPMENT PROGRAM ADVISORY BOARD

	 Chairman	 Walt	Blackler,	Apple	Acres
	 	 4633	Cherry	Valley	Tpk.	Lafayette,	NY	13084
	 	 PH:	315-677-5144	(W)
	 	 wblackler@gmail.com

	 	 Alan	Burr
	 	 7577	Slayton	Settlement	Road,	Gasport,	NY		14067
	 	 PH:		585-772-2469;	greenapple47@juno.com

	 	 Steve	Clarke
	 	 40	Clarkes	Lane,	Milton,	NY		12547	
	 	 PH:	845-795-2383;		apelsteve@hvi.net

	 	 Rod	Farrow
	 	 12786	Kendrick	Road,	Waterport,	NY		14571	 	
	 	 PH:	585-589-7022

	 	 Mason	Forrence
	 	 2740	Route	22,	Peru,	NY		12972
	 	 PH:	518-643-9527;		forrencejm@verizon.net

	 	 Ted	Furber,	Cherry	Lawn	Farms
	 	 8099	GLover	Rd.,	Sodus,	NY	14551
	 	 PH:		315-483-8529

	 	 Dan	McCarthy
	 	 NY	State	Dept.	of	Agriculture	&	Markets
	 	 10B	Airline	Drive,	Albany,	NY	12235
	 	 PH:	518-457-8857;	dan.mccarthy@agmkt.state.ny.us

	 	 Peter	Ten	Eyck,	Indian	Ladder	Farms
	 	 342	Altamont	Road
	 	 Altamont,	NY		12009
	 	 PH:	518-765-2956;		pgteII@aol.com

	 	 Robert	Deemer,	Dr.	Pepper/Snapple	Group
	 	 4363	Rte.104
	 	 Williamson,	NY		14589
	 	 PH:	315-589-9695	ext.	713	

NYS BERRY GROWERS BOARD MEMBERS

	 Chair	 Dale	Riggs,	Stonewall	Hill	Farm
	 	 15370	NY	Rt	22,	Stephentown,	NY	12168	
	 	 PH:	518-733-6772;	stonewallhill@taconic.net

	 Treasurer	 Tony	Emmi,	Emmi	Farms
	 	 1572	S.	Ivy	Trail,	Baldwinsville,	NY	13027	
	 	 PH:	315-638-7679;	emmifarms@aol.com

	Executive	Secretary	 Paul	Baker
	 	 3568	Saunders	Settlement	Rd.,	Sanborn,	NY	14132
	 	 CELL:		716-807-6827;		FAX:		(716)	219-4089
	 	 pbaker.hort@roadrunner.com	

	 	 Bob	Brown	III,	Brown’s	Berry	Patch
	 	 14264	Rooseveldt	Highway,	Waterport,	NY	14571
	 	 PH:	585-682-5569	

	 	 Bruce	Carson,	Carson’s	Bloomin’	Berries
	 	 2328	Reed	Rd.	
	 	 Bergen,	NY	14416	
	 	 PH:	585-494-1187;	bcarson1@frontiernet.net

	 	 David	Coulter,	Coulter	Farms
	 	 3871	N.	Ridge	Road,	Lockport,	NY	14094
	 	 PH:	716-433-5335;	coulterfarms@aol.com

	 	 John	Cashin
	 	 Cashin	Farm
	 	 225	Argersinger	Road,	Fultonville,	New	York	12072
	 	 PH:	518-281-6000;	cashinsfarm.com

	 	 Terry	Mosher,	Mosher	Farms
	 	 RD	#1	Box	69,	Bouckville,	NY	13310	
	 	 PH:	315-893-7173;	tmosher@direcway.com	

	 	 Chuck	Mead,	Mead	Orchards	LLC
	 	 15	Scism	Rd.,	Tivoli,	NY	12583
	 	 PH:	845-756-5641	(W);	CELL:	845-389-0731
	 	 chuck@meadorchards.com

          NEW YORK 
Fruit Quarterly  SUMMER 2013 • VOLUME 21 • NUMBER 2

SUMMER 2013  •  VOLUME 21  •  NUMBER 2
This	publication	is	a	joint	effort	of	the	New	York	State	Horticultural	Society,	
Cornell	 University’s	 New	York	 State	 Agricultural	 Experiment	 Station	 at	
Geneva,	 the	 New	York	 State	 Apple	 Research	 and	 Development	 Program,	
and	the	NYSBGA.

	 Editors	 Terence	Robinson	and	Steve	Hoying		
	 	 Dept.	of	Horticulture	
	 	 New	York	State	Agricultural	Experiment	Station
	 	 Geneva,	New	York	14456-0462
	 	 PH:	315-787-2227
	 	 tlr1@cornell.edu;	sah19@cornell.edu	
 Subscriptions			 Karen	Wilson
	 		&	Advertising		 NYSHS,	630	W.	North	St.,	Geneva,	NY	14456	
	 	 PH:	315-787-2404;	FAX:	315)	787-2216	
	 	 wilsonk36@hotmail.com
	 Design		 Elaine	L.	Gotham,	Gotham	City	Design,	Naples,	NY
	 	 PH:	585-374-9585;	elg2@cornell.edu
	 Production	 Gemma	Osborne,	CALS	Communications,	
	 	 NYSAES,	Geneva,	NY	
	 	 PH:	315-787-2248;	gro2@cornell.edu
	 	

         NEW YORK 
Fruit Quarterly 

(Editorial,	cont.)
those growers to contribute to research 
and education projects that will help their 
industry.

This idea has been discussed for a few years 
now and it is time to put it into motion.  
Some details need to be worked out, but 
we do need to start with a few grower 
groups and get moving along this path.  
What are your thoughts?  We need to get 
producer feedback on this plan so it can 
be implemented in the near future.  Please, 
contact me with your thoughts. 
I would be glad to hear from you.

Jim Bittner
Fruit grower and Chair of the NYFVI.
Jim@singerfarms.com
716-778-7330



Crop load management is the single most important yet 
difficult management strategy that determines the annual 
profitability of apple orchards. The number of fruit that 

remain on a tree 
directly affects 
yield, fruit size 
and the quality 
o f  f r u i t  t h a t 
are har vested, 
w h i c h  l a r g e l y 
determine crop 
value. If thinning 
is inadequate and 
too many fruits 
remain on the 
tree, fruit size 
will be small, fruit 
quality will  be 
poor and flower 
bud in i t iat ion 
for the following 
year’s crop may 
be either reduced 
or  el iminated. 
Cons e quent ly, 
p o o r  o r 
i n a d e q u a t e 
t h i n n i n g  w i l l 

reduce profitability in the current year and result in inadequate 
return bloom in the following year. Over thinning also carries 
economic perils since yield and crop value the year of application 
will be reduced and fruit size will be excessively large with reduced 
fruit quality due to reduced flesh firmness, reduced color and a 
much-reduced postharvest life. Thus, management of crop load 
is a balancing act between reducing crop load (yield) sufficiently 
to achieve optimum fruit size and adequate return bloom without 
reducing yield excessively (Figure 1). 

Economic Impacts of Crop Load
 Calculations of crop value at various crop load levels using 
fruit size and yield as the main variables has shown in a number 
of experiments to that the relationship of crop value to crop load 
is curvilinear (Figure 1).  At very high crop loads (unthinned Gala 
trees) fruit size is often very small but yield is very high.  Crop 
value in this situation is almost zero since the value of the fruit 
is often exceeded by the packing and storage costs.  When crop 
load is reduced to more moderate levels through thinning, then 
crop value rises dramatically even though yield is lower due to 

larger fruit size, which has greater value. At some point crop 
value peaks and then with further reductions in crop load crop 
value declines due to lower and lower yield. Although fruit size 
continues to increase it does not compensate for the loss in yield. 
It is striking how narrow the crop value peak is in many situations.  
Identifying and then achieving this optimum crop value is often 
very difficult for apple growers. It is difficult for fruit growers 
to know the economic impact of not achieving the optimum 
crop load without having various levels of thinning each year to 
construct the curves shown in Figure 1.  The difference between 
the optimum crop load and under thinning or over thinning can 
sometimes be a difference of thousands of dollars per acre. Thus 
growers often fail to capture the full crop value possible without 
knowing how much “money they left on the table”. More precisely 
managing crop load will help growers achieve the optimum crop 
load and maximize crop value.

Management Approaches to Precisely Managing 
Crop Load
 There are 3 management practices that have a large effect 
on crop load:  1) pruning, 2) chemical thinning and 3) hand 
thinning. In recent years growers have relied primarily on 
chemical thinning to adjust crop load with a lesser reliance on 
hand thinning to reduce labor requirements.  In other countries 
hand thinning is still the primary means of adjusting crop load.  
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showing	an	optimum	crop	value	at	a	crop	load	of	~8-9	fruits/cm2	
TCA.
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“The economic impacts of achieving the 
proper crop load each year are large (often 
$5,000-$10,000 per acre) and justify a 
more intense effort to manage crop load 
to achieve the optimum fruit number each 
year. Precision Thinning is a new strategy 
that begins with defining the optimum 
fruit number/tree (target fruit number) 
then applying sequential chemical 
thinning sprays (with rates and timing 
guided by the carbohydrate balance 
model to predict thinning efficacy and the 
fruit growth rate model to assess thinning 
efficacy in time to allow re-treatment 
when needed) with the goal of reducing 
fruit number per tree to close to the 
target fruit number to optimize crop value 
and reduce hand thinning costs.”

Precision Crop Load Management
Terence Robinson1, Alan Lakso1, Duane Greene2 and Steve Hoying1

1Dept.	of	Horticulture,	NYSAES,	Cornell	University,	Geneva,	NY	13345
2	Dept.	of	Plant,	Soil	and	Insect	Sciences,	University	of	Massachusetts,	Amherst,	MA		01003



A few progressive growers have also begun to view pruning as a 
means to adjust crop load.
 Precision crop load management utilizes all three manage-
ment approaches to adjust crop load. It begins with precision 
pruning to leave on the tree a preset bud load, followed by preci-
sion chemical thinning to reduce initial flower number per tree 
to as close as possible to a preset fruit number per tree and ends 
with precision hand thinning to leave a precise number of fruits 
per tree.

Chemical Thinning
 For the past 50 years chemical thinning has been the primary 
method growers have used to achieve the proper crop load and 
consistent annual cropping but despite over 50 years of experi-
ence with chemical thinning, it remains an unpredictable part 
of apple production with large variations from year to year and 
within years due to weather.
 The interactions of environment with thinning have been 
observed for many years. Beginning in 2000, we began to study 
this variability by conducting annual spray timing trials in NY 
State, which showed extreme variation in timing of response 
and thinning efficacy between years over the 3 week period after 
bloom when chemical thinners are applied (Robinson and Lakso, 
2004; Lakso et al. 2006). 
 There are two major sources of this variability: spray chemical 
uptake and environmental effects on tree physiology. Variability 
in spray uptake includes the chemical thinner concentration, 
the environment at the time of application (temperature and 
humidity), application method and coverage, drying conditions, 
and leaf epicuticular wax. However, generally temperature and 
humidity largely compensate for one another in affecting drying 
time and uptake.
 A second and more important source of variation is the 
sensitivity of the tree itself, which is related to the level of bloom, 
how many fruits are present at the time of application, leaf area, 
temperatures, sunlight, and tree vigor. Many of these factors are 
directly related to the balance of carbohydrate supply from tree 
photosynthesis in relation to the demand for carbohydrates from 
all of the competing organs of the tree (crop, shoots, roots, and 
woody structure). 

