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Editorial	
A BIG Thank You to All Our Field Trial Hosts

Some of the most memorable moments in my 15-year career 
breeding apple rootstocks have occurred when I was walking 
the rows with apple growers that accepted to host a field trial 

of Geneva® rootstocks on their farm. For me, the visits have been 
amazing learning experiences, where I was being taught, by some 
of the best and most experienced orchardists in the world, how they 
raised their orchards to best serve their customers the best possible 
experience when biting into an apple. The visits also gave me an 
opportunity to learn about the challenges they face: labor issues, 
new challenging varieties, suckers on M.7 (the weed), fire blight with 
M.9, viruses issued with new scion sport mutations on G.935, and 
many, many more. It is because of those challenges that I consider 
apple growers (and other fruit growers) some of the bravest and most 
entrepreneurial people in the world.

The ability to see our rootstocks perform in your orchards enhances 
my perspective as a plant breeder and allows me to adjust the 
breeding priorities. For example, among the many traits that we 
evaluate and select in the breeding program is one that I had sort 
of placed on the back burner: suckering in the orchard. It went on 
the back burner because, in the stool bed, nursery suckering is very 
much desired: more suckers = more liners = more money, and the 
nurseries had been begging for something much easier than G.41 (no 
suckers, no burr knots) to propagate. However, in the recent past, 
I was on a farm that had a lot of M.7 rootstocks – you know they 
sucker a lot – after pressing the grower for some estimates, it was 
revelatory how much labor (and money) it took to deal with them, 
and to think that can all be solved with the right rootstock – I learned 
that a “sucker-less” rootstock can save hundreds of dollars per acre in 

the life of that orchard. On another recent visit to one of my favorite 
growers, I was observing burr knot formations on M.9 and how they 
likely became entry points for borers and fire blight that caused the 
trees to decline – and yes, burr knots are desired by the nurseries 
too, but I see the value of selecting against their presence in apple 
rootstocks. Fortunately, for the most part, rootstock nurseries have 
learned to work with poor rooting rootstocks that lack burr knots 
through research that was performed at Cornell several years ago – 
but they still complain.

I am also grateful for the fruit samples that we are able to pick from 
the NY trials to measure yield, fruit quality and mineral nutrient 
concentration. With some support from NY-ARDP in the past few 
years, we have been able to determine the rootstock’s potential to 
modulate mineral nutrient concentration, and are beginning to come 
up with recommendations for certain rootstocks. For example, G.41 
is consistently a high potassium-phosphorous rootstock, and average 
calcium – which means that, with a calcium-challenged apple like 
Honeycrisp, growers need to slow down with potassium fertilizers to 
avoid bitter pit. In other growers’ field trials, we were able to observe 
G.814’s ability to increase Gala fruit size consistently by a box size.

The program has had challenges, such as mix-ups, weak graft union 
combinations, new virus exposures, etc.; but we have also enjoyed 
very good successes – some of the best days have been when a grower 
shares with me the fact that their business could not exist without 
the fire blight resistance that our rootstocks provide. With every new 
field trial that you host, we learn of new strengths and weaknesses 
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Figure 5. Cumulative crop load and mean alternative bearing index (plus standard 
errors) of 18 apple rootstocks budded on ‘Fuji’ after 11 years of study. 

 



   

of the Geneva® rootstocks and how they 
interact with new scion varieties that you 
chose. I have seen some awesome scion-
rootstock combinations. Hopefully, these 
field trials are also useful to you, as you come 
to experience new rootstock technologies on 
your farms and test their potential to make 
your orchards more profitable.

Thank you,
Gennaro Fazio
USDA ARS Plant Genetic Resources Unit
Geneva
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“A long-term study in the Hudson 
Valley showed considerable promise 
for alternative rootstocks to M.9 in 
future plantings, These included 
CG.6006, CG.8189 in the semi-dwarfing 
class; CG.4004 and CG.5087 in the 
dwarfing class, and confirmed the 
good performance of already released 
rootstocks like G.969, G.935, and 
G.890 within this setting.  G.214 had 
high levels of calcium in the leaves, 
which could make it a good stock for 
‘Honeycrisp’.”

Horticultural performance of Geneva® rootstocks 
grafted with ‘Fuji’ in the Hudson Valley, NY 
Gemma Reig1, Jaume Lordan1, Gennaro Fazio2, Michael A.  Grusak3, Stephen Hoying1, Lailiang Cheng1, Poliana Francescatto1, 
and Terence Robinson1

1	School	of	Integrative	Plant	Science,	Horticulture	Section,	Cornell	University,	Hudson	Valley	Lab,	Geneva	and	Ithaca,	NY
2	USDA	ARS	Plant	Genetic	Resources	Unit,	NYSAES,	Geneva,	NY	14456
3	USDA-ARS	Children’s	Nutrition	Research	Center,	Department	of	Pediatrics,	Baylor	College	of	Medicine,	Houston,	Texas	77030

In modern apple production systems, selection of an 
appropriate rootstock is as important to the viability and 
success of a new planting as the choice of fruiting variety.  

H o w e v e r,  t h e 
selection of the 
most appropriate 
rootstock for new 
apple plantings 
h a s  b e c o m e 
i n c r e a s i n g l y 
complicated with 
the introduction 
of new rootstocks 
with potentially 
b e t t e r  y i e l d 
p e r f o r m a n c e , 
size control, and 
pest resistance, 
w i th  d i f ferent 
c a p a c i t i e s  t o 
absorb mineral 
nutrients from 
soil and transfer 

them to the grafted scion variety, and with the continual 
movement toward higher high-density plantings.  For that 
reason in the last 20 years, several studies have compared the 
horticultural performance of scion-rootstock interaction on 
apples.  However, relative performance among rootstocks has 
not always been consistent from study to study.  Part of the 
variability may be attributable to scion differences, but also to 
the agro-climatic conditions.  
 The Geneva® rootstock series, originating from the Geneva, 
NY Breeding Program, are the leading fire blight-resistant root-
stocks commercially available.  Geneva® rootstocks also exhibit 
high cumulative yield efficiency in multiple size classes, combined 
with enhanced disease and, in some cases, insect tolerance.  
Therefore, one of the aims of this long-term study was to assess 
horticultural performance of 16 rootstocks from the Geneva, NY 
Breeding Program compared with the standard apple rootstocks, 
M.9 and M.26.

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

Materials and Methods
	 Plant	material	and	trial	characteristics. In the spring 
of 2005, a 1.98-acre orchard trial of apple rootstocks was 
planted at a Hudson Valley farm (in southeastern New 
York State).  ‘Fuji’ was used as the scion variety for a set of 
rootstocks that included 16 Geneva rootstocks (Cornell-
Geneva Apple Rootstock Breeding Program, Geneva, NY), 
and two English rootstocks (East Malling Research Station, 
Maidstone, Kent, England).  Rootstock, type (dwarf or semi-
dwarf ), parentage, tree size and the suggested planting space 
are shown in Table 1.  
 The orchard trial was located in the Hudson Valley, on 
a bath gravel silt loam soil, with a pH of 6.2.  This trial was 
established on a non-fumigated replant site, one year after 
uprooting an old apple orchard.  The planting included five 
replications (one or two trees per replication) in a random-
ized complete block experimental design.  Trees were trained 
into a vertical axis system, irrigated from ponds through drip 
lines, and the orchard was sprinkler irrigated every 10–12 
days.
 Tree	survival	and	suckering. Tree health and survival 
were monitored throughout the trial.  Dead trees were re-
corded each year at the time when growth measurements 
were taken.  The incidence of rootstock suckering (root and 
collar suckers) was also recorded during this study.
 Growth	measurements	and	yield	characteristics.	At 
harvest, all fruit from each tree were counted and weighed 
to determine total yield per tree (lb/tree).  Fruit weight (FW) 
was calculated considering the total number of fruits and 
total yield per tree.  Average fruit size from 2007 to 2015 
was also calculated.  Cumulative yield (CY) per tree, cumula-
tive yield per acre, yield efficiency (YE) and crop load (CL) 
of each scion-rootstock combination were computed from 
the harvest data.  At the end of the experiment (Oct.  2015), 
tree circumference was recorded at 30 cm above the graft 
union, and the trunk cross-sectional area (TCSA) was then 
calculated.  Cumulative yield efficiency (CYE) was calculated 
as the ratio between the cumulative yield in pounds per tree 
(from 2007 to 2015) per final TCSA (cm2).  
 An alternate bearing index (AI) was calculated using the 
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following formula from the fifth year after planting (2009) 
to the eleventh year after planting (2015):
AI = 1/(n-1) × {|(a2-a1)| / (a2+a1) + |(a3-a2)| / (a3+a2) … + |(a(n)-
a(n-1))| / (a(n) + a(n-1))}
where n: number of years, and a1, a2,…, a(n-1), an: yield (lb tree-

1).  An average alternate bearing index was then calculated.  
This index ranges from 0 to 1, with 0 = no alternation and 1= 
complete yield alternation.
	 Leaf	 elemental	 analysis. Leaf mineral concentrations 
were determined in 2014.  Ten mid-shoot leaves on new ex-
tension growth distributed throughout the tree canopy were 
harvested 90 days after bloom on all tree replicates.  Leaves 
were oven-dried, ground into powder and shipped to the 
USDA ARS Children’s Nutrition Research Center (Houston, 
TX) for mineral analysis of several macro- and micro-mineral 
nutrients, via inductively coupled plasma-optical emission 
spectroscopy (CIROS ICP Model FCE12; Spectro, Kleve, 
Germany).  Concentrations of B, Cu, Fe, Mn, Na, and Zn were 
expressed as µg g-1 on a dry weight basis, and Ca, K, Mg, P and 
S were expressed as mg g-1, also on a dry weight basis.  Carbon 
(C) and nitrogen (N) values for leaf samples were measured 
with a LECO TruMac CN analyzer (Leco Corporation, St.  
Joseph, Missouri) at the Cornell University Drinkwater Hor-
ticulture Laboratory (Ithaca, NY), and both were expressed 
as percentage on a dry weight basis.
 Statistical	analyses. Statistical data analyses were per-
formed with one-way ANOVA with rootstock genotype as the 
main effect and replicate as a random effect in a completely 
randomized plot analysis.  Rootstock genotype means were 
used in a multivariate analysis to generate two-way similarity 
cluster diagrams based on genotype similarity and variable 
similarity.  The Ward’s minimum variance criterion was used.  

Table	1.			Apple	rootstocks	grown	for	11	years	with	‘Fuji’	as	the	scion	at	Milton,	NY.

Rootstock Type Origin Parentage Tree size

Suggested 
in-row 

spacing (ft.)

Suggested 
between row 
spacing (ft.)

CG.2034 Super dwarf Geneva Research Station, NY, USA Dolgo crab x Malling 27  M.27 2 10

CG.4004 Semi dwarf Geneva Research Station, NY, USA 722506-004 x OP M.26 to M.7 5 13

CG.5087 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 to M.7 4 12

CG.5257 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 to M.7 5 13

CG.5757 Dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 2 10

CG.6006 Semi dwarf Geneva Research Station, NY, USA PK-14 x Robusta 5 M.26 to M.7 4 12

CG.6976 Semi dwarf Geneva Research Station, NY, USA Robusta 5 x M.9 M.7-MM.106 6 14

CG.8189 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.7-MM.106 6 14

G.202 Dwarf Geneva Research Station, NY, USA M.27 × Robusta 5 M.26 3 11

G.210 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.7 6 13

G.214 Dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 4 12

G.222 Semi dwarf Geneva Research Station, NY, USA M.27 × Robusta 5 M.26 to M.7 5 13

G.814 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 to M.7 4 12

G.890 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.7 6 13

G.935 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 to M.7 4 12

G.969 Semi dwarf Geneva Research Station, NY, USA Ottawa 3 × Robusta 5 M.26 to M.7 5 13

M.26 Dwarf HRI-East Malling, UK M.16 x M.9 M.26 4 12

M.9 Dwarf Reselected at HRI-East Malling, UK Unknown M.9 3 11

Data were analyzed using the JMP statistical software package 
(Version 12; SAS Institute Inc., Cary, North Carolina).

