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Table	3.		Reality	Research	%	Weed	Cover	2014	-	1st	leaf

Weed-free	
timing 22-May 11-Jun 30-Jun 4-Aug 29-Sep

2014	
Season	

AVG

May -Sep 3A 1C 0C 0C 2D 1 c

May-Aug 2A 0C 0C 0C 1D 1 c

May-Jul 3A 0C 0C 0C 1D 1 c

Jun-Aug 2A 20AB 0C 0C 17B 8 c

Jun-Jul 1A 12B 0C 0C 11C 5 c

Jul - Aug 2A 22A 97A 11b 96A 46 b

Aug -Sep 3A 15AB 88B 100A 1D 41 b

Untreated 2A 15AB 93A 100A 100A 62 a
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Figure	  2	  
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Editorial	
Every Year is Different

2017 has been interesting so far! Above-average temperatures 
in February and below-average temperatures in March 
started the roller coaster. The first 7–10 days of May have 

provided different excitement. As our apple growing friend, Dr. 
Seuss, describes apple scab season, “I will spray in the rain and 
I will spray in the wind. I will spray in the cold and I will spray 
in the snow. I will spray fast and slow and sometimes I will go 
alternate row.” Hopefully you did not have to spray in the snow, 
but it does rhyme with slow and row.

Time will tell if everyone was able to control scab. Michigan 
was dealt a couple of cold mornings, particularly May 8. Some 
problems may occur with fruit finish or fruit loss. Thinning in 
many areas was done in suboptimal temperatures. The crop 
size in the east will begin to come into sharper focus as we turn 
the calendar to June.

Meanwhile, out west, the Washington crop is 2–3 weeks later 
than last year. There will be ample time for them to clean up 
the 2016 crop. At this point, the eastern crop and the WA crop 
timing is very close.

Bill Dodd
Premier Apple
Amherst, OH
bill@ohioapples.com
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“The objective of this project was to 
study the effect of weed competition 
at different timings on tree growth 
and potential yield in new high density 
plantings.”

Critical Weed Control Requirements in Young 
High-Density Apple Orchards
Deborah Breth and Elizabeth Tee
Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Albion,	NY

W eed control is a necessary component of high quality 
apple production systems to prevent competition for 
nutrients and water, and remove habitat for voles.  

I a n  M e r w i n , 
working in semi-
dwarf rootstocks 
p l a n t e d  a t  a 
density of  220 
t r e e s / a c r e , 
determined that 
May through July 
was the critical 
weed-free period 

for optimal tree growth. A previous project report (Breth 2015) 
showed significant growth reduction and a reduced crop potential 
if weeds were not controlled in the first few growing seasons in 
the life of the orchard.  This project continues to document the 
great payback of such a small investment in weed control in the 
early life of high-density apple orchards where early yields are 
important to recoup orchard establishment costs.  The objective 
of this project was to study the effect of weed competition at 
different timings on tree growth and potential yield in new high- 
density plantings.  These are final results of data analyzed for three 
seasons of growth in two orchards.

Materials and Methods
	 Two farms established new high-density plantings.  Kast 
Farms planted Gala on M9/337 at 3’ x 12’ on April 26, 2013 
(1000–2000 trees per acre).  A second site was established in West-
ern NY at Reality Research (RR) with Gala on M9/337 planted 
on May 3, 2014.  Irrigation was installed in the Kast site but not 
used until 2014.  The Reality Research site had no irrigation.  Both 
Kast Farms and Reality Research sites had deer fencing.
 The treatment timings tested included weed-free 1) from 
planting through September, 2) planting through August, 3) 
planting through July, 4) June through August, 5) June through 
July, 6) July through August, 7) August through September, and 
8) untreated control.  Treatments were randomized in 4 replicates 
at Kast Farms and Reality Research.  Each plot had 6 trees per 
plot with the 2 end trees in each plot used as buffer trees.
 Herbicide treatments were applied based on treatment tim-
ings using a CO2 R&D backpack sprayer at 30 psi, 0.28 gpm, walk-
ing 2.0 mph, in 1.5-ft bands on each side of the tree rows.  Reality 
Research applied the herbicide treatments in that site all three 
seasons with a tractor-mounted weed boom.  The first treatment 
in all plots at the Kast site in 2013 was Chateau (12 oz/A) plus 

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

Prowl H2O (4 qt/A).  Gramoxone SL (2.5 pt/A) was included in 
the tank mix for the first application to kill any emerged weeds.  
Plots were treated subsequently with paraquat to keep the plots 
clean (<20% weed cover) as prescribed in the treatments.  In 
2014, the initial treatment was Prowl H2O (4 qt/A) on April 18 
at Kast Farms for 2nd leaf, and on May 24 after the first settling 
rain after planting the RR plots.  The 2015 growing season was 
another late spring, with the first herbicide applications April 
29 at Kast and May 2 at Reality Research, and subsequent treat-
ments at monthly intervals.  The first three treatments in 2016 
were applied on May 4.  Because too many perennial weeds were 
established in the plots in this trial, we switched from paraquat to 
glyphosate (2 qt/A) for post-emergence control with Prowl H2O 
(4 qt/A) plus Treevix (1 oz/A) and MSO (1% vol/vol).
 Percent weed cover was evaluated by estimating the percent-
age of ground covered with weeds in an 18-in circle between 
trees in three locations in each plot.  The weeds were identified 
in each plot.  The percent weed cover was averaged for each date 
and averaged over the total season.  The data was analyzed for 
statistical differences using ANOVA, and Tukey’s HSD to separate 
treatment effects.
 Immediately after planting, trunk circumferences were mea-
sured at 30 cm above the graft union.  The trunks were painted 
or wrapped with tree wraps to protect green bark from herbicide 
damage.  Trunk circumferences were measured in October, 2013, 
2014 and 2015 at Kast, and October, 2014, 2015, and 2016 at RR.  
The trunk cross-sectional area (TCSA) was calculated in square 
centimeters (cm2).  Leader growth was measured (cm) for each 
tree.  The shoots greater than 30 cm were counted and the current 
season’s growth was measured (6 shoots in 1st-leaf plantings, 10 
shoots in 2nd- and 3rd-leaf plantings).  The average shoot length 
was multiplied by the number of shoots and added to the leader 
growth, to calculate the total shoot growth for each season.  In 
the 3rd leaf, the total tree height above the graft union was also 
measured.  The data was analyzed by ANOVA and Tukey’s HSD 
to separate treatment effects with a 95% confidence level.
 Leaf analysis samples were collected in early August of 1st, 
2nd, and 3rd leaf, and soil samples were collected in September 
of each year at each site.  Treatment samples were pooled across 
reps, by collecting 20 leaves from each replicate of each treatment.  
Without treatment sample replication, no statistical analysis was 
conducted for nutritional impact.
 To evaluate potential yield, the Robinson (2009) model was 
used to predict that 4 apples could be produced per cm2 of trunk 
cross sectional area (TCSA) measured at 30 cm above the graft 
union.  The resulting potential yield per tree was calculated as 



4  NEW YORK STATE HORTICULTURAL SOCIETY

Well built and reliable, these boxes will 
protect your produce. In bulk, $7.50 each

Hamlin Sawmill
1873 Redman Rd. Hamlin, NY 14464

585-964-3561
art@rochester.rr.com

www.OneBushelCrate.com

One Bushel Crates

Free		Consultation		and	Quote	
Call	Mike	Mager	at	585-343-2678

Refrigerated	and	Ventilated	
Cooling	Systems	for	Fruit	
and	Vegetable	Storages

•	COMMERCIAL	REFRIGERATION
•	DESIGN,	SALES	AND	SERVICE
•	SERVING	AGRICULTURE	FOR	OVER	65	YEARS

REFRIGERATION CO. OF BATAVIA
26 Cedar Street, Batavia, NY 14020
www.arcticrefrigeration.com

Backed with over 100 years of experience, we work with our customers to create custom solutions for complete
packing lines and ensure you have the proper field equipment to get the job done right.

Washers  -  Waxers  -  Dryers
Conveyors  -  Bin Dumpers  -  Food Safety  -

Water Sanitization  -  Greefa Grading

Tower and Three Row Sprayers  -  Mowers & Choppers  -
Frost Protection - Hedgers  -  Labour Platforms  -

Mechanical Blossom Thinners

1-800-263-1287   |   905-563-8261   |   info@provideag.ca |   www.provideag.ca   |   Beamsville, Ontario, Canada

Quality, Efficiency, Safety

See you this summer!!
Cornell Fruit Day
 IFTA Study Tour

OAG Summer Tour

Contact us today for more
information on any of our

product lines.



FRUIT QUARTERLY .  VOLUME 25  .  NUMBER 2  .  SUMMER 2017 5

Table	3.		Reality	Research	%	Weed	Cover	2014	-	1st	leaf

Weed-free	
timing 22-May 11-Jun 30-Jun 4-Aug 29-Sep

2014	
Season	

AVG

May -Sep 3A 1C 0C 0C 2D 1 c

May-Aug 2A 0C 0C 0C 1D 1 c

May-Jul 3A 0C 0C 0C 1D 1 c

Jun-Aug 2A 20AB 0C 0C 17B 8 c

Jun-Jul 1A 12B 0C 0C 11C 5 c

Jul - Aug 2A 22A 97A 11b 96A 46 b

Aug -Sep 3A 15AB 88B 100A 1D 41 b

Untreated 2A 15AB 93A 100A 100A 62 a

Table	1.			Kast	%	Weed	Cover	2014	-	2nd	leaf

Weed-free	
timing

2013	
Season	

AVG 21-Apr 1-May 13-May 10-Jun 25-Jun 11-Jul 25-Jul 12-Aug 27-Aug

2014	
Season	

AVG

May -Sep 1.0   D 11A 6CD 2C 6C 1C 1CD 3CD 1C 3DE 2 e

May-Aug 1.4   D 5B 3D 3C 2C 1C 0D 2D 0C 3E 3 e

May-Jul 1.2   D 11A 6CD 1C 1C 1C 4CD 18B 32B 27C 11 cd

Jun-Aug 1.4   D 11A 13AB 9C 2C 2C 3CD 0D 1C 5DE 5 de

Jun-Jul 2.3   D 14A 15A 3C 5C 1C 6C 18B 37B 39B 15 c

Jul - Aug 20.9   C 11A 14A 42A 5C 6B 1CD 1D 3C 10DE 11 cd

Aug -Sep 42.1   B 9AB 9BC 30B 79B 100A 20B 8C 2C 6DE 29 b

Untreated 53.8   A 12A 14A 42A 96A 100A 100A 100A 100A 100A 74 a

Numbers followed by the same letters are not statistically different, Tukey HSD,  alpha=0.05

Table	2.		Kast	%	Weed	Cover	2015	-	3rd	leaf

Weed-free	
timing 21-Apr 8-May 26-May 8-Jun 29-Jun 17-Jul 31-Jul 11-Aug 1-Sep 18-Sep

2015	
Season	

AVG

May -Sep 10d 2de 8c 6c 22cd 1c 0d 1c 3c 8d 6 e

May-Aug 8d 1e 2c 4c 11de 2c 1d 1c 2c 6d 4 e

May-Jul 12d 4de 12c 3c 5e 0c 0d 1c 3c 3d 4 e

Jun-Aug 14d 14cd 59ab 21b 40b 21b 2cd 2c 7c 9d 19 d

Jun-Jul 30c 18c 33bc 10c 35bc 14b 4c 13b 22b 25bc 20 d

Jul - Aug 57b 26bc 64ab 92a 100a 20b 8b 3c 10c 14cd 39 c

Aug -Sep 50b 35b 67ab 93a 100a 100a 100a 0c 13bc 30b 59 b

Untreated 100a 52a 94a 100a 100a 100a 100a 100a 100a 100a 95 a

TCSA x 4 and multiplied by 1210 trees per acre and divided by 
88 (fruit count per bushel) to estimate bushels per acre.  To deter-
mine actual yield, the apples were counted and weighed per tree, 
and averaged over treatments at the Kast site in 2014 and 2015, 
and in the Reality Research site in 2015 and 2016.  The value of 
the crop was calculated assuming $8 per bushel.  The data was 
analyzed for statistical differences using ANOVA, and Tukey’s 
HSD to separate treatment effects.

Results and Discussion
Percent	Weed	Cover
	 At the Kast site, Year 1 (2013) had little difference in per-
cent weed cover among weed-free timings initiated in May or 
June.  But weed-free treatments that were not initiated until 
July resulted in statistically more weed cover and competition.  
In 2013, the herbicide treatments using the residual of Chateau 
with Prowl resulted in no difference in percent weed cover for 
the season in treatments initiated in May and June, because the 
Chateau residual weed control did not break when expected (ap-
proximately 45 days after application).  With removal of Chateau 
from the treatments in the 2nd leaf using Prowl H2O for the 
first residual herbicide treatment, there was better separation 
of weed competition among treatments, ranging from 2–74% at 
the Kast site (Table 1) and in the 3rd leaf, 4–95% (Table 2).  The 
best weed control was in the longest weed-free treatment timings 
beginning in April and May, and lasting 4–5 months through 
August or September.  There was statistically more weed cover 
in treatment timings that were initiated in July and August.  The 

untreated check, as expected, resulted in statistically more weed 
competition than any other treatment timings.
 The first season at the RR site (2014) started with a May 
3 planting date and the first settling rainfall on May 16.  Early 
treatment timings initiated on May 22 and Jun 24 resulted in less 
percent weed cover, with a seasonal average for the first five treat-
ment timings maintaining less than 20% weed cover.  Weed-free 
treatment timings initiated in July or later resulted in a range of 
41–45% (Table 3).  The untreated check had a statistically higher 
average seasonal weed cover of 62%.  There was better separation 
in percent weed cover between treatments in the 2nd, leaf ranging 
from 6–78% (Table 4).