Carbohydrates and Fruit Growth
 Considerable research has examined the role of carbohy-
drates as pivotal to the fate of young developing apple fruit. 
Carbohydrates are stored as reserves in the dormant tree but 
these reserves are depleted by bloom as tree use these to produce 
energy for pre-bloom growth and respiration.
 After flower fertilization young fruits require currently 
produced carbohydrates for continuous development and the 
extent of this demand appears to be associated with the stage of 
fruit development and level of light. Immediately after petal fall, 
demand for carbohydrates by developing fruit is only moderate 
during the initial lag phase of an expolinear growth pattern. 
However, when fruit reach 8-10 mm in diameter (about 1-2 weeks 
after petal fall), rapid fruit growth results in an ever-increasingly 
large carbohydrate demand which may not be met by current 
photosynthesis. 
 At that time in spring, considerable variation in temperature 
and light gives large variations in carbohydrate balance. Tem-

perature, number of shoots, and number of fruit are important 
factors that control the demand for carbohydrates. With cool 
sunny days with a light initial crop, the balance of supply and 
demand carbohydrates is positive due to the high photosynthesis 
while the cool temperatures limit demand for carbohydrates by 
shoots and fruits. On the other hand, hot cloudy days with a heavy 
initial crop load have a negative balance of carbohydrates due to 
a reduced supply but the high temperatures drive up demand by 
stimulating growth rates of shoots and fruits. 
 Chemical thinners are reputed to work by providing a tran-
sient stress on the tree during the rapid growth stage of shoots 
and fruits and when fruits are most susceptible to a carbohydrate 
deficit. Chemical thinners appear to have the capability to create 
a carbohydrate stress by reducing photosynthesis, increasing 
respiration or impeding carbohydrate movement to the fruit. 
Many have observed that the greatest fruit abscission caused by 
thinners is associated with periods of 3-5 days of reduced car-
bohydrate availability immediately following thinner application. 
These weather conditions are generally a combination of warm 
temperatures and low light. Unfortunately, these are empirical 
observations that have not been quantified to aid in prediction 
of thinner response or used to make thinner recommendations.

Apple Tree Carbohydrate Balance Model 
 Alan Lakso at Cornell University has developed a simplified 
mathematical model that mechanistically estimates apple tree 
photosynthesis, respiration and growth of fruits, leaves, roots and 
woody structure (Lakso et al., 2006, 2007). The model uses daily 
maximum and minimum temperatures and sunlight to calculate 
the production of carbohydrates each day and allocates the avail-
able carbohydrates to the organs of the tree. From these data the 
model calculates the daily balance of carbohydrates for a virtual 
tree based on an Empire/M.9 tree grown in Geneva, NY.
 Although 50 years of experience with chemical thinning has 
taught us that what to expect with extreme weather conditions, 
the model is especially valuable in estimating carbohydrate bal-
ance in less obvious conditions such as cool and cloudy compared 
to hot and sunny and gives a quantitative value under all condi-
tions. 
 The value of the model in predicting chemical thinner efficacy 
has been studied since 2000 in both field and greenhouse thinning 
studies at Cornell University.  In each year we identified periods 
during the 2-3 week thinning window where the model estimated 
either a carbohydrate surplus or a deficit and compared them to 
our observed thinning responses from the spray timing studies 
mentioned earlier (Lakso et al., 20078; Robinson and Lakso, 2011). 
For example, in 2004 a very warm, cloudy period occurred shortly 
after bloom resulted in a net carbohydrate deficit during the first 
10-14 days after petal fall followed by a sunny cool period of 
particularly good carbohydrate balance. The poor carbohydrate 
balance period correlated well with the strongest thinning 
response while the least thinning response later during the good 
carbohydrate balance. In 2006, however, the carbohydrate balance 
was good initially after bloom corresponding to light-moderate 
thinning. The hot period beginning at about 21 days after bloom 
led to a poor carbohydrate balance that correlated with the 
strongest thinning effect.  Other years showed similar correlations 
that explained many of the year-to-year variations shown earlier 
(Figure 2). We have used the estimated supply-demand balance 
of the tree to predict or explain thinning response as follows: 
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carbohydrate surplus will support fruit growth giving less 
thinning while carbohydrate deficits will limit fruit growth giving 
more thinning 
 In 2008 we conducted a greenhouse study using potted apple 
trees where we imposed one of 3 temperature regimes (15/7.5°C; 
22/15°C; 29/22.5°C with 30-35% of outside light) for a 5-day 
period immediately after thinner application of Napthaleneacetic 
acid (NAA)+Carbaryl or Benzyladenine(BA)+Carbaryl) (Yoon 
et al., 2010). The combined effects of the reduced light and 
temperature of the glasshouse were calculated as carbohydrate 
balance using the model. The 5-day average carbohydrate balance 
affected by temperatures and light was well correlated with fruit 
set in a strongly positive manner. At all levels of deficit there 
was a strong added thinner effect with little difference between 
NAA+Carbaryl and BA+Carbaryl. Only when the carbohydrate 
balance showed no deficit did the chemicals thin moderately.
 We have used these results to develop simple decision rules 
based on carbohydrate balance for the day of thinning and the 
next 3 days (Table 1).
 The carbohydrate model has potential to predict thinner 
responses prior to the application of thinners thus allowing 
growers to adjust thinner treatment and timing to achieve an 
optimal amount of thinning. However, it imprecisely assesses 
the real effect of the chemical thinner after application. A more 
precise assessment tool after application would be of value to 
growers in deciding whether to apply a second application of 
chemical thinner.

Apple Fruit Growth Rate Model
 A precise method of early assessment of thinning efficacy 
after chemical application based on fruit growth rate has been 
developed by Duane Greene, and others (Greene et al., 2013). The 
model is based on the observation that fruitlets which have slowed 
growth rates (less than 50% of the fastest growth rates) are usually 
destined to abscise. The model requires the measurement of the 
diameter of fruitlets on 75 spurs (375 fruitlets) at 3 and 8 days 
after application of the chemical thinner to clearly differentiate 
abscising versus retained fruit. The growth rate of the fastest-
growing fruitlets is used as reference to determine the percentage 
growth of fruitlets and what percent will abscise.
 Early estimates of thinning efficacy after application allow 
timely decisions about the need for a second chemical application 
if needed.  
 In 2008 the fruit growth model was evaluated at NC and 
NY with several varieties. Thinning response to the thinner and 
final fruit set in NC was accurately predicted. In NY, initial fruit 
abscission response to the thinner was accurately predicted 

although a later cloudy period caused additional drop. As with 
the carbohydrate model this model needs additional validation 
in other climates, especially in arid climates.

Precision Chemical Thinning
 In the last 3 years we have developed an improved method of 
conducting chemical thinning that utilizes both the carbohydrate 
model and the fruit growth model.  We have named the method 
“Precision Chemical Thinning”. This method uses the carbon 
balance model as a predictive tool for predicting response prior to 
application and the fruit growth rate model for early assessment 
of thinning response immediately following application.
 The method begins with first calculating the final fruit 
number (target fruit number) needed per tree (based on desired 
yield) and secondly assessing the number of flower clusters on 
the trees (after pruning) by counting 5 representative trees.  Once 
the number of flower clusters/tree is known (each cluster with 5 
flowers) and the final fruit number needed for the desired yield 
the percent of the initial flowers needed after thinning can be 
calculated. The optimum final fruit number per tree is different 
for each variety and depends on genetic fruit size of the variety 
(Gala is small genetically and Jonagold is large genetically) and the 
price in the market (large Gala’s have a much higher price than 
small Gala’s while Jonagold’s that are too big have a lower market 
price) and the inherent bieniality of the variety (Honeycrisp are 
very biennial and must be managed at a lower crop load than Gala 
which is not biennial).  An example of calculating the optimum 
fruit number per tree is given for Gala.

Calculation of Desired Fruit Number (Gala Tall Spindle 
Example)
1. Determine desired yield/acre (in this example I chose 1500 

bu/acre) and desired fruit size (in this example I chose 100 
count fruit size ~175-180g)

2. Calculate the desired number of fruits per acre (1500bu/acre 
X 100 fruits/bu=150,000 fruits/acre

Figure	2.		 Flow	 chart	 of	 precision	 thinning	 program	 to	 achieve	 a	 target	
crop	load
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Table	1.			Decision	rules	for	using	the	output	of	the	carbohydrate	model	to	
adjust	chemical	thinning	rates.

4-day	Av.	Carb.	Balance	 Thinning	Recommendation

+20g/day to +80g/day Increase Chemical Thinning Rate by 30%
+20g/day to 0g/day Increase Chemical Thinning Rate by 15%
0g/day to -20g/day Apply Standard Chemical Thinning Rate
-20g/day to -40g/day Decrease Chemical Thinning Rate by 15%
-40g/day to -60 g/day Decrease Chemical Thinning Rate by 30%
-60g/day to -80 g/day Decrease Chemical Thinning Rate by 50%
< than -80g/day Do not thin (many fruits will fall off naturally)
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3. Calculate the desired number of fruits per tree ((150,000 
fruits per acre / 1210 trees/acre = 124 fruits/tree

4. Count flowering spurs on 5 representative trees at pink. (In 
this example I counted flower clusters on 5 trees, which had 
an average of 200 flowering cluster/tree 

5. Calculate the number of potential fruits per tree (200 flower-
ing spurs X 5 flowers per spur = 1,000 potential fruits/tree)

6. Calculate percent of fruits needed after thinning which equals 
the thinning task (124 desired fruits per tree/1000 potential 
fruits per tree = 12.4%)

 With the variety specific target of final fruit number per tree 
and the thinning task in mind a precision thinning program is 
conducted by applying sequential thinning sprays followed by 
rapid assessment of the results in time to apply a subsequent 
thinning spray and then an early re-assessment, followed by an-
other spray if needed until the final target fruit number for each 
variety is achieved.  

In practice precision thinning begins with:
1.  A bloom thinning spray at 60-80% full bloom.
2.  The first spray is followed by a petal fall spray applied 2-4 days 

after petal fall (about 1 week after the bloom spray) when 
fruits are 5-6mm in diameter. Before the petal fall spray the 
results of the carbohydrate model are used to guide the rate 
of chemical and the exact timing of the petal fall spray. 

3.  The first two sprays are followed by an assessment of the ef-
ficacy of those 2 sprays using the fruit growth rate model 
which indicates the percentage of thinning achieved with 
the first 2 sprays.  

4.  Then, if needed, a third spray is applied at 10-13mm fruit 
diameter (about 1 week after the petal fall spray). Before 
the petal fall spray the results of the carbohydrate model 
are used to guide the rate of chemical and the exact timing 
of the third spray. 

5.  The third spray is followed by an assessment of the effective-
ness of all previous sprays using the fruit growth rate model, 
which indicates the percentage of thinning achieved with all 
3 previous sprays.   

6.   Lastly, if still more thinning is needed, a fourth spray is ap-
plied at 16-20mm (about 1 week after the third spray) to 
achieve the target fruit number. 

 Figure 5? shows a decision making tree we envision being 
used by growers to achieve the optimum crop load.

Precision Thinning in NY, MA, VT and NJ States in 2013
 The precision thinning program was implemented in 2013 
with growers, consultants and extension field staff in NY, MA, 
VT, and NJ. In 2013 we placed the apple carbohydrate thinning 
model on a web server at Cornell University, which is available 
over the Internet at the NEWA site (http://www.newa.cornell.
edu).  It is linked to on-farm weather stations in NY, MA, VT, 
NJ and eastern PA from which the model uses temperature and 
sunlight data beginning each year with the date of bud-break in 
the spring to daily calculate tree carbohydrate balance.  The web 
version of the carbohydrate model also uses weather forecasts for 
prediction of carbohydrate balance 7 days into the future.  The 
web site allows apple growers or consultants to run the model 
and receive predictions in real time of carbohydrate balance and 
suggested chemical thinner doses. 
 The fruit growth rate model is used to rapidly assess the effect 
of each chemical thinning spray. It requires growers to tag 15 rep-
resentative spurs of 5 representative trees and then measure their 
diameter 3 and 8 days after each chemical thinning sprays. From 
these measurements fruit growth rate of each measured fruits is 
determined and those that are growing slow are predicted to fall 
off.  From these data a percentage of the total fruitlets on the tree 
expected to fall off from the thinning spray is calculated. The fruit 
growth measurements require laborious and time consuming 
fruit tagging and fruit diameter measurements. This aspect will 
discourage some growers from using this valuable tool.  However, 
the economic impact of optimum crop load adjustment can be 
worth $5,000-10,000 per acre.  Thus a labor intense assessment 
of fruit thinning is justified and is much less expensive than hand 
thinning or the losses incurred by over thinning.
 For many fruit growers, it may be impractical to use the fruit 
growth rate model on all varieties since more than 20 varieties are 
grown in NY State.  We suggest growers make the fruit diameter 
measurements on 3 varieties (2 hard to thin varieties and an easy 
to thin variety) to guide the decisions for other varieties. We sug-
gest growers measure fruit diameters with Gala, McIntosh and 
Honeycrisp in the Northeast.
 In 2013 more than 20 cooperating growers, consultants and 
extension staff implemented the precision thinning program on 
Gala and Honeycrisp in NY, MA, VT and NJ. The results of fruit 
diameter measurements made after petal fall thinning sprays 
around May 19th or 20th show that the sprays provided significant 
thinning on Gala and Honeycrisp but that additional thinning was 
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Table	2.		 Chemical	thinning	recommendations	for	8	field	studies	using	the	fruit	growth	rate	model	to	assess	chemical	thinner	efficacy	after	the	petal	fall	
spray	during	May	2013	in	NY	State.