Results and Discussion
	 Survival. After 11 growing seasons, tree survival differed sig-
nificantly among rootstocks.  Tree survival was lower than 100% 
for trees on CG.2034, CG.5087, CG.5757, CG.6006, CG.6976, 
G.814, G.890, M.26 and M.9 (Figure 1).  The rest of the rootstocks 
studied showed good survival in the soil conditions of the trial.  
The causes of tree death were not determined.
	 Tree	 vigor	 and	 suckering. Among the 18 rootstocks 
evaluated in this study, ‘Fuji’ trees with the smallest trunk 

 

Figure 1. Tree survival rate (%) (plus standard error) in the 11th year after budding 

(2015).   
Figure	1.		 Tree	survival	rate	(%)	(plus	standard	error)	in	the	11th	year	after	

budding	(2015).	 	
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cross-sectional area (TCSA) were on CG.2034 and CG.5757, 
followed by M.9, G.202, M.26 and G.214 (Figure 2).  M.26 is 
usually considered to be in a different size class than M.9 (Table 
1).  CG.5087, CG.5257, CG.6006, G.214, G.814 and G.935 were 
similar to M.26, whereas CG.5757, G.202 and G.214 were 
between M.9 and M.26.  
 The greatest cumulative root suckering was with CG.8189, 
followed by G.890 and CG.6976, although the mean value 
was less than 5 suckers per tree, which we consider a minimal 
amount (Figure 2).  CG.5087, CG.5757, M.9 and M.27 had no 
suckers.  Sucker production is a genetic predisposition of the 
rootstock, but it is influenced by climate.  In some trials, M.9 
produces suckers, but in this trial it had none.  Suckers can 
be a source of infection of fire blight.  Currently, there is no 
technique for eliminating suckers except to cut them out every 
year.  Therefore, breeding rootstocks with no or low suckering 
predisposition is one of the breeding objectives of the Geneva 
program (Fazio et al. 2015).
 Yield,	fruit	size,	&	yield	efficiency. ‘Fuji’ scions grafted on 
the super dwarf rootstock CG.2034 and the semi-dwarf rootstock 
G.202 had the lowest cumulative yield values, followed by trees 
on G.814, G.214, M.26, M.9 and CG.5757.  The greatest cumu-
lative yield was with trees on CG.6976, followed by CG.8189, 
CG.6006, and G.969 (Figure 3).  M.9 performed well in this trial, 
which is one of the reasons it has persisted as the standard dwarf-
ing rootstocks for over 50 years.  Some new dwarfing rootstocks 
in this study exceeded significantly the cumulative yield of M.9.  
Therefore, high-density orchards with these rootstocks should 
produce greater yields, thus reducing production costs per unit 
of fruit (Robinson and Lakso 1991).  
 In contrast, trees on CG.2034, CG.5757 and M.9 had higher 
yield efficiency (yield adjusted for tree size) compared with the 
rest of the rootstocks evaluated (data not shown).  Based on these 
results and other studies, it was not unexpected that the most 
dwarfing rootstocks would have the highest yield efficiency.  The 
preference for grafting cultivars on dwarf rootstocks is aimed at 
the production of more flowers and fruit per unit area of land, 
and at the greater efficiency of conversion of light energy into 
fruit dry matter.  In addition, scions grafted onto clonal dwarf-
ing rootstocks produce fruits approximately in the second year, 
which is 4 or 5 years earlier than scions grafted on seedling 
rootstocks.  
 Mean fruit size was largest with the semi-vigorous root-
stocks CG.8189, and CG.6976 (217.9 g and 215.7 g, respec-
tively), and the semi-dwarf rootstock G.890 (215.8 g), whereas 
the dwarfing CG.2034, G.814 and G.969 had the smallest fruit 
size (183.1 g, 184.3 g and 185.7 g, respectively) (Figure 3).  ‘Fuji’ 
on M.9 and M.26 had similar fruit size (around 200 g).  Despite 
these differences in fruit sizes among rootstocks, most rootstocks 
had average fruit sizes greater than 180 g and can be classified 
as large fruits.
 Based on the suggested planting space for each rootstock 
(Table 1) and the cumulative yield per tree (Figure 3), the es-
timated cumulative yield per acre after 11 years of study was 
calculated (Figure 4).  The dwarf CG.5757 had the highest es-
timated cumulative yield per acre, followed by the dwarf root-
stocks CG.6006, M.9, CG.5087 and G.935, and the super dwarf 
CG.2034.  In contrast, the lowest values were for the semi-dwarf 
rootstocks CG.5257, G.814 and G.210.
 Crop	load	and	bearing	index. The highest cumulative crop 

 

 

Figure 2. Final trunk cross sectional area (TCSA), average number of suckers (plus 

standard errors) of 18 apple rootstocks budded on ‘Fuji’ after 11 years of study.  

 

 

Figure 3. Cumulative yield and mean fruit size (plus standard errors) of 18 apple 
rootstocks budded on ‘Fuji’ after 11 years of study. 

 
Figure 4. Estimated cumulative yield per acre (plus standard errors) of 18 apple 
rootstocks budded on ‘Fuji’ after 11 years of study. 

Figure	2.		 Final	trunk	cross	sectional	area	(TCSA),	and	average	number	of	
suckers	(plus	standard	errors)	of	18	apple	rootstocks	budded	on	
‘Fuji’	after	11	years	of	study.

Figure	3.		 Cumulative	yield	and	mean	fruit	size	(plus	standard	errors)	of	18	
apple	rootstocks	budded	on	‘Fuji’	after	11	years	of	study.

Figure	4.		 Estimated	cumulative	yield	per	acre	(plus	standard	errors)	of	18	
apple	rootstocks	budded	on	‘Fuji’	after	11	years	of	study.
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Figure	6.		 Rootstocks	and	leaf	nutrients	grouped	by	similarities	in	mineral	
nutrient	concentration	mean	values	(Gradrient	from	low	(blue),	
medium	(gray),	and	high	(red)).

load was on CG.2034, followed by CG.5757, M.9 and CG.6006, 
whereas G.814, G.202, and G.210 had the lowest values (Figure 
5).  During the course of the trial, crop load was generally good 
and there was a highly significant correlation between cumulative 
yield efficiency and cumulative crop load.  
 All rootstocks evaluated in this study had a mean biennial 
bearing index value lower than 0.5, which means there was low 
alternation of cropping (Figure 4).  G.214 had the lowest bien-
nial bearing index, while G.202, followed by CG.5757 and G.814, 
had the highest biennial bearing index value.  Alternate bearing 
is a physiological condition that occurs in apples.  It refers to 
the tendency of an entire tree to produce a greater than average 
crop one year, and a lower than average crop the following year.  
Gibberellins are considered to be the main cause of alternate 
bearing due to their role in preventing the formation of flow-
ers buds.  ‘Fuji’, as expected, was biennially bearing during the 
course of this trial.  However, since annual cropping is essential 
for orchard profitability, it is important to know which rootstock 
induces more annual bearing with this type of variety.  Generally, 
weak or dwarfing rootstocks have been reported to reduce bien-
nial bearing in apples.  
 The effect of rootstock on leaf mineral concentration was 
evaluated for each rootstock.  To simplify the interpretation of 
this data, a hierarchical agglomerative cluster analysis was used to 
divide the rootstocks into groups of increasing dissimilarity.  Three 
clusters were identified from similar nutrient profiles (Figure 6).  
This division did not correspond to rootstocks groupings based 
on type, parentage or tree size.  The first group, which included 
CG.2034 through G.935 (in red in Fig.  6), was characterized by 
rootstocks with low to medium P, K, and Fe values.  The dwarf 
CG.2034 and the semi-dwarfs G.969 and CG.6006 resulted in 
higher Mn concentrations in leaves.  The second group, which 
included CG.4004 through M.9 (in green), showed low to me-
dium B, Ca, Cu and Na values.  The last group, CG.5257 through 
G.214 (in blue), had medium to high B, P, and K values.  In this 
group, G.890 conferred some of the highest values of B, P, K, Cu, 
Fe and Mg, while G.214 had the highest Ca value, which is con-
sistent with data from similar experiments in Washington State 
(Musacchi, pers.  comm.).  The high Ca values for G.214 could 
make it a good rootstock for bitter pit-susceptible varieties like 
‘Honeycrisp’.  All of the rootstocks had optimum leaf Fe, Mn, P, 
compared with reference values (Stiles and Reid 1991), optimum 
Ca values with the exception of M.26, which had lower than the 
optimum, optimum leaf K values except CG.5757 and CG.6006, 
which had lower values compared with the optimum, and lower 
leaf B, Cu, Mg and Zn values than the optimum reference values.  
Unfortunately, no reference values have been found for Na, S and 
C.  Therefore, results cannot be compared.

Conclusions
 It is likely that the rootstock-induced changes in the concen-
trations of mineral nutrients can have subtle or dramatic effects 
on the physiological machinery of the tree, resulting in changes 
in fruit production and quality.  Several Geneva® rootstocks evalu-
ated during the course of this study showed considerable prom-
ise as alternatives to M.9 in future plantings, such as CG.6006, 
CG.8189 in the semi-dwarfing class; CG.4004 and CG.5087 in the 
dwarfing class, and confirmed the good performance of already 
released rootstocks like G.969, G.935, and G.890 within this set-
ting.  This study, for the first time, has generated a comprehensive 
horticultural and elemental data set for ‘Fuji’ grafted on several 
rootstocks, mostly Geneva®, trained in vertical axis system.  

Figure	5.		 Cumulative	crop	load	and	mean	alternative	bearing	index	(plus	
standard	errors)	of	18	apple	rootstocks	budded	on	‘Fuji’	after	11	
years	of	study.

 

Figure 5. Cumulative crop load and mean alternative bearing index (plus standard 
errors) of 18 apple rootstocks budded on ‘Fuji’ after 11 years of study. 
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“A physiological disorder known as stem-
end flesh browning in ‘Gala’ apples has 
become of concern to New York storage 
operators.  Preharvest field sprays with 
1-MCP, and conditioning, decrease 
but do not prevent the disorder.  
Postharvest 1-MCP treatment has no 
effect on stem-end flesh browning.”

Stem-end flesh browning of ‘Gala’ apples is decreased 
by preharvest 1-MCP (Harvista) and conditioning 
treatments
Franziska C. Doerflinger, Gilang Sutanto, Jacqueline F. Nock, Yosef Al Shoffe, Yiyi Zhang, and Chris B. Watkins
School	of	Integrative	Plant	Science,	Horticulture	Section,	Ithaca,	NY	14853

Gala’ has typically been an apple cultivar with few post-
harvest issues, but a disorder known as stem-end flesh 
browning has become commercially significant, causing 

economic loss-
es in New York.  
Stem-end flesh 
browning devel-
ops around the 
shoulder of the 
apple s  dur ing 
storage (Figure 1).  
Minor browning 
around the stem-
end area may not 
be noticeable for 
those who con-

sume whole apples, but fresh cut apple processors have zero 
tolerance to flesh browning.  
 The disorder has also been observed in Washington State, 
Brazil and Ontario, Canada. Mattheis et al. (2012) reported that 
conditioning of  ‘Gala’ apples treated with 1-methylcyclopropene 
(1-MCP), as used for ‘Honeycrisp’ (50oF for 7 days) inhibited 
stem-end flesh browning without loss of fruit quality.  Little is 
known about the effect of maturity on stem-end flesh brown-
ing of ‘Gala’, although larger fruit are more susceptible to injury 
than smaller fruit (Lee et al. 2013).  Lee et al. (2016) found that 
1-MCP reduced incidence of diffuse flesh breakdown in ‘Gala’ 
apples during storage at 33oF or 38oF, but enhanced incidence of 
stem-end flesh breakdown at both temperatures.  

‘

Figure	1.			Stem-end	browning	of	‘Gala’	apples.

A	 B	 C	 D

In this two-year experiment, we have compared the effects of:
1. Two PGRs, ReTain used extensively at a half rate on ‘Gala’ 

throughout New York, and Harvista, a new product 
based on 1-MCP.

2. Harvest date, as the disorder has been thought to be as-
sociated with later harvested fruit, and type of picking 
(spot versus strip).

3. Conditioning, as is used for ‘Honeycrisp’. 
4. Postharvest 1-MCP treatment. 

Materials and Methods
Fruit were obtained from a ‘Gala’ (Fulford) block at Fowler 

Farms, Wolcott, New York.  The trees on M.9 rootstocks were 
planted in 2007 in a 0.6 m by 3 m spacing high-density planting 
(5,313 trees per hectare).  In 2013 and 2014, 12 and 6 replicate 
sets of 30 trees, respectively, were marked in a randomized split 
block design throughout four sets of rows.  Fruit were harvested 
by commercial pickers.  

In 2013, four replicates of tree rows were treated with 
ReTain (823 g ha-1) on 19 August, Harvista (AF-2005; 12.6 kg 
ha-1) on 29 August, or left untreated as a control.  Fruit were 
harvested from the tree according to three scenarios on 10 (H1) 
and/or 17 September (H2).  
1. H1 spot pick (H1 spot): Fruit were selectively picked based 

on a minimum bright red coloration of 66%.
2. H2 spot pick (H2 spot): All fruit from the trees harvested at 

H1 spot were harvested.  
3. H2 strip pick (H2 strip): Fruit were not harvested at H1 but 

strip picked at H2.
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In 2014, three replicates of tree rows were either left un-
treated as a control or treated with Harvista (AF-2005) on 2 
September.  Fruit were spot picked on 9 September (H1) and 
the remaining fruit harvested on 15 September (H2).

