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A Few Words from the Incoming Guest Editor

Those of you who are connected in any way with the 
New York fruit industry are likely aware of the fact that, 
beginning in July, Cornell fruit physiologist, extension 

pomologist, and longtime NY Fruit Quarterly editor Terence 
Robinson will be taking a leave of absence for the next three 
years. This will naturally affect many aspects of Cornell’s tree 
fruit extension efforts during that time, notwithstanding the 
arrangements Terence has made for many of his research projects 
to be overseen by two post-doctoral associates, whom you will 
soon get to know and become more familiar with.

To help cover some of the extension needs during this period, 
I have agreed to serve as an interim editor of the NY Fruit 
Quarterly, beginning with the Summer 2015 Issue, so it was 
suggested that I introduce myself to the readership through this 
editorial.  I should already be somewhat familiar to many of you, 
even though I’m not on a first-name basis with nearly as many 
growers and industry representatives as is Terence.  We both 
started at the Experiment Station in Geneva at about the same 
time, although my area of expertise is in tree fruit entomology, 
both research and extension, so you will no doubt recognize me 
as one of the Cornell specialists who has been involved in many 
insect pest control projects, research and demonstration trials 
on area farms, and multi-disciplinary extension programs and 
events over the years, including a fair number of IPM initiatives.

If you aren’t one of the area growers with whom I’ve worked 
to solve specific pest problems in your particular orchard – 
an opportunity that I’ve always felt privileged to count as a 
valuable resource to my program – you have probably heard 
me speak at a grower meeting, in-depth workshop, or field day 
about the latest bug, worm, maggot, or mite that seems to have 
become (or continues to be) a problem.  My overall charge is 

to provide arthropod pest management recommendations to 
the tree fruit industry, and I feel very fortunate to be part of an 
extremely effective team of researchers and extension specialists 
in responding to this need.  Together with these talented people, 
I put together the Cornell Pest Management Guidelines for 
Commercial Tree Fruit Production each year, serve as the Tree 
Fruit and Berry Program Work Team co-chair, and publish 
weekly issues of Scaffolds Fruit Journal during the growing 
season.  My research focus is constantly being directed toward 
new challenges, such as an emergent ambrosia beetle pest that is 
the topic of an article I co-authored with CCE Lake Ontario Fruit 
Specialist Debbie Breth in this issue, or invasive insect species like 
the brown marmorated stink bug and spotted wing Drosophila, 
or even renewed attention to old standby key pests like the plum 
curculio or San Jose scale.

I have watched the NY Fruit Quarterly grow since it began 
publication in 1992 into a respected and professional magazine 
with informative articles describing the results of grower-
supported research conducted on fruit topics here in NY, and now 
also in our partner state of Michigan.  I look forward to continuing 
this tradition of making good scientific reporting accessible to the 
members of the region’s fruit community, and hope to work with 
our advisors in the New York State Horticultural Society, the NYS 
Berry Growers Association, the Apple Research & Development 
Program, and the Michigan Apple Committee, to ensure that 
we deliver to you the information you need to keep current with 
what’s happening in our shared industry.

Arthur Agnello
Dept. of Entomology, NYS Agricultural Experiment Station
Geneva, NY
Email: ama4@cornell.edu
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“There is significant growing interest in 
hard cider with the number of cideries 
in NY State reaching 53.  In this article 
I summarize our 30 years of experience 
at Cornell and on my own farm of 
growing hard cider varieties.”

Growing Apples for Craft Ciders
Ian A. Merwin
Professor of Horticulture Emeritus—Cornell University 
Grower and Cider-maker—Black Diamond Farm

Cider has been a mainstay food and fermented bever-
age for thousands of years.  Domesticated apples were 
brought to America by the first European colonists, and 

from 1640 to 1840 
most of our or-
chards consisted 
of seedling apples, 
grown primar-
ily for sweet and 
hard (fermented) 
cider.  Despite 
this long history, 
hard cider was 
not considered 

an economically important drink in the US until quite recently, 
when the USDA and several apple-growing states began to col-
lect information specifically about cider production.  Over the 
past decade hard cider has been “rediscovered” by consumers in 
the US, and production and consumption have been increasing 
faster than any other alcoholic beverage—expanding about 50% 
annually in North America since the year 2000.  
 Any fresh cider can be fermented to produce what we call 
hard cider in the US and Canada. Everywhere else in the world—
and for the rest of this article—the word “cider” implies the 
fermented kind, not what is often called “sweet” cider.  Among 
the many thousands of traditional and modern cultivated apple 
varieties, about 1000 are considered especially good for making 
cider.  I became interested in these specialty cider varieties in 
1985, when I moved back to upstate NY from California, for 
graduate studies in pomology at Cornell University.  Two excellent 
books on the subject were also inspiring and helpful, and both 
are still available today: “The Book of Apples” by Joan Morgan 
and Alison Richards (1993); and “Sweet & Hard Cider” by Annie 
Proulx and Lew Nichols (1980).  
 In 1992 we bought a small farm near Trumansburg NY (Black 
Diamond Farm, website www.incredapple.com), and I began to 
plant as many of the traditional European and American heirloom 
cider apples as I could obtain from various commercial nurser-
ies.  At that time most of the European cider varieties were only 
available as budwood cuttings from the USDA apple germplasm 
collection in Geneva NY. I spent three months on sabbatical leave 
in 1997, visiting the main cider regions in France, Spain and 
England, to study their apple varieties, production systems, and 
cider-making styles.  Then in 2000 we established a thousand-tree 
planting of English cider varieties on three different rootstocks 
at the Cornell orchard in Lansing NY, where we could do formal 
research on these varieties and provide fruit for some of the first 
commercial cider-makers in the Finger Lakes region.
 Until recently only a few commercial orchards in North 
America were growing specialty cider varieties, but that is chang-
ing quickly as more growers have recognized this potential niche 
market.  Hundreds of new commercial cider-makers (or “cider-

ies”) around the country are now seeking apple varieties known 
for making top quality ciders. The demand for these varieties 
greatly exceeds their current supply, because only a few of the 
new cideries have productive orchards or expertise in growing 
apples. The un-met demand for special cider apples has led 
growers across the US and Canada to consider these apples as 
an alternative to growing mainstream varieties, because the best-
known cider apples fetch prices as high as $400 per 20-bushel 
bin.  My purpose in writing this article is to summarize what I 
have learned about growing these cider apples over the past 30 
years, and to make this information available to those interested 
in cider and cider apples.

A Note of Caution
	 Modern orchards cost about $25,000 per acre to establish and 
bring them into commercial production.  The initial costs can be 
reduced somewhat by planting free-standing trees at low densities 
(less than 300 trees per acre) on rootstocks such as M.7, MM.106, 
MM.111, or Bud.118; but trees on these semi-dwarf rootstocks 
will take two or three times longer to come into full production, 
compared with high density orchards on full-dwarf rootstocks.  
Also, the cumulative yields per acre will be lower for semi-dwarf 
orchards than for high-density systems like Tall Spindle or Verti-
cal Axis on rootstocks such as Bud.9, M.9, G.11, G.41, or G.935.  
Under our growing conditions in the NY Finger Lakes region, 
most of the specialty cider varieties have established quickly and 
produced high quality and yields of fruit in modern style plantings 
on full-dwarf rootstocks.  Compact fruit trees are also easier to 
prune, spray and harvest.  Fruit quality is consistently better on 
more slender trees where all of the apples benefit from ample 
sunlight, good air circulation, and sufficient spray coverage.  The 
comparative advantages of high-density apple orchards are well 
documented, widely recognized, and similar for cider fruit and 
dessert fruit.  Considering the current shortages and high prices 
of specialty cider fruit, it is important for growers to bring these 
orchards into full production promptly, which can be achieved 
best with high-density plantings. 
 Given the substantial long-term investment required to 
establish an orchard, another important question is whether the 
present demand for specialty cider apples will endure, or is merely 
another food fad that may vanish in a few years.  No one can 
answer that question for sure, but a number of forces are driving 
the renewed interest in cider. It is part of the popular local foods 
movement; it is perceived as a traditional food with an appealing 
tradition; it is relatively low in alcohol and thus safer to consume 
socially; it is gluten-free; and it usually has fewer calories and is 
“lighter” and more “crisp” than beer, which makes it pair well with 
different foods.  In the UK—a country where beer has long been 
the most popular alcoholic beverage—national cider consump-
tion totals 5% of beer consumption.  In the US at present, cider 
consumption is only 1% of beer consumption, suggesting great 
potential for long-term growth.  Many of the major breweries are 
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investing in our nascent cider industry, apparently convinced that 
its future looks bright.

Important Traits of Cider Apples
 There are many factors involved in choosing apples for cider-
making.  The most widely used system for describing cider apples 
was developed at the Long Ashton cider research station in south-
west England, almost a century ago.  All apples can be placed into 
the following four groups, based upon their fruit chemistry:

Bittersweets:   > 0.2% (w/v) tannins and  < 0.45% (w/v) acidity  
    (as malic acid)
Bittersharps:   > 0.2% (w/v) tannins and  > 0.45% total acidity
Sharps:      < 0.2% (w/v) tannins and  > 0.45% total acidity
Sweets:     < 0.2% (w/v) tannins and  < 0.45% total acidity 

Most dessert or processing apples, and many heirloom varieties 
as well, are in the Sharps or Sweets categories above.  Aside from 
certain heirloom apples prized for cider making (which are mostly 
Sharps) there is an adequate supply of Sweets and Sharps to meet 
the demand for cider-makers in most parts of the US.  The critical 
shortage recently has been for Bittersweet and Bittersharp varieties, 
and for certain heirloom apples—such as Golden Russet, Ashmead’s 
Kernal, Roxbury Russet, Newtown/Albemarle Pippin, Harrison 
Crab, and others—that many cideries consider useful for making 
high-quality ciders.

Essential Traits of Cider Apples
	 Sugars (sucrose, glucose and fructose) are the fuel used by 
yeasts to produce ethanol, and for fermentation a range from 12 to 
20% total sugars is desirable for the initial juice, which results in 6 to 
10% potential alcohol by volume in the finished (hard) cider.  Cane 
sugar can also be added to juice when necessary—and varieties such 
as Golden Russet, GoldRush, Jonagold, Baldwin, and traditional 
Bittersweets can yield fresh juice with sugar concentrations up to 
20%—which may be desirable for higher alcohol or sweeter cider 
styles. 
 Acidity involves both solution pH and titratable or total acidity 
in juice, and is an important flavor and stability attribute in apples 
and cider.  If juice pH is above 3.8 at the outset of fermentation, 
the resulting cider is more likely to have problems with spoilage 
microbes both during fermentation and after bottling.  It may also 
taste insipid, especially if the cider contains unfermented or “re-
sidual” sugars when bottled.  Flavor perception of sourness (often 
referred to as “crispness” in ciders and wines) in fruit or cider is 
influenced more by total acidity than by pH, because weakly dis-
sociating acids like malic acid react slowly in the mouth to create 
a lingering tartness.  Sharps that are relatively high in malic acid 
thus contribute to cider quality in several ways, and juice for fer-
mentations should ideally have a pH in the 3.2 to 3.7 range, and 
total acidity of 0.4 to 0.8% (4 to 8 grams/liter of malic acid).  This 
can be achieved by chemical additions of malic acid when neces-
sary, but many cider-makers prefer to include Sharp varieties in 
their fermentation blends, to ensure sufficient natural acidity and 
enhance the varietal complexity of their finished cider.
 Apple tannins (generically called polyphenolics) can range in 
flavor from pleasantly astringent (soft tannins) to harshly bitter 
(hard tannins).  Most wild-type apples, and species other than 
the cultivated Malus domestica, contain substantial amounts of 
tannins, while most dessert apples contain relatively little tannin.  
Bittersweet and Bittersharp cider varieties are quite rare among 
domesticated varieties, and are usually grown exclusively for cider-

making because they taste bitter as fruit. There are about a thousand 
named Bittersweet varieties from France, England and Spain, but 
only a few dozen Bittersharp varieties, and most of the latter types 
available in the US originated in southwest England.  
 While many Sharps and Sweets are available in mainstream 
apple markets, the availability of Bittersweet and Bittersharp variet-
ies or juice is very limited at present in the US.  The need for such 
high-tannin apple varieties in US ciders is debatable, because most 
Americans are new to cider consumption, and have few expecta-
tions about the need for tannins to improve the flavor or texture of 
hard ciders.  However, there are some intrinsic benefits from tan-
nins in cider fermentation and quality.  Tannins improve microbial 
stability, help clarify and color cider, and produce a longer “finish” 
or duration of perceived flavor in the mouth.  They are also potent 
antioxidants that contribute to the nutritional value of cider in our 
diet.  High-tannin apples may not be necessary to make ciders that 
please US consumers, but there are other good reasons to include 
high-tannin varieties in cider blends, especially as American cider 
drinkers become more experienced and knowledgeable about cider 
quality.
 Aromatic traits are also important in cider apples. While most 
people recognize characteristic aromas in dessert apples, the chem-
istry and perception of apple-derived aromas in ciders are complex 
and difficult to quantify. There is little reliable information about 
aromatic traits of apple varieties, but anyone who has milled and 
pressed fresh cider knows that certain apple varieties have charac-
teristic desirable (or not!) aromas that may persist in the finished 
cider.  Cider-makers usually have personal favorites among apples 
for imparting desirable aromas to their ciders. The preferred blends 
of fruit, selection of yeast strains, and control of temperature and 
other fermentation conditions are intended to optimize desirable 
aromas of various fruits and spices in high quality ciders. 

Regional Conditions for US Cider Apple Production
 New England and the Mid-Atlantic States have a long history 
of apple production, and we grow a greater variety of apples than 
other US regions.  Most of the traditional cider varieties originated 
in regions with relatively short, cool and humid growing seasons, 
and will be somewhat easier to grow successfully where those cli-
mate conditions prevail.  In my experience, many of the European 
and American cider varieties are sensitive to heat stress (successive 
days above 90 F), especially when that is combined with intense   
sunlight (Figure1).  Sunscald, extensive water-core, and photo-
oxidative damage can be serious problems for fruit exposed to those 
conditions. We therefore have a comparative climate advantage in 
the northeastern US for growing many of the apple varieties that 
produce high-quality ciders. 