	 	 Current	number	of	 Current	set		 Target	fruit
	 	 clusters/fruitlets	after	 (%	fruitlets/		 number
	 Initial	number	of	clusters/fruitlets	 bloom	and/or	petal	fall	 tree)	after	 per	tree	 Chemical	thinning	 	
Cultivar/Farm	 per	tree	(averaged	from		5	trees)	 spray(s)	as	May	28,	2013	 thinning	 pray(s)	 recommendation

Gala  Farm 1 146 initial clusters (or 729 initial fruitlets) 224 fruitlets 30.7% 111 fruits Spray again 
Honeycrisp Farm 1 210 clusters (or 1050 fruitlets) 414 fruitlets 39.4% 61 fruits Spray again  
Gala Farm 2 235 clusters (or 1175 fruitlets) 328 fruitlets 32.5% 135 fruits Spray again 
Gala Farm 3 488 clusters(or 2440 fruitlets) 748 fruitlets 30.6% 231 fruits Spray again  
Honeycrisp Farm 4 225 clusters (or 1125 fruitlets) 321 fruitlets 28.6% 65 fruits Spray again 
Gala Farm 4 470 clusters (or 2350 fruitlet) 578 fruitlets 24.6% 135 fruits Spray again 
Gala Farm 5 200 clusters (or 1000 fruitlets) 375 fruitlets 37.5% 80 fruits Spray again 
Honeycrisp Farm 5 200 clusters (or 1000 fruitlets) 213 fruitlets 21.3% 60 fruits Spray again



still needed.  In general fruit set was reduced by about 70% from 
the bloom and petal fall sprays (Table 2), however the target was 
to reduce fruit set by 90%. Thus substantial thinning on Gala and 
Honeycrisp remained to be done.  This suggested another spray in 
these block at the 10-12mm fruit size stage. From this assessment 
we gave specific recommendations to each grower for another 
spray. A similar process was repeated after the 10-12mm spray 
to determine  if another final spray was needed at 18-20mm fruit 
size stage.

Conclusions
 The new precision thinning program for managing apple 
crop load allows growers to first determine a target fruit number 
and the initial fruit number per tree and then apply sequential 
thinning sprays beginning at bloom to reduce fruit number per 
tree in a step wise manner down to the target fruit number.  The 
program utilizes the Cornell Apple Carbohydrate Thinning model 
and the Fruit Growth Rate model to provide real time information 
to growers of the progress in this step wise thinning process.  The 
program gives growers confidence to thin when appropriate and 
sound information about when not to thin. The economic impli-
cations of optimum crop load and optimum fruit size are large 
and justify this more intensive management approach required 
by the Precision Thinning program.
 Lastly, precision thinning will be more easily applied to the 
simple trees in high-density orchards such as the Tall Spindle or 
Super Spindle where counting of whole trees is easier than large 
trees.
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“A label change for SmartFreshTM means 
that 1-MCP can be applied to fruit more 
than once, for example, while loading 
storage rooms. Here we show that for 
fast ripening varieties such as ‘McIntosh’ 
and ‘Cortland’, the ability to minimize 
delays between harvest and treatment 
can enhance quality.  However, storage 
operators need to be aware of increased 
risk of some types of storage disorders.”

SSmartFreshTM technology, based on the inhibitor of ethylene 
action 1-methylcyclopropene (1-MCP), is used extensively 
on many major varieties by the New York apple industry.  

The maintenance 
of quality factors 
such as freshness 
and texture dur-
ing and after stor-
age as a result of 
1-MCP treatment 
can help deliver 
a more desirable 
fruit to the mar-
ket place.  1-MCP 
treatment  can 
also inhibit devel-
opment of physi-
ological storage 
disorders such as 

superficial scald (storage scald), although it can sometimes in-
crease susceptibility of fruit to other disorders, such as carbon 
dioxide injury and firm flesh browning.
 Varieties differ in their responses to 1-MCP treatment, ef-
fects being shorter-lived in some, e.g. ‘McIntosh’ and ‘Cortland’, 
than in others, e.g. ‘Delicious’, ‘Empire’ and ‘Honeycrisp’.  These 
differences are likely due to different metabolic rates; sometimes 
genetic, but also because varieties such as ‘McIntosh’ are often 
harvested close to, or at the increase of ethylene production that 
occurs when apples ripen.  High ethylene production by the fruit 
can be important because ethylene can decrease the effectiveness 
of 1-MCP.  Also, for rapid ripening varieties, any delays between 
harvest and treatment, even a day or two, during which ethylene 
production can increase, can result in softer fruit after storage. 
In 2009, the SmartFresh label was modified to allow multiple 
1-MCP treatments in the US.  Therefore, 1-MCP can be applied 
to fruit during room loading and/or during storage, minimizing 
delays between harvest and treatment.  
 ‘Rapid controlled atmosphere (CA)’ storage, in which oxygen 
concentrations are decreased to 2.5-5% or less within 9 days of 
harvest, improves maintenance of fruit quality.  Subsequently, 
‘Rapid CA’ has become standard practice for many apple regions 
where volume of fruit and scale of operation permit, and delays 
between harvest and CA application of as little as 4 days has be-
come increasingly common.  Rapid room filling is less common 
for smaller operations, however, because of limited numbers of 
CA storage rooms and the need to store varieties with different 
harvest windows in the same room.  Repeated 1-MCP treatments 

offer flexibility to smaller operations where fruit are loaded into 
CA storage rooms over extended periods, as well as to large-scale 
operations where the goal is long term CA storage and therefore 
short intervals between harvest and CA application are more 
important.  In a previous New York Fruit Quarterly article, we 
have shown that rapid treatment with 1-MCP can allow delayed 
application of CA without loss of quality (Watkins et al., 2008).  
Those studies indicate that application of 1-MCP with minimal 
delays after harvest can maximize the results obtained from 
investment in SmartFresh technology.
 Now that 1-MCP can be applied to fruit more than once, a 
number of interesting questions are raised.  These include: 

1) Can multiple applications be used effectively to improve 
quality maintenance of our more difficult New York 
varieties, especially important because the benefits of 
1-MCP include control of superficial scald?  We know 
for example, that the control of scald can be lost when 
fruit recover from 1-MCP-induced inhibition of ripen-
ing.

2) Do multiple 1-MCP treatments increase the risk of 
disorders such as carbon dioxide injury and firm flesh 
browning?

3) Can 1-MCP be applied during storage to maintain qual-
ity and inhibition of scald? 

4) Could multiple 1-MCP treatments be used as a way of 
improving storage of fruit in air, and perhaps as an al-
ternative to CA storage, at least in the short to medium 
term?

 We have started to address these and other questions, and 
here we present key findings from recently published work (Nock 
and Watkins, 2013; Lu et al., 2013).

The Effects of Repeated Treatments of 1-MCP on 
‘McIntosh’ and ‘Empire’ Apples Prior to CA Storage
 ‘McIntosh’ and ‘Empire’ apples were harvested from trees 
grown at the Cornell Orchards, Ithaca, three times over the course 
of one week in the middle of the harvest window, a plausible 
scenario for filling a typical grower storage room.  Fruit from 
the first harvest were treated with 1-MCP either once, twice or 
three times over the course of filling a room, while fruit from a 
second harvest were treated once or twice, and fruit from a third 
harvest treated once.  
 ‘McIntosh’ apples were harvested on Sept 7, Sept 10 and 
Sept 14, 2010, while ‘Empire’ apples were harvested on Oct 7, 
Oct 10 and Oct 14, 2011.  After harvest, fruit were separated into 
replicates, cooled overnight to 36oF, and then either not treated 
or treated with 1ppm 1-MCP at different times after harvest.  
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Fruits from harvest 1 were treated either on day 1, 4 or 8, 1 and 
4 (‘McIntosh’ and ‘Empire’), 4 and 8 (‘Empire’ only), or 1, 4 and 
8; fruits from harvest 2 were treated on day 1 or 4, or 1 and 4 
after harvest; and fruits from harvest 3 was treated only on day 
1 after harvest.  
 Fruit were stored under CA conditions on the day that the 
last 1-MCP treatment fruit were removed from the treatment 
tent.  The storage regimens were: ‘McIntosh’, 2% oxygen and 2% 
carbon dioxide for one month and then 5% carbon dioxide, and for 
‘Empire’, 2% oxygen and 2% carbon dioxide. Fruit were evaluated 
after 4 and 8 months of storage, with 10 fruit from each of the 
four replicates assessed for all treatments after both 1 and 7 d at 
68°F.  Each fruit was inspected for external disorders, followed by 
firmness readings, and then sliced 3-6 times to check for presence 
of any internal disorders.  Greasiness was subjectively measured 
by rubbing the apple. Only data from 2010 are presented here to 
illustrate the main findings. 
 ‘McIntosh’ Results.  The internal ethylene concentrations 
(IECs) of the fruit increased with later harvests, while fruit soft-

harvests and also in H1 fruit when the 1-MCP treatment was 
delayed until day 8, and bitter pit incidence decreased progres-
sively with increasing harvest time and disappeared by harvest 3 
(results not shown).  Decay, vascular browning and brown core 
were detected but were not affected by treatment (results not 
shown).
 ‘Empire’ Results.  ‘Empire’ was harvested later than the 
optimum period for CA storage, as indicated by high IECs and 
starch index values, and soft fruit (Table 1).  Nevertheless, there 
were few effects of harvest time on these indices.
 After storage, fruit treated with 1-MCP were always firmer 
than untreated fruit (Figure 3), and like ‘McIntosh’, untreated and 
treated fruit softened with increasing storage time.  However, un-
like ‘McIntosh’ the effects of delayed 1-MCP application of 1 and 
4 days were negligible after 4 months of storage. A small effect 
was evident with a 7-day delay after 4 months of storage, and for 
4 and 7 days after 8 months of storage. Repeat treatments either 
once or twice resulted in firmness that was as high, or higher, 
than the single 1-day treatment.  
 Flesh browning was higher in ‘Empire’, with higher levels in 
1-MCP treated fruit (Figure 4).  The level of flesh browning in 
untreated fruit increased in later harvests.  Core browning was 
primarily present in untreated fruit, especially in H3, although 
levels were low (Figure 5A).  Greasiness was more common in un-

 

 

Table	1.		Maturity	data	for	‘McIntosh’	and	‘Empire’	harvested	in	2010.		

	 	 	 Flesh		 Starch
	 Harvest	 IEC	 firmness	 pattern	 	
Cultivar		 date	 (ppm)	 (lb-f)	 index	(1-8)

‘McIntosh’   Sept. 7 10.9 bz 15.7 a 5.5 c
  Sept. 10 60.2 a 15.6 a 5.8 b
  Sept. 14 71.6 a 14.4 b 6.7 a
‘Empire’   Oct. 7 34.4 a 14.8 ab 6.6 a
  Oct. 10 18.3 b 15.3 a 6.7 a
  Oct. 14 12.9 b 14.3 b 6.8 a

zMeans that do not share a letter are significantly different at P=0.05. 

ened significantly over the one-week harvest period (Table 1). 
The starch pattern index increased with each successive harvest.
 After storage, fruit treated with 1-MCP were always firmer 
than untreated fruit (Figure 1). Overall, fruit softened between 4 
and 8 months of CA storage plus a 7-day shelf life, but the effects 
of treatment were consistent at both removals from storage.
 If we look at delays between harvest and 1-MCP treatment 
(Figure 1), it is clear that even a 4 day delay results in softer fruit 
– compare harvests 1 and 2 – and a delay of 8 days resulted in 
even softer fruit after storage.  Repeat treatments either once or 
twice resulted in firmness that was as high, or higher, than the 
single 1-day treatment.  The ripening of fruit over the harvest 
period is reflected in softer fruit even with 1-MCP treatment on 
day 1.
 Except for external CO2 injury, which had similar incidences 
at both 4 and 8 months, few disorders were detected in fruit stored 
for 4 months.  Therefore, only data for 8 months of CA storage 
are shown.  External CO2 injury was more prevalent if 1-MCP 
was applied soon after the first two harvests (H1 and H2) (Figure 
2A).  Untreated fruit from all harvests and those of H3 that were 
treated on day 1 had no detectable injury.  In general, increasing 
delays before 1-MCP treatment resulted in lower injury levels 
and fruit from later harvests had less external CO2 injury.  
 The incidence of senescent breakdown of untreated fruit 
increased as harvest was delayed, and when 1-MCP treatment 
was delayed (Figure 2B).  
 Flesh browning incidence was higher at H3 than at earlier 

Figure	1.		 Post-storage	 flesh	 firmness	 (lb-f)	 of	‘McIntosh’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+	4	or	1	+	4	+	8,	after	three	harvest	dates	
over	a	week.		Fruit	were	then	stored	for	4	(A)	or	8	(B)	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.
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Figure	 2.	 Post-storage	 external	 CO2	 injury	 (A)	 and	 senescent	 breakdown	
(B)	 of	‘McIntosh’	 apples	 either	 untreated	 or	 treated	 with	 1ppm	
1-methylcyclopropene	(1-MCP)	on	days	1,	4	or	8,	or	1	+4	or	1	+	4	+	
8,	after	three	harvest	dates	over	a	week.		Fruit	were	then	stored	for	
4	or	8	months	in	CA	storage	at	36oF	plus	7	days	at	68oF.		The	least	
significant	difference	indicates	significant	differences	(P	=	0.05)	if	
larger	than	the	number	provided.

