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The Transformation of the NY Apple Industry

Since 2003 we have witnessed a significant transformation and 
modernization of the NY apple industry.  This transformation 
has resulted in a strong and vibrant industry.  A similar 

transformation is occurring in Michigan.  Until 1998 the industry 
was moving forward with some modernization but still largely 
focused on traditional orchards and traditional markets.  The 
worldwide crisis in apple prices, which began in 1998, resulted 
in financial losses for fruit grower’s form 1998-2002.  Under the 
leadership of George Lamont and the NY State Horticultural 
Association a strategic plan was developed which led to the 
development of the Premier Apple Coop to more effectively market 
NY apples and efforts to improve fruit quality and modernize the 
production system.  This has led to 10 years of improved profitability 
for most NY apple growers.  
 The improved profitability allowed NY growers to re-invest in 
their businesses and modernize their orchards, storage facilities 
and packing plants.  This transformation has been impressive.  The 
modernization of orchards to high-density Tall Spindle orchards 
has allowed NY growers to focus on planting new more-profitable 
varieties and higher levels of production with better fruit quality.  
Many Tall Spindle orchards can routinely produce 1500 bu/acre 
compared to the traditional goal of 1000 bushels per acre with 
medium density central leader orchards.  In addition the narrow 
fruiting wall of a mature Tall Spindle orchard can produce higher 
average fruit quality than a typical central leader tree.  
 As a substantial number of acres of Tall Spindle orchards 
has come into production we have seen an increase in the total 
production of NY apples rising from about 25 million bushels to 
33million bushels in 2013 despite a drop in total acres of apples 
over the same period.  This increase in production has not resulted 
in low prices because of improved marketing efforts and the 
general improvement in fruit quality and new exciting varieties.  

This has allowed NY apple growers to remain profitable and to 
remain an important part of the national apple scene and compete 
effectively with West coast apples.
 We are now entering into another period of concern since 
other producing areas have expanded their acreage excessively.  
There is fear that we may again see low prices.  I remain confident 
that the NY Apple Industry can weather the potential storm 
and thrive during the next 10 years. We have the varieties the 
market wants.  We have excellent fruit quality and we have good 
marketing organizations.  For example, the Honeycrisp grown 
here are much better quality than those from the extreme heat of 
the West Coast.  I believe supermarket buyers are recognizing this 
and will continue to demand and pay for NY grown Honeycrisp. 
 To stay at the forefront of the apple producing areas we need 
to identify and adopt new varieties and sell them for a premium.  
Honeycrisp has been a great benefit to the NY industry but which 
will be the next successful variety for us?  There are many good 
new varieties but the NY industry has an opportunity to move 
forward with NY1 (Snapdragon) in a big way that will form the 
basis for a strong NY apple industry in the next decade.  It is a 
gamble but one that we need to take and one that I feel will pay 
off. The leaders of New York Apple Growers LLC are grappling 
with how aggressive to move forward with this new variety. This 
is a huge question since millions of dollars are at stake both in 
the investment that is needed to plant new acreage of an untested 
variety but also in the potential income to NY growers if the “bet” 
pays off.  I am in favor of a substantial “bet” and have proposed 
a target of 2 million bushel to be produced/annually.  This will 
require a large increase in acreage and may require the recruiting 
of growers in surrounding states. 
 I will be away on a church assignment for the next 3 years 
and will have limited contact with all of you.  I want to express 
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Fig. 2. Yield of fertigated Gala/M.9 apple trees with 10 initial feathers positioned below 

horizontal in the second year (2010) (A), third year (2011) (B), fourth year (2012 (C) and 
fifth year (2013) (D) at Geneva, NY 
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Figure 5. Rootstock induced relationships between FRUIT (left panel) and LEAF (right panel)  
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Figure 2: SSCDS applicator (Figure Courtesy of Jay Brunner WSU)  
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my appreciation to each of you for how 
well you have treated me over the last 31 
years. It has been a real pleasure for me to 
work with the NY and MI apple industries 
and help bring about the transformation of 
the apple industry. As we look forward to 
the next 10 years, I remain optimistic and 
positive about our situation and suggest 
bold but well thought out actions by our 
industry leaders to move us forward with 
new varieties.

Best wishes,
Terence Robinson
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At Crop Production Services, 
we make SAFETY a top priority.  

We hope you will make it a 
priority on your farm too.  

Thank you for your business.  
We value the partnership 

we share in feeding our neighbors 
and the world.  

Here’s to your success in 2015.

140	Office	Parkway	
Pittsford,	NY	14534

(585)	586-1330			•			www.cpsagu.com

Distributor	for:
Adjuvants		I		Chemicals		I		Nutritionals

	Seed		I		Seed	Treatments
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“Tall Spindle apple trees need to 
grow well in the first few years to 
produce high early yields to recoup 
the establishment costs as quickly 
as possible. Our results show that 
fertigation and irrigation with the NY 
State climate increased yield and tree 
growth compared to the unirrigated 
treatment. Bending feathers below 
horizontal increased yield early in the 
life of the planting especially for more 
vigorous varieties with upright growth. 
The use of biostimulants did not 
improve tree growth or yield with the 
exception of ‘Honeycrisp’.  ”

Strategies to Improve Early Growth And Yield of Tall 
Spindle Apple Plantings
Leonel I. Dominguez and Terence L. Robinson
Dept.	of	Horticulture
NYSAES,	Cornell	University
Geneva,	NY	14456

The Tall Spindle system is proving to be one of the best 
and most popular options that growers have for replant-
ing orchards.  However, trees need to get into produc-

tion as quickly as 
possible in order 
to recoup the es-
tablishment costs 
as quickly as pos-
sible (Robinson et 
al., 2007). Some 
g r o w e r s  h a v e 
poor tree growth 
the first season 
which limits sec-
ond and third 
year yields.  This 
is in part because 
feathered trees 
have a large above 
ground canopy 
with not enough 
roots to support 
it . Additionally 
many new plant-

ings are left without irrigation especially in Northeastern US 
climates, and this can result in a pronounced stress in some 
years where water supply is not consistent. The use of fertiga-
tion, biostimulant products, plastic mulch, or feather positioning 
below horizontal on highly feathered apple trees could also have 
a positive effect on growth, yield and fruit quality in new Tall 
Spindle apple plantings. 
 Planting feathered trees in high-density orchards is becoming 
a more common practice. The main advantage that growers have 
with the adoption of these highly feathered trees is the potential 
of high early yields compared to the whips. Robinson and Stiles 
(2004) demonstrated that the use of large caliper feathered trees 
was more profitable at high densities of 1000 trees/acre.
 During the year of establishment the feathered tree produces 
more leaves and can potentially generate a greater leaf area 
than the whip tree. On the one hand this could be an advantage 
resulting in an increased production of assimilates that aid with 
the current season structural growth. However, the large leaf area 
combined with a damaged root system at planting, often results 
in drought stress much more quickly than with whip trees. 
 The angle of the feathers also is a factor that affects early 

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

cropping.  Bending of branches is a well known management 
practice to reduce vegetative growth and increase flowering and 
fruiting of apple (Luckwill 1970). Bending feathers at planting has 
become a necessary management practice for some high-density 
systems. It has been integrated into the training system of the 
tall spindle (Robinson et al., 2008). This technique can also help 
maintain the tree within its alloted space. 
 In this study we evaluated several management factors for 
their effects on tree growth and cropping of high-density apple 
orchards in the first five years.

Materials And Methods
 This series of studies were carried out at the New York 
State Agricultural Experiment Station in Geneva, NY. The trials 
were planted in 2009 and the experiments were continued 
through 2013. Five apple varieties were used in this experiment: 
‘Crispin’ on M.9T337 rootstock, ‘Brookfield Gala’ on M.9Pajam2, 
‘Rubinstar Jonagold’ on B.9, ‘Honeycrisp’ on M.9Nic29, and 
‘Macoun’ on B.9. The trees were planted at a spacing of 1m (1ft 
3inches) within the rows and 3.5m (12ft) between rows, giving 
2857 trees/ha (1156tree/acre), and were trained as Tall Spindles. 
The four experiments were: 
1) A comparison of irrigation, fertigation and no irrigation, 

each with the same amount for N fertilizer. Calcium nitrate 
was used as the fertilizer at a rate of (113 kg N/ha). With the 
fertigation treatment the fertilizer was dissolved in water and 
then applied through the drip line on a weekly basis.  The total 
annual amount of N was divided into 10 equal amounts applied 
weekly (13 kg of N/ per week every week) starting after bud 
break each spring.  For the irrigation treatment CaNO3 was 
manually applied to the soil surface in a donut shaped band 
around each tree.  The total annual amount of N was divided 
into two equal halves and applied at green tip and late June. 
Irrigation water was then applied weekly at the same times as 
the fertigation water. Additional water if needed was applied 
mid-week without dissolved fertilizer. The amount of irrigation 
water applied every week was dependent on an apple-specific 
ET irrigation model (Dragoni and Lakso, 2011) that estimated 
the amount of irrigation water in any giving week. In the non-
irrigated treatment, CaNO3 was manually applied to the soil 
in a similar manner and at the same timings as the irrigation 
treatment but with no irrigation. 

2) A comparison the number of feathers (lateral branches) on the 
tree at planting. Different numbers of branches were achieved 
by starting with similar diameter branched trees which all had 
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10+ feathers and then reducing the number of feathers down 
to 0, 5 or 10 feathers.  The branches to be eliminated were 
preferentially the ones that were lower than 60 cm of height, 
and any feather with excessive vigor (more than ½ the diam-
eter of the trunk) or with a very narrow crotch angle. In the 
case of trees with 5 or 10 feathers, two branch management 
techniques were compared. Branches were either left at their 
natural angle or were bent down below the horizontal to about 
135° from vertical. In the case of the trees with 0 feathers, the 
lateral branches that grew later in the first season were not 
bent down.

3) An evaluation of biostimulant sprays to improve tree perfor-
mance. Each spray contained a tank mix of four bio-stimulating 
products used at the label rate: Stimplex (24oz/100gal), Nu-
triphite (16oz/100gal), Vitazyme (16oz/100gal) and SystemCal 
(32oz/100gal). Trees were sprayed 5 times each year every 2 
weeks starting on June 1st.  

4) The fourth experiment compared black plastic mulch on the 
soil to no soil mulch. Plastic mulch was installed 1 week after 
planting and covered the herbicide strip (1.5m). Regular weed 
sprays were done in the no mulch treatment. The mulch re-
mained in place for the whole experiment. 

Results
 Irrigation and Fertigation: Cumulative tree growth during 
the five years of the experiment showed that the fertigation and 
irrigation treatments increased total leader length, total shoot 
length, pruning weight and average shoot length similarly, and 
significantly more than the unirrigated control treatment. No 
significant interaction was found between variety and cumulative 
tree growth. 
 The irrigation and fertigation treatments also increased 
cumulative yield per tree, and yield per ha compared to the 
unirrigated control (Table 1, Fig. 1). Yield efficiency was highest 
for the control treatment followed by the irrigation treatment 
and lastly the fertigation treatment. Average crop load was very 
similar for the irrigation and fertigation treatments but lower 
than the control treatment. Average fruit size was greatest with 
the irrigation and fertigation treatments.
 Effect of Number of Feathers:  The relationship of the num-
ber of feathers and cumulative leader length or pruning weight 
was a negative linear relationship (Table 2, Fig. 3).
 The relationship of number of feathers and cumulative yield 

per tree and yield per hectare was a clear positive linear relation-
ship while the relationship between the cumulative average shoot 
length and the number of feathers was a quadratic negative rela-
tionship (Table 2, Fig. 2 and Fig. 3). There was an interaction of 
variety and number of feathers, where average crop load showed 
a quadratic relationship for ‘Crispin’ and the 5 feathers had the 
highest crop load. With ‘Macoun’ there also was a quadratic re-
lationship in which the 5 feathers treatment had the highest crop 
load and the 0 feathers had the lowest. There was a significant 
interaction between variety and number of feathers for average 
shoot length in which all the varieties except ‘Jonagold’ had nega-
tive linear relationship with number of feathers.  With ‘Jonagold’ 
the relationship was quadratic.
 Fruit firmness, soluble solids and dry matter were unaffected 
by the irrigation treatments in our study.  During the 2011 season 
bitter pit incidence was higher with irrigation and fertigation for 
‘Honeycrisp’, than the unirrigated treatment.
 Effect of Branch Angle: Feather angle had an effect on 
cumulative tree growth with trees having feathers at the natural 
angle producing more total shoot length and pruning weight than 
trees with feathers below horizontal (Table 3, Fig. 3). 
 Over the entire five years of the experiment, when feathers 
were tied below horizontal the yield per tree, yield per hectare, 
yield efficiency and crop load were significantly greater than 
when feathers were grown at their natural angle (Table 3, Fig. 
3). However when feathers were at their natural angle, fruit 
size and shoot length were greater than when the feathers were 
below horizontal. There was a significant interaction between 
variety and feather angle for yield per tree and yield per hectare. 

 1 

 
 
Fig. 1. Effect of irrigation and fertigation on cumulative yield of five apple varieties over 5 year 

(2009-2013) at Geneva, NY 
Figure	 1.	 Effect	 of	 irrigation	 and	 fertigation	 on	 cumulative	 yield	 of	 five	

apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY

Figure	 2.	Yield	 of	 fertigated	 Gala/M.9	 apple	 trees	 with	 10	 initial	 feathers	
positioned	below	horizontal	in	the	second	year	(2010)	(A),	third	
year	(2011)	(B),	fourth	year	(2012	(C)	and	fifth	year	(2013)	(D)	at	
Geneva,	NY
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With ‘Crispin’, ‘Honeycrisp’, ‘Jonagold’ 
and ‘Macoun’ feather angle did not affect 
yield. However for ‘Gala’ yield was higher 
when feathers were tied below horizontal 
feathers compared to when the feathers 
were at their natural angle treatment. Crop 
load for ‘Crispin, ‘Gala’, ‘Jonagold’ and 
‘Macoun’ was higher with feathers below 
horizontal. However ‘Honeycrisp’ did not 
show any differences in crop load due to 
feather angle. Fruit size with ‘Crispin’ was 
the largest with feathers at the natural 
angle, while with the rest of the varieties 
there were no significant differences in 
fruit size. Trees with feathers at the natural 
angle had the highest average shoot length 
for ‘Crispin’, ‘Honeycrisp’, ‘Jonagold’ and 
‘Macoun’. However for ‘Gala’ there was no 
difference in average shoot length due to 
feather angle.
 Effect of Biostimulants:  During the 
five years of this experiment, biostimu-
lants increased the average shoot length 
significantly compared to the control 
(Table 4). However no more differences 
were observed for the other cumulative 
variables between the biostimulant treat-
ment and the control.
 Over the five years of the experiment 
biostimulants increased cumulative yield 
per tree, yield per hectare and fruit size 
significantly compared to the untreated 
control treatment (Table 4, Fig. 4). How-
ever, there was a significant interaction be-
tween variety and biostimulant treatment 
with yield per tree and yield efficiency and 
crop load. Biostimulants increased yield 
significantly for ‘Honeycrisp’. However for 
‘Crispin’ ‘Gala’, ‘Jonagold’ and ‘Macoun’ no 
effect of biostimulants was found.  Yield 
efficiency and crop load with ‘Honey-
crisp’ were significantly higher with the 
biostimulant treatment than the control 
while with ‘Gala’ the untreated control had 
higher yield efficiency and crop load. With 
the other varieties (‘Crispin’, ‘Jonagold’ 
and ‘Macoun’) there were no differences 
between the treatments.
 Effect of Plastic Mulch:  During the 
five-year duration of this experiment the 
cumulative growth variables did not show 
differences due to the plastic mulch treat-
ment compared to the no plastic control 
treatment. However the plastic mulch 
increased cumulative yield per tree and 
yield per hectare significantly compared 
to the no plastic control treatment (Table 
5, Fig. 5). Other variables did not show 
any differences between the treatments.

Table	1.		Effect	of	irrigation	and	fertigation	on	cumulative	tree	growth	and	fruiting	of	five	apple	
varieties	over	5	year	(2009-2013)	at	Geneva,	NY.