  For each field treatment and harvest, fruit from each 
replicate were subsampled into containers, and transported to 
the postharvest laboratory at Ithaca for analysis and storage.  
The IEC, SPI, and flesh firmness were measured on 10 fruits 
from each replicate at harvest.  The fruit containers for stor-
age were divided.  Half of the fruit from each treatment were 
placed immediately into storage at 33oF or 50oF for 7 days.  At 
each temperature, half of the containers of each treatment were 
treated with 1 ppm 1-MCP using SmartFreshTM tablets.  The fruit 
kept at 50oF were transferred to the 33oF cold room and cooled 
overnight.  All fruit were stored at 2% O2/2% CO2 for 6 months.

  After storage, fruit were transferred to 68oF.  IEC, IAD, 
firmness, SSC, and TA were measured on 10 fruits from 
each replicate on day 1 and day 7, as described above.  Flesh 
browning and any other external or internal disorders were 
assessed on all fruit on day 7.

Harvest Treatment IEC									
(ppm)

SPI				
(1-8)

Firmness	
(lb-f)

H1 Spot 

Control 1.8 6.0 16.7

ReTain 1.4 5.5 17.0

Harvista 0.5 3.6 17.7

H2 Spot 

Control 2.0 6.6 15.5

ReTain 1.4 6.1 15.8

Harvista 1.4 3.7 17.4

H2 Strip 

Control 1.9 6.5 15.8

ReTain 2.0 5.5 15.5

Harvista 1.4 5.6 16.5

Main	Effects	

Harvest

- H1 spot 1.2 b 5.0a 17.1 a

- H2 spot 1.6 a 5.4a 16.2 b

- H2 strip 1.8 a 5.9a 15.9 b

Field	treatment

- Control 1.9 a 6.4 a 16.0 b

- ReTain 1.6 a 5.7 a 16.1 b

- Harvista 1.1 b 4.3 b 17.2 a

p-value

Harvest 0.002 0.103 <0.001

Field Treatment <0.001 <0.001 <0.001

Harvest × Field Treatment 0.042 0.080 0.204

Table	1.		Internal	 ethylene	 concentration	 (IEC),	 starch	 pattern	 index	 (SPI)	
and	 flesh	 firmness	 of	 Gala	 apples	 at	 harvest	 in	 2013.	 Fruit	 that	
were	untreated	(control)	or	treated	with	ReTain	or	Harvista,	were	
spot	picked	on	H1	on	September	10,	or	H2	spot	picked	and	H2	strip	
picked	 on	 September	 17.	Where	 significant,	 differences	 among	
means	within	main	effects	are	indicated	by	different	letters.

	  

Figure	  2	  
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Results
	 2013	harvest. Fruit were usually less mature at H1 compared 
with H2, based on the harvest indices of IEC and flesh firmness 
(Table 1).  No differences between the H2 treatments for SPI were 
detected.

Harvista-treated fruit were less mature than control and 
ReTain-treated fruit based on all harvest indices (Table 1).  No 
main effect of ReTain compared with control fruit was detected.  
However, there was an interaction between harvest and field 
treatment, with a significant effect of Harvista on IEC at H1 and 
H2 strip, while IECs at H2 spot were lower in both ReTain- and 
Harvista-treated fruit than control fruit.  Fruit from the control 
and the ReTain treatments softened to a greater extent than did 
Harvista-treated fruit by the second harvest.  
 Storage	analyses. Stem-end flesh browning incidence was 
very high after 6 months of CA storage in untreated fruit (Figures 
2A and B).  Because there was little difference between the two 
H2 scenarios, only the H2 strip pick is shown for the second week 
of harvest (Figure 2B).  The effects of field treatment and post-
harvest conditioning on stem-end flesh browning were similar 
for both H1 spot and H2 strip.  Development of stem-end flesh 
browning was lower in fruit from Harvista-treated trees and by 

Figure	2.	 	Stem-end	flesh	browning	(%)	in	fruit	from	untreated,	Harvista-	
and	ReTain-treated	trees	and	spot	picked	for	color	on	week	1	or	
stripped	 on	 week	 2.	 	 Fruit	 were	 then	 either	 conditioned	 or	 not	
conditioned,	with	and	without	SmartFresh,	and	CA-stored	for	6	
months	plus	7	days	at	68	₀F.
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postharvest conditioning.  SmartFresh treatment did not affect 
the disorder.  ReTain slightly decreased stem-end browning in H1 
spot, but enhanced it at H2 strip.  Overall, there was little interac-
tion among treatments and the average values for each treatment 

Table	2.		Stem-end	flesh	browning	(%)	–	main	effects	of	harvesting	type,	field	
treatment,	conditioning,	and	SmartFresh	application	in	2013.	Where	
significant,	differences	among	means	within	an	effect	are	indicated	
by	different	letters.

Main	effects Factor Stem-end	flesh	browning	(%)

Harvest date and type H1 spot 33b

H2 spot 40ab

H2 strip 42a

Field treatment Control 52a

Harvista 14b

ReTain 48a

Conditioning Without 46a

With 30b

SmartFresh Without 38a

With 39a

Figure	3.	 Flesh	 firmness	 (lb-f)	 of	 fruit	 from	 untreated,	 Harvista-	 and	
ReTain-treated	 trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 or	
stripped	 on	 week	 2.	 	 Fruit	 were	 then	 either	 conditioned	 or	 not	
conditioned,	with	and	without	SmartFresh,	and	CA-stored	for	6	
months	plus	7	days	at	68	₀F.

Table	3.	 Internal	ethylene	concentration	(IEC),	starch	pattern	index	(SPI)	and	
flesh	firmness	of	‘Gala’	apples	at	harvest	in	2014.	Fruit	that	were	
untreated	(control)	or	treated	with	Harvista,	were	spot	picked	on	
H1	on	September	9,	or	H2	where	the	remaining	fruit	on	September	
15.	Where	significant,	differences	among	means	within	main	effects	
are	indicated	by	different	letters.

Harvest Treatment IEC									
(ppm)

SPI				
(0-8)

Firmness	
(lb-f)

H1 
Control 0.66 3.6 17.9

Harvista 1.28 2.9 17.7

H2 
Control 0.90 4.6 15.8

Harvista 0.37 3.1 16.0

Main	Effects	

Harvest

H1 0.97a 3.3b 17.8a

H2 0.63b 3.9a 15.9b

Field	treatment

Control 0.78a 4.1a     16.9a

Harvista 0.82a 3.0b 16.9a

p-value
Harvest 0.008 0.037 0.001

Field Treatment 0.661 0.001 0.091

Harvest × Field Treatment <0.001 0.092 0.029

are shown in Table 2.
Several quality indices of stored fruit were measured, but 

only flesh firmness is provided here using H1 spot and H2 strip 
to illustrate treatment effects (Figures 3A and B).  Overall, fruit 
from H2 strip were softer (13.7 lb-f ) than H1 fruit (15.4 lb-f ), but 
Harvista-treated fruit were much firmer at 16.3 lb-f than 13.3 lb-f 
in control fruit across all harvests.  Conditioned fruit were firmer 
(14.6 lb-f ) than unconditioned fruit 14.0 lb-f ).  SmartFresh-treated 
fruit (14.6 lb-f ) were also firmer than untreated fruit (14.1 lb-f )
 2014	harvest. Fruit were harvested twice, spot picked for color 
at H1, and then a week later at H2.  IEC and flesh firmness of fruit 
were higher, but SPIs lower, at H1 than at H2 (Table 3).  Overall, 
Harvista–treated fruit were less mature based on higher flesh 
firmness and lower SPIs, although no effect on IEC was detected.  
However, IEC in Harvista-treated fruit was higher at H1, but lower 
at H2, than in control fruit.  For flesh firmness, no effect of field 
treatment was found at H1, but Harvista-treated fruit were firmer 
than control fruit at H2.
 The main effects are similar to those in 2013, in that Harvista 
treatment in the field and conditioning each reduced the incidence 
of stem-end flesh browning (Table 4, Figures 4A and B), and there 
was no effect of SmartFresh.  Unlike in the previous year, however, 
there was no effect of harvest date on incidence of browning.
 Fruit quality as indicated by flesh firmness was much higher 
in Harvista-treated fruit at 17.2 lb-f overall than untreated fruit 
at 15.8 lb-f (Figures 5A and B).  Fruit were softer at H2 (16.1 lb-f ) 
than at H1 (17.0 lb-f ).  Fruit treated with Smartfresh were slightly 
firmer (16.7 lb-f ) than without (16.4 lb-f ), but no significant effect 
of conditioning was detected.

Discussion and Take-Home Messages
 Stem-end browning is becoming of increasing concern to 
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Figure	5.			Flesh	 firmness	 (lb-f)	 of	 fruit	 from	 untreated,	 Harvista-treated	
trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 and	 the	 remaining	
fruit	harvested	on	week	2.		Fruit	were	then	either	conditioned	or	
not	 conditioned,	 with	 and	 without	 SmartFresh,	 and	 CA-stored	
for	6	months	plus	7	days	at	68	₀F.

disorder can occur in high color strains such as Brookfield, and 
therefore no trivial solution such as strain selection is available.
The key findings are that:

1. Harvista as a preharvest field treatment markedly reduces 
the development of stem-end flesh browning, while ReTain, 
although tested only in one season, had little effect.  The 
benefit of Harvista is likely due to its effects on fruit ripen-
ing.  ReTain applied to ‘Gala’ at the recommended half rate to 
provide benefits without unduly delaying red color develop-
ment, appears to have less effect on disorder development 
than Harvista treatment.

2. Harvest date affected incidence of stem-end flesh browning in 
one of two years, but this effect was relatively minor even in 
that year.  However, in the orchard block used in this experi-
ment, harvest was earlier than often occurs in Western New 
York, leaving open the possibility that harvest date may be an 
important factor in some cases.  

3. Conditioning also markedly decreases stem-end browning.  
While this is an option for storage operators, the condition-
ing treatment well known for ‘Honeycrisp’ provides logistical 
challenges.  We did not find that SmartFresh application was 
necessary to maintain fruit quality during conditioning, but 
there may be instances when this is necessary.

Main	effects Factor Stem-end	flesh	browning	(%)

Harvest date and type H1 spot 51a

H2 spot 49a

Field treatment Control 71 a

Harvista 29 b

Conditioning Without 63 a

With 37 b

SmartFresh Without 53a

With 48a

Table	4.		Stem-end	flesh	browning	(%)	–	main	effects	of	harvesting	type,	field	
treatment,	conditioning,	and	SmartFresh	application	in	2014.	Where	
significant,	differences	among	means	within	an	effect	are	indicated	
by	different	letters.

Figure	4.			Stem-end	flesh	browning	(%)	in	fruit	from	untreated,	Harvista-
treated	 trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 and	 the	
remaining	 fruit	 harvested	 on	 week	 2.	 	 Fruit	 were	 then	 either	
conditioned	 or	 not	 conditioned,	 with	 and	 without	 SmartFresh,	
and	CA-stored	for	6	months	plus	7	days	at	68	₀F.
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storage operators in New York State, and solutions to the problem 
are needed as crop volumes increase.  The research described 
here was carried out with the older ‘Gala’ strain, Fulford, and 
claims have been made that the browning is restricted to this and 
similar strains.  While we do not have any direct comparisons of 
‘Gala’ strains, subsequent unpublished work shows clearly that the 
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4. SmartFresh (1-MCP) does not affect the incidence of stem-end 
flesh browning.

5. Harvista is an effective treatment to maintain flesh firmness of 
fruit during CA storage.

6. Untreated fruit from H2 were much softer than fruit from H1 in 
both years, highlighting the critical importance of early harvest 
to get best storage quality of ‘Gala’ apples.

 Overall, both Harvista and to a lesser extent conditioning, 
reduced stem-end flesh browning, but did not prevent its devel-
opment, and critical factors that cause its development remain 
unknown.
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“The efficacy and benefit of delayed 
dormant copper sprays in the reduction 
of fire blight populations from 
cankers has not been demonstrated 
with quantitative data.  In addition, 
evaluation of the efficacy of low-rate 
copper sprays for blossom blight 
management and their relationship 
to fruit russetting has received limited 
attention.”