	Figure	3.		Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Empire’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+4	or	1	+	4	+	8,	after	three	harvest	dates	
over	a	week.		Fruit	were	then	stored	for	4	(A)	or	8	(B)	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.

Figure	4.		 Post-storage	flesh	browning	(%)	of	‘Empire’	apples	either	untreated	
or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	on	days	1,	4	
or	8,	or	1	+4,	4	+	8,	or	1	+	4	+	8,	after	three	harvest	dates	over	a	week.		
Fruit	were	then	stored	for	4	or	8	months	in	CA	storage	at	36oF	plus	
7	days	at	68oF.		The	least	significant	difference	indicates	significant	
differences	(P	=	0.05)	if	larger	than	the	number	provided.

treated fruit, being suppressed by 1-MCP (Figure 5B).  Incidence 
was higher at H2 and H3 than at H1, but in all cases, greasiness 
was rated as slight.
 Overall, the effects of rapid 1-MCP treatment were much 
more pronounced for ‘McIntosh’ than for ‘Empire’.  This occurred 
even though ‘Empire’ apples are harvested later than they should 
have been for long term CA storage. It should be noted that the 
late harvest of ‘Empire’ is also known to increase susceptibility 
of the fruit to flesh browning.

The Effects of Repeated 1-MCP Treatments on 
Ripening and Superficial Scald Control of ‘Cortland’ 
and ‘Delicious’ Apples
 ‘Cortland’ and ‘Delicious’ apples were harvested in 2011 from 
commercial orchards in Western NY on September 21 and 29, 
respectively, to provide 48 crates of 100 fruit.  The fruit, (four 
crate replicates) were either not treated or treated with 1-MCP 
(1 ppm) after overnight cooling.   Treatments were applied only 
once on day 1, 4 or 7 after harvest, or on multiple occasions, 1 
+ 4, 4 + 7, 1 + 4 + 7, 7 + 14, 7 + 28, 7 + 42, and 7 + 84 days. A 
further set of fruit was treated with diphenylamine (DPA), the 

commercially available antioxidant used to inhibit superficial 
scald development.  Fruit were stored in air at 33oF for up 36 
weeks.  Firmness was measured at weeks 18 and 36, while the 
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Figure	5.		 Brown	 core	 (A)	 and	 greasiness	 (B)	 of	‘Empire’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+4,	4	+	8,	or	1	+	4	+	8,	after	three	harvest	
dates	over	a	week.		Fruit	were	then	stored	for	4	or	8	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.

 

 

incidence of superficial scald was measured only at 36 weeks.  All 
measurements were taken after fruit were kept at 68oF for 7 days. 

 ‘Cortland’ Results.  At harvest, the IECs of ‘Cortland’ and 
‘Delicious’ apples were 0.09 ppm and 6.4 ppm indicating that 
‘Cortland’ fruit were preclimacteric, while those of ‘Delicious’ had 
started producing climacteric ethylene.  Firmness of ‘Cortland’ was 
16.2 lb-f and ‘Delicious’ was 17.1 lb-f. The firmness of ‘Cortland’ 
and ‘Delicious’ apples after storage is shown in Tables 2 and 3, 
respectively.
 Untreated fruit were the softest within each storage period 
(Table 2).  While DPA-treated fruit were slightly firmer than 
untreated fruit, the differences were minor when compared with 
the higher firmness of fruit from all 1-MCP treatments.  If we 
first consider the fruit stored for 18 weeks, all treatments where 
fruit were treated with 1-MCP one day after harvest, either alone 
or in combination (1, 1 + 4, 1 + 4 + 7 d), were 1 lb-f higher than 
fruit treated after four days (4, 4 + 7 d).  Fruit stored for 36 weeks 
were softer overall, but the differences between treatments ap-
plied either alone or in combination when the first application 
was made day 1 or day 4 after harvest were similar, averaging 13 
lb-f and 12.4 lb-f, respectively.

Table	2.	 Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Cortland’	 apples	 either	
untreated	or	treated	with	1000ppm	diphenylamine	(DPA)	or	1ppm	
1-methylcyclopropene	(1-MCP)	and	stored	for	18	or	36	weeks	at	
33°F	plus	7	days	at	68°F.	Fruit	were	treated	either	once	or	on	multiple	
occasions	as	indicated	after	overnight	cooling	to	33°F.

	 	 							Flesh	firmness	(lb-f)	

Treatment	 Days	after	harvest	 18	weeks	 36	weeks

Untreated -    9.8 kz   7.8 h
DPA 1  10.4 i   8.9 k
1-MCP 1  14.6 a  13.0 c
 4  13.6 b  12.3 e
 7  12.7 cde  10.5 hi
 1 + 4  14.4 a  12.9 cde
 4 + 7  13.6 b  12.4 e
 1 + 4 + 7  14.7 a  13.0 cd
 7 + 14  12.8 cde  11.3 fg
 7 + 28  12.8 cde  11.7 f
 7 + 42  12.4 de  11.2 g
 7 + 84  12.5 de  10.9 gh

zMeans with different letters are significantly different at P = 0.05

Table	3.	 Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Delicious’	 apples	 either	
untreated	or	treated	with	1000ppm	diphenylamine	(DPA)	or	1ppm	
1-methylcyclopropene	(1-MCP)	and	stored	for	18	or	36	weeks	at	
33°F	plus	7	days	at	68°F.	Fruit	were	treated	either	once	or	on	multiple	
occasions	as	indicated	after	overnight	cooling	to	33°F.

	 	 								Flesh	firmness	(lb-f)	

Treatment	 Days	after	harvest	 18	weeks	 36	weeks

Untreated - 13.9 jz   12.3 m
DPA 1 13.7 j   11.5 l
1-MCP 1 16.6 ab   15.6 efgh
 4 16.5 ab   15.0 hi
 7 16.4 abc   15.0 hi
 1 + 4 16.0 bcdef   15.2 ghi
 4 + 7 16.7 a   15.7 defg
 1 + 4 + 7 15.5 efg   15.2 ghi
 7 + 14  15.8 cdefg   14.8 i
 7 + 28  15.6 efgh   15.0 hi
 7 + 42  16.3 abcd   15.0 hi
 7 + 84  16.2 abcde   15.0 hi

zMeans with different letters are significantly different at P = 0.05

 When 1-MCP application is delayed for 7 days after harvest, 
the loss of firmness after 18 weeks was 1.9 lb-f, and after 36 weeks 
was 2.5 lb-f, compared with fruit treated one day after harvest.  
Additional 1-MCP treatments after 7 days during the storage 
period did not result in any effect on firmness.
 Overall the results indicate that rapid treatment of fruit 
within a day of harvest results in superior firmness of the rapid 
ripening apple ‘Cortland’, and even a 4-day delay results in loss 
of firmness.  A delay until 7 days results in even further loss of 
firmness.  Multiple treatments within a week of harvest do not 
provide additional benefits.  
 It is important to remember that 1-MCP based technology 
has changed the whole standard for fruit quality; even the soft-
est fruit measured after 18 weeks of cold storage (a not uncom-
mon but increasingly unacceptable storage time for air stored 
fruit) after 1-MCP treatment was 12.4 lb-f, still markedly firmer 
than untreated (9.8 lb-f ) or DPA-treated (10.4 lb-f ) fruit.  Also, 
titratable acidity data are not provided here, but acidity was also 
always higher in 1-MCP-treated fruit than either untreated or 
DPA-treated fruit.
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 The fruit used 
in these experiments 
were highly suscep-
tible to superficial 
scald with 100% in-
cidence in untreat-
ed fruit (Table 4).  
The incidence was 
reduced to 46% in 
DPA-treated fruit, 
poor control from 
a commercial per-
spective perhaps 
because we used 
1000ppm rather 
t h a n  2 0 0 0 p p m . 
Treatment of fruit 
with 1-MCP after 
overnight cooling 
eliminated scald and 
control was excel-
lent with the 4 day, 1 
+ 4 day, 1 + 4 + 7 day, 
and 4 + 7 day treatments. Control of scald was poor if 1-MCP was 
not applied until day 7.  A small reduction was detected when 
the 7-day fruit were given a repeat treatment on day 14, but no 
later second applications affected disorder incidence.
 ‘Delicious’ Results.  The softest fruit were untreated or 
DPA-treated, those treated with 1-MCP always being firmer after 
18 or 36 weeks (Table 3).  Fruit of this variety do not soften as 
markedly as those of ‘Cortland’ and the firmness data differences 
with 1-MCP treatment were less marked than for that variety. 
The effects of treatment time were less consistent; delays between 
harvest and application of 1-MCP after 1, 4 or 7 days, either alone 
or in combination, have little effect on firmness.  Titratable acidity 
was always higher in 1-MCP-treated fruit than either untreated 
or DPA-treated fruit (data not presented). 
 Untreated fruit developed 51% superficial scald after 36 
weeks of air storage.  No scald was detected in the DPA or any 
1-MCP treatment.

Summary
 Overall, this study again highlights the powerful effect of 
1-MCP-based technology on controlling ripening of apple fruit, 
and why SmartFresh has been adopted by the New York industry 
as it seeks to provide the highest quality apples to the consumer. 
The opportunity to apply 1-MCP more than once affords the 
industry the opportunity to apply it to fruit while storage rooms 
are being loaded.
 In the first study, we used ‘McIntosh’ and ‘Empire’ apples to 
investigate the effects of a scenario where fruit would be harvested 
over a week and loaded into a CA storage room.  Fruit from the 
first harvest received up to three applications before fruit from 
the last harvest were loaded and treated with 1-MCP. The effect 
of variety is important.  For ‘McIntosh’ apples, delays between 
harvest and treatment with 1-MCP of only 4 days resulted in 
loss of fruit firmness, even for a short CA period of 4 months. 
The effects of delays were much less evident for ‘Empire’ even 
though fruit of this cultivar were harvested after the optimum 
maturity for CA storage.  Our results also show, however, that 

susceptibility of varieties for various storage disorders must also 
be taken into account. For ‘McIntosh’ the major disorder was 
external CO2 injury, and the 1-MCP applications that resulted in 
the best maintenance of flesh firmness resulted in highest injury 
incidences. As long as fruit are treated with DPA, which prevents 
development of external CO2 injury, there is no concern about 
rapid and/or multiple 1-MCP treatments to maximize quality.  
However, storage operators who do not use DPA, or stop using 
it for ‘McIntosh’ and other varieties susceptible to injury, such 
as ‘Cortland’ and ‘Empire’, need to be aware of the increased 
risk.  The ‘Empire’ fruit used in this experiment came from a 
block where susceptibility of fruit to CO2 injury is low, but this 
variety can be very susceptible.  ‘Empire’ is also susceptible to 
flesh browning.  This disorder can be worse in 1-MCP treated 
fruit, and risk of injury is enhanced in later harvested fruit.  Until 
satisfactory control methods for this disorder are developed, 
storage operators should keep this increased risk in mind as they 
develop their marketing strategies.
 The second study, in which we compared 1-MCP applica-
tions either alone or in combination, to ‘Cortland’ and ‘Delicious’ 
apples, we again found that the effect of variety is important when 
considering the urgency of 1-MCP application.  For ‘Cortland’, 
treatment of fruit with 1-MCP after cooling overnight resulted in 
optimal responses in terms of firmness and superficial scald con-
trol.  Delaying treatment of fruit with 1-MCP by 4 days resulted 
in slightly softer fruit, and fruit were even softer after a 7-day 
delay.  Multiple 1-MCP treatments did not enhance firmness, 
but as importantly, did not cause any negative effects. Control 
of scald by 1-MCP was also affected by delay, with ineffective 

Table	 4.	 Post-storage	 percentage	 of	 superficial	
scald	 in	 ‘Cor tland’	 apples	 either	
untreated	 or	 treated	 with	 1000ppm	
d i p h e n y l a m i n e 	 ( D PA ) 	 o r 	 1 p p m	
1-methylcyclopropene	 (1-MCP)	 and	
stored	for	36	weeks	at	33oF	plus	7	days	
at	68oF.	Fruit	were	treated	either	once	or	
on	multiple	occasions	as	indicated	after	
overnight	cooling	to	33oF.	

