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Lake Ontario 
Summer Fruit Tour
Presented by Cornell Cooperative Extension, Cornell University,
& the New York State Agricultural Experiment Station

•	 Sponsors	will	talk	about	new	products	available	to	help	you	
produce	high	quality	fruit.

•	 Join	250	growers,	Cornell	Faculty,	and	many	supporting	business	
representatives	for	the	day.		

•	 Enjoy	the	BBQ,	see	how	other	growers	produce	fruit,	network	with	
sponsors	and	other	growers.

•	 Get	new	ideas	for	your	farm	and	have	fun!

•	 There	is	no	charge	for	attending	this	tour	–	just	drive	in	at	
registration	and	follow	us!

•	 You	must	pre-register	so	we	have	adequate	facilities	and	lunch.	
	 Call	or	email	to	register:		585-798-4265	x	26,	or	krh5@cornel.edu

Featuring super spindle, tall spindle and V-axe apple 
planting systems, equipment innovations for improving 
labor efficiency, new pest management technology, weed 
management, and all about sweet cherries in 
Orleans and Niagara Counties.  

August 3rd, 2011

	
Registration	starts	at	7:45	AM	at	Lamont	Fruit	Farm,	Stillwater	Rd.,	Waterport,	NY.		

Call	for	complete	details	of	tour:	585-798-4265	x	26.		
Or	go	to	our	website:		http://www.fruit.cornell.edu/lof/
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Leadership and Accountability

There are those who spend their hours discussing how difficult 
and unfair the current times are. There are those who reflect 
longingly about how wonderful and simple life used to be. 

There are also those who simply fail to see anything positive until it 
is taken away from them. Then there are those that we call “leaders” 
who are too busy looking forward to be dragged down by all of this 
meaningless discussion. 

 As I travel from west to east across New York, I am humbled by 
what I recall and what I currently see. The fruit industry has made 
enormous up- grades to its commercial farming practices in a very 
short period of time. Orchard acreage in New York State is down but 
our productivity and quality have never been as high. You need to 
pause and ask the basic question as to how did this happen? Was this 
a classic “chicken and egg” scenario? Did we arrive at these cultural 
practices and varieties by accident? What motivated these changes? 
Who inspired the invisible hours of research behind the scenes that 
has yielded today’s modern orchard? I think when you ask these 
questions you need to be grateful for previous unselfish generations 
of “leaders” who were willing to invest in the future which is in our 
case today.

 Today like yesterday we are faced with difficult choices as to 
where and what to do with all too few discretionary dollars. Life 
one, two, three and four decades ago was not all profits and success 
stories. Those growers decided that what they knew today was simply 
never going to be enough. They did not know where they were go-
ing but they had the leadership skills to formulate the ARDP so we 
could fund research within our industry. The brilliant thing about 
their plan was that individually they saw that the few investment 
dollars that each fruit farm would investing would not really harm 
their current operations but would insure successful future ones. 

 Today is always here and the future is always slightly out of your 
reach. The true mark of a leader is that they can function within 
both. Like in years prior we will and forever need to be investing in 
innovative research programs to improve our industry. There are 
those who may wish to have this accomplished entirely by public 
funding. When you leave your future entirely to the fickle whims of 
the political world you are not being “accountable” for the research 
programs you desperately require for success in the years ahead.  A 
shared financial cash flow would be ideal.

 Today our fruit farms are an inspiration to everyone. While it is 
exciting to enjoy these new tools we need to make certain we support 
those same principles of our earlier generations. We need to show 
by our actions that we have those same qualities of “leadership and 
accountability”.  We are fortunate that we have an excellent scientific 
research base here in New York State and in the USDA Fruit Research 
Station in West Virginia. These facilities are only as good as the ef-
fort we place in funding and confiding in them as to what we see as 
our future needs are. It is good to enjoy the exciting new orchards 
and storage/packing facilities but we need to continue to support 
the silent, behing-the-scenes work of our researchers. Hopefully 
several decades from now some other generations will be grateful 
for the sacrifices this generation made in the unselfish investment 
in research so often not for themselves but the future. 

Paul Baker, Executive Director
New York State Horticultural Society
3568 Saunders Settlement Road, 
Sanborn, New York 14132
716-807-6827 (cell)
pbaker.hort@roadrunner.com
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 This work was supported by the New York State Apple Research and Development Program.



NEW YORK FRUIT QUARTERLY .  VOLUME 19  .  NUMBER 2 .  SUMMER 2011 5

“A new plant growth regulator, cyclanilide 
(Tradename=Tiberon) very effectively 
induced lateral branching in nursery 
trees of 4 apple cultivars in the warm 
and humid year of 2010 in NY State.  
However, it also stopped shoot growth 
for several weeks and reduced final 
tree height to an unacceptable level 
compared to untreated trees or trees 
treated with Maxcel.  Further work in NY 
State on lower rates and other timings 
with and without Streptomycin sprays 
are needed to fine tune the use of this 
potent branching chemical.”

The Use of Plant Growth Regulators for 
Branching of Nursery Trees in NY State
Mario Miranda Sazo1 and Terence L. Robinson2
1Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY
2Department	of	Horticulture,	Cornell	University,	Geneva,	NY

The quality of nursery trees has a large impact on early pro-
duction and profitability of high density systems. Today, 
nurserymen are not only asked to produce trees of good cali-

per but also highly 
branched trees for 
the Tall Spindle 
system with short, 
well positioned lat-
eral branches with 
wide crotch angles. 
This has required 
nurseries to im-
prove their man-
agement to induce 
lateral branching. 
 L a t e r a l 
b r a n c h i n g  o r 
“feathering”  of 
nursery trees is 
controlled by api-
c a l  d o m i n a n ce 
within the stem of 
the tree wherein 
the terminal bud 

of a nursery apple tree exerts control over the development of the 
lateral buds. The young leaves in the apical bud produces a hormone 
called auxin that diffuses downward and inhibits the development of 
lateral buds. Therefore, in order to produce a well-branched, highly 
marketable tree, apical dominance must be interrupted. Traditionally 
nurserymen have accomplished this through the removal of small 
undeveloped leaves, called “leaf pinching” or “plucking”, resulting 
in a a transient reduction of auxin content in the stem content in 
then stem allowing lateral buds to develop into lateral shoots.  With 
some cultivars, years, and climates a ‘markeatable’ feathered nursery 
apple tree can be produced with this technique. Unfortunately, it is 
inconsistent in the NY climate and most of the nursery apple cul-
tivars require more than one “leaf pinching” to maintain low auxin 
content due to rapid stem elongation. This labor-intensive practice 
(a well-skilled nursery worker can “leaf pinch” a maximum of five 
to six thousand trees per day) substantially increases the costs in an 
apple nursery and must be conducted in a short period of time.  
 The use of plant growth regulator chemicals has been seen as a 
more consistent and less expensive method to induce lateral branch-
ing than manual “leaf pinching”. Currently, there are three PGRs that 
can potentially be used in nursery apple production. Promalin (mix-
ture of a cytokinin and 2 gibberellins) and Maxcel (a cytokinin) have 
been sporadically used in nursery apple production in the US usually 
as a single spray. In the last 4 years we have done 2 new studies 
with multiple applications (3) of Maxcel to improve branching in 
NY nurseries.  Our results show that 3 applications of 500 ppm 
have given very good branching with most cultivars. However 
this use has not yet been added to the Maxcel label. Interestingly, 