Evaluation of dormant copper sprays with bark 
penetrating surfactants in reduction of Erwinia 
amylovora in cankers and of low-rate copper sprays 
in blossom blight control
Srđan G. Aćimović, Christopher L. Meredith
Section	of	Plant	Pathology	and	Plant	Microbe	Biology,	School	of	Integrated	Plant	Science,	Cornell	University,	New	York	State	Agricultural	Experiment	Station,	Highland	
and	Geneva,	NY

In 2016, fire blight caused severe losses in some New York (NY) 
apple orchards.  Financial damage included apple yield reduc-
tion, tree death and costs of removal of infected trees and 

wood, and of or-
chard re-planting.  
Estimated crop 
losses ranged be-
tween $10,000 
and $75,000 per 
farm.  Between 
150  and  2500 
trees per farm 
were removed in 
the NY Champ-
lain Valley apple 
growing region 
due to infections 
of susceptible M.9 

rootstock.  Tree removal continued into spring of 2017, increas-
ing financial losses as latent fire blight infections on rootstocks 
were expressed as tree collapse with oncoming warmer weather.  
Approximately 20–40% of productive bud wood per farm was 
lost due to fire blight.  Summer-long labor costs for fire blight 
removal ranged between $27,000 and $75,000 per farm.  Cost 
of bactericides applied after infection was estimated at $25,000 
to $55,000 per farm, with repeated applications increasing the 
potential risk of streptomycin resistance in Erwinia amylovora 
populations.    
 In contrast to historically cool weather during bloom, hot days 
in 2016 at the end of bloom and the start of the spring growth 
flush allowed fire blight to grow its population on the remaining 
opened flowers.  With two warm rains, hail, and wind, fire blight 
spread quickly to intensively growing shoots.  Climate change is 
predicted to trigger more extraordinarily warm springs, uncom-
mon to cooler northern regions, but favoring fire blight infec-
tions.  Use of fire blight prediction models available online will 
be essential for applying timely control sprays during bloom and 
curtailing future devastating epidemics.  
 Besides the warming climate, several other interacting fac-
tors put NY apple orchards at a high risk for future fire blight 
outbreaks.  First, fresh fruit buyers favor fire blight-susceptible 

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

varieties that growers plant to fulfill this demand.  Second, high 
demand for fire blight-resistant rootstocks of the Geneva series 
(G.11, G.16, G.30, G.41, G.202, G.210, G.214, G.890, G.935), 
coupled with the slow pace and/or low capacity of their produc-
tion in nurseries, pushes growers to order new trees from nurs-
eries on the more immediately available but blight-susceptible 
rootstocks such as M.9, M.9-337, M.9 Nic 29, and EMLA 26.  
Third, since new apple orchards are constantly planted in NY, 
higher susceptibility of young trees in comparison to mature 
trees puts apple production at a much higher risk from frequent 
and destructive fire blight epidemics that can kill many trees in 
one season, because infections in the young orchards can provide 
inoculum that spreads over an entire farm or region.  Finally, in 
high-density plantings with spindle-shaped training systems, 
internal fire blight infections spread faster into the tree trunks 
because fruiting limbs are much shorter and thinner in com-
parison to thick, old limbs of classic training systems.  Resulting 
cankers on small diameter trunks, and visible or latent fire blight 
infections of rootstock, lead to rapid tree death.  
 In the past, fire blight was a sporadic, relatively rare problem 
in northeastern NY.  Cool weather during bloom did not favor 
epidemic disease development.  However, several low-incidence 
fire blight outbreaks during late spring or early summer were 
recorded on several farms over the past several decades (D. 
Rosenberger, personal communication).  Even though fire blight 
strikes and cankers were mostly removed by winter pruning at 
these farms, some fire blight cankers may have remained on old 
trees and served as primary sources for infection in 2016.  The 
fire blight life cycle starts from overwintering cankers formed on 
perennial wood in a previous year’s outbreak (Figure 1) or the 
pathogen is introduced on nursery stock material.  Bacterial in-
oculum overwinters in cankers and emerges in spring with warm 
weather as orange ooze droplets or smears on canker edges, dry 
ooze strands, or oozless colonies (Figure 2).  Carried by attracted 
insects, wind, and rain, ooze is disseminated to opened flowers, 
where bacteria multiply and increase their populations at warm 
temperatures (Figure 1) (Norelli et al. 2003).  After intensive 
population growth on flower stigma surfaces, infections are 
established if rain or heavy dew events wash the bacteria down 
into the nectar glands (Figure 1). 
 Ooze on cankers can also reach young shoots directly (Slack 
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Figure	2.			Fire	blight	canker	around	a	pruning	cut	on	‘Rome’	
apple	 limb	 with	 damp	 bacterial	 ooze	 emerging	
from	the	canker	edge	(lower	left	corner).

and Sundin 2017), leading to shoot blight infections after skipping 
population enlargement on flowers, or after being successfully 
controlled with antibiotics at bloom.  Based on well investigated 
fire blight biology and ecology during the spring and early sum-
mer, key management practices target controlling the bacteria on 
the plant surfaces with bactericides, before they move into the 
plant and multiply internally.  Once bacteria enter and establish 
in the flowers, shoots, and wood tissue, sprayed bactericides have 
no effect (Sundin 2014).  
 In contrast to what we know about infection processes during 
spring, our understanding of fire blight biology and ecology dur-
ing the late summer, fall, and winter is limited.  Little is known 
about cankers as primary sources of infection and survival of E. 
amylovora populations inside different tree hosts.  Even though 
survival and population growth of E. amylovora on flowers and 
in water has been researched (Pusey and Smith 2007; Santander 
et al. 2014), population dynamics, ecology, and survival rate of 
E. amylovora in cankers are largely uninvestigated.  The efficacy 
and benefit of delayed dormant copper sprays in the reduction of 
fire blight populations from cankers has not been demonstrated 
with quantitative data.  In addition, evaluation of the efficacy of 
low-rate copper sprays for blossom blight management and their 
relationship to fruit russetting has received limited attention.  
Only limited comparisons have been made between older copper 
formulations and the newer low-rate copper formulations.  
 Several issues have propelled our research into options for 
increasing the efficacy of delayed dormant copper sprays and 
increasing the use of copper for blossom blight management.  
Occurrence of E. amylovora resistance to streptomycin can lead 
to blossom blight control failures with this antibiotic.  Loss of 
streptomycin efficacy due to resistance would require growers 

to use more expensive antibiotics or less effective alternatives.  
Scrutiny of the use of antibiotics in agriculture is growing, due to 
fears of potential transfer of antibiotic resistance from environ-
mental bacteria, including plant pathogens, to clinical pathogens.  
Highly effective bactericides for conventional fruit production 
are becoming extremely rare and difficult to get approved by the 
EPA.  Per-acre yearly limits on the use of copper products are 
currently being reconsidered due to high copper toxicity on soil 
fauna.  Lowering the current limits on the amount of copper that 
can be applied each year could severely affect conventional and 
limit organic apple production.  Most of the available fire blight 
control materials for organic use are of mediocre efficacy.  The 
main benefit of copper as a bactericide is that low rates can be 
used for shoot blight control during the summer.  Streptomycin 
use for the same purpose is not advised, to avoid occurrence of 
resistance in environmental bacteria as well as E. amylovora to 
this antibiotic.  It should be reserved only for application after 
hail injury to prevent severe trauma blight infections.  
 In this paper, we quantified E. amylovora populations in fire 
blight cankers after dormant sprays of copper applied in mixes 
with bark penetrating surfactants, and we evaluated blossom 
and shoot blight control after two preventive sprays of a low-rate 
copper (2 x 0.196 lb of metallic copper equivalent/A).  
 

Can Dormant Copper Sprays Mixed with Bark 
Penetrating Surfactants Affect Fire Blight in Cankers?   
 The delayed dormant copper spray is one of the pillars of our 
current fire blight management program.  Metallic copper ions 
released from different copper compounds kill bacteria on plant 
surfaces.  Copper products differ widely in the availability of free 
copper ions released on moist plant surfaces (Zitter 2012).  For 

Figure	1.	 Life	 cycle	 of	 fire	 blight	 bacterium	 Erwinia amylovora:	 1.	 Overwintering	 in	
cankers	 on	 wood,	 2.	 Emergence	 of	 bacteria	 on	 the	 bark	 surface	 at	 canker	
edges	(oozeless	colonies,	ooze	droplets,	dry	ooze	strands),	3.	Dissemination	of	
bacteria	 on	 flowers	 by	 insects,	 rain	 and	 wind,	 4.	 Bacterial	 population	 growth	
on	flowers	and	insect	vector	exposure,	5.	Further	dissemination	of	bacteria	to	
flowers	and	shoots	by	rain,	wind	and	insects,	6.	Blossom	blight	development,	7.	
Shoot	blight	development,	8.	Branch	death,	9.	Formation	of	new	cankers	and	
overwintering.							
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example, copper sulfate crystals are highly 
soluble in water, thus readily freeing cop-
per ions and having the highest potential to 
cause phytotoxicity.  Usually, highly soluble 
copper compounds are mixed with lime 
or gypsum to help bind copper ions and 
slow their release over time (Shane 2011).  
Fixed copper compounds, such as copper 
hydroxide, are less soluble in water.  Copper 
products are sprayed as a water suspension 
of copper active ingredient particles, which 
persist on plant surfaces after the spray 
dries.  With each wetting of plant surfaces, 
from either rain or dew, active copper ions 
are gradually released from copper depos-
its.  Slow release of copper from the cop-
per deposits provides residual protection 
against fire blight.  However, with 3 inches 
of rain or more, almost all copper residues 
are washed off the plant.  Copper products 
are applied late in tree dormancy, from bud 
break up to the 1/4- to 1/2-inch green bud 
stage, if the label permits, with the goals of 
(a) reducing fire blight populations on the 
plant surface originating from overwintered 
cankers, including bacteria in oozeless 
colonies on the bark, in ooze droplets, and 
in dry ooze strands (Van Der Zwet and Keil 
1979; Vanneste 2000); (b) securing enough 
copper deposit to remain on tree surfaces 
until bacteria emerge from cankers with 
warm weather, and (c) avoiding phytotoxic 
effects of copper on developing green tis-
sue, including the tissue at the base of the 
flower buds that will eventually develop into 
fruit.  Depending on weather conditions, 
one or more of these goals might not be 
reached, reducing the effectiveness of the 
copper spray or risking injury if applied too 
late or at excessive rates.  Spring rains can 
wash off all copper residues if 3 inches of 
rain or more fall between spray application 
and pink bud stage (Rosenberger 1992).  If 
only low copper residues remain at the time 
when bacteria emerge from cankers, and if 
these residues are additionally diluted by 
bud development between green tip and 
bloom, they might not be sufficient to kill all 
the bacteria.  Finally, in most years, bacteria 
emerge from cankers at the end of bloom 
and start of shoot growth, when tempera-
tures are higher and sap flow intensifies with 
green tissue growth.  By then, little if any 
copper residue is likely to remain on the 
bark.  Furthermore, copper deposits on the 
bark are probably not effective in killing the 
bacteria in emerging ooze droplets or dry 
ooze strands (Steiner 1998).  Ooze droplets 
or dry strands are forced through the bark cracks, reaching out 
and beyond the two-dimensional copper deposit film on the 

Table	1.			 Dormant	copper	treatments	applied	on	6	Dec	2016	to	reduce	overwintering	populations	
of	fire	blight	E. amylovora	in	wood	cankers	on	‘Cortland’	apple	trees.		*71.1%	basic	bopper	
sulfate.		**94.33%	basic	copper	sulfate.

No. Treatment Amount	per	Acre
Metallic	

copper	/	lb	
of	product

Metallic	copper	
equivalent	sprayed	

lb/A

1 Untreated Control / / /

2
Cuprofix Ultra 40 

Disperss* + lime + 
Regulaid

(31.8 lb copper sulfate + 31.8 lb 
lime + 100 gal water) + 2 pts/A 0.40 lb / lb 12.72

3
Cuprofix Ultra 40 
Disperss + lime + 

Pentrabark

(31.8 lb copper sulfate + 31.8 lb 
lime + 100 gal water) + 32 fl oz 

/ 100 gal
0.40 lb / lb 12.72

4 Cuprofix Ultra 40 
Disperss

31.8 lb copper sulfate + 31.8 lb 
lime + 100 gal 0.40 lb / lb 12.72

5 Basic Copper 53** + 
Regulaid 15 lb/A + 2 pts/100 gal 0.53 lb / lb 7.95

6 Basic Copper 53 + 
Pentrabark 15 lb/A + 32 fl oz/100 gal 0.53 lb / lb 7.95

7 Basic Copper 53 15 lb / A 0.53 lb / lb 7.95 
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Figure	3.	 Number	 of	 live	 bacterial	 cells	 of	 Erwinia amylovora	 detected	 with	 digital	 PCR	 in	 the	
edges	of	fire	blight	wood	cankers	on	apple	cv.	‘Cortland’	before	and	after	application	of	
(A)	Cuprofix	Ultra	40	Disperss	+	lime,	and	(B)	Basic	Copper	53,	alone	or	mixed	with	bark	
penetrating	surfactants	(Regulaid,	Pentrabark).	Treatments	were	sprayed	on	6	Dec	2016.		
Number	of	detected	live	E. amylovora	cells	is	equal	to	the	number	of	PCR-amplified	copies	
of	 specific	 chromosomal	 DNA	 target	 in	 E. amylovora	 (Gottsberger	 2010).	 	 Mean	 at	 each	
time	point	consists	of	3-single	tree	replicates.		Three	cankers	were	collected	from	each	tree	
replicate	at	each	time	point.		In	each	graph,	treatments	followed	by	the	same	letters	are	
not	significantly	different	(P<0.05).		The	last	two	time	points	of	each	treatment	line	in	both	
graphs	are	not	on	a	continuous	scale.	