		 Days	after
Treatment	 harvest	 Scald	(%)

Untreated - 100 az

DPA 1  46 b
1-MCP 1    0 f
 4    1 f
 7 32 c
 1 + 4   2 f
 4 + 7   6 ef
 1 + 4 + 7   0.6 f
 7 + 14   9 e
 7 + 28 35 cd
 7 + 42 36 cd
 7 + 84 38 cd

zMeans with different letters are significantly different 
at P = 0.05
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with 1-methylcyclopropene (1-MCP) prior to controlled 
atmosphere storage. Postharvest Biol. Technol. 79:73-79. 

Watkins, C., Nock, J., James, H. 2008. Rapid application of 
SmartFreshTM (1-MCP) to apples after harvest is more 
important than rapid CA. New York Fruit Quarterly 
16(3):3-9.
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control, the same as that in DPA treated fruit, if 1-MCP treat-
ment was delayed by 7 days.  Therefore, if DPA is not used for 
scald control (at a higher rate than used here), minimizing delays 
between harvest and 1-MCP treatment is critical.  In contrast, 
the effects of delayed 1-MCP applications to Delicious within 
the AgroFresh guidelines of 7 days between harvest and treat-
ment were negligible.  Nevertheless, given the uncertain effects 
of season, harvest date, maturity and postharvest factors such 
as fruit cooling, we suggest that it is a good practice to apply 
1-MCP with minimum delay even to ‘Delicious’ and ‘Empire’, 
and other varieties that are highly responsive to treatment.
 Recognition of the importance of rapid 1-MCP treatment 
has led to increased use of treatment tents and pre-treatment 
rooms by storage operators.  The label revision for SmartFresh 
that now permits repeated applications provides a useful tool 
to treat fruit with 1-MCP while rooms are being loaded with 
fruit and thereby obtain the highest quality fruit possible. 
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1.     In the byline, the TM after SmartFresh needs 
to be superscript.
2.     Replace ‘all’ with ‘many’ (line 3, LHS col-
umn)
 
3.     End of intro - still on first page - from 
recently published work:  - I don’t think the ‘:’ 
should be there.
 
4.     Cultivars replaced with varieties 
throughout to be consistent.
 
5.  end of first page (p. 11) either not treated 
or treated with...
 
 6.  second page (p. 12), second line - Fruits 
from harvest 2 were treated were on day 1 or 
4,  - the second ‘were’ should be removed so 
it reads ‘Fruits from harvest 2 were treated on 
day 1 or 4.
 
7.  Table 1 - the 4th number under flesh firm-
ness is not lined up with the rest.
 
8. Figure 1 (actually all figures) - does 
1-methylcyclopropene need to be spelled out 
since it already was in the intro?  Also diphe-
nylamine (DPA) in tables 2 and 3 since it was 
mentioned in the text? [Elaine – Jackie is right 
here, but if easier for you not to change at this 
stage, just leave as is.  Otherwise use only 
1-MCP or DPA.
 
9.  Figure 2 has a larger font size than the 
other figures.  Unfortunately, I think that is 
also true of the original figures.
 
10.  At the very end - after Literature Cited, 
‘Chris Watkins who is professor of horticul-
ture’... should read,
   ‘Chris Watkins is a professor of horticul-
ture’...
 
11.  and the reference - Postharvest Biol. 
Technol. 79:73-79.
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“Irrigation is essential to producing large 
fruit size in dry summers. We have 
developed a new web-based irrigation 
model (Cornell Apple Irrigation Model) 
that uses weather data from the network 
of weather stations in NY, MA, VT, NY and 
Pa which allows growers to determine 
the quantity of irrigation water to 
apply to both young and mature apple 
orchards of various densities.  This allows 
growers to more precisely manage soil 
moisture in the humid and often rainy 
climate of the eastern US for consistently 
achieving the optimum fruit size.”

The ability to repeatedly produce high quality apples of the 
optimum economic size is critical to grower’s economic 
success.  The two most important biological and man-

agement factors 
affecting fruit size 
are crop load and 
water stress.  To 
repeatedly pro-
duce consistent 
crops of large fruit 
size requires pre-
cise control over 
crop load and tree 
water status.  Ir-
rigation is essen-
tial to preventing 
water stress in 
dry summers and 
small fruit size.  
The apple market 
expects growers to 
deliver large size 
apples (160-200 

gram fruits).  Growers attempt to achieve this fruit size by prop-
erly reducing crop load with chemical thinners in the spring but 
if the summer turns out to be dry they will still not achieve the 
desired fruit size and crop value will be severely compromised. To 
precisely manage fruit size requires precision in chemical thinning 
and precision in irrigation. 
 A second critical value of irrigation is to improve and maximize 
tree growth of newly planted or young apple trees. The economic 
success of high-density orchards depend on obtaining significant 
yields in the third, fourth and fifth years to repay the establish-
ment costs.  To obtain the expected high yields requires excellent 
tree growth during the first 3 years after planting.  However, one 
of the biggest problems we see with new high-density orchards is 
inadequate tree growth during the first 3 years.  Gerling (1981) 
has estimated that when poor tree growth in the early years delays 
cropping of a new orchard, peak investment is increased by 20% 
and the total profits are reduced by 66% over the 20-year life of the 
orchard. 
 Much of the problem of poor tree growth can be traced to inad-
equate water supply during the first 3 years.  In an average growing 
season in the northeast, rainfall is usually less than required for 
optimal tree performance during critical periods of tree establish-
ment and growth.  In addition during 3 years in 10, severe water 
shortages occur during the months of June, July and/or August.  

 A third benefit of irrigation in the eastern US is to improve 
uptake of calcium and other nutrients from the soil.  When the 
soil dries and the trees undergo water stress, uptake of many 
nutrients is limited since they must be in solution in the soil to 
be taken up by the plant.  Work done at Geneva by Sergio Lopez 
and Terence Robinson showed that 2-week periods of poor water 
balance during different periods of the season resulted in more 
bitter pit with Honeycrisp.  The most critical periods were in 
May during and after bloom and July.  Precise management of 
irrigation could reduce bitter pit by ensuring a steady uptake of 
soil calcium.
 As a result of these 3 significant benefits of trickle irrigation 
(improved fruit size, better tree growth and yield of young trees 
and improved bitter pit control) many apple growers in the hu-
mid eastern growing areas who plant high-density orchards are 
increasingly adding trickle irrigation as an important ingredient 
to ensure the success of the new planting. However with both 
mature trees and young non-bearing trees the the amount of 
irrigation needed by apple orchards is difficult to estimate and 
often is estimated imprecisely by experience or “feel” or by using 
imprecise “rules of thumb” or models using crop coefficients.  

Cornell Apple Irrigation Model
 In 2006, Alan Lakso and his graduate student Danilo Dragoni 
(Dragoni and Lakso, 2010) developed an improved mathematical 
model to calculate water use by apples trees.  The model is based 
on the famous Pennman-Monteith model, which calculates water 
use by a field of grass using weather variables. The new Cornell 
apple evapotranspiration model more accurately estimates apple 
orchard water use from a discontinuous orchard canopy than us-
ing the Pennman-Monteith model with corrections for orchards 
(crop coefficients Kc).  
 In 2011 and 2012 we developed a web-based tool to use the 
output of the ET model to estimate for both young, medium aged 
and old apple orchards the amount of water needed each day or 
week. This web-based tool has been placed on the NEWA website 
and allows growers and consultants to daily or weekly access the 
model to estimate orchard irrigation requirements using local 
(on-farm NEWA) weather stations or regional weather stations 
(airports) to determine water needs.  
 The website allows users to select a weather station close to 
their farm and then enter information on the spacing and age of 
the orchard (Figure 1).  The model will then calculate and display 
the amount of water needed for that orchard for each of the last 7 
days and for the upcoming 6 days based on the weather over the 
last 7 days (from the weather station data) and from forecasted 
weather data expected over the upcoming 7 days (Figure 1).  The 
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calculated water volume needed by the orchard is 
displayed in gallons/acre.  If the number is negative 
the grower should add that amount of water to his 
orchard.  If the number is positive it means that 
rainfall exceeded transpiration and more water is 
available than needed and no more water should 
be added.  The website also allows a user to enter 
his own recorded rainfall since rainfall varies con-
siderably within short distances and the weather 
station data may not represent the actual rainfall 
at the farm. 
 The Cornell ET model has the feature that 
rainfall is considered and subtracted from the water 
requirement of the trees.  It also considers the effec-
tive rooting area of different age orchards to include 
only the portion of the rainfall that is available to the 
trees in the calculations of tree water requirement.

Precision Irrigation Management
 This new model and website will allow more 
precise management of tree water status in both 
wet and dry year than previously possible.  Precisely 
managing soil water supply will require: 
1. The grower or his consultant to weekly log onto 

the NEWA website (http://www.newa.cornell.
edu) and determine the daily water require-
ment for his specific orchard (spacing and age) 
for the previous week and the upcoming week.

2.  Irrigate the orchard to fully replace the es-
timated water requirement of the particular 
orchard via trickle irrigation.  

3. To avoid oversaturating the soil when irrigation water is 
applied just before a large rainfall event or just after a large 
rainfall event we suggest not applying the suggested irriga-
tion amount for 1 day before a predicted large rainfall event 
(0.5 inches or more) or for 3 days after a large rainfall event 
(Figure 2).

4. The frequency of adding the required water depends on soil 
type.  With sandy soils water should be added either daily or 
every 2 days.  With silt or clay soils the daily amount of water 
needed can be summed up for several days and then added 
in one irrigation cycle.  

5. In the early part of the season (early May to mid-June), we 
suggest that water be supplied once per week for both sandy 
and clay soils.

6. From mid-June until the end of August we suggest that water 
be supplied twice per week in clay soils and every other day 
with sandy soils.  

Results from 2012
 In 2012 we used the model to calculate transpiration and wa-
ter balance for a mature and a newly planted tall spindle orchard 
in Western NY.  The daily water requirement showed that in the 
early season transpiration was about 1,000 gallons per acre and 
progressed to about 4,000-5,000 gallons/acre in mid-summer 
(Figure 3).  A newly planted tall spindle orchard required much 
less water (never exceeding 500 gallons/day) due to smaller trees 
with a fraction of the leaf area of mature trees. Daily effective 
rainfall was quite variable but in general 2012 was a dry year with 
infrequent rains that exceeded ¼ inch (7,000 gallons/day) (Figure 
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Figure	1.		 Website	of	irrigation	model	with	sample	data	from	Williamson	during	the	summer	
of	2012.

Figure	2.		 Diagram	of	replenishing	water	in	the	soil	to	90%	of	field	capacity	
to	avoid	excessive	water	logging	if	large	rainfall	events	occur.

4).  The effective rainfall for a newly planted trees was usually less 
than 1,000 gallons/day.  
 The difference between tree water requirement and rainfall is 
the water balance with a negative number indicating the need for 
irrigation and a positive number indicating too much water.  In 
2012 there were only about 20 days when water supply exceeded 
water requirement and more than 100 days where water supply 
was less than the need (Figure 5).  
 Accumulating the water balance values from bud break gives 
cumulative water supply and water demand.  In 2012 the cumula-
tive graph showed that water supply from rainfall was sufficient 
to meet water requirement by the tree until June 10 after which 
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Figure	6.			Cumulative	 transpiration	 and	 rainfall	 in	 2012	 of	 a	 mature	 or	 a	
newly	planted	Tall	Spindle	Orchard	in	Williamson	NY.
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Figure	3.			Daily	transpiration	of	a	mature	or	a	newly	planted	Tall	Spindle	
Orchard	in	Williamson,	NY	in	2012.

