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Whose responsibility is it to be prepared for the next ZIKA Virus?

I wish to continue with the direction Peter Ten Eyck was 
discussing with us in summer issue’s editorial.  I personally 
believe he is correct in stating that we have a huge task ahead to 

“understand the science.”  The earth is clearly a work in progress.  
It has and will constantly be evolving, with or without the help 
of man.  Regardless of your beliefs, one has to be in awe of the 
ability of this planet to adapt to ever changing variables.  

If we accept that life on planet earth is not a constant, then the 
question is, how do we adjust to the new dynamics?  Currently, we 
are all witnessing a new invasive threat to the western hemisphere 
in the Zika virus.  One can debate how this virus was introduced 
to our side of the globe, but the reality is that we must adapt.  To 
counter this new virus, we need to first understand the “science” 
of the threat. Those of us devoted to production issues are not 
trained in this undertaking.  We must turn to our research com-
munity to tackle this issue.  

Similar to other first responders, we expect this community to 
be present to take up this challenge.  The question I have is, are 
we doing enough to ensure that this research base is fully funded 
to be ready to respond to the constant influx of new earth chal-

lenges?  I would argue that we are meagerly keeping this com-
munity adequately staffed.  It is not the singular responsibility 
of our universities but also the responsibility of both private and 
public funding.  When a new threat such as Zika bursts upon our 
collective table, we must be ready, willing and able to uncover the 
mystery of how best to control the new danger.

I am particularly proud of the influence the NYSHS has had in 
building improved efforts to support research-based funding.  We 
have successfully bridged public and private funding to support 
numerous research projects. This funding keeps the research first 
responders engaged in this struggle.  Just as we realize that we 
need to fund our police and fire first responders, we also need to 
accept that we must maintain our research community as well.  
As the earth evolves, we will need the collective efforts of all of us 
to keep the balance of nature.  Research is and always will be key 
to our continuing adaptation to this dynamic planet we all share.

Paul Baker
New York State Horticultural Society
Sanborn, New York
pbaker.hort@roadrunner.com
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ACTUAL PRODUCTION HISTORY   |   CROP HAIL COVERAGE   |   WHOLE FARM REVENUE POLICY

800.234.7012 | CropGrowers.com
Crop Growers, LLP is an equal opportunity provider.

Sometimes you need bad 
weather friends. If you weren’t a risk-taker, you wouldn’t be a farmer.  

But putting farm revenues at risk by leaving your crops 
unprotected from drought or disease isn’t just risky, it’s 
potentially disastrous.

Crop Growers policies have paid Northeast farmers more 
than $207 million dollars in claims. Without that cash-
bearing friend at a critical moment, some of those growers 
would not have made it through to see the good times.

Call a Crop Growers agent today to learn how multi-peril 
crop insurance can protect your business and provide 
more predictable margins in unpredictable times.

Increase Fruit Quality up to 60%
Bin fi ller ensures that large bins are 
fi lled evenly, without bruising fruit

Sort the Fruit
Presort bin for 
culls

Compressor
Onboard air compressor for 
pneumatic tools 

Increase Efficiency
Four hydraulic adjustable 
platforms - pick at all levelsLeveling & Stability

Hydraulic leveling suspension

Removable 
Conveyers
Remove 
to use for 
pruning

Bin Trailer
Trailer holds up to 16 
bins.

Two Sizes of Pluk-O-Trak!
Senior (shown) and Junior models available.

Automatic 
Sensor 
Steering

Call OESCO, Inc.
for a demonstration

800-634-5557
www.oescoinc.com P.O. Box 540, 8 Ashfi eld Road / Rt. 116, Conway, MA 01341

Scan to see 
the Piuma in 
action!

Scan to see the
Pluk-O-Trak

in action!

THE PICKIN’ IS EASY WITH THESE MACHINES
The REVO Piuma 4WD Harvester

• For apple & pear high-density fruit 
orchards

• Compact 12’-6” footprint
• Independent front & rear steering
• 4-wheel drive system
• Self-contained power and mobility; 

no tractor needed

• Auto-drive, auto-levelling, auto-
steering

• Whisper-quiet fuel effi cient diesel 
engine

• Onboard compressor for air-driven 
tools

• Flow-thru bin design

The Munckhof Pluk-O-Trak
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“Over the past five years, sunburn has 
been an issue in the production of 
Honeycrisp high-density orchards in 
New York, particularly in the Hudson 
Valley. Considering that the climate 
is warming and that high-density 
plantings are allowing more exposure 
of fruit to sunlight, sunburn could be 
an increasing concern.”

Effects of Sunburn Treatments on Honeycrisp in the 
Hudson Valley in 2015
Gemma Reig1, Peter Jentsch2, David Rosenberger3
1Horticulture	Section,	School	of	Integrative	Plant	Science,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY
2Department	of	Entomology,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY
3Plant	Pathology	and	Plant-Microbe	Biology	Section,	School	of	Integrative	Plant	Science,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY

Appearance is a major factor in determining apple market-
ability. Anything that adversely affects fruit appearance, 
including sunburn (apple fruit discoloration caused 

by heat-related 
stress), reduces 
economic viability 
of the crop (Felice-
tti and Schrader 
2009). Sunburned 
areas cause fruit 
to be either culled 
or downgraded on 
the packing line.  
With some high-
value cultivars 
like Honeycrisp, 
which sell for $50 

to $100 per packed box, any fruit that are damaged and unmarket-
able represent significant losses to the grower.   
 Sunburn is a physiological disorder of apples and other fruits 
caused by excessive solar radiation and high air temperature during 
the ripening period. Other factors that play a role in the forma-
tion of sunburn include cool or mild weather abruptly followed 
by heat and direct sun, trees suffering from water stress, cultivar 
susceptibility, developmental stage of the fruit due to effects on 
flesh elasticity and its capacity to adapt, cultivar growing habits, 
and rootstock. Position of fruit on tree, number of fruit per cluster, 

This research was partially supported by the New York Apple Research and Development Program

Figure	1.	Sunburn	necrosis.	 Figure	2.	Sunburn	browning.	 Figure	3.	Photooxidative	sunburn.

competition for assimilates, row orientation in the orchard, and 
sudden exposure of fruit from a low-light environment to high ir-
radiance and low humidity can also contribute to its development 
(Racksó and Schrader 2012).
 Three types of sunburn in apples have been identified and 
characterized (Racskó and Schrader 2012): sunburn necrosis (Fig-
ure 1), sunburn browning (Figure 2) and photooxidative sunburn 
(Figure 3).  Sunburn necrosis occurs when the apple fruit surface 
temperature (FST) approaches 126°F for approximately 10 min-
utes. A dark brown or black necrotic spot appears on the exposed 
surface within 1–4 days after exposure to such temperatures and 
cells in the necrotic spot often collapse (Racskó and Schrader 2012). 
Sunburn browning, the second type of sunburn injury, occurs on 
attached sun-exposed apples when high solar radiation raises the 
apples’ FST above a certain threshold temperature, which varies 
within cultivar. For Cameo and Honeycrisp the threshold FST is 
near 115°F; for Pink Lady it is close to 129°F under Washington 
State conditions. When sunlight is excluded from attached apples 
that were heated to the threshold FST, sunburn browning does not 
occur (Schrader 2011). In other parts of the world where ultraviolet 
radiation is different, it is conceivable that the minimum FST for 
induction of sunburn may be different than in Washington State. 
The last sunburn type, photooxidative sunburn, can develop at 
FST below 88°F (air temperature below 65°F) and can be detected 
within 24 hours of irradiation. The first symptom is a white spot 
that appears on previously shade-grown (non-acclimated) apples 
that are abruptly exposed to full sunlight. With continued exposure 
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to full sunlight, the center of the photobleached area often turns 
brown and cells become necrotic (Racskó and Schrader 2012).
 Over the past five years, sunburn has been an issue in the 
production of Honeycrisp high-density orchards in New York, 
particularly in the Hudson Valley. In 2015, the incidence of 
sunburn in Honeycrisp in commercial orchards was 10 to 25 
%, depending on the area, the number of sunburn prevention 
sprays that were applied, and the cultivar. Considering that the 
climate is warming and that high-density plantings are allowing 
more exposure of fruit to sunlight (Racskó and Schrader 2012), 
sunburn could be an increasing concern. 
 Different strategies are currently used around the world 
to avoid sunburn in apples. One strategy involves 
the application of sprayed sunburn suppressants. 
There are at least two classes of suppressants: White 
particle films composed of either kaolin clay, cal-
cium carbonate, or talc; all provide a white, highly 
reflective cover on the fruit surface that increases 
reflection of solar radiation, a key aspect of reduc-
ing sunburn incidence in apples (Glenn et al. 2002). 
These include Surround® WP, ScreenDuo®, and 
others. The second class of sunburn suppressants 
contain organic-chemical absorbing agents in addi-
tion to physical inorganic constituents that augment 
the natural waxes in the cuticle and pigments in the 
upper epidermis of the apple. These suppressants 
attenuate some of the damaging ultraviolet rays and 
heat-producing infrared radiation and enhance the 
optical properties of the natural wax layer. Raynox®, 
among others, belongs to this group. 
 Two other strategies for avoiding sunburn involve 
changing the micro-environment of the orchard. 
Overhead application of water to the trees reduces 
heat stress when air or fruit temperature exceeds a 
given threshold (Iglesias et al. 2005). The ameliora-
tive effect of this strategy manifests primarily in the 
reduction of FST through the evaporation of water 
from the fruit surface. Another strategy is the use of 
shade nets over the tree canopy to reduce incident 
sunlight on the fruit surface, thereby reducing FST 
(Racskó and Schrader 2012). All of these strategies 
have their pros and cons, but there is still no strategy 
or combination of strategies that will completely 
eliminate the incidence of sunburn on apple fruit.
 There are few published reports about these 
techniques, especially as they apply in New York State 
and, especially, to the Hudson Valley, where sunburn 
is starting to be a problem (Schupp et al. 2002). For 
this reason, two trials were set up in 2015 to study the 
incidence and control of sunburn in Honeycrisp. The 
objective of the first trial was to compare Raynox®, 
ScreenDuo®, Decco 405, and Raynox®+Decco 405 
applied late in the season for their impact on sunburn 
evident at harvest. Decco 405, a concentrated 33% 
liquid calcium chloride applied for bitter pit control, 
was included to determine if application of calcium 
ahead of heat events would result in more sunburn. 
The objective of the second trial was to determine how 
different spray timings of Raynox® late in the season 
would affect the incidence of sunburn at harvest.

Material and Methods
Trial 1
 Treatments were evaluated in an experimental orchard planted 
in 2001 at the Hudson Valley Research Laboratory (Highland, 
New York). This orchard contained 56 plots, wherein each plot 
contained one Cameo tree on Bud.9 rootstock and one tree each 
of Royal Court and Honeycrisp on EMLA.111 rootstocks with 
M.9 interstems. Trees were trained to a slender spindle, spaced at 
10 ft. between trees within the row and 25 ft. between rows, and 
grown in silt loam soil.
 Fifty plots were used in this study. Half of them (25 plots) were 
irrigated according to the NEWA irrigation model (http://www.

	  
	  
Figure	   5.	   Daily	   minimum	   and	   maximum	   temperatures	   and	   solar	   radiation.	   Black	   arrows	  
indicate	  the	  dates	  of	  treatments	  applications.	  This	  data	  is	  from	  the	  NEWA	  weather	  station	  in	  
Modena,	  New	  York,	  which	  is	  the	  weather	  station	  closest	  to	  the	  farm.	  	  

	  

	  
	  
Figure	   4.	   Daily	   minimum	   and	   maximum	   temperatures	   and	   solar	   radiation.	   Black	   arrows	  
indicate	  the	  dates	  of	  treatments	  applications.	  

	  

Figure	 4.	 Daily	 minimum	 and	 maximum	 temperatures	 and	 solar	 radiation.	 Black	 arrows	
indicate	the	dates	of	treatments	applications.	