 Table 5 shows the percent 
weed cover for the 3rd leaf at 
RR.  As reflected in weed cover 
on Sept 25, 2015, the spring of 
2016 started with a good bed of 
established weeds.  Therefore, 
we needed to switch post-
emergent strategies from para-
quat to glyphosate to get better 
control of these larger weeds 
and maintain the weed-free 
timings.  The average seasonal 
weed cover was statistically 
different, with the best treat-
ments being those that started 
in May and Jun, with 18–28%.  
Treatment plots that were not 
treated until July or later had 
58–87% seasonal cover, and the 
untreated check was 95%.

Impact	on	tree	growth
	 In the Kast and RR sites, 
there was	 no difference in 
TCSA at initial planting time.  
However, Kast planted trees 
with a TCSA of 2 cm2, and RR 
planted nursery trees with a 
TCSA of only 1.5 cm2.  After 3 
years of growth in the orchard, 
Kast trees were twice as large 
in TCSA as those in the RR 
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Table	4.		Reality	Research	%	Weed	Cover	2015	-	2nd	leaf.

Weed-free	
timing 14-Apr 28-Apr 12-May 27-May 9-Jun 23-Jun 9-Jul 22-Jul 4-Aug 22-Aug 2-Sep 25-Sep

2015	
Season	

AVG

May -Sep 0 d 1d 1c 3e 0c 0c 1d 0c 0b 0d 3e 58d 6 d

May-Aug 5 bcd 8bcd 3c 16de 0c 1c 6bcd 1c 1b 0d 6de 55d 8 d

May-Jul 5 bcd 6bcd 4bc 26cd 0c 1c 3cd 1c 3b 5d 7de 66bcd 11 cd

Jun-Aug 15 a 16abc 24ab 45b 1c 5c 14b 6c 11b 10cd 22cd 63cd 19 c

Jun-Jul 10 abc 12abcd 13abc 49b 2c 5c 13bc 3c 10b 12bcd 26c 87abc 20 c

Jul - Aug 11 ab 19ab 18abc 68a 100a 100a 100a 16b 9b 27b 47b 88ab 50 b

Aug -Sep 1 cd 4cd 7abc 36bc 83b 92b 96a 99a 100a 26bc 36bc 48d 52 b

Untreated 12 ab 24a 26a 80a 100a 100a 100a 100a 100a 100a 100a 100a 78 a

Table	5.		Reality	Research	percent	weed	cover	for	2016	-	3rd	leaf.

Weed-Free	
Timing

Percent	Weed	Cover	in	2016

14-Apr 3-May 16-May 31-May 13-Jun 28-Jun 11-Jul 25-Jul 8-Aug 22-Aug 9-Sep
Average	
Season

May-Sep 49 B 73A 19 D 11
         
D 2 B 2 BC 3 C 4 C 7 C 11 BC 19 C 18 D

May-Aug 66AB 82A 19 D 16
         
D 1 B 0 C 1 C 2 C 3 C 2 C 3 D 18 D

May-Jul 86A 91A 34 D 20
       
CD 0 B 1 BC 1C 2 C 4 C 7 BC 5 D 23 CD

Jun-Aug 87A 84A 78 BC 44 B 11 B 2 B 2 C 0 C 1 C 1 C 1 D 28 CD

Jun-Jul 85A 94A 63 C 39 BC 6 B 2 BC 3 C 5 C 7 C 18 B 22 C 31 C

Jul-Aug 77A 72A 74 BC 92A 100A 100A 55 B   47 B 1 C 9 BC 11CD 58  B

Aug-Sep 80A 78A 83 AB 100A 93A 100A 98A 100 A 67 B 88 A 64 B 87A

Untreated 69AB 72A 100 A 100A 100A 100A 100A 100 A 100A 100 A 100A 95A

Table 6.  Kast Tree Growth - 1st through 3rd leaf.

Weed-free 
timing

2015 
AVG % 
weed 
cover

1st 
leaf 

TCSA    
 Fall 2013

2nd 
leaf 

TCSA     
Fall 2014

3rd 
leaf 

TCSA     
Fall 2015

3 Yr % 
Increase 

TCSA

Final 
height 

 (m)

3rd Leaf 
Total 

Growth 
(m)

May -Sep 6 e 4.1 b 9.7 a 14.7  a 607  ab 3.17  A 11.24   A

May-Aug 4 e 4.3 b 9.0 a 13.2  ab 516  ab 3.20  A 11.17   A

May-Jul 4 e 4.2 b 9.7 a 14.6  a 608  ab 3.21  A 11.50   A 

Jun-Aug 19 d 4.1 b 9.0 a 13.5  ab 602  ab 3.23  A 10.78   AB

Jun-Jul 20 d 4.6 a 9.5 a 14.1  a 627  a 3.21  A 10.90   AB

Jul - Aug 39 c 4.0 b 8.9 a 13.1  ab 525  ab 3.26  A 8.88       B

Aug -Sep 59 b 3.4  c 7.7 b 11.8     b 473    b 3.13  A 9.40    AB

Untreated 95 a 3.0 d 6.2 c 8.6          c 308    b 2.85  B 5.59       C

plots, showing a potential benefit in production when planting larger trees 
and irrigating.
 In 2013 at Kast 1st leaf, there was a significant increase in TCSA among 
treatments with weed control starting right after planting or as late as June, 
ranging from 93–108% compared with weed control treatments initiated in 
July (64%) or plots with no weed control (47%).  There was little statistical dif-
ference in the length of the leader among treatments except for the untreated 
check, with 36 cm, compared with 47–58 cm for all other treatments (30 cm 
= 12 in).  The average shoot growth for the season was 25–32 cm, and total 
estimated shoot growth of 2.6–3.3 m in the early season treatments; both 
were longer, compared with 20 cm of average shoot growth and 2 m of total 
shoot growth in the late season treatment.  The late season treatment was 

not significantly better than the untreated check, with 
16 cm average shoot growth and 1.4 m total shoot 
growth.
 At Kast, 2nd leaf in 2014, the percent increase in 
TCSA for treatments initiated as early as April and 
as late as June ranged from a 315–353% increase.  
Waiting until July to clean up weeds resulted in a 
smaller 269% increase in TCSA, and only 196% in the 
untreated check.  The early season treatment timings 
resulted in 27–29 shoots longer than 30 cm; in late 
season timings there were only 22, not significantly 
different from only 18 shoots in the untreated checks.  
After Year 2, the TCSA for early season weed-free 
timings were generally equal, ranging from 8.8–9.6 
cm2 compared with 8.0 cm2 if starting weed control 
in July, and 6.3 cm2 after 2 years of no weed control.  
Table 6 shows the total percent increase in TCSA for 
the 1st through 3rd year.  After the 3rd leaf, the best 
numerical TCSA of 14 cm2 was in the May–Sept, 
May–Jul, and Jun–Jul treatments.  The smallest TCSA 
values were recorded in the latest treatment timing 
and untreated plots.  The number of branches lon-
ger than 30 cm ranged from 15 in untreated plots to 
23–27 in early treatments.  The average shoot growth 
was significantly different, but showed that the fewer 
the branches, the longer the average shoot growth, 
with the exception of the untreated weedy check with 
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the fewest branches.  The total shoot growth in the 3rd season was significantly 
more in the treatments initiated in May and June, compared with treatments 
initiated in July or later.  After 3 years, the untreated check trees were much 
shorter, 2.8 m, than the plots with early and late weed control treatments, 
3.1–3.2 m.
 At the RR site 1st leaf in 2014, there was no difference in weed pres-
sure among the early season treatments initiated in late May and late June; 
therefore, there was no expectation of differences in tree growth among 
those early treatments.  The percent increase in TCSA among early season 
treatments ranged from 59–72%, the number of shoots longer than 30 cm 
was 5.2–6.5 compared with late season treatments and the untreated check, 

Table 7.  Reality Research Tree Growth - 1st through 3rd leaf.

Weed-free 
timing

2015 
AVG % 
weed 
cover

1st 
leaf 

TSCA      
Fall 2014

2nd 
leaf 

TCSA
Fall 2015

3rd 
leaf 

TCSA      
Fall 2016

3 Yr % 
Increase 

TCSA

Final      
height        

(m)

3rd Leaf 
Total 

Growth 
(m)

May -Sep 6 d 2.5 ab 5.9 a 7.5  A 403  AB 2.62  AB 4.94  A

May-Aug 8 d 2.7 a 6.1 a 7.5  A 388  AB 2.66  A 4.67  A

May-Jul 11 cd 2.4 b 5.7 a 7.3  A 404  AB 2.63  A 5.13  A

Jun-Aug 19 c 2.3 bc 5.9 a 7.3  A 406  AB 2.71  A 4.19  A

Jun-Jul 20 c 2.4 a 5.5 ab 7.1  A 381  AB 2.60  AB 3.83  A

Jul - Aug 50 b 2.0 d 5.3 ab 7.7  A 444  A 2.73  A 4.00  A

Aug -Sep 52 b 1.9 d 4.6 bc 5.7   B 288  BC 2.57  AB 3.66  AB

Untreated 78 a 2.0 d 4.1 c 5.1   B 214  C 2.40   B 2.33    B

Table	8.		Leaf	analysis	results	for	Kast	(1st	-3rd	leaf)	and	Reality	Research	(1st	-3rd	leaf).

Farm TRT N K P Ca Mg Mn Fe Cu B Zn

Kast 1st leaf May thru Sep 2.4 1.64 0.284 0.53 0.238 37 104 68 23 41

Kast 1st leaf Jun thru Aug 2.27 2.02 0.212 0.69 0.254 34 78 62 32 19

Kast 1st leaf Untreated check 1.87 1.53 0.207 1.17 0.392 41 226 112 31 28

Kast 2nd leaf May thru Sep 2.8 1.91 0.211 1.06 0.227 120 45 10 24 14

Kast 2nd leaf May thru Jul 2.39 1.35 0.193 1.21 0.367 31 37 33 22 14

Kast 2nd leaf Jul thru Sep 2.28 1.19 0.231 1.25 0.366 28 36 41 24 14

Kast 2nd leaf Untreated check 2.03 1.34 0.243 1.34 0.359 26 35 33 25 15

Kast 3rd leaf May thru Sep 2.28 1.16 0.17 1.21 0.375 31 47 6 24 12

Kast 3rd leaf Jun thru Aug 2.27 1.19 0.186 1.32 0.357 32 46 6 24 12

Kast 3rd leaf Jul - Aug 2.04 1.34 0.217 1.21 0.35 31 45 6 26 13

Kast 3rd leaf Untreated 1.52 2.08 0.363 1.05 0.251 34 44 5 31 15

RR 1st leaf May thru Sep 2.46 1.33 0.181 1.04 0.381 32 41 32 23 17

RR 1st leaf Jul thru Aug 2.17 1.36 0.201 1.4 0.293 138 48 7 24 21

RR 1st leaf Untreated Check 1.8 1.45 0.153 1.18 0.263 108 42 7 23 23

RR 2nd leaf May thru Sep 2.48 1.81 0.158 0.85 0.219 76 67 22 23 18

RR 2nd leaf Jun thru Aug 2.5 1.83 0.172 0.77 0.214 73 67 21 21 18

RR 2nd leaf Jul thru Aug 2.21 1.82 0.264 1.01 0.222 67 68 20 25 18

RR 2nd leaf Untreated 2.16 1.86 0.357 1.02 0.227 70 75 21 23 22

RR 3rd leaf May thru Sep 2.67 1.62 0.165 1.11 0.284 114 61 64 22 22

RR 3rd leaf Jun thru Aug 2.57 1.55 0.165 1.23 0.302 105 63 67 21 24

RR 3rd leaf Jul thru Aug 2.31 1.62 0.162 1.11 0.273 91 60 67 21 23

RR 3rd leaf Untreated 2.09 1.59 0.223 1.16 0.278 95 58 62 22 24

with only 2.9–4.2 shoots.  The average shoot length 
in early treatments ranged from 22–30 cm with a 
total growth of 1.6–2.2 m.  The late season treat-
ments and untreated checks had significantly less 
shoot growth than early treatments, but late season 
and untreated checks were not statistically differ-
ent from each other, with 16–17 cm average shoot 
growth and 0.8–1.0 m in total shoot growth.
 Table 7 shows the best increase in TCSA in 2016 
was in the treatments that began when weed-free 
timing started in May, but not statistically better than 
weed-free timings starting in Jun or Jul, all ranging 
from 5–6 cm2.  Treatments that were weed-free in 
August and untreated plots resulted in the smallest 
TCSA at the end of the 2nd leaf.  After 3 years, the 
TCSA increased by 381–444%, less than the growth 
at the Kast site starting with larger trees and with 
irrigation.
 In the 3rd leaf at Reality Research, the number of 
scaffolds longer than 30 cm in the 7 weed-free tim-
ings ranged from 16–19 per tree, statistically more 
than the untreated checks with 12.  The drought of 
2016 did not encourage much shoot growth in this 
non-irrigated  planting, with 20–23 cm average shoot 
growth in the top five weed-free treatments, 18–19 
cm in weedier treatments, and 15 cm in untreated 
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Table	9.		Soil	analysis	for	Kast	and	Reality	Research	-	1st	through	3rd	leaf.