Challenges to Growing Cider Varieties
 From a grower’s perspective, most American heirloom cider 
varieties do not differ fundamentally from common dessert and 
processing varieties. Many of these traditional varieties are hard 
apples with dense, granular flesh texture, and ripen late in the 
harvest season. Historically these traits improved the storage life 
of such varieties, because hard fruit and cold weather during har-
vest were beneficial in the era before refrigerated storage.  Many 
heirloom varieties are russetted, but that is usually an asset rather 
than a problem when they are intended for direct sales to consumers 
who appreciate a “rustic” appearance in antique apples (Figure2).  
The skin of many russet apples also has a distinctive “nutty” flavor 
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that comes through in some cider 
blends.  
 The European Bittersweet 
and Bittersharp varieties defi-
nitely pose unique challenges 
for those used to growing main-
stream varieties.  For example, 
many of these high-tannin apples 
bloom several weeks later than 
most dessert apples.  In bud-stage 
terms, cider varieties such as 
Kingston Black, Dabinett, Bedan 
de Partes, Brown Snout or Binet 
Rouge will often be at the half-
inch green or tight cluster stage 
when nearby McIntosh or Red 
Delicious trees are at petal fall!  
This late-blooming trait is useful 
for frost avoidance, but delayed 
bloom is prone to fire blight be-
cause warmer temperatures pro-
mote infection by that bacterial 
pathogen.  Fortunately, copper 
can be applied during and after 
bloom for fire blight (and scab) 
suppression on cider varieties, 
because blemished fruit finish 
caused by post-bloom copper 
applications should not dimin-
ish the value of fruit intended for 
cider.
 Another consequence of late 
bloom on high-tannin varieties relates to fruit-thinning strategies.  
Many of these varieties have biennial bearing tendencies, and even 
with aggressive thinning it is difficult to keep them cropping evenly 
over the years (Figure3).  This is an area where research is lacking, 
but the range of chemical thinning agents currently available should 
provide some thinning when properly timed.  However, it is es-
sential to group cider varieties by bloom-time when new orchards 
are established.  Interplanting late and early blooming varieties will 
make it very difficult to adequately thin those trees, and biennial 
bearing will become a real problem with most cider varieties.
 Substantial preharvest fruit drop also occurs with many Bit-
tersweet and Bittersharp varieties, especially when they are not 
adequately thinned (Figure 4). Most of these apples are small 
(usually less then 2-inch diameter) and set in tight spur clusters 
along the branches.  Traditional cider orchards in Europe were 
often used to pasture sheep and cattle, so that fruit dropped onto 
a cushion of orchard grass that minimized bruising and dirt con-
tamination. Orchard grass cover also allows for delays in collecting 
dropped fruit, which promotes ripening for late harvest varieties.  
Mechanical harvesters are available and widely used in European 
cider orchards, so premature drop is acceptable there because it 
reduces harvest costs and labor requirements.  However, in many 
US states, regulatory agencies prohibit or discourage the use of 
drops for cider. Our food safety regulations do not account ad-
equately for differences between sweet and hard ciders, ignoring the 
scientific evidence that yeast fermentation eliminates pathogenic 
E. coli strains and mycotoxins such as patulin that may be present 
in dropped or decayed apples.  

 In US orchards, push-
offs and premature fruit drop 
are a significant problem for 
growers.  For various rea-
sons there are few pasture 
orchards in our country, 
and most growers maintain 
a weed-free strip beneath 
trees to promote tree growth, 
nutrient and water avail-
ability, and reduce trunk 
damage by voles and rabbits.  
However, research in my 
program at Cornell and in Eu-
rope has demonstrated that 
apple trees can establish and 
produce well when compos-
ted wood-chip mulch and/or 
non-residual post-emergence 
herbicides are used in a nar-
row strip (3 feet is sufficient) 
within the tree rows of young 
orchards.  Partial weed sup-
pression from May to August 
is adequate for the trees, and 
regrowth of ground-cover 
vegetation during late summer provides a protective cushion for 
dropped apples at harvest time.   In Europe, cider fruit is often 
stored for weeks outdoors, in large piles in orchards or at cideries, 
while the apples “sweat” or ripen fully in preparation for pressing 
and fermentation.  Since much of the dropped fruit is not fully ripe 
with cider varieties, after-ripening helps to maximize juice yields, 
sugar content and varietal aromas.  
 In my experience, leaving dropped fruit on the orchard floor 
for more than a few days results in substantial losses due to wildlife 
(woodchucks, squirrels, rabbits, deer and rodents), insects and 
slugs, mud and mold contamination, and damage to fruit from foot 
or tractor traffic.  A strategy that has minimized these problems 
at our farm is to clean pick the cider varieties prone to preharvest 
drop when 10 to 20% of the fruit have fallen.  We collect the drops in 
separate labeled containers—to avoid cross-contamination during 
sweet and hard cider processing—because dropped fruit can not be 
used for fresh cider in NY, even with ultraviolet treatment or flash 
pasteurization.  All of our high-tannin varieties are then held in a 
temperature-controlled room at 50oF with forced air circulation, 
while they “sweat” or after-ripen.  This may take several weeks to 
several months, 
depending upon 
t h e  v a r i e t i e s . 
Dropp e d f r u i t 
and early-ripen-
ing Bittersweets 
such as Ellis Bit-
ter, Hereford Red-
streak, and White 
Jersey have a short 
storage potential 
and should be 
pressed within a 
few weeks of har-

Figure	4.	 Preharvest	 drop	 of	 unripe	 Michelin	
(foreground)	 and	 Hereford	 Redstreak	
(background)	 fruit	 beneath	 fifth-leaf	
trees	on	M.9	rootstock.		

Figure	3.	 Biennial	 bearing	 can	 be	 a	
serious	 problem	 on	 many	
bittersweet	 cider	 varieties,	
and	more	research	is	needed	
to	develop	effective	thinning	
strategies	 for	 these	 apples.		
The	 pictures	 show	 the	 same	
Binet	 Rouge	 trees	 on	 M.9	
rootstocks,	 in	Oct.	2008	and	
2009.

Figure	 1.	 Heat-stress	 symptoms	
in	 Ellis	 Bitter,	 an	 early	
ripening	 English	 Bitter-
sweet.	 	 Some	 European	
cider	 apples	 are	 sus-
ceptible	 to	 heat	 stress	
when	 temperatures	 ex-
ceed	90	F.

Figure	2.			Golden	 Russet,	 one	
of	 the	 best	 American	
heirloom	 varieties	 for	
hard	ciders.		This	apple	
originated	 in	 central	
New	York	around	1850,	
and	 it	 is	 very	 popular	
with	 our	 Ithaca	 Farm-
ers	Market	customers.
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vest, while the later ripening varieties will hold in good condition 
to after-ripen for one to three months at 50oF.  We use the same 
chilled storage room for cooling the fermentation tanks to enhance 
flavor retention in our ciders.  This strategy minimizes wildlife crop 
damage in the orchard, optimizes after-ripening of our high-tannin 
varieties, enables us to offset cider-pressing activities during the 
harvest rush, and provides more efficient use of our temperature-
controlled storage and fermentation rooms.

Large	vs.	Small-scale	Cideries
 Proximity to major urban concentrations of cider enthusiasts 
in the Northeast and Northwest has nurtured a proliferation of 
cideries—both large and small—in these regions. Commercial 
cideries can be classified into two groups, according to their meth-
ods and scale of cider production.  Small-scale “craft” or “artisan” 
cider-makers, by definition, use fresh juice or apples from local or 
regional orchards as their base for fermentations. Large-scale or 

“industrial” cider-makers generally use apple juice concentrate as 
the raw material for their fermentations, and that juice concentrate 
can be purchased through global channels from many countries 
around the world.  Although there are now more than 400 com-
mercial cideries across the US, only a dozen or so of those cideries 
would qualify as “industrial” in scale.  The typical US cider producer 
is small and markets its ciders regionally.  However, on a volume 
basis the recent boom in US cider consumption has been driven 
primarily by large-scale producers of nationally marketed major 
brands such as the “Angry Orchard” ciders produced by the Bos-
ton Beer Company, which account for more than half of all cider 
consumed in the US!  
 From the grower’s perspective, the market price structure for 
apple juice concentrate used in large-scale cider production will be 
challenging, and require competition with low-cost apple produc-
ers in China, Eastern Europe and elsewhere.  Only the largest and 
most efficient US apple growers will be able to compete successfully 

Table	1.	 	Cider	apple	varieties	for	the	Northeastern	US.

Bittersweets	(in	approximate	order	by	ripening	date	in	upstate	NY)

Ellis Bitter Mid bloom, ripens early Sept, annual & productive, vigorous, short storage potential, should be pressed soon after 
harvest

Breakwell’s Seedling Mid bloom, ripens early Sept, scab tolerant, annual, productive

White Jersey Mid bloom, ripens early Sept, productive but biennial, low vigor, precocious, short storage only, press soon after harvest

Hereford Redstreak Late bloom, ripens mid Sept, productive & annual, low vigor, short storage, press soon after harvest 

Somerset Redstreak Mid bloom, ripens late Sept, productive but biennial, vigorous

Stembridge Jersey Mid bloom, ripens late Sept, biennial, scab tolerant, vigorous

Geneva Tremlett’s Bitter Mid bloom, ripens mid Sept, biennial but productive, low vigor spur-bearing type, Geneva strain not same as English 
Tremletts, but excellent for cider 

Harry Master’s Jersey Mid bloom, ripens late Sept, productive & annual, low vigor tree adapts well to central axe form

Coat Jersey Mid bloom, ripens mid Oct, biennial and scab susceptible, vigorous

Dabinett Late bloom, ripens mid Oct, annual, low vigor, some winter damage in NY

Fillbarrel Early bloom, ripens mid Oct, biennial & not productive, vigorous, blind wood

Brown Snout Late bloom, ripens mid Oct. biennial but productive, moderate vigor

Yarlington Mill Mid bloom, ripens mid Oct, biennial but productive, scab susceptible

Chisel Jersey Late bloom, ripens mid Oct, biennial but productive, susceptible to fire blight 

Binet Rouge Late bloom, ripens late Oct, biennial but very productive in the “on” year

Bedan des Partes Late bloom, ripens late Oct, biennial but productive, susceptible to fire blight

Bittersharps	(suitable	for	single	variety	ciders	if	desired)
Stoke’s Red Late bloom, ripens late Oct, biennial & not productive, low vigor, scab tolerant

Kingston Black Late bloom, ripens late Oct, biennial & not very productive, vigorous

Porters Perfection Late bloom, ripens late Oct, annual & productive, trees heavily spurred but sprawling, fused double fruit, hangs well 
while ripening, scab tolerant, cold hardy

American	&	European	Heirloom	Varieties	(dual	purpose	sharps)	

Bramley’s Seedling Early bloom, ripens mid Sept, annual & productive, scab resistant, triploid, non-browning, trees moderate vigor, fruit 
for cooking or cider

St. Edmund’s Pippin Early bloom, ripens mid Sept, tip-bearing, droopy low vigor tree, an early ripening russet, excellent dessert or cider, 
short storage potential

Egremont Russet Early bloom, ripens late Sept, annual & productive, moderate vigor, scab tolerant, rich flavor good for dessert or cider

Cox Orange Pippin Early bloom, ripens late Sept, annual & productive, prone to heat stress, scab and powdery mildew, popular dessert 
apple, adds rich aromas to ciders

Zabergau Reinette Mid bloom, ripens late Sept, annual & productive, large russet triploid apple, good for dessert or ciders, short storage 
& heavy drop if allowed to tree ripen

Margil (Reinette Musquee) Early bloom, ripens early Oct, annual & productive, small russet fruit with intense flavor, scab tolerant, moderate vigor

Ashmeads Kernal Early bloom, ripens mid Oct, annual & productive, lightly russetted fruit triploid, excellent for dessert or cider, very 
aromatic 

Calville Blanc Early to mid bloom, ripens mid Oct, annual & productive, non-browning flesh excellent for cooking (pastries), excellent 
sharp for ciders, very scab susceptible

Roxbury Russet Early bloom, ripens mid Oct, annual & productive, oldest named American variety, lightly russetted hard apples keep 
well, good for dessert or ciders

Golden Russet Early bloom, ripens late Oct. Annual & productive, tip bearing, vigorous tree, Heavily russetted fruit excellent for des-
sert or cider, high sugar and acidity

Table	1.	Continued	on	p.	9
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Figure	5.			Licensed	commercial	cider	producers	in	the	US,	sorted	by	states	
as	of	Dec.	2014.		Accessed	Jan.	18,	2015	at:	<https://cydermarket.
com/Cider_Producer_Survey_2014.html>

Northern Spy Mid bloom, ripens late Oct, biennial tendency, prone to pre-harvest drop, bitter pit and scab, dense flesh, good storage 
quality, excellent for dessert or ciders

Baldwin Mid bloom, ripens late Oct, biennial but productive, high sugar content, aromatic, good storage quality, excellent for 
dessert or ciders when fully ripe

Geneva Red (Redfield) Early bloom, ripens mid Oct, annual & productive, medium size apple with pink flesh, high acidity with soft tannins, 
mostly used for preserves or ciders

Rhode Island Greening Early bloom, ripens late Oct, annual & productive, large fruit excellent for cooking and as a sharp for cider blends 

Newtown (Albemarle) Pippin Early bloom, ripens late Oct, annual & productive, vigorous tree, fruit store well, excellent for dessert and as an aro-
matic sharp in ciders

Modern	Scab-Resistant	Apple	Varieties	(mostly	dual	purpose	sharps)

Pristine Mid bloom, ripens late Aug, annual & productive if thinned hard, pre-harvest drop, an early dessert apple that can 
provide useful acidity in blends with the early Bittersweets

Sansa Early bloom, ripens early Sept, annual & moderately productive, scab resistant, mid-size fruit hangs well on tree, good 
for dessert, little acidity but adds floral aromas in cider 

Liberty Early bloom, ripens late Sept, good disease resistance, annual & productive, aromatic sharp, short storage potential, 
dessert and cider blends

Crimson Crisp Mid bloom, ripens mid Oct, annual & productive, self-thinning, prone to fire blight, tip bearing with droopy habit, 
dessert and ciders

Sundance Mid bloom, ripens late Oct, similar to GoldRush, annual and productive, fruit hangs and keeps well, good dessert apple 
that adds spice and acidity to cider

Enterprise Mid bloom, ripens late Oct, annual & productive on dwarf rootstocks, large sub-acid fruit hangs well, long storage 
potential, good for dessert and cider blends

GoldRush 
Mid bloom, ripens early Nov, annual & very productive when thinned aggressively, good disease resistance, moder-
ate vigor, natural central axe form, non-browning flesh and juice, very long storage potential, excellent dessert and 
base cider variety

in that market. Industrial-scale ciders can be made with generic 
apple juice concentrate, relying upon additions of exogenous tan-
nins, malic acid, refined sugar, and other flavorants to make ciders 
with the desired flavor profile.  These ciders are usually marketed as 
four-pack or six-pack units in grocery stores, next to microbrews 
or other high-end beers on the shelves, where consumers expect 
prices in the beer range.  Because the raw ingredients in ciders 
are more expensive than those for beers, profit margins may be 
problematic for ciders that are priced like mass-market beers.
 For most apple growers, the craft cider-makers should be a 
more favorable market for fruit sales, because these cider-makers 
are striving to make regionally and stylistically distinctive ciders 
that are priced more like wines and often sold in 750 ml wine-
style bottles.  To achieve their stylistic goals, craft cider makers 
need diverse varieties with specific flavor and blending attributes 

that produce complex ciders with a range of aromas, textures and 
sweetness.  As noted earlier, few craft cideries have established 
their own orchards, so it will be important for them to have sup-
ply arrangements with growers willing to produce specialty cider 
apples.  According to recent surveys (Figure 5), the mid-Atlantic 
and New England states now have 182 cideries and/or wineries 
that make hard cider.  The rapid increase in cider production and 
consumption has led to a critical shortage of the apple varieties 
preferred by craft cider makers who strive to make high-value 
ciders.  

Which Cider Varieties to Grow
 The list of cider and/or multi-purpose (fresh, processing and 
cider use) apple varieties in Table 1 is based on my own experience 
as a grower and cider-maker, as well as visits and conversations 
with many other apple growers and cider makers in the US and 
Europe.  Many well-known European cider apples are absent from 
this list because I have insufficient knowledge about them, and/
or over the years in our orchards they have been unproductive, 
insufficiently cold hardy, too disease prone, or otherwise difficult 
to grow successfully.  This is not a comprehensive list!  There are 
about 1000 specialty cider apples, and others will no doubt have 
different and equally valid opinions on this topic. Table 1 includes 
three groups: 1) European Bittersweets and Bittersharps; 2) heir-
loom apples (mostly Sharps) from the US and Europe that can 
serve triple purposes as dessert, cooking, and cider apples; and 
3) modern scab-resistant apples that can be produced with fewer 
pesticide inputs and have value both for dessert and cider uses.  
Photographs and more information about many of these apples 
are available at our farm website www.incredapple.com. 