Figure	 5.	 Daily	 minimum	 and	 maximum	 temperatures	 and	 solar	 radiation.	 Black	 arrows	
indicate	 the	 dates	 of	 treatments	 applications.	 This	 data	 is	 from	 the	 NEWA	
weather	station	in	Modena,	New	York,	which	 is	the	weather	station	closest	to	
the	farm.

http://www.newa.cornell.edu
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newa.cornell.edu) from the end of July until the 
end of September, while the other half (25 plots) 
was not irrigated. From each block (irrigated 
and non-irrigated), five plots were used for each 
treatment (i.e. Raynox®, ScreenDuo®, Decco 405, 
Raynox®+Decco 405, and Control). Treatments 
were applied using an airblast sprayer calibrated to 
apply 91.2 gal. per acre on two dates (July 28 and 
August 14). The rates for Raynox®, ScreenDuo® 
and Decco 405 were 2.5 gal. in 100 gal. of water, 
20 lbs in 100 gal. of water and 1 gal. in 100 gal. of 
water, respectively
 All fruit were harvested from each tree as they 
matured. At each harvest, the presence or absence 
of sunburn was recorded for each fruit. Sunburned 
fruit were classified according to the three sunburn 
types described earlier. Total fruit sunburn was 
expressed as the percentage of sunburned fruit 
(three types included) on each tree relative to the 
total number of fruits on the tree. In the case of 
sunburn browning, its severity was also evaluated 
according to the following categories: Category 1, 0–10% of non-
green surface area with sunburn browning; Category 2, 10.1–30% 
of non-green surface area with sunburn browning; and Category 3, 
greater than 30% of non-green surface area with sunburn browning. 
 After sunburn evaluations at harvest were completed, a random 
sample of five non-sunburned fruit and five fruit with sunburn 
browning from each tree and harvest date were evaluated for flesh 
firmness, soluble solids content, and titratable acidity.
 The maximum and minimum temperatures and solar radiation 
from one month after first bloom to first harvest are shown in Figure 
4. The cumulative rainfall from the first bloom to first harvest was 
14.52 inches. Most of the rain (10 inches) occurred between 16 
May and 1 July, whereas total rainfall for July and August totaled 
only 1.23 and 3.34 inches, respectively.
Trial 2
 Raynox® treatment was evaluated in a commercial orchard 
planted in 2007 at Coy Farm (Clintondale, New York) by Crist 
Brothers Orchard, Inc. Trees were on G.11 rootstock, trained to a 
tall spindle, spaced at 4 ft. between trees within the row and 14 ft. 
between rows, and grown in silt loam soil. One block of three rows 
was used for Raynox® treatments. Raynox® was applied using an 
airblast sprayer calibrated to apply 72 gal. per acre one time (July 
28) on row one, two times (July 28 and August 12) on row two 
and three times (July 28, August 12, and  August 28) on row three. 
From each row, five trees with similar crop load were selected and 
harvested. 
 At each harvest, the presence or absence of sunburn was re-
corded for each fruit. The severity of sunburn browning was also 
assessed, using the three categories described earlier.
 After sunburn evaluation, harvest assessments were performed 
as in Trial 1 from both sides of the fruit (sun side and shade side) 
of five non-sunburned fruits and five fruits with sunburn browning 
from each tree and harvest date.
 The maximum and minimum temperatures and solar radiation 
from 1 month after first bloom to first harvest are shown in Figure 
5. The accumulative rainfall from the same period of time was 16.65 
inches. Most of the rain (10.2 inches) occurred between May 16 
and  July 1, whereas total rainfall for July and August totaled only 
1.61 and 4.69 inches, respectively.

Results and Discussion
Trial 1
 Yield, average fruit weight, crop load and yield efficiency were 
not influenced by treatments and blocks in this study (Table 1). In 
addition, perhaps because the trial was set up at the end of July, 
no differences were found between the irrigated and non-irrigated 
blocks in terms of fruit size and yield (data not shown). Schupp et 
al. (2002) reported that weekly applications from the beginning 
of July to mid-August of another spray film, Surround®, had an 
effect on fruit weight of Honeycrisp. ScreenDuo®, which belongs 
the same class as Surround®, did not show this trend.
 Applying ScreenDuo® and Raynox® to reduce sunburn in-
cidence according to their labels is expensive for the growers. For 
this reason, we decided to make only two applications during the 
month and a half before harvest, the period of time when fruit have 
become large enough to have more heat-absorbing surface area 
perpendicular to the sun at any given time. The first application 
(July 28) was on the same day as the first heat event (T > 90°F), and 
the second application (August 24) was three days before the next 
heat event and two days after a heavy rain (1.33 inches). 
 Preliminary results comparing the two blocks (irrigated vs. 
non-irrigated) showed no significant differences in the percentage 
of fruit with sunburn (Figure 6), although the irrigated block had 

Table	1.		Yield,	average	fruit	weight,	crop	load	and	yield	efficiency	(YE).	The	data	show	mean	
values	and	standard	error.

Block Treatment Yield	(lb)
Average	

fruit	weight	
(g)

Crop	Load					
(#	fruit	
cm-2)

YE																
(lb	cm-2)

Irrigation

Decco 405 82.4 + 25.1 219.1 + 28.7 3.6 + 1.1 0.5 + 0.1

Control 77.1 + 28.5 159.4 + 22.5 4.5 + 0.8 0.4 + 0.1

Raynox® 90.8 + 34.1 206.2 + 33.8 4.1 + 1.3 0.5 + 0.2

Raynox® + Decco 405 70.8 + 48.7 197.7 + 23.7 3.6 + 1.1 0.5 + 0.1

ScreenDuo® 74.9 + 47.8 177.6 + 39.5 3.8 + 0.8 0.4 + 0.2

Pr<	0.05 NS NS NS NS

No	

irrigation

Decco 405 73.2 + 30.4 186.0 + 11.7 3.4 + 0.8 0.4 + 0.1
Control 100.2 + 38.5 209.1 + 21.3 3.6 + 0.7 0.5 + 0.1
Raynox® 90.1 + 19.6 216.7 + 21.8 4.3 + 1.4 0.5 + 0.1

Raynox® + Decco 405 78.9 + 34.4 213.5 + 19.1 3.6 + 0.3 0.5 + 0.1

ScreenDuo® 106.5 + 37.4 195.9 + 18.5 4.4 + 0.8 0.5 + 0.1
Pr<	0.05 NS NS NS NS

NS, not significant.

 
Figure 6. Total percentage of sunburn (all types) in Honeycrisp.  
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a numerically greater incidence of sunburn compared with the 
non-irrigated block. These results were completely unexpected. 
July was a dry month in the Hudson Valley. The decision to add 
irrigation late in the season (end of July) in this Honeycrisp 
block may have allowed rapid growth of previously stressed 
fruit, thereby leaving them more susceptible to sunburn than 
non-irrigated fruit that remained under water stress until har-
vest. Some researchers have suspected that trees suffering from 
water stress are more prone to have more sunburn, but that was 
not supported by the results from this trial. However, we did not 
evaluate water potential of the trees in this trial and are there-
fore lacking the data that might have helped us to better explain 
these results. On the other hand, within each of the two main 
blocks (irrigated and non-irrigated), we also found no statistical 
differences among treatments (Figure 6), nor were any of the 
spray-applied treatments significantly affected by the irrigation 
treatment when irrigated versus non-irrigated plots for each 
treatment were compared.
 Sunburn browning is the most prevalent and costly sunburn 
type. In this study, approximtely 98% of the sunburn observed 
was sunburn browning. At least half of the apples with sunburn 
browning had between 10.1% and 30% of the skin surface af-
fected (Figure 7). Among treatments, no statistical differences 
were observed within each block (irrigated, non-irrigated) and 
category, and no statistical differences were observed for either 
treatment or irrigation effects when data from both irrigated and 
non-irrigated blocks were combined. 
 Schrader et al. (2003) classified the degree of apple sunburn 
in Fuji apples into six classes based on appearance. In this system, 
a rating of 0 denotes no sunburn, a rating of 5 signifies sunburn 

Figure	7.		 Percentage	of	sunburn	browning	by	severity	category	in	the	two	different	blocks:	irrigated	(A)	and	non-irrigated	(B).
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necrosis, and ratings of 1 to 4 refer to different degree of sunburn 
browning (Figure 8). In red cultivars, degrees of sunburn brown-
ing (1–4) were based on reduced red color and increasing yellow 
and brown colors. However, because this is the first study done 
under Hudson Valley conditions, where the severity of sunburn 
was evaluated in Honeycrisp, we decided to evaluate sunburn 
browning based on the percentage of the non-green surface area 
affected instead of the classes mention above. In addition, it is 
worth mentioning that few apples in this study would classify as 
SB-3 (Figure 8) in this study. Most of them belonged to SB-2, as 
in Figure 9.
 In terms of internal fruit quality, flesh firmness (FF) was 
generally higher, sugars (soluble solids content, SSC) were lower 
and titratable acidity (TA) was higher in the irrigated block 
compared with the non-irrigated block (data not shown). The 
treatment of Raynox®+Decco 405 tended to show higher SSC 
and TA compared with the other treatments in both blocks, and 
high firmness in the non-irrigated block (Table 2). However, 
when non-sunburned and sunburned fruit were analyzed sepa-
rately, this trend changed. In general, the sunburned fruit for all 
treatments and blocks showed higher FF and SSC, and lower TA 
(Table 3), in agreement with previous studies in which higher fruit 
firmness and soluble solids content (SSC) in the sunburned areas 
have been reported (Racskó et al. 2005; Schrader et al. 2009a,b; 
Tartachnyk et al. 2012). The higher firmness occurs because, 
as the sunburned plant cells die, the tissue loses water and gets 
harder.
Trial 2
 At the Coy farm, the percentage of Honeycrisp with sunburn 
was not affected significantly by the different number of Raynox® 

applications (Table 4). 
The purpose of this trial 
was to determine if in-
creasing the number of 
Raynox® applications 
late in the season would 
reduce the incidence of 
sunburn, but no ben-
efit was demonstrated. 
Glenn et al. (2002) ap-
plied Surround® at dif-
ferent timings from petal Figure	8.		 Degrees	 of	 sunburn	 browning	 of	 Fuji	 apples	 as	 modified	 from	 Schrader	 et	 al.	 (2003).	 NB,	 no	 sunburn;	SB-1,	

sunburn	severity	1;	SB-2,	sunburn	severity	2;	SB-3,	sunburn	severity	3;	SB-4,	sunburn	severity	4.
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Figure	9.	Sunburn	browning	in	Honeycrisp.

fall to harvest and at different concentrations in various apple 
cultivars, concluding that the timing of applications was not 
clearly defined for optimum suppression of sunburn. Further 
studies are needed to better understand the interactions between 
number of applications and the weather variables as they relate 
to spray timings, although it is clear that Raynox® can reduce 
sunburn incidence in apple.
 In contrast, the number of applications significantly affected 
fruit quality, mainly SSC and TA. In general, fruit that received 
one application of Raynox® tended to show higher SSC and TA 
compared with the other treatments (Table 4). As mentioned 
above, sunburned fruit tended to have higher FF and SCC, and 
lower TA compared with the healthy fruit in all the treatments 
(data not shown). In addition, comparing the fruit quality on the 
two sides of fruit (sun side and shade side) and among sunburned 
and non-sunburned fruit, higher FF and SSC and lower TA were 
observed on the sun-exposed side of the sunburned fruit com-
pared with the rest of the combinations, in agreement with those 
results reported by Schrader et al. (2009b).
 The results obtained in 2015 from both trials do not mean 
that these products have no value for preventing sunburn in 
Honeycrisp. The results indicated that the timing used in this trial 
did not help to reduce sunburn in Honeycrisp. Rather, further 
studies on timing applications are needed to help growers avoid 
useless applications of any given product and to know the right 
time to apply these products under Hudson Valley conditions. 
It would be interesting also to know the roles of solar radiation 
and fruit surface temperatures in sunburn incidence under our 
climatic conditions. Schrader et al. (2003) emphasize the im-
portance of fruit surface temperature in causing sunburn. They 
found a high correlation between fruit surface temperature and 
maximum daily air temperature (r = 0.9), the mean of hourly air 
temperatures (between 11:00 and 17:00 hours), and solar radia-
tion (r = 0.65), and an inverse correlation between maximum fruit 
surface temperature (between 11:00 and 17:00 hours) and mean 
wind velocity (r = -0.24) and mean relative humidity (r = -0.66).
 Although sunburned fruit are not visually acceptable for the 
consumer, we do not know if flavor changes that might be occur-
ring in fruit with slight sunburn would be detected by consumers 
to affect purchasing decisions of blushed and red apple cultivars. 
It is very easy at the packing line to miss low levels of sunburned 
fruit in blushed and red apple cultivars (mostly those with a very 
small area of sunburn browning or those where red color masks 
the sunburned area). These sunburned fruits have higher flesh 
firmness and sugars, but less acidity. According to Schrader et 
al. (2009b) apples with even slight sunburn browning have a 
higher starch index as compared with non-sunburned apples 

and are, therefore, more mature. While these 
sunburned fruits are ripening in cold storage 
together with non-sunburned fruit, the acidity 
taste of sunburned apples will be lower than TA 
in non-sunburned fruit, and the sugar-to-acid 
ratios of those sunburned fruit will be higher. 
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Table	2.		Flesh	 firmness	 (FF),	 soluble	 solids	 content	 (SSC)	 and	 titratable	
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(°Brix)

TA                         
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For each treatment, means followed by the same letter in each column are not 
significantly different at P ≤ 0.05.

Table	3.		Flesh	 firmness	 (FF),	 soluble	 solids	 content	 (SSC)	 and	 titratable	
acidity	(TA)	mean	values	of	each	fruit	type.

Type FF	(lb) SSC	(°Brix) TA	(g	malic	acid	L-1)
Healthy 12.5  b 12.9  b 3.2  a
Sunburn 13.8  a 13.1  a 2.6  b

For each treatment, means followed by the same letter in each column are not 
significantly different at P ≤ 0.05.

Table	4.	Percentage	of	sunburn	in	Honeycrisp	after	different	numbers	of	applications.