Irrigation	Treatment

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

Yield	
Efficiency	
(kg/cm2	

TCA)

Average	
Fruit	

Size	(g)
Unirrigated 142 b 4223 b 1030 b 43.7 b 125 b 3.14 a 218.1 b
Irrigated 156 a 5580 a 1479 a 49.7 a 142 a 2.94 b 222.8 a
Fertigated 157 a 5294 a 1475 a 47.1 a 135 a 2.74 c 220.8 ab

Treatment	Significance ** ** ** ** ** ** NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s at 
MRT P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively.

Table	2.		Effect	of	number	of	feathers	below	horizontal	on	cumulative	tree	growth	and	fruiting	of	five	
apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY.

Number	of	
Feathers

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)	

Yield	
(t/ha)

	Yield	
Efficiency	
(kg/cm2	

TCA)

Average	
Fruit	

Size	(g)

Shoot	
Length	

(cm)
0 Feathers 158 4682 1250 44.4 126.9 3.01 218.8 26.3
5 Feathers 156 4967 1014 48.5 138.5 3.08 217.5 22.5
10 Feathers 142 4980 1047 48.7 139 2.98 220.4 20.9
Regression	
Significance L NS L L L NS NS Q

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively. L, Q or NS indicate the number of feathers was related significantly to the 
response variable either linearly, quadratically or not related, respectively.

Table	3.		Effect	of	feather	angle	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	5	year	
(2009-2013)	at	Geneva,	NY.

	

	 	 Total	 	 	 	 Yield	 Crop	Load
Feather		 Leader	 Shoot	 Pruning	 	 	 Efficiency	 (Fruit	 Fruit
Angle		 Length	 Length	 Weight	 Yield	 Yield	 	(kg/cm2		 number/cm2	 Size
Treatment	 (cm)	 (cm)	 (g)	 (kg/tree)	 (t/ha)	 TCA)	 TCA)	 (g)
	

Below Horizontal 149 4974 b 1031 b 48.6 a 138.7 a 3.03 a 4.8 a 218 b
Natural Angle 151 5263 a 1662 a 46.3 b 132.1 b 2.81 b 4.3 b 223 a
	

Treatment	
Significance	 NS ** ** * * ** ** **

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively.

Discussion
 Irrigation and Fertigation: Our results show that that early apple tree growth in 
humid climate is improved by irrigation in the first few years even when both treat-
ments had the high nitrogen fertilization. Irrigation and fertigation also had significantly 
higher cumulative yields over the first 5 years than the unirrigated control. These re-
sults are similar to those obtained by (Robinson and Stiles 2004) on ‘Redchief ’, ‘Mutsu’ 

Table	4.		Effect	of	biostimulants	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	
	 5	year	(2009-2013)	at	Geneva,	NY	

Biostimulants	
treatment

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

Yield	
Efficiency	

(kg/cm2	TCA)
Fruit	

Size	(g)

No Biostimulants 165 4975 1238 47.0 134.2 2.86 219
Biostimulants 162 5420 1478 49.8 142.3 2.89 225

Treatment	
Significance NS NS NS * * NS NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non sig-
nificant effect, respectively. 
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and ‘Empire’.  This study coupled with 
previous studies we have done indicate 
that even in the humid New York State 
climate irrigation can make a substantial 
improvement in early tree growth and 
yield. 
 Fertigation also improved tree growth 
over the non-irrigated treatment; how-
ever when N input was the same, fertiga-
tion was not different from irrigation. For 
the irrigation treatment N was applied 
to the soil manually per tree, and the ir-
rigation water likely moved the fertilizer 
into the soil profile for root uptake. This 

Table	5.		Effect	of	plastic	mulch	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	5	
year	(2009-2013)	at	Geneva,	NY

Plastic	Mulch	
Treatment

Leader	
Length	
(cm)

Total	
Shoot	
Length	
(cm)

Pruning	
Weight	
(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

	Yield	Ef-
ficiency	(kg/
cm2	TCA)

Average	
Fruit	Size	
(g)

No Plastic 158.4 5149 1236 47.6 b 135.9 b 2.8 220.0
Plastic 166.2 5834 1590 51.7 a 147.7 a 2.87 221.4

Treatment	
Significance NS NS NS * * NS NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s at 
MRT P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively. 

is very similar to fertigation where the only difference is that the fertilizer 
is added and dissolved in the irrigation water before application. In both 
cases water moved the N very similarly into the soil profile.
 We found no effect of irrigation or fertigation treatment on fruit 
quality. However, during the 2011 season bitter pit incidence was higher 
with irrigation and fertigation for ‘Honeycrisp’, than the unirrigated treat-
ment. We assume that more nitrogen was moved into fruit by the use 
of irrigation, although the fruit was never tested for nitrogen content in 
this trial. Shoot growth was more pronounced on the irrigated-fertigated 
trees; hence we can assume that some of the calcium absorbed by the soil 
moved to the shoots rather than the fruit.
 A calculation of the economic benefit of having irrigation in tall 
spindle orchards showed that the increase in crop value was greatest for 
‘Crispin’ followed by ‘Gala’ and then ‘Honeycrisp’ (Table 6). The benefit 
to Macoun and Jonagold was much less but still greater than the cost of 
the irrigation system. The adoption of this technology by NY State apple 
growers will improve their profitability. 
 Effect of Number of Feathers: The number of feathers on a tree at 
planting had a positive effect on tree growth. The 5 and 10 feather treatments 
at either the natural angle or when tied below horizontal had a positive effect 
on TCA over the five-year duration of this experiment. We assume that the 
reason for this increment in TCA is because there are more shoots with 
significantly more leaves that are intercepting more of the available light, 
which would increase dry matter accumulation by the tree. Trees with 10 
feathers bent below horizontal were consistently larger than trees with 5 
feathers. However when feathers were left at their natural angle, TCA and 
pruning weights were very similar between the 5 and 10 feathers. 
 The increased yield associated with increased number of feathers is 
consistent with the work of Van Oosten (1976) who tested feathered trees of 
two varieties, ‘Cox’s Orange Pippin’ and ‘Golden Delicious’, and found that 
trees with more feathers had higher yields in the early life of the plantings.
 Effect of Branch Angle: Bending the feathers below horizontal is one 
of the management practices that growers often do not do since the cost that 
this practice about 70 to 80 man hours/ha or $800/ha. However our study 
shows that bending the feathers below horizontal had a positive effect on 
yield in the first 5 years especially with vigorous varieties with more upright 
growth such, ‘Crispin’, ‘Gala’ and ‘Macoun’. Our economic estimates indicate 
that this increase in yield could potentially result in a economic benefit 
of $4,000-7,000/ha (Table 7). Therefore the cost of bending the feathers 
could be easily repaid by the increase in yield. However this is not true for 
weak cultivars with naturally flat angle feathers such as ‘Honeycrisp’ where 
bending of the original feathers did not result in yield improvement. In our 
study the trees where the feathers grew at a natural angle had more growth 
than trees with the feathers bent down below horizontal. The feathers at 
the natural angle required significantly more pruning weights than when 
feathers were bent below horizontal, since the feathers bent down resulted 

Table	7.		The	effect	of	feather	angle	and	feather	number	on	cumulative	crop	
value	over	the	first	five	years	of	a	Tall	Spindle	planting	averaged	
over	five	apple	varieties	at	Geneva,	NY.

Feather	angle	
treatment

Number	of	
feathers

Cumulative	
yield	(t/ha)

Cumulative	
crop	value	

($/ha)

Difference	
between	
10	feath-
ers	and	0	
feathers	

($/ha)

Natural angle
0 126.9 82,485z

5 130.8 85,020 $4,290

10 133.5 86,775

Below hori-
zontal

0 126.9 82,485
5 138.5 90,025 $7,865

10 139.0 90,350

zThe economic analysis utilized fruit prices of $0.65/kg for ‘Crispin’, ‘Gala’, ‘Jonagold’ 
and ‘Macoun’ while the fruit price for Honeycrisp $1.3/kg.

Table	6.			The	effect	of	irrigation	on	cumulative	crop	value	over	the	first	five	
years	of	a	Tall	Spindle	planting	of	five	apple	varieties	at	Geneva,	
NY.

Variety
Irrigation	
treatment

Cumulative	
yield	(t/ha)

Cumulative	
crop	value	

($/ha)

Difference	
between	

best	treat-
ment	and	

unirrigated	
control	
	($/ha)

Crispin

Unirrigated 144 $93,795z

Irrigated 179 $116,610 $22,815

Fertigated 171 $111,085

Gala

Unirrigated 146 $94,900

Irrigated 170 $110,630 $15,730

Fertigated 159 $103,155

Honeycrisp

Unirrigated 107 $138,710

Irrigated 116 $151,320 $12,610

Fertigated 105 $136,240

Jonagold

Unirrigated 141 $91,455

Irrigated 144 $93,730 $2,275

Fertigated 144 $93,340

Macoun

Unirrigated 85 $55,250
Irrigated 99 $64,155 $8,905

Fertigated 93 $60,190

zThe economic analysis utilized fruit prices of $0.65/kg for ‘Crispin’, ‘Gala’, ‘Jonagold’ 
and ‘Macoun’ while the fruit price for Honeycrisp $1.3/kg.

in less total shoot growth. This effect is desirable for 
high-density systems such the Tall Spindle, in which the 
tree needs to be kept in a very close space with long-
term reproductive branches. Therefore, feathers that 
are not bent down could potentially have more shoot 
growth, which could represent a problem in managing 
the trees at very close spacings.
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 In some of the varieties we tested, bending of the feathers was more 
beneficial than in others, in terms of blossom number and fruiting. In our 
trial, bending feathers below horizontal resulted in increased cumulative 
yield for ‘Crispin’ ‘Gala’ and ‘Macoun’, however, for ‘Honeycrisp’ and ‘Jona-
gold’ bending the feathers below horizontal did not improve yield compared 
to the feathers at natural angle. Based on the work of Lespinasse (1992) the 
growth and fruiting habit of ‘Honeycrisp’ and ‘Jonagold’ in our study sug-
gests that these two varieties tend to have very flat horizontal branches in 
the first year of growth even with no feather management. In the second 
growing season the weight of the crop helped maintain those branches flat 
and even below horizontal. 
 A main hypothesis in our study was that managing the feathers below 
horizontal would increase the leader growth to attain the goal of desired 
tree height quicker. With the Tall Spindle system that goal is 3-3.3m tall. 
However our data did not support that hypothesis, as there was no differ-
ence in leader length between trees with feathers at a natural angle and 
those with feathers tied below horizontal.
  When the feathers were managed below horizontal, TCA was larger 
because very little pruning was done, allowing resources to be allocated to 
storage organs. Trees with 0 feathers (whips) always required more pruning 
than the trees where feathers were trained below horizontal.  In this treat-
ment, as a consequence of the relatively high nitrogen fertilization during 
the growing season, some of those shoots grew strong and upright with very 
narrow crotch angles, and were competing with the leader. This required 
them to be pruned away, resulting in more pruning with the whips.
 Effect of Biostimulants: In our trial the use of biostimulants as foliar 
sprays did not improve tree growth consistently over the five-year duration 
of observations. We used a combination of a seaweed extract (Stimplex), 
vitamins and enzymes (Vitazyme), phosphite and organic acids (Nutriphite 
Magnum) and foliar Ca fertilizer (System-Ca). We used the products in 
combination due the individual positive effects on growth that had been 
reported by other authors in different crops. We hypothesized that their 
combined use would result in better growth than when used individually.  
It is important to point out that our trees with or without biostimulants 
received the same amount of nitrogen through fertigation. Cheng et al. 
(1999) tested the application of foliar urea to increase nitrogen reserves and 
improve growth. He found that if the nitrogen level in the trees was initially 
high, urea application did not have a significant effect in N reserves and 
growth. This also could explain why the use of biostimulants did not have 
a positive effect on growth in our study, because our trees were receiving a 
constant amount of N throughout spring and early summer and probably 
reached their maximum potential growth given the weather and climate 
conditions we had.
 The effect of biostimulants on cumulative yield was variable among 
varieties. Although ‘Honeycrisp’ was the only variety for which the use of 
these products improved yield significantly from the control, with ‘Crispin’, 
‘Jonagold’ and ‘Macoun’ there was a numeric improvement in yield but it 
was not statistically different from the control. However with ‘Gala’ the un-
treated control treatment had more crop than the biostimulant treatment. 
Thalheimer and Paoli (2001) tested 3 different biostimulant products on 
‘Braeburn’, ‘Golden’ and ‘Fuji’, and found no differences in yield or return 
bloom. However Spinelli et al. (2009) found that the use of an algae base 
product decreased the oscillation in yield between the on and the off year 
and increased yield in the off year.
 It is important to note that our work and the previously cited work were 
done in climates with very favorable conditions. In addition trees were ir-
rigated properly, in our case fertigated and with the standard cultural and 
disease management practices. However the use of biostimulants products 
in a more stressful environment could potentially have a positive effect in 
yield. 

Figure	5.	 Effect	 of	 plastic	 mulch	 on	 cumulative	 yield	 of	 five	
apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY
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Figure	3.		 Effect	of	the	number	of	feather	and	feather	positioning	
angle	on	pruning	weight	and	cumulative	yield	of	five	
apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY
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 In general fruit quality or pack out was not improved by the 
use of biostimulant products in our trial. This is similar to the 
results of Thalheimer and Paoli (2001) who found no significant 
improvement in the internal or external fruit quality (size, color, 
fruit firmness, soluble solids and acidity). However in our data 
‘Macoun’ showed an improvement in Fancy grade fruit with the 
use of these products. 
 Effect of Plastic Mulch:  In our trial, plastic mulch did not 
improve the overall tree growth except with ‘Gala’ where shoot 
length and pruning weights were significantly higher than the 
non-plastic control treatment. The use of black plastic mulch-
ing typically increases soil temperature as well as maintaining a 
constant moisture condition on the root zone. We found that the 
use of black plastic mulch did not improve the cumulative yield 
for ‘Crispin’, ‘Gala’ and ‘Macoun’; however for ‘Honeycrisp’ and 
‘Jonagold’ the black plastic mulch improved yield significantly. 
These results are in agreement with the results from Måge (1982) 
where trees under plastic mulch yielded twice as much as trees 
growing in a herbicide strip. In a humid climate, the use of or-
ganic and plastic mulches was tested by Merwin et al. (1995). 
They concluded that organic mulches can provide long-term 
improvements in soil fertility and water conservation. However 
these benefits sometimes do not compensate for the additional 
costs of the mulches. Fruit quality, pack out and storage disorders 
were not affected by the use of black plastic mulch.