A

B

bark surface.  Steiner (1998) argues that delayed dormant cop-
per sprays should provide an inhibitory barrier over bark and 
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bud surfaces to prevent E. 
amylovora from colonizing 
these areas.
 The second pillar of the 
fire blight management pro-
gram is reduction of bacte-
rial inoculum by pruning.  
Fire blight cankers on large 
branches and trunks have 
the highest chance to pro-
duce viable bacterial ooze or 
colonies for flower infections 
(Figure 2).
 Removal of cankers as the 
main sources of primary in-
oculum for flower infections 
is an essential practice that 
limits the chance for severe 
fire blight outbreaks in future 
growing seasons.  However, 
no matter how meticulous 
the pruning crews are in 
removing cankers during the 
winter, some cankers remain 
unpruned on old branches or 
on the trunk.  Carried over 
into the future growing sea-
sons, cankers pose a constant 
threat for development of 
new epidemics.  Old litera-
ture sources report that just 
1 to 4 cankers per 2.5 acres is 
enough to allow fire blight in-
fection renewal in the spring 
(Brooks 1926; Tullis 1929).
 We believe that develop-
ment of new spray options 
that could kill E. amylovora 
cells overwintering in can-
kers, perhaps via an increase 
in the efficacy of dormant 
copper sprays, is essential 
for reduction or eradication 
of primary fire blight inocu-
lum.  In previous work, we 
demonstrated that copper 
chelate injected into the 
xylem of apple tree trunks 
provided blossom blight con-
trol of 15.5–17.8% and shoot 
blight control of 24.5–33.9% 
(Aćimović et al. 2015).  We 
assumed that if copper ions 
helped by bark penetrating surfactants can penetrate into the 
compromised bark near fire blight canker edges, then the cop-
per ions might reduce the number of overwintering cells of E. 
amylovora.  
 On 25 June 2016, we inoculated shoots on mature ‘Cortland’ 
trees, using a water suspension of 1 x 109 colony forming units 
(CFU/ml) of E. amylovora, with the objective of generating fire 

Table	2.			 Low-rate	copper	treatments	used	for	blossom	blight	control	on	‘Honeycrisp’	apple	trees.		Treatments	in	bold	
provided	either	a	higher	or	lower	amount	of	metallic	copper	than	0.196	lb/A.		

No. Treatment Active	ingredient Amount	per	acre

Metallic	
copper	per	
amount	of	

product

Metallic	copper	
equivalent	

sprayed	in	lb/A

1 Copper Sulfate 
Crystals

99% copper sulfate 
pentahydrate crystals 2 x 0.784 lb/A 0.25 lb/ lb 2 x 0.196 lb/A

2 Bordeaux 
Mixture

99% copper sulfate 
pentahydrate crystals + 
hydrated lime + water

2 x 0.784-0.784-50 
(0.784 lb copper 
sulfate + 0.784 
lb lime + 50 gal 

water/A)

0.25 lb/ lb 2 x 0.196 lb/A

3 Camelot O 10% copper octanoate 
(copper soap) 2 x 1.225 gal /A 0.16 lb/ gal 2 x 0.196 lb/A

4 Camelot	O 10%	copper	octanoate	
(copper	soap) 2	x	2.45	gal/A 0.16	lb/	gal 2	x	0.392	lb/A

5 Champ WG 77% copper hydroxide 2 x 0.392 lb/A 0.50 lb/ lb 2 x 0.196 lb/A

6 COC DF + ZnS 84.04% copper oxychloride + 
97% zinc sulfide

2 x 0.392 lb/A 
+ 0.073 oz zinc 

sulfide/A
0.50 lb/ lb 2 x 0.196 lb/A

7 CS 2005 19.8% copper sulfate 
pentahydrate 2 x 0.469 gal/A 0.418 lb/gal 2 x 0.196 lb/A

8 Cuprofix Ultra 40 
Disperss 71.1% basic bopper sulfate 2 x 0.49 lb/A 0.40 lb/ lb 2 x 0.196 lb/A

9 Nordox 75 WG 83.9% cuprous oxide (Cu₂O) 2 x 0.261 lb/A 0.75 lb / lb 2 x 0.196 lb/A

10 Badge X2 23.82% copper oxychloride + 
21.49% copper hydroxide 2 x 0.695 lb/A 0.282 lb/ lb 2 x 0.196 lb/A

11 C-O-C-S WDG 73.49% copper oxychloride + 
13.39% basic copper sulfate 2 x 0.382 lb/A 0.5125 lb/ lb 2 x 0.196 lb/A

12 Copper Count N 27.15% copper diammonia 
diacetate complex 2 x 1 qt/A 0.773 lb/ gal 2 x 0.196 lb/A

13 Basic Copper 53 94.33% basic copper sulfate 2 x 0.37 lb/A 0.53 lb/ lb 2 x 0.196 lb/A

14 CS2005	+	
Regalia

19.8%	copper	sulfate	
pentahydrate	+	
5%	extract	of	plant
R. sachalinensis	

2	x	16	fl	oz/A	+
32	fl	oz/A 0.418	lb/gal 2	x	0.052	lb/A

15 CS2005	+	
Regalia

19.8%	copper	sulfate	
pentahydrate	+	
5%	extract	of	plant
R. sachalinensis	

1	x	47.7	fl	oz/A	+	
95.4	fl	oz/A 0.418	lb/gal 1	x	0.160	lb/A

16 Fireline 17 WP 17% oxytetracycline 2 x 1 lb/A / /

17  Harbour + 
Regulaid

17% streptomycin + 
90.6% 2-butoxyethan- ol, 
poloxalene, monopropylene 
glycol

2 x 1.5 lb/A +
3 pts/ 100 gal / /

18 Untreated 
Control / / / /

blight cankers for use in studying the effect of dormant copper 
sprays in the overwintering phase of fire blight.  After collecting 
untreated fire blight cankers on dormant trees on 5 Dec 2016 for 
analysis of pre-treatment bacterial populations, we sprayed two 
copper products mixed with two commercial surfactants on 6 
Dec (Table 1).  The 7.95 lb/A rate of metallic copper used is the 
maximum allowed rate per application per acre during dormancy 
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for fire blight (Table 1).  The 12.72 lb/A rate of metallic copper 
used was chosen as an experimental extreme spray for compari-
son purposes and is not allowed by EPA.  Each treatment was 
sprayed on 3 single-tree replicates.  We applied the sprays in early 
December to avoid extremely low winter temperatures that could 
potentially reduce bacterial populations in cankers.  Treatments 
were sprayed dilute (300 gal/A) to drip using a tractor-carried 
handgun sprayer (Rears Pak-Tank 100 gal sprayer, 250 psi).  
 After extracting total DNA of both plant and E. amylovora cells 
from live wood tissue around the fire blight canker edges, we de-
tected and quantified live E. amylovora cells using digital (d)PCR.  
dPCR is a new molecular diagnostic method for identification 
and absolute quantification of microorganism propagules based 
on a specific DNA target of choice.  Results revealed that on 21 
Dec 2016 and 13 Mar 2017, there was no significant reduction of 
bacterial populations in cankers by any of the copper products 
mixed with either Pentrabark or Regulaid, as compared with 
either the untreated control or the two copper products used 
alone (Figures 3A, B).
 
Low-Rate Copper Sprays at Bloom Provide Poor 
Protection under High Fire Blight Pressure  
 On 26 Apr 2017, ‘Honeycrisp’ trees were at pink bud stage.  
On 27 Apr, bloom reached 63%, due to extremely warm weather.  
On 29 Apr, when ‘Honeycrisp’ trees were at 65–70% bloom, 
treatments listed in Table 2 and Figure 4 were applied using gas-
powered backpack airblast sprayer, delivering 50 gal/A (Solo 451 
Mist Blower, 3 gal).  The treatments were timed to avoid slow-
drying conditions that could promote fruit russetting.  Fireline 
was delivered at 100 gal/A and 1 x CS2005 + Regalia at 150 gal/A.  
To apply the same amount of copper that one apple tree receives 
from a tractor airblast sprayer in a high-density apple orchard, we 
divided the metallic copper rate per acre with 940 trees/A planted 
in a high-density system, and used timed applications with our 
backpack sprayer to apply the appropriate amounts of copper per 
tree (Table 2).  We sprayed 0.196 lb/A of metallic copper twice 
(0.392 lb/A), which is the lowest labeled rate for a single appli-
cation of Copper Count N for apples in bloom.  The two sprays 
in each treatment were ~15 min apart	because initially planned 
first application at 20% and second at 50% king bloom could not 
be conducted in a timely manner due to rapid flower opening.  
We used copper sulfate crystals, expecting better efficacy due 
to their high water solubility and thus high copper activity.  We 
mixed COC DF with zinc sulfate to match a unique Cuprablau Z 
35WP formulation of copper oxychloride, containing zinc sulfide 
as a synergist to the copper’s bactericidal effect (Cinkarna Celje, 
Slovenia).  This product is registered in the EU for blossom blight 
control and has some efficacy against E. amylovora.  We hoped 
that Regalia, as a biological product, would provide positive 
interactions with the copper sulfate in CS2005. 
 We inoculated flowers on 30 Apr by misting entire ‘Hon-
eycrisp’ trees with a water suspension of 3 × 106 CFU/ml of E. 
amylovora, at 80% king bloom (GroundWork® rolling cart sprayer, 
30 PSI, 3 gal).  We used a slightly higher CFU amount than usual, 
due to the low average daily temperature of 52.7ºF during inocu-
lation. The first fire blight symptoms developed on 17 May.  We 
rated blossom and shoot blight incidence on 27 May and 3 Jun, 
respectively (Figure 4).  Going around the crown, we randomly 
chose 100 flower clusters per tree and counted the number of 
diseased and healthy clusters.  Flower infections migrated into 
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	Figure	4.		(A)	Blossom	blight	and	(B)	shoot	blight	incidence	on	‘Honeycrisp’	
after	preventive	sprays	of	copper	products.	Trees	were	inoculated	
with	fire	blight	bacterium	E. amylovora	at	80%	king	bloom	(3	×	
106	CFU/ml).	 	Two	sprays	in	each	treatment	were	made	one	day	
before	inoculation,	each	providing	0.196	lb/A	of	copper,	except	
in	 2	 x	 Camelot	 O	 at	 2.45	 gal/A	 where	 2	 x	 0.392	 lb/A	 of	 copper	
was	used	(pink)	and	2	x	CS2005	+	Regalia	where	2	x	0.052	lb/A	
of	copper	was	used	(red).		Only	one	spray	in	1	x	CS2005	+	Regalia	
delivered	 1	 x	 0.160	 lb/A	 of	 copper	 (green).	 	 Different	 letters	
above	 bars,	 within	 each	 graph,	 indicate	 significant	 differences	
between	treatments	(P<0.05).			

the shoots.  We randomly chose 100 shoots per tree and counted 
infected and healthy shoots.  Blossom and shoot blight were cal-
culated as blossom and shoot blight percent on a per tree basis.  
Mean percent blossom and shoot blight incidences were calcu-
lated for each treatment from 4 single-tree replicates.  Overall, 
under high disease pressure, two low-rate copper sprays during 
bloom provided poor blossom blight control ranging from 3.9% 
for 2 x CS2005 + Regalia, 6% for Copper Count N, to 25.1% for 
Copper Sulfate Crystals.  Similarly, shoot blight control ranged 
from 3.3% for Nordox 75 WG, 5.8% for Cuprofix Ultra 40 Dis-
perss, to 27.7% for Copper Sulfate Crystals (Figure 4).  In contrast, 
Harbour provided blossom and shoot blight control of 68.5% and 
72%, respectively.  The effects of the copper treatments on fruit 
russetting had not yet been evaluated at the time this paper was 
compiled.