the use of Maxcel has been adopted by Italian nurserymen and is a 
key step for the successful production of well feathered “knip-boom” 
apple trees. Depending on cultivar, Italian nurserymen apply from 1 
to 4 Maxcel treatments with spray intervals of 5-7 days depending 
on temperatures after application (Dr. Walter Guerra, Italy, personal 
communication). Since 2009, a new branching agent, cyclanilide 
(Tiberon formulated by Bayer Environmental Science, N.C. USA), 
has been available in the US for use in outdoor nurseries of apple, 
sweet cherry, pear, and plum in Florida, Idaho, Oregon, Michigan, 
and Washington States. It is not currently registered for tree fruit 
nursery use in New York State, Europe, or elsewhere. 
 Studies of the effects of Tiberon for branch induction of nursery 
apple trees (and other fruit species) were conducted by Dr. Don Elfv-
ing, Washington State University (Elfving and Visser, 2005, 2006). 
Their studies were conducted with ‘Cameo’ and ‘Gala’ on M.26 and 
M.7 rootstocks; ‘TAC114 Fuji’ on M.26 rootstock; ‘ScarletSpur 
Delicious’ on B.118 rootstock; and ‘ScarletSpur Delicious’ on M.7 
rootstock. Current label use recommends one to two applications 
of 50 to 100 ppm for apples and sweet cherries. For pears and plums 
lower rates of five to 20ppm are recommended. Since Tiberon was 
registered in the Spring of 2009, commercial nursery applications in 
the Northwest have been widespread and have mainly been single 
applications of 50 or 100 ppm.
 Because most of the Tiberon research was conducted under 
Washington State environmental conditions, we decided to evaluate 
both Tiberon and Maxcel to compare their efficacy and safety for 
chemical branching of apple trees under New York State’s nursery 
conditions. 

Materials and Methods
An experiment was conducted in 2010 to determine the effect of 
Tiberon and Maxcel on branching of apple nursery trees of four 
apple cultivars in a nursery located in Wolcott, NY. All trials used a 
randomized complete-block designs with 3 replications distributed 
down a row of the appropriate scion/rootstock combination. Each 
experimental unit was a section of row consisting of 10 trees. Pro-
prietary formulations of cyclanilide (Tiberon) and benzyl adenine 
(Maxcel) were used in the trials. All plant growth regulator treat-
ments were supplemented with one pint of Regulaid/100 gallons and 
applied with a manually operated Solo backpack sprayer with one 
nozzle. The upper 8-10 inch terminal section of each nursery tree 
was sprayed in one pass.  Nursery trees were not irrigated and were 
treated for fire blight control with streptomycin before and after our 
PGR treatments were applied. The nursery was tilled as needed for 
weed control and pre-emergent herbicides were not used.   
 Two Tiberon treatments (50ppm and 100ppm), two Maxcel 
treatments (250ppm and 500ppm), and the tank-mix treatment of 
Tiberon (50ppm) and Maxcel (250ppm) were applied twice or three 
times 2 weeks apart to standard fall budded nursery trees of ‘Royal 
Empire’/B.9, ‘Sun Fuji’/B.9, ‘Linda Mac’/B.9, and ‘Macoun’/B.9 in 
the second year of the nursery cycle when the budded scion was 
growing. On the first application date (June 18 or 21, 2010), the 
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central leader shoot tips 
for ‘Royal Empire’, ‘Sun 
Fuji’, ‘Linda Mac’, and 
‘Macoun’ trees were at 
29, 31, 31, and 29 inches 
above the soil surface, 
respectively. Control 
trees were unsprayed. 
 Tree height was 
measured 4 addition-
al times th roughout 
the season for ‘Royal 
Empire’ and ‘Sun Fuji’ 
trees, and four times 
for ‘Linda Mac’ and 
‘Macoun’ trees. Caliper 
was measured 5 inches 
above the bud unions 
for all cultivars on Au-
gust 30th.
 In November 2010, 
all trees from each plot 
were measured in the 
nursery for: (1) trunk 
diameter measured 
five inches above bud 
union, (2) length of 
central leader above 
ground level to tip, (3) 
total number of feathers 
(any lateral shoot longer 
than four inches), (4) distance from the ground level to each of the 
induced feathers, (5) length of each feather, and (6) crotch angle of 
each feather. 

Results
Tree Height. For all varieties shoot growth measurements showed 
that Tiberon treatments rapidly stopped central leader growth and 
reduced terminal shoot elongation rate and final length of the central 
leader shoot on October 13 (Figure 1). Terminal shoot tips treated 
twice with both rates of Tiberon continued to elongate slowly during 
the late summer and early fall, but did not achieve a similar height 
to the untreated control trees. There was no effect of rate of Tiberon 
with ‘Empire’, ‘Fuji’ or ‘Macoun’ but with ‘McIntosh’ the lower rate 
had less effect of shoot growth than the high rate.  The difficult-to-
feather cultivar ‘Macoun’ trees were the most affected by the Tiberon 
treatments, with a central leader length reduction ranging from 12 to 
approximately 16 inches when compared to the control trees. Both 
rates of Tiberon produced undesirable effects of tree structure and 
final tree height on ‘Macoun’ trees.  
 Maxcel had no effect on shoot growth rate of final tree height 
of ‘Empire’, ‘McIntosh’ or ‘Macoun’ but with ‘Fuji’ Maxcel caused an 
inhibition of shoot growth that was rate dependant. Tiberon treated 
trees were smaller at the end of the season than trees treated with 
Maxcel (Figure 2). ‘Sun Fuji’ final tree height was affected by Tiberon 
treatments slightly more than ‘Royal Empire’ when compared to the 
unsprayed trees. When the lower rate of Tiberon. and the lower rate 
of Maxcel were applied together twice, final tree height was reduced 
similar to Tiberon alone.
 Number And Average Length Of Feathers. Both Maxcel 
and Tiberon treatments induced a substantial increase in numbers 
feathers on all cultivars (Figure 3).  Sprays of Tiberon at both rates 
induced an increase in shorter feathers which averaged 8-10 inches in 

Figure	1.		 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	 on	 central	 leader	 growth	 (inches)	 of	 ‘Royal	
Empire’/B.9,	‘Sun	 Fuji’/B.9,	‘Linda	 Mac’	 /B.9	 and	‘Macoun’/B.9	 apple	 trees	 in	 the	 nursery	 during	 2010	 growing	
season	(Wolcott,	NY).

length (6-7 short feathers per tree) compared with Maxcel treatments 
(Figure 4). Apparently, Tiberon was more effective than Maxcel for 
inducing lateral branching on ‘Empire’, ‘Fuji’, and ‘McIntosh’ but less 
on ‘Macoun’ trees. 
 Branch Angles. Tiberon treatments increased lateral branch 
angle, especially for ‘Fuji’ with branch angles of 60° or more (Figure 
5). The branch angle of feathers on Maxcel treated ‘Empire’ and ‘Fuji’ 
trees was 45° or less with the higher rate of Maxcel.
 Height Of First Feather On Trunk. The height above the 
ground level of the lowest induced feather was lower for Tiberon 