Conclusions
 This study was intended to provide fruit growers with man-
agement strategies to improve growth and yield of new high 
density apple orchards.  Of the management strategies we studied 
irrigation or fertigation had the greatest effect on tree growth.  
Even in humid climates such as NY State, growers should not 
rely solely on rain since in some years it is sporadic and will not 
provide sufficient water. These results are especially important 
with highly feathered trees, where the water stress can be more 
pronounced due the extensive leaf area and limited root system. 
This type of tree is the one with the highest yield potential in the 
first five years if managed under irrigation. (Fig. 2)
 Bending the feathers below horizontal had a lesser effect on 
growth and yield than irrigation but the economic value of branch 
bending still exceeded the cost of this operation for most variet-
ies. However this is not true for weak cultivars with naturally flat 
angle feathers such as ‘Honeycrisp’ where bending of the original 
feathers did not result in yield improvement. 
 Biostimulant products had no effect on tree growth and in-
duced only a small improvement in yield for most varieties. This 
was especially true when the orchard already had in an adequate 
nutritional status. However with the weak growing variety ‘Hon-
eycrisp’ cumulative yield was improved by 36 t/ha compared to 
the control. It seems that the use of biostimulants may help this 
variety in the off year, resulting in better yields. 
 The use of synthetic black plastic in apple orchards had only 
a small beneficial effect. However if yields are improved for high 
price varieties such as ‘Honeycrisp’ this could be a feasible alter-
native to the conventional systems.
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“Apple rootstocks show considerable 
variability in their nutrient acquisition 
and distribution properties.  This project 
seeks to study the ability of new Geneva 
rootstocks to first absorb nutrients and 
secondly to partition nutrients into fruit 
and/or leaves.  In the long-term this 
project will result in new rootstocks with 
increased ability to overcome nutrient 
deficiencies in scion, reduce postharvest 
nutrient related problems such as bitter 
pit, increase efficiency of fertilizer appli-
cations and decrease effluent waste. ”

The basic functions of tree root systems are to absorb water 
and nutrients from the soil and provide anchorage to the 
tree.  Root systems accomplish these through a variety 

of biological sys-
tems powered by 
energy captured 
f rom the sun, 
and transport-
ed down to the 
roots as sugars 
or other energy-
rich molecules.  
We can compare 
the basic func-
tion of taking up 
nutrients to min-
ing operations, 
where  cer ta in 
nutrients require 
little energy and 
are easily avail-
able whereas oth-

ers require quite a bit more work because they are either tightly 
held by the chemistry of the soil particles or because they are rare 
in the soil.  It makes sense that trees have developed several min-

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

ing strategies to get what they need from different soil profiles.  
For example, for a relatively abundant nutrient like sodium (ions), 
apple trees in general, allow it to be absorbed into the roots and 
transported through the xylem in the transpirational stream. For 
other nutrients that may not be so readily available, apple roots 
may employ a combination of energy dependent mining and 
transport systems.  These include processes like soil acidification 
achieved by exuding organic acids, active transport of specific ions 
by using specialized transmembrane proteins called “ion chan-
nels”, or the deployment of chelators or protectants that prevent 
reactive ions like zinc or iron from indiscriminately binding to 
cell walls.  One can imagine that given the genetic diversity of 
apples that we readily observe above ground in apple scions (taste, 
color, fruit shape, leaf shape, and tree architecture), the same 
concept of diversity would apply to the “hidden” below ground 
systems associated with root functions.  It was this concept that 
led our breeding team to investigate the degree to which apple 
root systems varied in their ability to 1) absorb nutrients from 
the soil and 2) transport them to the above ground portions of 
the trees (leaves and fruit).  Another phenomenon that has been 
described in the literature and perhaps discussed by packers and 
producers is the effect of rootstock on fruit quality and storage.    
It makes sense that if rootstocks have a significant effect on nutri-
ent concentration in fruit, they may also be playing a role in the 
block-to-block variability that packers see in their fruit.  In an 

effort to understand the role of rootstocks on fruit 
production and quality, preliminary experiments 
followed which showed that the genetic makeup 
of apple rootstocks interacted with soil type, re-
plant condition and pH to produce different con-
centrations of nutrients in the leaves and fruit of 
apple scions (Fazio et al., 2012b).  Furthermore, in 
another first of its kind experiment in tree fruits, 
we found that there were strong inherited genetic 
components in breeding populations of Geneva 
rootstocks for absorption and translocation of 
several mineral nutrients (potassium, sodium, 
calcium, etc.) (Fazio et al., 2012a; Fazio et al., 
2013).  These findings were obtained by a series 
of potted plant or field experiments performed 
in Geneva, NY; therefore, the next logical step 
was to verify if the findings in Geneva, NY were 
applicable to other apple growing regions of NY 
State. Through this work we hope to understand 

Table	1.		Soil	analysis	results	for	the	HUDSON	and	CHAMPLAIN	rootstock	research	blocks.		The	HUDSON	site	in	
general	possessed	optimal	levels	of	phosphorus,	potassium	and	calcium	but	was	low	in	magnesium.		
The	CHAMPLAIN	site	had	optimal	levels	of	phosphorus	and	potassium	and	had	very	high	levels	of	
calcium	and	magnesium.	Nutrients	were	extracted	using	the	modified	Morgan	method.				
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HUDSON CG SW 2.91 6.67 29 1134.4 1.2 99.8 60.1 8.3 2.9 0.4

HUDSON CG MID N 4.06 6.32 30.3 1342.4 1.3 97.8 45.6 8.1 5.3 0.6

HUDSON CG MID S 3.31 6.4 35.9 1285.9 1.4 116.5 42.8 7 6.2 0.5

HUDSON CG NE 3.19 5.99 38.8 832.2 1.7 101.1 32.9 8.3 2.6 0.5

HUDSON CG SE 3.1 7.06 19.3 1611 1 100.7 40.3 7.9 5.8 0.3

CHAMPLAIN NORTH 3.47 7.76 6.5 10147.7 1.7 103.7 422.8 30.2 1.9 0.5

CHAMPLAIN CENTRAL 2.69 7.78 12.9 6330.6 2.3 100.6 361.1 18.2 1.3 0.2

CHAMPLAIN SOUTH 3.01 7.67 6.2 2478.2 0.8 112.4 313.6 9.4 1.5 0.5
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which rootstocks work better in certain NY soil types, elucidating 
the role of a rootstock in the absorption of nutrients in different 
soil types, and how this affects growth and productivity.  Finally, 
we will build a rootstock/soil recommendation table based on 
nutrition data.  In this publication, we report on the findings 
from two of the six field experiments in this project.

Materials and Methods
 Mature apple rootstock field trials in the Champlain Valley 
(Honeycrisp scion, CHAMPLAIN), Hudson Valley (Fuji scion, 
HUDSON), Lake Ontario (Enterprise scion, ONTARIO) apple 
growing regions and research plots at the New York State Agri-
cultural Experiment Station in Geneva, NY were chosen as the 
source of plant material for these studies.  Some of these trials 
have been described in previous publications (Robinson et al., 
2011). Ten mid position leaves on new extension growth and 
ten fruit randomly distributed throughout the tree canopy were 
harvested 80-90 days after bloom on all tree replicates of each 
field trial.  Fruit was cored and portion of the flesh was sampled 
consisting of a 0.5 cm thick horizontal doughnut shaped section 
obtained two cm from the calyx end of fruit.  Tissue samples from 
10 fruits were bulked for each sample. Leaves and fruit tissue 
samples were oven dried, ground into powder and analyzed for 
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Figure 1.  Overall nutrient concentration differences (average of all rootstocks) between 
CHAMPLAIN (Honeycrisp) and HUDSON (Fuji).  Note that fruit calcium in the CHAMPLAIN 
planting is much lower than in HUDSON.  The available calcium in the soil analysis for  
 

Figure	1.	 Overall	 nutrient	 concentration	 differences	 (average	 of	 all	
rootstocks)	 between	 CHAMPLAIN	 (Honeycrisp)	 and	 HUDSON	
(Fuji).		Note	that	fruit	calcium	in	the	CHAMPLAIN	planting	is	much	
lower	than	in	HUDSON.		The	available	calcium	in	the	soil	analysis	
for	 CHAMPLAIN	 is	 quite	 high,	 suggesting	 that	 the	 Honeycrisp	
variety	 itself	 (its	 genetics)	 may	 be	 a	 poor	 calcium	 transporter	
overall.	 The	 high	 pH	 in	 CHAMPLAIN	 might	 also	 explain	 the	 low	
iron	 values	 overall.	 	 Mineral	 abbreviations	 in	 all	 figures	 and	
tables:	 boron	 (B),	 calcium	 (Ca),	 copper	 (Cu),	 iron	 (Fe),	 potassium	
(K),	magnesium	(Mg),	manganese	(Mn),	sodium	(Na),	phosphorus	
(P),	sulfur	(S),	zinc	(Zn),	and	aluminum	(Al).several macro- and micro-mineral nutrients via 

inductively coupled plasma mass spectrometry.  
Carbon and nitrogen concentration of the fruit 
and leaf samples from the Hudson and Champlain 
experiments were measured with a C/N analyzer. 
Soil samples were collected from 3-6 locations on 
the Champlain and Hudson research plots and 
were analyzed for nutrients after modified Mor-
gan extraction. Rootstock genotype means were 
used in multivariate analysis to generate two-way 
similarity cluster diagrams based on genotype 
similarity and variable similarity.

Results and Discussion
 Soil Analyses.  Soil analysis results for the 
HUDSON research site showed an optimal levels 
of P, K and Ca but was low in Mg (Table 1).  The 
CHAMPLAIN site had optimal levels of P and K 
and very high levels of Ca and Mg.  The pH values 
were different between the two sites (5.5-7 HUD-
SON, 7.7 CHAMPLAIN) making the spectrum of 
bioavailability of nutrients quite different between 
the sites and for the HUDSON site, across the 
research plot. 
 Mineral Nutrient Analyses.  Leaf and fruit 
mineral data and carbon/nitrogen data were com-
bined in a single dataset to contrast site, cultivar 
and rootstock differences. A comparison between 
the overall values (average of all rootstocks) be-
tween CHAMPLAIN (Honeycrisp) and HUDSON 
(Fuji) shows that there were significant differences 
between sites/cultivars (Figure 1).   Concentration 
of fruit calcium, boron, copper, iron, potassium, 
sodium, and phosphorous in the CHAMPLAIN 
planting was significantly lower than in HUDSON.  
However, fruit concentrations of magnesium, 
manganese, sulfur and zinc were significantly 
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Figure 2 A&B. Leaf and Fruit mineral nutrient distributions for all rootstocks at two sites:  

Figure	2.	 A&B.	 Leaf	 and	 Fruit	 mineral	 nutrient	 distributions	 for	 all	 rootstocks	 at	 two	 sites:	
HUDSON	 (Fuji)	 and	 CHAMPLAIN	 (Honeycrisp).	 Evident	 from	 these	 graphs	 is	 the	
fact	 that	 while	 leaf	 calcium	 is	 similar	 in	 both	 plantings,	 the	 fruit	 calcium	 is	 very	
different,	 confirming	 a	 variety	 specific	 (not	 site)	 inability	 to	 partition	 calcium	 to	
the	fruit.		Other	nutrients	are	performing	according	to	soil	analyses	and	are	similar	
for	leaf	and	fruit:	magnesium	is	lower	in	HUDSON	as	indicated	by	analysis	and	the	
availability	of	iron	is	negatively	affected	by	higher	pH	in	CHAMPLAIN	.
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higher in CHAMPLAIN.   It is not clear to us if some of the differences 
detected are associated with a varietal source (Fuji vs. Honeycrisp) or 
a site source.  For example, the available calcium in the soil analysis for 
CHAMPLAIN was quite high; however, the concentration in fruit was 
much lower than HUDSON, suggesting that the Honeycrisp variety itself 
(its genetics) might be a poor calcium transporter overall.  The high pH 
in CHAMPLAIN might also explain the overall low iron (Fe) values.  
Soil magnesium and manganese were on average lower in HUDSON, 
which might explain why their concentrations in fruit were also lower.
 A comparison between leaf and fruit nutrient averages and distri-
butions (Figure 2 A&B) revealed some interesting patterns that may 
be attributed to the genetics and physiology of the scion variety rather 
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Figure 3. CHAMPLAIN Honeycrisp: Fruit mineral nutrient concentration values clustered by  

Figure	 3.	 CHAMPLAIN	 Honeycrisp:	 Fruit	 mineral	 nutrient	 concentration	 values	
clustered	 by	similarities	 (Red=high,	 Gray=Medium,	Blue=Low)	of	how	
each	 rootstock	 performed	 and	 how	 similar	 each	 mineral	 nutrient	
behaved.		Evident	in	this	graph	is	the	fact	that	some	rootstocks	(CG.6976,	
CG.4002,	CG.4814,	G.16,	G.214	and	M.7)	delivered	significantly	higher	
amounts	of	calcium	to	the	Honeycrisp	scion	in	these	growing	conditions.	
M.9	was	very	poor	for	fruit	calcium	while	G.41	(CG.3041)	was	middle	of	
the	pack.

than site.  The means and distribution of zinc and copper 
values in fruit were similar for the two sites; however, it 
was quite different in leaves indicating that the flow of zinc 
into the fruit is more tightly controlled.  While leaf calcium 
was similar in both plantings, the fruit calcium was very 
different, confirming a variety-specific (not site) inability 
to partition calcium to the fruit.  This observation is also 
true for boron, phosphorous, and sodium.
 Within each field trial, rootstocks had significant 
effects on the concentration of mineral nutrients and ni-
trogen in leaves and fruit.  To compare and contrast root-
stock effects, we color coded (Blue=Low, Gray=Medium, 
Red=High) the means for each rootstock and grouped 
the rootstocks and the nutrients based on their similarity 
(Figures 3 and 4).  Grouping by rootstock reveals which 
rootstocks might perform similarly in a particular envi-
ronment.  Grouping the nutrient values revealed which 
nutrients are physiologically connected (similar pathways, 
absorption and transport systems).  Fruit nutrient con-
centrations for the CHAMPLAIN Honeycrisp planting 
(Figure 3) showed how B.9 seemed to confer the lowest 
overall values for the nutrients tested, while G.210 and 
CG.4002 seemed to confer the highest (balanced values) for 
all nutrients tested; G.41 was in this group of rootstocks.  
In this trial, calcium values were associated (correlated) 
with iron and boron values, indicating some rootstock-
specific ability to overcome the pH induced low avail-
ability of iron and the likelihood of rootstock-specific 
increases in foraging and transport of calcium.  Several 
associations were discovered between values of calcium, 
zinc, magnesium and manganese in fruit (Figure 5).  Fruit 
sodium was highest in CG.6006, CG.6001, CG.6024, M.9 
(Nic29), O.3 and CG.6143 while CG.5087, C.214, G.814 
and G.935 conferred the lowest values on the Honeycrisp 
fruit.  When fruit quality parameters are measured, it will 
be interesting to see if these mineral differences might 
be associated with any changes in fruit size, crispness, 
or storability.
 The HUDSON Fuji planting (Figure 4) featured sig-
nificant effects of rootstocks on fruit values of mineral 
nutrients. G.935, G.222 and CG.5257 conferred some 
of the highest values of boron in the fruit whereas M.9, 
M.27 and PiAu51.11 had the lowest.  Phosphorous val-
ues were closely associated with potassium, boron and 
sodium.  Fruit calcium was highest in G.214, CG.2406, 
G.969, JM.4 and CG.5757, while the lowest values were 
conferred by JM.1, PiAu51.11, and JTE-C.  In this plant-
ing, fruit calcium was associated with iron, copper, zinc 
and manganese.  Fruit nitrogen values were lowest in M.7, 
PiAu51-4, B.118, and CG.8534 and highest values were 
in super-dwarfing rootstock CG.2034 and semi-dwarfing 
rootstock CG.4011.  Soil magnesium at this site is lower 
than Cornell’s recommended level, however a few dwarf-
ing rootstocks (CG.4011, CG.5257) and semi-dwarfing 
(CG.6589, CG.6024, G.890 and G.210) were able to transfer 
higher than average amounts to the fruit.
 Honeycrisp is among the most difficult scions to man-
age nutritionally as nutrient imbalance can cause storage 
disorders and off flavors that make the fruit less desirable.  
The relationships among rootstock-induced nutrient con-
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Figure	4.	 Rootstocks	 and	 nutrients	 grouped	 by	 similarities	 in	 mineral	 nutrient	
concentration	 values	 (Gradient	 from	 low	 (blue)->medium	 (gray)->high	
(Red)	for	Fuji	fruit	in	the	HUDSON	research	block.		In	this	field	experiment,	
higher	fruit	calcium	values	were	observed	in	G.214,	G.969,	CG.2406,	JM.4,	
CG.5757,	and	CG.6024.		Calcium	values	were	correlated	with	other	metal	
ions	including	copper,	iron,	and	zinc.		Values	of	boron	and	phosphorous	
were	correlated.	 	Also	a	strong	correlation	between	sulfur	and	nitrogen	
values	was	observed.		This	newly	reported	correlation	is	consistent	with	
other	experiments	performed	by	our	lab.
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Figure 4.  Rootstocks and nutrients grouped by similarities in mineral nutrient concentration 
values (Gradient from low (blue)->medium (gray)->high (Red) for Fuji fruit in the HUDSON  
 

centrations (Figure 5-7) may reveal limitations in how effective fertilizer 
applications may be in curbing these issues.  When fruit and leaf values 
for calcium, magnesium, zinc, and manganese were compared, a posi-
tive relationship between the four nutrients was found, indicating that 
rootstocks inducing higher values in one also have positive effects on the 
rest. Rootstock-induced leaf calcium values are negatively correlated with 
leaf potassium values and positively correlated with the concentration 
of fruit nitrogen, phosphorous and magnesium (Figure 6).  A new set of 
relationships for Honeycrisp calcium values is described in Figure 7 where 
sulfur concentration is positively correlated with calcium values.  Sulfur 
has a role in acidification of vacuoles and rootstocks that are able to take 

up more sulfur, or that can benefit from sulfur fertilizer 
applications, might increase transport of calcium to the 
fruit.