Conclusions
 Our initial attempts to increase efficacy of dormant copper 
sprays by applying the copper with Regulaid and Pentrabark were 
not successful.  However, it is possible that other compounds, 
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such as bark penetrating oils, might enable copper penetration 
into the bark, and are the subject of our current research.  It is 
also possible that better copper penetration into cankers might 
be possible if copper sulfate, which is more soluble than the fixed 
coppers used in this trial, were mixed with penetrants and acidi-
fiers, given that the latter can further increase solubility of copper 
in aqueous solutions.  Further work is also needed to generate 
and/or identify cankers that carry more uniform populations of 
E. amylovora.  In our study, the variability of bacterial numbers 
among cankers in the same treatments was very high, and prob-
ably precluded the detection of statistically significant differences 
among treatments.
 In our evaluations of low-rate copper sprays applied during 
bloom to control blossom blight, we found that 0.392 lb of metallic 
copper provided poor control of blossom and shoot blight under 
the high disease pressure that evolved in our trial.  Efficacy of 
the same treatments might be better in years with lower disease 
pressure (i.e., in years with conditions less conducive to blossom 
blight and/or with flowers exposed to lower concentrations of 
inoculum).  
 Fire blight management is complicated by a warming climate, 
high susceptibility of planted varieties, use of spindle training 
systems, and lack of availability of resistant rootstocks.  In addi-
tion, highly effective bactericides for plant protection are dimin-
ishing, and the existing ones are being scrutinized and limited 
due to potential resistance issues or toxicity to non-target fauna.  
Copper bactericides are an essential part of the overall fire blight 
management program on pome fruit and may become more 
important if we can apply lower doses in ways that improve the 
safety and efficacy of the copper sprays.  The presented results are 
preliminary and serve as a long- and short-term basis necessary 
for improving existing and proposing new options for fire blight 
management, both during bloom and dormancy.  Our goal is to 
expand spray options that can reduce or kill fire blight populations 
on or in apple trees.  
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“The objective of this study is to provide 
[federal regulatory] agencies with 
scientific trending information related 
to biotechnology in next 5–10 years, 
so that they can use it to modernize 
the U.S. regulatory system for 
biotechnology products”

The National Academies’ latest report on preparing 
for future biotechnology products and its potential 
impact on the fruit industry
Kenong Xu
Horticulture	Section,	School	of	Integrative	Plant	Science,	New	York	State	Agricultural	Experiment	Station,	Geneva,	NY

The National Academies of Science, Engineering and 
Medicine (NAS) released their final version of a 
comprehensive 230-page report entitled “Preparing for 

Future Products of 
Biotechnology” 
on 30 June 2017 
(NAS 2017).  The 
report comprises 
s i x  c h a p t e r s , 
c o v e r i n g 
i n t r o d u c t i o n 
a n d  c o n t e x t ; 
emerging trends 
and products of 
biotechnology ; 

the current biotechnology regulatory system; understanding 
risks related to future biotechnology products; opportunities 
to enhance the capabilities of the biotechnology regulatory 
system; and conclusions and recommendations.  It also includes 
sections for summary, glossary, and relevant appendixes.  The 
electronic copy of the report is free for download at http://www.
nap.edu/24605.
 The report is a direct result of a focused study, “Future 
Biotechnology Products and Opportunities to Enhance 
Capabilities of the Biotechnology Regulatory System,” that was 
sponsored by the U.S. Environmental Protection Agency (EPA), 
the U.S. Food and Drug Administration (FDA), and the U.S. 
Department of Agriculture (USDA).  EPA, FDA and USDA are 
the three U.S. federal agencies currently in charge of regulatory 

reviews of biotechnology products.  The objective of the study 
is to provide the agencies with scientific trending information 
related to biotechnology in the next 5–10 years, so that they can 
use it to modernize the U.S. regulatory system for biotechnology 
products, a directive from the President’s Office of Science and 
Technology Policy in July 2015.
 The definition for biotechnology products is broad and 
comprehensive in the report.  Briefly, it can be stated as products 
developed through genetic engineering or genome engineering, 
including plants, animals and microbes, and products produced 
by such organisms and cell-free systems.  Below, I review and 
comment on the report, with focus on the technical drivers, the 
emerging biotechnology products, and the recommendations for 
improving the regulatory review process.  I also discuss how the 
emerging products might impact the production of food crops, 
particularly apples.

What are the major technical drivers for future 
products of biotechnology?
 Ever since the first report of recombinant-DNA (rDNA) 
technique (Cohen et al. 1973), scientists have been using it to 
engineer DNA sequences of genes to express proteins or traits 
of interest in microorganisms, animals, and plants.  The well-
known early examples of the biotechnology products include 
synthetic human insulin for treatment of diabetes (Genentech 
1978) and plant virus-resistant papaya for containing the 
devastating papaya ring virus (Gonsalves 1998).  Most existing 
products of biotechnology on the market were created by the 
rDNA technique, such as herbicide-resistant soybeans and BT-
cotton/corn.  Although the rDNA technique remains important, 
the newly developed tools for DNA sequencing, synthesis, and 
editing and the establishment of standardized biological parts 
have become the major technical drivers for emerging products 
of biotechnology.
 New Tools for DNA Sequencing, Synthesis, and Editing: 
The development of next-generation DNA sequencers has 
revolutionized the means of conducting genetic and genomic 
studies.  Since 2002, the cost for DNA sequencing has been 
decreased by a magnitude of eight orders (Figure 1).  This made 
it possible to sequence the whole genome for many animal and 
plant species, including apple (Velasco et al. 2010; Daccord et 
al. 2017).  The cost for synthesizing double stranded DNA (ds-
DNA), the natural form in the animal and plant nucleic  genomes, 
is reduced at a lower rate.  However, it is continuously trending 
lower.  So far, the cost for ds-DNA synthesis has been reduced 
by more than two orders since 2002 (Figure 1), allowing the first 
opportunities to create synthetic chromosomes and genomes 
(Annaluru et al. 2014; Kannan and Gibson 2017).  The emerging 

Figure	1.	 Efficiency	 trends	 in	 DNA	 sequencing	 (green)	 and	 synthesis	 of	
double-stranded	 DNA	 (dsDNA,	 blue)	 and	 single-stranded	 DNA	
(ssDNA,	red),	2001–2015.	Adapted	from	Figure	2-1	in	NAS	(2017).
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genome-engineering technologies, such as CRISPR/CAS9-based 
precision genome editing, and synthetic oligonucleotides-based 
multiplex automated genome engineering and whole-genome 
recoding, have demonstrated enormous potential for creating 
desirable variations in a wide spectrum of living organisms.  In 
apple, for example, use of the CRISPR/CAS9 system to precisely 
edit the genome was reported in two independent experiments 
(Malnoy et al. 2016; Nishitani et al. 2016).
 Standardized Biological Parts: The establishment of 
standardized biological parts is another important advance in 
biotechnology.  Standardized biological parts are defined as 
the “compatible, minimal DNA sequences that code for distinct 
biological functions, such as coding sequences that are responsible 
for the expression of proteins, promoters, and terminators (that 
cause transcription to cease).”  Based on the NAS report, the 
most significant efforts in this area include: 1) International 
Open Facility Advancing Biotechnology placed more than 2,500 
standardized, quantitatively defined, biological parts in the public 
domain in 2009; and 2) The National Institute of Standards and 
Technology partnered with Stanford University on a project 

Figure	2.		 Market	status	of	open-release	products	of	biotechnology	in	the	next	5-10	years.	Entries	 in	bold	are	examples	of	products	with	high	growth	
potential.	Arrows	indicate	that	similar	products	or	products	using	the	same	transformation	technology	(e.g.	genome	editing	or	gene	drives)	are	
likely	to	be	developed.	Adapted	from	Figure	2-7	in	NAS	(2017).

focusing on facilitating the standardization of parts relevant to 
biology.  These efforts are intended to mimic the proven success 
that was achieved in mechanized production, which relied on 
standardized parts with reproducible characteristics.  Once 
biological parts are standardized, companies furnishing analogues 
to designers, manufacturers, assemblers, sellers, or all of the 
abovementioned will be better positioned to develop products 
of biotechnology to benefit the society and the environment.  
A remarkable example demonstrating the essential role of 
standardizing biological parts could be observed in the efforts 
attempted to enable nitrogen fixation in non-legume plants 
(Temme et al. 2012; Smanski et al. 2014), which are briefly 
described under next section.

What are the emerging products of biotechnology in 
the next 5-10 years?
 Based on the aforementioned advances in biotechnology, it 
is expected that the products of biotechnology will be increasing 
in scope, scale and complexity in the next 5–10 years, and will 
be better than what is available currently.  Three classes of future 
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products of biotechnology are envisioned to be forthcoming, 
including open-released products, contained products, and plat-
forms.  Based on the descriptions, the open-released products are 
most relevant to crop production, which refer to ‘plants, animals, 
microbes, and synthetic organisms that have been engineered 
for deliberate release in an open environment.’  Figure 2 provides 
an overview for such future open-released products and their 
market status.  (The latter two classes will not be described here, 
as they are not directly associated with  .)
 Among these future biotechnology products, crops engi-
neered with increased photosynthesis efficiency and microbes 
or non-legume crops modified with nitrogen-fixing capacity are 
most exciting.  Photosynthesis is a vital process on the planet.  
In this process, green plants harvest the energy from sunlight 
using carbon dioxide (CO2) and water, and then store the energy 
in sugars, which are the energy source for nearly all activities of 
life.  Improving photosynthesis efficiency of plants would fun-
damentally improve crop productivity.  As a proof-of-concept 
example, the NAS report cited a study demonstrating that engi-
neered tobacco plants with improved photosynthesis produced 
about 15% more biomass (Kromdijk et al. 2016).  
 Nitrogen fixation occurs naturally in legumes, which is 
accomplished by certain bacteria, e.g., Rhizobium in their root 
nodules that can convert atmospheric nitrogen into ammonia, 
a usable nitrogen form for the host plants.  It has been a dream 
to enable nitrogen fixation in non-legume crops through genetic 
engineering.  The challenge, however, has been that transferring 
the complex molecular machineries responsible for nitrogen 
fixation directly into other root-associated bacterial cells has 
proven to be difficult, if not impossible, due to host specificity.  
Thanks to the latest advances in biotechnology and synthetic 
biology, especially the introduction of the concept of establishing 
standardized biological parts, a dream-come-true day might not 
be very far off.  For example, in a remarkable study, scientists suc-
cessfully ‘refactored’ the complex native nitrogen fixation 20-gene 
cluster from Klebsiella oxytoca, a bacterium found in a wide range 
of environments (Temme et al. 2012).  The significance of this 
work is that it rewrote the 
complex nitrogen fixation 
cluster into well-defined 
biological parts in hopes of 
breaking the host specificity 
to facilitate access, engi-
neering, and transferability.  
In another study, the same 
research group demon-
strated the possibility of 
creating a nitrogen fixation 
system that is functional 
for the intended purpose 
in new host cells by a large 
scale of rearrangement of 
the refactored nitrogen 
fixation gene cluster com-
prising 16 genes and 103 
biological parts (Smanski et 
al. 2014).  The NAS report 
emphasizes repeatedly that 
a key distinction of some 
of the future products of 

biotechnology from the existing ones is their ability to sustain 
their lasting presence in diverse environments with little or no 
human intervention.  Successful engineering of such nitrogen 
fixation bacteria that can survive and thrive themselves in the 
environment would greatly reduce the reliance of non-legume 
crops on nitrogen fertilizers.
 The other significant products of biotechnology include a 
low-acrylamide (a potential carcinogen) potato, a non-browning 
mushroom, a non-browning apple, gene drive-based weeds and 
insect pests engineered for their biological control, and genomi-
cally recoded organisms (Figure 2).

What recommendations are made for improving the 
regulatory reviews?
 The NAS report identified many opportunities for EPA, 
FDA, USDA and other federal agencies to enhance the regula-
tory review system for the future products of biotechnology.  As 
a result, a number of recommendations for the federal govern-
ment agencies were detailed in the NAS report.  In brief, these 
recommendations concentrate on three major areas: 
 The first is to ‘increase scientific capabilities, tools, exper-
tise, and horizon scanning in key areas of expected growth of 
biotechnology, including natural, regulatory, and social sciences.’  
As the increase in scope, scale and complexity of the products 
of biotechnology is expected in the next 5–10 years, adoption of 
the recommendations in this area is most urgent.  As a first step, 
the NAS report suggests that EPA, FDA and USDA merge their 
current independent regulatory review processes into a single 
entry system (Figure 3) to speed up the review process for those 
similar to what already exists, and concentrate on the future 
products developed by new biotechnologies, such as CRISPR/
CAS9-based gene drive for insect-pest control and those devel-
oped with genome recoding technology (Figure 2).  
 The second is to ‘increase their use of pilot projects to 
advance understanding and use of ecological risk assessments 
and benefit analyses for future biotechnology products that are 
unfamiliar and complex and to prototype new approaches for 

Figure	3.	 A	 possible	 structure	 for	 a	 single	 point	 of	 entry	 for	 application	 of	 risk	 analysis	 to	 future	 products	 of	
biotechnology.		Adapted	from	Figure	S-2	in	NAS	(2017)
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iterative risk analyses that incorporate external peer review 
and public participation.’  The purpose of the recommendations 
in this area is to identify the evidence-based efficient ways to 
improve the regulatory process so that the risk and benefit of 
the incoming new biotechnology products can be assessed 
comprehensively, effectively, and objectively.
 The third is to ‘increase their investments in regulatory 
science and link research and education activities to regulatory-
science activities’ from federal funding agencies such as the 
National Science Foundation, the U.S. Department of Defense, 
the U.S. Department of Energy, the National Institute of Stan-
dards and Technology, and others.  These recommendations 
address the lack of a long-term strategy for risk analysis of fu-
ture biotechnology products, which will enhance the regulatory 
system by making the regulatory perspectives more predictable 
to current and future developers of biotechnology products.