Figure	2.		 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	final	tree	height	(cm)	of	Empire,	Fuji,	McIntosh,	and	Macoun	
apple	trees	grafted	on	B.9	rootstocks.
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treatments than for Maxcel treatments (Figure 6). For all cultivars, 
the final height of the lowest induced feather of Tiberon treated 
trees ranged from 2 to 4 inches below the height of the shoot tip at 
the time of the first treatment while with Maxcel the height of the 
first feather was about the height of the shoot tip when it was first 
sprayed. The effect of Tiberon on the height of the first feather on 
the trunk was greater for ‘Fuji’, ‘McIntosh’, and ‘Macoun’ and was in 
direct proportion to the amount of Tiberon applied. 
 Trunk Cross Sectional Area. The trunk-cross sectional area of 
each cultivar was negatively influenced by Tiberon treatments and its 
mean area decreased in direct proportion to the amount of Tiberon 
applied (Figure 7). Tiberon produced a small reduction in trunk 
caliper for ‘Empire’, ‘Fuji’, and ‘McIntosh’, but it was more severe for 
the ‘Macoun’ cultivar by the end of the season. Maxcel treatments 
depending on cultivar had a smaller negative effect than Tiberon or 
no negative effect on trunk cross-sectional area.

Discussion
 The significant negative effect of Tiberon sprays in 2010 on 
shoot growth of the 4 cultivars we tested was a serious negative 
result.  However, Tiberon treated trees had improved branching and 

improved branch angles for all cultivars compared to Maxcel treated 
trees. In addition many of the feathers were short which is ideal for 
the Tall Spindle system. Fuji’s crotch angles were significantly in-
creased and averaged 60° or more. Flatter angles produced by Tiberon 
with other cultivars would be a significant advantage for the Tall 
Spindle system since less labor would be required to tie feathers or 
branches down after planting. Many of the new Geneva® rootstocks 
produce nursery trees with flatter and more branches than similar 
commercial rootstocks (Fazio and Robinson, 2008). Nurserymen 
might produce flatter branches when growing upright growth-scion 
cultivars grafted on the new Geneva® rootstocks by including the 
use of Tiberon. Tree quality may potentially be improved by using 
Tiberon not just by producing good caliper trees with several short 
feathers, but also by inducing well feathered trees with wider crotch 
angles. 
 Although Tiberon had many positive results on branch induc-
tion, the severe negative effect on tree height is a serious concern. 
Results from our trial provide initial evidence (from only one year 
of nursery work) that Tiberon sprays to Macoun trees under New 
York climatic conditions can significantly reduce tree height and final 
caliper, and result in poor tree architecture. A similar negative result 

Figure	3.	 	Effects	of	cyclanilide	(Tiberon)	and/or	benzyl	adenine	(Maxcel)	
on	 final	 number	 of	 feathers	 of	 Empire,	 Fuji,	 McIntosh,	 and	
Macoun	apple	trees	grafted	on	B.9	rootstocks.

Figure	4.		 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	average	length	of	feathers	(cm)	of	Empire,	Fuji,	McIntosh,	and	
Macoun	apple	trees	grafted	on	B.9	rootstocks.

Figure	5.		 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	 branch	 angle	 of	 feathers	 (°	 from	 Vertical)	 of	 Empire,	 Fuji,	
McIntosh,	and	Macoun	apple	trees	grafted	on	B.9	rootstocks.

Figure	6.		 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	height	of	first	feather	on	trunk	(cm)	of	Empire,	Fuji,	McIntosh,	
and	Macoun	apple	trees	grafted	on	B.9	rootstocks.
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was observed in 2010 on young bench grafted Topaz apple trees trees 
(Dr. Duane Greene, personal communication). In his study, bench 
grafts of Pinova, Fuji, Topaz, and Creston on M.9 were planted in 
the orchard in July 2009 and sprayed with Tiberon at 100 ppm in 
the spring of 2010 when terminal shoot growth was about 10 inches. 
Terminal growth at the end of the season was not affected on Fuji, 
Creston, and Pinova, but the highest single rate of Tiberon reduced 
terminal shoot growth on Topaz by about 25%. In another study in 
Massachusetts, one-year Macoun trees in the orchard treated with 
Tiberon at 100ppm had less leader growth (Jon Clements, personal 
communication). In our trial, the lower rate of Tiberon (50ppm) 
applied twice similarly affected Macoun trees. Perhaps the amount 
of active ingredient required to produce a suitable branching in 
Macoun trees is much less than currently recommended for apple 
nursery trees. For more acceptable chemical branching of Macoun 
(or other potentially more sensitive apple cultivars), lower rates will 
be evaluated in 2011. 
 Weather data (not shown) indicates that this experiment was 
conducted during a very hot and humid period with minimum and 

Figure	8.		 Feathering	response	of	4	apple	cultivar	to	6	treatments	(left	to	right	in	each	photo):	(1)	untreated	tree,	(2)	Maxcel	250ppm,	(3)	Maxcel	500ppm,	
(4)	Tiberon	50ppm,	(5)	Tiberon	100ppm,	and	(6)	Maxcel	250ppm	+	Tiberon	50ppm.		

Figure	7.	 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	trunk	cross	sectional	area	(cm2)	of	Empire,	Fuji,	McIntosh,	and	
Macoun	apple	trees	grafted	on	B.9	rootstocks.

Empire					 Linda	Mac

Sun	Fuji				 	Macoun
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maximum temperatures of 71°F and 81°F, respectively ( from June 18 
until the end of July 2010). The first application of either Maxcel or 
Tiberon appeared to initially stop shoot growth, but Maxcel treated 
trees recovered more quickly and by two weeks after treatment Max-
cel’s average terminal shoot length for all cultivars was 47% higher 
than Tiberon. Daily growth rates (inches/day) of ‘Empire’ and ‘Fuji’ 
trees treated with Tiberon were higher than Maxcel between July 
19 and August 19, indicating that these cultivars recovered and 
were actively growing 62 days after the first application. In general, 
Maxcel was a safer product than Tiberon under NY conditions. 
 We are not sure if the combined effect of Tiberon, hot weather 
conditions, and the antibiotic streptomycin may have exacerbated 
the injury observed in Macoun trees (and may have affected the 
other three cultivars to a lesser extent). All nursery trees (before 
we applied Tiberon and/or Maxcel on June 18 or 21) received one 
streptomycin applications for fire blight control. By the end of the 
experiment 5 streptomycin sprays had been applied. Previous re-
search has shown that cyclanilide (the active ingredient of Tiberon) 
is very mobile even at low temperatures (below 60°F). Cyclanilide 
is also currently registered for use in cotton, but it is not registered 
alone. When it is combined with ethephon, cyclanilide improves 
and accelerates defoliation and boll opening of cotton (cyclanilide 
+ ethephon= Finish™). Cyclanilide is also registered in combination 
with the chemical mepiquat chloride to improve vegetative growth 