Ian Merwin is a retired professor of horticulture in the 
Department of Horticulture at Cornell University who 
specializes in sustainable fruit crop production. He also 
manages a family orchard, farm winery and cidery.

Table	1.	 	Cider	apple	varieties	for	the	Northeastern	US.	(Continued)
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Feeling the Burn! Chemical Injury on Apples Following 
Tank Mixtures of Captan, Single-site Fungicides, and 
Adjuvants
Sara Villani1, Deborah Breth2, and Kerik Cox1
1Plant Pathology and Plant-Microbe Biology Section, School of Integrative Plant Science
NYSAES, Cornell University, Geneva
2Cornell Cooperative Extension, Lake Ontario Fruit Program, Albion, NY

“In 2013, there were region-wide occur-
rences of fruit russetting that resulted in 
significant fresh market losses. Captan 
fungicide toxicity was suspected as a 
cause. In 2014 we conducted two field 
trials to investigate the potential for 
phytotoxicity when captan was applied 
in combination with common spray adju-
vants and/or new SDHI fungicides under 
slow drying conditions during apple 
thinning timings. In general, chemical 
damage to leaves and fruit was greater 
as tank mixtures with captan increased 
in complexity.”

In 2013, there were region-wide occurrences of fruit russetting 
throughout the apple production regions of New York and 
New England that resulted in unprecedented fresh market 

production loss-
es (Rosenberger, 
2014). Biotic fac-
tors such as pow-
dery mildew and 
Aureobasidium 
pullulans  (An-
drews et al., 2002; 
Heidenreich et al., 
1997) and abiotic 
factors including 
spring frost dam-
age, sun scald-
ing, and chemi-
cal damage are 
considered the 
primary causal 
agents of apple 
fruit russeting in 
the northeastern 

United States. Historically, fruit finish damage from such biotic 
factors has most often been associated with apple cultivars prone 
to powdery mildew and those with “leaky” lenticels (e.g. ‘Golden 
Delicious’ and ‘SweeTango’), which act as sugar reservoirs for the 
epiphytic black yeast, A. pullulans. 
 Application of the newly released succinate dehydrogenase 
inhibitor (SDHI) fungicide, Fontelis SC, tank-mixed with captan 
was implicated by many in the region to be the underlying cause 
of chemical injury to apple leaves and fruit. However, some crop 
consultants argued that although Fontelis + captan tank mixtures 
were applied to thousands of acres of apples, chemical damage 
was only observed on a small percentage of apples (Rosenberger, 
2013). Further personal discussions with growers and crop con-
sultants in 2013 revealed that certain brands of Captan 80WDG 
had been applied in the situations where damage occurred. Hence, 
manufacturing impurities or certain inert ingredients specific to 
certain brands of captan may have been a factor in the observed 
chemical damage to apples in 2013.
 The use of captan in tank mixtures with single-site fungicides 

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

to control for apple scab has become a standard fungicide resis-
tance management strategy throughout the northeastern U.S. 
During the apple phenology stages of petal fall and 10-14 mm 
fruit size, tank mixtures of captan, single-site fungicides, insec-
ticides, fruit thinners and nutrients are often utilized to tackle 
the plant-protection and the horticultural demands of the crop 
during this period. Unfortunately, it is during these phenology 
stages that shoot, leaf, and fruit tissues are highly vulnerable to 
damage by agricultural chemicals (Rosenberger, 2014). When 
captan breaches the cuticle of an apple leaf or fruit and interacts 
with the plant tissue, phytotoxicity in the form of leaf burn or 
fruit russet may result (Rosenberger, 2003). While the EPA label 
for Captan 80WDG clearly advises against applying captan in 
combination with spreaders that cause excessive wetting and 
against application during slow-drying periods, financial, weather, 
and labor constraints often present commercial growers with no 
option but to apply complex tank mixes. 
 The extent of russeting on apples in commercial plantings 
during the 2013 growing season was alarming and generated 
much speculation at fall and winter regional meetings as to 
the culprit. Indeed, it has previously been observed that the 
likelihood of phytotoxicity by captan increases when 1) weather 
conditions extend the period of contact by captan on leaf or fruit 
surfaces, 2) weather conditions delay cuticle development on 
leaves and fruit, and 3) the application of captan in combination 
with surfactants, thinners, or nutrients disrupts the waxy cuticle 
(Rosenberger, 2003;	Rosenberger, 2014). To our knowledge, no 
formal study has been conducted to determine the potential for 
fruit and foliar injury using captan in tank mixes with adjuvants, 
thinners, nutrients, and/or any of the forthcoming and newly 
released fungicides. Given the fruit injury observed in 2013, 
we conducted a field trial at the NYS Agricultural Experiment 
Station in Geneva, NY and at a commercial orchard in Gasport, 
NY to investigate the potential for phytotoxicity when captan 
was applied in combination with common spray adjuvants and/
or new SDHI fungicides under slow drying conditions during 
apple thinning timings. Specifically our objectives for the 2014 
phytotoxicity trial were to:
1) Determine the extent of chemical injury to apple fruit caused 
by applications of captan made in combination with newly released 
SDHI fungicides alone and in the presence or absence of penetrat-
ing enhancers (adjuvants) during slow drying conditions at key 



12  NEW YORK STATE HORTICULTURAL SOCIETY

fruit thinning timings.
2) Determine the extent of apple 
foliar and fruit chemical injury 
following applications of Captan 
Gold 80WDG or Red Eagle Cap-
tan 80WDG in combination with 
adjuvants, thinning materials, 
Fontelis SC, and/or urea during 
slow drying conditions at key fruit 
thinning timings.

Methods 
	 Geneva,	 NY	 Trial.	 In 2014, 
a trial was conducted at the New 
York State Agricultural Experi-
ment Station in Geneva, NY to 
evaluate the extent of injury to 
leaves and fruit following the appli-
cation of tank mixtures of captan, 
single-site fungicides, and/or adjuvants (See Table 1 for list of treat-
ments). The orchard site was a planting of 10-yr-old ‘Buckeye Gala’ 
trees on B.9 rootstocks. Treatments were applied dilute to runoff 
using a gas powered backpack sprayer (200 PSI). Treatments were 
applied at petal fall and 10-14 mm fruit size, and attempts were 
made to apply materials during a time in which slow drying condi-
tions would be promoted (i.e. cloudy, cool temperature, humid). 
The petal fall application was made on the morning of 23 May with 
overcast skies and with a temperature of 51°F and a relative humid-
ity of 88%. There was light precipitation (< 0.2 in.) in the five hours 
following the petal fall application and the temperature for the day 
never exceeded 56°F. The 10-14 mm fruit application occurred on 
the morning of 2 Jun with partly cloudy skies and a temperature 
ranging from 68°F at the beginning of the application to 77°F at 
the completion of the application. Relative humidity during the 
applications ranged from 54 to 67%. Calendar-based applications 
of protectant fungicides, insecticides, and herbicides were applied 
to all trees for plot maintenance throughout the duration of this 
trial. 
 The incidence of chemical damage on leaves and developing 
fruit was assessed 
on 12 Jun 2014. The 
incidence of dam-
age to cluster leaves 
was expressed as 
the number of clus-
ter leaves displaying 
symptoms of chemi-
cal damage out of 5 
total cluster leaves. 
Ten such collections 
were taken for each 
of four treatment 
replicates. The in-
cidence of chemi-
cal damage symp-
toms on develop-
ing fruit (3-4 cm) 
was expressed as 
the number of fruit 
with chemical dam-

age out of five randomly collected fruit with 10 such collections 
per treatment replicate. The incidence of chemical damage on 
mature fruit at harvest was assessed on 7 Aug and was evaluated 
in an identical manner as the incidence of chemical damage on 
developing fruit. Chemical damage data were subjected to analysis 
of variance (ANOVA) for a randomized block design using ac-
cepted statistical procedures and software (i.e. Generalized Linear 
Mixed Models (GLIMMIX)) procedure of SAS (version 9.4; SAS 
Institute Inc., Cary, NC). All percentage data were subjected to 
arcsine square root transformation prior to analysis. 
	 Gasport,	NY	Trial.	In 2014, a trial was conducted at a com-
mercial apple orchard in Gasport, NY to evaluate the extent of 
injury to leaves and fruit following the application of tank mixtures 
of Captan Gold 80WDG or RedEagle Captan 80WDG, Fontelis SC, 
adjuvants, chemical thinners, and/or urea (See Table 2 for list of 
treatments). The orchard site was a planting of high-density tall 
spindle ‘Golden Delicious’ trees. Treatments were applied dilute to 
runoff using a gas powered backpack sprayer (200 PSI). Treatments 
were applied at petal fall and 1st cover (10-14 mm fruit size) and 
attempts were made to apply materials during a time in which slow 

Table	1.		 Products	and	application	rates	for	treatments	that	were	applied	to	‘Gala’	at	petal	fall	and	10-14	mm	fruit	
size	at	a	research	orchard	in	Geneva,	NY.

	 	 Cluster	Leaf	 Early	Fruit		 Harvest	Fruit
Trt	#	 Treatment	programs	(amt./A)	 Damage	(%)*	 Damage	(%)	 Damage	(%)

  1 Non-treated 0.0 ± 0.0 d 0.5 ± 0.5 c 2.5 ± 1.5 e
  2 JMS Stylet Oil 256 fl oz. + Captan 80 WDG 5 lbs. 99.0 ± 1.0 a 86.5 ± 4.9 a 72.4 ± 6.5 a
  3 Captan 80 WDG 5 lbs. 3.0 ± 1.7 d 3.5 ± 3.5 c 4.0 ± 1.2 e
  4 Fontelis 20 fl oz. 2.0 ± 1.2 d 0.0 ± 0.0 c 5.5 ± 3.1 e
  5 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs. 41.5 ± 2.1 c 6.0 ± 4.2 c 4.5 ± 0.5 e
  6 Captan 80 WDG 5 lbs. + Regulaid 32 fl oz.** 38.0 ± 15.1 c 11.0 ± 3.1 c 11.5 ± 3.1 de
  7 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs + Regulaid 32 fl oz. 90.0 ± 3.6 a 31.0 ± 3.7 b 30.0 ± 6.3 c
  8 Captan  80 WDG 5 lbs. + LI-700 32 fl oz.** 10.5 ± 5.6 d 39.0 ± 6.6 b 45.5 ± 8.7 b
  9 Fontelis 20 fl oz. + LI-700 32 fl oz. 2.5 ± 2.5 d 2.0 ± 0.8 c 5.5 ± 1.3 e
10 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs + LI-700 32 fl oz. 71.5 ± 7.7 b 44.5 ± 5.4 b 23.5 ± 3.9 cd
11 Merivon 5.5 fl oz. + Captan 80 WDG 2.5 lbs. 5.0 ± 1.7 d 2.0 ± 1.4 c 2.5 ± 1.9 e
12 Inspire Super 12 fl oz.+ Captan 80 WDG 2.5 lbs. 2.0 ± 2.0 d 1.0 ± 0.6 c 3.5 ± 1.5 e
13 Calypso 8 fl oz. + Sevin XLR Plus 16 fl oz. + Captan 80 WDG 2.5 lbs. 2.0 ± 1.2 d 1.5 ± 0.9 c 6.5 ± 1.3 e

    
 * All values are disease incidence and the means and standard errors of at least 10 sets of cluster leaves or fruit samples 

across four replicate trees. Values within columns followed by the same letter are not significantly different (P <0.05) 
according to LSMEANS procedure in SAS 9.3 with an adjustment for Tukey’s HSD to control for family-wise error.

** Amount per 100 L for all Regulaid or LI-700 treatments

Table	2.		 Products	and	application	rates	for	treatments	that	were	applied	to	‘Golden	Delicious’	at	petal	fall	and	10-14	mm	fruit	
size	at	a	commercial	orchard	in	Gasport,	NY.

	 	 Cluster	Leaf	 Early	Fruit		 Harvest	Fruit
Trt	#	 Treatment	programs	(amt./A)	 Damage	(%)*	 Damage	(%)	 Damage	(%)

  1 Non-treated 4.0 ± 2.3 g 2.3 ± 1.5 e 14.0 ± 2.0 g
  2 Fontelis SC 20 fl oz 50.0 ± 9.2 bcd 9.0 ± 5.8 cde 40.0 ± 4.9 bcd
  3 Regulaid 32 fl oz **+ Sevin XLR 48 fl oz + Urea  2.5 lbs 37.3 ± 8.8 def 29.7 ± 13.7 a 31.9 ± 4.8 cde
  4 Captan Gold 80WDG 2.5 lbs 21.3 ± 17.3 fg 4.3 ± 2.2 de 15.4 ± 1.9 fg
  5 RedEagle Captan 80WDG 2.5 lbs 25.3 ± 9.8 fg 9.7 ± 5.3 cde 32.1 ± 2.6 cde
  6 Captan Gold 80WDG 2.5 lbs. + Regulaid 32 fl oz.. 26.0 ± 3.1 ef 4.3 ± 3.8 de 29.9 ± 3.7 cde
  7 RedEagle Captan 80WDG 2.5 lbs + Regulaid 32 fl oz.. 38.7 ± 7.5 def 6.2 ± 4.7 de 44.4 ± 4.9 ab
  8 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz 42.7 ± 21.5 def 15.7 ± 3.3 bcde 48.0 ± 5.2 ab
  9 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz 67.3 ± 8.1 bc 9.2 ± 5.7 cde 28.3 ± 3.0 defg
10 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Regulaid 32 fl oz 92.7 ± 5.3 a 21.5 ± 6.0 abc 29.0 ± 2.4 cdef
11 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Regulaid 32 fl oz 70.7 ±  25.4 b 3.3 ± 1.2 e 18.0 ± 2.8 efg
12 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 95.3 ± 3.7 a 16.8 ± 11.1 abcd 14.3 ± 4.0 g
13 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 98.7 ± 0.7 a 24.2 ± 5.4  ab 51.3 ± 5.5 ab
14 Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 47.3 ± 9.3 cde 29.2 ± 11.7 a 28.8 ± 6.0 cdefg
15 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz  
 + Urea 2.5 lbs + Regulaid 32 fl oz 98.0 ± 1.2 a 26.7 ± 11.4 ab 57.4 ± 4.2 a
       

* All values are disease incidence or disease severity and the means and standard errors of at least 10 sets of cluster leaves or fruit samples 
across three replicate trees. Values within columns followed by the same letter are not significantly different (P <0.05) according to 
LSMEANS procedure in SAS 9.3 with an adjustment for Tukey’s HSD to control for family-wise error.