How might the NAS report impact the fruit industry?
 Throughout the NAS report, a trend is made abundantly 
clear; i.e., substantially more and novel products of biotech-
nology will be developed and commercialized in the next 
5–10 years (Figure 2).  Interpreting this trend in the context 
of production of crops, including fruit, it certainly means that 
the existing production system will be greatly impacted, likely 
leading to more opportunities for the industry.
 For example, non-browning apples are one of the prod-
ucts included in Figure 2.  Apparently, they are referring to 
Arctic™Apples, developed by the Canadian firm Okanagan 
Specialty Fruits (OSF).  The non-browning characteristic (fruit 
do not turn brown after being sliced) is achieved by suppress-
ing the browning causal enzymes called polyphenol oxidases 
(PPOs) using RNA interfering (RNAi) technique (Figure 4A).  
Arctic™Golden Delicious and Arctic™Granny Smith were ap-
proved by the USDA for market entrance in February 2015.  
Based on OSF, non-browning apple slices offer convenience 
for consumption, which will result in increased sales for apple 
fruit overall, benefiting the entire apple industry and consum-
ers.  
 However, could such a stated benefit of non-browning 
apples really be delivered, given the enormous controversy 
caused by Arctic™Apples during the USDA approval process 
(Xu 2015), and even after the approval?  For example, a new 
website urging readers to “Tell These Grocery Stores: No GMO 
Apples, Please!” has been created lately to disrupt the market-
ing of Arctic™Apples (URL1).  What are the signs that suggest 
that Artic™Apples may still be succeeding in the market place?  
A brief search of the internet found lines of evidence that OSF 
appears to be doing well, and Artic™Apples will likely be wel-
comed as a convenient food for consumers:

1) A Capital Press article posted on 9 January 2017 (URL 2) 
reported that a market test trial for Arctic™ Apples was to 
be conducted during February and March 2017 in about 
ten stores in the U.S. midwest.  Due to the limited quan-
tities, the plan was to sell about 500, 40-pound boxes of 
sliced fruit of Arctic™ Golden Delicious in grab-and-go 
pouch bags.  The fruit will be sold with the Arctic™ logo 
(Figure 4B).   

2) A 22 May 2017 report by Fresh Fruit Portal (URL 3) 
described that Mr. Neal Carter, the founder of OSF, was 
exceedingly encouraged by the results of the marker test 

Figure	4.	 Arctic	 Apples.	 A.	 Diagram	 depicting	 the	 difference	 between	
regular	 apple	 and	 Arctic	 Apple	 in	 PPO	 enzyme	 activity.	
Adapted	 from	 website:	 http://www.zmescience.com/
medicine/genetic/arctic-apples-bioengineering-091102016/.	
B.	Trademark	of	Arctic	Apples.

A

B

trial. He said “To be honest, we couldn’t have dreamt 
up this good a result.  To me, in a nutshell, that’s how it 
went.”  Regarding the OSF’s business expansion, the article 
reported that seven new employees have been added since 
the beginning of 2017, bringing the company total staff 
members to 17.  In terms of production of Arctic™Apples, 
Mr. Carter said 200 acres were planted in spring 2017 and 
“another 400 acres would crop up next year”.  The amount 
of fruit available would be 200,000–300,000 pounds in fall 
2017, and will go up four- or five-fold a year thereafter.  

3) The U.S. Apple Association now says that all apples are safe, 
healthy and nutritious, while prior to the government ap-
proval, it was concerned about possible market confusion.  

4) USDA approved another non-browning apple, Arctic™Fuji, 
in September 2016.  It is expected that Arctic™Gala will be 
approved in 2018 and the other Arctic™apples will possibly 
follow.  

 If the Arctic™Apples continuously perform well as Mr. 
Carter described in the 22 May 2017 article (see above), OSF 
and growers who are contracted with OSF for production 
would be the big winners.  In addition to non-browning apples, 
apples improved with the CRISPR/CAS9 technology for other 
important traits, such as resistance to diseases, and trees suit-
able for mechanical pruning and fruit harvesting, and many 
others, would also similarly benefit the industry.
 In summary, the National Academies’ comprehensive 
report is an important document profiling the future biotech-
nology products and their potential benefits and risks.  The 
recommendations detailed in the report are invaluable for 
forthcoming policy-making by EPA, FDA, USDA and other 
relevant federal agencies.  The clear trend seen in the report 
for more and novel products of biotechnology will greatly im-
pact the production of crop plants, including fruits, likely in a 
positive manner. 
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“When we consider the many factors that 
can contribute to codling moth injury 
to apple, we should include the nature 
of the pest and its capacity to acquire 
and develop resistance to insecticides, 
along with the myriad of variables that 
can influence management success 
or failure in commercial tree fruit 
production.”

The resurgence of Codling Moth in the Hudson Valley
Peter Jentsch
Department	of	Entomology,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY

The codling moth	remains a key pest of tree fruit since its 
early introduction into the US.  Recent reports of signifi-
cant fruit injury caused by codling moth have become an 

increasing con-
cern to a number 
of commercial 
tree fruit grow-
ers in the mid-
Hudson Valley.  
Fruit infestations 
have ranged from 
0% to over 20% 
in commercially 
grown fresh mar-
ket fruit over the 
past few years.  
When we con-

sider the many factors that can contribute to codling moth injury 
to apple, we should include the nature of the pest and its capacity 
to acquire and develop resistance to insecticides, along with the 
myriad of variables that can influence management success or 
failure in commercial tree fruit production.

Biology
	 In New York’s Hudson Valley, the codling moth, Cydia po-
monella (L.), can have as many as 3 generations per year based 
on the region’s seasonal weather patterns.  Full-grown larvae 
overwinter within a cocoon under loose bark scales, in leaf litter, 
apple bins, and other field shelters.  As apple bud development 
nears the pink stage, the codling moth larvae begin pupation, 
with the first adult flight often beginning during bloom.  Eggs 
are deposited on foliage and developing fruit, and, depending on 
temperature, hatch occurs 6–10 days later.  As the larvae hatch, 
they will move from foliage to fruit.  Eggs laid on the fruit can 
emerge or directly burrow down into the fruit to begin tunneling 
(Figure 1).  
 Larvae have adopted a feeding and fruit burrowing behavior 
of expelling skin and shallow pulp during their entry into the fruit 
(Figure 2).  This behavior significantly reduces ingestion of both 
naturally occurring toxins and insecticide residue, increasing the 
insect’s rate of survival by 25–30% (Gilmer 1933).  This behavior 
appears to contribute to reduced intake of the insecticide’s active 
ingredient, which likely plays an important role in the develop-
ment of insecticide resistance that has been occurring since the 
advent of insecticide use.
 The codling moth is in the lepidopteran family Tortricidae, 
one of the largest families of moths, with approximately 950 spe-
cies in North America.  The codling moth has a host of relatives 
in this group, including a number of important tree fruit pests 
such as oriental fruit moth, and the variegated, tufted, redbanded 
and obliquebanded leafrollers.  The ecology and behavior of the 
tortricid group promotes establishment and continued endemic 
presence of this pest within the orchard if not completely con-

Figure	2.		 External	evidence	of	codling	moth	internal	feeding	in	Cortland	
apples.

Figure	1.		 Developing	apple	showing	early	stages	of	codling	moth	feeding	
damage.
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trolled year after year.  Continued exposure of resident insects 
to control measures has led to the development of resistance to 
many of the materials applied to reduce fruit injury over the past 
150 years.  

History
	 The codling moth is an invasive lepidopteran pest of tree 
fruit.  The first historical record of this species dates back to 371 
B.C., at which time the moth was first described by Theophrastus.  
According to Slingerland (1898), codling moth was introduced 
into the United States from its European origins in the mid-1700s, 
likely from early European shipments of pears and apples deliv-
ered to the growing colonies.  The broad host range of codling 
moth includes pome fruits such as apple, pear, and quince, while 
rosaceous species, such as hawthorn and crabapple fruit, along 
with walnut, are utilized by the larva as a resource throughout 
the world.  
 Early apple and pear codling moth management dates back 
to the period of colonial agricultural production, using oils and 
organic minerals and metals.  In the 1882 report by Lintner to the 
N.Y. State Legislature, he lists the discovery and uses of valuable 
insecticides for use in insect pest management.  Recommended 
in this report were Paris Green (arsenic and copper) and London 
Purple (calcium arsenite), a byproduct of analine dyes consisting 
of rose aniline, arsenic acid, lime, iron oxide, and water, for con-
trol of codling moth.  From 1900 to 1920, the average number of 
arsenical-type sprays per season for the control of codling moth 
in the United States was 1–3, in the 1920s 4–5, in the 1930s 4–8, 
and in the 1940s 6–10 applications.  The increase in application 
frequency was due to the development of resistance against lead 
arsenate, the primary agent used for codling moth control dur-
ing this period (Hough 1928; Croft and Riedl 
1991).  By 1946, DDT had largely replaced lead 
arsenate for codling moth control, but failures 
using DDT began occurring by the early 1950s 
in the US (Jenkins 1952; Glass and Fiori 1955).  
Development and use of organophosphates be-
gan in the early 1950s, with the first detection of 
resistance of codling moth to azinphos-methyl 
in the early 1990s (Varela 1993).  Since that time, 
OP-resistant codling moth has been shown to 
exhibit cross-resistance to insect growth regula-
tors such as Confirm (tebufenozide) and Dimilin 
(diflubenzuron), direct resistance through mul-
tiple resistance mechanisms to pyrethroids, and, 
within the past decade, resistance to granulosis 
virus (Germany), with reduced susceptibility to 
the neonicotinoid thiacloprid (Calypso) recently 
observed in Greece and Israel.

Mid-Hudson Valley Codling Moth 
Concerns
 The Marlboro Mountains, including the 
Illinois Ridge, rises to 1100 ft, spanning 25 
miles from Newburgh to south Kingston, while 
meandering parallel to the Hudson River.  The 
sloping elevation, alluvial soil, and favorable 
air drainage, provides excellent fruit growing 
conditions that make this region home to over 
3000 acres of tree fruit.  

Figure	3.		 Developing	 codling	 moth	 larva	
feeding	on	apple	seeds.

 In recent sur-
veys of 10 orchards 
along the Marlboro 
Mo u nt a i n s  co m-
prising 3100 acres, 
pheromone trap cap-
tures have verified 
the presence of cod-
ling moth adults in 
at least one block in 
each orchard.  The 
highest trap captures 
were closest to pack-
ing facilities contain-
ing stored bins.  In 6 
of the 10 orchards, 
codling moth injury 
to fruit has been doc-
umented (Figure-3), 
with two orchards 
reporting over 20% 
injury in apple blocks 
in 2016.  In contrast 
to these are the >60% of orchards that have had no signs of cod-
ling moth injury, despite relatively high numbers of adult trap 
captures exceeding a 5 adult per trap threshold.