control in cotton (cyclanilide + mepiquat chloride = Stance™). In a 
non-replicated trial, the cooperating nurseryman decided to spray 
a single lower rate of Tiberon on Gala bench graft trees not treated 
with streptomycin and obtained normal height, well-feathered 
trees without the problems we observed on the ‘Macoun’ trees.
 Our results are from only one hot and humid year with several 
streptomycin applications with only two Tiberon rates of 50ppm 
and 100pmm (as currently recommended), and only testing four 
apple cultivars with a less vigorous rootstock (B.9), so it would 
be premature to conclude that Tiberon should not be used on 
‘Macoun’ trees. Nevertheless, the data from our 2010 nursery 
trial suggests that Tiberon is a very effective product for inducing 
several short feathers on ‘Empire’, ‘Fuji’, and ‘McIntosh’ nursery 
apple trees (Figure 8). Nurserymen may wish to minimize ‘Macoun’ 
exposure to Tiberon or at least try lower rates with this and other 
potential sensitive cultivars if the nursery has to be sprayed with 
streptomycin for fire blight control. A less vigorous rootstock may 
also influence the optimal Tiberon rate for chemical branching of 
nursery apple trees in the Northeast.
 As a practical application guide, we found that the height of 
the lowest induced feathers on all apple cultivars tested appeared 
below the shoot tip height at the moment we targeted the first 
Tiberon sprays (June 18 for Empire, Fuji or June 21 for McIntosh, 
Macoun). This response in apple trees was previously reported 

(Elfving and Visser, 2006). This should allow nurs-
erymen using Tiberon to induce lateral branches to 
apply the first applications at 28-30 inches height 
above ground level so that first feathers can be 
induced at about 24-26 inches height. In Italy this 
height has also shown to be ideal for the knip-boom 
trees which are cut back in the nursery to a similar 
height (Weiss, 2004).  

Literature Cited
Elfving, D.C and D.B. Visser. 2005. Cyclanilide induces 

lateral branching in apple trees. HortScience 
40(1):119-122.

Elfving, D.C and D.B. Visser. 2006. Timing cyclani-
lide and cytokinin applications in the nursery 
to obtain desired lateral branch height in 
apple and sweet cherry trees. HortScience 
41(5):1238-1242.

Fazio, G. and T.L. Robinson. 2008. Modification of 
nursery tree architecture with apple root-
stocks: a breeding perspective. New York Fruit 
Quarterly 16(1): 13- 16.

Weis, H. 2004. Characteristics of the ideal nursery 
tree and its advantages in the orchard. The 
Compact Tree Fruit 37(1): 23-25.

Acknowledgements
The authors appreciate the contributions of Paul Waf-
ler and Bill Pitts for providing the nursery apple trees 
and for field assistance with data collection and field 
management of this experiment in Wolcott, NY. We 
also thank Liz Tee, Hugo Chávez and Ryan Robinson 
for their help in data collection and field assistance.

Mario Miranda Sazo is an Extension Associate 
in charge of cultural practices for tree fruits 
and berries working for Cornell Cooperative 
Extension, Lake Ontario Fruit Program. 



10  NEW YORK STATE HORTICULTURAL SOCIETY

Geneva® Rootstocks for Weak Growing Scion 
Cultivars Like ‘Honeycrisp’
Terence Robinson1, Gennaro Fazio2 Steve Hoying3, Mario Miranda4 and Kevin Iungerman5
1Dept.	of	Horticulture,	NYSAES,	Cornell	University,	Geneva,	NY	14456
2Plant	Genetics	Resources	Unit,	USDA-ARS,	Geneva,		NY	14456
3Dept.	of	Horticulture,	NYSAES,	Cornell	University,	Highland,	NY	12528
4Cornell	Cooperative	Extension,	Newark,	NY	14513
5Cornell	Cooperative	Extension,	Balston	Spa,	NY	12020

“Duplicate field trials with ‘Honeycrisp’ 
apple on 22 rootstocks conducted for 
9 years at Geneva, NY (in Western NY 
State) and Peru, NY (in Northern NY 
State), showed that two dwarf Geneva® 
stocks (G.41 and G.11) had good tree 
survival, superior yield performance to 
M.9, similar fruit size as M.9 and less 
bienniality than M.9. A third stock, G.935, 
which was similar in size to M.26 was also 
superior in yield to M.9 but was not less 
biennial.”

 This project was partially funded by the NY Apple Research and Development Program.

For many apple growers in North America, the bacterial disease 
fire blight is a serious threat to dwarf apple orchards. M.9 
and M.26, the most common dwarfing apple rootstocks, are 

very susceptible to 
this disease and in 
some locations this 
disease limits the 
planting of dwarf-
ing rootstocks. Out-
breaks of the disease 
in the eastern USA 
have  de c imate d 
many dwarf apple 
orchards. 
 A  n u m -
ber of new apple 
rootstocks from 
the Cornell/USDA 
apple  ro ot sto ck 
breeding project, 
located at Geneva 
NY which are re-

sistant to the bacterial disease fire blight (Erwinia amylovora) are 
rapidly becoming available. Some elite rootstock genotypes from 
this program have been tested in second and third level trials within 
NY state (Robinson and Hoying, 2005) and national trials in the 
US, and Canada, (Robinson, et al., 2003), France (Masseron and 
Simard, 2002) and New Zealand (personal communication from 
Stuart Tustin) with ‘Gala’, ‘Golden Delicious’, ‘Jonagold’ and ‘Empire’.  
However, the popularity of several weak-growing cultivars requires 
a re-evaluation of promising rootstocks when the scion cultivar is 
not vigorous. In this paper, we report on the field performance of 
elite Geneva® rootstocks from 3 trials in New York State with the 
weak-growing scion cultivar ‘Honeycrisp’.

Materials and Methods
In 2002, duplicate replicated field trials of 7 Geneva® named and 
un-named elite rootstocks and 3 Malling rootstocks (M.27, M.9 and 
M.26), B.9, P.22, Supporter 4 and Ottawa 3 as controls were planted 
at Geneva, NY (Western part of State) and Peru, NY (Northern part 
of State) using ‘Honeycrisp’ as the scion cultivar. Two clones of B.9 
were compared (European clone and USA clone).  Seven clones of 
M.9 were compared (original, T337, EMLA, Nic8, Nic29, Pajam1 
and Pajam2). One Geneva® rootstock (CG.6210) was planted only 