 **Amount per 100 L for all Regulaid treatments
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drying conditions would be promoted (i.e. 
cloudy, cool temperature, humid). The petal 
fall application was made on the morning of 
27 May with overcast skies and a temperature 
ranging from 71°F at the beginning of the 
application to 75°F at the completion of the 
application. Winds were negligible (< 5 mph) 
and relative humidity was 64%. The 10-14 
mm fruit application occurred on 4 Jun with 
partly cloudy skies and a temperature ranging 
from 64°F at the beginning of the application 
to 67°F at the completion of the application. Relative humidity 
during the applications was 50%. Calendar-based applications of 
protectant fungicides, insecticides, and herbicides w ere applied 
to all trees for plot maintenance throughout the duration of this 
trial. 
 The incidence of chemical damage on leaves and developing 
fruit was assessed on 13 Jun and 7 Jul 2014, respectively. The in-
cidence of damage to cluster leaves was expressed as the number 
of cluster leaves displaying symptoms of chemical damage out of 
5 total cluster leaves. Ten such collections were taken for each 
of three treatment replicates. The incidence of chemical damage 
symptoms on developing fruit (3-4 cm) was expressed as the num-
ber of fruit with chemical damage out of five randomly collected 
fruit with 10 such collections per treatment replicate. The severity 
of chemical damage on mature fruit at harvest was assessed on 30 
Sep 2014. Severity of damage on mature fruit was expressed as the 
percentage of russeting on the surface of the apple. For each of 3 
treatment replications, 50 individual fruit were assessed. All chemi-
cal damage data were subjected to analysis of variance (ANOVA) 
for a randomized block design using accepted statistical procedures 
and software (i.e. Generalized Linear Mixed Models (GLIMMIX)) 
procedure of SAS (version 9.4; SAS Institute Inc.). All percentage 
data were subjected to arcsine square root transformation prior 
to analysis. 

Results and Discussion
	 Geneva,	 NY	 Trial.	 The incidence of chemical damage on 
cluster leaves ranged from 0 to 99% with the untreated program 
(Trt 1) and the Captan 80WDG + JMS Stylet Oil program (Trt 2) 
(Figure 1) representing the endpoints of this range, respectively. 
Less than 10% damage on leaves was found in the majority of treat-
ment programs (Table 1). While application of Captan 80WDG or 
Fontelis in combination with LI-700 (Trt 8 or Trt 9 respectively) 
did not differ significantly compared to the untreated program 
(Trt 1) in terms of incidence of chemical damage on leaves, the 
mixture of all 3 materials (Fontelis, + Captan 80WDG + LI-700; 
Trt 10) did result in a high level of damage 
to leaves (72%). The application of Fontelis 
mixed with Captan 80WDG (Trt 5) also 
resulted in a significantly higher level of dam-
age to leaves compared to other programs in 
which a single site fungicide was applied in 
combination with Captan 80WDG (Trt 11 
and Trt 12). There was no significant differ-
ence, however, in chemical damage to leaves 
between the Fontelis + Captan 80WDG pro-
gram (Trt 5) or when Captan 80WDG was 
applied in combination with Regulaid (Trt 
6). However, chemical damage to leaves was 

Figure	3.		 Chemical	damage	on	‘Gala’	leaves	or	developing	fruit	following	two	applications	of	Captan	
Gold	80WDG	+	Fontelis	SC	+	Regulaid.

Figure	 1.	 Chemical	 damage	 on	 ‘Gala’	 leaves	 and	 developing	 fruit	 following	 two	 applications	 of	
Captan	Gold	80WDG	+	JMS	Stylet	Oil.

much greater when Captan Gold 80WDG was applied in a tank 
mixture with Regulaid compared to when the adjuvant LI-700 was 
applied with captan (Figure 2). 
 The incidence of chemical damage on developing fruit ranged 
from 0.0 to 87% with Fontelis (Trt 4) and Captan 80WDG + JMS 
Stylet Oil program (Trt 2) representing the endpoints of this range, 
respectively. While Captan 80WDG mixed with LI-700 (Trt 8) 
resulted in 39% chemical damage to developing fruit (Figure 2), 
the addition of Fontelis to this tank mixture did not significantly 
enhance the level of damage. Despite causing high levels of damage 
to cluster leaves, chemical damage to developing fruit under the 
Fontelis + Captan 80WDG program (Trt 5) was as low, statisti-
cally, as the untreated program (Trt 1). The addition of Regulaid 
to the Fontelis + Captan 80 WDG program (Trt 7), however, did 
lead to significantly higher levels of damage than when Captan 
80WDG was applied with either material alone (Figure 3). For 
most programs, there was more chemical damage on mature fruit 
at harvest. This was most likely due to the second application made 
on 2 Jun. The incidence of damage on fruit was actually lower for a 
couple of treatments between the two rating timings. These lower 

Figure	2.		 Chemical	damage	on	‘Gala’	leaves	or	developing	fruit	following	
two	 applications	 of	 A)	 Captan	 Gold	 80WDG	 +	 Regulaid	 or	 B)	
Captan	Gold	80WDG	+	LI-700.
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difficulty in replicating exact spray conditions and predicting cus-
tom tank mixtures that growers may choose, it may be advisable 
to spot test potential damaging mixtures and use caution when 
slow-drying application conditions cannot be avoided. 
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percentages in chemical damage to fruit were probably observed 
because of early abscission of severely damaged fruit.
	 Gasport,	 NY	 Trial. The incidence of chemical damage on 
cluster leaves ranged from 4 to 99% with the untreated program 
(Trt 1) and the RedEagle Captan 80WDG + Fontelis SC + Sevin 
XLR program (Trt 13) representing the endpoints of this range, 
respectively. When applied in the absence of a mix partner(s), 
the incidence of chemical damage to leaves caused by either 
captan product was not significantly different than the untreated 
treatment. The application of Captan Gold 80WDG or RedEagle 
Captan 80WDG in combination with Regulaid (Trt 6 or Trt 7, 
respectively) did not cause significantly greater chemical damage 
to leaves compared to captan applied alone. However, the addition 
of Fontelis SC to each of the aforementioned tank mixtures did 
result in a high level of damage to leaves (93% and 71% damage 
incidence, respectively). These results were consistent with the 
damage to ‘Gala’ cluster leaves observed in the Geneva trial for 
the Captan Gold 80WDG + Fontelis SC + Regulaid application. 
 The severity of chemical damage on mature fruit at harvest 
ranged from 14 to 57% with the untreated program (Trt 1) and 
RedEagle Captan 80WDG + Fontelis SC + Sevin XLR + urea + 
Regulaid program (Trt 15) representing the endpoints of the 
range, respectively. With the exception of the captan + Fontelis SC 
programs (Trt 8 and Trt 9), programs containing RedEagle Captan 
80WDG consistently had significantly greater chemical damage 
severity on mature fruit when compared directly to an identical 
program containing Captan Gold 80WDG (i.e. Trt 4 vs Trt 5, Trt 
6 vs Trt 7, Trt 12 vs 13). One explanation for the elevated damage 
observed when RedEagle Captan 80WDG was applied in tank 
mixture was the failure for the fungicide to dissolve completely. In 
comparison to Captan Gold 80WDG, RedEagle Captan was dif-
ficult to get in solution and consistently formed gelatinous clumps 
in water. If growers had similar difficulties, concentrated deposits 
of captan on fruit or leaf surfaces could have led to an increased 
likelihood of the product entering plant tissue. This could espe-
cially be the case in the presence of an adjuvant like Regulaid that 
promotes increased uptake and longer drying times. 

Conclusions
 In general, chemical damage to leaves and fruit was greater 
as tank mixtures with captan increased in complexity. While 
this study identified a number of combinations of agricultural 
chemicals that could enhance the likelihood of poor fruit finish, 
many questions still remain unanswered about the effect of other 
products (i.e. surfactants, captan formulations, other fungicides 
and insecticides). Furthermore, experiments were designed in a 
way such that maximum chemical damage could be observed on 
trees and allow us to see differences between treatments. For ex-
ample, while we applied the maximum rate of Regulaid or LI-700 
(32 fl oz/100L), growers often apply half of this amount or less. 
Since applications of captan under alkaline conditions may cause 
phytotoxicity, and because many of the agricultural products used 
in this study can affect water pH, it would have also been interesting 
to test the pH of our tank mixtures just prior to application. Based 
on our results we would advise growers to consider the brand of 
Captan when treating russet-prone cultivars during conditions 
that are favorable for phytotoxicity, even when not mixed with 
other products. Using the protectant fungicide mancozeb, instead 
of captan during periods when plant tissue is especially vulnerable 
to chemical damage is encouraged. Unfortunately, because of the 



NEW YORK FRUIT QUARTERLY .  VOLUME 23  .  NUMBER 1  .  SPRING 2015 15

Predicting Apple Fruit Set Model
Philip Schwallier, Amy Irish-Brown
Michigan State University Extension
Clarksville, Michigan

“A fruit set model developed by Duane 
Greene allows assessments of fruit 
set within 7 days of application of a 
thinner which allows for re-application 
if more thinning is needed.  To use the 
model growers will need to measure the 
diameter of all fruits in 75 clusters at 2 
dates to determine how fast each fruitlet 
is growing. The slow growing fruitlets 
are assumed to abscising while the fast 
growing fruitlets are assumed to persist.  
This allows accurate estimates of 

 fruit set.”

Chemical thinning is a critical annual apple orchard prac-
tice, yet it is the most stressful and difficult practice to 
implement.  Over time, new approaches to cropload 

management have 
been developed.  
Th e  m o s t  r e -
cent  approach 
involves the use 
of a spreadsheet 
tool called Pre-
dicting Fruit set 
which uses a fruit 
growth rate mod-
el.  This model al-
lows growers to 
evaluate fruitset 
at various times 
during the thin-
ning window and 
assess the effec-
tiveness of their 
chemical thinning 

applications.  This model is based on the assumption that setting 
fruitlets grow faster than abscising fruitlets (Table 1).
 A difference in growth rate between abscising fruitlets and 
persisting fruitlets is measurable many days before they drop.  
A typical growth pattern is depicted in Figure 1.  The growth 
rate of abscising fruit slows three to four days after applications 
of thinning chemicals and then stop growth within four to six 
days after application.  This slowing of growth is temperature 
dependent. Warmer temperatures will hasten the stopping of 
growth and cold temperatures will delay the stopping of growth. 
Abscising, slow growing fruitlets stop growing all together at day 
seven.  The abscising fruitlets appear normal until a few days later 
(day 9 or 10) when they start turning an off color (dark green or 
yellow).  This is the first visible evidence that fruitlets are going 
to abscise.  Dropping fruitlets will have sepals that fold outward 
and setting fruitlets will have sepals that fold closed inward over 

This research project was partially supported by the Michigan Apple Committee

the calyx.  Seeds will sometimes turn an off color, but all these 
visible symptoms are inconsistent and can be misleading.

Predicting Fruitset Model
 The concept of measuring fruit growth rate to determine 
which fruits were going to abscise was incorporated into a math-
ematical model developed by Dr. Duane Greene, of UMASS.  The 
model was built into a downloadable Excel spreadsheet by Philip 
Schwallier, MSU. The model can be downloaded from the internet 
at 2 websites (Table 2).  The growth rate difference between setting 
fruitlets (fast growing) and dropping fruitlets (slow growing) is 
all that is needed to predict fruit set.  Fruitlets that are abscising 
either on their own or due to the chemical thinning stress are the 
ones growing at less than half the diameter of the fastest growing 
fruitlets (Table 1). 
 The Predicting Fruitset Model is quite accurate and provides 
a decision point for thinning before you can visually determine 
fruit set. Growers that have used this method find it very helpful 
in their thinning process. Two measurements of fruit diameter 
separated by 3-5 days suffices to predict set.  The first measure-
ment of fruitlet diameter should be performed three days after the 
time of a thinning application or no earlier than the 6 mm stage. 
The second diameter measurement should be performed three 
to four days later as indicated in Figure 1.  This will maximize the 

Figure	1.		Typical	growth	pattern	of	persisting	and	abscising	fruitlets.

Table	1.		Fruit	set	prediction	hypothesis.

Fruitlet	Fate	 Prediction

Persist	 A fruit is predicted to persist if the growth rate over the   
 measurement period was at least 50% or greater of the 
 fastest growing fruit.

Abscise	 A fruit is predicted to abscise if the growth rate of the fruit
	 slowed to 50% or less of the growth rate of the fastest   
 growing fruit.

Table	2.		Predicting	Fruit	set	Model	Download	sites.

				This	model	can	be	downloaded	at: 

1 Apples.msu.edu
2 http://www.glexpo.com/summaries/2013summaries
3 http://extension.umass.edu/fruitadvisor/resources/clements-corner
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difference in growth rates.  The slow or non-growing fruitlets will 
then be classified as abscising fruitlets.  The model calculates the 
growth rates and predicts set.  The percent fruit set can then be 
converted to an estimated number of fruits per tree if the grower 
has an estimate of the original number of flower clusters on the 
tree at full bloom.
 To implement the model we suggest that 15 representative 
flower clusters on each of 5 trees (75 total clusters) should be 
marked (Figure 2) and the diameter measured every three to 
four days.  An outline of the basic steps for this model is listed 
in Table 3.  The steps include 1) evaluate bloom, 2) select repre-
sentative clusters, 3) mark and measure fruitlets and 4) evaluate 
predictions.  When measuring fruitlets, measure the diameter on 
the dots or numbers on the fruit.  Most fruit are asymmetrical 
and doing this removes quite a bit of variability.  The directions 
for the details of the model are listed in the model spreadsheet 

and in Table 4.  After measuring fruitlet diameter, 
a grower would enter the data into a spreadsheet 
template before running the embedded model.

Predicting Percent Fruitset Summary Sheet
 After running the embedded model the results 
are displayed in a summary sheet.  The summary 
sheet includes all the data from the other sheets. 
The target number of fruit and the target percent 
fruit set are grower defined on the Setup Sheet.  
The program macros sorts out the 20 fastest grow-
ing fruitlets and calculates their diameter growth 
rate and then what is the 50% value of the average 
growth rate of the fastest 20 fruitlets.  All other 
fruitlets are compared to the 50% average of the 20 
fastest fruitlet diameter growth rate. The number of 
the fruitlets growing faster than the 50% value are 
classified as fruits that will persist while the fruitlets 
growing slower than the 50% value and classified as 
abscising fruitlets.  These numbers and percent’s are 
listed on the Summary Sheet along with two charted 
plots. If after the prediction is calculated, there is 
a significant difference between the predicted set 
and the target set, an additional chemical thinning 
application is necessary.  If there is only a small dif-
ference between the prediction and the target set, 
chemical thinning is complete.  For example, if the 
“Target” and the “Predicted” percent fruitset are 
close (say 5 to 8%), then chemical thinning is over.

Determining the Target Crop Load
 To use the fruit set model a grower must define 
a target crop load. There are 2 methods for determin-
ing the target fruit number per tree:
	 Method	1.		Determining	the	Target	Number	
of	Fruit/Tree	by	Tree	TCSA. We have prepared a 
table as a guide to help determine the target fruit 
densities based on TCSA (trunk cross-sectional 
area) (Table 5).  Use this table to determine the target 
crop load/tree.  For example; a 1.5” diameter mature 
Gala tree should have about 91 to 114 apples/tree.  
Target about 91 apples/tree for trays and/or 114 for 
bags for Gala’s. 
	 Method	2.	 	Estimating	the	Target	Number	

Figure	2.		Marked	Flower	Cluster.

Table	3.		Predicting	Fruitset	Model	Directions.

Predicting	Fruitset	Model	Directions	
Developed by Dr. Duane Greene, UMASS and this spreadsheet designed by Philip Schwallier, 
MSU. 

This	model	can	be	downloaded	at: 
1 Apples.msu.edu
2 http://www.glexpo.com/summaries/2013summaries
3 http://extension.umass.edu/fruitadvisor/resources/clements-corner
  This model will help predict fruitset early before the thinning window closes allowing  
  another chance to chemically thin.
 You must have you Macros turned on.

Select and Number Clusters and Fruitlets	
  Shortly after bloom (6 mm) select and mark at lease 40 (200 fruitlets)  representative  
  flower clusters in a block you want to predict fruitset.
  Number the fruits in each cluster with a number or dots (1 dot =1, 2 dots=2, etc.) 
  with a sharpie marker.
  Start with the King fruitlet and number the fruit clockwise starting at  the north fruitlet.