Conclusions
 As the availability and knowledge of diverse root-
stocks increases, it will increase the potential to impact 
fruit productivity, quality and ultimately profitability of 
our apple orchards. The choice of the best rootstock for 
the site, scion and orchard system is going to become 
more important than ever.  Nutrient uptake and transport 
characteristics will be added to the current requirements 
of disease resistance (fire blight, replant), cold hardiness, 
dwarfing and productivity that the Geneva® breeding 
program has delivered to the industry.  The ability to 
match the nutritional requirements of a scion cultivar to 
a specially tuned rootstock will enhance orchard manage-
ment in the future by allowing healthier trees and more 
efficient use of fertilizers.  This study, first of its kind, lays 
the foundation for this scenario and hopefully will provide 
better choices to our apple growers in terms of rootstock 
technologies.
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Figure 5. Rootstock induced relationships between FRUIT (left panel) and LEAF (right panel)  
 
 
 
 
 
 
 
 
 
 
 
 

Figure	5.	 Rootstock	induced	relationships	
between	 FRUIT	 (left	 panel)	 and	
LEAF	 (right	 panel)	 for	 calcium,	
magnesium	 and	 manganese	
values	in	the	Honeycrisp	CHAM-
PLAIN	planting.		What	is	interest-
ing	 to	 note	 is	 how	 the	 relation-
ships	 are	 maintained	 in	 both	
tissues,	 indicating	 a	 biological	
relationship	in	the	conferring	of	
these	nutrients	by	the	rootstocks	
(perhaps	similar	pathways).
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Figure 6. Relationships between rootstock conferred LEAF nutrient values in CHAMPLAIN 
observed in fruit. 
 
 
 
 
 
 
 
 
 

Figure	 7.	 This	 figure	 features	 the	 means	 by	 rootstock	 of	 some	 leaf	 and	
fruit	 nutrient	 variables	 in	 the	 CHAMPLAIN	 Honeycrisp	 trial.	
Evidenced	 by	 the	 density	 ellipses	 is	 the	 relationship	 between	
rootstock	conferred	mean	values	of	fruit	calcium,	zinc,	sulfur	and	
leaf	calcium	and	zinc.		This	is	the	first	time	that	we	have	observed	
a	loose	but	clear	relationship	between	rootstock	conferred	leaf	
calcium	 and	 fruit	 calcium	 values,	 meaning	 that	 it	 should	 be	
possible	in	some	cases	to	select	for	high	leaf	calcium	promoting	
rootstocks	 and	 obtain	 a	 positive	 effect	 on	 fruit	 calcium.	 	 Of	
importance	is	also	a	positive	correlation	between	fruit	sulfur	and	
calcium.	 	While	 rootstocks	 that	 promoted	 higher	 zinc	 in	 leaves	
seemed	to	have	less	fruit	calcium	in	general	–	this	is	opposite	to	
what	was	observed	with	fruit	zinc,	which	is	positively	correlated	
with	fruit	calcium	(Figure	5,	left	panel).
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Figure	6.		 Relationships	between	rootstock	conferred	LEAF	nutrient	values	
in	 CHAMPLAIN	 Honeycrisp	 planting.	 	 Calcium	 concentration	 in	
leaves	 seems	 to	 be	 positively	 correlated	 with	 leaf	 magnesium,	
nitrogen	 and	 phosphorous	 and	 negatively	 correlated	 with	 leaf	
potassium.	 	 Leaf	 magnesium	 is	 also	 negatively	 correlated	 with	
leaf	potassium.		These	correlations	are	somewhat	different	than	
what	is	observed	in	fruFigure	7.		This	figure	features	the	means	
by	 rootstock	 of	 some	 leaf	 and	 fruit	 nutrient	 variables	 in	 the	
CHAMPLAIN	Honeycrisp	trial.	Evidenced	by	the	density	ellipses	
is	the	relationship	between	rootstock	conferred	mean	values	of	
fruit	calcium,	zinc,	sulfur	and	leaf	calcium	and	zinc.	 	This	 is	the	
first	 time	 that	 we	 have	 observed	 a	 loose	 but	 clear	 relationship	
between	 rootstock	 conferred	 leaf	 calcium	 and	 fruit	 calcium	
values,	 meaning	 that	 it	 should	 be	 possible	 in	 some	 cases	 to	
select	for	high	leaf	calcium	promoting	rootstocks	and	obtain	a	
positive	effect	on	fruit	calcium.		Of	importance	is	also	a	positive	
correlation	between	fruit	 sulfur	and	 calcium.	 	While	 rootstocks	
that	 promoted	 higher	 zinc	 in	 leaves	 seemed	 to	 have	 less	 fruit	
calcium	in	general	–	this	is	opposite	to	what	was	observed	with	
fruit	zinc,	which	is	positively	correlated	with	fruit	calcium	(Figure	
5,	left	panel).



16  NEW YORK STATE HORTICULTURAL SOCIETY

Development of Solid Set Delivery Systems 
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“A new concept to apply pesticides is 
a Solid Set Canopy Delivery Systems 
consisting of a network of microsprayers 
positioned in the tree canopy/trellis and 
connected to a pumping/mixing station.  
Here we report on our work to prove 
the concept and to further develop the 
system.  We have shown that pesticides 
can be applied efficiently and with very 
little time  involved with excellent pest 
control results.”

Apple orchards have been transforming from low density, 
freestanding tree systems to high-density, trellised tree 
systems. This has been accomplished by the careful en-

gineering of tree 
canopy architec-
tures from indi-
vidual tall spheres 
into continuous 
narrow “fruiting 
walls” (Robinson, 
2007).  These in-
tensive systems 
have greatly in-
creased produc-
tion eff iciency 
and early returns 
on investment. 
However, the de-
livery of agricul-

tural chemicals —pesticides, foliar nutrients and plant growth 
regulators— to these systems still relies on tractor-pulled airblast 
sprayers designed for large, broad canopies. Meanwhile, growers 
have been faced with an unprecedented range of challenges in-
cluding: consumer demand for reduced pesticide inputs, increas-
ing urban/rural overlaps, the promulgation of Maximum Residue 
Limits (MRLs) for international markets, loss of traditional 
pesticides to national regulations, rapid development of pest re-
sistance, an influx of invasive insect pests, an increasingly volatile 
labor market and a less predictable climate. Growers’ responses 
to these issues have included the adoption of expensive technolo-
gies (e.g. insect netting for spotted wing drosophila $10,000+ an 
acre, wind machines $4,000+ per acre) and the development of 
mechanical replacements for human labor (e.g. picking platforms 
and harvest assist machines). Solid Set Canopy Delivery Systems 
(SSCDS) provide a single solution for many of the new problems 
growers are facing while replacing costs associated with tractor 
driven sprayers. 
 Solid Set Canopy Delivery Systems are a logical evolution of 
agricultural chemical delivery for modern, high-density orchards. 
Solid Set Canopy Delivery Systems consist of a network of micro-
sprayers positioned in the tree canopy/trellis and connected to a 
pumping/mixing station. This approach was first demonstrated 

This research project was partially supported by the Michigan Apple Committee

by Agnello and Landers (2006) in a small proof of concept study 
in NY. Application of inputs from a fixed system versus a tractor-
based system provides many potential advantages to growers 
utilizing high-density apple systems. Targeted applications via the 
SSCDS could virtually eliminate applicator exposure problems 
common to tractor based sprayers, while increasing the ability 
to apply sprays during critical weather periods, including when 
the ground is too wet for heavy equipment. Our research team 
is convinced that SSCDS will make frequent applications at low 
rates possible for modern agricultural chemicals, including foliar 
nutrients, bio-pesticides, and reduced-risk pesticides, to improve 
efficacy of “soft impact” IPM programs. Commercialized SSCDS 
will also require less skilled labor to operate compared to tractor 
based sprayers due to a 4-10 fold decreased application time and 
because the systems will not rely on heavy machinery.
 In 2011 we initiated a major exploration of SSCDS in a 
multiple year USDA SCRI funded project that took place in NY, 
WA and MI. The experiences shared in this article come from 
the project team based at Michigan State University (MSU) and 
cover some of our findings in the first three years of research and 
development of this revolutionary approach towards apple pest 
management. 

Project Goals
 The major initial project goals for our initial SSCDS project 
centered on the initial engineering of the system and the collec-
tion of proof of concept data. These included: 
1. Develop, engineer, and optimize SSCDS for orchard-scale use 

and materials delivery
2. Evaluate coverage provided by SSCDS compared to standard 

airblast applications
3. Evaluate pest management provided by SSCDS
4. Determine relative costs of SSCDS vs. current airblast sprayers

System Design
 The Prototype Solid Set Canopy Delivery Systems developed 
at Michigan State University, Cornell University and Washington 
State University consist of two major components: 1) the canopy 
delivery system (Figure 1) and 2) the applicator (Figure 2). The 
canopy delivery system is a network of polyethylene irrigation 
tubing run through the orchard block in a continuous loop with 
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an input and output line that attaches to the applicator. The ap-
plicator consists of three major components: 1) a pumping system, 
2) an air compressor and 3) a tank for mixing, providing and 
recapturing spray material. Our prototypes utilize Jain Irrigation 
Modular Group 7000 series microsprinklers with violet nozzles 
and yellow flat spreaders and 18 psi stop drip devices. Our present 
system uses a four-stage charging, spraying, recovery and cleaning 
procedure. 
 Our 4-stage spray procedure consists of: 1) Charging: Mate-
rial is pumped through the mainline at low pressure (<18 psi). 2) 
Spraying: the return line is closed and pressure increased to >30 
psi, and material applied (70-100 gal/ac in <15 s). 3) Recovery:  the 
return valve is re-opened, and the air compressor set at <18 psi to 
blow residual material back into the spray applicator. 4) Cleaning: 
the return valve is closed and the air compressor run at >30 psi 
to clear the microsprayers.  
 The SSCDS at MSU were established in an apple orchard 
at the MSU Clarksville Research Center (Figure 3). The canopy 
delivery system in both 
crops consisted of poly-
ethylene hoses suspended 
from trellis wires at 8.5’ 
(1” diameter) and 4’ (3/4” 
diameter). Single horizon-
tally oriented microspray-
ers were inserted at 6’ in-
tervals on the upper hose 
(Figure 4). Twin vertically 
oriented microsprayers 
were inserted at 6’ inter-
vals into a “T” bracket on 
the lower line (Figure 5). 
Microsprayers on the two 
lines were staggered pro-
viding fluid coverage every 
3’ in the tree canopies.

Coverage
 Coverage evaluation 
is of critical importance 
for any new input delivery 
system. Simply put, with-
out adequate coverage, 
pest management relying 
on traditional insecticides 
and fungicides is likely to 
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Figure 1: SSCDS canopy delivery system in apple trees at the MSU Clarksville Research Center 
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Figure 2: SSCDS applicator (Figure Courtesy of Jay Brunner WSU)  
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Figure 3: SSCDS system at MSU Clarskville Research Center making an application. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	1.	SSCDS	canopy	delivery	system	in	apple	
trees	 at	 the	 MSU	 Clarksville	 Research	
Center

Figure	2.	SSCDS	applicator	(Figure	Courtesy	of	Jay	
Brunner	WSU)	

Figure	 3.	 SSCDS	 system	 at	 MSU	 Clarskville	
Research	 Center	 making	 an	
application.

fail. We have evaluated SSCDS coverage using three approaches: 1) 
water-sensitive cards, 2) tartrazine dye, and 3) laboratory bioassays 
of insect pests exposed to foliage treated with insecticides in the 
field. Spray cards allow us to characterize the coverage provided 
on both the top and bottom of leaves. Dye tests provide a robust 
test of leaf deposition. Bioassays provide data on how coverage 
translates into insect pest management. 
 Water-Sensitive Cards: Deposition tests at MSU utilized 
1” × 3” water-sensitive cards (Figure 6). Cards were placed both 
face-up and face-down, at low (3’), middle (5’), and high (8’) lev-
els within the canopy. Comparisons were made between SSCDS 
and airblast sprayer applications using 80 gallons per acre spray 
volume with cards collected immediately after application. Cards 
were returned to the laboratory, scanned, and coverage calculated 
following application. Over the course of the last three years we 
have run numerous coverage trials utilizing cards. 
 Spray card cover-
age has been some-
what variable among 
trials at MSU but the 
general pattern has 
been that SSCDS sys-
tems provide better 
coverage on cards fac-
ing up (upper surface) 
compared to cards 
facing down (lower 
surface) and tend to 
provide higher cov-
erage higher in the 
tree rather than lower 
in the tree (Figure 7). 
In contrast, airblast 
sprayers tend to pro-
vide higher coverage 
on the lower surface 
of leaves and provide 
highest coverage lower 
in the trees compared 
to higher in the tree 
(Figure 7).  
 Tartrazine Dye 
Deposition: Distribu-
tion of spray material 
within the tree canopy 
was evaluated using 
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Figure 6: Spray cards used for coverage evaluation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	 6.	 Spray	 cards	 used	 for	 coverage	
evaluation
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Figure 7: Mean ± SEM % coverage on spray cards facing down (bottom) or up (top). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	 7.	 Mean	 ±	 SEM	 %	 coverage	 on	 spray	
cards	 facing	 down	 (bottom)	 or	 up	
(top).

Figure	4.	Upper,	single	microsprayer.

Figure	5.	Lower,	double	microsprayer.
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Figure 8: Tartrazine dye samples being processed in the laboratory. 
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Figure 9: Mean ug/g tartrazine/leaf mass from coverage trial at three canopy heights. 
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Figure 10: OBLR larvae on leaf disk collected from treated orchard 
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Figure 11: 2013 mean ± SEM % insect damage. 
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Figure 13: 2013 mean ± SEM % scab damage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	 8.	 Tartrazine	 dye	 samples	 being	
processed	in	the	laboratory

Figure	 9.	 Mean	 ug/g	 tartrazine/leaf	 mass	 from	
coverage	trial	at	three	canopy	heights.

Figure	 10.	 OBLR	 larvae	 on	 leaf	 disk	 collected	
from	treated	orchard

Figure	11.	2013	mean	±	SEM	%	insect	damage. Figure	12.	2014	mean	±	SEM	%	insect	damage. Figure	13.	2013	mean	±	SEM	%	scab	damage.

the food-safe tracer dye, tartrazine. The dye was pre-mixed in 
tanks of the SSCDS spray application equipment and applied 
through the SSCDS and an airblast sprayer. After application, 
leaves from treated trees were collected, bagged, and returned to 
the lab for analysis. Five leaves from low, middle, and high strata 
from 4 trees per plot were collected. The amount of dye washed 
from leaves in each sample (Figure 8) was quantified using a multi-
plate reader. Average leaf area was calculated for each zone by 
picking 20 leaves per zone and scanning them with a LI-COR leaf 
area meter (LI-3100C)). Dye concentrations were paired with leaf 
areas and results recorded as PPM of day/cm2 leaf area. Deposi-
tion results showed much higher deposition on SSCDS treated 
leaves compared with airblast treated leaves (Figure 9). 
 Insect Pest Bioassay: Oblique-banded leaf roller (OBLR) 
larvae (Figure 10) from MSU colonies were used to provide a 
biological check for coverage data. Our test insecticide, Bacillus 
thuringiensis (Bt- Dipel 2X at 100 gal per ac), was applied at both 
sites through the SSCDS and airblast sprayer. Leaf disks (1” diam-
eter) removed from leaves collected from the interior canopy of 
each plot were placed in a petri dish with five 1-2 day-old OBLR 
larvae. After 4 days, mortality of the larvae was recorded. Results 
from the two sites were largely consistent with previous coverage 
measurements. 100% of all larvae in both treatments died in both 
the MSU SSCDS and airblast treatments.
 Coverage Conclusions: The results from our three coverage 
measurement evaluations strongly suggest that our prototype 
SSCDS provides equivalent coverage to an airblast sprayer. The 
spatial arrangement of coverage was variable between the two tri-
als relative the tops and bottoms of leaves as well as distribution 
of coverage from the bottom to the top of the tree canopy (Figure 
7), however SSCDS provided at least as much deposition as our 
airblast sprayer (Figure 9) as well as the ability to kill a target pest 

(OBLR). The next logical question was whether SSCDS could 
provide adequate, season long pest management. 