at Geneva. The plots were laid out as randomized complete block 
experiments with 10 replications and with each block containing 
1 individual tree of each rootstock.  All of the plant material was 
grown in a common nursery in Geneva, NY.  The trees were planted 
as unbranched whips at a spacing of (8 ft X 15 ft) and were headed 
at 40 inches after planting.  Trees were managed with the vertical 
axis system and fertilized annually with nitrogen and potassium 
according to local recommendations.  Trees were supported with a 
single wire trellis and a metal tube tree stake.
 In 2004, a third replicated field trial of 47 Geneva® named and 
un-named elite rootstocks and 3 Malling rootstocks (M.9, M.7 and 
MM.106) and 1 Budgovsky stock (B.9) as controls was planted at 
Hilton, NY (Western part of state) using ‘Honeycrisp’ as the scion 
cultivar. The plot was laid out as randomized complete block experi-
ment with 5 replications and with each block containing 2 individual 
trees of each rootstock.  All of the plant material was grown in a com-
mon nursery in Geneva, NY.  The trees were planted as unbranched 
whips at a spacing of (8 ft X 16 ft) and were headed at 40 inches after 
planting.  Trees were managed with the vertical axis system and 
fertilized annually with nitrogen and potassium according to local 
recommendations.  Trees were supported with a single wire trellis 
and a metal tube tree stake.  
 With all three trials, tree survival, number of root suckers and 
trunk circumference at 1 ft above the graft union were measured 
annually in November.  Fruit number and yield were recorded an-
nually at harvest and fruit size was calculated as the ratio of fruit 
yield/tree (g) divided by the number of fruit per tree. Cumulative 
yield efficiency was calculated by dividing cumulative yield by final 
trunk cross-sectional area.  The biennial bearing tendency of each 
rootstock was assessed by calculating an alternate bearing index for 
each two years of yield data using the formula: ABI = Absolute Value 
of (Fruit Number Year 2-Fruit Number Year 1) divided by the Sum 
of (Fruit Number Year 2+Fruit Number Year 1).  This index gives 
values ranging from 0 to 1 with 0=no biennial bearing and 1=com-
plete biennial bearing. Data were analyzed by ANOVA using SAS 
statistical analysis software (SAS Institute, Cary, NC, USA).  Crop 
load was used as covariate to compare fruit sizes independent of 
crop load.  Significant differences among means were determined 
by Least Significant Difference test.

Results
2002 Duplicate Trials at Geneva and Peru, NY. In the Western 
part of NY State (Geneva), all of the rootstocks had high tree survival 
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except P.22, M.27 and CG.4013 which had from 15-22% 
tree death over 9 years (data not presented). In the 
Northern part of NY State (Peru) all rootstocks had high 
tree survival except CG.4013 which had 17% tree death.
 Tree size at the end of 9 years at Geneva, NY fell 
into three vigor classes, super dwarf, dwarf and semi-
dwarf.  In the super dwarf group the smallest trees were 
on P.22 followed by G.65, B.9 and M.27 (Fig 1).  There 
was  no significant difference in tree size between the 
two clones of B.9 (Europe and USA). In the dwarf group 
the smallest trees were on G.11 followed by CG.3007, 
G.41, G.935, G.16, CG.4013, the various clones of M.9, 
Supporter 4 Ottawa 3 and M26. Among the 7 clones of 
M.9 only Pajam2 was significantly larger than M.9 or 
M.9T337.  The other clones were intermediate in vigor. 
Only CG.6210 was categorized as a semi-dwarf stock 
and was much larger than any of the dwarf stocks. At 
Peru, NY there was a continuum of tree sizes from P.22 
which was the most dwarfing to G.935 which was the 
most vigorous. A comparison of tree growth at Geneva 
and at Peru showed that on average trees at Peru grew 
significantly less than at Geneva (only 68% as large as 
Geneva trees) (Table 1). Stocks that had the least sup-
pression in growth at Peru were G.935, G.16, G.41, 
CG.3007, G.11, both B.9 clones, and M.26.  Stocks which 
had the greatest suppression of growth at Peru were all 
of the M.9 clones followed by CG.4013 and M.27.
 The highest yield at Geneva was with CG.6210 fol-
lowed by G.935 and G.41 (Fig. 2).  This top group was 
followed by a large group consisting of all of the M.9 
clones, M.26, O.3, G.11, G.16, CG.4013 and CG.3007 
which had similar yields. The lowest yielding group were 
the super-dwarfs, M.27, B.9, B.65 and P.22. At Peru, NY 
cumulative yield generally reflected tree size with G.935 
having the highest yield followed by G.41 and M.9Pajam2 
(Fig. 2).  This group was followed by M.26, G.16, G.11, 
O.3 and M.9Nic8.  The weaker clones of M.9 (original, 
EMLA, Pajam1 and T337) had lower yields than the 
more vigorous M.9 clones.  The lowest yielding group 
was the super-dwarf stocks, P.22, G.65, M.9 and M.27). 
A comparison of yield at Geneva and at Peru showed 
that on average trees at Peru yielded only 38% as much 
as trees at Geneva (Table 1). Stocks that had the least 
suppression in yield at Peru were G.16, G.41, M.9Pajam2, 
M.26, G.11, G.935, B.9USA, O.3 and Supporter 4.  Stocks 
which had the greatest suppression of yield at Peru were 
P.22 followed by G.65, the M.9 clones, CG.4013 and 
M.27.
 The highest cumulative yield efficiencies at Geneva 
were with G.935, G.41, B.9, P.22 and G.11 (Fig. 1).  M.27 
and CG.3007 had intermediate yield efficiency while all 
of the M.9 clones, G.16, CG.4013, Supporter 4, O.3 M.26 
and CG.621 had significantly lower yield efficiency. At 
Peru, the highest cumulative yield efficiencies were with 
G.11, M.9T337 and G.41.  This group was followed by 
B.9, M.27, CG.4013, the rest of the M.9 clones, CG.4013, 
Supporter 4, O.3, G.16 and M.26.  CG.3007, G.65 and 
P.22 had the lowest yield efficiencies. A comparison of 
yield efficiencies at Geneva and at Peru showed that on 
average trees at Peru were only 59% as efficient as trees 
at Geneva (Table 1). Stocks that had the least suppres-
sion in yield efficiency at Peru were all of the M.9 clones, 
CG.4013, M.26, G.11 and M.27.  Stocks which had the 

Figure	1.		 Final	tree	size	(cm2	trunk	cross-sectional	area)	and	cumulative	yield	efficiency	
(kg	fruit/cm2	TCA)	of	‘Honeycrisp’	apple	trees	when	grown	on	22	rootstocks	at	
Geneva,	NY	(top)	and	Peru,	NY	(bottom)	after	9	years.

Figure	2.		 Cumulative	yield	(kg/tree)	of	‘Honeycrisp’	apple	trees	when	grown	on	22	root-
stocks	at	Geneva,	NY	(top)	and	Peru,	NY	(bottom)	after	9	years.