Setup Sheet  (yellow areas) 
  Enter your farm name.
  Enter the block name.
  Enter the dates of your measurements in sample.
  Enter the number of clusters you are measuring.
  Enter what you determine to be the target number of fruit for the measured canopy area.
  All of these entries will be automatically copied to the other appropriate cells.

Input	Sheet 	
Enter Fruitlet Diameters  
  The Input Sheet will accept direct input of diameters or they can be pasted in from  
  another spreadsheet. 
  The Tree, Cluster and Fruitlet number is not important, but only as a reference # for your  
  marking system. 
  The Cluster and Fruitlet number is copied to the staging sheet and not used anywhere  
  else. 

Summary Sheet  
  Move to the summary sheet after entering your diameters.
  Click on the button:  Calculate Fruitlet Set
  This will start the macros:
  1.  The macro will copy the diameters from the staging sheet to the Diameter and Count  
  sheets
  2.  The macro will sort the diameters in descending order (Diameter Sheet).
  3.  The macro will sort the diameter growth in descending order (Count Sheet).
  4.  The macro will move back to the Summary Sheet.

Summary Sheet  
  You can print the Summary Sheet by clicking button:  Print This Page.

Errors  
  The program will not run correctly if a “ “ (space) is entered into the input page.

Staging, Diameter, Count Sheet 
  These sheets are used by the program to copy, check, calculate and sort data, do not  
  change these sheets.
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Figure	3.		Predicting	Percent	Fruit	set	Summary	Sheet	Example.

Data	Needed Example

Evaluate	Bloom	

Estimate	flower	cluster	numbers	per	
tree;	(count	if	small	trees).	 Do	at	Pink	to	Full	Bloom.

1. Flower clusters/tree 
(or per tree canopy measured).  

400 clusters/tree (typical Tall 
Spindle tree).

2.
Use Method 1 or 2.
Tree trunk cross-sectional area; 
(see Table 6 or 7).  

2” diameter trunk = (202 cm)

3.
Use Method 1 or 2.
Determine target crop load, (see 
Table 6 or 7).  

100 to 200 fruits/2” diameter 
trunk
(100 for trays, 200 for bags).

Select	representative	flower	clusters.

1. Mark 75 flower clusters/block 
minimum. 

Mark 15 clusters on 5 trees, num-
ber from 1 to 75.

Mark	and	Measure	Fruitlets	(Figure	2).

1.
Take the first measurement 3 to 
4 days after a thinning treatment 
or not before the 6 mm stage.

Number fruitlets within cluster, 
King=1, Laterals=2 to 5.

2. Enter measurement data into 
the model.

3. Make second measurement in 4 
to 5 days and enter data.

Evaluate	Predictions

1.
The model predicts percent fruit 
set.  If the prediction is close to 
your target, you are done.  

If the target set = 10% and the 
Model predict 8 to 15% set, do no 
more chemical thinning.

2. If still too many fruit, thin again.
If the target set = 10% and the 
Model predict >20% set, another 
chemical thinning is needed.

Table	4.			Predicting	Fruit	set	Model	Steps	Outline.

Limb	or	Trunk	
Diameter

CSA	
(Cross-
sec-
tional	
Area)

Target	fruit	density/cross-sectional	area	(sq.	cm)

4 5 6 8 10 12 15

mm inches sq.	cm Fruit/tree	or	Limb	for	above	target	density

8 0.31 0.5 2 2 3     4     5 6 7

10 0.39 0.7 3 3 4     6     7 9 11

12 0.5 1.2 5 6 7   10   12 15 19

19 0.75 2.8 11 14 17   22  28 34 42

25 1 5 20 25 30   40   50 60 76

31 1.25 7 31 39 47   63   79 95 118

38 1.5 11 45 57 68   91 114 136 171

44 1.75 15 62 77 93 124 155 186 232

50 2 20 81 101 121 162 202 243 304

63 2.5 31 126 158 190 253 316 380 475

76 3 45 182 228 273 364 456 547 684

101 4 81 324 405 486 648 810 972 1216

Target	Fruit	Density	Guide-
line Mature	Trees Comment Young	trees

Honeycrisp      7 to 8 Biennial and large 
fruited.      5 to 6

Gala      8 to 10 Small fruited.      6 to 8

Jonagold      8 to 11 Biennial and large 
fruited.      6 to 7

Most Varieties      8 to 9 Standard varieties.      6 to 7
For large fruit size, target the lower of density range, i.e. for tray Gala’s, target 8 fruit/CSA.
For bag fruit size, target the higher of density range, i.e. for bag Gala’s, target 10 fruit/
CSA.

of	Fruit/Tree	by	Tree	Planting	System.	Dr. Terence Robinson 
of Cornell University provided the following steps listed at the 
top of Table 6. This table is an alternate method of calculating 
Target Fruit/Tree and Target % Fruit set for high-density apples 
(Tall Spindle and higher densities).  The highlighted cells at the 
top of the table match directly with the same example informa-
tion in the bottom tables.  For example, a desired 1500 bu./acre 
yield of a 3x12 Tall Spindle = a calculated Target Fruit/Tree of 
119 fruits.  At 200 flower clusters/tree then target number of 
fruit = 119 fruits/tree or 11.9%.  The Target % Fruit set of 11.9 is 
highlighted in Table 5 at the top and bottom.

Example of Calculating Fruit Set:
 On May 1, 505 fruitlets were measured. The target fruit 
number for this block’s was determined to be 35 fruit or 7% of 
the 505 fruitlets.  On May 4, three days later, only 483 fruitlets 
were measured and the model calculated the 20 fastest growing 
fruitlets grew 3.54 mm in those three days.  Fruitlets growing 
faster than 1.77 mm (50% of 3.54) were 64 (12.7%) of the original 
505 fruitlets.  On May 4 the model predicted 483 fruitlets were 
not setting.  It predicted 12.7% fruitset.  This 12.7% is close to the 
target (7%); therefore no more chemical thinning is warranted.  
On May 7, six days after the first measurement, the predicted 
percent set was 9.9%, a more accurate prediction.

Predicted % of fruit 
set of the original 
measured fruitlets 

(blue bar).

Target number 
of fruit 

(green bar).

Predicted % of 
fruit setting
 (blue bar).

Predicted % of 
fruit set of the 

original measured 
fruitlets.

Number of fruit 
originally marked 

and measured.

Predicted number 
of fast growing 

fruit.

Target number of 
fruit and target 

precent

Table	5.		 	Trunk	or	Limb	Diameter	and	Target	Number	of	Fruit/CSA	of	limb	
or	trunk.
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Conclusions
 The fruit set model starts you planning your thin-
ning program early.  It encourages a more precise 
approach to crop load management.  It also gives you 
confidence to strategize, evaluate and achieve a success-
ful thinning plan.  The model will encourage appropriate 
actions based on the predictions.  The predictions may 
require additional thinning applications to reduce crop 
load. 

Phil Schwallier is a district horticulture extension 
educator in the Grand Rapids region of Michigan 
and superintendent of the Clarksville Research 
Station of Michigan State University who specializes 
in orchard management. Amy Irish-Brown is a 
district horticulture extension educator in the 
Grand Rapids region who specializes in Integrated 
Pest Management.

Table	6.			 Calculated	Target	Fruit/Tree	and	Target	Fruit	%	Set	for	100	Count	Galas.

# Steps Example	(Gala)
1 Determine Desired yield/acre 1500 bu.
2 Desired fruit size (100 count) 100 count
3 Target Fruits/acre 150,000 1500 x 100

4 Trees/acre (3 x 12) 1260

5 Target Fruits/Tree 119 150,000 / 
1260

6 Flower Clusters/Tree 200
7 Potential Fruits/Tree (Clusters x 5) 1000 200 x 5
8 Target % Fruitset (Target / Potential) 11.9 % 1000 / 119

Target	Fruits/Tree	(100	count)

Tree	Spacing	 2.2	x	10 3	x	10 3	x	12 4	x	12

Trees	/Acre 2016 1512 1260 945
Desired	Yield	
(bu/acre)

Target	Fruits	
/Acre Fruits/Tree	(100	count)

1600 160,000 79 105 126 169
1500 150,000 74 99 119 158
1400 140,000 69 92 111 148
1300 130,000 64 85 103 137
1200 120,000 59 79   95 126
1100 110,000 54 72   87 116
1000 100,000 49 66   79 105

Target	%	Fruitset	at	Various	Flowers	Clusters/Tree.

Flower Clusters/Tree 100   200   300   400   500
Potential Fruit/Tree 500 1000 1500 2000 2500
Target	Fruit	/Tree Target	%	Fruitset
126 25.2 12.6 8.4 6.3 5.0
119 23.8 11.9 7.9 6.0 4.8
111 22.2 11.1 7.4 5.6 4.4
103 20.6 10.3 6.9 5.2 4.1
  95 19.0 9.5 6.3 4.8 3.8
  87 17.4 8.7 5.8 4.4 3.5
  79 15.8 7.9 5.3 4.0 3.2
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Cornell-Geneva Apple Rootstocks for Weak Growing 
Scion Cultivars
Terence Robinson1, Gennaro Fazio2, Brent Black3 and Rafael Parra4
1Department of Horticulture, NY State Ag. Experiment Station, Cornell University
2USDA-ARS, Plant Genetics Resources Unit, Geneva, NY
3Utah State University, Logan, UT
4University of Chihuahua, Cuauhtémoc, Chih. Mexico

“Weak growing varieties like Honeycrisp 
and NY1 often do not fill the allotted 
space in the first 2-3 years resulting in 
only moderate yields.  New Geneva® 
rootstocks we are testing show promise 
for these weak growing scion cultivars to 
improve early tree growth and early and 
mature tree yield.”

Weak growing varieties like Honeycrisp and NY1 often 
do not fill the allotted space in the first 2-3 years result-
ing in only moderate yields.  This has huge economic 

consequences in 
paying off the ini-
tial investment 
of a high density 
orchard and in 
lost profits .  A 
number of new 
apple rootstocks 
from the Cornell/
USDA apple root-
stock breeding 
project, located 
at  Geneva NY 

which are resistant to the bacterial disease fire blight (Erwinia 
amylovora) are rapidly becoming available. These rootstocks are 
also dwarfing, resistant to apple replant disease and productive 
(Fazio, et al., 2014; Kviklys, et al., 2014; Robinson, et al., 2014a and 
b). In this project, we are testing the field performance, disease 
resistance and nursery performance of elite Geneva® rootstocks 
for use with weak growing scion cultivars.

Materials and Methods
 We have established a series of replicated field plots at the 
Geneva experiment station and on grower’s farms across NY 
State. The plots have from 5-15 CG stocks with appropriate 
Malling controls. Several plots also include new rootstocks from 
around the world. With each of these trials we collect annual tree 
growth, yield, fruit size, tree survival and root sucker data.  In this 
article we report results on 2 of the field trials and on new work 
on graft union strength as well as progress on commercialization.

Results and Discussion
 2010	Honeycrisp	Apple	Rootstock	Trial.  This objective of 
this experiment is to identify improved rootstocks for use with 
Honeycrisp, which is a weak growing cultivar. In many com-
mercial orchards, which have been planted using B.9 or M.9, the 
trees have failed to adequately fill the space after 3 years resulting 
in reduced moderate levels of yield, which often carry over for 
several years.  The results form our experiment after 5 years show 
that the most dwarfing stock in this trial was B.71722, which was 

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

too dwarfing for commercial use (Table 1). CG.2034 and B.9 were 
very dwarfed and probably also too dwarfing for commercial 
use with Honeycrisp.  G.11, CG.4003, G.41TC and G.41N were 
slightly larger while Sup.3, M.9Pajam2, G.935TC, M.9T337, B.10, 
G41N and M.26 were all slightly larger than the G.11 group and 
similar in size.  All of these stocks had sufficient vigor to fill the 
space of a 2.5 foot inrow spacing. A slightly larger group included 
only CG.4214, G.935N, CG.4013, CG.5202, CG.4004, CG.4814 
CG.5087, G.202N, and G.202TC. These stocks had the proper 
vigor for an inrow spacing of 3 feet. The most vigorous stocks 
in this trial included B.67-532, CG.3001, B.73-150, PiAu51-11, 
B.64-194, B.70-68, B.72-021, and PiAu990 and were judged as not 
suitable rootstocks for high density Honeycrisp orchards. One 
stock (B.72-020) was significantly more vigorous than all other 
stocks.
 The most yield efficient stocks were B.9 (which was exces-
sively dwarfed) and CG.4003 followed by B.10, M.9T337, B.71722, 
(which was extremely dwarfed), G.11, G.4814, Sup.3  G.41N, 
G.935N, G935TC, G4214, G202TC, CG.5202, G.41TC, and 
CG5087 (Table 1). All other stocks had low yield efficiency.
 Among the comparisons of rootstocks, which had a tissue 
culture origin verses rootstocks with a traditional stool bed ori-
gin, G.41TC and G.41N were similar in size and had similar yield 
efficiency (Table 1). G.935TC was smaller than G.935N and also 
had similar yield efficiency. G.202TC was slightly smaller than 
G.202N but had similar yield efficiency. Thus it appears the use 
of tissue culture did not largely affect tree size or yield efficiency.
 Fruit size was large with almost all stocks. Those which had 
smaller fruit size were CG.4003, B.71-722 and CG.202TC (Table 1).
 Tree survival was poorest (significantly less than 100%) with 
B.71-722 and G.41TC.
 The effect of rootstock genotype on biennial bearing was 
evaluated by calculating the biennial bearing index for each stock 
for the first two cropping years (years three through four) and 
the next two cropping years (years four through five) (Table 2). 
This index has a scale from 0 to 1.  A low index value (i.e. below 
0.5) indicates less biennial bearing while and high index value 
(i.e. higher than 0.5) indicates more biennial bearing. Some root-
stocks, which had a low biennial bearing index in the first two 
years, had a high index in the next two years. A few rootstocks 
had a low biennial bearing index for both cycles, which included 
B.10, G.202N, CG.4003, CG.4814, G.935TC.
 To select the best rootstocks to use with Honeycrisp we 
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Table	1.			 Cumulative	performance	of	‘Honeycrisp’	apple	trees	on	31	rootstocks	at	
Geneva,	NY	over	the	first	five	years.