Figure	4.			Daily	rainfall	received	by	a	mature	or	a	newly	planted	Tall	Spindle	
Orchard	in	Williamson,	NY	in	2012.
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Figure	5.		 Daily	water	balance	of	a	mature	or	a	newly	planted	Tall	Spindle	
Orchard	in	Williamson	NY	in	2012.

water needs of the tree far exceeded rainfall (Figure 6). With 
newly planted trees the cumulative water requirement exceeded 
supply from rain earlier (27 May) indicating the need to irrigate 
young trees earlier. From these data we see the significant need 
for irrigation in 2012.  It also illustrates the need to regularly add 
water and precisely manage soil moisture.  If growers delay adding 
trickle irrigation it becomes very difficult to “catch up” when the 
cumulative water deficit become large.

Summary
 Irrigation is essential to maximize fruit size at any given crop 
load.  Water stress at any time of the season reduces fruit growth 
rate with a permanent loss in fruit size, which is difficult to re-
cover later.  Water stress also limits uptake of calcium into the 
fruit and can result in more bitter pit.  With more precise water 
management growers will be able to limit plant water stress and 
more consistently achieve the optimum economic fruit size and 
calcium content for each variety. The new Cornell Apple Irrigation 
Model will allow growers to more precisely manage soil moisture 
in the humid and often rainy climate of the eastern US.  In the 
future with automated electronic irrigation controls growers could 
precisely add the needed water each day based on the forecast for 
that day.
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The “Split” Application Strategy for Pre-Harvest 
Fruit Drop Control in a Super Spindle Apple Orchard 
in Western NY
Mario Miranda Sazo1 and T. L. Robinson2

1Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY
2Dept.	of	Horticulture,	NY	State	Agric.	Exp.	Station,	Cornell	University,	Geneva,	NY

“ Our 2011 and 2012 field studies support 
the inclusion of NAA with Retain sprays 
and give good evidence that lower rates 
of Retain will provide good drop control 
when combined with NAA when using 
the “split” application strategy.  This 
strategy consists of applying 1/2 the 
normal rate of Retain + NAA 4 weeks 
before normal harvest and 1/2 the 
normal rate of Retain + NAA 2 weeks 
before normal harvest. This study 
showed there was no deleterious effect 
of combining NAA with Retain on fruit 
firmness after CA storage for these 
cultivars.”

Retain is an excellent plant growth regulator for reducing 
preharvest drop, fruit cracking and fruit greasiness. It usu-
ally provides excellent drop control except in hot years. 

Our trials over 
the last five years 
in Western NY, 
the Hudson Valley 
and the Champ-
lain Valley have 
shown that when 
N A A  i s  t a n k-
mixed with Retain 
at 2-3 weeks be-
fore normal har-
vest, or NAA is 
applied one week 
after Retain, then 
drop control is 
improved without 
any negative ef-
fects on fruit qual-
ity or fruit storage 
life after 45 and 90 
days under regular 

cold storage conditions (33°F). 
 It appears that both products work better together than either 
product alone. The Retain prevents ethylene production induced 
by the NAA, and the two chemicals together jointly prevent ab-
scission zone formation and provide improved preharvest drop 
control compared to either product alone (for more details about 
a proposed model of abscission based on gene regulation data from 
Rongcai Yuan, 2008, please review Robinson et al., 2010).
 In 2011 we recommended for the first time the strategy of 
combining Retain and NAA for improved drop control. In 2011 
and 2012 we conducted 2 commercial demonstration trials of 
combining Retain and NAA in a single application or in a split 
double application in a mature McIntosh and Honeycrisp orchard 
in Western NY. The objective of these studies was to demonstrate 
the benefits of combining Retain and NAA on preharvest drop of 
three apple cultivars, evaluate fruit maturity at a delayed harvest 
date, and evaluate fruit quality after a long CA storage period.

Materials and Methods
 2011 McIntosh Experiment: A non-replicated demonstration 

This work supported in part by the Apple Research and Development Program

trial to control pre-harvest fruit drop of McIntosh was conducted 
at Fowler Farms, Wolcott, NY. A block of mature ‘McIntosh” trees 
trained as Super Spindle (2,100 trees/acre) was used. Trees were 
on M.9 rootstock and were summer pruned one week before treat-
ments were applied. Four treatments were compared. An early 
treatment was sprayed with a full rate of Retain (333 g/acre) on 
August 16, 2011. A late treatment was sprayed with a full rate of 
Retain plus NAA 20ppm (Fruitone L) on August 30, 2011. A split 
application treatment was sprayed with a half rate of Retain (167 
g/acre) on August 16, 2011 and was re-sprayed with a half rate 
of Retain plus NAA 20ppm (Fruitone L) on August 30, 2011. All 
treatments applied in 2011 included Silwett L-77 0.1% v/v. Treat-
ments were sprayed with a 4 row sprayer with 80 gallons of water 
per acre. For each treatment, four rows of 1100 trees were sprayed 
and 32 trees on the end of each row were left untreated. The grower 
harvested most of the block on September 24 but left 50 trees of 
each treatment for a late evaluation of drop control.
 On October 6, 2011 (11 days after normal harvest) the fruit 
remaining on the trees were counted, placed on bins, labeled, and 
treated or not treated with 1-MCP before CA storage. The number 
of fruit dropped was counted for each treatment. In February 2012, 
fruit size, weight, color distribution, and fruit defects were graded 
by a Greefa computerized apple sorter at the grower’s packing 
facilities.

 2012 Linda Mac and Honeycrisp Experiments: In 2012 we 
conducted two replicated field trials in a Super Spindle orchard 
(2,100 trees/acre) of Linda Mac and Honeycrisp on M.9 rootstock 
at Fowler Farms. The orchard selected for these studies had accept-
able crop loads despite the severe frost damage, which occurred 
in Western NY in 2012. Both varieties were summer pruned one 
week before treatments were applied. Five treatments were: (1) 
an early treatment was sprayed with a full rate of Retain (333 g/
acre) for Linda Mac and of 111g/acre for Honeycrisp on August 
9, 2012; (2) a late treatment with a ⅓ rate was sprayed with a full 
rate of Retain (333g/acre) plus NAA (10ppm Fruitone L) for Linda 
Mac and (111g/acre) plus NAA (10ppm) for Honeycrisp on August 
23, 2012 with a ⅓ rate of Retain; (3) a split application treatment 
for Linda Mac was sprayed with a half rate of Retain (167 g/acre) 
plus NAA (10ppm) on August 9, 2012 and was re-sprayed with a 
half rate of Retain (167 g/acre) plus NAA (10ppm Fruitone L) on 
August 23, 2012. The split application treatment for Honeycrisp 
was sprayed with a quarter rate of Retain (75.5g/acre) plus NAA 
10ppm on August 9, 2012 and was re-sprayed with a quarter rate 



22  NEW YORK STATE HORTICULTURAL SOCIETY

of Retain (75.5 g/acre) plus NAA (10ppm Fruitone L) on August 23, 
2012. As in 2011, all treatments applied in 2012 included Silwett 
L-77 (0.1% v/v) and were sprayed with same 4-row sprayer with 80 
gallons of water per acre.
 Each experimental plot consisted of a 4-row section of 50 trees. 
Five adjacent trees in the middle section of row 2 served to collect 
drop data and 10 adjacent trees in the middle section of row three 
served to collect fruit samples for fruit quality analysis. At weekly 
intervals beginning on Sept. 6, 2012, the number of dropped fruits 
was counted and fruit samples were collected and evaluated for 
fruit maturity. Pre-harvest fruit drop from each 5-tree replicate 
was measured by counting and removing dropped fruit each week 
(Sept. 6, 14, 20, 26, and Oct 3, 2012). 
 At the delayed harvest date on October 3, 2012, the fruit re-
maining on the trees were counted, placed on bins, labeled, and 
treated or not treated with 1-MCP before CA storage. The number 
of fruit dropped was counted for each treatment and cumulative 
drop was calculated for each evaluation date. 
 In February 2013, fruit size, weight, color distribution, and 
fruit defects were graded by a Greefa computerized apple sorter 
at the grower’s packing facilities. We also randomly collected two 

half-bushel samples from each bin of fruit that was run in the line. 
Fruit firmness and other fruit quality attributes were assessed in a 
lab in Geneva. 

Results
 2011 McIntosh Results: All treatments with Retain reduced 
fruit drop compared to the untreated control (79%) at commercial 
harvest on September 24 and at the delayed harvest on October 6. 
Among Retain treatments, the full rate of Retain (333g/acre) ap-
plied early on August 16 (trt 2) had the poorest drop control (47% 
drop), while the split application of half rate of Retain on August 
16 and August 30 with the second spray containing 20ppm NAA 
(trt 4) had the best drop control (29% drop) (Table 1).
 After fruit were removed from CA storage after four months, 
fruit from the split application (trt 4) had 62% XFancy color and 
this was the treatment that most impressed the grower cooperator 
for this commercial demonstration trial. After storage the best fruit 
firmness was with the split application of Retain and there was no 
negative effect of including NAA in the spray on fruit firmness 
(Table 2).
 2012 Linda Mac Results: Pre-harvest fruit drop from 

Table	1.		 Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	(Fruitone	L)	at	two	timings	for	fruit	drop	control	of	mature	McIntosh/M.9	Super	
Spindle	trees	in	2011	and	mature	Linda	Mac/M.9	and	Honeycrisp/M.9	Super	Spindle	trees	in	Wolcott,	NY.

Treatment	Name	 Date	of	Application	 Rate	of	Retain	 Rate	of	NAA	 %	Fruit	Dropz

2011	McIntosh	M.9	Study    
Untreated Control - - - 79
Full Rate of Retain Applied Early (28 Days Before Harvest) Aug. 16, 2011 333g/acre - 47
Full Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 30, 2011 333g/acre 8oz/acre 35
Split Rate (1/2 Rate of Retain + NAA Applied Early (28 Days Before Harvest) and  Aug. 16, 2011 167g/acre 8oz/acre 29
                   1/2 Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 30, 2011 167g/acre 8oz/acre 

2012	Linda	McIntosh/M.9	Study    
Untreated Control - - - 57
Full Rate of Retain Applied Early (28 Days Before Harvest) Aug. 9, 2012 333g/acre - 28
Full Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 333g/acre 4oz/acre 38
Split Rate (1/2 Rate of Retain + NAA Applied Early (28 Days Before Harvest) and  Aug. 9, 2012 167g/acre 4oz/acre 26
                   1/2 Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 167g/acre 4oz/acre
Half Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 167g/acre 4oz/acre 48

2012	Honeycrisp/M.9	Study    
Untreated Control - - - 24
1/3 Rate of Retain Applied Early (28 Days Before Harvest) Aug. 9, 2012 111g/acre - 16
1/3 Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 111g/acre 4oz/acre 16
Split Rate (1/4 Rate of Retain + NAA Applied Early (28 Days Before Harvest) and  Aug. 9, 2012 76g/acre 4oz/acre 15
                   1/4 Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 76g/acre 4oz/acre 
1/4 Rate of Retain + NAA Applied Late (14 Days Before Harvest) Aug. 23, 2012 76g/acre 4oz/acre 18

z Fruit drop evaluated on Oct. 6 in 2011 and Oct. 3 in 2012

Table	2.	Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	(Fruitone	L)	at	two	timings	on	color,	flesh	firmness,	soluble	solids,	and	internal	
disorders	of	mature	McIntosh/M.9	Super	Spindle	trees	in	2011.