12  NEW YORK STATE HORTICULTURAL SOCIETY

Performance	at	Peru,	NY	as	a	%	of	Performance	at	Geneva,	NY

greatest suppression of yield efficiency at 
Peru were P.22, followed by G.65, CG.3007, 
G.935, B.9, O.3 and G.41.
 The largest fruit size at Geneva was 
with M.9Pajam1 followed by G.41, CG.6210, 
M.9EMLA, M.9T337, M.9Pajam2, M.27, 
G.11, Supporter 4, M.26 and M.9 (Fig. 3). 
Stocks with slightly smaller fruit size were 
B.9, G.935 and M.9Nic29.  The rootstocks 
with the smallest fruit size were P.22, G.65, 
CG.3007, G.16 and CG.4013. At Peru, 
NY, the largest fruit size was with M.27 
followed by M.9EMLA, M.9T337, Sup-
porter 4, M.9Pajam1, G.41 and M.9Nic8, 
M.9Pajam2, M.9Nic29, M.9 and G.11. In-
termediate fruit sizes were produced with 
B.9 and O.3 while M.26, G.16, G.935 and 
G.65 had smaller size.  The smallest fruit 
size was with P.22, CG.4013 and CG.3007. 
A comparison of fruit sizes at Geneva and 
at Peru showed that on average trees at 
Peru produced fruits of almost the same 
size (91%) as at Geneva with no large dif-
ferences among stocks (Table 1). 
 The effect of rootstock on biennial 
bearing was evaluated by calculating an 
alternate bearing index (ABI) with a scale 
of 0=no alternate bearing, to 1=com-
plete biennial bearing.  At Geneva, the 
rootstocks which had the lowest biennial 
bearing tendency were G.41 followed by 
G.65, CG.6210, B.9, G.11, G.935, G.16, O.3 
and M.26 (Fig. 4).  The clones of M.9, P.22, CG.3007 
and Supporter 4 were intermediate in biennial bearing 
tendency while M.27 and CG.4013 had the greatest 
biennial bearing tendency.  At Peru, the rootstocks with 
the lowest biennial bearing tendency were B.9Europe, 
CG.3007, M.26, G.41 and P.22.  Stocks with intermedi-
ate ABI were G.65, M.27, B.9USA, CG.4013, the weaker 
clones of M.9, G.11, Supporter 4, O.3 and G.16.  Stocks 
with the highest ABI were M.9Nic8, M.9Pajam2, G.935 
and M.9Pajam1. A comparison of biennial bearing at 
Geneva and at Peru showed that on average trees at 
Peru were had slightly greater alternate bearing (105%) 
than trees at Geneva (Table 1). Stocks that had less 
biennial bearing at Peru than at Geneva were CG.4013, 
CG.3007, M.27, Supporter 4, M.9EMLA, M.9Nic29, 
M.26, P.22, B.9Europe, M.9T337 and B.9USA.  Stocks 
with greater biennial bearing at Peru than Geneva were 
G.935, M.9Nic8, M.9Pajam1, G.65, G.11, M.9Pajam2, 
G.41 and G.16.
 Root suckers at Geneva were significantly higher 
than at Peru where there were almost no root suckers 
(data not shown).  At Geneva the rootstocks with the 
least root suckers were G.11, G.41, G.16, P.22 CG.3007, 
M.26 and G.65 while all of the other stocks had between 
14 and 33 rootsuckers. 
 2004 Trial After 7 years all of the rootstocks 
had high (>90%) tree survival except CG. 2034, and 
4088 (data not presented).  Tree vigor ranged from 
super dwarfing (<10 cm2 TCA) to vigorous (>60 cm2 

Figure	3.		 Average	fruit	size	(g/fruit)	of	‘Honeycrisp’	apple	trees	when	grown	on	22	root-
stocks	at	Geneva,	NY	(top)	and	Peru,	NY	(bottom)	after	9	years.

Table	1.		 Performance	 of	 21	 apple	 rootstocks	 with	‘Honeycrisp’	 as	 the	 scion	 cultivar	 at	 Peru,	 NY	 as	 a	
percentage	of	their	performance	at	Geneva,	NY	over	9	years.		Rootstock	 (Performance	at	Peru,	
NY	as	a	%	of	Performance	at	Geneva,	NY)	 	     

	 	 	 Trunk	
	 	 	 Cross-	 	 Average	 Cumulative	 Alternate	 Cumulative
	 	 Tree		 sectional	 Cumulative	 Fruit	 Yield	 Bearing	 Root
Rootstock	 Survival		 area		 Size		 Yield		 Efficiency		 Index		 Suckers
	 	 									Performance	at	Peru,	NY	as	a	%	of	Performance	at	Geneva,	NY

P.22 112.8 60.9 16.0 89.3 29.3 96.8 0.0
G.65 100.0 71.4 25.9 97.2 35.3 122.9 0.9
B.9Europe 100.0 78.2 38.2 94.0 48.7 97.3 0.0
B.9USA 100.0 80.4 41.0 93.0 50.7 106.3 0.0
M.27 116.3 51.2 34.0 92.3 60.1 82.9 0.5
G.11 100.0 79.9 49.0 91.9 61.4 121.9 0.0
CG.3007 112.4 81.3 36.4 88.5 44.5 81.6 0.0
G.41 100.0 84.6 49.4 89.4 57.7 116.4 0.0
G.935 100.0 105.6 47.7 88.1 45.3 130.2 0.5
G.16 100.0 87.2 50.5 92.0 58.3 112.1 0.0
CG.4013 103.8 46.4 32.1 88.4 69.1 81.1 1.5
M.9 100.0 48.8 29.8 91.1 65.8 103.9 0.0
M.9T337 100.0 48.0 38.8 91.0 84.9 99.4 0.6
Supporter 4 88.0 69.5 40.1 92.2 59.1 89.5 0.0
M.9Pajam1 100.0 46.1 29.8 89.4 66.3 122.9 0.7
M.9EMLA 100.0 51.1 34.6 91.6 74.9 90.5 2.3
M.9Nic29 100.0 59.7 37.4 93.8 62.7 93.2 0.0
M.9Nic8 100.0 61.4 37.5 91.7 63.1 126.8 0.0
Ottawa 3 100.0 72.1 40.9 91.5 56.1 114.9 0.0
M.26 100.0 75.0 49.1 87.7 63.7 96.9 0.0
M.9Pajam2 100.0 61.9 49.1 90.2 79.6 116.6 0.0

Mean	Peru	
vs.	Geneva	 101.6	 67.6	 38.4	 91.2	 58.9	 104.9	 0.3

       
zRootstocks ranked by increasing trunk x-sectional area.
yMean separation by LSD p≤0.05.
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TCA) with a continuum between the extremes (Fig 5).  
Super-dwarfing trees which were smaller than B.9 were 
CG.4291, 4088, 4021, 2406, 2034, 4202, 4003, 4210 and 
4288. Trees similar to B.9 were G.11, 2006, 4019, 5757 
and 2022.  Trees similar to M.9 were CG.4214, 4292, 
G.16, CG.6874, 4814, 6143, 5030, and 4001.  The trees 
which were in the dwarfing class but intermediate in 
size between M.9 and M.7 were CG.6969, 4011, G.935, 
6006, G.30, 4004, 5202, 5257, 5012.  A group slightly 
larger categorized as semi-dwarfing but smaller than 
M.7 were, CG.7480, 8189, 4049, 6879 and 5890. Trees 
similar in size to M.7 were MM.106, CG.6001 and 6253. 
Eight stocks were significantly more vigorous than M.7 
or MM.106 with several stocks almost twice the size of 
MM.106.
 As expected, cumulative yield generally reflected 
tree size (Fig. 6); however, there were several notable 
exceptions.  Among the super-dwarfs, CG4210 had 
the highest yield, while among stocks similar to B.9, 
CG.5757 had the highest yield.  Among stocks similar to 
M.9, CG.4001 had the highest yield. Among dwarf trees 
slightly larger than M.9, CG.4004 had the highest yield.  
Among semi-dwarf trees smaller than M.7, CG.5890 
and 7480 had the highest yield while among trees larger 
than M.7 or MM.106, CG.6001 and 6024 had the highest 
yield.
 Cumulative yield efficiency which normalizes yield 
with tree size (TCA) was generally inversely related to 
tree size (Fig 5). Among the super-dwarf rootstocks 
smaller than B.9 which had higher yield efficiency than 
M.9 were CG.4021, 4210, 4003, 2406, and 4291. Among 
stocks similar to B.9, CG.5757 and B.9 had higher yield 
efficiency than M.9. Among the group of stocks similar 
in size to M.9 which had higher yield efficiency than 
M.9 were CG.4214 and 4814.  Among dwarfing stocks 
slightly larger than M.9 which had high yield efficiency 
were CG.6969, 4004, 4011, G.935, 6006, 5046, G.30 and 
5257.  Among semi-dwarfing stocks slightly smaller than 
CG.7480 and 5890 had higher yield efficiency than M.9.  
No stock similar or larger than M.7 had yield efficiencies 
as high as M.9; however, the highest yield efficiency was 
with CG.6001 which was significantly higher than M.7.
 Fruit size varied significantly among rootstocks (Fig. 
7).  M.9 had the largest fruit size but not significantly 
greater than the semi-dwarf stocks CG.4004 and 7480 
or the vigorous stock CG.6001. Rootstocks with the 
smallest fruit size were the super-dwarfs, CG.4291, 2406, 
2034, 4003 and 4288; the dwarfs CG.2006, 4019, 4292, 
and 6874; and the vigorous stocks CG.6253, 4002, 5463 
and 6024.  All other stocks had intermediate fruit size.
 The number of root suckers varied significantly 
among rootstocks.  M.9 had ~5 root suckers/tree over 
the 7 years of the trial (data not shown).  Those rootstocks which 
had significantly more root suckers than M.9 were M.7 (which had 
the most=22) followed by CG.5046, 6143, 5030, 6001, 4214, 6879 
and 6024.