Treatmenta %	Sun-
burn

0.1–10	%	
sunburn	

browning

10.1–30%	
sunburn	

browning

>	30%	
sunburn	

browning
FF	(lb)	 SSC	

(°Brix)

TA																									
(g	malic	
acid/L)

1x 17.4  a 1.0  a 11.9  a 3.8  a 13.3  a 13.3  a 4.1  a

2x 22.9  a 0.3  a 13.0  a 9.2  a 13.3  a 12.9  c 3.7  b
3x 12.6  a 0.1  a 4.7  b 7.2  a 13.5  a 13.0  b 3.8  b

Treatment means followed by the same letter in each column are not significantly different at P ≤ 
0.05. 
a1x applied on 07/28/2015; 2x applied on 07/28/2015 and 08/12/2015; 3x applied on 07/28/2015, 
08/12/2015 and 08/28/2015.



10  NEW YORK STATE HORTICULTURAL SOCIETY

Glenn, D.M., Prado, E., Erez, A., McFerson, J. and Puterka, G.J. 
2002. A reflective processed-kaolin particle film affects fruit 
temperature, radiation reflection and sunburn in apple. J. 
Am. Soc. Hort. Sci. 127: 188–193.

Iglesias, I., Salvia, J., Torguet, L. and Montserrat, R. 2005. The 
evaporative cooling effects of overtree microsprinkler ir-
rigation on ‘Mondial Gala’ apples. Sci. Hort. 103: 267-287.

Racskó, J., Szabó, Z. and Nyéki, J. 2005. Importance of the supra-
optimal radiance supply and sunburn effects on apple fruit 
quality. Acta Biol.  Szegediensis 49(1-2): 111–114.

Racskó, J. and Schrader, L.E., 2012. Sunburn of apple fruit: His-
torical background, recent advances and future perspectives. 
Crit. Rev. Plant Sci. 31:455–504.

Schrader, L.E., Zhang, J. and Sun, J. 2003. Environmental stresses 
that cause sunburn of apple. Acta Hort. 618: 397-405.

Schrader, L.E., Zhang, J., Sun, J., Xu, J., Elfving, D.C. and Kahn, C. 
2009a. Postharvest changes in internal fruit quality in apples 
with sunburn browning. J. Am. Soc. Hort. Sci. 143: 148–155.

Schrader, L.E., Kahn, C. and Elfving, D.C. 2009b. Sunburn brown-
ing decreases at harvest internal fruit quality of apple (Malus 
domestica Borkh.). Int. J. Fruit Sci. 9:425–437.

Schrader, L. E. 2011. Scientific basis of a unique formulation for 

reducing sunburn of fruits. HortScience 46: 6–11.
Schupp, J., Fallani, E. and Chun, Ik-Jo. 2002. Effect of Surround® 

particle film on fruit sunburn, maturity and quality of ‘Fuji’ 
and ‘Honeycrisp’ apples. HorTechnology 12 (1): 87–90.

Tartachnyk, I., Kuckenberg, J., Yuri, J.A. and Noga, G. 2012. 
Identifying fruit characteristics for non-invasive detection 
of sunburn in apple. Sci. Hortic. 134: 108–113.

Acknowledgements
This research was supported by New York Apple Research and 
Development Program and Jentsch Lab Program Funds. We thank 
Crist Brothers Orchard Inc.

Gemma	 Reig is a Postdoctoral Research Associate at 
Cornell Univeristy’s Hudson Valley Research Laboratory 
in Highland, NY. Peter	Jentsch is a Senior Extension As-
sociate in the Department of Entomology at Cornell Uni-
veristy’s Hudson Valley Research Laboratory in Highland, 
NY. David	Rosenberger is a Professor Emeritus of Plant 
Pathology at Cornell Univeristy, stationed at the Hudson 
Valley Research Laboratory in Highland, NY.

SAVE	THE	DATE:	January	17-19,	2017	
The	Empire	State	Producers	Expo	at	the	Oncenter	Convention	Center	in	Syracure,	NY.



NEW YORK FRUIT QUARTERLY .  VOLUME 24  .  NUMBER 3  .  FALL 2016 11

“Entomologists and cold climate 
biologists are currently working to 
determine if there is a northern limit 
for SWD winter survival and whether or 
not summer infestations are from local 
overwintering populations or if they 
are migrating from milder, southern 
climates. This information could help 
with predicting the arrival or severity of 
yearly infestations.”

Spotted Wing Drosophila Winter Biology
Anna Wallingford and Greg Loeb 
Department	of	Entomology,	New	York	State	Agricultural	Experiment	Station,	Cornell	University,	Geneva,	NY

Spotted wing drosophila (SWD) is a serious pest of small 
fruits. This invasive fruit fly lays her eggs under the skin 
of growing and ripening fruits of cultivated and wild 

host plants. The 
species was first 
confirmed in the 
n o r t h e a s t e r n 
US in 2011 and 
has caused seri-
ous crop losses 
i n  N e w  Yo r k 
State every year 
since its arriv-
al. Populations 
tend to stay very 
low through the 
spring ,  which 
m a k e s  J u n e -

bearing strawberry and earlier ripening varieties of blueberry 
and summer raspberry crops less vulnerable to infestation 
than berry crops that ripen later in the summer and fall. Fall-
bearing raspberries begin to ripen at a point in the growing 
season when SWD populations are so high, frequent insec-
ticide applications are necessary to control this pest for the 
life of the crop. Good chemical control often requires weekly 
foliar applications and good resistance management calls for 
alternating use of several modes of action. Aside from being 
very costly, many growers are suffering under “spray fatigue” 
when attempting schedules that provide good SWD control 
in fall-bearing raspberry. 
 Reproductive diapause in SWD could provide some respite 
to spray fatigue, as the shortening day lengths and cooler tem-
peratures experienced by flies in the fall will trigger a pause in 
normal reproductive development until environmental con-
ditions improve. Diapausing flies experience changes to their 
metabolism that improve overwintering survival, like a halt in 
egg maturation in exchange for improvements to starvation 
and cold tolerance.
 Immature SWD that are growing into adults during the fall 
also experience cooler temperatures. Development is slowed 
when larvae experience cooler temperatures, and long periods 
of near freezing temperatures can kill immature stages. This 
emphasizes the importance of post-harvest refrigeration of 
fruit headed to market (Zaman 2014). However, temperatures 
that do not kill larvae act to make them more tolerant to winter 
stress, as the slowed development at moderately cool tempera-
tures (50–60°F) results in larger, darker adults (Figure 1). These 
winter forms, or “winter morphs,” are better at tolerating cold, 
starvation, and desiccation, which contributes to their chance 
of overwintering survival. 
 In this study, we looked for evidence of reproductive dia-
pause in local populations in the Finger Lakes region of New 

Figure	1.		 Size	and	color	comparison	between	summer	morph	(above)	and	
winter	morph	flies	(below)	in	(A)	female	and	(B)	male	SWD.

A B

York. We also explored the role of day length and temperature 
in preparing SWD for winter stress by screening lab-reared and 
field-captured winter morphs for their acute cold tolerance.  

Materials and Methods
 Reproductive status of field-captured SWD females. 
Flies were trapped weekly at two sites in Ontario Co., NY, using 
whole wheat bread dough-baited cup traps with apple cider 
vinegar as a drowning solution. Female SWD were preserved 
in ethanol through the fall of 2014 and were later dissected in 
saline solution to determine their reproductive status. Females 
found to carry mature eggs were considered reproductively ma-
ture (Figure 1A), while females with completely undeveloped 
ovaries were potentially diapausing (Figure 1B). The number 
of females assessed for reproductive status varied each month, 
and sample sizes for July–December were 25, 128, 138, 100, 80, 
and 40 females, respectively. Temperature data were retrieved 
from nearby weather stations (http://newa.cornell.edu/). 
 Developmental Acclimation and Acute Cold Toler-
ance Screening. Developmentally acclimated flies, or winter 
morphs, were lab-reared in climate-controlled chambers 
(Percival Scientific Inc., Perry, IA). Colony flies (~ 7 d old), 
maintained on standard cornmeal diet, were allowed to ovi-
posit in rearing bottles for 24 h in summer conditions (77 ± 
2oF, 16: 8 h L:D, 50% RH). Adult flies were removed and bottles 
containing eggs were moved to chambers set to acclimation 
treatments. Three developmental acclimation treatments 
were evaluated: summer morphs (SM; 77 ± 2oF, 16: 8 h L:D), 
long day winter morphs (longWM; 59 ± 2oF, 16: 8 h L:D), and 
short day winter morphs (shortWM; 59 ± 2oF, 12:12 h L:D). 
Development time for SM flies is roughly 10 d, while WM flies 
begin emerging from pupae after roughly 1 month. Emerging 
WMs were transferred to new rearing bottles and held at their 
corresponding day lengths but a cooler 50 ± 2oF for 7 d prior 
to assays. 
 Live flies were captured in the field using a similar whole 
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wheat bait as described previously, except the bait 
was placed into an empty container rather than over 
a drowning solution. Thirty traps were hung within 
the canopy of several cultivated and wild host plants 
at research farms belonging to NYSAES. Flies were 
collected on various dates falling between October 
20 and November 10 in 2014 and 2015. Weather 
data were acquired from nearby weather stations 
(http://newa.cornell.edu/). Cohorts were brought 
to the lab where they were cold-anesthetized on ice 
and identified as SWD. 
 Cold tolerance of lab-reared and live-captured 
flies was determined by assessing their recovery 
from exposure to freezing temperatures. Cohorts 
of SWD (~30 flies/cohort, 50:50 male:female) were 
isolated in vials containing cotton plugs soaked in 
distilled water and held on ice for ~1 h prior to 
assay, to maintain chill coma. Each cohort of cold-
anesthetized flies was transferred to a ceramic Pel-
tier plate so that temperatures at the plate surface 
could be recorded over the duration of each ex-
periment, and plates were held in a programmable 
freezer (Thermal Product Solutions, Williamsport, 
PA). Recovery from chill coma was compared after 
16 h of exposure to 26.6 ± 0.4°F followed by 1 hr of 

Figure	4.		 Chill	coma	recovery	(%	mean	±	SEM)	of	lab-reared	winter	morph	(WM),	summer	
morph	(SM)	and	live	captured	flies.	Cohorts	of	~30	flies	were	exposed	to	16	h	
of	26.6	±	0.4°F	and	recovery	was	observed	after	60	min	at	room	temperature.	
Values	with	the	same	letter	are	not	significantly	different	according	to	Tukey’s	
HSD	and	an	asterisk	indicates	significant	difference	according	to	a	Student’s	
t-test	(α	=	0.05).

Figure	2.	 Dissected	 ovaries	 containing	 several	 mature	 eggs	
(A)	and	completely	undeveloped	ovaries	(B).
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Figure	3.		 Proportion	of	field-captured	females	carrying	mature	eggs	through	the	fall	of	
2014.	

recovery time at room temperature. Recovered flies were standing and 
able to walk. Screening was replicated using 8–12 cohorts, depending on 
the availability of flies during capture periods.

Results
 Reproductive status of field-captured SWD females. A steep de-
cline was seen in the proportion of females carrying mature eggs through 
the fall of 2014, particularly through September and October (Fig 3). There 
was no effect of collection site on number of reproductively mature fe-
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males, but there was an effect of month (F = 26.58, p < 0.0001). 
A post-hoc Tukey’s mean separation test found that the number 
of reproductively mature females captured in July, August, 
and September was significantly different from the number 
captured in October, November, and December. Day lengths 
through September and October ranged from 11.8–13.3 h 
and 10.3–11.8 h, respectively. The average temperatures in 
September and October were 60°F and 53°F, respectively, and 
weekly accumulated growing degree days (base 50°F) were 345 
and 196, respectively.  
Developmental Acclimation 
 More shortWMs recovered from chill coma than longWM 
and SM flies (F 2,33 = 50.8, p < 0.0001; Fig 4). While there was 
no difference between lab reared shortWM and live-captured 
flies in 2014, fewer live captured flies recovered from chill coma 
than shortWMs in 2015 (t 1,19 = 2.0, p = 0.0337).
 The average temperatures during the collection periods 
in 2014 and 2015 were 47°F and 51°F, respectively, and weekly 
accumulated growing degree days (base 50°F) were 40 and 93, 
respectively.