Site Treatment

Organic	
Matter	

% pH

P	
(lb/

acre)

K						
	(lb/

acre)

Ca					
(lb/

acre)

Mg	
(lb/

acre)

Mn	
(lb/

acre)

Zn	
(lb/

acre)

Kast 1st leaf May thru Sep 3.3 6.99 28 80 1744 171 8 0.6

Kast 1st leaf Jun thru Aug 3.1 6.95 24 72 1672 159 9 0.6

Kast 1st leaf Untreated check 3.2 6.92 17 64 1754 124 8 0.4

Kast 2nd leaf May thru Sep 2.4 6.91 16 54 1315 134 7 0.4

Kast 2nd leaf May thru Jul 2.4 6.89 14 53 1211 136 6 0.4

Kast 2nd leaf Jul thru Sep 2.8 7.17 19 53 1557 149 8 0.5

Kast 2nd leaf Untreated check 2.6 7.02 14 51 1269 134 8 0.4

Kast 3rd leaf May thru Sep 2.7 7.00 10 43 1410 132 12 0.5

Kast 3rd leaf Jun thru Aug 2.5 6.85 9 42 1317 137 13 0.5

Kast 3rd leaf Jul thru Aug 2.3 6.77 4 34 1067 110 10 0.4

Kast 3rd leaf Untreated 2.6 6.97 6 30 1152 106 11 0.3

RR 1st leaf May thru Sep 3.4 5.47 3 127 663 133 13 1.2

RR 1st leaf Jul thru Aug 4.4 5.54 3 140 693 140 11 1.4

RR 1st leaf Untreated Check 3.7 5.64 4 86 792 140 11 1.5

RR 2nd leaf May thru Sep 3.3 5.28 2 109 591 108 35 2.6

RR 2nd leaf Jun thru Aug 3.8 5.52 2 103 640 125 24 1.7

RR 2nd leaf Jul thru Aug 3.1 5.53 2 84 583 119 21 1.1

RR 2nd leaf Untreated 4.4 5.94 2 86 854 175 28 1.6

RR 3rd leaf May thru Sep 3.2 5.1 8 333 979 167 73 5

RR 3rd leaf Jun thru Aug 3.2 5.3 10 423 1232 227 45 5

RR 3rd leaf Jul thru Aug 4.3 5.5 14 532 1458 330 40 6

RR 3rd leaf Untreated 4.4 5.8 25 517 1869 397 38 7

checks.  There was no statistical difference among the top six weed-free treatments in 
total estimated growth, 383–513 cm; the greatest total growth numerically was in the 
weed-free treatments initiated in May.  The latest weed-free treatment had only 366 cm, 
and only 233 cm in the untreated check.  The 2016 drought resulted in only a 22–45% 
increase in TCSA, with the greatest increase in the Jul–Aug weed-free treatment.  This 
is likely the result of the mulch left from the weedy row that built up over three seasons 
likely holding more soil moisture compared with the other treatments.  The final height 
of the untreated weedy check trees averaged 2.4 m, shorter than other treatments rang-
ing between 2.57–2.73 m.

Table	10.		Kast	2015	potential	and	actual	3rd	leaf	yield,	and	potential	yield	for	4th	leaf,	based	on	4	apples	per	cm	2	
TCSA.		

Weed-free	
timing

2015	
Average	
%	Weed	

Cover

3rd	leaf	
Potential	
apples/

tree

3rd	leaf	
Potential	
Bu/acre

3rd	leaf	
actual	

Bu/acre	

3rd	leaf
actual	

apples/
tree

3rd	leaf
Tot	fruit	
weight	
lb/tree

Avg.	
apple	

weight	
(lb.)

3rd	leaf	
fruit	

value	
$

4th	leaf	
Potential	

yield	
Bu/acre

4th	leaf	
fruit	

value	
$

May -Sep 6 e 39 534 746 78 ab 25.9 ab 0.33 a 5,969 809  6,468 

May-Aug 4 e 36 495 856 85 a 29.7 a 0.35 a 6,845 726  5,808 

May-Jul 4 e 39 534 703 70 abc 24.4 ab 0.37 a 5,624 803  6,424 

Jun-Aug 19 d 36 495 743 75 ab 25.8 ab 0.36 a 5,946 743  5,940 

Jun-Jul 20 d 38 523 472 51 cd 16.4 c 0.33 ab 3,780 776  6,204 

Jul - Aug 39 c 36 490 605 65 bc 21.0 bc 0.32 ab 4,840 721  5,764 

Aug -Sep 59 b 31 424 300 34 d 10.4 d 0.30 ab 2,397 649  5,192 

Untreated 95 a 25 341 58 7 e 2.0 e 0.24 b 461 473  3,784 

Nutrient	Analysis
	 The leaf analysis results in Table 8 show 
higher N at the Kast site in the longest weed-
free treatment for 1st- through 3rd-leaf 
seasons.  The first season, it was 2.4% N and 
the second season, 2.8%, which can result 
in higher risk of fire blight, and 2.28% in the 
3rd leaf.  Other treatments showed slightly 
deficient N according to standard recom-
mendations in young trees (2.4–2.6%).  The 
untreated check showed more yellow leaves 
with 1.87% N the 1st season,  2.03% the 2nd 
leaf, and 1.52% in the 3rd leaf showing seri-
ous N starvation, with three years of no weed 
control.  The same results were obtained in 
the RR site for the first season, with 2.46% N 
in the longest weed-free treatment vs. 1.8% N 
in the untreated check.  The second season, 
the N level was higher in the early season 
weed-free timings than late season weed-free 
treatments and untreated weedy check.  The 
3rd leaf, the early weed control leaf N was 
2.57–2.67, compared with the weedy treat-
ment at 2.3 and 2.09 in the untreated check.  
There is a strong negative correlation coef-
ficient of the seasonal average percent weed 
cover and the percent leaf N of 0.82431: the 
higher the seasonal weed cover, the lower the 
leaf N.
 Table 9 shows an interesting, but not 
surprising, trend in the soil analysis at the 
RR site, which revealed that the cleanest 
weed treatments retained the same percent 
organic matter (%OM), while it increased in 
the weedy and untreated plots.  The pH went 
from 5.5 in the first season to more acid (5.1 
pH) in the cleanest plots, and less acid (5.8 
pH) in the untreated check.  There were no 
significant soil nutrient effects that stood 
out for the Kast or RR sites.  However, Real-
ity Research has more organic matter and a 
lower soil pH of 5.5 than at the Kast site.

Impact	on	fruit	production
	 If using a suggested guide 
of thinning to 4 apples per 
cm2 TCSA, the potential crop 
for the 2nd leaf at the Kast 
site was predicted at 12–13 
apples per tree in the late 
season weedy treatments and 
untreated check, compared 
with 16 apples per tree in early 
weed-free treatments; 165 
bu/A in “weedy” treatments 
compared with 233 bu/A in 
the better early season weed 
control plots initiated in May 
or Jun.  In 2014, the trees 
were harvested to see if there 
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Table	11.		RR	potential	and	actual	3rd	leaf	yield,	and	potential	yield	for	4th	leaf,	based	on	4	apples	per	cm2	TCSA.

Weed-free	
timing

2016	
AVG	

%	weed	
cover

3rd	leaf	
Potential	
apples/			

tree

3rd	leaf	
potential	
bu/acre

3rd	leaf	
actual	
bu/a

3rd	leaf	
actual	

apples/
tree

3rd	leaf	
Tot	fruit	
weight	
lb/tree

Avg		
apple	

weight	
(lb)

3rd	leaf	
fruit	

value	
$

4th	leaf	
potential	
bu/acre

4th	leaf	
fruit	

value	
$

May -Sep 18  D 23.6 325 229 28  B 7.6  B .27  A  1,836 413 3300

May-Aug 18  D 24.4 336 347 46  A 11.5  A .26  AB  2,772 413 3300

May-Jul 23  CD 22.8 314 268 34  AB 8.9  AB .27  A  2,144 402 3212

Jun-Aug 28  CD 22.8 314 245 28  B 8.1  B .28  A  1,960 380 3036

Jun-Jul 31  C 22.0 303 240 31  B 7.9  B .25  AB  1,920 391 3124

Jul - Aug 58  B 21.2 292 68 9  C 2.2  C .19  BC  541 424 3388

Aug -Sep 87  A 18.4 253 28 5  C 0.9  C .16  C  221 314 2508

Untreated 95  A 16.4 226 38 7  C 1.3  C .15  C  304 281 2244

was an effect on yield.  Since 
the trees were thinned with 
chemical thinners and hand-
thinned uniformly (and not 
by TCSA), the average num-
ber of fruits per tree was not 
statistically different, ranging 
from 12–16 apples per tree.  
Therefore, there was no statis-
tical difference in fruit size or 
total weight per tree detected 
among treatments.  After two 
seasons of growth, Table 10 
shows the potential yields if 
thinned based on TCSA; the 
best treatments with good 
weed control could yield 495 bu/A for 2015, a 12.5% increase over 
the late season weedy treatments, and a 43% increase over the 
untreated check.  This translates into a return (if $8 per bushel) of 
$4000/A in good weed control treatments, $3392/A in late weed 
control treatments, and $2728/A in poor weed control treatments.  
The actual yield in the 3rd leaf at Kast orchard was much higher than 
predicted in the early season and June treatments, and much lower 
than predicted in the late season weed free-timing and untreated 
weedy checks.  Based on TCSA, treatments initiated in May or Jun 
resulted in higher potential yields for 4th leaf, compared with yields 
in the treatments initiated in July or later.
 Table 11 shows the potential and actual yield for the 3rd leaf 
and potential yield for 4th leaf at RR.  Because there was no dif-
ference in percent weed cover and TCSA in treatments initiated 
in May and Jun, there was no difference in potential yield among 
those treatments, but they were 20–50 bushels per acre higher 
than treatments initiated in Jul or later, an extra $160–400/A, and 
75–100 bu per acre worth $600–800 more than in the untreated 
check.  The late May frost in 2016 resulted in much lower actual 
yields in all treatments than the potential yields.  The potential yield 
for 4th leaf based on TCSA holds the trend for higher yields if weed-
free timing is initiated in May or Jun and runs most of the season.  
Treatments cleaned up for the last 2 months and the untreated 
weedy check resulted in lower potential yields.  The actual yield in 
the 3rd leaf was significantly lower in the weedy plots compared 
with the potential yields based on TCSA, and also reduced by ~30% 
in weed-free treatments due to the frost.  The number of apples 
and fruit size was bigger in the treatments initiated in May and Jun 
compared with later weed control and the untreated check.

Conclusions
	 Although it was suspected that the new plantings of high-den-
sity dwarf apple plantings are more sensitive to weed competition, 
the analysis of this data does not show any difference in tree growth 
or potential fruit production as long as the weed competition is 
eliminated in May and Jun after planting.  If weeds are allowed 
to establish into July or later, there is significant reduction in tree 
growth and yield in the 3rd and 4th leaf.  The Kast Farms site had 
an actual reduction in return of $2500–5500 per acre in the 3rd 
leaf in the more weedy treatments, and a potential of $1200–2600 
per acre loss in potential returns in the 4th leaf.
 As predicted, an unirrigated orchard in a dry season would 
demonstrate more differences in tree growth and yield.  Although 
the latest weed-free treatment in RR without irrigation showed 

the effects of weed debris serving as moisture-holding mulch in 
treatments started in Jul and Aug.  Under these conditions, the 
nutrient status did not support increased yield or fruit size.  Over 
two fruiting seasons at RR, losses approached $2000 per acre in 
weedy treatments compared with early season weed control.
 Weed control is critical in high-density plantings in the early 
months of the growing season when the trees are drawing nutrients 
and water to build tree structure and support fruit production.  
This inexpensive but time-sensitive practice will pay back 10-fold 
in fruit value, and will more quickly recoup establishment costs.
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“Our laboratory has engaged in the 
development of apple harvest and 
automated in-field sorting

technology for the past few years.  Our 
goal for the research is to develop cost-
effective technology to help growers 
reduce harvest/labor costs and achieve 
postharvest storage/packing savings.”

Innovative Technology for Apple Harvest and 
In-field Sorting
Renfu Lu, Zhao Zhang and Anand K. Pothula
USDA/ARS,	524	S.		Shaw	Lane,	Room	224,	Michigan	State	University,	East	Lansing,	MI	48824
[Renfu.lu@ars.usda.gov]

Currently, many orchard operations, including thinning, 
pruning, and harvesting, still rely on manual labor.  Har-
vesting, in particular, is labor intensive, and it accounts 

for approximately 
15% of total pro-
duction cost (Gal-
lardo et al. 2010; 
G a l l a r d o  a n d 
Galinato 2012).  
Harvest efficiency 
enhancement is 
therefore of great 
concern to apple 
growers.  In re-
cent years, more 
and more low-

Figure	1.			Commercial	 self-propelled	 apple	 harvest	 assist	 platforms:	 A.	 Flow	 Thru	 Harvester,	 Precise	 Manufacturing,	 Inc.	 (Photo	 courtesy	 Precise	
Manufacturing,	 Casnovia,	 MI);	 );	 B.	 Huron	 Fruit	 Systems,	 Wafler	 Farms	 (Wolcott,	 NY).	 	 C.	 DBR	 Vacuum	 Harvester,	 Phil	 Brown	 Welding	 Corp.	
(Conklin,	MI):	D.	Pluk-O-Trak	Apple	Harvester,	Munckhof	(The	Netherlands).		(Disclaimer:	Mention	of	commercial	products	is	only	for	providing	
factual	information	for	the	reader,	and	does	not	imply	endorsement	of	the	products	by	USDA	over	those	not	mentioned.)

density, unstructured orchards have been transformed into 
high-density, structured orchard systems, which create a more 
favorable condition for orchard mechanization and automation 
(Xu 2016).  Consequently, the traditional harvest method of using 
ladders and picking bags has been gradually replaced by harvest 
assist platforms.  Currently, there are many types of commercial 
harvest platforms, both domestic and foreign, on the market; they 
vary in design, performance and price (Figure 1).  
 Several recent studies (Baugher et al. 2009; Robinson and 
Sazo 2013; Robinson et al. 2013; Zhang et al. 2016a,b) reported 
that the use of harvest platforms could increase labor efficiency 
by 15% to 60%.  These gains, however, are still far from reaching 
the maximum potential of 80% to 100%, due to technological de-
ficiencies with the existing commercial harvest platforms, which 
include, but are not limited to, the need for a worker to operate 
the platform, use of picking bags, and frequent downtimes for 
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handling empty and full bins.  Moreover, the current harvest 
platforms do not have the capability of recording and optimiz-
ing the performance of individual workers, which could, in turn, 
negatively affect the overall harvest efficiency of the crew, which 
is typically four to six workers.  Hence, there is considerable room 
for technological innovations to the existing harvest platforms.