Discussion
The duplicate rootstock trials planted at Geneva (Western, NY) and 
Peru (Northern, NY) revealed a significant difference in performance 
of each rootstock genotype between Geneva and Peru. Such loca-
tion effects on rootstock performance have been seen in most 
national NC140 rootstock trials (Autio, et al., 2005, 2008, Marini, 

Figure	4.		 Alternate	bearing	index	(0=annual	cropping,	1=biennial	cropping)	of	‘Honey-
crisp’	apple	trees	when	grown	on	22	rootstocks	at	Geneva,	NY	(top)	and	Peru,	
NY	(bottom)	after	9	years.

Figure	5.	 Final	tree	size	(cm2	trunk	cross-sectional	area)	and	cumulative	yield	efficiency	
(kg	fruit/cm2	TCA)	of	‘Honeycrisp’	apple	trees	when	grown	on	51	rootstocks	at	
Hilton,	NY	after	7	years	(Burch	Plot).

et al., 2006a,b, 2009). This indicates that local recommendations 
of rootstock should be based on local field performance trials. In 
this study, G.41 which had the best overall performance at both 
Geneva and Peru was smaller than all seven M.9 clones at Geneva 
but larger than all M.9 clones except Pajam2 at Peru.  Similarly G.11 
which had the second best overall performance at both locations 
was significantly smaller than all M.9 clones at Geneva but was 
similar to M.9EMLA in size at Peru.  G.935 which had the third 
best overall performance was as dwarf as G.41 at Geneva but at 
Peru it was more vigorous than M.9Pajam2. It appears that all M.9 
clones were more severely negatively affected by the climate and 
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soils at Peru than either G.41, G.11 or G.935.  G.16 also 
performed well at both locations and was less affected 
by the climate in Peru than the M.9 clones but G.16 was 
inferior to G.41, G.11 and G.935 in yield efficiency and 
was similar to the M.9 clones.  These positive results 
with G.41, G.11 and G.935 are similar to the results of 
other studies (Autio, 2005, 2008; Czynczyk et al., 2010; 
Marini 2009; Masseron and Simard, 2002; Robinson 
and Hoying, 2005; Robinson et al., 2003).
 The results of fruit size indicate that G.41 and 
G.11 produce similar fruit size to M.9 even when fruit 
size is calculated independent of crop load.  However, 
our results show that G.935 produces slightly smaller 
fruit size than M.9 with fruit size similar to M.26.  
Our results also show that four Geneva rootstocks 
(G.65, G.16, CG.3007 and 4013) produce significantly 
smaller fruit size than M.9. The latter two stocks will 
be discarded due to this characteristic.  Our data also 
show that P.22 produces small fruit size.  The results 
show that fruit size of B.9 was numerically smaller at 
both locations than M.9 but the difference was not 
significant. 
 The duplicate trials showed that there is a range 
of vigor among the seven M.9 clones with M.9Pajam2 
having the greatest vigor (similar vigor as M.26) and 
being significantly more vigorous than M.9T337 es-
pecially at Peru, NY.  The Pajam2 clone was followed 
by Nic8, Nic29, EMLA, Pajam1, T337 and the original 
M.9 which was the least vigorous.
 Our data show that there is no significant differ-
ence in vigor between the European clone of B.9 and 
the USA clone but at both locations the USA clone was 
numerically larger than the European clone.  There was 
no significant difference in fruit size or biennial bear-
ing tendency between the two clones of B.9.  Although 
the two clones have different growth characteristics 
in the stoolbed (trailing vs. erect growth) there is no 
significant difference in orchard performance.  This 
result is consistent with our earlier results of similar 
fire blight susceptibility (Russo et al., 2007, 2008).
 Through the 2004 field trial of 51 rootstocks we 
have identified several new dwarfing stocks which 
may have potential.  They include the super-dwarfs 
CG.4021, 4088 and 4210; the dwarfs, CG.4214, 5757 
and 4001. From this group CG4214 was released in 
2010.  It was named Geneva® 214.  It has excellent 
stoolbed propagation characteristics which may make 
it easier to introduce quickly.
 New semi-dwarfing stocks which may have po-
tential include: CG.6969, 4011, 6006, 5046, 4004, and 
5257. From this group CG.6969 was released in 2010 
and named Geneva® 969. It has excellent stoolbed propagation 
characteristics which may make it easier to introduce quickly. It 
performs well in northern climates and is free standing.  It may be 
an excellent stock for weak growing cultivars in northern climates 
like Honeycrisp and MN1914 (Robinson et al. 2010).
 New semi-vigorous stocks which may have potential include: 
CG.7480 and 5890. Among this group CG.5890 was released in 
2010 and named Geneva® 890. It has excellent stoolbed propaga-
tion characteristic, is free standing, precocious and productive. It 
is intended for the processing orchards of NY, PA, VA, NC and 
MI. Among stocks larger than MM.106 those with higher yield ef-
ficiency than MM.106 this project identified CG.6001 which may 

Figure	6.	Cumulative	yield	(kg/tree)	of	‘Honeycrisp’	apple	when	grown	on	51	rootstocks	at	
Hilton,	NY	after	7	years	(Burch	Plot).

Figure	7.	Average	fruit	size	(g)	of	‘Honeycrisp’	apple	trees	when	grown	on	51	rootstocks	at	
Hilton,	NY	after	7	years	(Burch	Plot).