Discussion 
 A suspension in egg production was observed in female 
SWD captured in the Finger Lakes region of New York in 
2014. A strong decline in egg-carrying females was seen from 
September to October and no eggs were found in dissected 
females by December (Figure 3). This is similar to a pattern ob-
served in Oregon, Italy, and Japan, associated with shortening 
day lengths (< 14 h) and sustained cool temperatures (<55°F) 
normally experienced in the fall. While this suspension in egg 
production may come too late in the season for many fall crops, 
those growers who extend their season in high tunnel systems 
should take note. 
 Whether or not SWD successfully overwinters in the 
northeastern U.S. remains a point of speculation. Even with 
acclimation, SWD is very susceptible to low temperatures and 
can be killed by short exposures to temperatures below 23°F. 
Winter temperatures in New York regularly drop below this 
lethal threshold, and acclimated flies selecting a protected 
overwintering location may rarely experience acutely lethal 
temperatures. Here we found that 80% and 60% of field-
captured SWD survived exposure to 26.6°F in 2014 and 2015, 
respectively (Figure 4), and this temperature represents the 
extreme end of what might be experienced at the soil surface. 
Although overwintering site selection behavior is still unclear, 
searches in Oregon have found individual flies under tree bark, 
inside tree collars, under leaf litter, in dropped apple fruit, and 
one fly under a board in a greenhouse (Dreves 2014). Flies that 
find themselves under tree bark are likely to experience ambient 
temperatures and therefore lethal temperatures during New 
York winters. 
 On the other hand, those flies that spend the winter at 
the soil surface under snow cover or even in man-made struc-
tures will stand a better chance of surviving the cold. Chronic 
cold tolerance studies in Oregon found that WM flies could 
survive several months of 33.8°F (Shearer et al. 2016). These 
flies need only tolerate starvation and avoid desiccation. By 
shifting energy use from egg production to fat storage in the 
fall, a diapausing winter morph fly is more capable of surviv-
ing for months at a time. Because the melanin responsible for 

coloration also increases the thickness of the flies’ exoskeleton, 
a darker appearance indicates an increase in desiccation resis-
tance. 
 In conclusion, fall conditions trigger winter acclimation in 
SWD, including a halt in reproduction, potentially reducing 
infestations in extended-season fruit crops. Additionally, this 
acclimation combined with proper site selection could make 
overwintering a possibility for SWD in northern climates. 
Entomologists and cold climate biologists are currently work-
ing to determine if there is a northern limit for SWD winter 
survival and whether or not summer infestations are from 
local overwintering populations or if they are migrating from 
milder, southern climates. This information could help with 
predicting the arrival or severity of yearly infestations.
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“We have spent a number of years trying 
to better define some of the individual 
issues that determine whether and how 
badly this disease will develop.  This 
article attempts to summarize some 
of our results within the context of 
better understanding the fundamental 
principles underlying BBR development 
and applying this knowledge to its 
management”

Botrytis Bunch Rot: A Disease Requiring 
Integrated Control
Wayne F. Wilcox
Plant	Pathology	&	Plant-Microbe	Biology	Section,	SIPS,	Cornell	University,	New	York	State	Agricultural	Experiment	Station,	Geneva,	NY

Botrytis bunch rot (BBR), caused by the fungus Botrytis cine-
rea, causes damage to ripening grape clusters throughout 
the temperate regions of the world where pre-harvest rains 

occur.  Although 
pure Botrytis in-
fections free of 
secondary con-
taminants can 
sometimes pro-
duce the so-called 
“noble rot” inte-
gral to the pro-
duction of certain 
prized dessert 
wines, a far more 
common result is 
a disease that re-
duces both yield 

and fruit quality (Figure 1), as infected grapes typically produce 
wines with substandard flavors and appearance.
 BBR is an amazingly complex disease.  Its development is 
governed by multiple 3-way interactions between the grapevine, 
the environment, and the Botrytis fungus itself, many of which 
are poorly understood.  With considerable contributions from 
former graduate student Stella Zitter and technicians Duane 
Riegel, Judy Burr, and Dave Combs, we have spent a number of 
years trying to better define some of the individual issues that 
determine whether and how badly this disease will develop.  
This article attempts to summarize some of our results within 
the context of better understanding the fundamental principles 
underlying BBR development and applying this knowledge to its 
management.

Disease biology
 Botrytis is a “weak” pathogen that primarily attacks highly 
succulent, dead or injured tissues, or those that are senescing 
(slowly breaking down). Feeding sites of grape berry moth lar-
vae, powdery mildew scarring of the grape skin, and pre-harvest 
splitting caused by overcrowding within tight clusters and/or 
excessive rain are common berry injury sites attacked by Botrytis.  
Withering blossom parts, aborted fruitlets, and ripening berries 
as they near maturity are important senescing tissues with respect 
to BBR development. 
 The fungus thrives in high humidity and still air, hence the 
well-known value of cultural practices such as leaf pulling and 
canopy management to minimize these conditions within the fruit 
zone.  Although the fungus does not grow well in berries until 
they start to ripen, it can gain entrance into young fruit through 
senescing blossom parts, old blossom “trash” sticking to berries 
within the cluster, and scars left by the fallen caps.  Such infec-

Figure	1.			Severe	Botrytis	bunch	rot	on	clusters	of	
cv.	Vignoles.

tions typically re-
main latent (dor-
mant) and unseen 
while berries are 
green.  However, 
some of them can 
resume activity 
and rot the ber-
ries as they start 
to ripen (senesce) 
if the conditions 
are “right”, after 
which  f ur ther 
spread can oc-
cur as new infec-
tions expand from 
these sites into 
additional ripen-
ing berries. This 
begs the question, 
when are dam-
aging infections 
most likely to oc-
cur?  And relat-
edly, when are sprays directed at this disease most important 
and valuable?
 We began investigating this question some years ago in a 
block of different Pinot noir clones in cooperation with the late 
Dr. Robert Pool and his technician, Steve Lerch.  Because it is 
well known that BBR is more severe in cultivars and clones with 
compacted fruit clusters, we chose to work with tight-clustered 
clone 29 (PN29) and the loose-clustered Mariafeld clone, which 
commonly develops lower levels of this disease than most other 
clones.  We added a third “clone”, PN29 vines whose clusters were 
thinned by hand after fruit set so that their architecture resembled 
that of Mariafeld.  This was to help determine whether Mariafeld’s 
relative resistance in the vineyard is due to some chemical or 
physiological factor specific to the clone or simply to the fact 
that its clusters are looser than most other Pinot noir clones.  
 For two consecutive years, clusters of the three clonal treat-
ments were inoculated with spores of the Botrytis fungus and 
kept wet overnight to promote infection, at four different growth 
stages: (i) late bloom; (ii) pea-sized berries; (iii) bunch closure; 
and (iv) veraison.  Selected clusters were taken to the lab 10 days 
later to determine the percentage of berries with invisible latent 
infections, whereas the remainder were allowed to mature on the 
vine and were rated at harvest to determine the percentage of the 
berries that had become rotten by Botrytis.  (An interesting side 
note: latent infections are determined by killing the berries—e.g., 
by freezing or treatment with certain herbicides—after which the 
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fungus colonizes the dead berry and forms spores, as if it were 
growing on inert agar in a petri dish.  This indicates that the 
fungus typically is held in a latent state on the vine through some 
active process provided by the living berries until they begin to 
senesce = ripen).
 The results from these trials are presented in Figures 2–5.  
There was no consistent effect of inoculation timing on the es-
tablishment of latent infections, although a greater percentage of 
berries did become infected from the late bloom inoculation in 
Year 2.  Similarly, there was no effect of the clonal treatment on 
latent infection establishment in either of the two years (Figs. 2 & 
4).   In contrast, both the time of inoculation and clonal treatment 
had a pronounced effect on the percentage of berries that actually 
became diseased after they matured.  That is, the highest levels of 
disease resulted from inoculations at veraison, consistent with the 
preference of the Botrytis fungus to colonize senescing tissues.  
Also, the greatest number of rotten berries always developed in 
the naturally compacted clusters of PN29, whereas there were 
significantly fewer in the naturally looser clusters of the Mariafeld 
clone or in clusters of PN29 that had been thinned to resemble 
those of Mariafeld (Figures 3 & 5).  Furthermore, it was clear that 
latent infections often failed to become active and cause berry 
rot, particularly in the clusters with less compaction.  In Year 2 
for example, 64 and 76% of the berries developed latent infections 
when clusters were inoculated at late bloom in the PN29/thinned 
and Mariafeld treatments, respectively (Figure 4), yet only 2 and 
1% of the berries in those same respective treatments actually 
became diseased by harvest (Figure 5).
 Collectively, these results led us to hypothesize that the 
higher levels of disease occurring in the tight-clustered PN29 
clone resulted from a relative few latent infections becoming 
active during the post-veraison period and then spreading to a 
much greater degree than when such clusters were thinned or in 
the loose Mariafeld clusters.  To examine this possibility, 10 days 
after veraison we inoculated either 1, 3, or 5 berries on various 
PN29 clusters, which were either naturally compacted or had 
been thinned by hand at fruit set as before.  To do so, we used a 
hypodermic needle to inject the designated berries with Botrytis 
spores, thereby producing individual rotten berries within clusters 
about 1 week later.  These served as initial “point sources” of the 
disease from which it could spread, and were meant to simulate 
the occasional post-veraison activation of latent infections.

Figure	2.	 Effect	 of	 clonal	 treatment	 and	 inoculation	 timing	 on	 the	
frequency	of	Pinot	noir	berries	with	invisible	latent	infections	in	
Year	1	of	the	study.		

Figure	5.	 Effect	 of	 clonal	 treatment	 and	 inoculation	 timing	 on	 the	
frequency	of	Pinot	noir	berries	with	symptoms	of	Botrytis	bunch	
rot	at	harvest	in	Year	2	of	the	study.	

Figure	3.	 Effect	 of	 clonal	 treatment	 and	 inoculation	 timing	 on	 the	
frequency	of	Pinot	noir	berries	with	symptoms	of	Botrytis	bunch	
rot	at	harvest	in	Year	1	of	the	study.	

Figure	4.			Effect	 of	 clonal	 treatment	 and	 inoculation	 timing	 on	 the	
frequency	of	Pinot	noir	berries	with	invisible	latent	infections	in	
Year	2	of	the	study.		

 As Figure 6 shows, the disease was able to spread extensively 
throughout the natural, unthinned PN29 clusters: from a single 
rotten berry that first developed 2.5 weeks after veraison, the 
disease subsequently spread to an average of 50 additional berries 
by harvest.  In contrast, disease spread was minimal within the 
thinned clusters in which a single berry was inoculated and only 
modestly greater when three or five berries were inoculated.
 In a related experiment the following year, bunches of a 
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tight-clustered Chardonnay clone were similarly thinned (or not) 
and inoculated.  Additionally, based upon a phenomenon we had 
observed years ago with Botrytis infections of strawberries, some 
vines received four weekly sprays of urea (8 lb/A) starting at ve-
raison, to see if high berry N content would affect disease spread.  
(Note that due to its late application, this treatment increased 
assimilable N in the must without increasing canopy growth.)  
Once again, little disease spread occurred in the thinned clusters 
regardless of nitrogen treatment, whereas significant spread did 
occur in the naturally compacted clusters.  Furthermore, elevated 
berry N also increased spread within these clusters when the sys-
tem was not “saturated” with the maximum number of inoculated 
berries.  For example, when three berries per cluster were inocu-
lated, the disease spread to three additional berries in the thinned 
clusters with or without post-veraison N sprays; in contrast, it 
spread to 31 and 11 additional berries in the compacted clusters 

Figure	6.	 	Effect	of	cluster	tightness	on	disease	spread.	Selected	clusters	
on	vines	of	Pinot	noir	clone	29	were	hand-thinned	after	fruit	set	
to	 approximate	 the	 looseness	 of	 those	 of	 the	 Mariafeld	 clone.			
Either	0,	1,	3,	or	5	berries	per	cluster	were	inoculated	at	veraison	
and	 disease	 was	 present	 on	 those	 initial	“point	 sources”	 1	 wk	
later.		Data	reflect	the	number	of	additional	berries	to	which	the	
disease	had	spread	by	harvest.

Figure	7.		Preharvest	spread	of	Botrytis	on	Chardonnay	berries	as	affected	
by	the	number	of	initial	infection	sites,		cluster	architecture,	and	
berry	nitrogen	status.		Selected	clusters	were	hand-thinned	after	
fruit	set	to	minimize	contact	among	berries	as	they	matured	(Th)	
whereas	 others	 were	 allowed	 to	 retain	 their	 natural	 tightness	
(Unth).	Selected	vines	received	four	weekly	foliar	sprays	of	urea	
(8	 lb/A)	 starting	 at	 veraison	 (N+),	 whereas	 others	 did	 not	 (N-).		
Either	0,	1,	3,	or	5	berries	per	cluster	were	inoculated	at	veraison,	
providing	individual	diseased	berries	1	wk	later.		Data	reflect	the	
number	of	additional	berries	diseased	after	harvest.

Figure	 8.	 	 Spread	 of	 Botrytis	 via	 berry-to-berry	
contact	 within	 a	 compacted	 cluster	 of	
Chardonnay	grapes.

on vines that did 
or did not receive 
the N applica-
tions, respectively 
(Figure 7).
 Thus, it ap-
pears that latent 
infections that 
occur during the 
bloom and post-
b l o o m  p e r i o d 
probably result in 
relatively few rot-
ten berries in and 
of themselves, but 
instead serve the 
role of “primary” 
infections, provid-
ing a foothold for 
the pathogen from 
which damaging 
levels of second-
ary spread can occur should they become active and conditions 
be favorable for disease development pre-harvest.  Such condi-
tions include not only climatic factors but others, including high 
berry nitrogen levels and compacted clusters, as shown above.  
Cluster compaction appears to be extremely influential, since 
the fungus can spread through tight clusters from just a single 
initial rotten fruit, via berry-to-berry contact (Figure 8).  Thus, 
finding a means to reduce cluster compaction safely and reliably 
is something of a “Holy Grail” in terms of Botrytis management.  
Several techniques have been tried, two of the more successful 
being well-timed applications of gibberellic acid and cluster-zone 
leaf removal at the very beginning of bloom.  However, these and 
other techniques have their own drawbacks and potential pitfalls, 
and deserve far more discussion than this article will allow.