        Fruit quality after 4 months in CA storage 

 Retain  NAA       Soluble Internal Internal
 Rate Rate Application XFancy Fancy Culls  Firmness Solids Bleeding Browning
Treatment  (g/acre)  (ppm) Date  (%) (%) (%) 1-MCP (lbs)  (%)  (%)  (%) 

Untreated Control 0 0  64 1.1 35 Yes 11.4 12.2 24 4.0
       No  10.2 12.4 18 4.0 

Full rate early 333 0 Aug. 16 67 1.5 31 Yes 11.7 11.6 5 4.0
       No 10.5 10.8 10 3.0

Full rate late 333 20 Aug. 30 57 4.1 39 Yes 11.6 11.4 7 3.5  
       No 10.7 11.6 3 3.5

Split Rate (½ rate  167 20 Aug. 16 62 1.7 36 Yes 12.1 11.1 6.5 1.0  
early, ½ rate late) 167 20 Aug. 30    No 11.3 11.8 4.5 5.0
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untreated Linda Mac trees was 8% by early September, 40% by the 
end of September, and had exceeded 60% fruit drop by the delayed 
harvest date of October 3 (Figure 1). The full rate of Retain (333g/
acre) applied early (August 9 without NAA) reduced fruit drop 
compared to the untreated control at each sampling date.  The 
half rate of Retain + 10ppm NAA applied late (August 23) was no 
better than the untreated control. The addition of 10ppm NAA to 
the full rate of Retain applied late improved the preharvest drop 
control. The split application sprays of Retain (167g/acre) + NAA 
(10ppm) applied in 2 applications (½ early and ½ late) on August 
9 and August 23 had the lowest fruit drop of any treatment (Table 
1). 
 Applications or Retain had little effect on fruit firmness 
compared to the untreated control treatment. There was no 
negative effect of NAA in the Retain spray on fruit color and fruit 
firmness. The split application treatment had similar fruit color 
and firmness as the rest of the treatments (Table 3). When 1-MCP 
was used after harvest, fruit firmness and color after CA storage 
was consistently improved for all treatments.

 2012 Honeycrisp Results: Pre-harvest fruit drop from 
untreated Honeycrisp trees was 5% by early September, 14% by 
the end of September, and 18% by the delayed harvest date on 
October 3 (Figure 2). A similar but slightly higher fruit drop of 

23.6% was measured when all the fruit were counted on all the 
trees in the entire 4-row sections of Honeycrisp (Table 1).
 The 1/3 rate of Retain (111g/acre) applied early (August 9) 
with or without NAA did not reduce fruit drop until late in the 
harvest season (after September 20) (Figure. 2). Likewise the 1/4 
rate + NAA applied late (Aug. 23) did not reduce fruit drop. The 
only treatment which reduced fruit drop of Honeycrisp was the 
split rate of Retain + NAA applied on Aug. 9 and Aug. 23 with 
a 1/4 rate of Retain (75.5g/acre) applied each time. The split 
application treatment was also the best drop control treatment 
when all the fruit on the trees of the entire 4-row section were 
counted.
 Retain treatments reduced fruit color resulting in more under-
color fruit (Table 4). XFancy color was reduced the most with the 
split treatment and was similarly affected by the 1/3 rate of Retain 
(111g/acre) applied early. There was no negative effect of adding 
NAA to the spray mixture on fruit firmness after CA storage. The 
use of 1-MCP after harvest consistently improved Honeycrisp color 
for all treatments after CA storage.

Discussion
 Preharvest fruit drop of McIntosh in both 2011 and 2012 and 
Honeycrisp in 2012 was reduced the most by the split application 
strategy where a normal dose of Retain was split into 2 applications 

Figure	2.		 Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	
(Fruitone	L)	at	two	timings	on	pre-harvest	fruit	drop	of	mature	
Honeycrisp/M.9	Super	spindle	trees	in	Wolcott,	NY.
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Table	3.		 Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	(Fruitone	L)	at	two	timings	on	color,	flesh	firmness,	soluble	solids,	and	external	
and	internal	disorders	of	mature	Linda	Mac/M.9	Super	Spindle	trees	in	2012.

Treatment

Retain 
Rate
(g/
acre)

NAA 
Rate
(ppm)

Applica-
tion Date 1-MCP

Fruit quality after 4 months in CA storage

XFancy
(%)

Fancy
(%)

Culls
(%)

Under 
color 
(%)

Firm.
(lb)

Sol.
Sol-
ids
(%)

Soft 
Scald

Bitter 
Pit

Lenticel 
break 
down

Senesc. 
Break 
down

Untreated Control 0 0 - Yes
No

94
91

0.3
0.4

6.1
8.1

0.0
0.0

9.1
9.6

14.1
15

1.9
0.0

1.9
1.7

0.0
1.7

0
0

Full Rate Early 333 Aug. 9 Yes
No

94
93

0.3
0.5

5.9
6.7

0.1
0.1

9.6
9.5

14.4
14.5

3.8
4.7

3.8
0.0

0.0
0.0

0
0

Full Rate Late 333 10 Aug. 23 Yes
No

94
92

0.6
0.6

5.2
7.2

0.2
0.3

9.9
9.8

14.6
14.6

2.1
1.4

2.1
1.4

0.0
0.0

0
0

Split Rate
(1/2 early 1/2 late)

167
167

10
10

Aug. 9
Aug. 23

Yes
No

96
91

0.3
0.5

3.7
8.4

0.0
0.4

9.6
9.3

14.4
14.6

0.0
1.5

0.0
0.0

1.8
0.0

0
0

Half Rate Late 167 10 Aug. 23 Yes
No

94
91

0.6
0.4

5.9
8.2

0.0
0.1

9.3
9.7

14.3
14.6

0.0
1.5

0.0
0.0

0.0
1.5

0
0

Figure	1.		 Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	
(Fruitone	L)	at	two	timings	on	pre-harvest	fruit	drop	of	mature	
Linda	Mac/M.9	Super	spindle	trees	in	Wolcott,	NY.
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4 and 2 weeks before normal harvest with NAA mixed with the 
Retain. The normal dose for McIntosh which is a high ethylene 
producing variety is one pouch per acre while the normal dose with 
Honeycrisp which is a low ethylene producing variety is 1/3 pouch 
per acre. This split application strategy is designed to allow a sup-
pression of ethylene production and fruit drop during the month 
before harvest but also to provide ethylene suppression and fruit 
drop for the month after normal harvest. The traditional applica-
tion of a full rate of Retain one month before harvest performed 
significantly poorer than the split application strategy. A single 
application of half of the normal rate of Retain + NAA provided 
significantly less drop control for McIntosh and Honeycrisp than 
either the full rate or the split application strategy.
 The average August and September temperatures in both 
years did not exceed 80°F for these studies (69.7°F in Aug. 2011 
and 71.2°F in Aug. 2012;  64.1°F in Sept. 2011 and 63.2°F in Sept. 
2012). Previous research has shown that in hot years (defined as 
a year with average Aug. temperatures higher than 80°F and with 
periods of more than 10 days over 95°F), substantial pre-harvest 
drop is experienced even when a full rate of Retain is applied 4 weeks 
before normal harvest (Robinson et al., 2010). For these studies, the 
average monthly temperatures were close to normal and were not 
extremely hot. Therefore, if Retain was applied at the right timing, 
at a full rate, it performed quite well and better than a half rate of 
Retain + NAA. Nevertheless even in a normal temperature year 
the split application of Retain + NAA gave the best drop control. 
The fruit drop control results were particularly impressive in 2011 
with the split application of Retain where 20ppm NAA was included 
only in the second spray. 

Figure	3.	Photo	on	the	left	shows	fruit	drop	(79%)	of	untreated	McIntosh	in	
early	Oct.	Photo	on	the	right	shows	fruit	drop	(29%)	of	McIntosh	
in	early	Oct.	following	the	split	application	of	a	half	rate	of	Retain	
on	 8/16/11	 and	 a	 half	 rate	 on	 8/30/11	 with	 the	 second	 spray	
containing	20ppm	NAA.	

 One of the concerns about including NAA in the Retain spray 
was the possibility that NAA could cause a loss of fruit firmness 
after regular or CA storage.  Our earlier studies showed that there 
was no negative effect of inclusion of NAA in the Retain spray after 
regular storage (Robinson et al., 2010).  The current study extends 
this result to show that there is no negative effect of inclusion of 
NAA in the Retain spray on fruit firmness after CA storage.  There 
was also no negative effect of NAA on fruit storage disorders or 
fruit color.  We did find a reduction of fruit color from Retain.

Summary
 The application of a 1/2 normal rate of Retain mixed with 
10ppm NAA applied twice (4 and 2 weeks before normal harvest) 
gave the longest and best drop control of McIntosh and Honeycrisp 
in 2011 and 2012. A single application of a reduced rate of Retain 
(1/2 normal rate) combined with 10ppm NAA gave poorer drop 
control than the split application strategy. The combination of Re-
tain and NAA gave excellent drop control and did not reduce fruit 
firmness after CA storage. However we did find that this treatment 
as well as the rest of Retain treatments produced more undercolor 
fruit.
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Table	4.	 	Effect	of	AVG	(Retain)	sprayed	alone	or	in	combination	with	NAA	(Fruitone	L)	at	two	timings	on	color,	flesh	firmness,	soluble	solids,	and	external	
and	internal	disorders	of	mature	Honeycrisp/M.9	Super	Spindle	trees	in	2012.

Treatment

Retain 
Rate
(g/acre)

NAA 
Rate
(ppm)

Applica-
tion Date 1-MCP

                                                 Fruit quality after 4 months in CA storage

XFancy
(%)

Fancy
(%)

Culls
(%)

Under 
color 
(%)

Firm.
(lb)

Sol.
Solids
(%)

Soft 
Scald

Bitter 
Pit

Lenticel 
break 
down

Senesc. 
Break 
down

Untreated Control 0 0 - Yes
No

54
54

   6.7
11.4

36
30

3.1
4.0

12.4
11.4

13.4
13.8

0.0
3.6

0.0
9.1

  9.1
16.4

1.8
0.0

1/3 Rate Early 111 Aug. 9 Yes
No

53
44

10.5
16.3

31
27

4.2
9.8

12.3
12.3

13.3
13.6

1.8
1.9

5.3
3.7

12.3
  7.4

0.0
0.0

1/3 Rate Late 111 10 Aug. 23 Yes
No

54
48

11.3
15.4

29
26

4.3
8.9

12.2
11.5

13.9
14.6

0.0
3.6

0.0
7.3

14.0
  9.1

0.0
0.0

Split Rate
(1/4 early 1/4 late)

76
76

10
10

Aug. 9
Aug. 23

Yes
No

51
45

10.6
15.6

32
30

5.5
7.0

12.4
12.3

13.4
14.0

0.0
1.9

1.7
5.6

15.3
13.0

1.7
0.0

1/3 Rate Late 76 10 Aug. 23 Yes
No

51
50

  9.8
10.9

31
33

6.1
5.5

12.4
11.8

12.9
13.6

0.0
0.0

1.5
1.8

13.2
17.9

0.0
0.0
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Production of Sweet Cherries under High Tunnels 
in Either the Modified Spanish Bush and the 
Tall Spindle Systems
Terence L. Robinson and Leonel I. Dominguez
Department	of	Horticulture	
New	York	State	Agricultural	Experiment	Station,	Cornell	University
Geneva,	NY	14456,	USA

“We compared two high density sweet 
cherry planting systems (Tall Spindle 
and the Modified Spanish) inside and 
outside of plastic-covered high tunnels.  
After 5 years, cumulative yield was 
highest for the Tall Spindle at the 1m 
spacing (36 t/ha) while the lower density 
Tall Spindle (2m spacing) and the two 
densities of the Modified Spanish Bush 
system had lower yield (~25 t/ha). Gi.5 
rootstock produced higher yields and 
higher cumulative crop value than G.6. 
High tunnels increased yield, gave good 
control of fruit cracking and increased 
crop value, but not yet enough to pay for 
the tunnel after 3 cropping seasons.”

Production of sweet cherries in humid climates like NY 
State is constrained by rain induced fruit cracking. The 
introduction of dwarfing cherry rootstocks has allowed 

new possibilities 
for developing 
h i g h - d e n s i t y 
cherry orchards 
with smaller trees 
that  are  more 
precocious and 
productive and 
that can be either 
covered with rain 
exclusion shelters 
or high tunnels 
to prevent rain 
cracking (Lang, 
2005; Robinson 
et al., 2004). Sev-
eral high-density 
training systems 
have been devel-
oped for sweet 
cherries giving 
f r u i t  g r o w e r s 

many options for choosing a planting density, rootstock and 
training protocol. The objective of this project was to compare 2 
high-density production systems on dwarfing rootstocks for both 
self-fertile and self-infertile sweet cherries grown in a high tunnel.