Benefits From In-field Sorting
 Conventionally, all harvested fruit, regardless of their qual-
ity grades, are placed in the same bins and then hauled to a shed 
for storage.  Postharvest storage and packing can account for 
one third or more of the total production cost (Wunderlich et 
al. 2007).  Moreover, mixing good fruit with inferior or defective 
fruit would make the entire lot more susceptible to disease or 
pest invasion during postharvest storage, which could result in 
devastating loss to growers, if intensive pest/disease management 
measures were not taken.  Therefore, improvement to the current 
postharvest handling practices represents a great potential for 
achieving significant cost savings for growers.  For example, for a 
50-acre orchard with a yield of 50 bins/acre and 10% low-quality 
fruit that are not suitable for the fresh market, the orchard owner 
could have gross savings of $34,000 in postharvest storage and 
packing, if the culls were removed at the time of harvest (the 
calculation assumes that the costs for postharvest controlled 
atmosphere storage for fresh apples, cold storage for processing 
apples, and sorting/grading/packing are $32/bin, $12/bin, and 
$116/bin, respectively).  
  In Michigan, New York and Pennsylvania, many orchards 
grow only processing apples.  These orchards usually are not 
managed as intensively as fresh apple orchards.  Since there are 
large price differentials between processing and fresh apples, 
in-field sorting could bring additional economic benefits to the 
growers, because it would allow them to sell a portion of the 
harvested fruit to the fresh market, which would otherwise go 
for processing.  
 Despite potential economic benefits, in-field sorting current-
ly is not practiced by growers and no appropriate technology is 
available commercially.  While automated machine vision-based 
sorting technology is widely used in the packinghouse, in-field 
sorting would require a completely different set of technological 
innovations; it needs to be cost-effective and fully integrated with 
the harvest platform operating in limited space under rugged 
orchard conditions.  Most commercial horticultural equipment 
companies, operating as a small business, have limited technical 
and financial resources, and hence are less inclined or willing to 
invest in high-cost R&D for technological innovations in harvest 
and in-field sorting.
 In view of the current status in harvest assist and in-field 
sorting technologies, we recently conducted an economic analy-
sis of the cost benefits of adopting harvest and in-field sorting 
practices (Mizushima and Lu 2011; Zhang et al. 2016).  Our 
analysis showed that integration of harvest platform and in-field 
sorting technologies into one machinery system has the potential 
for achieving greater production and labor savings for growers.  
Figure 2 shows gross savings (without considering the machinery 
cost) that would be accrued from harvesting efficiency improve-
ment and in-field sorting, respectively, for the fresh apple grower.  
The example assumes a 50% harvest efficiency increase from the 
machine operating 360 hours for the harvest season, with which 
a crew of six workers would be able to harvest 3,240 bins for the 

Figure	2.		 Gross	 savings	 (without	 considering	 the	 machine	 cost)	 from	
harvest	 efficiency	 improvement	 and	 in-field	 sorting	 for	 the	
processing	apple	cull	incidence	between	5%	and	20%	(assuming	
that	the	machine	operates	360	hours/harvest	season	with	50%	
harvest	efficiency	increase	and	a	crew	of	six	workers	will	be	able	
to	pick	3,240	bins	for	the	season).

Figure	3.			Net	 annual	 benefits	 (after	 subtraction	 of	 the	 machine’s	 annual	
ownership	and	operating	costs)	accrued	from	using	the	harvest	
platform	 with	 or	 without	 in-field	 sorting	 function	 for	 orchards	
with	 0%	 (equivalent	 to	 no	 sorting)	 to	 15%	 processing	 apple	
incidences.	 	 The	 machine	 is	 assumed	 to	 increase	 the	 harvest	
efficiency	by	50%,	and	it	operates	360	h/harvest	season	with	a	
harvest	crew	of	six	workers.

season.  Gross savings from using the harvest platform are con-
stant, and determined only by the machine’s harvest efficiency 
improvement.  However, savings from in-field sorting depend on 
the processing apple or cull incidence; the higher the processing 
apple incidence, the more savings in-field sorting will bring.  For 
example, when the processing apple cull incidence is 15%, gross 
savings from in-field sorting would be $58,000, compared with 
$27,000 savings resulting from the harvest efficiency increase.   
 Figure 3 further shows the net annual benefits that would 
be accrued from the harvest platform with or without an in-field 
sorting function, when the machine’s price ranged between 
$60,000 and $160,000 (the machine’s annual ownership and op-
erating costs have already been factored in for the calculations).  
Net annual benefits accrued from the harvest efficiency improve-
ment are limited (<$16,000), even when the machine costs as 
low as $60,000.  Alternatively, the net annual benefits from both 
harvest efficiency improvement and in-field sorting would range 
between $58,000 and $74,000, when the machine price ranges 
from $60,000 to $160,000 and the processing apple cull incidence 
is 15%.  This example clearly demonstrates potential greater 
economic benefits of using the harvest platform integrated with 
the in-field sorting function.  Our economic analysis (Mizushima 
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Figure	5.	 The	apple	harvest	and	in-field	sorting	prototype	machine	tested	
in	 a	 commercial	 orchard	 in	 Michigan	 during	 the	 2016	 harvest	
season.

Figure	4	.		Schematic	of	the	apple	harvest	and	in-field	sorting	machine	(Pothula	et	al.	2016)

and Lu 2011; Zhang et al. 
2016) further showed that 
processing apple growers 
can also benefit from the 
use of the harvest platform 
integrated with the in-field 
sorting function.  

Self-Propelled Harvest 
and In-field Sorting 
Machine
 Our laboratory has en-
gaged in the development of 
apple harvest and automated 
in-field sorting technology 
for the past few years.  Our 
goal for the research is to 
develop cost-effective tech-
nology to help growers reduce harvest/labor costs and achieve 
postharvest storage/packing savings.  
 In 2016, we designed and constructed the first self-propelled 
apple harvest and in-field sorting prototype machine, in collabo-
ration with a commercial horticultural equipment manufacturer 
in Michigan.  The new machine (Figures 4 & 5) utilizes low-cost 
sensors, controls and a computer for productivity improvement 
and cost savings, and it can accommodate at least six workers.  
While the prototype still requires a worker to steer the machine 
in the orchard, auto steering will be considered in the future.  
Picking bags are replaced with the harvest conveyors, which 
increase harvest efficiency and also reduce the physical demand 
for workers.  Harvested fruit is transported from three pairs of 
harvest conveyors to the main conveyor and then to the machine 
vision inspection chamber (Figure 4).  The machine vision system 
performs the functions of transporting, singulating (i.e., arrang-
ing fruit in linear sequence with a space separating each fruit for 
easy identification and inspection) and rotating fruit, and then 
imaging and grading.  The digital camera takes multiple images of 
each fruit to cover its entire surface and the in-house developed 
computer software then performs image processing of the ac-
quired images to determine the quality grade of each fruit, based 
on its color, size or weight (which is estimated from the fruit’s 
size and shape), and presence or absence of blemishes (currently 
not yet functional).  Next, the graded fruit is sent to the sorter, 
which directs the fruit to the destination bins.  Before running 
the machine vision system, the user can choose the default fruit 
grading standards or select their own grading criteria in terms 
of fruit color and size.  The sorting system can sort fruit into two 
or three quality grades (cull, processing and fresh).  However, 
the current version of the machine only sorts culls or processing 
apples from fresh market fruit.
 Bin filling plays a critical role in placing graded apples in 
the bin without causing bruising damage to the fruit.  Because 
of limited space available, the bin filler for the harvest platform 
needs be compact so that it can fit into the machine.  After 
comparing different design ideas, we have come up with a new, 
simple bin filler design.  It allows apples to drop freely from the 
sorter into the bin filler, which then disperses the apples in the 
bin gently and evenly.  Laboratory tests showed that the new bin 
filler did not cause bruises to apples, and the bruising damage to 
some of the test apples occurred mainly when they hit the bottom 

of the empty bin (improvements to the bin filler are under way 
to address this issue).  There are three bin fillers for the harvest 
and sorting machine (Figure 4); two are used for handling culls 
and fresh apples, respectively, and the third is used as a backup 
bin, when either the cull or fresh fruit bin is full.  Each bin filler 
operates independently and is fully automated through sensors 
and an on-board microchip.  
 Another important feature of the machine is automatic bin 
handling.  Once the software is fully implemented later this year, 
the machine will automatically handle empty and full bins without 
human involvement.  As the machine is traveling in the orchard, 
it picks up empty bins that have been placed in the orchard and 
then moves them into proper positions on the platform.  When 
the fresh fruit bin (#2 in Figure 4) is full, the bin filler sends a 
signal to the computer, which then directs future fresh apples to 
the backup bin #3 (alternatively, the computer can activate the 
hydraulic system to unload the fresh bin (#2) in the rear of the 
machine and then move new empty bins into the positions of 
bins #2 and #3).  Once both fresh bins are full, the computer will 
activate the hydraulic system to unload the bins to the ground, 
while at the same time, the new empty bins will be moved into 
positions to continue the filling operation.  Likewise, when the cull 
bin (#1) is full, the computer will trigger the hydraulic system to 
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lower the bin and then unload it.  During the handling of the full 
cull bin, the incoming new culls will be directed to the backup bin 
#3 (assuming it has not been used for fresh apples at the time), so 
the harvest crew can continue picking activities without halting.  
Once the fresh bin (#2) is full and unloaded, the backup bin (#3) 
for culls will be moved to the position of cull bin (#1) and new 
empty bins will be moved into the positions of bins #2 and #3.  
Through the computer software, we can optimize the handling 
of individual bins to limit the downtimes for the harvest crew to 
a minimum.  
 During the fall of 2016, the new prototype machine was 
tested twice in a commercial harvest orchard in Sparta, Michigan.  
While the machine has met our initial goal, we have also identi-
fied several areas of improvement.  For 2017, we have planned 
on improving the harvest conveyors and bin fillers for better 
handling of harvested fruit and also refining the automatic sorting 
system for a higher sorting capacity.  Moreover, we will complete 
the software for automatic handling of bins and fully implement 
it with the improved machine.  For the coming harvest season, 
we will test the improved machine in a commercial orchard to 
evaluate its performance and bruising damage to harvested fruit.  
We will hold a field demonstration of the machine to seek inputs 
and comments from growers, extension specialists and others.  
Our ultimate goal is to establish a partnership with a commercial 
horticultural equipment manufacturer to transfer the developed 
technology to the apple industry.
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“The goals of this study are to catalogue 
the soil-borne barriers in strawberry 
plantings showing poor vigor using a 
thorough survey of soil and plant tissue 
characteristics (and)... to introduce 
native entomopathogenic nematodes 
to strawberry fields infested with root 
weevils.”

Managing Strawberry Root Problems For Improved 
Profitability and Sustainability on NYS Berry Farms: 
Using Entomopathogenic Nematodes to Control 
Strawberry Root Weevil Complex 
Laura McDermott1, Elson Shields2, Tony Testa2, Lindsey Pashow3, and Amy Ivy4
1Cornell	Cooperative	Extension,	Eastern	New	York	Commercial	Horticulture	Program,	Hudson	Falls,	NY
2Cornell	University,	Department	of	Entomology,	Ithaca,	NY
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Strawberries, blueberries and raspberries are high value crops, 
with the cost of establishment ranging from $3,700–$8,500 
per acre.  Small fruit industry working groups have identi-

fied strawberry 
root disease com-
plex, plant para-
sitic nematodes 
and soil insects 
as  the biggest 
barriers behind 
weed control to 
continued success 
with strawberry 
production in the 
northeast United 
States.  The in-

conspicuous nature of larval root feeding and its associated 
yield loss and plant death is often missed, or misdiagnosed as 
root disease, until large insect populations have developed and 
widespread crop losses are being suffered by the farmer (Figure 
1).  Root weevils have also been found in blueberry and raspberry 

plantings, but the extent of the problem in these crops is undocu-
mented.  The current lack of effective insecticides to control the 
weevil pests compounds the complex issue of root loss and related 
plant death.  It is often difficult for farmers to separate the effects 
of insect damage from the very similar symptoms caused by a 
variety of nutrition/pathogens/pest issues.  Successful manage-
ment requires an integrated approach utilizing identification, 
education, recommendations and applications.  This article ex-
plains a two-year study, supported by the New York Farm Viability 
Institute (NYFVI).  The first goal of the study is to catalogue the 
soil-borne barriers in strawberry plantings showing poor vigor 
using a thorough survey of soil and plant tissue characteristics.  
Future articles in the Fruit Quarterly will detail those findings.  

Understanding weevil pests
 The second goal of this project is to introduce native en-
tomopathogenic nematodes to strawberry fields infested with 
root weevils.  These nematodes parasitize certain soil insects.  
Significant progress has been made in the control of strawberry 
root weevil complex in those plantings where populations have 
been very high and insecticides are not effective.  Root weevils 
are beetles in the snout beetle family in the genus Otiorhynchus.  
They are all serious pests of agricultural crops, and feed on the 
roots of over 100 different plants.  They are difficult to control and 
manage, even with the use of soil insecticides. The three common 
root weevils affecting berries are rough strawberry root weevil, O. 
rugosostriatus, strawberry root weevil, O. ovatus, and black vine 
weevil, O. sulcatus.  Black vine weevil has been a known pest of 
ornamental nursery plants for many decades.  
 All root weevils in the genus Otiorhynchus look similar in 
the adult form and as larvae.  Adults are brown or black (Figure 
2) and range from 0.2 inches in length (strawberry root weevil) 
to 0.4 inches in length (black vine weevil).  The larvae are white 
or cream-colored and legless (Figure 3).  The adults feed on 
foliage,  and leaves a very distinctive half-moon chewing dam-
age on leaves (Figure 4), while the larvae of all species feed on 
roots and actually cause the most damage.  The adults reproduce 
parthenogenetically, meaning that virtually all of the adults are 
females.  The elytra (forewings) are fused, leaving the adults 
flightless.  This characteristic helps explain some of the tactical 
approaches to management.  It also helps explain how the insects 
are moving from seemingly disparate strawberry production re-
gions.  It technically could take only the introduction of a single 

Figure	1.	 Strawberry	field	in	northern	NY.	 	The	middle	of	the	rows	at	left	
show	poor	growth	due	to	heavy	infestation	of	black	vine	weevil.		
Rows	 at	 right	 are	 not	 infested	 and	 appear	 more	 vigorous	 with	
better	spring	regrowth.	(Photo:	A.	Ivy).