Figure	9.			Effect	 of	 nitrogen	 on	 latent	 infection	 activation.	 Selected	
clusters	 on	 field-grown	 Chardonnay	 vines	 were	 inoculated	
with	 Botrytis	 spores	 at	 bloom	 to	 initiate	 latent	 infections,	 and	
some	vines	were	sprayed	with	urea	(8	lb/A)	five	times	at	weekly	
intervals	beginning	1	week	before	veraison	(N+),	whereas	others	
were	not	(N-).		Data	show	the	percentage	of	clusters	with	at	least	
one	 diseased	 berry	 at	 harvest,	 on	 both	 the	 inoculated	 clusters	
and	 uninoculated	 neighboring	 clusters	 flagged	 at	 bloom	 for	
comparison.
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Figure	12.	Effect	of	soil	water	status	on	the	activation	of	latent	infections.		
Potted	 Chardonnay	 vines	 were	 inoculated	 with	 Botrytis	 spores	
at	 bloom	 to	 initiate	 latent	 infections,	 then	 were	 maintained	 in	
a	 covered	 outdoor	 screenhouse	 and	 watered	 regularly	 with	 a	
hose	until	veraison.	Subsequently,	vines	were	either:	(i)	similarly	
watered	to	keep	the	soil	wet	(WET),	or	(ii)	watered	only	when	the	
shoot	tips	began	to	wilt	(DRY).		The	percentage	of	clusters	with	
at	least	one	diseased	berry	was	determined	at	harvest	and	again	
after	 the	 harvested	 clusters	 were	 incubated	 at	 95%	 RH	 for	 an	
additional	4	days

 Because most latent infections initiated during and after 
bloom do not become active and rot berries before harvest, it 
would be helpful to predict when pre-harvest activation might 
occur to potentially start an epidemic.  Although the factors that 
stimulate activation are not well understood, we have identified 
three that appear to be involved:  high berry nitrogen content, 
high atmospheric relative humidity (RH), and high plant water 
content.
 Since we had already determined that increasing berry ni-
trogen levels could increase secondary spread of the disease, we 
decided to see whether it might also promote the activation of 
latent infections.  Chardonnay vines were inoculated with Botrytis 
spores at bloom to initiate latent infections, some were sprayed 
with urea (8 lb/A) five times at weekly intervals beginning 1 week 
before veraison, and the effect was evaluated at harvest in two dif-
ferent ways.  In the first, we determined the percentage of clusters 
that had at least one diseased berry, presumably the result of a 
latent infection initiated at bloom that had become active; while 
doing so, we separately evaluated both the inoculated clusters 
and uninoculated neighboring clusters that were subject only to 
natural infection.  In both cases, the incidence of diseased clusters 
was nearly half-again as great on vines receiving the urea sprays 
versus those that did not (Figure 9).  We also determined the 
percentage of the cluster area that was diseased on these bunches 
(essentially, the percentage of diseased berries), which integrates 
the effect of N on both the activation of latent infections and their 
subsequent spread through the affected bunches.  This measure 
of disease severity was doubled and tripled on the inoculated and 
uninoculated clusters, respectively, for vines treated with urea 
versus those that were not (Figure 10).  
 To  examine the effects of high RH, we utilized potted 
Chardonnay vines.  These were inoculated with Botrytis spores 
at bloom to initiate latent infections and then maintained in 
a covered screenhouse, where they were subject to ambient 
environmental conditions while being protected from rain.  At 
either veraison or 10 days pre-harvest, 25 plants were moved to 
a large humid chamber (95% RH), and five of these were removed 

Figure	10.	Combined	effects	of	nitrogen	on	latent	infection	activation	and	
secondary	spread.	Selected	clusters	on	field-grown	Chardonnay	
vines	were	 inoculated	with	Botrytis	spores	at	bloom	to	 initiate	
latent	infections,	and	some	vines	were	sprayed	with	urea	(8	lb/A)	
five	times	at	weekly	intervals	beginning	1	week	before	veraison	
(N+)	 whereas	 others	 were	 not	 (N-).	 	 Data	 show	 the	 percentage	
of	 the	 cluster	 area	 diseased	 at	 harvest,	 on	 both	 the	 inoculated	
clusters	 and	 uninoculated	 neighboring	 clusters	 flagged	 at	
bloom	for	comparison.

Figure	11.	Effect	of	relative	humidity	on	the	activation	of	latent	infections.		
Potted	 Chardonnay	 vines	 were	 inoculated	 with	 Botrytis	 spores	
at	 bloom	 to	 initiate	 latent	 infections	 and	 maintained	 in	 an	
outdoor	screenhouse,	protected	from	rain.		At	either	veraison	or	
10	days	pre-harvest,	selected	pots	were	moved	to	a	large	humid	
chamber	(95%	RH)	and	returned	to	the	screenhouse	either	1,	3,	
5,	7,	or	9	days	later.	 	Data	show	the	percentage	of	clusters	that	
had	at	least	one	diseased	berry	at	harvest.

either 1, 3, 5, 7, or 9 days later and returned to the screenhouse.  
At harvest, we then determined the percentage of clusters that 
had at least one diseased berry, presumably the result of a latent 
infection initiated at bloom that had become active. As shown 
in Figure 11, imposing high RH for as long as nine consecutive 
days had no effect on latent infection activation if the treatment 
began at veraison.  However, prolonged humid conditions dur-
ing the pre-harvest period markedly increased the frequency of 
clusters with active infections by harvest, from 10% with 0 or 1 
day of exposure to 30 and 80% after 3 and 9 days of highly humid 
conditions.
 Although latent infections usually do not become active until 
after veraison, we occasionally see pea-sized berries with Botrytis 
symptoms when extensive rainfall occurs during the post-bloom 
period.  Again, based upon what is known about the interaction of 
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Figure	13.	Influence	 of	 spray	 timing	 on	 the	 control	 of	 Botrytis	 bunch	 rot	
in	Geneva,	NY	(cv.	Aurore,	1996-2000;	cv.	Vignoles,	2002-2015).		
Sprays	 were	 applied	 at	 (i)	 Bloom	 +	 bunch	 closure	 (Bl,	 BC);	 (ii)	
Veraison	 and	 2-3	 wk	 later	 (Ve,	 PH);	 or	 (iii)	 at	 all	 four	 of	 these	
stages.	 	 Data	 are	 expressed	 as	 percent	 reduction	 of	 diseased	
berries	relative	to	vines	in	the	same	trial	that	received	no	Botrytis	
fungicides.	

the Botrytis fungus with other crop plants such as strawberries, it 
seemed possible that this might be due in part to berries becoming 
more susceptible to colonization by the pathogen (latent infections 
becoming active) when vines are provided unrestricted access to 
water in the soil.  To examine this, we again inoculated potted 
Chardonnay vines with Botrytis spores at bloom and maintained 
them in a covered screenhouse.  The vines were watered regularly 
until veraison, then the pots were split into two groups, which 
were: (i) similarly watered (with a hose) almost daily to keep the 
soil wet (WET), or (ii) watered only when the shoot tips began 
to wilt (DRY).  The percentage of clusters with at least one dis-
eased berry was determined at harvest, after which the harvested 
clusters were incubated at 95% RH for an additional 4 days to see 
whether additional latent infections might become active.  
 As  shown in Figure 12, latent infections had become ac-
tive by harvest in approximately three times as many clusters in 
the WET treatment as in the DRY, although the only difference 
between the two was the amount of water added directly to the 
soil (the foliage and berries did not get wet in either).  When the 
harvested clusters were then incubated under high RH conditions, 
the percentage of diseased clusters more than doubled in the 
DRY treatment, whereas it was virtually unchanged in the WET 
(Figure 12).  These results suggest that in the former treatment, 
a significant number of viable latent infections had failed to be-
come active by harvest but did so once conditions became more 
favorable during the subsequent high-RH incubation.  In contrast, 
the pre-harvest conditions were much more favorable for latent 
infection activiation when vines were provided high amounts of 
water, so subsequent incubation under high RH conditions had 
little effect.

Management
 Cultural practices to improve air flow around the clusters, 
such as canopy management and leaf pulling, are well known 
and widely practiced. Removal or destruction of vineyard debris, 
particularly old cluster stems that serve as a major source of 
overwintering inoculum, is useful as well and worth employing 
to whatever extent is practical.  Minimizing cluster compaction 
through cultivar and clone selection at planting, and perhaps by 
utilizing some experimental techniques such as gibberellic acid 
application and trace bloom leaf removal, can have a major positive 
impact.  Excessive levels of nitrogen application (and pre-harvest 
irrigation, where that is practiced) should be avoided.  Fungicide 
sprays targeted specifically at BBR also can be beneficial on suscep-
tible cultivars and/or clones, particularly in a wet year.  However, 
it’s important to remember that unlike some of our other common 
fungal diseases, it is very difficult to control Botrytis simply by 
using a good spray program.  Integrating fungicide applications 
with cultural control techniques is a necessity when managing 
this disease.
 The fundamental questions regarding fungicides are which 
materials, and when? Traditional BBR spray programs call for 
possible applications at bloom (or late bloom), just as bunches are 
closing, veraison, and pre-harvest. The earlier timings are designed 
to prevent the initial establishment of infections through suscep-
tible blossom parts and blossom trash, whereas the later sprays 
are designed to prevent both initial infections through injured 
ripening berries and the spread of active infections throughout 
the ripening clusters.  Despite some pronouncements to the con-
trary, none of these timings are necessarily better than the others 

since either, both, or neither end of the seasonal spectrum can be 
important, depending on the infection pressure at that time. 
 This concept is nicely illustrated by data that we have gathered 
over 12 different seasons since 1996.  Figure 13 shows the control 
provided by Botrytis sprays applied early (late bloom plus bunch 
closure), late (veraison plus 2 weeks pre-harvest), or at all four of 
those stages, expressed as a percent reduction in disease severity 
relative to vines in the same trial that received no Botrytis sprays.  
Note that in some years (e.g., 1998, 1999, 2007, 2015), either two 
early sprays or two late sprays provided as much or nearly as much 
control as all four.  In 2002, the two early sprays alone provided 
most of the control provided by the full program, whereas the 
two late sprays alone provided very little.  In contrast, the two 
late sprays were as effective as the full program in 2011, whereas 
the two early sprays provided only half as much control.  And in 
the remaining years, the full program was superior to those con-
fined to either the first or last two applications, with the relative 
contributions of the early and late timings varying among years.
 The activities of the fungicides used against Botrytis could be 
the topic of another full article, although much of this information 
is presented in the annual NY and PA Pest Management Guide-
lines for Grapes.  Remember that these materials can vary not only 
in their general efficacy but also in their physical mode of action.  
That is, whereas most provide fair to excellent protective activity, 
only some have the capacity to enter flowers and berries and fight 
the fungus after infection has occurred.  Generally speaking, this 
activity is relatively common (but not universal) among the newer 
synthetic fungicides but is not common among the biological and 
biologically-derived products.  When known, these activities are 
noted in appropriate sections of the Guidelines.  And remember, 
the need to rotate among the various fungicide groups cannot be 
overemphasized if we want to maintain the utility of all of them. 

Wayne	Wilcox	is a research and extension professor in the 
Plant Pathology and Plant-Microbe Biology Section of Cor-
nell University’s School of Integrative Plant Science (SIPS) 
who leads Cornell’s program in disease control of grapes.
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Obliquebanded Leafroller (Lepidoptera: Tortricidae) 
Resistance to Insecticides in Michigan Apple and 
Cherry Orchards
Abdulwahab Hafez, David Mota-Sanchez, and John Wise
Department	of	Entomology,	Michigan	State	University,	Center	of	Integrated	Plant	Systems,	East	Lansing,	MI	

“The escalating concern about resistance 
in C. rosaceana field populations has 
reinforced the need for continued 
resistance monitoring and identification 
of effective tools for integrated pest 
management programs.”