Pest Management Efficacy
 Season-long insect pest and disease management data were 
collected n 2013 and 2014 at our MSU Clarksville Research Center 
test site. The SSCDS was directly compared with conventional 
airblast application of materials in the apple research plots at 
Clarksville, MI in 2013 and 2014 to evaluate efficacy of insect 
and disease pest management programs using the two methods 
of delivery. Trees in each system plot received the same treatment 
applications on the same day. 
 Insect Pest Management Efficacy: Insecticide programs 
at both locations utilized reduced risk products (e.g. Assail @ 7 
oz/ac, Altacor @ 3.5 oz/ac, Dipel @ 1 lb/ac, and Calypso @ 6 oz/
ac). We made assessments for codling moth, Oriental fruit moth, 
plum curculio and obliquebanded leafroller. Damage evaluations 
were made in August during both years. Results from both years 
were consistently promising with SSCDS plots providing insect 
control equivalent to airblast sprayers. In 2013 an average of 
12.8% of the fruit were damaged by internal feeding insects in 
the unmanaged check plots, while the SSCDS and airblast plots 
incurred 1.5% or 2.8% damage, respectively and an average of 
11% of the fruit were damaged by external feeding pests in the 
control, while the SSCDS and airblast plots incurred less than 
3% damage (Figure 11).  In 2014 an average of 29% of the fruit 
were damaged by internal feeding insects in the unmanaged 
check plots, while the SSCDS and airblast plots incurred 4.3% 
or 7.1% damage, respectively and an average of 7.8% of the fruit 
were damaged by external feeding pests in the control, while the 
SSCDS and airblast plots incurred less than .3% and .2% damage, 
respectively (Figure 12).  
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Figure 15: Results of SSCDS canopy cooling for Apple (top) and cherry (bottom) buds, delayed 
buds on left. 
Figure	 15.	 Results	 of	 SSCDS	 canopy	 cooling	 for	 Apple	 (top)	 and	 cherry	

(bottom)	buds,	delayed	buds	on	left.

 Disease Management Efficacy: Apple scab management 
was compared between SSCDS and airblast applicators at the 
MSU Clarksville Research Center in 2013 and 2014. Treatments 
included: an untreated control and fungicides applied via airblast 
sprayers or SSCDS. At MSU, a copper spray was applied at green 
tip followed by a series of fungicide applications made at approxi-
mately 1-week intervals for 4 weeks.  The first two applications 
were of protectant fungicides (Manzate plus Captan tank-mix and 
Polyram + Captan tank mix, respectively) and the last two applica-
tions both consisted of Fontelis + Captan.  The incidence of apple 
scab infection was rated in late July or early August. The SSCDS 
provided comparable apple scab control to the airblast treatment 
in 2013 with 14% of fruit in the control and 1.7% and 2.5% of fruit 
in the SSCDS and Airblast treatments, respectively having visible 
scab lesions. (Figure 13). A similar pattern was observed in 2014 
with 54% of untreated control apples, 1.6% of SSCDS apples and 
5% of control apples having visible scab lesions (Figure 14). 
 Pest Management Conclusions: Our initial evaluation of 
SSCDS provide strong proof of concept supporting that this 
technology is capable of providing pest management services 
comparable to those provided by traditional airblast sprayers. One 
of the most striking differences we noticed in conducting these 
trials was the speed and quietness of SSCDS applications versus 
tractor based applications. Sprays delivered through SSCDS were 
put on in only 12 seconds of application time with two 5 hp water 
pumps! Our airblast applications took five to 10 minutes to apply 
and created a great deal more noise. 

Implications and Economics
 Implications: Our proof of concept data makes a strong 
case for further development of SSCDS technology. One of our 
next questions to address will be whether SSCDS could be used 
to make short interval reduced rate applications of pesticides to 
better manage coverage to meet both pest management and MRL 
needs. SSCDS also promise to provide growers with a unique 
opportunity to alter orchard microclimates through evaporative 
cooling. 
 Preliminary research conducted by Jim Flore has shown that 
SSCDS could provide a new approach to evaporative cooling 
through the application of water mists during the early spring. Our 
hypothesis was that the many low water volume microsprayers 
used in our SSCDS could provide cooling at a fraction of the rates 

used by conventional sprinklers.  We set up small scale SSCDS  at 
two different apple and cherry sites in Michigan. Microsprayers 
were placed above and within the canopy and a CR 1000 data log-
ger and controller were used to deliver misting based on ambient 
air temperature and humidity. We established three treatments: 
1) an untreated control, 2) misting operated for ~30 days and 3) 
misting operated for ~20 days. 
Our mist cooling system delayed bloom by 7-10 and 4-10 days in 
apples and sweet cherries, respectively (Figure 15). Furthermore 
our systems provided this delay using a range of 6-9 ac inches of 
water. This is a 4-6x reduction in water compared to evaporative 
cooling systems utilizing impact sprinklers! Fruit maturity dates 
for apples and cherries were not affected by cooling. We are con-
fident that with further refinement this system could provide 7-14 
days of bloom delay with only 3-5 acre-inches of water.  
  Economics: Solid Set Canopy Delivery Systems require 
significant up-front capital investment. Capital investment costs 
can vary, depending on the presence or absence of trellis training 
system, the capacity of that training system, and the design of 
the SSCDS. Initial estimates of SSCDS operating costs including 
system installation exceed conventional systems. Conventional 
air-blast applications of pesticides generally require $36.38 per 
acre including equipment. Costs for operating the MSU SSCDS 
were estimated at $60.88 per acre. We expect commercialization 
is conservatively expected to reduce SSCDS costs by 20% or more 
yielding an expected cost of $48.70 per acre. While more expen-
sive to operate, it is important to note that SSCDS may provide 
additional value to growers in the form of services that airblast 
sprayers cannot provide. These include: protection from frosts or 
sunburn, potential irrigation applications as well as the ability to 
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Figure 14: 2014 mean ± SEM % total and severe scab damage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	14.	2014	mean	±	SEM	%	total	and	severe	scab	damage.
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more rapidly apply inputs under adverse ground conditions. The 
next step in economic evaluation will depend on collecting data 
on the relative value of these services. For more information visit 
www.canopydelivery.msu.edu  
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Arctic Apples: A Look Back and Forward
Kenong Xu 
Horticulture	Section,	School	of	Integrative	Plant	Science
NYSAES,	Geneva,	NY

 “The US and Canadian Governments 
have approved the deregulation status 
for Arctic Apples after their extensive 
review and assessment, which concluded 
Artic Apples as safe and nutritious as 
conventional apples. The acquisition of 
Okanagan specialty Fruits by Intrexon 
Corporation suggests they believe Arctic 
Apples are likely to be profitable.  This 
article describes what the potential 
opportunities and risks of Arctic Apples 
are should you decide to grow them.”

Arctic Apples are a brand name for a group of non-brown-
ing apples (Figure 1) that are developed through genetic 
engineering by Mr. Neal Carter and his company Okan-

agan Specialty 
Fruits (OSF) in 
British Columbia, 
Canada. In sim-
ple term, Arctic 
Apples are GMO 
apples that do not 
turn brown when 
sliced. Between 
Fe b r u a r y  a n d 
March 2015, Arc-
tic Apples (Arctic 
Golden Delicious 
and Arctic Gran-
ny Smith) were 
officially deregu-
lated by both the 

US and Canadian Governments (URLs 1-3). This means that Arc-
tic Golden Delicious and Arctic Granny Smith can immediately be 
grown and marketed in the US and Canada. Although the fruit of 
Arctic Apples may not be available on the market until 2017, the 
implications of the government approval for Arctic Apples could 
potentially be broad and lasting in future apple production. As 
apple growers, you may wonder if and how Arctic Apples would 
impact the production plan in coming years in your orchard. In 
this article I would like to briefly review how Arctic Apples were 
developed, how OSF’s petition for deregulation of Arctic Apples 
were assessed and approved by the US Government despite op-
position, and what the potential opportunities and risks of Arctic 
Apples are should you decide to grow them.

How Were Arctic Apples Developed?
 Background: Apple fruit usually brown shortly after bitten, 
bruised, or sliced. In biochemistry of plant, apple browning is an 
enzymatic reaction that turns phenols into quinones (Figure 2A), 
which are poised to become polymer compounds of pigment, 
the causal agent of fruit browning. The key enzymes that control 
the reaction are polyphenol oxidases (PPOs). The browning phe-
nomenon often appears unappetizing of consumers, especially 
young kids. It has been considered that browning is primarily 
responsible for the unnecessary waste of apples. Apple browning 
also causes inconvenience for fast food services serving sliced 
apples. For example, to slow down browning, McDonald’s has 
been coating apple slices with calcium ascorbate in its meals de-
spite somewhat affecting flavor. Due to the increasing importance 
of sliced fruit in the fresh apple market, browning is regarded as 
a major drag for more consumption of apples in more places. 
Clearly, there is a need for low- or non-browning apples in places 

where fresh apples are served and/or consumed. It is this need 
that prompted Mr. Neal Carter and OSF to develop Arctic Apples.

 Approach: To develop non-browning apples, OSF took 
a straightfor-
ward approach 
t o  p r o h i b i t 
the enzymatic 
browning reac-
tion by lowering 
the activity of 
PPOs. A ma-
ture and proven 
method in plant 
biotechnology 
that allows ef-
f i c i e n t  a n d 
specif ic gene 
suppression is 
RNA interfer-
i n g  ( R N A i ) . 
RNAi can de-
grade mRNA 
expressed from 
targeted genes, 
m a k i n g  t h e 
mRNA less or 
unavailable for 
enzyme protein 
translation, thus 
indirectly low-
ering the en-
zyme activity. 
Several tech-
n i q u e s  h a v e 
been developed 
for  pract ica l 
a p p l i c a t i o n 
of RNAi. The 
RNAi technique 
that OSF em-

Figure	  1.	  Comparison	  of	  Arc/c	  Apples	  with	  their	  non-‐GMO	  counterparts.	  The	  photo	  shows	  two	  fruit	  a;er	  
sliced:	  the	  le;	  is	  a	  regular	  Granny	  Smith;	  the	  right	  is	  Arc/c	  Granny	  Smith,	  which	  is	  developed	  by	  
Okanagan	  Specialty	  Fruits	  (OSF)	  using	  gene/c	  engineering.	  Note	  that	  although	  the	  regular	  Granny	  Smith	  
turned	  brown,	  the	  Arc/c	  Granny	  Smith	  remained	  non-‐browning.	  Photo	  courtesy	  to	  OSF	  

Figure	2.	A	simplified	process	illustrating	how	OSF	
developed	 	 non-browning	 Arctic	 Apples	
using	 genetic	 engineering.	 (A)	 The	 bio-
chemical	reaction	of	apple	browning.	The	
reaction	 converts	 colorless	 phenols	 into	
pigmented	 quinones	 (in	 polymer	 com-
pound).	The	key	enzyme	that	controls	the	
reaction	 is	 polyphenol	 oxidases	 (PPOs).	
(B)	A	diagram	showing	the	genetic	trans-
formation	 construct	 (GEN-03)	 used	 by	
OSF.	The	DNA	inserted	into	the	apple	ge-
nome	is	the	segment	from	LB	through	RB	
indicated	 by	 the	 red	 dotted	 line.	 Within	
the	DNA	segment	are	the	selectable	mark-
er	gene	nptII	and	the	transgene	PGAS	that	
can	 suppress	 the	 apple	 PPO	 encoding	
genes	in	the	fruit	cells.	Note	that	the	trans-
gene	PGAS	is	derived	from	apple	DNA.	

Transgene	  PGAS	  

GEN-‐03	  

A	  

B	  

Figure	  2.	  A	  simplified	  process	  illustra/ng	  how	  OSF	  developed	  	  
non-‐browning	  Arc/c	  Apples	  using	  gene/c	  engineering.	  (A)	  The	  
biochemical	  reac/on	  of	  apple	  browning.	  The	  reac/on	  converts	  
colorless	  phenols	  into	  pigmented	  quinones	  (in	  polymer	  
compound).	  The	  key	  enzyme	  that	  controls	  the	  reac/on	  is	  
polyphenol	  oxidases	  (PPOs).	  (B)	  A	  diagram	  showing	  the	  gene/c	  
transforma/on	  construct	  (GEN-‐03)	  used	  by	  OSF.	  The	  DNA	  
inserted	  into	  the	  apple	  genome	  is	  the	  segment	  from	  LB	  through	  
RB	  indicated	  by	  the	  red	  doVed	  line.	  Within	  the	  DNA	  segment	  
are	  the	  selectable	  marker	  gene	  nptII	  and	  the	  transgene	  PGAS	  
that	  can	  suppress	  the	  apple	  PPO	  encoding	  genes	  in	  the	  fruit	  
cells.	  Note	  that	  the	  transgene	  PGAS	  is	  derived	  from	  apple	  DNA.	  	  

Figure	1.	Comparison	of	Arctic	Apples	with	their	non-GMO	counterparts.	
The	photo	shows	two	fruit	after	sliced:	the	left	is	a	regular	Granny	
Smith;	 the	 right	 is	 Arctic	 Granny	 Smith,	 which	 is	 developed	 by	
Okanagan	Specialty	Fruits	(OSF)	using	genetic	engineering.	Note	
that	although	the	regular	Granny	Smith	turned	brown,	the	Arctic	
Granny	Smith	remained	non-browning.	Photo	courtesy	to	OSF.
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ployed for developing Arctic Apples is called co-suppression. 
Co-suppression involves transferring a transgene of sequence 
derived from target genes. Over-expressing the transgene will 
in turn lead to degradation of mRNA expressed from both the 
transgene and the target gene(s). 
 In the apple genome, there are four distinct groups of PPO’s 
encoding genes of at least ten members (Carter 2012). The rep-
resentatives of the four groups of genes are PPO2, GPO3, APO5 
and pSR7, or simply PGAS. To suppress the expression of these 
PPO genes, OSF created a transgene comprising four sequences 
derived from PGAS (Figure 2B). Therefore, the transgene PGAS 
is essentially a hybrid gene from apple DNA and cannot be trans-
lated into a protein. However, over-expression of the transgene 
would in turn degrade the mRNA from both the transgene and 
the four representative PPO genes and others they represent, 
resulting in non-browning. 
 In the process of genetic transformation of the transgene 
PGAS into the apple genome, a marker gene called nptII of 
resistance to antibiotic kanamycin was also transferred for the 
convenience of positive selection. However, kanamycin has 
little use in medicine nowadays, and gene nptII exists in many 
soil-borne bacteria and is commonly used in other GMO crops 
showing no evidence of harm to human consumption as well as 
the environment. More importantly, protein NPTII, the products 
of gene nptII were not detectable in mature fruit of Arctic Apples 
(Carter 2012). 
 Testing in fruit quality, resistance to major diseases and 
insect pests, and other horticultural traits showed that there 

Table	1.		Overview	of	USDA-APHIS’	approval	process	for	Arctic	Apples

Date Action Accessible	URLs

June 2010
OSF submitted petition “Petition for determination of nonregulated 
status: Arctic Apple (Malus x domestica) Events GD743 and GS784” to 
APHIS (#10-161-01p)1

NA

February 23, 
2012 Deemed the Petition complete http://www.aphis.usda.gov/brs/aphisdocs/10_16101p.pdf