 

	 TCA		 Tree	 Cum.	 Cum.	 Cum.	 Av.	 Av.	 Cum.
	 2014		 Survival	 Fruit	 Yield	 Yield	 Fruit	 Crop	 Root	
Stock	 (cm2)		 %	 No.	 (kg/tree)		 Eff.		 Size	(g)	 Load	 Suckers

 

Bud71722 2.5 67 42.5 8.0 3.18 192.4 7.1 2.8
CG2034 6.0 80 68.0 17.1 2.85 278.6 4.9 2.8
Bud9 6.3 100 110.3 24.3 3.94 237.3 7.6 3.3
CG4003 9.1 100 181.0 35.0 3.87 198.9 8.3 0.4
G11 10.2 100 134.1 32.3 3.13 258.6 6.2 2.4
G41TC 10.2 67 111.0 26.9 2.62 249.0 4.3 1.5
M9T337 11.8 100 144.1 36.3 3.27 256.7 5.7 6.8
M9Pajam2 12.0 100 131.3 30.2 2.44 244.9 4.7 22.3
Bud10 12.2 89 183.8 42.9 3.63 247.2 6.6 2.1
G41N 12.2 91 137.2 33.7 2.83 263.3 5.6 1.5
M26 12.2 88 122.0 28.8 2.39 252.9 4.6 5.8
Sup3 12.2 83 151.0 35.6 2.94 249.2 5.9 3.7
G935TC 12.4 100 138.0 33.9 2.81 262.9 5.0 6.0
CG4214 14.0 100 154.6 38.4 2.78 262.9 5.0 11.0
G935N 14.6 80 165.3 36.5 2.49 243.5 4.9 2.6
CG5202 14.7 86 167.3 39.0 2.71 241.4 4.9 17.7
CG4814 15.4 88 197.4 47.9 3.13 256.8 5.3 5.7
CG5087 16.0 100 195.7 42.2 2.63 242.7 5.5 10.7
G202TC 16.2 100 174.6 38.8 2.78 234.9 5.5 5.6
CG4004 17.6 80 165.3 37.5 2.21 250.7 4.7 10.3
CG4013 17.8 100 104.8 23.0 1.42 268.6 3.4 9.8
G202N 18.1 80 159.0 37.5 2.62 253.8 5.2 7.5
Bud67532 18.4 100 118.5 27.4 1.53 246.6 3.6 1.1
CG3001 18.4 100 175.3 45.7 2.47 274.4 4.2 2.7
Piau5111 18.6 100 150.6 37.2 2.02 263.6 3.6 1.8
Bud73150 21.7 100 149.0 39.3 1.84 274.2 3.6 1.5
Bud72021 22.4 100 148.3 37.1 1.69 266.6 3.4 1.4
Bud64194 22.8 100 141.4 36.3 1.62 263.6 3.3 0.3
Bud7068 23.0 100 151.5 38.9 1.73 266.9 3.6 0.8
Piau990 23.4 100 120.6 26.0 1.17 232.2 2.6 2.4
Bud72020 35.9 100 81.1 21.3 0.60 277.5 1.1 10.0

LSD	P≤0.05	 4.3	 29	 45.6	 10.8	 0.90	 30.6	 1.8	 7.7
 

(Rootstocks ranked by Trunk Cross-sectional Area.)

calculated the cumulative yield per hectare 
for each of the rootstocks assuming a spacing 
of 3X12 ft. (1210 trees/acre).  The rootstock 
with the highest cumulative yield was G.4814, 
followed by CG.3001, B.10, CG.5087, G.202, 
G.5202, G.214 and CG4004 (Figure 1). These 
data show that with Honeycrisp the medium 
vigor rootstocks had higher cumulative yield 
than the fully dwarfing rootstocks like B.9, M.9, 
G.11 and G.41.  These fully dwarfing rootstocks 
need to be planted a less than 3 ft. inrow spac-
ing to optimize their production.  Data from 
this experiment is preliminary and conclusions 
would be better after 10 years of production. 
Nevertheless it is useful to compare the per-
formance of a rootstock like B.9 (which is a 
good rootstock but does not have enough vigor 
with Honeycrisp) to G.814 which was able to 
fill the space of a 3X12 spacing in the first 3 
years.  G.814 produced a cumulative152 t/
ha over the first 5 years while B.9 produced a 
cumulative 77 t/ha.  This is a difference of 75 t/
ha.  If you assign a price of $0.85/lb for the fruit 
this would equate to an extra $56,850/acre if a 
grower planted G.814 versus B.9.  This result 

Table	2.		 Biennial	bearing	of	‘Honeycrisp’	apple	trees	on	
31	 rootstock	 at	 Geneva,	 NY	 over	 the	 first	 five	
years.	

Stock	Biennial	Bearing	Index	(2012-2013)	Biennial	Bear-
ing	Index	(2013-3014)	Mean	Biennial	Bearing	Index

Bud10 0.25 0.43 0.34
G202N 0.30 0.43 0.36
CG4003 0.38 0.41 0.40
CG4814 0.39 0.48 0.43
G935TC 0.37 0.50 0.44
Piau5111 0.45 0.42 0.44
CG5202 0.37 0.51 0.44
G202TC 0.39 0.49 0.44
Bud7068 0.30 0.60 0.45
G41TC 0.57 0.35 0.46
Bud73150 0.34 0.59 0.46
Sup3 0.33 0.62 0.47
Bud64194 0.41 0.55 0.48
M9T337 0.38 0.58 0.48
Bud9 0.34 0.64 0.49
CG2034 0.41 0.57 0.49
CG4214 0.49 0.53 0.51
CG3001 0.46 0.57 0.51
Bud72021 0.40 0.64 0.52
Bud71722 0.42 0.64 0.53
G11 0.48 0.61 0.55
G41N 0.36 0.74 0.55
M9Pajam2 0.52 0.71 0.62
Bud67532 0.47 0.78 0.63
Bud72020 0.69 0.62 0.66
M26 0.66 0.66 0.66
Piau990 0.60 0.81 0.71
CG5087 0.67 0.74 0.71
G935N 0.70 0.80 0.75
CG4004 0.64 0.87 0.75
CG4013 0.61 0.93 0.77

LSD	P≤0.05	 0.32	 0.37	 0.30

(Rootstocks ranked by mean Biennial Bearing Index 2012-
2014.)

Table	3.		 Geneva	2013	rootstock	trial	with	NY1	cultivar	(2014	data)

	 	 	 	 	 	 	 Crop	Load	 Yield
	 TCA		 	 Tree	 Fruit	 Yield	 Fruit	 2014		 Efficiency
	 2014		 Suckers	 Survival	 Number	 2014	 Size	 (fruitno./	 2014	(kg/	
Stock	 (cm2)		 2014	 %	 2014	 (kg)		 2014	(g)	 cm2	TCA)	 cm2	TCA)

CG.3902 1.9 0.1 100 1.6 0.4 250.4 0.5 0.13
CG.4013 2.7 0.0 91 2.4 0.5 210.5 0.6 0.13
CG.5030 3.0 0.0 90 1.3 0.3 242.2 0.4 0.09
G.935 3.2 0.0 100 1 0.2 230.4 0.3 0.07
M.26 3.4 0.1 100 2.8 0.6 205.8 0.8 0.16
M.9T337 3.8 0.2 100 4.9 1.1 219.1 1.3 0.27
CG.4003 3.9 0.2 100 7.4 1.5 209.9 1.8 0.38
G.814 4.4 0.7 90 3.4 0.8 220.7 0.8 0.17
CG.6874 4.6 0.4 100 6.3 1.4 220.7 1.3 0.29
G.214 4.7 0.0 100 7.8 1.6 205.3 1.6 0.32
G.11 4.9 0.0 100 6.1 1.3 224.9 1.2 0.26
CG.4809 4.9 0.3 70 5.9 1.3 229 1.2 0.28
CG.4288 5.0 0.0 100 13.7 2.7 214.6 2.4 0.49
CG.5202 5.5 0.1 100 12.1 2.3 191.8 2.2 0.41
CG.4292 5.6 0.1 100 14.3 3 211.9 2.6 0.54
CG.4088 5.7 0.2 100 9.3 1.9 215.8 1.6 0.34
CG.5257 6.3 0.0 100 16.6 3.5 214.3 2.6 0.55
CG.6589 10.6 0.0 100 12.4 2.4 197.5 1.2 0.23

LSD	
P≤0.05	 0.8	 0.4	 15	 4.9	 0.9	 21.1	 0.9	 0.18

(Rootstocks ranked by Trunk Cross-sectional Area.)
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illustrates the huge impact that identifying the best rootstock for 
each variety in each location has on the income farmers receive 
over the first 5 years.  We have previously suggested that growers 
seek to produce a cumulative 150 t/ha (3300 bu/acre) over the 
first 5 years of any new orchard.  This has been difficult to do with 
Honeycrisp because it grows slow.  This experiment shows that 
with the right rootstock such levels of production are possible
 2013	 NY1	 Apple	 Rootstock	 Trial.  This purpose of this 
experiment is to identify rootstocks suitable for the new apple 
variety (NY1, fruit trademarked as SnapDragon®) from Dr. Susan 
Brown’s breeding program at Cornell University. NY1 is a lower 
vigor cultivar than Honeycrisp and we are searching for a mid-
vigor productive rootstock for this type of variety (Miranda and 
Robinson, 2014). This trial was planted in early May 2013 and 
had good crop in the second year in 2014. It was planted at 3’ X 
12’ and trained as a Tall Spindle.
 Tree size after 2 seasons indicates that some rootstocks will 
be smaller than M.9 but several of the new Geneva stocks are 
more vigorous (Table 3).  With this low vigor variety only those 
stocks that are more vigorous than M.9 had adequate growth to 
fill the trellis after 2 years.  These include CG.5257, CG.4292 and 
CG.5202.  Many of the common Geneva stocks grew similarly 
to M.9 and M.26 but we judge them not sufficiently vigorous for 
this cultivar.
 Yield in the second year was greatest with G.5257 and G.4292 
followed by G4288, G6589, and G.5202. These were all in the more 

Figure	1.			Cumulative	 yield	 per	 ha	 of	 ‘Honeycrisp’	 apple	 trees	 on	 19	
rootstocks	at	Geneva,	NY	over	the	first	five	years.

Figure	2.	 	Graft	union	strength	of	Gala	apple	trees	on	39	rootstocks	at	the	
end	of	the	growing	season	in	the	nursery	at	Geneva,	NY.

vigorous group of rootstocks. In the M.9 size class, the highest 
yielding stocks were G.4214, CG.4003, CG.874 and G.11.  This 
early result must be confirmed by several more years of observa-
tion but at the moment it indicates that semi-dwarfing Geneva 
stocks should be used with this cultivar even though planting 
density is 3X12 ft.
 Graft	 Union	 Strength	 of	 Geneva	 Rootstocks. We have 
received several reports of trees breaking in the nursery with G.41 
and with G.935 when grafted with some brittle varieties. We have 
previously conducted some research on this problem and have 
begun new research projects in 2014 in collaboration with Brent 
Black at Utah State University to evaluate graft union strength 
with his graduate student Stuart Adams. In 2014 we evaluated 
the method of grafting (chip bud vs. whip and tongue graft vs. 
machine V graft). The graft union strength has been evaluated 
on G.41, G.935, and M.9 with several cultivars. at three times 
during the season (June, August and October). We also evaluated 
several plant growth regulators, which could be sprayed in the 
nursery to stimulate stronger graft unions.  This research is not 
yet ready for publication but it is very promising.  Nevertheless 
is seem clear with some varieties like Honeycrisp and Envy, G.41 
had a weaker union than M.9Nic29. 
 We have learned from previous work that different rootstock 
genotypes have different graft union strength.  In 2005 we broke 
graft unions of a range of Geneva rootstocks with Gala as the 
scion at the end of the season in the nursery. The strongest 
unions were twice as strong as the weakest unions and were with 
CG.6589, CG.8534 and CG4002, all of which are vigorous stocks 
(Figure 2). The weakest graft unions were with CG.6006. Among 
released Geneva rootstocks the strongest unions were with G.16 
followed by G.11, G.210, G.30 and M.9. These were followed by 
G.214, G.890 and G.969. Unfortunately G.41 and G.935 were not 
included in this trial.
 We have learned from previous work that different scion 
varieties have different graft union strength.  In 2005 we compared 
the graft union strength of 20 cultivars grafted on G.30. Some 
cultivars had graft union strengths more than twice as strong as 
other cultivars (Figure 3). Northern Spy, Fuji, Golden Delicious 
Granny Smith and Idared had the strongest graft unions while 
Gala had an intermediate strength and James Grieve had the 
weakest graft unions. Unfortunately some of the newer varieties 
were not included in this study.

Figure	3.		 Graft	union	strength	of	20	apple	cultivars	on	G.30	rootstock	at	
the	end	of	the	growing	season	in	the	nursery	at	Geneva,	NY.
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 In a separate trial with only G.30 we plotted graft union 
strength over time and found that graft union strength is low 
in the nursery and increases rapidly in the first few years in the 
orchard (Figure 4). After year four, graft union strength increase 
more slowly but reaches a high level by year 10 even with G.30, 
which has a brittle union. 
 These previous research projects indicate that traditional 
scion cultivars like McIntosh, Delicious, Empire and Fuji the graft 
union strength of G.41 and G.935 is good.  With Gala the graft 
union strength is intermediate while with Honeycrisp and Envy 
the graft union strength is lower.  When growers plant G.41 and 
G.935 with scions that have a weak graft union they should use 
care when planting the trees and they should immediately attach 
the trees to a trellis.  We suggest two-three attachment points 
of the tree to the trellis (trunk, and lateral branches).  Some of 
the new work we are doing with the application of plant growth 
regulators in the nursery to strengthen the graft union with 
weak scion cultivars is promising and we expect to have some 
recommendations for nurserymen in one year.
 Release	of	New	Apple	Rootstocks.  In 2014 the Geneva 
apple rootstock program released one new rootstock, G.814. This 
rootstock has been tested as CG4814. It is semi-dwarfing (about 
M.26 size). It was evaluated in the 1999 NC-140 McIntosh semi 
dwarf-trial where it was the most efficient semi-dwarfing stock. 
It has also shown good results with Honeycrisp (see data in this 
article).  It has been trialed in a large scale WA state trial, which 
led to the decision to release this stock at the request of some 
nurseries for use with Gala.
 Propagation of Apple Rootstocks.  The propagation of several 
Geneva rootstocks has been improved significantly by the use of 
tissue culture plants as mother plants for stool beds, especially 
with G.41. This has resulted in a mini-boom of planting of Geneva 
41 stool beds. We estimate that 150,000 feet of stool beds of G.11 
and G.41 and about 50,000 feet of G.935 have been planted. This 
has resulted in a production of 1.5 million liners of G.11 in 2014 
and 2.5 million liners of G.41 and 0.5 million liners of G.935. 

Figure	4.	Change	in	graft	union	strength	of	Gala	and	Honeycrisp	apple	trees	
on	G.30	rootstock	at	the	end	of	year	one,	year	four	and	year	10.

 Cornell had signed licenses with several additional rootstock 
producers in 2014. Licensed rootstock producers of Geneva® 
rootstocks are:

Willow Drive Nursery,
Willamette Nursery
Treco Nursery,
Kit Johnston Farms,
Copenhaven Nursery
Cameron Nursery, 
Gold Crown Nursery,
KCK Farms,
VanWell Nursery,
Helios Nursery,
ProTree Nursery,
North American Plants,
Mori Nursery, Ontario
Viveros Sacramento, Chihuahua
Viveros Casas Grandes, Chihuahua

 This winter (2014/2015) the U.S., Canadian and Mexican 
stool bed producers have harvested a total to ~4 million Geneva 
liners this past fall and winter. These liners will result in finished 
trees for growers in the spring of 2016 and 2017. Apple growers 
in the U.S., Mexico and Canada will now be able to begin utilizing 
these improved rootstocks in their orchards.
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Fig. 8.  Gala/M.9 apple trees pruned to 2.0 buds : 1 final fruit number and then chemically 

thinned with 4 thinning sprays in 2014.  Yield=1800 bu/acre and fruit size=185g (100 
count) and crop value=$24,000/acre 
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Ambrosia Beetle – An Emergent Apple Pest
Arthur Agnello1, Deborah Breth2, Elizabeth Tee2, Kerik Cox3 , and Hannah Rae Warren4
1Dept. of Entomology, NYSAES, Cornell University, Geneva, NY
2Cornell Coop. Extension, Albion, NY
3Dept. of Plant Pathology, NYSAES, Cornell University, Geneva, NY
4Student, Cornell University

“In 2013, infestations of ambrosia beetle 
also known as black stem borer were 
seen for the first time in commercial 
apple trees, in multiple western NY 
sites. To date, at least 20 additional 
infestation sites have been documented, 
extending from western NY to Long 
Island. The beetle has caused the death 
of hundreds of trees.”