16  NEW YORK STATE HORTICULTURAL SOCIETY

insect to start a new infestation 
on a farm.  This introduction can 
occur through potted nursery 
stock brought onto the farm, or 
shared farming implements, etc.  
Farms that have nursery stock as 
part of their retail offerings, or 
those that have strawberry fields 
in close proximity to nursery fields 
or retail nursery sales yards, seem 
more prone to having infestations.  
Weevil insects also tend to prefer 
sandy soils to heavier loam soils 
(Loeb 2007).  It is really an issue 
of drainage, rather than soil type.  
Heavy soils with tile drainage also 
have problems.
 Due to the secretive nature 
of the adults, which feed only at 
night, and the root feeding of the 
larvae, new infestations go unnoticed for several years until the 
population has grown large enough to cause dieback in significant 
portions of the berry planting.  Soil insecticides do not eradicate 
the population, but repeated applications of insecticides are able 
to keep populations at a tolerable economic level.  

Management using biocontrol
 The use of native entomopathogenic nematodes that are 
able to overwinter in cold climates came to northern NY berry 
growers’ attention because of a related Otiorhynchus species that 
attacks alfalfa in nine northern NY counties.  Research and on-site 
application has shown that these nematodes can control devastat-
ing populations of the alfalfa snout beetle (Otiorhynchus ligustici) 
a close relative of the strawberry pest weevils.  Over the past 
25+ years, research has been focused on developing an effective 
biological control program for this insect using native persistent 
entomopathogenic nematodes isolated in NNY.  The focus of 
this program was to develop a biological control program where 
entomopathogenic nematodes were introduced a single time for 
multiple year suppression of the alfalfa snout beetle.  Techniques 
have been developed for farmers to rear their own nematodes 
and apply them through commercial spray equipment requiring 
only slight modifications.  To date, approximately 14,000–16,000 
acres have been treated with these native nematodes, which has 
resulted in control of the alfalfa snout beetle in northern NY.  
 Since the root weevil complex attacking berries is also known 
to be sensitive to entomopathogenic nematodes, research and 
extension efforts have broadened to crops attacked by black vine 
weevil and strawberry root weevil.   In two northern NY farms, 
native entomopathogenic nematodes were introduced a single 
time, and they are persisting for multiple growing seasons, caus-
ing a decline of the root weevils to a sub-economic level.  There 
is an important difference between the native entomopathogenic 
nematodes and the commercially available nematodes.  The native 
nematodes are able to overwinter, requiring far fewer applications 
and resulting in a cost savings.  
 Research has shown that the native nematodes need to be 
applied only once, at a cost of $150/acre (producer-reared; $300/
acre if purchased ready to apply), and they continually suppress 
the soil insect complex for many years. Subsequent research 

Figure	2.			Adult	 root	 weevil,	
Otiorhynchus	sp.

Figure	3.			A,	Root	weevil	larva;	B,	Glove	tips	(left)	provide	perspective	on	
size	of	root	weevil	larvae	(right)	(Photo:	A.	Ivy).

B

A

Figure	4.			Leaf	 notching	 done	 by	 black	 vine	 weevil	 adults	 (Photo:	 L.	
Pashow).

has shown the same strategy is effective against the root weevil 
complex in upland cranberry production, and is being tested 
against white grubs in both grapes and in turf.  These successes 
encouraged the development of this research project in the berry 
production system.

Application
 The beneficial parasitic nematodes used in the berry farm 
applications were raised in Dr. Elson Shields’ Cornell University 
laboratory, but a lab environment is not a requirement for raising 
these biocontrol agents.  Several dairy farmers in northern NY 
have successfully raised their own nematodes for the purpose of 
controlling alfalfa snout beetle.  The nematodes are introduced 
into cups of wax worms, which they promptly parasitize and are 
then able to reproduce.  The cups of wax worms need to be kept 
at temperatures between 65–75°F for approximately 3 weeks. 
When juvenile infective nematodes emerge from the deceased 
wax worms, the field application process can begin.  Mary DeBeer, 
a partner with her father Ronald in DeBeer Seeds and Spraying, 
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Figure	 6.	 	 Evening	 application	 of	 insect-attacking	 nematodes	 to	 control	
black	vine	weevil	larvae	is	made	using	boom	sprayer	with	filters	
and	screens	removed	from	nozzles	(Photo:	L.	McDermott).

Moira, NY, started a business raising the nematodes to make 
them available commercially to farmers that want to apply but 
not raise their own biocontrol agents.  
 The first application step is to screen the wax worms and 
media out of the nematode mix.  This involves rinsing the sub-
strate through doubled window screen, to wash the nematodes 
into a solution that will be applied to the field (Figure 5).  The best 
results are achieved if application is in the evening, as this helps 
prevent nematode death from UV exposure from the sun and 
desiccation from warm temperatures.  The nematode solution 
can be made using a normal, thoroughly rinsed, boom sprayer 
with all filters and screens removed from the nozzles.  The grower 
in our demonstration left a control plot to gauge effectiveness 
against the nematode application site (Figure 6).  

Scouting for root weevil infestations
 Root weevil larvae are easiest to see in the spring.  Adult 
root weevils can be present after harvest; however, traditional 
chemical control measures of the adults should be taken early, 
before egg laying begins in late spring. Eggs that were laid in the 

Figure	5.			Extension	 Specialist	 Amy	 Ivy	 rinsing	 beneficial	 nematodes	
through	a	screen	into	a	solution	prior	to	field	application	(Photo:	
L.	McDermott).

soil prior to or during harvest will hatch into young larvae that 
begin feeding on roots in the fall.  Root weevil larvae overwinter 
2–8 inches deep in the soil.  You can scout for root weevil larvae 
in the fall, but they are even smaller than in the spring and very 
difficult to see.  Black vine weevils (BVW) can be found through-
out the state, while strawberry root weevil (SRW) has been found 
in the primary fruit growing regions and less consistently.  Still, 
these pests seem transient.  Ongoing surveys for root problems 
in strawberries has revealed inconsistent and unpredictable 
populations in eastern NY.  

To	scout	for	these	pests,	follow	the	protocol	below:

•  In the spring, watch for areas of weak growth.  Dig in the 
root zones, checking for the white grub-like root weevil 
larvae.

•  When weevil adults emerge, watch for leaf notching, es-
pecially on sucker growth near the ground.

•  After dark on warm, calm nights, scout fields with a flash-
light.  Black vine and strawberry root weevils will be found 
feeding on top of the foliage.

•  Look for adults in the dead plant material and weeds at 
the base of plants.

•  In the fall, check areas that show weak growth and redden 
prematurely. The larvae can be found in the fall, but are 
much smaller than in the spring.
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“This study was conducted to evaluate 
... different strategies ... to reduce 
sunburn incidence and severity, 
the effect of these strategies on 
horticultural and fruit quality traits, ... 
and on net return to the grower.”

Sunburn management on ‘Honeycrisp’ in the 
Hudson Valley in 2016
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Sunburn is a serious economic problem in practically all 
apple-growing regions of the world.  Losses of apple fruit 
due to sunburn can range from 10% to as high as 50%.  

Damage severity 
can be influenced 
by such factors as 
cultivar, climate 
fluctuations and 
orchard manage-
ment practice.  
S u n b u r n  h a s 
been studied as 
a problem pri-
marily in semi-

arid and arid regions (hot and dry climates), such as Australia, 
South Africa, Spain, Turkey and Washington State (Rackso and 
Schrader 2012), among others.  However, several years ago this 
problem started to be a concern in Eastern New York, more 
particularly in the Hudson Valley region, and especially with 
the cultivar ‘Honeycrisp’ (Schupp et al. 2002; Reig et al. 2016).
 Based on the results obtained in 2015 by Reig et al. (2016) 
when they evaluated the reflective particle film ScreenDuo® 
and the sunscreen product Raynox Plus® at late summer ap-
plication timings, enough information was obtained (1) to test 
additional strategies currently used in other parts of the world, 
such as evaporative cooling (EC) and netting, together with the 
application of particle film and sunscreen products, and (2) to 
test season-long treatments for preventing sunburn injury on 
‘Honeycrisp’.  The EC strategy involves overhead application of 
water using an over-tree sprinkler to reduce heat stress.  The ame-
liorative effect of EC manifests primarily in 
the reduction of fruit surface temperature 
(FST) through the evaporation of water 
from the fruit surface.  Using nets over the 
tree canopy for shading purposes reduces 
incident sunlight on the fruit surface and 
FST via a reduction of the transmission 
of direct solar radiation through the net, 
thereby decreasing sunburn injury (Rackso 
and Schrader 2012).  Particle film and 
sunscreen products reflect visible or UV 
radiation, reducing FST and solar injury.  
The threshold FST for ‘Honeycrisp’ and for 
each type of sunburn have been described 
in Rackso and Schrader (2012) and Reig et 
al. (2016).
 This study was conducted to evalu-
ate (1) the effectiveness of using different 

strategies (evaporative cooling, shade net, particle films such as 
ScreenDuo®, and sunscreens such as Raynox Plus®) to reduce 
sunburn incidence and severity, (2) the effect of these strategies 
on horticultural and fruit quality traits, and (3) the effect of 
these strategies on the net return to the grower after sunburn 
management cost per acre is deducted.

Material and Methods
 Study	Site	and	Orchard	Description.	 Fruits used in this 
study were harvested from tall spindle ‘Honeycrisp’ apple trees 
grown at the Hudson Valley Research Laboratory (HVRL) experi-
mental orchards in Highland, New York.  Trees were planted in 
2010, grafted on Nic.29, spaced at 3 ft x 14 ft, and grown in loamy 
soil.  Water was applied through a trickle irrigation system in a 
consistent manner over all treatments, and was timed accord-
ing to the NEWA irrigation model (http://www.newa.cornell.
edu) from the end of May to the end of September.  Standard 
commercial management practices recommended for the area 
were followed, and all trees were hand-thinned to equalize crop 
load.  The Hudson Valley region of New York State is subject to 
periods of high summer temperatures (> 86ºF) and medium to 
high rainfall (around 12 in) from June to the end of September.  
 Experimental	Design.	 A completely randomized block de-
sign was used, with four blocks assigned to each of the treatments.  
Each treatment and block consisted of 10 trees, from which three 
in the center were selected and considered as an experimental 
unit, with the rest of the trees considered buffers to prevent 
overspray between treatments.  The treatments consisted of the 
following (Table 1): (1) untreated control; (2) evaporative cooling 
(EC); (3) netting with a clear polyester net; (4) ScreenDuo-1, in 

Table	1.	Treatments,	rates	and	dates	of	application.

Treatment Rate Dates	of	application

Untreated control - -

Netting1 - -

Evaporative cool-
ing2 11 gals hour-1

6th-8th July, 12th July, 15th July, 18th July, 21st-29th July, 5th Aug., 

8th-9th Aug., 11th-15th Aug., 17th-20th Aug., 24th Aug., 26th-29th Aug.,

8th Sept.

Raynox Plus3 2.5 gals acre-1 15th June, 22th June, 7th July, and 12th Aug.

ScreenDuo-14 10 lb acre-1
28th May, 7th June, 18th June, 3rd July, 12th July, 26th July, 5th Aug., 

16th Aug.

ScreenDuo-2 10 lb acre-1 18th June, 3rd July, 12th July, 26th July, 5th Aug., 16th Aug.