July 13, 2012 Notified the petition availability and opened a 60-day period (ended on 
September 11, 2012) for public comments http://www.aphis.usda.gov/brs/fedregister/BRS_20120713h.pdf

August 2013 Completed Draft Plant Pest Risk Assessment (PPRA) on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_dpra.pdf

August 2013 Completed Draft Environmental Assessment (EA) on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_dea.pdf

November 8, 
2013

Notified the availability of the Draft Plant Pest Risk Assessment and Draft 
Environmental Assessment and opened a 30-day period (ended on 
December 9, 2013) for public comments

http://www.aphis.usda.gov/brs/fedregister/BRS_20131108.pdf

December 
31, 2013

Opened another 30-day period (ending on January 30, 2014) for public 
comments on the Draft Plant Pest Risk Assessment and Draft Environ-
mental Assessment

http://www.aphis.usda.gov/brs/fedregister/BRS_20131231.pdf

May 2014 Completed Final Environmental Assessment on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fea.pdf

May 2014 Completed Final Plant Pest Risk Assessment on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fpra.pdf

May 28, 2014 Completed document Finding of No Significant Impact (FONSI) and 
Response to Comments http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fonsi.pdf

May 29, 2014 Completed document Determination of the Nonregulated Status for 
Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_det.pdf

February 13, 
2015

Made a Stakeholder Announcement of APHIS’ decision to deregulate 
Arctic Apples

http://www.aphis.usda.gov/stakeholders/downloads/2015/
SA_arctic_apples.pdf (also URL1)

February 18, 
2015 Published APHIS’ Decision to deregulate Arctic Apples http://www.aphis.usda.gov/brs/fedregister/BRS_20150218.pdf

February 
2015

Published a document of Questions & Answers regarding deregulation 
of Arctic Apples

http://www.aphis.usda.gov/publications/biotechnology/2015/
faq_arctic_apples.pdf

1GD743: Arctic Golden Delicious; GS784: Arctic Granny Smith.

were no significant difference between Arctic Apples and their 
non-GMO counterparts (Carter 2012). For more information 
about Arctic Apples, please refer to one of my previous articles 
published with New York Fruit Quarterly (Xu 2013).
 In brief, non-browning Arctic Apples differ from their non-
GMO counterparts by two genes, the transgene PGAS and the 
selectable marker gene nptII. The transgene PGAS is a hybrid 
gene derived from apple DNA and does not produce a protein. 
The selectable marker gene nptII produces non-detectable pro-
tein in mature fruit of Arctic Apples. 

How Were Arctic Apples Assessed and Approved by the 
US Government Despite Opposition?
 Three federal agencies have the legal authorities to regulate 
GMO crops: USDA Animal and Plant Health Inspection Service 
(APHIS), the Food and Drug Administration (FDA), and the 
Environmental Protection Agency (EPA). In this particular case, 
APHIS is the primary reviewing agency although FDA also con-
ducted a review. But EPA has no review authority as Arctic Apples 
do not show any properties of pesticides, nor cause a change in 
use of registered herbicides. Below is a brief description about 
how APHIS assessed OSF’s petition for Arctic Apples:
 Overall, APHIS took at least three years to approve the 
deregulated status for Arctic Apples. The timeline for its major 
steps and actions is listed in Table 1. It shows that OSF submitted 
its petition to APHIS for deregulation of Arctic Apples in June 
2010. But the petition was deemed complete by APHIS as late 
as in February 2012. This suggested that OSF was likely asked 
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for more data or clarification for the petition after initial sub-
mission. In July 2012, APHIS made the petition available online 
and opened a 60-day period (ended on September 11, 2012) for 
public comments while assessing the petition. During this com-
ment period, APHIS received a total of 72,745 comments. Major 
concerns that were raised by these comments include marketing 
and economic impacts; cross-pollination; and health, nutrition, 
and food safety. 
 Based on its assessment of the petition and the public com-
ments received, APHIS drafted two documents in August 2013: 
1) draft environmental assessment (EA) and 2) draft plant pest 
risk assessment (PPRA). On November 8, 2013, these two docu-
ments were made available online for public comments, which 
were announced through the Federal Register by the agency 
(Table 1). The comment period initially lasted for 30 days (end-
ing on December 9, 2013) and then reopened on December 31, 
2013 for another 30 days ending on January 30, 2014. However, 
comments received from December 10, 2013 through December 
31, 2013 were also considered. In sum, APHIS received 105,971 
comments on the two draft assessments (EA and PPRA) during 
this comment period from November 8, 2013 through January 
30, 2014. The majority of the comments voiced general distrust 
on GMOs, opposing any APHIS’ approval of GMOs. Issues and 
concerns raised by these comments were similar to those raised 
during the comment period from July 13, 2012 through Septem-
ber 11, 2012.
 In May 2014, APHIS revised the draft EA and PPRA and 
made them final (Table 1). The final EA, an 83-page document, 
detailed how APHIS considered opposing views and reviewed 
all data submitted by both proponents and opponents of Arctic 
Apples. The final PPRA, a 23-page document, explained how 
APHIS reviewed the information regarding the plant pest risk of 
Arctic Apples provided by OSF and others. The final EA and PPRA 
are the two key documents for APHIS to reach its conclusion of 
finding of no significant impact (FONSI) of Arctic Apples in its 
decision document entitled National Environmental Policy Act 
Decision and Finding of No Significant Impact (Table 1). In the 
decision document, APHIS also responded in detail to the public 
comments, which were generalized under 21 issues.
 The announcement of APHIS’ decision to approve the de-
regulated status for Arctic Apple was first made through a letter 
to Stakeholder on 13 February 2015, and then by a formal notice 
published with the Federal Register on 18 February 2015. APHIS 
also prepared a document to address frequently asked questions 
about Arctic Apples as well as its approval process (Table 1). 
 On March 20, 2015, about a month after APHIS announced its 
decision in favor of deregulation of Arctic Apples, FDA also con-
cluded its review of OSF’s petition and stated that Arctic Apples 
are as safe and nutritious as conventional apples (URL2). On the 
same date, Health Canada and the Canadian Food Inspection 
Agency (CFIA) representing the Government of Canada similarly 
determined that the Arctic Apples are as safe for humans, live-
stock and the environment as conventional apples (URL3). These 
concurrent announcements suggested that the reviews of Arctic 
Apples by the US and Canadian Governments were conducted 
independently as well as in coordination.

What are the potential opportunities and risks of Arctic 
Apples should you grow them?
 APHIS approval of Arctic Apples was reported widely by 

numerous websites and by main stream media such as CNN and 
New York Times. The approval also fueled the already heated 
debate on the food safety and environmental impact of GMOs. 
For example, Katherine Paul, associate director of the Organic 
Consumers Association, quickly ran an article “USDA Approves 
‘Untested, Inherently Risky’ GMO Apple” on 14 February 2015 
to denounce the APHIS’s approval (URL4). On an episode “Dr. 
Oz Explains Genetically Modified Apples” of Dr. Oz’s show aired 
on 10 March 2015 (URL5), Mr. Neal Carter was questioned and 
criticized for his effort to develop Arctic Apples. This episode 
attracted a heavy critique for Dr. Oz’s attack on GMOs in a 
Slate Magazine article “Low-Hanging Fruit: Dr. Oz sows seeds of 
mistrust on genetic engineering” on 10 April 2015 (URL6). The 
authors of this article are Henry Miller (a physician and a fellow 
at Stanford University’s Hoover Institution who served as the 
founding director of the Office of Biotechnology at the Food and 
Drug Administration) and Kavin Senapathy (a science advocate 
from a genomics company in Wisconsin that doesn’t develop GE 
foods). 
 The apple industry remains opposed to Arctic Apples due 
to concerns of a possible market backlash, a risk caused by the 
anti-GMO movement. However, its stance against Arctic Apples 
appeared to be softening. For example, the US Apple Associa-
tion (URL7), which supports “consumer choice in the apples and 
apple products they select”, indicates that USApple trusts “the 
marketplace will tell if there is a demand for Arctic Apples.” The 
most important development related to Arctic Apples is that OSF 
has now been acquired by Intrexon Corporation, an American 
synthetic biology company for $41 million (URL8). This occurred 
only one week after the APHIS’ announcement of deregulation 
of Arctic Apples, suggesting Intrexon is convinced that Arctic 
Apples will be profitable.
 The information Intrexon used to justify its move to takeover 
OSF is unknown. But it is clear that Arctic Apples are directly 
geared for the convenience of consumption and for the reduction 
of waste in food service, making them way different from many 
other GMO crops, such as GMO corn and soybeans that are 
mostly intended to benefit production. Since the non-browning 
trait is genetically engineered to appeal to consumers, OSF has 
no intention to hide the GMO identity of Arctic Apples. They will 
be clearly labeled as Arctic Apples to allow consumers’ ability to 
select. Based on its own marketing survey, OSF is confident in 
that many consumers will consciously buy Arctic Apples for the 
non-browning characteristic. A notable fact is that Arctic Apples 
were approved by FDA alongside Simplot Innate Potato (URL9), 
which was genetically modified using potato genes to also benefit 
consumers (by reducing black spots when peeled and by lowering 
levels of acrylamide, a potential carcinogen when fried deeply). 
The FDA’s simultaneous approval of two different GMO food 
crops attempting to directly benefit consumers strongly hints a 
new trend of upcoming new biotech food crops. 
 The primary market targeted by Arctic Apples in the initial 
phase is the fresh-cut apple slice services. In an interview with 
NPR conducted in January 2014 (URL10), Mr. Neal Carter said 
“right now, to make fresh-cut apple slices and put them in the 
bag, 35 or 40 percent of the cost is the antioxidant treatment. 
So you could make a fresh-cut apple slice 30 percent cheaper (if 
using Arctic Apples).” OSF sees “Arctic Apples replacing regular 
apples at the retail level” and expects a return of $120 million in 
10 years after commercialization in its petition to APHIS (Table 
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1). OSF’s move to production appears to be on its full swing. 
Based on what Mr. Carter said in a recent report from Capital 
Press, about 20,000 Arctic apple trees will be planted in spring 
2015 and more trees are to be budded for 2016 delivery and 
for commercial availability in the spring of 2017 (URL11). In 
addition, OSF has eyed the market of Arctic Apples in Mexico 
(URL12). 
 In summary, non-browning Arctic Apples were developed by 
OSF using genetic engineering. Compared with their non-GMO 
counterparts, Arctic Apples have two more genes. The first is 
the transgene PGAS derived from apple DNA responsible for 
non-browning. The second is the selectable marker gene ntpII 
producing non-detectable protein in mature fruit. The US and 
Canadian Governments have approved the deregulation status 
for Arctic Apples after their extensive review and assessment, 
which concluded Artic Apples as safe and nutritious as conven-
tional apples. The acquisition of OSF by Intrexon suggests Arctic 
Apples are more likely to be profitable although risks exist on 
the market. 
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Measuring and Extending the Benefits of Orchard 
Mechanization in High Density Orchards in Western NY
Mario Miranda Sazo1 and Terence L. Robinson2
1Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY
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“Tall Spindle Orchards can be easily 
mechanized by the use of labor 
positioning platforms to reduce 
labor requirements. Our studies have 
quantified labor savings of 30-50%.  In 
addition sidewall shearing to produce a 
narrow fruiting wall can reduce summer 
pruning costs and further facilitate 
partial mechanization of harvest.”

The Tall Spindle system planted at 3ft x 12ft has become the 
most common training system in the Northeast. Once a tall 
spindle orchard is established, it is very suitable for partial 

mechanization of 
several orchard 
tasks using labor 
positioning plat-
forms. Platforms 
can be used for: 
dormant prun-
ing, hand thin-
ning ,  building 
t re l l i s ,  l e ader 
selection, tree 
training, summer 
pruning and har-
vest. Labor cost 

and availability are major challenges to apple growing in the 
Northeast. Partial or full mechanization can significantly reduce 
labor costs and increase farm incomes. The recent widespread 
adoption of the Tall Spindle apple system in the Northeast has 
provided continuing impetus to adoption of platforms. There 
has also been implementation of mechanical summer pruning 
at a few farms in the Lake Ontario Fruit Region in the last three 
years. However an important requirement to implementing 
partial mechanization of harvest and hand thinning is to plant 
densities of more than 1,200 trees per acre and to develop a nar-
row, fruiting wall type of canopy.
 Over the last 3 years we have conducted on-farm research 
with cooperator Scott VanDeWalle (Alton, NY) who facilitated 
the use of tractors with  mounted platforms and an over-the-
row platform. We also had the opportunity to use his hedger 
and a tractor every June, July, and August during 2012 and 2013 
and conducted a two-year study of sidewall shearing with Gala 
and Linda Mac apple trees. We simultaneously conducted an 
extension program and had several winter pruning educational 
activities during 2012 and 2013. 
 The main objectives of this work were: (1) test the efficacy of 
two new platforms (a tractor mounted platform and an over-the-
row platform) on the time savings in labor for dormant pruning 
and fruit thinning, (2) evaluate and identify an optimal timing 
and method of sidewall shearing for apple, and (3) demonstrate 
the use of the platforms and hedger to growers who attended 
the several pruning workshops conducted in February 2012 and 
2013.

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

Materials and Methods
 2013 Winter Pruning Study with Two Type of Platforms: 
We conducted three timing studies to measure labor efficiency 
(with wet and snowy ground conditions) on March 4 and 5, 
2013. On March 4, we compared the pruning labor efficiency of 
two workers with ladders against the same two workers using a 
tractor mounted platform (a commercial platform designed by 
LaGasse Orchards, Lyons, NY). Start time and end time for prun-
ing of tops of 12 Honeycrisp trees in one side and 13 Gala trees 
in the other side was measured first and then the time it took to 
complete the pruning for the bottoms. Then we timed the same 
two workers and pruned with ladders the tops and bottoms of 
adjacent and unpruned 12 Honeycrisp trees and 12 Gala trees. A 
third evaluation with the same two workers and same platform 
measured the start time and end time for pruning of tops and 
bottoms of 51 Honeycrisp trees and 53 Gala trees. 
 On March 5, we compared the labor efficiency of 4 workers 
with ladders against the same 4 workers using this time an over-
the-row mounted platform (a prototype designed by LaGasse 
Orchards). Start time and end time for pruning of tops and bot-
toms of 220 Macoun trees was measured separately. Then we 
timed the same four workers and pruned with ladders the tops 
and bottoms of adjacent and unpruned 76 Macoun trees.
 2013 Fruit Thinning Study with a Platform: On July 30 
2013, we compared the hand thinning labor efficiency of four 
workers with ladders against the same 4 workers using the over-
the-row mounted platform. Start time and end time for hand 
thinning of tops of mature 668 Gala and 1148 Honeycrisp trees 
was measured separately. Then we timed the same four workers 
and hand thinned with ladders the tops of adjacent 10 Gala and 
10 Honeycrisp trees.
 2012 and 2013 Shearing Studies:  A study of side-wall 
shearing was initiated in the summer of 2012 using mature 
Gala and Linda Mac Tall Spindle apple trees on M.9 rootstock. 
Three side-wall shearing timings were compared (mid June, mid 
July, and mid August) and two severities in 2012 (18inches and 
24inches from the trunk in each side of the tree row) and only 
one severity in 2013 (24inches from the trunk in each side of the 
tree row) compared to an un-sheared (untreated control). There 
were 4 replications of each treatment in both years. Immediately 
after the shearing treatments were applied, the number of shoots 
that were cut and the number of fruit that dropped were counted 
on the ground. In 2013 and 2014 we evaluated return bloom and 
shoot regrowth. The number of flower buds and the length of 
shoots developed on the 3 buds below a cut were counted in each 
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plot in May 14, 2013 and May 26, 2014. At harvest the 
fruit produced by 10 Gala trees in each plot was counted 
and weighed in September 20, 2012. Linda Mac trees 
were not evaluated as fruit was lost in 2012. The fruit 
produced by a section of 3 Gala trees and 3 Linda Mac 
trees in each plot was counted and weighed in Sept. 24 
2013. 