The ambrosia beetle Xylosandrus germanus (Blandford) 
(Coleoptera: Curculionidae: Scolytinae), also known 
as the black stem borer, is a serious pest in ornamen-

tal tree nurseries 
and landscapes in 
North America.  
A native of Asia 
(mainly Japan, 
Korea, Vietnam, 
China, and Tai-
wan), it now oc-
curs in central 
Europe and the 
US, first docu-
mented here in 
Ne w York ,  in 
g r e e n h o u s e -

grown grape stems (Felt 1932; Weber and McPherson 1983).  
Since then, it has become established in much of the United 
States.  It has previously been noted as a pest in ornamental 
nurseries, with a wide host range including oak, elm, red maple, 
beech, hickory, chestnut, magnolia, dogwood, tupelo, cypress, 
black cherry, and black walnut (Hoffmann 1941; Weber and 

McPherson 1983).  
 This tiny beetle (Figure 1A), which is about 2 mm in 
length, attacks and bores holes 1 mm in diameter (Figure 1B) 
to form galleries into the wood of trunks or limbs of apparently 
healthy trees and those that are stressed, dying or recently dead.  
Galleries are excavated by the females, and comprise entrance 
tunnels, brood chambers containing eggs and immatures 
(Figure 2), and branch tunnels where the young develop; this 
arrangement accommodates all life stages and developmental 
processes of the insect’s life history.  Larvae pass through 
3 instars, and development from egg to the adult stage takes 
approximately 30 days.  The species is bivoltine and overwinters 
as adults, primarily females, in galleries of its host plants that 

Figure	1	 A.	Black	stem	borer	adult,	Xylosandrus	germanus	(photo:	Steve	
Valley,	Oregon	Dept.	of	Agriculture);	1B.	Adult	and	entry	holes	in	
tree	trunk.	(photo:	Liz	Tee)

Figure	2.		 Black	 stem	 borer	 brood	
chamber	 showing	 mixed	
immature	 life	 stages.	
(photo:	Liz	Tee)

Figure	3.	 Entry	 holes	 and	 saw-
dust	 at	 the	 trunk	 base	
of	 an	 established	 Ma-
coun	 tree,	 Long	 Island.	
(photo:		Art	Agnello)

are frequently located at the base of the trunk (Figure 3), and 
which can contain dozens of beetles. 
 The term “ambrosia beetle” refers to species that derive 
nourishment during the larval and adult stages from a 
mutualistic “ambrosia” fungus carried by the adult female in 
mycangia (internal pouches) and introduced into host plants 
during gallery excavation.  The ambrosia fungus associated with 
X. germanus is Ambrosiella hartigii Batra, visible in the galleries 
as an abundant grayish-white mycelium growth (Figure 4).  It 
is this fungal growth that the insects feed on, and not the host 
plant tissue.  However, its presence signals the tree that it is 
under attack, and as the tree walls off its vascular system in 
response, symptoms develop including wilting, dieback, tree 
decline and death (Gilrein 2011) (Figure 5).

The NY Apple Infestation
 In 2013, infestations of X. germanus were seen for the first 
time in commercial apple trees, in multiple western NY sites; 
some affected trees additionally exhibited fire blight symptoms.  
Indeed, 1 of 6 was carrying streptomycin-resistant fire blight, 

	Figure	4.		Brood	 chamber	 containing	 eggs	 and	 immatures,	 showing	
grayish-white	mycelium	of	the	symbiotic	fungus.	(photo:	Liz	Tee)
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but the other four exhibited normal fire blight.  
This is one of the few instances of streptomycin-
resistant fire blight in 2013, and it was obtained 
from an X. germanus infestation.  In addition to 
fire blight, mycelium of Fusarium was observed 
in some heavily infested samples in 2013, and 
Nectria haematococca (Fusarium solani) was re-
covered from several beetles in 2014.  By the end 
of 2013, hundreds of trees had been removed in 
high density apple plantings during the growing 
season.  In 2014, trapping and inspection efforts 
were initiated in the general apple-growing region 
along Lake Ontario.  To date, at least 20 additional 
infestation sites have been documented, extend-
ing as far as Long Island, and it appears that these 
ambrosia beetles may have been present in the 
area for some years before first being detected, 
as they are now able to be found in nearly every 
orchard showing these types of tree decline symp-
toms; several hundred trees have already been 
destroyed. Reports of similar apple infestations 
were received in 2014 from researchers in New 
Jersey and Michigan, although in the former case 
the insect responsible was likely a related species, X. crassiusculus, 
known as the graniculate ambrosia beetle.
 In addition to the impact that infestations have on tree 
health, there is added concern related to the potential for the 
beetles’ ability to vector pathogens. Some affected trees exhibit 
sap or fire blight ooze issuing from beetle entry holes (Figure 6), 
which can occur more than 6 feet high on the trunk, so there 
is a possibility the insects could be contributing to the spread 
of this disease. Other researchers have identified a symbiosis 
between ambrosia beetles and canker-causing Fusarium solani, 
initiated by a buildup of beetle populations on prunings or dead 
trees and branches that are allowed to remain in plantings.  We 
have isolated five isolates of Fusarium solani in beetles from 
Western NY plantings.  Other fungi, including Cephalosporium 
sp. and Graphium sp., have also been isolated from these beetles 
(Baker and Norris 1968; Kuhnholz et al. 2001).  These could also 
potentially reduce overall tree health if found in association with 
ambrosia beetle attacks.

Factors Associated with Infestation
 Current studies suggest that this species invades from nearby 
wooded areas, but there is relatively little research on movement 
of ambrosia beetles from wooded areas into nurseries or orchards.  
The insects attack stressed (including some “apparently healthy”) 
trees, boring into the trunk or limbs to create galleries where the 
young develop.  As the beetles excavate their tunnels, they push 
out small “toothpicks” of compressed wood pieces that stick out 
from the trunk and are easily detected unless dislodged by wind 
or rain (Figure 7). A variety of stressors, including flooding, 
drought, and freezing exposure have been identified as potential 
causes of physiological stress that preferentially attract ambrosia 
beetles (Hoffmann 1941; Kühnholz et al. 2001; Ranger et al. 2013).  
Trees under this type of stress produce several types of volatiles, 
among them ethanol, which has been documented to be a strong 
attractant to the beetles (Kuhnholz et al. 2001; Ranger et al. 2013).  
Several factors have been proposed as underlying an increasing 
prevalence of attack by ambrosia beetles on living trees, includ-

Figure	6.		 Infested	 Fuji	 tree	 in	 early	
May,	exhibiting	fire	blight-
like	ooze	from	borer	entry	
sites.	(photo:	Liz	Tee)

Figure	7.	 Compressed	sawdust	“tooth-
pick”	and	bark	discoloration	
characteristic	 of	 black	 stem	
borer	 infestation.	 (photo:	
Liz	Tee)

Figure	8.		 Adult	 trap	 made	 out	 of	 a	
juice	bottle	and	baited	with	
an	ethanol	lure.	(photo:	Liz	
Tee)

Figure	5.	 Infested	 NY-2	 tree	 in	 midsummer,	 showing	
severe	symptoms	of	wilt	and	decline.	(photo:	
Art	Agnello)

ing 1) early flight before the 
host tree has acquired the 
ability to resist attack in the 
spring (possibly associated 
with climate change); 2) po-
tentially pathogenic fungal 
attack that can predispose 
the host to beetle infesta-
tion; 3) cryptic behavior that 
facilitates transport over long 
distances and establishment 
in new habitats; 4) a complex 
chemical ecology that enables 
the adults to locate stressed 
living trees that may tempo-
rarily appear to be suitable 
hosts for the beetles.

Possible Control and 
Monitoring Measures
 In commercial ornamen-
tal tree nurseries, growers 
routinely rely on insecticide 
trunk sprays to prevent new 
infestation and colonization 
of trees by ambrosia beetles.  
Because of their small size 
and cryptic nature, early at-
tack often occurs before the 
realization that the beetles 
are active, which results in 
damage occurring before 
the protective sprays are ap-
plied.  For effective protec-
tion against these insects, 
pesticide applications must 
be closely timed with insect 



Figure	11.	New	black	stem	borer	entry	holes	detected	in	
beech	“loglets”	hung	in	orchard	over	a	1-month	
period,	Wayne	Co.	2014.

Figure	9.		 Ethanol-soaked	 beech	“loglet”	 affixed	
to	 a	 training	 wire	 as	 an	 attractant	 for	
beetle	attacks.	(photo:	Liz	Tee)

Figure	10.	Captures	of	black	stem	borer	adults	in	bottle	
traps	 located	 (A)	 at	 the	 edges	 of	 orchards	
adjacent	to	woods	and	hedgerows,	and	(B)	in	
orchard	interiors,	Wayne	Co.	2014
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attack, applied repeatedly, and/
or have long residual activity.  
Pesticide sprays that are closely 
timed with beetle activity have 
been proposed as being the most 
efficacious, economical, and envi-
ronmentally sustainable approach 
in ornamentals plantings (Oliver 
and Mannion 2001), although the 
suitability of this tactic in apple or-
chards has yet to be demonstrated.  
A reliable monitoring system 
would give growers the ability to 
coordinate any needed control 
treatments with beetle activity.
 Ethanol-baited traps have 
been shown to be useful for moni-
toring the flight activity of ambro-
sia beetles in ornamental nurseries 
(Oliver and Mannion 2001; Reding 
et al. 2010).  Reding et al. (2013) 
detected no attack or flight activity for X. germanus unless temperatures reached 
at least 68°F for 1–2 days, with a mean occurrence of first capture in ethanol-
baited bottle traps of 137 DD (base 50°F) from Jan. 1.  Studies to determine how 
well tree attacks correspond with beetle flight activity have found that, although 
X. germanus is active and can be captured in traps through the summer and 
into the fall, tree attacks on chestnut in Tennessee were not attributed to this 
species after early June (Oliver and Mannion 2001).  Furthermore, the pheno-
logical state of tree growth is apparently an important determinant of the tree’s 
susceptibility to ambrosia beetle attack, which was found to cease for certain 
hosts after leafing out was complete (Hudson and Mizell 1999).  Ranger et al. 
(2010) determined that injecting trees with ethanol could induce attacks by 
ambrosia beetles under field conditions, and that X. germanus has an efficient 
olfactory-based mechanism for differentiating among host volatile cues.  They 
speculated that injecting select trees with stress-related volatiles, especially 
ethanol, could be a promising trap-tree strategy for this and other ambrosia 
beetle species.  Further studies demonstrated that X. germanus preferentially 
lands on and attacks physiologically stressed hosts, and that ethanol plays a 
primary role in mediating this interaction (Ranger et al. 2013).

Monitoring of Black Stem Borer in 2014
 In 2014, ethanol-baited traps ( Figure 8) hung on metal garden hangers at a 
2–3-ft height were placed along the edges of six orchards in Wayne and Orleans 
Counties containing trees showing symptoms of tree death, and from which 
black stem borer adults had previously been collected.  These traps were made 
of inverted “Simply”® plastic juice bottles, which had rectangles cut out of the 
sides and used low-toxicity antifreeze as a capture medium.  These high-density 
plantings of dwarf trees were bordered by hedgerows and woods, which were 
assumed to be a source of immigrating beetles.  Additional traps were located 
in the orchard interiors, adjacent to previously attacked trees, to verify their 
attractiveness.  Traps were checked 1–2 times per week starting in mid-April, 
before maximum temperatures of 68°F began to occur, and through the summer 
until mid-September.  Beetles trapped were collected, sorted and identified.  Ad-
ditional trapping trials were conducted by soaking 1-ft sections of beech limbs 
(bolts, or “loglets”, 1–2” in diam) in 15% ethanol for 3 days and placing them 
in infested orchards (hung, or staked onto metal poles at 1-ft height) to serve 
as “trap tree” targets (Figure 9), and checked and replaced every 2–3 days for a 
7–10-day period, to determine their utility in optimizing beetle capture rates 
in specific areas of an orchard.
 Results indicated that the ethanol-baited bottle traps worked the best for 
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purposes of detecting and monitoring the presence of X. germa-
nus, with first activity noted in western NY on April 24, after a 
few warm days over 68°F.  After this date, captures fell off until 
May 13, owing to colder temperatures that did not exceed 65°F for 
the entire period ( Figure 10A).  Peak adult capture occurred on 
June 11, for beetles emerging from overwintering sites in search 
of new trees to attack, and the first generation adults emerged 
from July 9–23.  Second generation adults emerged on August 
20, but continued to be active through September 16. Higher 
counts were obtained in traps along the block edges adjacent to 
woods than in those hung in the orchard interiors (Figure 10B).  
The ethanol-soaked beech loglets also caught beetles, although at 
lower levels, and were effective for a much shorter period, need-
ing to be replaced every 3 days to maintain enough attraction to 
provide a useful indication of flight activity (Figure 11).  

Control Trials in 2014
 Also in 2014, a preliminary insecticide control trial was 
conducted in a commercial orchard having a history of X. germa-
nus infestation, which involved insecticide applications to the 
trunk and central leader of trees using a motorized mist blower.  
Lorsban (chlorpyrifos), Danitol (fenpropathrin), and Cobalt 
(chlorpyrifos+lambda-cyhalothrin) were each applied to a group 
of trees in early May; a grower standard consisting of sequential 
airblast applications of chlorpyrifos and lambda-cyhalothrin 
was also included.  Inspections of the trees to determine active 
black stem borer infestations later in the season showed the least 
amount of damage in the Lorsban-treated trees, although the trial 
setup prevented proper statistical analysis.

Conclusions
 Control of this pest is a challenge, as it is not possible to de-
termine whether or when an orchard might be subject to ambrosia 
beetle attack, nor to identify which trees will be targeted.  This 
insect has been present in and around apple growing regions for 
a number of years, but has only recently begun attacking apples, 
and the reasons for this shift in behavior are unknown.  A suc-
cession of growing seasons featuring stresses such as low winter 
temperatures and drought conditions has been proposed as one 
possible factor.  Preventive trunk sprays of insecticides are not 
necessarily practical, or even effective enough to be economically 
warranted in all cases.  Possible alternative approaches under 
consideration include biological controls (e.g., Trichoderma or 
Metarhizium) targeted against either the beetles or the symbiotic 
fungus.  Current recommendations generally advise immediate 
removal and burning of infested trees, but there is some debate 
over whether it might be advisable rather to leave them in the or-
chard for the season – where they can act as attractants for other 
adults – before being removed.  Infested trees tend to occur in 
batches, with dozens in one location showing die-off or decline, 
with others that are adjacent being unaffected.  Inspections of 
infested orchards in western NY show a tree loss of up to 30% in 
some cases; however, not all trees that are attacked die, and many 
apparently recover.  Finally, there are reports from other regions 
(e.g., Nova Scotia) where this problem has occurred in the past 
and, after several years, simply disappeared.  For the time being, 
there are still many questions needing to be addressed before 
good solutions and recommendations are available.
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Precision Pruning to Help Maximize Crop Value
Terence Robinson and Leo Dominguez
Dept. of Horticulture, NYSAES, Cornell University, Geneva, NY

Precision Crop Load Management is 
a strategy to adjust crop load to a 
predetermined number of fruits per 
tree using pruning, chemical thinning 
and hand thinning.  The pruning 
component, which we call Precision 
Pruning, consists of reducing flower bud 
numbers to a pre-determined target 
bud number through removing whole 
limbs, simplifying the remaining limbs 
and shortening small pendant limbs. 
Our research in 2014 indicates that a 
target bud number of 1.5-2 times the 
final desired fruit number results in 
better success with chemical thinning 
and optimum crop value.”