1 From Pak Unlimited Inc. (Georgia, USA).
2 From TRICKL-EEZ Company (Michigan, USA), Model Nelson R5 Rotator.
3 From Valent BioSciences (Ilinois, USA). 
4 From CERTIS USA L.L.C. (Maryland, USA). 
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which ScreenDuo® was applied every 10–14 days beginning at petal fall (label recommenda-
tion); (5) ScreenDuo-2, in which ScreenDuo® was applied 1–3 days before a predicted heat 
event (> 86ºF); and (6) Raynox Plus® applied four times during the growing season, begin-
ning nine weeks after full bloom (label recommendation).  The EC system was installed in 
the middle of each of the four blocks used for that treatment.  Sprinklers discharged water 
over the trees at a height of 12.5 ft.  Each sprinkler covered a radius of about 18 ft, with a 
discharge rate of 11 gal/hr.  The EC system was controlled manually and was activated every 
time air temperature was equal to or higher than 86ºF (mostly between noon and 5 PM).  
The netting for each block was installed in mid-June.  Treatments 4, 5 and 6 were applied 
using an airblast sprayer that delivered 85 gpa with tree-row volume calculated at 170 gpa.  
	 Horticultural	evaluations.  ‘Honeycrisp’ is a multiple pick cultivar, so three harvest 
times (henceforth referred to as H1, H2 and H3) were necessary to reflect common com-
mercial practice.  For each harvest, all fruits from each tree were counted and weighed to 
determine total yield per tree (lb/tree).  Average fruit weight (FW) was calculated using the 
total number of fruits and total yield per tree.  At the end of the experiment, tree circum-
ference was recorded at 30 cm above the graft union, and the trunk cross-sectional area 
(TCSA) was calculated. 
	 Sunburn	evaluation.  The incidence of the three sunburn types (SN, sunburn necrosis; 
SB, sunburn browning; SP, photooxidative sunburn) for all treatments was evaluated as 
presence or absence of sunburn on the apple skin, and was expressed as a percentage.  The 
severity of sunburn was calculated only on the sunburn browning type SB, and assessed by 
adapting the four sunburn browning classes previously described by Felicetti and Schrader 
(2008) for ‘Fuji’ to ‘Honeycrisp’.  Only two classes were used for this ‘Honeycrisp’ trial based 
on previous observations during the 2015 season: SB-1, browning or light yellowing spot 
on the skin (Figure 1); SB-2, strong yellowing spot on the skin (Figure 2).  
 Fruit	quality	evaluation.	 During the evaluation of sunburn at harvests H1 and H2, a 
random sample of five non-sunburned fruits and five fruits with sunburn browning were 
arbitrarily selected from each tree and harvest date for evaluation of fruit quality.  A total 
of 1,440 fruits were evaluated (5 fruits/tree × 2 injury categories × 3 trees/block × 2 harvest 
dates × 6 treatments × 4 blocks).  The skin color based on CIELAB coordinates (L, a, b, 
Chroma and Hue), flesh firmness (FF), soluble solids content (SSC), and titratable acidity 
(TA) were evaluated separately for each side of the fruit (B, sun-exposed side of the fruit; 
NB, shaded side of the fruit).  
 Calculation	of	Net	Returns	by	Treatment.	 Commercial value of the crop depends 
on both fruit size and fruit color.  However, in this study we included losses due to sunburn 
in the determination of the commercial value of the crop.  Therefore, we calculated the net 
return to the grower after sunburn management cost per acre, considering the revenue 
flows and costs of producing, storing, and marketing apples.  To start, we calculated the 
wholesale value per acre by estimating the sales prices of the various packs (FOB packing 
facility).  Taking into account packing and storage costs per acre and sunburn management 
costs (Table 2), we calculated the net return to the grower for each treatment, expressed in 
dollars/acre.  For simplification purposes, costs of pest management, fertilizer, irrigation, 
hand-thinning and chemicals for return bloom were not considered, as they were assumed 

Table	2.	 Estimated	 annual	 costs	 for	 sun-
burn	 management,	 packing	 and	
storage	 of	 500	 bushels	 	 (H1	 and	
H2	 production	 together)	 for	 a	
one-acre	orchard	block	with	1,037	
trees.

Expense	items Cost	per	unit	
($)

Storage (per box) 1.50

1-MCP treatment 
(per box) 0.25

Marketing (per box)
10% of 

wholesale 
value

Netting structure (per 
acre)a 688

Netb (per acre) 6,500

Evaporative cooling 
structure (per acre)c 130

Raynox Plus (per acre)  76

ScreenDuo (per acre)  18

Full time tractor driver 
(per hr) 14.37

Tractor (per hr) 4.89
 
a This cost was obtained by calculating a 20 
year structure amortization and a 10% annual 
maintenance charge.  For the purposes of this 
grower-centric analysis, we considered 20 
years to be the expected economic life of the 
orchard.  However, a potential financial lender 
might want to see an analysis based on a much 
shorter amortizatio  n period. The initial capital 
investment in the structure was estimated to 
be $12,500.
b This cost was obtained by calculating an 
8-year amortization with a 20% installation 
disposal labor handling charge and a 5% of 
annual maintenance charge.  The initial capital 
cost of the netting was estimated to be $6,500 
per acre.
c This cost is obtained by calculating a 20-year 
structure amortization and a 10%  annual 
maintenance charge.  The initial capital invest-
ment in the structure was estimated to be 
$2,357 per acre.

Figure	1.		 SB-1	sunburn	severity	symptom. Figure	2.		 SB-2	sunburn	severity	symptom.

to be consistent across the different 
treatments.
 Fruits harvested at the first 
(H1) and the second pick (H2) were 
weighed and color evaluated indi-
vidually in the laboratory.  Fruit size 
was expressed in grams, and red 
color was expressed as percentage 
of the fruit surface.  
 Based on New York State stan-
dards for grades of apples, fruits from 
this study were divided into three 
categories based on the number of 
fruits per packed box: (1) 88 or fewer 
fruits per box: fruit size > 201 grams; 
(2) between 100 and 138 fruits per 



22  NEW YORK STATE HORTICULTURAL SOCIETY

box: fruit size between 200.9 and 128 grams; and (3) more than 
138 fruits per box: fruit size less than 128 grams.
  Four general quality grades are used by the USDA as stan-
dards for grading apples in the U.S.: U.S. Extra Fancy (ExFy), 
U.S. Fancy (Fy), U.S. No. 1 (#1), and U.S. Utility (USDA 2002).  
Apples that do not belong to these grades are considered cul-
lage.  Therefore, based on the fruit grade prices per box received 
in 2016 for each fruit grade, the criteria established to calculate 
the wholesale value for each harvest was the following: (1) U.S. 
Extra Fancy apples: $64 per box when fruit color was > 40% of 
the fruit surface, fruit weight was > 201 g, and sunburn = 0% of 
the fruit surface; and $42 per box when fruit color was > 40% of 
fruit surface, fruit weight was between 200.9 g and 128 g, and 
sunburn = 0% of fruit surface; (2) U.S. No. 1: $16 per box when 
fruit color was > 10% of the fruit surface, fruit size was larger 
than 128 g, and sunburn was < 5% of fruit surface; and (3) Culls 
for juice: $ 0.12/lb when fruit size weight was lower than 128 g, 
or when fruit weight was > 201 g, and sunburn was > 5% of fruit 
surface, or when fruit weight was between 200.9 g and 128 g, and 
sunburn was > 5% of fruit surface.

Results and Discussion
 The different treatments applied in 2016 did not significantly 
affect the horticultural performance of the ‘Honeycrisp’ trees 
evaluated in this trial (Table 3), although other studies have re-
ported that the use of netting, evaporative cooling and Surround 
treatments can reduce fruit weight.  
 In terms of sunburn incidence, results showed statistically 
significant differences among treatments at each harvest (H1 and 
H2) (Table 4) and with both harvests (H1 and H2) combined (data 
not shown).  Netting resulted in the lowest incidence of sunburn.  
Fruits under netting averaged 50% less sunburn compared with 
the control treatment.  However, netting did not differ signifi-
cantly from evaporative cooling and the Raynox Plus treatments 
at H1, and from evaporative cooling and ScreenDuo-1 at H2.  
Combining all harvests, fruits under the netting had the lowest 

Table	3.	Effect	of	different	treatments	on	yield	
and	fruit	size	for	‘Honeycrisp’	apples.

Treatment Yield	
(lb)

Fruit	
weight	

(g)

Crop	
load	
(fruit	
cm-2)

Control 24.0  a 161.0  a 7.5  a

Netting 21.4  a 170.0  a 6.8  a

Evaporative 
cooling 25.6  a 173.0  a 7.3  a

Raynox Plus 27.6  a 175.0  a 7.2  a

ScreenDuo-1 26.9  a 186.3  a 6.2  a

ScreenDuo-2 22.5  a 161.2  a 6.4  a

Means followed by the same letter in each column 
are not significantly different at P < 0.05 according 
to Tukey HSD test.

Table	4.	‘Honeycrisp’	sunburn	evaluation	by	harvest	date	at	the	Hudson	Valley	Research	Laboratory.

Harvest Treatment
Incidence Severity

%	Sunburn1 %	SP %	SN %	SB %	SB-1 %	SB-2

H1

Control 41.5  a 0.0  a 0.0  a 41.5  a 74.3  a 25.7  a

Netting 18.7  b 0.0  a 0.0  a 18.7  b 93.4  a 6.6  b

Evaporative 
cooling 33.0  ab 0.0  a 0.0  a 33.0  ab 87.5  a 12.5  ab

Raynox Plus 32.8  ab 0.2  a 0.2  a 32.4  ab 82.2  a 17.7  ab

ScreenDuo_1 33.7  a 0.0 a 0.0  a 33.7  a 95.2  a 4.8  b

ScreenDuo_2 41.1  a 0.0  a 0.0  a 41.1  a 89.7  a 10.3  b

H2

Control 11.0  a 0.2  a 0.0  a 10.7  ab 94.4  a 5.6  a

Netting 3.8  b 0.0  a 0.0  a 3.8  b 100.0  a 0.0  a

Evaporative 
cooling 10.7  ab 0.0  a 0.0  a 10.7  ab 95.8  a 4.2  a

Raynox Plus 10.6  a 0.7  a 0.0  a 10.0  a 100.0  a 0.0  a

ScreenDuo_1 9.5  ab 1.4  a 0.0  a 8.1  ab 100.0  a 0.0  a

ScreenDuo_2 12.5  a 1.3  a 0.0  a 11.2  a 100.0  a 0.0  a

1All three sunburn types together.
Means followed by the same letter in each column are not significantly different at P < 0.05 according to Tukey 
HSD test.
SB, sunburn browning; SN, sunburn necrosis; SP, photooxidative sunburn. 

percentage of sunburn (7.9 %), with the rest of the treatments 
showing approximately 20% sunburn incidence and as a group 
not statistically different from one another (data not shown).  
However, although evaporative cooling, Raynox Plus, Screen-
Duo-1 and ScreenDuo-2 treatments did not differ statistically 
from the control treatment, they generally had a numerically 
lower percentage of sunburn incidence compared with the con-
trol, with the exception of ScreenDuo-2.  In addition, although 
the ScreenDuo-1 and ScreenDuo-2 treatments did not differ 
statistically (Table 4), ‘Honeycrisp’ fruits with the ScreenDuo-1 
treatment had a lower percentage with sunburn compared with 
the ones with the ScreenDuo-2 treatment.  The omission of two 
applications at the beginning of the season in the ScreenDuo-2 
treatments may explain this.  
 Around 98% of the sunburn evaluated on all treatments was 
sunburn browning (SB), as might have been expected, while the 
remainder mostly presented photooxidative sunburn (SP).  This 
last sunburn type was primarily observed in the second harvest, 
although a few fruits had this symptom at the first harvest.  SP 
occurs because fruits that had previously grown in the shade 
and are not acclimated to direct sun can be exposed by removal 
of fruit during the first harvest and are therefore exceptionally 
susceptible to sunburn.
 With regards to sunburn severity, more than 80% showed the 
less severe symptom (SB-1) (Table 4), in contrast with the results 
found by Reig et al. (2016), when most of the ‘Honeycrisp’ apples 
with sunburn had SB-2 symptoms.  This could be caused by the 
different timing application of the treatments used during 2016 
season compared with the 2015 season or to differences in the 
environmental conditions that contributed to sunburn events in 
each year.
 During the summer of 2016, we experienced more days of 
high temperatures (equal to or higher than 86ºF) as compared 
with 2015 and also as compared with the average for 16 years 
of maximum temperature data for this location (Figure 3).  The 
Hudson Valley region from June to mid-September experienced 
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38 days in 2016 where the maximum temperature 
was equal to or higher than 86ºF and 10 days where 
the maximum temperature was equal to or higher 
than 90ºF.  In particular, August 2016 had more days 
above 90ºF than any other August on record.  
 The high temperatures recorded in 2016 may 
explain the lack of statistical differences among 
spray particle film and sunscreen products (Raynox 
Plus and ScreenDuo) and evaporative cooling com-
pared with the control, because when radiation is 
so intense, temperature reductions affected by these 
treatments may not have been enough to reduce 
injury.  Solar radiation can burn fruit even when 
evaporative water droplets are on the fruit surface 
or even when the film is still present on the fruit, 
due to the reduced abilities of these films to reflect 
some solar irradiation (including UV-B).
 Raynox Plus and ScreenDuo are being tested 
on the east coast of the US, where although we can 
have high temperatures in the summer similar to 
the west coast, rain, relative humidity, and solar 
radiation are different than in western production 
regions.  In addition, little published information is 
available related to the efficiency of these two prod-
ucts to control sunburn on different apple cultivars.  In fact, in 
the Hudson Valley region, only one trial has been carried out to 
evaluate these materials for control of sunburn on ‘Honeycrisp’ 
apples, but in that trial kaolin clay (Surround) was used instead of 
ScreenDuo or Raynox (Schupp et al. 2002).  However, no sunburn 
on ‘Honeycrisp’ apples was observed in that trial, due to the cool 
weather experienced for the duration of the experiment.  These 
products need further testing in season-long spray programs to 
find the right rates to apply under New York conditions.  The 
rates used in this study may not have been appropriate for the 
summer conditions that we experienced.  
 Fruit quality traits such as percentage of red color (blush), 
flesh firmness (FF), soluble solids content (SSC), titratable acidity 
(TA) and skin color (a*/b* and Hue) were analyzed separately for 
each side of the fruit (B, sun-exposed side; NB, shaded side) (Table 
5).  Although the different treatments did not significantly affect 
the percentage of red color in the skin (blush), apples under the 
net tended to have numerically lower values compared with the 
other treatments.  Also, for net-shaded apples, both sides of the 
fruit (the sun-exposed and the shaded side) were less red (low 

Figure	3.		 Daily	maximum	and	minimum	temperatures	during	July	2015	and	2016	at	HVRL	
as	 compared	 with	 the	 average	 maximum	 and	 minimum	 temperatures	 for	 each	
day	in	July	for	16	years	(from	2000	to	2016).

Figure 3. Daily maximum and minimum temperatures during July 2015 and 2016 at 
HVRL as compared to the average maximum and minimum temperatures for each day 
in July for 16 years (from 2000 to 2016). 
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Table	5.	Effect	of	different	treatments	on	fruit	quality	parameters	for	‘Honeycrisp’	apples	without	sunburn	symptoms.