Materials and Methods
 In May, 2008, we planted a replicated field trial at Geneva, 
New York with ‘Rainer’ on Gisela 5 (Gi.5), and Gi.6 rootstocks 
and, ‘Lapins’, ‘Regina’ and ‘Sweetheart’ on Gisela 6 (Gi.6) Each 
variety/rootstock combination was planted in two training sys-
tems: Tall Spindle (TS) and Modified Spanish Bush (our version 
of the Kym Green Bush, KGB).  Within each training system, trees 
were planted at two in-row spacings: 1m and 2m.  The between 
row spacing was 3.6m giving planting densities of 1,366 and 
2,732 trees/ha. Two of the three replicates were covered with a 
Haygrove high tunnel while the third replicate was grown with 
no cover.
 The Tall Spindle system was developed by heading 
the leader at 120cm at planting and stubbing back any lateral 
branches to a 3cm stub. In addition, 2 out of 3 buds along the tree 

trunk were removed at bud swell.  The bud removal process was 
repeated in years 2 and 3 on the 1 year-old portion of the trunk.  
This resulted in 15-18 lateral shoots along the trunk. Beginning in 
year 4 the trees were pruned each spring at bud swell by removing 
1-3 of the largest limbs (>5cm) along the trunk by cutting them 
back to a 15 cm long stub or to a sub-lateral branch.
 The Modified Spanish Bush trees were developed by repeated 
heading of the tree. First at 45cm above the soil at planting and 
allowing 3-4 vertical shoots to grow and heading each of those 
again in late June to produce 10 upright shoots for the 1m spac-
ing. In the spring of the second year all of the vertical shoots of 
the 2m spaced Spanish Bush trees were re-headed to 15cm long 
stubs and then again on July 1 to produce 20 upright shoots.  
Beginning in year 3 the trees were topped at 2.5m after harvest 
and the lateral shoots on each of the 10 or 20 vertical fruiting 
branches was removed leaving long columns of spurred shoots.  
 Yield, fruit size, soluble solids, and proportion of cracked 
fruit were recorded each year and trunk circumference at the end 
of the experiment. A fruit packout was calculated and economic 
crop value was calculated by first subtracting yield of cracked 
fruit from total yield and then calculating crop value of each fruit 
size class. The effect of the tunnel on cracking was evaluated by 
comparing the effect of rep 1 and 2 compared to rep 3.

Results 
 Systems The trees in both the Tall Spindle system and the 
Modified Spanish Bush system grew well in the first and second 
year.  The trees flowered in the third year and produced a good 
yield.  The trees planted at the 1m spacing had significantly 
higher 3rd year yield than those planted at the lower density of 2m 

Figure	1.	 Modified	 Spanish	 Bush	
(top)	 and	 Tall	 Spindle	
(bottom)	 sweet	 cherry	
trees	 in	 the	 5th	 year	
under	 high	 tunnels	 at	
Geneva,	NY.
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between trees (Figure 1). At the 1m spacing 
there was no difference in yield between the 
Tall Spindle system and the Modified Span-
ish Bush system while at the 2m spacing the 
Tall Spindle system had significantly higher 
yield than the Spanish Bush. Among varieties, 
yields in the 3rd year were highest for Lapins 
followed by Rainer and lowest with Sweet-
heart.
 In the fourth year, the yield of the Tall 
Spindle system declined slightly while the 
yield of the Modified Spanish Bush system 
increased resulting in significantly greater 
yield with the Spanish Bush.  Within the Tall 
Spindle system, the 1m spacing continued 
to have higher yield than the 2m spacing 
but with the Spanish Bush system there was 
no difference in yield between the two tree 
spacings. Among varieties, Rainer had the 
highest 4th year yield followed by Lapins and 
Sweetheart which had the lowest yield.
 In the fifth year the yield of the Tall Spin-
dle was greater than the Modified Spanish 
Bush. With the Tall Spindle, the 1m spacing 
continued to have higher yield than the 2m 
spacing but with the Spanish Bush system 
the 2m spacing had higher yield than the 1m 
spacing.
 There was an interaction of spacing and 
system on cumulative yield (Figure 2). With 
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Figure	2.		 Interaction	 of	 plant	 spacing	 and	 training	 system	 on	 annual	 yield/ha	 (left	 figure)	 or	
cumulative	yield/ha	(right	figure)	of	3	sweet	cherry	cultivars	(Lapins,	Rainer,	Sweetheart)	
on	Gi.6	rootstock	over	the	first	5	years	at	Geneva,	NY.

Figure	3.		 Interaction	of	plant	spacing	and	training	system	on	trunk	cross-sectional	area	(left	figure)	
or	canopy	volume	(right	figure)	of	3	sweet	cherry	cultivars	(Lapins,	Rainer,	Sweetheart)	on	
Gi.6	rootstock	over	the	first	5	years	at	Geneva,	NY.
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the Tall Spindle, the 1m spacing had higher cu-
mulative yield/ha than the 2m spacing but with 
the Modified Spanish Bush, the 1m and the 2m 
spacing had similar cumulative yields. The Tall 
Spindle system at 1m spacing had higher cumula-
tive yield/ha than the Modified Spanish Bush or 
the low density Tall Spindle.
 Tree size as measured by trunk cross-sec-
tional area (TCA) after 5 years was smaller with 
the 1m spacing than at the 2 m spacing for both 
systems (Figure 3). Canopy volume was greater 
for the 2m spacing than the 1m spacing. Training 
system did not affect TCA but did affect canopy 
volume. The Tall Spindle system had a greater 
canopy volume than the Modified Spanish Bush. 
 Yield efficiency when based on TCA was 
higher for the Tall Spindle at the 1or 2m spacing 
than the Modified Spanish Bush at 1m (Figure 
4). However when yield efficiency was based on 
canopy volume then efficiency was higher for the 
Modified Spanish Bush at 2m spacing than the 
Tall Spindle or the Modified Spanish Bush at 1m 
spacing.
 Fruit size of the Modified Spanish Bush was 
larger than the Tall Spindle (Figure 5). There was 
no effect of spacing on fruit size. Fruit soluble 
solids were not different among systems or spac-
ings (Figure 5).
 Light exposure in the lower canopy of the 
Modified Spanish Bush was very low even with 
the use of reflective film “Extenday”. There was 
no effect of this reduced light level on average 
fruit size or fruit soluble solids. The use of Extenday in the plastic 
tunnels improved light levels in the lower canopy but not in the 
middle or upper canopy.
 Cumulative crop value was highest for the Tall Spindle 
system at the 1m spacing while the other 3 systems had lower 
and similar cumulative crop value (Figure 6). With the Modified 
Spanish Bush, there was no difference in cumulative crop value 
between the 1m and 2m spacings.
 Rootstock With Rainer we compared the performance of 
Gi.5 and Gi6 rootstocks. Gi.5 induced greater yields of Rainer 
cherry but with similar fruit size and soluble solids concentration 
(Figure 7). Rainer on Gi.5 rootstock had greater cumulative crop 
value than trees on G.6.
 Tunnel The use of a high plastic tunnel to grow high-density 
sweet cherries resulted in increased yield, reduced fruit crack-
ing and improved cumulative crop value regardless of system, 
rootstock or cultivar (Figure 8). The increase in crop value has 
been about $38,000/ha over the first 5 years. 

Discussion
 Our results after 5 years show the strong positive relation-
ship of tree planting density and cumulative yields with the Tall 
Spindle system but not with the Modified Spanish Bush. The level 
of cumulative yield with the high-density Tall Spindle plantings 
was 1.5 times the level of low-density plantings. This is similar 
to the results of planting density studies with cherry and apple 
(Robinson, 2003). The Spanish Bush system at the 2m spacing 
gave lower initial yield in the third year compared to the 1m spac-

ing but in the 4th and 5th 
years the 2m spacing 
did as well or better 
than the 1m spacing 
resulting in no effect of 
planting density on cu-
mulative yield with the 
Modified Spanish Bush. 
This was likely due to 
the design of the trees 
at each spacing, which 
resulted in 10 upright 
fruiting shoots per tree 
at the 1m spacing but 
20 upright shoots/tree 
at the 2m spacing. This 
resulted in a similar 
number of upright fruit-
ing shoots/acre between the two spacings, thus similar cumulative 
yield. The lower yield of the Modified Spanish Bush compared 
to the Tall Spindle was due to the greater pruning with Spanish 
Bush system which received 2 heading cuts (spring and mid 
summer) of all shoots in both years 1 and year 2 while the Tall 
Spindle system was not headed.  It is clear from this work that 
to maximize early yield, pruning during the first 2 years must be 
minimized. To reduce or eliminate this negative aspect of the 
Modified Spanish Bush system, pre-formed nursery trees should 
be planted which have multiple leaders when planted. This would 
eliminate all but the heading cuts in year 1.

Figure	6.		 Interaction	 of	 plant	 spacing	 and	
training	system	on	cumulative	crop	
value	 of	 3	 sweet	 cherry	 cultivars	
(Lapins,	 Rainer,	 Sweetheart)	 on	
Gi.6	rootstock	over	the	first	5	years	
at	Geneva,	NY.
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Figure	4.	Interaction	of	plant	spacing	and	training	system	on	cumulative	yield	efficiency	based	
on	TCA	 (left	 figure)	 or	 cumulative	 yield	 efficiency	 based	 on	 canopy	 volume	 (right	
figure)	 of	 3	 sweet	 cherry	 cultivars	 (Lapins,	 Rainer,	 Sweetheart)	 on	 Gi.6	 rootstock	
over	the	first	5	years	at	Geneva,	NY.

Figure	5.	Interaction	of	plant	spacing	and	training	system	on	average	fruit	size	(left	figure)	or	
average	fruit	soluble	solids	(right	figure)	of	3	sweet	cherry	cultivars	(Lapins,	Rainer,	
Sweetheart)	on	Gi.6	rootstock	over	the	first	5	years	at	Geneva,	NY.
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 The comparison of 
Gi.5 and Gi.6 showed that 
Gi.5 is a superior root-
stock to Gi.6 when plant-
ed at high tree densities 
and grown under tunnels 
since it results in greater 
yield with similar fruit 
size and quality resulting 
in greater crop value over 
the first 5 years.
 Another important 
result is that covering 
cherry trees with a high 
tunnel can significantly 
reduce fruit cracking in 
humid climates like New 
York State.  With crack-
ing sensitive cultivars like 
Rainer, this can be worth 
~$38,000 per ha over the 
first 5 years (first 3 crop-
ping years).  Although 
cracking was reduced un-
der the tunnel it was not 
completely eliminated.  
The economic value of the 
tunnel is not clear due to 
the high cost of purchas-
ing the tunnel.  Although 
the tunnels have reduced 
cracking and increased cumulative crop value by $38,000/ha, 
the cost of the tunnel is about $70,000/ha so the tunnel has not 
paid for itself in the first 3 cropping years. A complete economic 
analysis will be done after a few more years but it is likely that the 
tunnel cost will not be recovered until after year 7 or 8.
 Considering both yield, fruit size, and cumulative crop 
value, the Tall Spindle system is the best system.  However the 
Modified Spanish Bush performed very well in the tunnel.  Its 
major drawback is the repeated heading of the shoots in the first 
2 years. However, starting the orchard with pre-formed trees 
should improve its performance compared to the Tall Spindle. Its 
main advantage is that it is a pedestrian system, which is easier 
to harvest than the Tall Spindle.

Conclusions
 Our experiment has shown very high early yields of Rainer, 
Lapins and Sweetheart sweet cherries are possible in the first 5 
years with high planting densities.  The high-density Tall Spindle 
system outperformed the high density Modified Spanish Bush 
system. The Modified Spanish Bush would have performed better 
if we had planted pre-formed bush trees.  There was little benefit 
to high planting densities (1m vs. 2m) with the Modified Spanish 
Bush. Gi.5 rootstock produced higher yields and higher cumula-
tive crop value than G.6. High tunnels increased yield, gave good 
fruit crack control and increased crop value substantially, but not 
yet enough to pay for the tunnel after 3 cropping seasons.
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Figure	7.		 Effect	 of	 rootstock	 on	 cumulative	 yield,	
average	 fruit	 size,	 average	 fruit	 soluble	
solids	 and	 cumulative	 crop	 value	 of	 Rainer	
sweet	cherry	cultivar	over	the	first	5	years	at	
Geneva,	NY.

Figure	8.		 Effect	 of	 plastic	 high	 tunnel	 on	 cumulative	 yield,	
average	 percentage	 of	 cracked	 fruit,	 cumulative	
yield	 of	 good	 fruit	 and	 cumulative	 crop	 value	 of	
Rainer	sweet	cherry	cultivar	over	the	first	5	years	
at	Geneva,	NY.