Crop load in apple can be adjusted by three manage-
ment practices: pruning, chemical thinning and hand 
thinning. In recent years US growers have relied pri-

marily on chemi-
cal thinning to 
adjust crop load 
with a lesser reli-
ance on pruning 
and hand thin-
ning to reduce 
crop load.   In 
other countries 
hand thinning 
is still the pri-
mary means of 
adjusting crop 
load.  A few pro-
gressive growers 
have also begun 
to utilize prun-
ing as a means 
to adjust crop 
load.  We have 
been developing 
a systematic way 

to adjust bud load by pruning we call precision pruning.

Precision Pruning
 Precision pruning is a strategy to reduce the flower bud 
number per tree to a pre-defined flower bud number through 
pruning.  It begins with counting the number of flower buds 
on a few representative trees per orchard. In the past, the lack 
of uniformity of semi-dwarf trees and the massive number of 
buds on a tree made accurately counting buds impractical if not 
impossible. However, with adoption of the Tall Spindle growing 
system, which utilizes ~1000 trees per acre, it becomes practical 
to count the number of flower buds on representative trees in 
each orchard. 
 Knowing the number of flower buds per tree allows us to 
reduce initial flower bud numbers by pruning off excess fruit buds 
and only keep those needed to set an adequate crop. In addition, 
we have the ability to select individual buds through selective 
pruning retaining only those that are of the highest quality. By 
pruning to a specified bud number, we can start the process of 
fruit thinning early to reduce competition among flowers and 
fruitlets resulting in increased resources for the remaining fruit 
and improved fruit size and quality. Making accurate fruiting 
bud counts requires an investment in time, but this is a practice, 

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

Timing	 Date	 Gala	 Honeycrisp

Bloom May 20 100ppm Maxcel 100ppm Maxcel

Petal Fall  May 26 7.5ppm NAA+600ppm  10ppm NAA+600ppm
  Carbaryl Carbaryl

10-12mm June 3 100ppm Maxcel+600ppm  7.5ppm NAA+600ppm
  Carbaryl  Carbaryl

18-20mm  June 10 75ppm Maxcel+600ppm no spray
  Carbaryl

which can provide an immediate return on the investment of 
time.
 Determining the “proper” bud numbers per tree depends 
both on the desired yield and fruit size but also on the level of 
risk the grower is willing to accept. Although some growers prune 
aggressively leaving only the exact number of buds needed as-
suming 1 fruit per bud, most growers prefer to keep extra buds to 
account for natural factors that cause buds not to set such as frost 
or freeze, poor pollination, and poor flower viability. The exact 
number of extra buds to leave has been unclear.  This project was 
aimed at determining the number of buds to leave on the tree to 
maximize crop value.

Materials and Methods
 Six-year old Gala and Honeycrisp trees on M.9T337 root-
stock planted at 3.3 ft X 12 ft (1100 trees/acre) were pruned to 
seven different bud loads at tight cluster stage in the spring of 
2014.  This was accomplished by first counting the number of 
flower buds on each of the trees and then reducing the number of 
buds on the tree through pruning to one of seven bud loads.  Bud 
loads were defined as the ratio of flower buds : final desired fruit 
number per tree.  The desired fruit number per tree was calculated 
by using a desired yield/acre and desire fruit size.  In this study 
the desired final fruit numbers were 130 fruits/tree for Gala and 
100 fruits/tree for Honeycrisp. The seven bud loads were 1 bud : 
1 final desired fruit number/tree or 1.5:1, 2.0:1, 2.5:1, 3.0:1, 3.5:1 
or 4.0:1. To achieve the desired bud loads, first 1-3 whole large 
branches were removed according to the traditional tall spindle 
pruning protocol, second each of the remaining branches was 
simplified by removing secondary lateral branches, third pendant 
branches which had small diameter distal ends were shortened 
back to the point where the branch was about pencil size. With 
each tree a running count of buds removed was maintained as 
the tree was pruned and pruning was stopped when the desired 
bud load was reached.
 After pruning, the trees were chemically thinned with a series 
of 4 thinning sprays for Gala and 3 sprays for Honeycrisp.  The 
thinning sprays were:



30  NEW YORK STATE HORTICULTURAL SOCIETY

 At harvest the tree was harvested in two halves (top and 
bottom) and the final fruit number and yield on each half were 
recorded.  To determine the optimum bud load the yields and 
fruit size at each bud load were converted to a simulated packout 
and typical prices for 2014 were used to calculate total crop value. 
Data were analyzed by ANOVA and means were compared using 
Least Significant Difference (P=0.05). 

Results
 Pruning severity had a large impact on both initial flower 
number per tree and final fruit number per tree of both Gala 
and Honeycrisp ( Figure 1). When trees were pruned very lightly 
(bud load ratio of 4 buds : 1 final fruit number) the initial flower 
number per tree was very high (~2300) but also the final fruit 
number per tree (after multiple chemical thinning sprays) was 
significantly higher than the target fruit number ( Figure 2).  As 
pruning severity increased the initial number of flowers per tree 
decreased in a linear manner and also the final fruit number per 
tree also decreased linearly. With the most severe pruning (bud 
load ratio=1:1), the final fruit number was below the target number 
indicating these trees were over thinned.  The multiple chemical 
thinning sprays reduced the number of fruitlets on the tree by 
similar percentages at both the light pruning (87% Gala and 90% 
Honeycrisp) and the severe pruning (89% and 93% Honeycrisp).
 Fruit size and yield showed opposite responses to increasing 
pruning severity (Figure 3).  At high bud loads yield was very high 
(2600 bu/acre for Gala and 1700 bu/acre for Honeycrisp) while 
fruit size was small (146g for Gala and 166g for Honeycrisp). At 
the lowest bud load (most severe pruning) yield was lower (1260 

	Figure	1.	 Original	 and	 final	 fruit	 numbers	 per	
tree	 of	 Gala/M.9	 and	 Honeycrisp/M.9	
when	 pruned	 to	 7	 different	 bud	 load	
and	 then	 thinned	 with	 4	 sequential	
chemical	 thinning	 sprays	 at	 full	
bloom,	 petal	 fall,	 11mm	 and	 18mm	
fruit	sizes	at	Geneva,	NY	in	2014.

Figure	2			 Final	fruit	numbers	per	tree	of	Gala/M.9	
and	Honeycrisp/M.9		compared	to	the	
target	fruit	number	per	tree	after	trees	
had	 been	 pruned	 to	 7	 different	 bud	
load	and	then	thinned	with	4	chemical	
thinning	 sprays	 at	 full	 bloom,	 petal	
fall,	 11mm	 and	 18mm	 fruit	 sizes	 at	
Geneva,	NY	in	2014.

bu/acre for Gala and 1070 bu/acre for Honeycrisp) but fruit size 
was large (203g for Gala and 224g for Honeycrisp).  
 Total crop value was calculated from the simulated packout 
at each bud load and typical fruit sales prices exclusive of stor-
age, packing and sales charges.  At low and high bud loads, crop 
value was less than at intermediate bud loads (Figure 4).  The 
optimum bud load when trees were chemically thinned appeared 
to be about 2.5 buds : final fruit number for Gala and 2.0 buds for 
Honeycrisp.  When trees were hand thinned there was a similar 
optimum bud load for Gala but for Honeycrisp there was an odd 
result showing the highest crop value at the lowest bud load.  This 
was because with hand thinning of Honeycrisp, high bud loads 
carried excessively high numbers of fruits with small size. Only the 
most aggressive pruning reduced fruit numbers close to the target.
 The effect of each of each of the chemical thinning sprays 
was evaluated by using the fruit growth rate model (Robinson et 
al., 2014a) to determine the number of fruits on the tree which 
were still growing after each spray and how many had stopped 
growing and would abscise using only Gala trees at the bud load 
density of 2.0.  After the bloom and petal fall sprays the number 
of fruitlets on the tree had been reduced from the initial number 
of 1300 to 549 (Figure 5). After the 10-12mm spray the number 
had been reduced to 385 and after the 4th spray at the 18-20mm 
the number of fruits was 276.  Through natural drop in early June 
the final fruit number was 190.

Discussion
 Using pruning to reduce bud load was a successful first step 
to managing final crop load of Gala and Honeycrisp.  When prun-

Figure	 3.	 Fruit	 size	 and	 yield	 of	 Gala/M.9	 and	
Honeycrisp/M.9	 after	 trees	 had	
been	 pruned	 to	 7	 different	 bud	 load	
and	 then	 thinned	 with	 4	 sequential	
chemical	thinning	sprays	at	full	bloom,	
petal	fall,	11mm	and	18mm	fruit	sizes	
at	Geneva,	NY	in	2014.
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ing reduced bud load sufficiently it resulted in more successful 
chemical thinning. In contrast, leaving a high number of flower 
buds relative to the final desired fruit number resulted in too 
many apples on the tree despite an aggressive chemical thinning 
program for both Gala and Honeycrisp.  The optimum level of 
pruning severity in our study was about 2 buds : final fruit number.  
This resulted in the maximum crop value ( Figure 5). However, 
it remains to be seen in May of 2015 if this level of cropping will 
result in adequate return bloom for both Gala and Honeycrisp. 
Pruning to lower bud loads resulted in over-thinning with chemi-
cals and too few fruits on the tree.
 Another consideration of optimum bud load (pruning sever-
ity) also is how much rain each season will have.  2014 was a very 
good year for rainfall and fruit size of even over cropped trees was 
acceptable.  This resulted in a relatively high bud load optimum of 
2.0-2.5.  However, in a drier year fruit size would be reduced and 
lower bud load numbers would likely give the highest crop value. 
Based on the possibility of a dry year and on the need for good 
return bloom  we are currently suggesting that growers prune 
using a bud load of 1.5 flower buds for each final fruit number for 
Gala and 1.8 for Honeycrisp.  The higher value for Honeycrisp is 
to help ensure adequate return bloom by leaving more buds as 
insurance buds.  If the higher initial fruit number with Honeycrisp 
can be managed with good chemical thinning down to the target 
fruit number this will ensure a number of resting spurs.
 To accomplish precision pruning we have outlined the steps 
of doing this:
1. Select 5 uniform trees per variety per block and count entire 

number of fruit buds per tree. It is important to count each 
variety within the block separately since different cropping 
levels and growth habit will result in different number of buds 
per tree and the resulting pruning severity.

2. Calculate the target number of apples per tree to produce the 
yield of a specific size fruit desired by the grower.

3. Multiply the target number of fruits by 1.5 for Gala or 1.8 
for Honeycrisp to determine the number of fruit buds that 
should be left on each tree to achieve the desired yield with 
some insurance buds.  

4. Prune to remove excess buds above that target bud number 
using the 3 rules of Tall Spindle pruning. 1) Cut the leader 
at the optimum height (90-100% of between row spacing) 
to a lateral branch; 2) remove 1-3 large limbs with a bevel 
cut and stub for renewal; and 3) columnarize the remaining 
branches by cutting off large secondary lateral branches.  This 
initial pruning should be followed with a more detail pruning 
of removing inferior buds to reduce bud level to the target 
level. Removing buds should be done selectively by removing 
first those buds that are of poor quality or positioned so that 
they will produce lower quality fruit, such as those that are 
on pendant wood or small diameter wood.

5. After pruning, recount bud numbers of 5 representative trees 
to assess success of pruning and readjust pruning methods 
to better reflect target levels.  Regularly reassess pruning to 
ensure that target bud levels are being achieved.  

 The beauty of using precision pruning is that we can imple-
ment this practice today to achieve higher profit levels. And with 
higher density orchards and uniform trees it should be a simple 
procedure to tag, and count bud numbers for each variety in each 
orchard and then calculating the pruning that should be done with 
very little risk or cost.

	Figure	4.	 Fruit	 size	 and	 yield	 of	 Gala/M.9	 and	
Honeycrisp/M.9	 after	 trees	 had	 been	
pruned	to	7	different	bud	load	and	then	
thinned	 with	 4	 sequential	 chemical	
thinning	sprays	at	full	bloom,	petal	fall,	
11mm	and	18mm	fruit	sizes	at	Geneva,	
NY	in	2014.

Figure	5.		 Fruit	number	per	tree	of	Gala/M.9	when	
thinned	 sequentially	 with	 4	 chemical	
thinning	sprays	at	full	bloom,	petal	fall,	
11mm	and	18mm	fruit	sizes	at	Geneva,	
NY	 in	 2014.	 Green	 bars	 are	 the	 target	
fruit	number=130.

 An interest-
ing additional re-
sult of this study 
is the observation 
that with chemical 
thinning we often 
remove too many 
apples in the bot-
tom of the tree and 
too few apples in 
the top of the tree.  
In our study Gala 
had more of this 
problem than Hon-
eycrisp.  With Gala 
we ended up with 
70% of the fruit in 
the top half of the 
tree.  To correct 
this problem re-
quires adjustment 
in the spray pattern 
used.  We suggest 
for the bloom spray 
the entire canopy 
be sprayed uni-
formly, but for the 
petal fall spray, 2/3 
of the spray should 
be directed to the 
top half of the tree 
by re-nozzleing the 
sprayer.  For the 
10-12mm and the 
18-20mm spray we 
suggest only spray-
ing the top half of 
the tree.  This is 
based on 3 unpub-
lished studies we 
did with Andrew 
Landers showing 
that even with all of 
the lower nozzles 
turned off we still had adequate thinning in the bottom of the tree.  
This is likely due to some drift from the top into the bottom. It is 
important that if growers begin turning off nozzles that they adjust 
the amount of chemical in the tank to still get the same amount 
of chemical applied per acre.
 The results of fruit diameter measurements made after petal 
fall thinning sprays on May 26th showed that the bloom and petal 
fall sprays provided significant thinning on Gala but that additional 
thinning was still needed.  In general fruit set was reduced from 
100% down to about 42% by those two sprays (The target was 10%).  
This was much less than we saw in 2013 when the early sprays 
reduced fruit set down to 30%.  In 2014 the early sprays gave only 
moderate thinning.  The 12mm spray gave a little more thinning 
and reduced fruit set down to 29%.  This modest response was 
partially due to a high carbohydrate balance.  The 18mm spray 
gave a little more thinning  and reduced fruit set only to 21%.  This 
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modest response was also due to a high carbohydrate balance.  In 
contrast in 2013 the 18mm spray gave a much greater response.  
After thinning sprays were complete additional fruit drop was 
observed likely caused by a natural deficit of carbohydrates result-
ing from a period of cloudy warm days in mid June.  In general the 
thinning efficacy was correlated with the estimated carbohydrate 
balance at the time of the thinning applications.  Even with 4 
sprays the fruit number per tree with Gala remained above the 
target fruit number, which required significant hand thinning.
Conclusions
 The new precision pruning program for managing apple 
flower bud load allows growers to first determine a target fruit 
number and define a target bu load to guide pruning severity.  
This can be done for each variety.  By pruning to a specific target 
bud load, precision chemical thinning can more successfully 
achieve the target fruit number. 
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Fig. 8.  Gala/M.9 apple trees pruned to 2.0 buds : 1 final fruit number and then chemically 

thinned with 4 thinning sprays in 2014.  Yield=1800 bu/acre and fruit size=185g (100 
count) and crop value=$24,000/acre 