Results
 Dormant Pruning with Two Platforms: Measure-
ments of dormant pruning time using the platforms 
varied from 37 to 47 percent less time than with ladders 
(Tables 1 and 2). The best reduction in pruning time (47 
percent) was achieved with the over-the-row platform 
that utilized 4 people in a Macoun Tall Spindle apple 
system. With the Tall Spindle system the speed, efficiency, 
and uniformity of pruning with both type of platforms 
was high compared with moving a ladder to each tree 
and climbing up to prune only one or two branches. The 
47% labor pruning efficiency here reported with a new 
platform design is higher than we previously anticipated. 
On March 2009 we conducted a preliminary study (with-
out snow on the ground), where we compared the labor 
efficiency of four workers with ladders against the same 
four workers using a self-propelled platform (N-Blosi 
25), a self-propelled growerbuilt platform, and a tractor-
pulled orchard platform atop a bin trailer. On average, 
the pruning time (minutes/tree) decreased from the 
standard treatment (with ladders) of 1.26 minutes/tree 
to 0.92 minutes/tree when the same workers utilized a 
platform to prune mature Gala and McIntosh’s tall spindle 
apple trees. The pruning platforms reduced labor costs by 
about 27-30 percent. There was little difference in labor 
efficiency between the types of platform used on 2009.
 Hand Thinning with a Platform: Measurements 
of hand thinning time using the over-the-row platform 
varied from 45% to 50% less time than with ladders for 
four people (Table 3). The best reduction in hand thinning 
time (50%) was achieved with the Gala Tall Spindle apple 
trees. The 45-50% labor hand thinning efficiency here 
reported with an over-the-row platform that can cover 
two full rows, with four workers is higher than previously 
reported. Measurements of hand thinning time using 
autonomous orchard vehicles compared with ladders for 
fruit thinning have varied from 25-35% in Pennsylvania 
studies to 36% in Washington studies.
 Hedging Studies: The more severe sidewall shear-
ing treatment (18 inches from trunk) in 2012 cut more 
shoots and dropped more fruit to the ground than the 
less severe 24 inch treatment. The number of cuts was 
increased by 50-64% when compared to the less severe 
shearing treatment in 2012 (Table 4). The June timing 
resulted in more cuts per tree than the later timings 
in both 2012 and 2013. The number of fruits cut off on 
Linda Mac was minimal due to the minimal fruit set in 
2012 but with Gala it was generally less than 10 fruits/
tree with the severe hedging treatment and less than 5 
with the 24 inch treatment. Fruit counts in 2013 showed 
that the number of fruit cut off were similar for Gala and 
Linda Mac (Table 5).

Table	1.		Reduction	of	labor	for	pruning	by	using	a	tractor	mounted	platform	with	two	people.
    

Treatment
Section	
of	tree	pruned

Number	of	Trees	
per	cultivar

Pruning	
Time	
(min/
tree)

%	Reduction	of	
labor	compared	
to	pruning	with	
ladders    

Mounted platform  Tops 12 HC and 13 Gala 0.24 37%
(2 people) Bottoms 12 HC and 13 Gala     
  

Ladders  Tops and Bottoms 51 HC and 53 Gala 0.4
(2 people)    
    

Mounted platform  Tops 51 HC and 53 Gala 0.25  37%
(2 people) Bottoms 51 HC and 53 Gala    
 

Table	2.	Reduction	of	labor	for	pruning	by	using	an	over-the-row	platform	with	4	people.

Treatment
Section	of	tree	
pruned

Number	of	Trees	
per	cultivar

Pruning	
Time	
(min/
tree)

%	Reduction	
of	labor	
compared	
to	pruning	
with	ladders

Over-the-row plat-
form (4 people)

Tops 220 Macoun trees 0.18 47%
Bottoms 220 Macoun trees

Ladders 
(4 people)

Tops and Bottoms 76 Macoun trees 0.34

Table	3.		Reduction	of	labor	for	hand	thinning	of	tops	of	Gala	and	Honeycrisp	trees.

Treatment

Section	of	
tree	hand-
thinned

Number	of	Trees	
per	Cultivar

Hand	Thinning	
Time	(minute/
tree	for	hand	
thinning	tops)

%	Reduction	of	
labor	for	hand	
thinning	tops

Over-the-row 
platform 
(4 people)

Tops 668 Gala trees 0.2 50% 

Ladder 
(4 people)

Tops 10 Gala trees 0.4 

Over-the-row 
platform 
(4 people)

Tops 1148 Honeycrisp 
trees

0.11 45%

Ladder
(4 people)

Tops 10 Honeycrisp trees 0.45 

Table	4.	Effect	of	time	of	summer	hedging	treatments	on	number	of	cuts	per	tree	and	number	
of	fruit	on	the	ground	per	tree	for	Gala	and	Linda	Mac	in	the	summer	of	2012.

Treatment

Gala Linda	Mac

Cuts/
tree

Number	of	fruit	on	
the	ground	per	tree

Cuts/
tree

Number	of	fruit	on	
the	ground	

per	tree

June 
(hedged 18” from the trunk)

15 7 16 1

June 
(hedged 24” from the trunk)

7 3 7 2

July 
(hedged 18” from the trunk)

13 6 12 3

July 
(hedged 24” from the trunk)

6 2 4 0

August 
(hedged18” from the trunk)

11 9 13 3

August 
(hedged 24” from the trunk)

4 2 4 0

 Shoot regrowth from the sidewall shearing treatments applied in 2012 
with a relatively low crop on Gala and a minimal crop on Linda Mac was 
higher for all treatments in 2012 than in 2013 (Tables 6 and 7).  The length 
of the shoots produced in 2012 was about 10 inches for Gala and 9 inches 
for Linda Mac with little effect of the time of hedging.  In 2013 the June 
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timing resulted in about 2.5 inches of regrowth while the July 
and August timings had essentially no regrowth. Flower bud 
formation on the 3 buds close to the hedging cuts was high 
in 2012 regardless of timing (June, July, and August) but in 
2013 there were few flower buds formed on the 3 buds close 
to the hedging cut.  In 2013 the highest number of flower 
buds for both cultivars was with the August timing. 
 Gala trees that were hedged closer to the trunk produced 
less fruit than the un-sheared Gala trees or the Gala trees 
that were hedged two feet from the trunk in 2012. Gala yield 
was reduced by 18 to 28 percent in 2012 and up to 23 percent 
when compared to the control in 2013 (Tables 8 and 9). The 
three timings for hedging, regardless of severity, produced 
less fruit than the un-sheared control. In 2013, all treatments 
produced less fruit than the un-sheared control and the big-
gest yield reduction was observed with the August treatment 
for both cultivars. Linda Mac yield was reduced more than 
Gala with the August treatment.

Discussion
 Our results in 2012 and 2013 have been positive for 
the adoption of platforms to improve dormant pruning and 
fruit thinning labor efficiency. At least 30 growers have either 
purchased or built platforms in the last 3 years. Many others 
are trying to evaluate the economics of the purchase. The 
educational activities that we conducted at this site helped 
them determine the economic value of this technology.
 In 2010 DeMarree conducted an economic analysis 
of investment in a platform and utilized a relatively lower 
efficiency for pruning (30%) and for hand thinning (40%) 
than we measured in the current project. With her analysis, 
economic comparisons in a tall spindle planting at 1,320 trees 
per acre showed that the use of an orchard platforms could 
save $102/acre, $140/acre and $45/acre for dormant prun-
ing, hand thinning and trellis wire installation, respectively 
(Table 10). When long-term orchard profitability using Net 
Present Value of Accumulated Profit (NPV) was evaluated 
comparing a Tall Spindle system using orchard platforms 

Table	5.		Effect	of	time	of	summer	hedging	treatments	on	number	of	cuts	per	tree	and	number	
of	fruit	on	the	ground	per	tree	for	Gala	and	Linda	Mac	in	the	summer	of	2013.

Treatment

Gala Linda	Mac

Cuts/
tree

Number	of	
fruit	on	the	
ground	per	

tree

Cuts/
Tree

Number	of	fruit	
on	the	ground	

per	tree

June (hedged 24” from the trunk) 15 5 17 6
July (hedged 24” from the trunk) 11 4 13 5

August (hedged 24” from the trunk) 10 4 10 5

Table	6.		Effect	of	time	of	summer	hedging	treatments	on	number	of	flower	buds	and	length	
of	shoot	regrowth	per	cut	in	2012.	

Treatment

Gala Linda	Mac
Flower	buds	

formed	
behind	cut

Shoot	
regrowth	
(inches)

Flower	buds	
formed	

behind	cut

Shoot	
regrowth	
(inches)

June 
(hedged 18” from the trunk) 2.1 10.5 2.2 9.2

June 
(hedged 24” from the trunk) 2.5 11.1 2.5 9.8

July 
(hedged 18” from the trunk) 1.9 10.2 2.1 9.0

July 
(hedged 24” from the trunk) 2.3 10.7 2.3 8.4

August 
(hedged 18” from the trunk) 2.1 10.1 2.0 7.4

August 
(hedged 24” from the trunk) 2.4 10.4 2.3 7.7

Table	7.	Effect	of	time	of	summer	hedging	treatments	on	number	of	flower	buds	and	length	
of	shoot	regrowth	per	cut	in	2013.	

Treatment

Gala Linda	Mac
Flower	buds	

formed	
behind	cut

Shoot	
regrowth	
(inches)

Flower	buds	
formed	

behind	cut

Shoot	
regrowth	
(inches)

June 
(hedged 24” from the trunk) 0.3 2.5 0.1 2.2

July 
(hedged 24” from the trunk) 0.4 0.3 0.1 0.2

August 
(hedged 24” from the trunk) 0.8 0.4 0.5 0.8

Table	 8.	 Effect	 of	 time	 of	 summer	 hedging	 treatments	 on	 yield	 of	 Gala,	
September	2012.

Treatment Fruit	number/tree Fruit	Weight	(kg/tree)
Un-sheared (control) 685 125

June 
(hedged 18” from the trunk) 494 90

June 
(hedged 24” from the trunk) 528 98

July 
(hedged 18” from the trunk) 485 91

July 
(hedged 24” from the trunk) 610 105

August 
(hedged 18” from the trunk) 523 95

August 
(hedged 24” from the trunk)

567 103

versus  the same planting system using ladders, orchard plat-
forms increase profitability significantly even though there is 
some additional equipment costs (Table 11). NPV was estimated 
to increase by $492/acre after 10 years and rise to $1127 after 
20 years if platform use was a part of the management of a tall 
spindle orchard.
 The examples shown in Tables 10 and 11 are for annual use 
of platforms for three jobs; trellis wire installation and tree ty-
ing, dormant pruning, and hand thinning. There are other jobs 
that orchard platforms can be used to perform such as summer 
pruning, fruit harvest, placing mating disruption dispensers in 

Figure	1.		 Hedged	Gala	trees	in	Mid	
July	 showing	 the	 narrow	
fruiting	wall	produced	by	
the	hedging.

Figure	2.		 Hedging	of	Gala	at	the	July	
timing	in	2012.
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tree tops to name a few. There may be years where hand thin-
ning is not necessary, but where the platform is used to perform 
other jobs.
 Our summer sidewall shearing results were also positive in 
2012 and 2013 but will require 3 or more years to fully determine 
if this approach has long term positive results or if negative tree 
growth or potential yield reduction in the long term may negate 
the labor savings from mechanical sidewall shearing. We are en-
couraged so far in that there was little regrowth from the sidewall 
shearing treatments, but we measured a yield reduction for Gala 
and Linda Mac in 2013. 
 Three apple growers in NY have implemented sidewall 
shearing at their farms. At one of these sites with a very narrow 
fruiting wall and super spindle trees, hedging has been conducted 
12 inches from the trunk to Gala, Honeycrisp, and SweeTango the 
last two years, and this year to Fuji, Zestar, Acey Mac, Macoun, 
and Pinova trees. They have developed a system where hedging 
is conducted at the end of the dormant season or at pink to pre-
form the trees into a shape or “ box” so that later summer hedging 
does not cut off fruits.  From the pre formed “box” shoots grow 
during the season until they are hedged again in late July or early 
August at 14 inches from the trunk. 
 This spring another 30 acre orchard site, of mature tall spindle 
trees was hedged at 24 inches from the trunk to form or establish 
the “box” concept.  Hedging occurred in the late winter after the 
removal of big wood through limb renewal pruning. The pruning 
of the tops was conducted manually after hedging and it left a 
manicured fruiting wall with a very narrow top. The shoots com-
ing from the “box” will be again hedged in the summer of 2015 
at 26-28 inches from the trunk.
 The cost and time to do summer hedging amounted to a frac-
tion of the time (5%) to do manual summer pruning with loppers 
and ladders. If side-wall shearing in the summer can reduce sum-
mer pruning costs by 95% and improve labor efficiency without 
negative effects on return bloom, vigorous growth response, or a 
significant yield reduction it will also have a significant impact on 
orchard profitability. Results from this two-year summer shearing 
study are encouraging so far in that there was little regrowth from 
the sidewall shearing treatments with the Tall Spindle system. The 
trees to be summer hedged can be pre-shaped in the previous 
dormant season so that the hedger does not cut off any fruits, it 
will be a more successful approach.
 We plan to continue other hedging experiments at grower 
farms and at the Geneva Research Station the following years. A 
long-term strategy that a grower in France has implemented is to 
use annual side-wall shearing of Tall Spindle trees for 2 successive 
years with no other dormant pruning but in the third year to add 
a dormant winter corrective pruning to remove limbs that have 
become large and are causing internal canopy shading and poor 
quality.

Conclusion
 In this article we report new and increased time savings in la-
bor for dormant pruning and fruit thinning by testing the efficacy 
of two new platforms (a mounted platform and an over-the-row 
platform). We have also explored the use of summer hedging 
to replace summer hand pruning with promising results. The 
transitioning of a mature Tall Spindle orchard to a fruiting wall 
will require extra care to pre-form the tree the previous winter 
so that apple flower bud load will not be reduced excessively.

Table	9.	Effect	of	time	of	summer	hedging	treatments	on	yield	of	Gala	and	
Linda	Mac,	September	2013.

Treatment

Gala Linda	Mac

Fruit	
number/

tree

Fruit	
Weight	

(kg/
tree)

Fruit	
number/

tree

Fruit	
Weight	

(kg/
tree)

Un-sheared (control) 591 97 526 99
June 
(hedged 24” from the trunk) 520 83 571 103

July 
(hedged 24” from the trunk) 493 78 444 85

August 
(hedged 24” from the trunk) 484 75  380 69

Table	 10.	 Comparison	 of	 cash	 expenses	 without	 discounting	 for	 3	 jobs	
(pruning,	hand	thinning	and	trellis	construction)	performed	by	
hand	labor	in	a	mature	Tall	Spindle	apple	system	when	using	an	
orchard	platform	or	ladders.	(From	analysis	of	Alison	DeMarree)

Tall	Spindle	Comparison

Annual	Cost	(mature	
planting)

With	
Platform	
($/acre)

With	
Ladder	
($/acre)

Labor	Sav-
ings	

(3	uses)
($acre)

Dormant Pruning 
(30% time saving efficiency) 238 340 102

Hand thinning 
(40% time saving efficiency) 211 351 140

Trellis Wire Installation 
(25% time saving efficiency) 128 173 45

Total Annual Cost 
(3 jobs) 577 864 287

Accumulated cost Year 
2-Year20 7,801 9,765 1,964

Table	 11.	Long	 term	orchard	profitability	of	a	Tall	Spindle	orchard	using	
an	orchard	platform	versus	the	use	of	ladders	for	3	orchard	jobs	
performed	by	hand	labor.	(From	analysis	of	Alison	DeMarree)

O r c h a r d	
Life

Net	Present	Value	of	Accumulated	Profit	
@	6%	discount	($/acre)

With	Platform	
($/acre)

With	Ladders
($/acre)

NPV	increase		with	
platforms	($/acre)

10 years 1,897 1,405 492

15 years 13,882 13,026 856

20 years 22,837 21,710 1,127

Acknowledgements
We give special thanks to our cooperators Scott VanDeWalle and 
Mike Maloney. This research was partially funded by the New 
York Apple Research and Development Program, The NY Farm 
Viability Institute and a SARE Partnership Grant ONE12-165.  