The native North American pest, obliquebanded leafroller, 
Choristoneura rosaceana (Harris) (Lepidoptera: Tortric-
idae), is widely distributed and has a broad range of over 50 

hosts, but mem-
bers of the Rosa-
ceae family are 
preferred (Sand-
erson and Jackson 
1909; Larocque 
et al. 1999).  The 
p o l y p h a g o u s 
larva is the inju-
rious stage of C. 
rosaceana, as it 

feeds on flower buds, leaves, and developing fruit (Sanderson and 
Jackson 1909; Reissig 1978).  C. rosaceana is a foliage and fruit 
feeding pest in apple, causing significant damage, especially by the 
summer generation.  In cherry, the foliage and fruit injury caused 
by C. rosaceana is less serious compared with apple.  However, 
C. rosaceana is a more critical pest in cherry in the late season, 
when the larvae can be a contaminant in harvested cherries, 
thus representing a high risk for load rejection due to the U.S. 
Department of Agriculture zero-tolerance mandate (USDA 1941; 
Mason and Huber 2002; Wise and Whalon 2009).   
 Historically, C. rosaceana was considered a secondary pest 
in fruit orchards, but it became a serious pest causing signifi-
cant damage since outbreak populations began to occur in the 
late 1970s (Sial and Brunner 2010a, 2012b).  Documentation of 
many cases of insecticide resistance in C. rosaceana populations 
against conventional insecticides has made  this pest problem 
even more serious (Mushtaq et al. 2002; Smirle et al. 2002, 2003; 
Sial and Brunner 2012a). Conventional insecticides, especially 
the organophosphates, were the backbone of control programs 
at that time, and the resistance phenomenon among C. rosaceana 
populations against these compounds led to field failures in com-
mercial apple control programs (Bostanian et al. 1985; Waldstein 
and Reissig 2000; Mushtaq et al. 2002; Sial and Brunner 2012b). 
 Concurrent with the aggravating factor of resistance prob-
lems, US Congress passed the Food Quality Protection Act 
(FQPA) in 1996, which restricted or prevented the use of many 
conventional insecticides.  As a consequence, fruit growers were 
forced to replace many of the conventional insecticides with 
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new reduced-risk insecticides that have novel modes of action.  
Most of these new insecticides showed high efficacy against C. 
rosaceana populations (Smirle et al. 2003; Sial and Brunner 2010b, 
2010c, 2012a, 2012b; Sial et al. 2010).  However, some cases of 
resistance were recorded against some of these new insecticides, 
even though some field populations were not exposed to these 
products previously (Mushtaq et al. 2002; Smirle et al. 2002; Sial 
et al. 2010).
 The escalating concern about resistance in C. rosaceana field 
populations has reinforced the need for continued resistance 
monitoring and identification of effective tools for integrated pest 
management (IPM) programs (Waldstein and Reissig 2001; Wise 
et al. 2006, 2007; Mota-Sanchez et al. 2008; Hoffmann et al. 2009; 
Wise and Whalon 2009; Sial and Brunner 2010b, VanWoerkom 
et al. 2014).  The aim of the current study was to determine re-
sistance levels against commonly used insecticides in Michigan 
C. rosaceana field populations (Wise et al. 2015).

Materials and methods
 Three C. rosaceana populations were tested.  Two field 
populations were collected from one commercial apple and 
one commercial cherry orchard in western Michigan, and the 
third population was a susceptible laboratory population.  The 
three C. rosaceana populations were maintained, reared, and 
assessed under constant conditions (25±1°C, 16:L8D) following 
the method of Mushtaq et al. 2002.  Details of the insecticides 
tested are given in Table 1.

Laboratory Toxicity bioassay
 A baseline toxicity bioassay was conducted for each insecti-
cide on each of the C. rosaceana populations.  For this bioassay, 
a range of 6–13 concentrations of each insecticide was prepared 
with distilled water, with the control treatment being distilled 
water alone.  For each concentration of each insecticide, a 100-mi-
croliter aliquot was applied to the surface of 3 ml of artificial diet 
(Mushtaq et al. 2002) in 30 ml (1 fl oz) clear plastic soufflé cups.  
To ensure the solution covered the entire diet surface, the cups 
were gently rotated.  When the solution layer had dried (30–45 
min), five 12–24-h old C. rosaceana larvae were placed in each 
cup.  Five to 10 replications (cups) were assigned to each concen-
tration of each insecticide.  Larval mortality was recorded 120 
h after the larvae were placed on the treated diet for all insecti-
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cides, except chlorantraniliprole 
and novaluron, where the larval 
mortality was recorded after 168 
h.  The mortality data for each 
insecticide and each population 
was analyzed by Probit Analysis 
using SAS 9.4 (SAS Institute 
2013) to calculate the LC50 and 
LC90 values.  The LC50 and LC90 
values for each C. rosaceana 
field population were compared 
with those of the susceptible 
laboratory population to assign 
a resistance level for each field population.  Control 
mortality was used to adjust the mortality of each 
treatment using Abbott’s formula (Abbott 1925).

Results and Discussion
 Different levels of resistance to the eight tested 
insecticides were observed in the two C. rosaceana 
field populations.  Generally, in comparing the LC50 
and LC90 values, more cases of insecticide resistance 
were found in both commercial apple field popula-
tions than in the commercial cherry population.  
Additionally, the C. rosaceana populations collected 
from commercial orchards were generally more 
susceptible to the newer insecticides than to the 
conventional insecticides (Table 2).

Conventional insecticides
 Organophosphates.  Considering the historical 
long-term use of organophosphates in apple and 
cherry orchards, high levels of resistance against 
organophosphates in C. rosaceana field popula-
tions were to be expected (Mota-Sanchez et al. 
2008).  This expectation was documented by the 
occurrence of high levels of resistance against 
organophosphates throughout the United States 
and Canada (Sial and Brunner 2012; Smirle et al. 
2002, 2003).  However, our study recorded a low 
level of resistance to phosmet in the apple field 
population, and no resistance in the cherry popu-
lation, compared with the susceptible population 
(Table 2).  Our results for Michigan field popula-
tions were in agreement with those of a previous 
study (Mushtaq et al. 2002), where Michigan C. 
rosaceana populations showed moderate resistance 
to azinphos-methyl and chlorpyrifos, and low 
resistance to phosmet.  Maintaining a low level of resistance in 
C. rosaceana field populations against an older compound like 
phosmet over the past decade is a good sign of the effectiveness 
of the IPM programs in Michigan apple and cherry orchards.  
Even so, the use of phosmet for C. rosaceana control programs 
should be avoided in these orchards because of the likelihood of 
rapid resistance build-up if selection pressure were to resume. 
 Carbamates.  Similarly to the organophosphates, we expect-
ed high levels of resistance against carbamates in C. rosaceana 
field populations, since both classes have the same mode of action 
as acetylcholinesterase (ache) inhibitors (IRAC 2016).  Accord-
ingly, applying either one of these two classes would promote 

Table	1.		Details	of	compounds	tested.

Treatment

Trade	name	 Chemical	class Active	ingredient Company	

Imidan 70W Organophosphate Phosmet Gowan Company, Yuma, AZ
Bifenture 10DF Pyrethroid Bifenthrin United Phosphorus, Inc., King of Prussia, PA
Lannate LV Carbamate Methomyl I.E. du Pont De Nemours and Co., Wilmington, DE
Delegate 25WG Spinosyn Spinetoram Dow AgroSciences, Indianapolis, IN
Altacor 35WG Anthranilic diamide Chlorantraniliprole I.E. du Pont De Nemours and Co., Wilmington, DE
Avaunt 30WG Oxadiazine Indoxacarb I.E. du Pont De Nemours and Co., Wilmington, DE
Proclaim 5SG Avermectin Emamectin benzoate Syngenta Crop Protection Inc., Greensboro, NC
Rimon 0.83EC Benzoylphenylurea Novaluron Chemtura Corporation, Middlebury, CT

Table	 2.	 Baseline	 toxicity	 of	 eight	 insecticides	 against	 C.	 rosaceana	 12/24h-old	 larvae	
of	 apple	 (K.A.)	 and	 cherry	 (F.C.)	 field	 populations	 compared	 with	 susceptible	
population.

Treatmenta Active	ingredient Population RR
50

b RR
90

b 	X
2

	Value

Imidan Phosmet

Susceptible (120 H) 1.0 1.0 25.62
F.C. (120 H) 2.5 1.8 18.44
K.A. (120 H) 5.0 5.7 116.35
       

Bifenture Bifenthrin

Susceptible (120 H) 1.0 1.0 21.46
F.C. (120 H) 4.9 7.6 38.90
K.A. (120 H) 5.0 12.9 53.56
       

Lannate Methomyl

Susceptible (120 H) 1.0 1.0 24.62
F.C. (120 H) 0.1 0.0 15.75
K.A. (120 H) 0.4 0.1 37.98
       

Avaunt Indoxacarb

Susceptible (120 H) 1.0 1.0 56.59
F.C. (120 H) 21.0 629.9 52.30
K.A. (120 H) 620.4 50998.0 26.38
       

Delegate Spinetoram

Susceptible (120 H) 1.0 1.0 20.76
F.C. (120 H) 4.1 3.7 70.41
K.A. (120 H) 4.3 3.1 86.36
       

Proclaim Emamectin benzo-
ate

Susceptible (120 H) 1.0 1.0 69.91
F.C. (120 H) 5.8 4.1 57.19
K.A. (120 H) 6.3 4.3 78.61
       

Altacor Chlorantraniliprole

Susceptible (168 H) 1.0 1.0 25.98
F.C. (168 H) 1.1 1.5 61.57
K.A. (168 H) 4.7 6.0 77.53
       

Rimon Novaluron

Susceptible (168 H) 1.0 1.0 30.62
F.C. (168 H) 5.3 5.8 57.89
K.A. (168 H) 2.4 8.5 83.64
       

a
 Mortality was recorded after 120h of exposure to insecticides (except for chlorantraniliprole and 

novaluron mortality, which was recorded after 168h of exposure).
b 

Resistance ratio (RR) = LC value of Field strain/LC value of susceptible strain.

development of field population resistance to that class as well as 
to the other class of compounds, a phenomenon known as cross-
resistance.  This phenomenon was documented in apple orchards 
in Ontario, Canada (Pree et al. 2002) and Michigan (Mushtaq et 
al. 2002), where C. rosaceana organophosphate-resistant field 
populations were found to be highly resistant to carbamates such 
as methomyl and carbaryl.  However, the current study noted no 
resistance in field populations, compared with the susceptible 
population, to the carbamate insecticide methomyl (Table 2). We 
believe this unexpected result was a consequence of excluding 
carbamate insecticides from the control programs in Michigan 
fruit orchards and the reduction of seasonal organophosphate 
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applications in the same control programs over the past de-
cade (Michigan Fruit Management Guide 2015). Nonetheless, 
carbamate insecticides are not recommended for control of C. 
rosaceana.
 Pyrethroids. The C. rosaceana field populations in this study 
showed low resistance to bifenthrin (Table 2), which is consis-
tent with previous work conducted in Michigan (Mushtaq et al. 
2002), where low resistance levels were recorded for pyrethroid 
insecticides such as cypermethrin, zeta-cypermethrin, bifen-
thrin, deltamethrin and esfenvalerate.  This result highlights the 
effectiveness of Michigan apple and cherry IPM programs in pre-
venting any increase in resistance levels for more than a decade.  
However, periodic monitoring is required to detect any further 
increases in the resistance to pyrethroid insecticides, which are 
not recommended as a first choice for targeted control.

Reduced-risk insecticides.
 Both field populations showed similar levels of resistance to 
insecticides in this group, except for chlorantraniliprole, where 
both populations had very low resistance to spinetoram and 
emamectin benzoate, and no resistance to novaluron (Table 2).  
In the chlorantraniliprole treatment, the apple field population 
was very slightly resistant, while the cherry field population 
showed no resistance (Table 2).  The very low levels or absence of 
resistance to the reduced-risk insecticides were expected, as they 
are relatively new compounds; emamectin benzoate, novaluron, 
spinetoram, and chlorantraniliprole were first registered in the 
US in 1999, 2001, 2007, and 2008, respectively (USEPA 2016).  
However, our results showed slightly higher resistance levels to 
some of the reduced-risk insecticides compared with previous 
studies in Washington and Michigan apple orchards, where C. 
rosaceana was not resistant to spinetoram, emamectin benzo-
ate, novaluron, and chlorantraniliprole (Mushtaq et al. 2002; Sial 
et al. 2010; Sial and Brunner, 2012), except for one Washington 
field population that showed very low resistance to chlorantra-
niliprole.  Although the resistance levels in our study would still 
be considered negligible, this early development of resistance to 
these newer insecticides should be a warning to monitor control 
programs carefully, especially when these compounds are applied 
consistently, to prevent losing these tools because of a resistance 
problem. 
 Indoxacarb.  Indoxacarb was first registered in the US in 
2000 (USEPA 2016).  In this study, the C. rosaceana apple and 
cherry field populations were highly and moderately resistant to 
indoxacarb, respectively (Table 2).  Similar results were reported 
14 years ago in a C. rosaceana field population from a Michigan 
apple orchard with no history of indoxacarb application (Mush-
taq et al. 2002).  Similarly, C. rosaceana populations from apple 
orchards in the Okanagan and Similkameen Valleys in British 
Columbia, Canada, were found to have high levels of resistance 
to indoxacarb (Smirle et al, 2002).  These observations were also 
from populations that had no history of exposure to indoxacarb 
applications, which supports the notion of cross-resistance from 
other chemical classes.  Indoxacarb is not currently labeled for 
C. rosaceana control, so this is more of academic interest than 
practical importance.  We will continue to study this situation to 
identify the mechanisms that play a role in indoxacarb resistance. 
 The levels of resistance against the newer insecticides should 
be monitored periodically for further increases in resistance 
levels.  A statewide survey of more commercial orchards would 

help determine the extent of insecticide resistance across the tree 
fruit production regions.
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Dealing with Frost Damage and Climate Change in 
Tree Fruit Crops
Michael Wisniewski, Timothy Artlip, and John Norelli
USDA-ARS,	Appalachian	Fruit	Research	Station,	Kearneysville,	WV

“The overexpression of a CBF master 
regulator gene in apple can be used as a 
model system to better understand the 
genetic regulation of freezing tolerance, 
dormancy, and growth. Knowledge 
of these processes can lead to the 
development of strategies to adapt fruit 
trees to erratic weather patterns brought 
about by ongoing climate change.”