Causes of Control Failures 
 Hudson Valley apple orchards tend to have smaller blocks 
that are bounded by woodland and hedgerows, wild and aban-
doned apples, and with considerably less contiguous acreage than 

Figure	4.		The	bioassay	was	conducted	on	1st	instar	codling	moth	larva	topically	treated	with	
a	 1-µL	 droplet	 of	 lambda-cyhalothrin	 at	 0.0005	 µg	 A.I./1000	 mL	 or	 0.0005	 ppm	
(3%	of	the	labeled	field	rate)	placed	in	temperature	controlled	chambers	for	24	hr	
at	temperatures	of	40	oF,	55	oF,	&	70oF.	 	After	24	hours,	 larvae	were	removed	and	
assessed	for	mortality.	(	df	=	3,	F	=	8.648,	P	=	0.0001).
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most other growing regions in New York State.  
This ecology provides alternate hosts for tree 
fruit pests, many of which supply the genetic 
diversity to maintain continued insecticide 
susceptibility.  Although there is continued 
cause for concern regarding regional levels 
of reduced susceptibility of the codling moth 
to insecticides, the recent failure to obtain 
complete control of this insect does not ap-
pear to be related to widespread insecticide 
resistance, considering the very effective tools 
at our disposal to control the internal worm 
complex.  In part, this can be stated with a 
fair degree of confidence, as over 60% of the 
mid-Hudson regional orchards experience 
less than 1% fruit injury by the internal worm 
complex on over 50% of the acreage, providing 
strong evidence of successful control of this 
pest in the Hudson Valley.  That said, it can be 
asked what are the weak links in the system.
 In considering the variables that can have 
a negative impact on codling moth manage-
ment, there are a number of factors that 
contribute to control failure.  These are:

•	 Weather
•	 Application timing
•	 Shift in insecticide use to less effective insecticides
•	 Low insecticide rates
•	 Incomplete spray coverage
•	 Extended application intervals
•	 A third generation of codling moth in September

	 Weather.		Warm	temperatures during the growing season 
can have a dramatic impact on insecticide efficacy.  Generally, 
the pyrethroids are more readily detoxified by lepidopterans 
during post-treatment temperature increases, which can cause 
outright pest management failures.  A bioassay found that, as 
the temperatures after an application rose from 75 to 95oF,  the 
toxicity of Warrior (lambda-cyhalothrin) was seen to have a 9.5-
fold decrease in efficacy, Brigade (bifenthrin) a 13.6-fold decrease, 
and the spinosyn Entrust (spinosad), a 3.8-fold decrease in insect 
mortality.  Yet, there was no change in efficacy of the carbamate 
Lannate against the European corn borer (Musser and Shelton 
2005).  In a bioassay efficacy study done at the HVRL, similar 
results were also demonstrated in codling moth populations 
exposed to lambda-cyhalothrin.  Warrior was topically applied 
using micro-applications of 1 µL to newly emerged codling moth 
larvae at a constant rate of 0.16 fl oz/A.  A 62% reduction in larval 
mortality was observed when larvae held at 40 oF were compared 
with those held at 70oF (Figure 4).  Choosing insecticide classes 
based on post-application temperature throughout the season 
could provide a significant improvement in codling moth pest 
management.
	 Rain.	Dr. John Wise, Department of Entomology at Michi-
gan State University, published a paper, “Rainfall influences 
performance of insecticides on the codling moth (Lepidoptera: 
Tortricidae) in apples”, that reports the impact of rainfall over time 
to assist growers in re-application interval decision-making.  The 
link to the study can be accessed at:
http://msue.anr.msu.edu/news/rainfast_characteristics_of_in-
secticides_on_fruit

Figure	5.			Sustained	Adult	CM	flight	and	larval	emergence	over	two	generations,	Hudson	Valley	
Research	Lab,	2009.

 
The study assessed six different chemical classes used to control 
codling moth, evaluating the effects of rainfall and field aging 
on their performance.  The different classes exhibited different 
patterns after rain events, both 1 and 7 days post-application, 
that can produce dramatic results in codling moth management 
(Tables 1a, 1b).  For example, the mode of action as a contact or 
feeding insecticide (carbamates, organophosphates and pyre-
throids) differ in surface retention in comparison to the systemic 
activity of the neonicotinoid insecticides, demonstrating unique 
patterns of residue efficacy.  Using the residual retention model 
for re-application decision-making can improve codling moth 
management during seasons with significant rain events.
 Application	timing.		Many seasoned growers are beginning 
to see codling moth larvae in fruit for the first time.  Determining 
the presence of codling moth larvae and injury to fruit during 
1st generation emergence (early July) and at pack-out are good 
indicators to use in developing pest management strategies for 
codling moth during the subsequent season.  Monitoring of the 
adult codling moth provides a simple and accurate on-farm as-
sessment of insect presence and population pressure during the 
growing season.  Pheromone traps placed in orchard blocks will 
detect the first sustained flight of codling moth, which is referred 
to as the Biofix (Figure 5).  This start date is used to initiate the 
accumulation of temperature units, or degree-days, to effectively 
calculate and predict when codling moth egg hatch begins.  Daily 
temperatures are then calculated using the base developmental 
temperature for this insect (50°F).  The accumulation of 200–250 
degree-days is considered the trigger to begin insecticide man-
agement using conventional insecticides.  Entering the biofix 
date into the NEWA codling moth model, using a NEWA station 
nearest to your location, will provide you with accurate degree 
day accumulations and recommendations for application timing 
(http://newa.cornell.edu/index.php?page=apple-insects).  
 The past ten years of codling moth emergence in Highland, 
NY, shows the dramatic differences in moth emergence and larval 
emergence dates, reinforcing the importance of applying timely 
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Table	1.			 *,	 Number	 of	 days	 after	 insecticide	 application	 that	 the	 precipitation	 event	 occurred.	
Insufficient	 insecticide	 residue	 =	 Insufficient	 insecticide	 residue	 remains	 to	 provide	
significant	 activity	 on	 the	 target	 pest,	 and	 thus	 re-application	 is	 recommended.	
Sufficient	 insecticide	 residue	 =	 Sufficient	 insecticide	 residue	 remaining	 to	 provide	
significant	activity	on	the	target	pest,	although	residual	activity	may	be	reduced.

applications based on the science behind 
degree-day predictive modeling, instead of 
using calendar-based sprays (Table 2).
 Shift	in	insecticide	use	to a less effective 
insecticide against the 1st generation codling 
moth occurred during petal fall and 1st cover 
with the recent loss of Calypso (thiacloprid).  
Many growers using this neonicotinoid were 
faced with the decision to select either an 
old standard or new insecticide chemistry to 
control plum curculio (PC).  Since Calypso 
had excellent PC and codling moth efficacy, 
it provided the backbone for management 
of the internal worm complex, while at the 
same time reducing the aphid and leafhopper 
complex.  A switch to pyrethroids during very 
warm conditions, or to the exclusive use of 
Actara, would not have provided the needed 
level of lepidopteran management during the 
onset of 1st generation codling moth activity.
 Low	rates	of materials such as Imidan, 
used for apple maggot (AM) at, e.g., 1 lb/A, 
would provide the needed control of AM 
from late June through to harvest, yet this 
tactic fell short in efficacy against the 2nd or 
3rd generation of codling moth in 2016.  The 
same holds true for reduced rates of effective 
materials such as Assail, Delegate or Altacor, 
and also pyrethroids when used under tem-
perature extremes.  
 Incomplete	spray	coverage	is an addi-
tional variable that should be considered in 
determining the weak link in codling moth 
management.  The use of alternate row ap-
plications on a 5- to 7-day program to manage 
very mobile insects such as AM late in the 
season may be effective for apple maggot, 
yet the codling moth, as previously noted, 
can burrow into fruit with minimal feeding 
exposure.  Increased tractor and sprayer 
speed, especially under windy conditions, 
will reduce spray penetration into the tree 
canopy, with wind gusts reducing coverage 
in the tops of trees, where codling moth 
populations are often greatest.
 Extended	 application	 intervals that 
reach beyond the residual efficacy of the in-
secticide will provide a window for the larvae 
to gain entry into the fruit  This is especially 
important during the later emergence of the 
1st generation of codling moth.  If the 1st 
generation gets a foothold in fruit, the grower 
will face an uphill battle that will not be eas-
ily won, as harvest of early and mid-season 
apples, such as Ginger Gold, may prevent 
effective applications from reaching every 
block on the farm.  This will in turn provide 
for overwintering survival of high endemic 
populations in the orchard the following 
season.
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Table	2.			 Codling	Moth	Predictive	Modeling	and	Seasonal	Larva	Emergence	Variability. Third	 generation:	 In 
years in which there are 
suitable weather condi-
tions, including degree-
day accumulation of heat 
units, and ample sunlight 
and moisture, the codling 
moth may develop a third 
generation. This occurred 
in 2016, with CM larval 
emergence predicted for 
September 17th (Table 2). 
For apples harvested after 
this date, fruit infestation 
in late season varieties 
beginning with Red Deli-
cious may have occurred in 
orchards experiencing threshold trap captures and codling moth 
infestations earlier in the season. 
 In closing, effective control options for codling moth are 
available using products in 10 IRAC insecticide classes, allow-
ing a comprehensive resistance management program to be 
implemented.  Orchardists should also consider beginning to 
incorporate CM/OFM mating disruption into their programs 
during coming seasons, as this tactic needs to be implemented 
prior to bloom.  This activity can easily include the placement 
of dogwood borer mating disruption dispensers in young high-
density orchards, where tree decline appears to be a growing 
concern.  
 The use of mating disruption in blocks greater than 5–10 
acres over multiple years will effectively provide management of 
the codling moth while reducing the selection pressure on our 
effective insecticides, ultimately reducing the potential for devel-
opment of insecticide resistance to these tools.  Along with this 
approach, the use of granulosis virus (Cydia pomonella granulosis 
virus [CpGV]), should be considered as a rotational tool.  The 
virus is specific to the codling moth, highly pathogenic and fast-
acting, and is a tool that will kill its host in the same instar stage 
as at the onset of infection.  It must be ingested to be effective, 
as viral occlusion bodies dissolve in the larval midgut and release 
infectious virions.  These enter the cells lining the digestive tract, 
where they replicate and infect other tissue.  The larva stops 
feeding, and within 3–7 days the larva dies, disintegrates, and 
releases billions of new occlusion bodies that can infect other 
codling moth larvae via ingestion.  There is no adverse effect on 
fish, wildlife or beneficial organisms, it has a low bee-poisoning 
hazard, and is non-toxic to humans.  The virus has a 0-day pre-
harvest interval (PHI) and a 4-hour re-entry interval (REI).  
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Our associates love what they do. How about you?
Send us your selfie at FarmCreditEast.com/WeAreYou

800.562.2235
FarmCreditEast.com/Recordkeeping

As an accounting specialist at Farm Credit East,  
Mark Hughes enjoys record-keeping … a lot. In fact, 
keeping his clients’ records up-to-date, accurate, and 
compliant with the latest ag-related rules and regulations 
is a passion that he brings to every project. Whether 
providing on-farm accounting services, or preparing weekly, 
monthly or quarterly reports through the mail, Farm Credit 
East accounting specialists are committed to giving your 
business the solid records you need to assess your financial 
condition with confidence and to capture more profit.

Record-keeping may not be everyone’s cup of tea, but 
Mark’s passion for accurate records will help you keep your 
business healthy and on track — because WE ARE YOU.

farm-fresh vegetables,
hockey, waterskiing & keeping.record-

Join Now To Support The Fruit 
Growing Community 
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Join Today!
NYFB.org • 800-342-4143

Eligible NYFB Members Save on 
Workers’ Compensation 

insuranCe 
20% Upfront Discount!
25% Average Dividend*!

45% Savings ! ! ! !
+

Paying 
Yearly Dividends 

to our Members 
Since 1967!

Safety Group 486
Call Michele or Becky

1.800.342.4143
NYFB.org

* Represents an average dividend over the last 5 years. Dividend levels are not guaranteed. 
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REMINDER! 
It’s time to buy 
crop insurance

for
Apples, Grapes, 
P e a c h e s , a n d 
Ta r t Cher r i e s  

The enrollment deadline for the 2018 
growing season is November 20, 2017 

Crop insurance helps producers manage risk.  
If you suffer losses this year, crop insurance can help you be able to 
plant next year. 

Some fruit growers use Whole Farm Revenue Protection, a new 
insurance product that allows to you to insure your overall revenue. 

Get an estimate of potential costs and benefits using our interactive 
tools at at ag-analytics.org 

To purchase, contact a crop insurance agent. Find one using the 
USDA RMA Agent Locator at www.rma.usda.gov/tools/agent.html



Founded in 1855, the mission of the New York State Horticultural Society is 
to foster the growth, development and profitability of the fruit industry in 

New York State.  It accomplishes this by:
• Supporting educational opportunities for members
• Promoting the industry
• Representing the industry in matters of public policy

www.NYSHS.org

NYSHSNew York State Horticultural Society
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Horticultural performance 
of Geneva® rootstocks 
grafted with ‘Fuji’ in the 
Hudson Valley, NY 

Stem-end flesh browning 
of ‘Gala’ apples is decreased 
by preharvest 1-MCP 
(Harvista) and conditioning 
treatments

Evaluation of dormant 
copper sprays with bark 
penetrating surfactants 
in reduction of Erwinia 
amylovora in cankers and 
of low-rate copper sprays in 
blossom blight control
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latest report on preparing 
for future biotechnology 
products and its potential 
impact on the fruit industry

The resurgence of Codling 
Moth in the Hudson Valley