Fruit	type Treatment Blush	
(%)

FF SSC	 TA a*/b* Hue

B NB B NB B NB B NB B NB

Healthy

Control 67.1  a 63.9  a 61.8  a 11.9  a 11.3  a 3.4  a 3.6  a 1.56  bc 0.18  ab 33.7  ab 81.7  ab

Netting 65.5  a 65.5  a 62.2  a 12.0  a 11.0  a 3.8  a 3.8  a 1.53  c 0.04  b 34.1  a 88.8  a

Evaporative cooling 68.5  a 65.0  a 63.1  a 12.0  a 11.3  a 3.5  a 3.6  a 1.60  abc 0.12  ab 33.2  ab 83.6  ab

Raynox Plus 75.6  a 63.6  a 60.6  a 12.2  a 11.6  a 3.6  a 3.6  a 1.74  abc 0.27  ab 30.5  ab 77.2  ab

ScreenDuo-1 70.0  a 65.2  a 67.9  a 12.5  a 11.8  a 3.8  a 3.6  a 1.76  ab 0.35  a 30.2  b 73.9  b

ScreenDuo-2 74.9  a 64.6  a 61.8  a 12.1  a 11.6  a 3.8  a 3.8  a 1.79  a 0.23  ab 29.9  b 79.1  ab

Means followed by the same letter in each column are not significantly different at P < 0.05 according to Tukey HSD test.
B, sun-exposed side of the fruit; FF, flesh firmness; NB, shaded side of the fruit; SSC, soluble solids content; TA, titratable acidity.

a*/b* and high hue values) compared with the apples from the 
rest of the treatments, in agreement with other studies.  Fruits 
treated with Raynox Plus and ScreenDuo tended to have higher 
blush values and more intense red color (higher a*/b* ratio and 
hue values) compared with the rest of the treatments.  Red color is 
directly influenced by light, temperature, and cultivar.  Therefore, 
the effect of both high temperatures and significant reductions 
in the exposure to light associated with the use of nets could ex-
plain the reduction in fruit color.  Comparing fruit type (healthy 
vs sunburned), the fruits with sunburn on the sun-exposed side 
had higher FF, SSC, and less TA (data not shown), in agreement 
with previously published studies done on other apples such as 
‘Fuji’.
 The information shown in Table 6 provides the fruit distribu-
tion by U.S. Extra Fancy (ExFy), U.S. No.1 (# 1) and culls based 
on fruit size, and percentage of red color and sunburn in the skin 
for both harvests (H1 and H2) together.  The first two harvests 
combined represented, on average, 83% of the total apple produc-
tion in this study.  More than 60% of the fruits from H1 and H2 
together were graded as extra fancy.  In particular, the netting 
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treatment had more graded into the extra fancy category, followed 
by Raynox Plus, ScreenDuo-1, ScreenDuo-2, control and evapo-
rative cooling.  Mostly the rest of the fruits were graded as culls, 
mainly because of the sunburn problem.  Based on treatment 
averages, 70% of the total fruits destined for cullage had more 
than 5% of the skin surface area damaged by sunburn.  Reports 
from other parts of the world suggest that packinghouse cullage 
of 10% because of sunburn could be expected in typical seasons, 
although the range can vary from 6 to 30%, depending on the 
season and the cultivar.  Considering the unusually warm sum-
mer in 2016, our results are within the abovementioned range.  
 In terms of net return to the grower, no statistical differences 
were found among treatments (Table 7), which was totally unex-
pected.  However, ScreenDuo-1 followed by netting, Raynox Plus 
and Screenduo-2 were the treatments that had higher numerical 
values compared with the control.  The net returns to the grower 
after sunburn management costs were obtained by subtracting 
grower charges and sunburn management costs from the whole-
sale value.  The netting strategy requires a substantial up-front 
capital investment, while the alternative strategy of applying 
spray materials as needed on an annual basis offers the benefit of 
capital preservation for use in more profitable applications.  One 
potential economic advantage of a netting strategy may be hail 
damage mitigation, as is practiced in other tree fruit producing 
regions of the world.  The economic consequences of hail damage 
mitigation were not considered in this study.
 ‘Honeycrisp’ is a popular apple cultivar with American 
consumers who appreciate the premium fresh apple eating 
experience.  Growers tolerate the challenging production and 
post-harvest issues associated with ‘Honeycrisp’ because of 
the potential for high returns.  The wholesale value (FOB at the 
packing facility) in 2016 was $64 per box, more than twice that 
of ‘Gala’ and ‘Fuji’.  Strong pricing for premium grades, together 
with the high number of fruits within the extra fancy category, 
even accounting for the high SBMC, caused the netting strategy 
to result in a net return to the grower similar to Raynox Plus 
and ScreenDuo treatments.  Thus, the sprayable treatments are 
arguably the least risky in terms of capital outlay and the most 
affordable treatments for the growers on an annual basis.  How-
ever, more research needs to be done to evaluate the effect of 
treatments over a variety of years and seasonal conditions, so as 
to have a robust, regionally relevant cost-benefit analysis.  The 
industry needs a better understanding of sunburn triggers and 
could benefit from further refinement of application rates for 
evaporative cooling (water), Raynox Plus and ScreenDuo treat-
ments, and the evaluation of alternative netting technology and 
colors.  
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Ethanol Accumulation Does Not Predict Soft Scald in 
‘Honeycrisp’ apples
Yosef Al Shoffe, Jacqueline F. Nock, Chris B. Watkins
Horticulture	Section,	School	of	Integrative	Plant	Science,	Cornell	University,	Ithaca,	NY

“A predictor of susceptibility of 
‘Honeycrisp’ to the physiological disorder 
is needed to aid the industry in making 
decisions about conditioning, storage 
temperature and storage length.  In this 
project we tested the hypothesis that 
ethanol accumulation could be used 
as a marker of susceptibility without 
success.”

Honeycrisp’ apples are susceptible to a range of physi-
ological disorders, the main ones being bitter pit, soft 
scald and soggy breakdown.  In a recent article (Al Shoffe 

et al. 2016), we 
d e s c r i b e d  th e 
d i f f i c u l t ie s  o f 
postharvest han-
dling decisions; 
conditioning in-
creases bitter pit 
incidence while 
preventing soft 
scald and soggy 
breakdown, but 
not conditioning 
de crea ses  b i t-
ter pit incidence 

while increasing the risk of development of soft scald and soggy 
breakdown.  Overall, losses due to bitter pit and other disorders 
has been estimated to be as high as $7,000 per acre.  Based on 
New York plantings of 2000 acres (assuming full bearing acres), 
losses represent $14 million, which could be reduced greatly by 
control of these disorders.  
 A predictor of susceptibility of fruit to bitter pit and soft scald 
would allow better decision making.  For example, knowing fruit 
had low risk for soft scald development would permit storage at 
low temperatures without conditioning and thereby reduce losses 
due to bitter pit.  We are developing mineral analyses based on 
data described in a previous New York Fruit Quarterly by Al 
Shoffe et al. (2016).  Here, we have focused on developing an in-
dicator of soft scald susceptibility.  In research from several years 
ago, we found a good relationship between ethanol accumulation 
in the fruit and soft scald development in ‘Honeycrisp’ apples. 
In this NYFVI-funded project we tested the hypothesis that this 
accumulation could be used as a marker of susceptibility of fruit 
to soft scald (Figure 1). 

Methods
 Fruit were obtained from different ‘Honeycrisp’ orchard 
blocks in Pennsylvania, the Hudson Valley, Western NY and 
the Champlain Valley regions.  Three replicate sets of fruit were 
subjected to each of the following treatments:

1. 33°F
2. 38°F
3. 33°F after conditioning of fruit at 50°F for 7 days
4. 38°F after conditioning of fruit at 50°F for 7 days

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

‘

 Fruit were stored for 20 weeks, and storage disorders assessed 
after 7 days at 68°F.  Peel samples were taken at harvest and at 1, 
3, 5 and 10 weeks during storage.  Five fruits per replicate were 
sampled, with the skin peeled stem to calyx from 4 sides of each 
fruit.  The tissue was peeled directly into liquid nitrogen and then 
the frozen tissue was ground to a powder.  Each 5 g sample was 
weighed into a 20 mL headspace vial and 2.5 g distilled water and 
2.5 g saturated NaCl solution was added.  These samples were 
frozen until analyzed for acetaldehyde and ethanol concentrations 
by gas chromatography.

Results
 Harvest indices of fruit from the regions were variable and 
few regional patterns were detectable (Table 1).  Overall, lowest 
internal ethylene concentrations (IEC) were found in fruit from 
Western NY and Champlain, but even in the other regions, at 
least one block of fruit had low IEC.
 Soft scald incidence was assessed in the fruit that had been 
untreated or conditioned, and then stored at 33°F or 38°F for 20 

Figure	1.		A	hypothesis	for	the	mechanism	of	soft	scald	development	
in	‘Honeycrisp’	apples.	
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weeks (Table 2).  As we find routinely, a storage tem-
perature of 38°F resulted in no soft scald, even without 
conditioning.  Soft scald incidence can be increased 
by storage at 33°F, however, with the often observed 
regional patterns where risk is low in PA and HV, and 
more variable in the Western NY and Champlain re-
gions.  Conditioning reduced but did not consistently 
eliminate risk of soft scald development in fruit stored 
at 33°F.
 Our goal in this project was to investigate if etha-
nol and acetaldehyde concentrations in the peel were 
associated with soft scald development.  Figures 2–5 
show the concentrations of ethanol at each sampling 
time for fruit from the orchards in each region. (Note 
that acetaldehyde data are not shown, as patterns are 
similar to those shown for ethanol.) 

Several features are apparent from these results:
1. Variation of ethanol accumulation within and 

among regions is high.
2. Ethanol accumulation is usually greater at 33°F 

than at 38°F, and higher in fruit stored at 33°F 
without conditioning than with conditioning.  
(Averages for both acetaldehyde and ethanol for 
weeks 3, 5 and 10 are provided in Table 3).

3. Maximum accumulations typically occur at weeks 
5 and 10 in fruit stored at 33°F, but less consis-
tently at 38°F.

 At face value, therefore, the concept that soft 
scald is associated with ethanol accumulation seems 
supported by lower concentrations at higher storage 
temperatures and sometimes with conditioning.  How-
ever, the relationships between regions and orchards for 
ethanol and soft scald are poor (Figures 2–5; Table 2).  
 In PA, almost no soft scald was detected, but etha-
nol accumulated to high levels in fruit from Orchard 

Table	2.	Soft	scald	incidence	(%)	in	‘Honeycrisp’	apples	from	Pennsylvania	(PA),	Hudson	
Valley,	Western	NY	and	Champlain	regions	in	fruit	without	or	with	conditioning	
at	50°F	for	a	week	and	stored	in	33°F	or	38°F	for	20	weeks.		Means	with	different	
letters	indicate	statistical	separation	at	P	=	0.05.

Region Orchard 33oF 33oF	+	con-
ditioning 38oF 38oF

+	conditioning

PA 1 0.0d 0.0d 0d 0d

2 0.5d 0.4d 0d 0d

3 0.5d 0.0d 0d 0d

4 0.0d 0.0d 0d 0d

Hudson 
Valley 1 6.0cd 0.6d 0d 0d

2 0.0d 0.7d 0d 0d

3 1.4d 0.5d 0d 0d

Western 
NY 1 18c 2d 0d 0d

2 29b 0d 0d 0d

3 64a 9cd 0d 0d

Champlain 1 1d 2d 0d 0d

2 4d 7cd 0d 0d

3 16c 1d 0d 0d

Table	1.		 Harvest	indices	of	‘Honeycrisp’	apples	from	Pennsylvania	(PA),	Hudson	Valley,	
Western	NY	and	Champlain	regions.		Means	with	different	letters	are	significant	
at	P	=	0.05,	with	small	letters	representing	differences	in	orchards	within	a	
region	and	capital	letters	showing	differences	between	regions.

Region Orchard IEC	
(ppm) SPI Firmness	

(lb-f)
SSC
(%)

TA
(g	100	
ml-1)

PA 1 22c 6.8b 15.1bc 12.9e 0.40a

2 14d 7.1b 16.3ab 14.5b 0.52bc

3 41b 7.7a 14.7cd 13.1de 0.41bc

4 21c 7.7a 15.7ab 13.3cde 0.41bc

Average 25B 7.3A 15.5A 13.5AB 0.44A

Hudson 
Valley 1 13de 5.7d 15.1b 12.9e 0.44b

2 67a 7.6a 16.5a 13.6cd 0.31e

3 36b 7.3ab 15.0b 12.7e 0.35de

Average 39A 6.9B 15.5A 13.1B 0.37C

Western 
NY 1 12de 7.2b 14.3d 13.9bc 0.36d

2   7ef 6.3c 15.9ab 15.5a 0.50a

3   4f 7.3ab 12.4e 11.9f 0.35de

Average 			8C 6.9B 14.2C 13.8A 0.40B

Champlain 1   5f 5.5d 15.0c 13.0de 0.37cd

2 19c 6.4bc 14.0d 13.2de 0.35de

3   7ef 6.2c 15.6bc 15.2a 0.41bc

Average 10C 6.0C 14.9B 13.8A 0.38BC

Table	3.		 Acetaldehyde	and	ethanol	concentration	(mg/kg),	as	
an	average	of	weeks	3,	5	and	10	in	storage,	in	the	peel	
of	‘Honeycrisp’	apples	from	Pennsylvania	(PA),	Hudson	
Valley,	Western	NY	and	Champlain	regions	in	fruit	with-
out	or	with	conditioning	at	50°F	for	a	week	and	stored	
in	33°F	or	38°F.		Means	with	different	letters	indicate	
statistical	separation	at	P	=	0.05.