Each year, the U.S. produces about 15 million tons of de-
ciduous fruit crops that have a combined value of >$10 
billion. Unpredictable cold damage to these nutritionally 

important crops 
is a major threat 
to industry prof-
i tabi l i ty.  O ver 
the last 6 years, 
cold damage has 
accounted for al-
most half of the 
total value of in-
surance payments 
for crop loss to 
growers of the 
top five decidu-
ous fruits (Table 

1; www.rma.usda.gov). Recent events that occurred across 
large areas of North America include the “Easter freeze” (2007), 
“Mother’s Day freeze” (2010), “killer frost” (2012), the “polar vor-
tex” (2014), and the spring freeze events that occurred this year 
(2016).  The scenario for these events generally included a period 
of unseasonably warm temperatures in early spring (March) in-
ducing overwintering tree fruit crops to break bud and begin to 
grow, followed subsequently by low temperature events several 
weeks later (April) at a time when flowers and early vegetative 
growth had little to no frost tolerance. Unfortunately, the occur-
rence of erratic patterns of severe weather, including devastating 
spring frosts, is expected to increase as a direct result of global 
climate change, despite overall increases in mean temperatures 
(Gu et al. 2008).  Finding approaches that will allow fruit growers 
to deal with this problem is a critical challenge. 
 Recommendations for practices that mitigate cold damage 
sometimes lack much specificity and often vary in their proven 
effectiveness.  Generally, they fall into two categories: passive 
and active. Passive methods include site, cultivar, and rootstock 

selection, and cultural practices that promote and/or prolong 
seasonal changes in the level of freezing tolerance.  Knowledge 
of the response of different cultivars and rootstocks to fluctuat-
ing temperatures, however, is often lacking. Active methods 
to mitigate cold damage include the use of wind machines, 
sprinklers, and heaters.  While various approaches to modify 
orchard temperatures are available, they are costly, sometimes 
impractical, and are often effective only during specific types of 
weather conditions, such as temperature inversions. The range 
of protection is also generally limited to two to three degrees 
below 0°C (32°F).  The premise of passive and active approaches 
of mitigating cold damage can be summarized as trying to in-
crease and/or prolong freezing tolerance or trying to prevent tree 
tissues from freezing, either by raising orchard temperatures or 
promoting supercooling (freeze avoidance - the ability of plant 
tissues to reach temperatures well below 0°C without freezing).  
Research at the USDA-ARS, Appalachian Fruit Research Sta-
tion, Kearneysville, WV has focused on both understanding the 
regulation and promotion of supercooling to avoid freezing and 
understanding the genetic mechanisms that regulate freezing 
tolerance and dormancy (Wisniewski et al. 2014a,b).
  The ability to acclimate to freezing temperatures and undergo 
a period of dormancy is essential to the survival of temperate 
woody plants, including tree fruit crops.  Seasonal regulation of 
growth and freezing tolerance is marked by developmental events 
such as growth cessation, bud set, the onset of dormancy, cold 
acclimation, deacclimation, and bud burst  (Kalberer et al. 2006; 
Ibañez et al. 2010; Gusta and Wisniewski 2013) (Figure 1). Both 
cold acclimation and dormancy are regulated by a distinct set of 
changes in gene expression (Thomashow et al. 2001; Welling and 

Figure	1.	Seasonal	changes	in	cold	hardiness	can	be	broken	into	different	
stages.	 	 Each	 one	 of	 the	 stages	 can	 be	 under	 different	 genetic	
control	and	uniquely	inherited.

Table	1.		Insurance	 payments	 for	 crop	 losses	 in	 U.S.	 apple,	 pear,	 peach,	
cherry,	and	grape.
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Palva 2006; Chinnusamy et al. 2010). A special class of genes 
called transcription factors regulate complex physiological 
and developmental processes in all living organisms through 
their ability to activate a large number of other genes that are 
responsible for controlling different aspects of metabolism and 
development.  For example, transcription factors in plants can 
regulate growth, defense responses, ripening, flowering, and 
cold acclimation. The CBF transcription factor is a master 
regulator of cold responses in plants. It has been shown to 
be activated by low temperatures and then, in turn, activates 
a whole suite of genes that contribute in different ways to 
increasing freezing tolerance.  A CBF gene from peach was 
isolated in our research program and overexpressed (constant 
expression) in M.26 apple rootstocks using apple transforma-
tion technologies in order to better understand the function of 
CBF genes in tree fruit crops. The transformed CBF transgenic 
apple line was designated as T166, while non-transformed 
control plants were designated simply as M.26 (Wisniewski 
et al. 2011).

CBF Regulates Cold Hardiness, Growth and 
Dormancy in Apple
 Overexpression of a peach CBF transcription factor 
gene in apple resulted in an increase in freezing tolerance 
in young trees whether they were in a non-acclimated or 
cold-acclimated state.  The LT50  (the temperature at which 
50% injury is observed as measured by electrolyte leakage) for leaves 
from non-acclimated CBF transgenic and non-transgenic M.26 trees 
was -9.5°C (14.9°F) and -5. 3°C (22.5°F), respectively, and -13°C (8.6°F) 
and -7.2°C (19°F), respectively, in acclimated trees.  There was a higher 
accumulation of anthocyanins in CBF transgenic lines than in the 
untransformed M.26 trees, and the transformed trees were also initially 
smaller (Figure 2). While the impact on freezing tolerance and growth 
was expected based on earlier studies on the overexpression of CBF in 
herbaceous plants, the trees also exhibited an early onset of dormancy 
and leaf senescence (Figure 2).  The early onset of dormancy could be 
triggered by short days without exposure to low temperatures, which 
was totally unexpected, since low temperatures rather than short days 
are required to induce dormancy in apple (Heide and Prestrud 2005). 
 Subsequent field trials were conducted over a three-year period 
in order to characterize the seasonal growth and development of the 
transformed trees under field conditions (Artlip et al. 2014). Results 
confirmed that CBF transgenic trees had increased levels of cold 
hardiness, relative to untransformed M.26 trees, entered dormancy 
and exhibited leaf senescence earlier than non-transformed M.26 
trees (Figure 3), exhibited later budbreak (Figure 4), and reduced 
growth (Figure 5). A subsequent study (Wisniewski et al. 2015) 
demonstrated that the overexpression of the peach CBF gene in apple 
affected the expression of several cold-regulated  genes that contribute 
to freezing tolerance, dormancy, and early bud break, as well genes 
that regulate the level of bioactive forms of gibberellic acid, which 
plays an important role in shoot growth. Cold-regulated genes are 
associated with increased freezing tolerance in a wide array of plant 
species (Chinnusamy et al. 2010).  Dormancy-related genes have been 
extensively studied in peach and linked to chill unit accumulation 
(Jiminez et al. 2010), while the early bud break gene was reported to 
regulate the time of bud break in poplar (Yordanov et al. 2014).  CBF 
expression has also been associated with genes that regulate gibberellic 
acid synthesis and breakdown (Achard et al. 2008) in several plant 
species. Based on the findings of our study, and the existing literature, 

Figure	 2.	 A	 comparison	 of	 the	 phenotype	 of	 non-transformed	 M.26	 apple	
rootstocks	and	M.26	rootstocks	transformed	to	overexpress	a	peach	
CBF	 gene,	 a	 master	 regulator	 of	 cold	 responses	 (T166).	 Left:	 CBF	
transgenic	 (T166)	 leaves	 accumulate	 higher	 levels	 of	 anthocyanins	
than	 non-transformed	 M.26	 leaves	 in	 response	 to	 cold	 acclimation	
conditions.	Top	right:	In	general,	CBF	transgenic	(T166)	plants	were	
smaller	 than	 M.26	 plants.	 Bottom	 right:	 CBF	 transgenic	 (T166)	
trees	 exhibited	 terminal	 bud	 set	 and	 leaf	 senescence	 in	 response	
to	exposure	to	cold	acclimating	conditions	for	two	weeks	(low,	non-
freezing	 temperatures	 and	 short	 photoperiod)	 and	 then	 returned	
to	 the	 normal	 growth	 conditions	 in	 the	 greenhouse,	 while	 non-
transformed	trees	(M.26)	returned	to	normal	growth	when	they	were	
returned	to	the	greenhouse.

Figure	 3.	 	 Early	 leaf	 senescence	 and	 leaf	 drop	 in	 transgenic	 M.26	
apple	 rootstocks	 overexpressing	 a	 peach	 CBF	 gene	
(PpCBF1-Ox),	relative	to	non-transformed	M.26	rootstock	
trees.	Photographs	of	field-grown	trees.
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Figure	5.		Overexpression	of	a	peach	CBF	gene	in	transgenic	M.26	reduces	growth	in	field-planted	
trees	 compared	 with	 growth	 in	 non-transformed	 M.26	 trees.	 Overall	 height,	 stem	
diameter	(caliper),	and	current-year	shoot	growth	were	all	reduced	in	the	transgenic	
trees.	Photos	taken	in	spring,	2012.	

Figure	 4.	 	 Delayed	 bud	 break	 in	 CBF	 transgenic	 M.26	 apple	 rootstocks	 (PpCBF1-Ox)	 relative	
to	 non-transformed	 M.26	 trees.	 Graphs	 represent	 data	 from	 2011(a),	 2012(b),	 and	
2013(c):	open	symbols	=	M.26	trees	and	closed	symbols	=	PpCBF1-Ox	trees.	Photo	of	
representative	shoots	in	2011.	

a model was developed for apple suggesting 
how the CBF transcription factor could act 
as a master regulator of cold acclimation, 
dormancy, and growth (Figure 6).  We are 
currently using the CBF transgenic line as a 
model system to investigate the regulation of 
seasonal changes in cold hardiness, dormancy, 
and growth in fruit crops.
 An extension of this research was to de-
termine if a transgenic rootstock could affect 
the physiology and development of a scion 
grafted onto the transgenic rootstock. It was 
hoped that the desirable attributes, such as 
the delayed bud break and increased freezing 
tolerance, would be expressed in any scion 
cultivar that was grafted on to that transgenic 
rootstock.  A three-year, reciprocal grafting 
study was conducted using the CBF trans-
genic and non-transgenic M.26 rootstocks, 
and Royal Gala as a scion (Artlip et al. 2016). 
Unfortunately, the only statistically significant 
effect that was observed for the rootstock was 
growth suppression and a slight prolonging 
of the juvenile period prior to flowering. The 
onset and release from dormancy, and freezing 
tolerance were unaffected.  This indicates that 
each cultivar would need to be independently 
transformed in order to see an effect on freez-
ing tolerance and dormancy. Further studies, 
using the CBF transgenic line as an intergraft 
are being conducted. 

Adapting Fruit Trees to Erratic Weather 
Patterns
 Freeze damage has been a perennial 
concern to tree fruit growers. While climate 
warming, and the resulting trend of milder 
winters, appears to have reduced the threat 
of midwinter freeze damage in many fruit 
growing areas, it has brought with it a new 
set of potential problems. It is expected that 
climate change and the onset of higher tem-
peratures and higher levels of carbon dioxide 
may change the life cycles and distribution of 
many insects and disease-causing microor-
ganisms, and also affect the timing of seasonal 
developmental events, such as the onset and 
release of dormancy, and the ability to cold 
acclimate. Despite these pending problems, 
little information is directly available about 
how different fruit cultivars will react to these 
changes or what can be done to adapt trees to 
these changing conditions.
 Erratic weather patterns, such as mild 
winters, early warming in the spring, fol-
lowed by more seasonable or extreme low 
temperatures, can be expected to increase in 
frequency.  These conditions will result in early 
bud break in many cultivars and the exposure 
of very frost-tender tissues (flowers and young 

shoots) to devastating freezing events, such as was experienced in the Mid-Atlantic 
States in the spring of 2016.  What can be done to address this problem on a short-
term and a long-term basis is a serious question.
 To date, there are no reliable and effective management tools available to a fruit 
grower that can be easily applied to mitigate potential frost injury shortly prior to 
or after a significant freezing event.  Even active approaches, such as the use of 
wind machines, sprinklers, heaters, etc. would have little impact if temperatures 
drop below -5°C (23°F) or below.  One approach that could be used to address the 
problem would be to make trees more resilient to losses in cold hardiness and early 
bud break brought about by warm temperatures in mid-winter and early spring. 
Our investigations into the genetic regulation of freezing tolerance and dormancy 
reflect that approach. A more comprehensive understanding of how these processes 
are regulated will enable the development of strategies to control them in a precise 
manner as needed, without having a detrimental effect on other economically-
important traits such as yield and fruit quality.
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Making Apple Trees Friendlier for Mechanized 
Harvesting
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“In this article, I review the state of 
mechanization in apple fruit harvesting, 
the effort to develop fully automated 
robotic systems for picking fruit, and 
our ongoing studies aimed at making 
apple trees friendlier for mechanized 
harvesting.”