Mario Miranda Sazo is a Fruit Extension Specialist 
who specializes in orchard management and orchard 
mechanization with CCE Lake Ontario Fruit Program. 
Terence Robinson is a research and extension professor 
at Cornell’s Geneva Experiment Station who leads Cornell’s 
program in high-density orchard systems and plant growth 
regulators.



1.800.263.1287
905.563.8261

Beamsville, ON Canada
A Bartlett Company

info@provideag.ca
  Provide Agro

www.provideag.ca

GREEFA packing        PERFECT mowers       ORSI platforms       FRUIT TEC thinners     PULSE water treatment        HSS sprayers      FAMA hedgers       BARTLETT custom mfg

Greefa is the market
leader in grading technologies.

Our team at Provide Agro lead in
packhouse design and after-sales
service, with over 100 years in the
business to back us up.
We  are proud to announce that we
are expanding the reach of our
partnership to include more US

states including Michigan!

Well built and reliable, these boxes will 
protect your produce. In bulk, $6.50 each

Hamlin Sawmill
1873 Redman Rd. Hamlin, NY 14464

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

www.OneBushelCrate.com

One Bushel Crates

NEW YORK FRUIT QUARTERLY .  VOLUME 23  .  NUMBER 2  .  SUMMER 2015 29



30  NEW YORK STATE HORTICULTURAL SOCIETY

Why Tree Fruit Growers Should Implement 
a Pollinator Stewardship Plan
Julianna Wilson
Tree	Fruit	Integrator
Michigan	State	University
East	Lansing,	MI

”The plight of bees has been a recurring 
news item, starting around 2006 with 
the first reports of “colony collapse 
disorder” (CCD), and more recently 
with concerns about pesticides. Since 
Honeybees are so essential to fruit 
production it is in the best interest 
of the tree fruit industry, to make 
pollinator stewardship a priority to 
show that the wellbeing of the honey 
bee is part of a successful orchard IPM 
program.”

Honey bees are by far the most important crop pollinator for 
a variety of fruits and vegetables grown in the Great Lakes 
region and around the world. The pollination services 

they provide have 
been estimated to 
contribute more 
than $20 billion 
to the US econ-
omy annual ly. 
There are also 
more than 4000 
species of wild, 
unmanaged pol-
linators in North 
America, more 
than 400 of which 
a r e  f o u n d  i n 
Michigan alone. 
The majority of 
these species are 
primarily soli-

tary, ground-nesting bees, but there are also colony-forming 
bumble bees, and above-ground nesting, solitary mason 
and leafcutting bees. As many as fifty species may con-
tribute to tree fruit pollination, more or less depending on 
the crop and the surrounding habitat of a particular farm.
 The plight of bees has been a recurring news item, starting 
around 2006 with the first reports of “colony collapse disorder” 
(CCD), and more recently with concerns about pesticides. One 
highly publicized story regarding bees and pesticide use came 
out of Oregon when a misapplication by a landscaping com-
pany of dinotefuron to linden trees in full bloom occurred in a 
retail parking lot, killing thousands of bees as they foraged for 
nectar on those trees. Since that story broke, the greenhouse 
and ornamental industries in North America have been faced 
with consumer pressure to stop using neonicotinoid insec-
ticides, with some localities temporarily banning their use. 
 When insecticides in the neonicotinoid class were first 
introduced in the 1990s, they were intended to replace older 
classes of insecticides that were much more toxic to humans and 
other non-target organisms. The US Environmental Protection 
Agency (USEPA) has been actively weighing the science before 
bowing to political pressure to ban all neonicotinoids. In the 
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meantime, consumers have been applying direct pressure on 
home and garden retailers through protests that were organized 
online through social networking sites. Unfortunately for bees, 
banning pesticides will not solve all of their troubles. Regard-
less, consumer perceptions can wield a lot of power and have 
already impacted the greenhouse and ornamental industries. 
 Consumer perceptions about pesticides in one industry 
can easily start a ripple effect into other industries that rely 
on similar tools to manage pests. Pesticides are an easy target 
and are emotionally charged as a source of risk to the gen-
eral public – a general public that is often lacking in knowl-
edge of basic scientific concepts, but having deep mistrust 
of scientists, farmers, who they perceive as being cavalier in 
their use of pesticides, and the pesticide industry in general. 
 Their fears are not entirely unfounded. There is evidence that 
pesticides play a role in honey bee health – in particular by mak-
ing it harder for bees to cope with disease. Most researchers now 
agree that a combination of factors are contributing to the plight 
of honey bees, including pesticide exposure, parasitic mites and 
the diseases that they transmit, and poor nutrition due to lack of 
quality habitat. Just like any other animal, poor nutrition makes it 
harder for honey bees to battle disease and to metabolize toxins 
that they may encounter in the environment. However, since it is 
extremely difficult to regulate parasites and nearly as impossible 
to regulate habitat loss through government oversight (although 
the USDA NRCS offers incentives for planting pollinator habitat: 
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/ny/ technical/
?cid=nrcs144p2_027389).
Pollinator Stewardship Plan
 Most fruit growers probably think about bees when they need 
them for pollination during the spring, but otherwise, they are far 
down on the list of priorities. Part of the reason is because pollina-
tion alone does not guarantee a marketable crop, and bloom time 
relative to the entire growing season is a hectic time for growers 
and often only a few weeks long. However, it is in the best interest 
of the tree fruit industry that relies on the pollination services of 
bees, to make pollinator stewardship a priority to show that the 
wellbeing of the honey bee is part of a successful orchard IPM 
program. An IPM program is a set of best management practices 
that rely on what we know about the biology of a cropping system, 
and how it interacts with the environment, to select and implement 
management strategies when they will be most effective against a 
particular pest, and do the least harm to humans and the environ-
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ment. Pollinator stewardship is an im-
portant component of tree fruit IPM.
 Fortunately, most of the work 
toward producing a pollinator stew-
ardship plan for tree fruit has already 
been done. Last April, a meeting of 
Michigan tree fruit growers, Michi-
gan State University (MSU) extension 
educators and specialists, represen-
tatives from Michigan Department 
of Ag and Rural Development, the 
USEPA, the Natural Resource Con-
servation Service (NRCS), and the 
Michigan state apiarist was orga-
nized to discuss best management 
practices (BMPs) for protecting bees 
in orchards. We discussed at length, 
current management practices that 
might impact bees either positively 
or negatively and came up with a set 
of practices that we thought would 
be both practical and effective for 
protecting bees to the extent possible 
in a commercially managed orchard. 
A summary of those practices is listed 
in the table below. Probably the most 
important conclusion that came out 
of that meeting was that better com-
munication between growers and 
beekeepers would go a long way to-
wards preventing and solving issues 
that might arise when honey bees are 
out in the orchard. 
 Now the United States Depart-
ment of Ag (USDA) and the USEPA 
are asking all industries that intersect 
with honey bees to produce BMPs so 
that as they feel the pressure from 
advocacy groups, they will be able to 
refer to these practices to know what 
the possible repercussions may be 
as they consider new regulations or 
restrictions for particular classes of 
pesticides. As new pesticide restric-
tions are set, label language will refer 
to exceptions spelled out in Managed 
Pollinator Protection Plans or MP3s 
that are based on BMPs developed at 
the state level for specific crops. The 
best management practices docu-
ment that we developed for tree fruit 
here in Michigan for protecting bees 
in orchards is being used as a model 
to develop a crop-specific MP3 for 
tree fruit and other related industries.  
 A new MSU Extension Bulletin 
E3245 titled, Minimizing Pesticide 
Risk to Bees in Fruit Crops, was 
published (a link to download a copy 
is here: http://msue.anr.msu.edu/

Summary	of	Best	Management	Practices	for	Pesticide	Use	
and	Bee	Safety	in	Orchards

Pre-bloom	
•	 Draft a written contract with your beekeeper to clarify expectations on both sides, 

including record keeping, when the hives will be delivered, where the hives will be 
placed on the farm, and then when they will be removed.

•	 Keep good records of all pesticide applications so that if a complaint arises, the 
record shows that everything was done according to label.

•	 Provide sufficient time between pre-bloom sprays and placement of hives to 
avoid exposing bees to lethal residues. Remember that re-entry intervals (REIs) on 
pesticide labels should not be violated by a beekeeper placing colonies or removing 
them from your crop.

When	honey	bees	are	delivered
•	 Select a location for hives on the farm that is protected from potential spray drift. 

Honey bees are highly mobile, so for maximum safety, hives should be placed on 
the perimeter of plantings rather than along drive lanes within the planting. Make 
sure that pesticide applicators know where these locations are so that they can be 
avoided.

•	 In the company of the beekeeper, examine delivered hives to know the health and 
strength of the hives you are renting. Hives with 6-8 frames containing 70-75% 
brood per frame are considered to be a reasonable expectation at the beginning of 
pollination season in Michigan.

During	bloom	
•	 At all times, follow the current label for pesticides being applied. New EPA pesticide 

labels have bee-specific language and it is anticipated that more pesticide labels will 
include bee-specific labeling in the future.

•	 Select pesticides that are least toxic to bees whenever possible. 

•	 Provide notice of planned pesticide applications so that the beekeeper has time to 
close hives if he or she feels the need to do so prior to an application.

•	 Avoid applying insecticides permitted for use during crop bloom while bees are 
foraging, and avoid tank mixes that include insecticides to control pests in the 
immediate post-bloom period – even when not labeled as bee toxic. 

•	 Bees are less active in cool temperatures and low light, so spraying pesticides 
after sunset can greatly reduce the risk of direct exposure, as can spraying when 
temperatures are below 55 degrees Fahrenheit.

•	 Drift prevention should include turning off the sprayer near hives, avoiding spraying 
under windy conditions, and using equipment calibrated or designed to produce 
low drift.

•	 Clean equipment and dispose of pesticide products safely – do not leave 
contaminated water where bees can access it. Prevent pesticide contamination 
of open water sources that bees might use consume for regulating in-hive 
temperatures.

Petal-fall	and	post-bloom	
•	 Do not apply bee-toxic insecticides until crop flowering is complete and all petals 

have fallen; if you are unsure whether bees have finished foraging in your crop or 
not, spray after sunset or when air temperatures are below 55 degrees Fahrenheit to 
minimize exposure of remaining bees to pesticides.

•	 Use selective herbicides to eliminate flowering weeds from drive lanes or mow 
before spraying to reduce flowering weeds in the orchard.

•	 Provide non-crop flowering plants elsewhere on the farm to divert bees from fruit 
plantings (i.e., meadows that contain bee-attractive plants or summer-flowering 
cover crops like buckwheat) and prevent drift of pesticides off target.
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uploads/236/68700/E-3245.pdf ) this spring, co-authored by 
Emily May, Rufus Isaacs, and myself. It has been written for all 
fruit growers east of the Mississippi and can serve as a practical 
guide for protecting bees while managing pests on farms that 
produce fruit. The publication includes tables at the back that 
list insecticides, miticides, and fungicides that are registered for 
use on fruit in Michigan and how hazardous to bees they are 
considered to be based on published toxicological studies.

Pesticides Issues
 The goal of the scientific method is to find out the truth about 
how things work, without the interference of our own biases, 
whatever they may be, and attempting to leave emotions out of 
the equation. But emotions have become central to the issue of 
honey bees and their perceived plight – with potential conse-
quences that could affect aspects of tree fruit production other 
than simply pollination. Neonicotinoids certainly have a target on 
their back as a class of insecticides, but fungicides, in particular 
chlorothalonil, are starting to get some attention as well. There is 
some evidence to suggest that in combination with other pesticide 
residues in the hive, some fungicides may be more toxic than 
otherwise on their own or they may be affecting larval develop-
ment by interfering with the natural fermentation of pollen into 
beebread – the protein source fed to developing honey bees. 
 Fungicides are essential tools for managing diseases that in-
fect tree fruit during bloom, which is why George Sundin and I 
developed a project that was recently funded by the USDA NIFA 
Critical Agricultural Research and Extension program to deter-
mine under field level exposures, how much residue in ending 
up in honey bee hives when they are exposed to standard disease 
management practices during bloom in cherry. Restricting the use 
of fungicides during bloom because of a perceived risk to honey 
bees would be detrimental to our ability to produce quality fruit 
in the Great Lakes region – but if we can show that the practices 
we use do no harm, then that will be to our benefit. On the flip 
side, if we find that we need to make new recommendations to 
better protect pollinators, we will be able to make those recom-
mendations based on scientific evidence.

Pollinator Habitat
 In the meantime, one of the most important pieces of the 
puzzle that is pollinator health is the issue of quality forage for 
bees throughout the Midwest. That is, there has a been a signifi-
cant loss of quality habitats that bees would have used, but are 
no longer available due in large part to how field crops are cur-
rently grown and managed. Last October, the USDA organized 
a Honey Bee Forage and Nutrition Summit in Washington DC. 
The commercial beekeepers in attendance said that they were 
only there out of shear desperation – they were losing hives after 
every winter and knew that they could not solve this problem on 
their own. The main source of their problems in maintaining hives 
through the winter, in their opinion, was a diminishing source of 
mid-summer forage – particularly in the upper Midwest. 
 In mid-summer, mass flowering crops such as canola, sun-
flower, and alfalfa and land set aside in the Crop Reserve Program 
(CRP) containing yellow sweet clover were favored bee pastures 
until the price of corn increased with the demand for ethanol. 
Crop rotations became simply corn and soy or no rotations at 

all with corn followed by corn, and thousands of acres of CRP 
land were put back into production. This significant drop in floral 
diversity and abundance across a fairly vast landscape has been 
blamed for much of the colony losses that beekeepers have been 
experiencing in those areas – colonies that are malnourished or 
unable to produce adequate honey stores going into the winter 
are much more likely to perish than well-fed bees. 
 To address this habitat loss issue, the White House recently 
announced a national strategy to promote the health of pollina-
tors through the restoration or enhancement of 7 million acres 
of land through public/private partnerships. Some of these pro-
grams, funded by the USDA NRCS, such as CRP and EQIP, are 
already underway and being utilized by fruit growers in Michigan 
to enhance their farms (http://www.xerces.org/wp-content/
uploads/2013/04/using-farmbill-programs-for-pollinator-
conservation-2ndEd.pdf). There are also incentives available for 
landowners who do not keep bees themselves, but who allow 
access to their land by beekeepers in the form of a livestock tax 
credit. These activities have the potential to help honey bees 
over the long term by providing incentives to landowners to set 
aside land for pollinator habitat. Michigan has been one of the 
most active states in promoting the planting of pollinator habitat 
through NRCS programs like EQIP. 
 When you go to the literature or even if you ask commercial 
beekeepers themselves how much of the land do they need to be 
planted or maintained as bee forage in order to remain economi-
cally sustainable, the minimum is just three percent. That is, 3% of 
land planted or maintained in a combination of habitats contain-
ing mass flowering crops or grasslands rich in flowering plants. 
Three percent is really not all that much land. But the trick lies 
in convincing growers who specialize in field crops that do not 
require the services of honey bees, that what they do also impacts 
bee health. As part of a pollinator stewardship plan, fruit growers 
can help beekeepers in their area, by setting aside portions of their 
farm to allow for the planting of non-crop flowering perennial 
bee pastures or summer-blooming mass-flowering annual crops.

Conclusions
 John Muir once wrote: “When we try to pick out anything 
by itself, we find it hitched to everything else in the Universe.” 
This quote could be applied to so many facets of this story – all 
the interrelated factors that affect honey bee health – how the 
orchard management practices we choose and when we choose to 
do them can have rippling effects on other aspects of the system 
– how one misuse of an insecticide by a landscape company can 
spark a wave of petitions to ban their use for everyone else. There 
are no isolated events – especially not with the speed at which 
information moves online. Developing a pollinator stewardship 
plan based on current science and the practical needs of the tree 
fruit industry may not be the only way, but I think it is the best 
way to protect bees and the fruit industries that rely upon them.

Julianna Wilson is a tree fruit IPM outreach specialist in 
the Entomology Department at Michigan State University.