Region 33oF 33oF	+	
conditioning 38oF 38oF	+	

conditioning

Acetaldehyde

PA 2.1b 1.4cde 1.2efg 1.0fg

Hudson 
Valley 1.3defg 1.8bc 0.9g 0.9g

Western NY 2.6a 1.6cde 0.9g 0.9g

Champlain 1.7bcd 1.4cdef 0.9g 0.9g

Ethanol

PA 23a 13de 9ef 7f

Hudson 
Valley 13de 19bc 6f 7f

Western NY 27a 16cd 5f 6f

Champlain 13de   9ef 4f 5f
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Figure 2. Ethanol concentrations in ‘Honeycrisp’ apples harvested from four Pennsylvania orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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Figure 2. Ethanol concentrations in ‘Honeycrisp’ apples harvested from four Pennsylvania orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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Figure	2.		Ethanol	concentrations	in	‘Honeycrisp’	apples	harvested	from	four	Pennsylvania	orchards	and	stored	at	33°F	or	38°F	without	or	with	
conditioning	at	50°F	for	7	days.

Figure	3.		Ethanol	concentrations	in	‘Honeycrisp’	apples	harvested	from	three	Hudson	Valley	orchards	and	stored	at	33°F	or	38°F	without	or	
with	conditioning	at	50°F	for	7	days.

3.  In the Hudson Valley, where soft scald was also negligible, 
ethanol accumulated in conditioned fruit at higher levels than 
unconditioned fruit at 33°F.  In Western NY, ethanol accumulation 
in fruit from Orchard 2 was relatively low, while 29% soft scald 
was detected, and was very similar in fruit from Orchards 1 and 3, 

which had 18% and 64% soft scald, respectively.  In the Champlain 
region, however, ethanol accumulation was higher in Orchard 3 
with the highest soft scald incidence.
 Overall, however, regression analyses showed weak correla-
tions between soft scald and ethanol concentrations for each 

Figure 3. Ethanol concentrations in ‘Honeycrisp’ apples harvested from three Hudson Valley orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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Figure 3. Ethanol concentrations in ‘Honeycrisp’ apples harvested from three Hudson Valley orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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sampling week.  The strongest R2 values (a measure of how good 
the relationships between the two factors are) never exceeded 29%.

Conclusion
 Our preliminary research indicated that acetaldehyde and 
ethanol accumulation was associated with soft scald development 
in ‘Honeycrisp’ apples.  However, application of this method to 

Figure	5.	 Ethanol	concentrations	in	‘Honeycrisp’	apples	harvested	from	three	Champlain	Valley	orchards	and	stored	at	33°F	or	38°F	without	
or	with	conditioning	at	50°F	for	7	days.

Figure	4.	 Ethanol	concentrations	in	‘Honeycrisp’	apples	harvested	from	three	Western	NY	orchards	and	stored	at	33°F	or	38°F	without	or	with	
conditioning	at	50°F	for	7	days.	Figure 4.  Ethanol concentrations in ‘Honeycrisp’ apples harvested from three Western NY orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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Figure 4.  Ethanol concentrations in ‘Honeycrisp’ apples harvested from three Western NY orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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Figure 5. Ethanol concentrations in ‘Honeycrisp’ apples harvested from three Champlain Valley orchards and stored at 33oF or 38oF without or with conditioning at 50oF for 7 days.
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different orchard blocks across four growing regions revealed that 
accumulation of these compounds cannot be used universally as 
a meaningful predictor of soft scald development.  Although this 
outcome is very disappointing, the results will be used by an in-
dustry that is still developing postharvest management techniques 
necessary to provide high quality fruit for the market with minimal 
losses resulting from storage disorders.
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The Impact of New York’s Minimum Wage Rules and 
Overtime on New York Apple Growers
Matt Wells1 and Jennifer Ifft2
1Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY
2Cornell	University,	Charles	H.	Dyson	School	of	Applied	Economics	and	Management

“This project estimated the impact of 
the new minimum wage schedule and 
potential loss of the overtime exemption 
on individual growers. ”

Labor is the number one cost in apple producing businesses, 
accounting for 40–50% of farm operating expenses.  Apple 
production is labor-intensive, due to many tasks requiring 

hand labor like 
harvest, pruning, 
hand thinning 
and tree training.  
While labor-re-
ducing robotics 
in orchards are a 
realistic possibil-

ity in the future, it will be several years before they are available 
commercially and affordable to most growers.
 Farm labor availability in New York has become a serious 
problem for growers due to demographics, declining unemploy-
ment, and immigration policies.  With a shortage of farm workers, 
the industry has increased its usage of the federal H2A program.  
This alone has increased the average wages on farms, as farmers 
must pay what is called the adverse wage effect.  This is a wage 
that is set by the federal government to protect domestic wages 
and has been 29–50% higher than states’ minimum wage levels 
over the past 10 years.
 In 2015, the New York State legislature instituted a minimum 
wage schedule beginning in 2016 (Table 1).  This wage schedule 
is well below the average wages paid to domestic and H2A apple 

production workers, but 
the government man-
dated increases will like-
ly “push” all farm worker 
wages higher.  New York 
apple producers also are 
concerned that NYS will 
remove the agricultural 
exemption for manda-
tory overtime.  Over the 

last decade, there has been overtime legislation proposed, but it 
either did not reach the floor or was voted down.  
  This project estimated the impact of the new minimum 
wage schedule and potential loss of the overtime exemption on 
individual growers.  

Methods
 Cornell University and the Cornell Cooperative Extension 
Lake Ontario Fruit Team have conducted an annual financial 
benchmark study on fruit farms in western NY for many years.  

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

Year	in	Effect Min	Wage %	Change
2016    $9.00
2017    $9.70 7.8%
2018 $10.40 7.2%
2019 $11.10 6.7%
2020 $11.80 6.3%
2021 $12.50 5.9%

Table	1.		Minimum	Wage	Upstate	NY.

This study is commonly known as the Fruit Farm Business Sum-
mary.  In 2015, there were 14 farm participants that shared their 
financial performance and business data. To conduct a wage 
analysis for this project, four of these farms volunteered their 
payroll data of hourly employees from the 2015 season (salaried 
employee data was not included). We estimate the impact of 
minimum wage increases and a change to overtime rules on farm 
labor costs, and assume no changes to hours worked or other 
labor management practices. Table 2 gives an overview of each 
of the four farms’ number of hourly employees, average wage and 
annual operating expenses.

Minimum Wage Impact
 For each farm, the average wage was determined by divid-
ing the total wages by total hours.  The average wage for future 
years was extrapolated by assuming wages increase at the same 
rates that the new minimum wage schedule increases.  This is a 
fair assumption, as the H2A adverse wage will increase as mini-
mum wage increases.  For farms not using H2A, they must pay 
a competitive wage to attract workers, and historically wages 
have increased with minimum wage increases.  Table 3 shows the 
estimated wages through 2021.  These wages include employer 
taxes, unemployment and worker’s compensation insurance, as 
they are a percentage of gross wages.  The wage rate increase 
would amount to a 43% increase over 6 years, or an average 7% 

Farm	A Farm	B Farm	C Farm	D

Number of Hourly 
Employees 47 77 46 62

Total Hours Worked 
by Hourly Employees 34,006 77,008 15,032 74,693

Average Hours Per 
Employee 724 1,000 327 1,205

Average Wage $12.02 $12.61 $13.22 $11.89

Gross Wages 
(employer taxes not 
included)

$408,678 $970,868 $198,733 $887,872

Total Farm Operating 
Expenses $1,246,798 $3,126,000 $ 610,090 $ 2,378,176

Hourly Wages as % 
of Total Operating 
Expenses 

33% 31% 33% 37%

Table	2.		Farm	Overview	-	2015.
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per annum.  While other operating expenses would likely increase 
over this time period, they are not likely to change as dramati-
cally.  It is anticipated that wages as a percent of total expenses 
will increase to historic high levels.

Overtime Impact
 The current overtime (OT) rules in New York for non-exempt 
industries is any hours over 40 in a seven-day week must be paid at 
time and a half (OT40).  In this analysis, other overtime scenarios 
were considered.  They were OT for hours over 50 (OT50) and 
60 (OT60) per week, and hours over 8 in a day (OT8).  From the 
2015 wage data provided by the four farms, it could be deter-
mined what the overtime would have been in the four different 
OT scenarios.  The results varied by farm depending on the use 
of labor.  Table 4 illustrates the percent increase in labor costs 
for each of the farms in the four scenarios.  OT40 contributed 
to the largest increase in costs, and OT8 was the second largest 
contributor.  This would indicate that workers are not working 
more than 1–2 hours over 8 in a given day, but work 6 full days 
per week.  OT60 would have had the smallest financial impact 
on all four farms.  

Minimum Wage Schedule Combined with OT 40
 Assuming the OT exemption is eliminated and goes into 
effect in 2018, the combination of the minimum wage schedule 
and OT40 were determined for each of the farms’ average hourly 
pay rates.  Table 5 lists the rates for each farm through 2021.  The 
minimum wage on its own increased rates by 43%, or 7% per year.  
With OT40 beginning in 2018, the total rate increase would range 
from 52–70%, depending on the farm.  The impact to production 
cost per bearing acre are significant, as can be seen in Figure 1.  

Minimum Wage and Overtime in other Apple Producing 
States
 New York apple growers compete in the marketplace with 
other apple-producing states.  The top 7 apple producing states Figure	2.		 Apple-producing	states’	minimum	wages:	2017	and	2021

Table	4.		Percent	Increase	to	Hourly	Wages	with	Different	OT	Scenarios:	2015	
Season.

Scenario Farm	A Farm	B Farm	C Farm	D

Incremental OT 40 8.3% 12.9% 6.5% 18.7%

Incremental OT 8 Daily 5.3% 8.4% 4.1% 8.0%

Incremental OT 50 2.6% 6.4% 1.8% 9.8%

Incremental OT 60 0.3% 2.2% 0.5% 3.6%

Year Farm	A Farm	B Farm	C Farm	D

2015  $   13.28  $   13.52  $   14.97  $   12.73 

2016  $   13.66  $   13.90  $   15.39  $   13.10 

2017  $   14.72  $   14.99  $   16.59  $   14.12 

2018  $   15.79  $   16.07  $   17.79  $   15.14 

2019  $   16.85  $   17.15  $   18.98  $   16.15 

2020  $   17.91  $   18.23  $   20.18  $   17.17 

2021  $   18.97  $   19.31  $   21.38  $   18.19 

Table	3.		Average	Hourly	Wage	Forecast	by	Farm	(includes	employer		hiring	
taxes).

Year Farm	A Farm	B Farm	C Farm	D

2015  $13.28  $13.52  $14.97  $12.73 

2016  $13.66  $13.90  $15.39  $13.10 

2017  $14.72  $14.99  $16.59  $14.12 

2018  $17.10  $18.14  $18.94  $17.96 

2019  $18.25  $19.37  $20.21  $19.17 

2020  $19.40  $20.59  $21.49  $20.38 

2021  $20.55  $21.81  $22.76  $21.59 

Table	5.		Average	Wage	with	Employer	Taxes	and	OT40	Starting	in	2018.

are listed in Figure 2 with their respective and current minimum 
wages.  Also shown are the projected wages in 2021 based on 
states’ future indications for minimum wages (2021 is a forecast 
based on states published indications.  It is possible for a state 
to change their minimum wage law prior to 2021).  Michigan, 
Pennsylvania and other mid-Atlantic states will likely have lower 
labor rates based on their lower minimum wages.  However, in a 
tight labor market, the wage discrepancies may make NY farms 
more attractive to transient farm labor workers.  Of the 7 states, 
California is the only apple-producing state with OT rules.  Prior 
to 2017, California’s OT rules required OT after 10 hours per 
day and 60 hours per week.  In late 2016, the Phase-In Overtime 
Agricultural Workers Act of 2016 established a phase-in schedule 
through 2022 to require OT for hours over 8 per day, hours over 
40 per week and double time for hours over 12 per day.  
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Figure	 1.	 Projected	 hourly	 labor	 cost	 per	 bearing	 acre:	 Minimum	 Wage	
Schedule	and	OT	40,	starting	in	2018
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Discussion
 To mitigate the increased labor cost that will result from 
the minimum wage schedule, farms will need to continue 
adopting labor saving mechanization.  The best example for 
modern high density orchards would be the use of platforms 
to increase the productivity of manual tasks like pruning, hand 
thinning, tree training and harvest (Wells et al. 2017).  Rela-
tively modest wage increases could lead to harvest platform 
adoption having positive returns for most New York apple 
farms (Ifft et al., in press).  Other examples would include multi-
row spray rigs and pruning hedgers.  Robotic harvesting and 
pruning machines are rapidly approaching commercialization.  
Widespread adoption is likely several years away, but farms 
must begin to design orchards now to accommodate robotic 
tasks in the future.
 In the event that OT is mandated on agriculture, farms 
will need to “manage” hours of each employee to minimize 
time and a half pay rates.  In the manufacturing sector, busi-
nesses minimize OT by use of multiple shifts.  This would be 
difficult to do on fruit farms, as many tasks require daylight.  
Other options include hiring more labor such that hours can be 
kept at 40 hours per week per employee.  This may not be pos-
sible due to an already tight 
agriculture labor market.  
Adding more employees 
may also require the need 
for additional housing.

Conclusion
 The financial impact 
to apple farms by the mini-
mum wage schedule will be 
significant on its own, with 
an expected 7% increase 
in hourly labor wages per 
year through 2021.  This, 
coupled with the poten-
tial loss of the agricultural 
overtime exemption, will 
put many farms in a peril-
ous financial position.  A 
$1,400–$2,600 per bear-
ing acre in cash operating 
cost would likely put many 
farms in an unprofitable 
position.  Conservatively, 
the increased costs of labor 
statewide would exceed 
$60 million per year by 
2021 in an industry with an 
average farm gate value of 
$250 million.  When costs 
increase substantially in 
any industry, management 
takes action to mitigate the 
impact.  A critical challenge 
for New York fruit farms 

over the next decade will be making the management changes 
and investments necessary to increase resilience to increasing 
labor costs.  
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