The current commercial apple production system in the 
U.S. is labor-intensive and costly, as orchard operational 
tasks, such as pruning trees and harvesting fruit, must 

b e  c o n d u c t e d 
manually.  Based 
on 2007 USDA 
apple survey data, 
a recent study in 
economics found 
that the total vari-
able costs were 
$4,039 per acre 
per year in fresh 
apple production 

in established orchards, and labor accounted for nearly 60 percent 
of the variable costs (Taylor and Granatstein 2013).  Findings from 
an enterprise budget study for a medium density apple orchard 
indicated that harvesting fruit would make up 44 percent of the 
variable labor costs, pruning and training 25 percent, and thin-
ning 21 percent (West et al. 2012).  Therefore, an absolute majority 
of the labor costs can be attributed to manual tree pruning and 
training, fruitlet thinning, and fruit harvesting, which is the most 
expensive single labor demand.
 It is expected that immigration laws will likely be more strictly 
reinforced and that immigration reforms will likely take place.  As 
a result, the availability of orchard workers will decrease, which 
will lead to a significant increase in workers’ wages and overall 
production costs.  If the overall production costs increase due to 
higher labor rates, what can growers do?  Can they simply raise 
their fruit prices and pass the cost on to consumers to maintain 
their profitability levels?  This question may need a dedicated 
study to be addressed properly.  But given today’s relatively 
open global economy, it is likely difficult for growers to do so, as 
imported apples could possibly be sold at lower prices.  For ex-
ample, on the marketplace for processed apple products, the U.S. 
apple industry has pretty much lost its competitiveness against 
the concentrated apple juice imported from China.  According 
to Calvin and Martin (2010), the price received by U.S. growers 
for juice apples cannot even cover their harvesting costs in some 
years.  The increase in production cost will also suppress industry 
profitability on the international market.  At present, roughly 
one quarter of U.S. fresh apple production is exported to other 
countries.  In responding to these challenges, the industry has 
been calling for coordinated efforts to mechanize the manual 
tasks in orchard operation to maintain its competitive edge in 
marketplaces, both domestically and internationally.
 In this article, I review the state of mechanization in apple 
fruit harvesting, the effort to develop fully automated robotic 

systems for picking fruit, and our ongoing studies aimed at mak-
ing apple trees friendlier for mechanized harvesting.

Mechanization	for	Apple	Fruit	Harvesting
 Efforts to mechanize fruit harvesting have aimed at two 
different end-applications: 1) developing motorized platforms 
that can increase hand-harvest efficiency, and 2) developing fully 
automated robotic systems that can pick the fruit in a manner 
comparable to or better than human pickers.  The drive for the 
first end-application largely comes from the observation that 
apple pickers can only use approximately 30 percent of their time 
to pick fruit  (Calvin and Martin 2010).  They must use the major-
ity of their time to move and climb ladders, and to dump sacks 
of fruit into collection bins.  Frequently climbing up and down 
ladders results in accidents that can cause severe injury to fruit 
pickers.  Development of auto-powered platforms would allow 
them more time to pick the apples, while reducing the chance of 
injury-causing accidents.  
 Currently, one such motorized platform available on the 
market is the vacuum harvester (Figure 1A) from Phil Brown 
Welding Corp. (Conklin, MI).  According to the company, the 
vacuum apple harvester not only eliminates the need for lad-
ders, but also addresses three other major problems: bruising, 
efficiency, and picker fatigue.  For reducing bruising, the system 
uses a small, lightweight bucket-style inlet for pickers to place 
apples, which prevents apple-to-apple contact all the way into 
the collection bin.  For increasing efficiency, the system enables 
pickers to just pick the fruit and not worry about other activities 
needed in conventional ladder picking.  The company states that 
a five-man crew can fill and exchange a 20-bushel bin every 10 
minutes, equivalent to 24 bushels per man-hour.  For mitigating 
fatigue, the pickers get a 45-second to 1-minute break every 10 
minutes (during the bin exchange).  
 Another platform is the Pluk-O-Trak apple harvester from 
Munckhof, Netherlands (Figure 1B).  Pickers don’t need to touch 
the fruit once they place it on fingered conveyor belts that take it 
to a rotating bin filler, minimizing the risk of damage to the fruit.  
There are two versions, called Pluk-O-Trak Senior and Junior, 
respectively.  Based on the company’s literature, Pluk-O-Trak 
harvesting machines enable trees to be fully harvested from top 
to bottom without the need to use a second harvesting system.  
The Senior model is the most suitable for applications in larger 
orchards having trees up to 13 ft high and in rows 13 ft wide.  
The system is available in the US through OESCO, Inc. (Conway, 
MA).  
 The third platform is the Huron Apple Fruit Systems (Figure 
1C) developed by Wafler Farms (Wolcott, NY).  The Huron Sys-
tems unit comprises a picking platform and a bin trailer.  Accord-
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ing to the developer, the harvest system 
is specifically designed and developed 
to work with orchard row spacings of 
10–14 ft.  The most innovative feature 
of the system is that it can allow a set of 
five empty bins to be loaded from the bin 
hauler automatically, and then released 
to the ground all together when fully 
filled with fruit.  However, unlike the 
two platforms described above, workers 
must unload the bags of fruit into the 
bins themselves.  
 The efforts to develop fully auto-
mated robotic systems to fulfill the sec-
ond end-application is far from being a reality.  In most cases, 
prototypes developed as robotic apple harvesters are simply not 
up to the intended task.  The latest research emphases seem to 
be on developing and improving the end-effectors of fruit harvest 
robots.  For example, a novel under-actuated end-effector for the 
robotic harvesting of tree fruit (Figure 2A) has been invented to 
mimic hand-picking; it uses a shape-adaptive grasper with open-
loop control (Davidson and Mo 2015).  Another example (Luo 
and Wei 2015) is to develop a robotic system that is operated in 
a master-slave manner, which is widely used in surgical robots, 
for picking apple fruit (Figure 2B).  Clearly, much of the research 
work in this area remains at the proof-of-concept stage.

Making	Trees	 Friendlier	 for	 Mechanization	Through	
Genomics	Studies	in	Tree	Architecture
 As described above, various platforms have been developed 
to facilitate hand harvesting of apple fruit.  Adapting to these sys-
tems would certainly lead to considerable savings in labor costs, 
and reduce the dependence on seasonal workers.  However, very 
limited progress has been made in developing fully automated 
apple fruit harvesting systems.  The major challenge has been 
the irregularity of the tree canopy, which is complex, tall, wide, 
dynamic, and highly variable for the existing widely grown apple 
cultivars.  Obviously, shorter trees with a narrower and more ho-
mogeneous canopy are friendlier to machines.  Such a tree form is 
also considered to be ideal for optimal light distribution, fruit size 
and fruit quality.  Could we have apple trees that naturally grow 
with these desirable characteristics?  In viewing the tremendous 
variations in the way apple trees grow (Figure 3), this is entirely 
possible, although little is known of the genetic and molecular 

Figure	1.		 Auto-powered	platforms	for	apple	fruit	harvesting.	A.	The	Vacuum	Harvester	System,	developed	by	Phil	Brown	Welding	Corp.	(Conklin,	MI).	B.	
Pluk-O-Trak-Senior	Apple	Harvester,	by	Munckhof,	Netherlands.	C.	The	Huron	Apple	Fruit	Systems	by	Wafler	Farms	(Wolcott,	NY).

A B C

A B

Figure	2.	 	Novel	prototypes	of	robotic	end-effectors	designed	for	apple	fruit	harvesting.	A.	Davidson	
and	Mo	(2015).	B.	Luo	and	Wei	(2015).

mechanisms underlying the variations in apple tree forms.
 There are two extreme growth habits of apple trees: columnar 
and weeping.  Columnar growth habit was originally discovered 
from a sport (somatic mutation) of McIntosh (Lapins 1969), called 
Wijcik McIntosh (Figure 4).  Compared with McIntosh, Wijcik 
McIntosh shows much stronger apical dominance and apical con-
trol.  Consequently, Wijcik McIntosh has fewer lateral branches, 
smaller branch angles (growing vertically, in fact), shorter inter-
nodes, and a simpler canopy deemed to be more suitable for high 
density planting and mechanized harvesting.  Columnar trees 
mostly bear fruits on spurs that are branched on “old wood”, and 
thus need little pruning, but strongly tend to bear fruit biannually.  
Wijcik McIntosh is the only known source of columnar growth 
habit, and has been used in apple breeding programs to develop 
columnar apple cultivars.  Although many columnar apple cul-
tivars are available, such as Irish Spire, Telamon, and Tuscan, 
none of them are grown on a large commercial scale.  A number 
of factors, such as biannual bearing, fruit quality, yield, high 
replacement cost, limited needs for mechanization in the past, 
among others, might have contributed to the minimal adoption 
of columnar apples in commercial production.  The weeping tree 
form (Figure 3D) is characterized by downward branches and with 
significantly more branches.  Weeping growth habit has not been 
used in commercial apple production.  However, many crabapples 
such as Red Jade and Cheal’s Weeping are often planted in public 
gardens and plantations for ornamental purposes.
 To make apple trees friendlier for mechanized harvesting 
and other routine orchard tasks (e.g., pruning and training trees), 
we have recently initiated a comprehensive research project 
on fruit tree architecture.  The project, “Elucidating the gene 
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Figure	5.		 A	robotic	3D	imagine	system	for	tree	architecture	phenotyping	
in	orchard	conditions	(Photo	courtesy	to	Amy	Tabb)

Figure	3.		 Tree	forms	of	5-month	old	apple	seedlings.	The	size	and	shape	of	
the	trees	are	approximately	in	proportion.	The	diameter	of	the	
pots	 at	 the	 top	 position	 is	 7.5’’.	 A.	 Standard	 without	 branches.	
B.	 Standard	 with	 branches.	 C.	 Weeping	 without	 branches.	 D.	
Weeping	with	branches.

A

C

D

B

Figure	4.		Typical	trees	of	McIntosh	(A)	and	Wijcik	McIntosh	(B)	before	fruit	
harvesting.

A B

networks controlling branch angle and the directional growth 
of lateral meristems in trees” (http://www.nsf.gov/awardsearch/
showAward?AWD_ID=1339211), is currently funded by a grant 
from the National Science Foundation (NSF) Plant Genome Re-
search Program.  Plant Molecular Biologist Dr. Chris Dardick and 
Research Engineer Dr. Amy Tabb are Co-PIs of the project; both 
are with USDA Agricultural Research Service at the Appalachian 
Fruit Research Station (USDA-ARS-AFRS) in Kearneysville, WV.
 The overarching goal of the project is to develop detailed 
knowledge about how trees adopt specific architectural forms, 
specifically with regard to apical control of the lateral branch angle 
and directional growth.  In particular, the project will address the 
following questions in apple and peach:
1) What gene expression networks differentiate the shoot apical 

meristem from lateral meristems?  What changes take place 
when a lateral shoot meristem transitions to becoming the 
apical meristem?  How are these expression gene networks 
altered in branch angle mutants including columnar (apple)/
pillar (peach) tree forms and weeping types? 

2) What is the genetic and molecular basis for these columnar/
pillar and weeping tree forms?  What are the identities of the 
mutated genes? 

3) With regard to the identified genes, what protein-protein 
interaction networks are they associated with?  Through 
which pathways do they exert their effects on tree form? 

 To accomplish the project goals and objectives, we have 
so far characterized the Co (columnar) locus that determines 
columnar growth habit in detail (Bai et al. 2012) and genetically 
located the W (weeping) locus controlling weeping phenotype 
in apple.  Currently, we are focusing on conducting a series of 
genome-scale experiments to study the two extreme growth 
habits (columnar and weeping) and standard trees to identify the 
entire gene-networks responsible for their differences in branch 
number, angle, size and shape.
 Since it would be challenging to manually evaluate how tree 
branches grow at the level of whole trees in the orchard, we must 
have a better means to take the measurements of branches.  For 
this reason, Dr. Amy Tabb has developed a robotic 3D imaging 
system to meet this need (Figure 5).  The system is designed to 
reconstruct the 3D models from tree images, allowing detailed 
phenotyping of tree growth annually.
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 It is expected that this project will yield a large amount of 
useful information, enabling us to better understand the genetic 
and molecular mechanisms underlying the tremendous variation 
in apple tree growth habits, branch directional growth and the 
formation of canopy.  With such detailed knowledge, it is possible 
to develop new apples with a narrower and more homogeneous 
canopy that is friendlier for mechanized fruit harvesting and 
tree pruning.  It would also even be possible to improve the tree 
architecture of existing apple varieties through genome editing.  
It should be pointed out that when automated apple harvesting 
systems are developed some day, they will not eliminate the 
need for hand harvesting, due to diverse orchard sizes and vary-
ing preferences of consumers.  Coexisting of platform-assisted 
harvesting, automated robotic harvesting, and hand-picking of 
apple fruit will likely be the picture in 5–10 years.
 In summary, apple fruit production is labor-intensive due to 
the need for manual fruit harvesting as well as tree pruning.  The 
rising labor rates and declining availability of seasonal workers 
have driven the industry to seek solutions to mechanize these 
manual tasks.  Several labor-aiding platforms have been made 
available for growers with large acreages.  Development of fully 
automated apple fruit harvesting systems remains in the early 
stages.  Our in-depth research project on the genomics of tree 
architecture will generate detailed knowledge about how apple 
trees adopt specific architectural forms, which will enable us to 
make apple trees friendlier for mechanized orchard operations.
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