Figure	8.		 Alternate	 bearing	 index	 (0=annual	 cropping,	 1=biennial	 cropping)	 of	
‘Honeycrisp’	apple	trees	when	grown	on	51	rootstocks	at	Hilton,	NY	after	7	
years	(Burch	Plot).

have potential in areas of the world with poor soil resources and 
where high density orchards are not yet common.
 Overall our data have show that over a broad range of climates, 
that 2 Geneva® stocks, G.11, and G.41 are very similar in dwarfing 
to M.9 and offer substantial benefits to US growers compared to 
M.9.  They are being commercialized rapidly. Geneva® 11 is fire 
blight resistant but is not immune. It also has good resistance to 
Phytophthora root rot, but it is not resistant to woolly apple aphids 
or apple replant disease.  G.11 has good layerbed and nursery char-
acteristics.  It is proving to be an excellent replacement for M.9.  
Its production in 2010 was about 175,000 liners. Substantial new 
stoolbeds have been planted which should increase production to 
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300,000 liners in 2011 and 800,000 liners in 2012.
 G.41 is the most efficient and top performing dwarf rootstock 
in our trials.  It has excellent fruit size and induces wide branch 
angles.  It is highly resistant to fire blight (Russo et al, 2007) and 
is also resistant to Phytophthora and woolly apple aphids.  It ap-
pears to have some tolerance of apple replant disease (Auvil, 2011, 
Robinson et al., 2011) and has good winter hardiness and appears 
to have less tendency for biennial bearing with Honeycrisp than 
other stocks.  In the stoolbed, G.41 is a shy rooter and requires 
specialized rooting techniques including tissue cultured stoolbed 
mother plants to improve its rooting (Adams, 2010). It has brittle 
roots and a brittle graft union similar in strength to M.9 and must be 
handled with care. Its stellar orchard performance in both eastern 
and western North America indicate that it will be a good alterna-
tive to M.9 in high fire blight prone areas, in replant disease areas 
and in woolly aphid prone areas.  Its production in 2010 was only 
10,000 liners. Substantial new stoolbeds have been planted which 
should increase production to 100,000 liners in 2011 and 300,000 
liners in 2012.
 G.935 is similar in size to M.26 but is more productive. It 
induces wide branch angles, is highly resistant to fire blight and 
Phytophthora, and appears to have some tolerance of apple replant 
disease.  It also appears to be very winter hardy, but its not resistant 
to woolly apple aphid. Fruit size has been slightly smaller than M.9. 
It is an excellent new rootstock for weak growing cultivars like spur-
type ‘Delicious’, ‘Honeycrisp’ ‘Sweet Tango’ or ‘NY1’ (Robinson et 
al., 2010). Its production in 2010 was only 30,000 liners. Substantial 
new stoolbeds have been planted which should increase production 
to 100,000 liners in 2011 and 300,000 liners in 2012.
 Other Geneva® rootstocks not evaluated in these trials are 
G.202 and G.30.  G.202 which produces a tree slightly larger than 
M.26, has a high level of resistance to fire blight, good resistance 
to Phytophthora, apple replant disease and to woolly apple aphid 
which is an important pest in many climates.  It has had higher 
yield efficiency than M.26, and will be a useful alternative to M.26 in 
climates that have problems with woolly apple aphid. Its production 
in 2010 was only 15,000 liners but substantial new stoolbeds have 
been planted. Geneva® 30 is slightly more vigorous than M.26 and 
is proving to be useful in northern growing areas where it shows 
wide soil adaptation good winter hardiness and high yields.  It is 
resistant to fire blight, crown rot and has very high yield efficiency 
It is difficult to handle in the stoolbed and nursery due to excessive 
production of sharp spines.  This has limited its production for the 
last 5 years to only about 70,000 liners per year.

Conclusions
Our data have shown that over a broad range of climates and soils, 
that 2 dwarfing Geneva® stocks, G.11 and G.41 have performed 
better than M.9 while G.935 which is similar in vigor to M.26 has 
performed similar to M.9. Previous studies have shown their sig-
nificant fire blight resistance is an advantage over M.9 and offers 
substantial benefits to North American apple growers (Russo et 
al., 2007).  Other studies have shown that G.41 also has significant 
resistance to replant disease (Robinson et al., 2011).  We have also 
identified several new elite rootstocks which may have potential for 
processing growers who want a free standing tree. These stocks are 
semi-dwarfing fire blight resistant stocks with high yield efficiency 
and good precocity.  It is likely that these will be free-standing trees.
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Important reminders:
Fo l lowing  these  record  keep ing 
requirements will help optimize your 
protection:
• Keep separate sales records by unit to 

insure apple acreage as fresh
• Maintain separate daily sales records for 

farm-based retail operations
• Retain prior years’ records used to certify 

fresh apple production for three years 

Consult your crop insurance agent if 
you have any questions about the new 
requirements. Agent lists are available at 
your FSA office or on the web at http://
www3.rma.usda.gov/apps/agents/.

NY Apple Crop Insurance 
Record Keeping in 2011

Beginning with the 2011 crop year, policyholders receiving the higher 
fresh apple price election must certify, and provide verifiable records 
upon request, that at least 50 percent of the production from acreage 

from each unit was sold as fresh apples in one or more of the four most 
recent crop years.  Records from a packer or buyer or daily sales records 
for policyholders who market production directly to the consumer would 
be considered acceptable verifiable records provided they reflect a price 
consistent with that generally received for fresh apples. 

Apple policyholders who do not have separate records by unit 
of fresh apple production in one of the last four years will 

have to insure their apple acreage at the lower processing 
apple price election.

These new recordkeeping requirements were relaxed 
somewhat to allow for eligibility for crop insurance 

coverage for 2011. See http://www.rma.usda.
gov/bulletins/pm/2010/10-071.pdf

NEW YORK STATE  CROP INSURANCE EDUCATION
New York State Department of Agriculture & Markets 
USDA Risk Management Agency
222.agmkt.state.ny.us/AP/CropInsurance.html           Contact Sarah Johnston  1-800- 554-4501

One Bushel Crates

Well built and reliable, these boxes will 
protect your produce. In bulk, $5.50 each

Hamlin Sawmill
1873 Redman Rd. Hamlin, NY 14464

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

www.OneB ushelCrate.com
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Fire blight resistance of Budagovsky 9 apple rootstock. Plant 
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Horticultural performance and fire blight resistance of Cornell-
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who leads the Cornell/USDA apple rootstock breeding 
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orchard management and growth regulators. Mario Miranda 
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A New Pheromone for Prionus 
Root-Boring Beetles
Arthur M. Agnello1, Lea Loizos2 and Dan Gilrein2
1Dept. of Entomology, NYSAES, Cornell University, Geneva, NY
2Long Island Horticultural Research Laboratory, Cornell University, Riverhead, NY

  
“The Prionus borer is the grub or larval 

stage of a large longhorned beetle called 
the broadnecked root borer (Prionus 
laticollis). Recently, the sex pheromone 
of a closely related species, P. californicus 
was identified, as a first step in the 
possible development of non-insecticidal 
methods of monitoring and managing 
this important class of pests.”

Although the number of wood-boring beetles attacking fruit 
trees is relatively small and their infestations sporadic, 
some species found in New York are able to slowly weaken 

and eventually kill 
a tree that was once 
healthy (Agnello 
1999).  The Prionus 
borer is the grub 
or larval stage of a 
large longhorned 
beetle called the 
broadnecked root 
borer (Prionus la-
ticollis), which is 
among the largest 
of the North Ameri-
can beetles (Figure 
1); the adult can be 

over 1 3/4 inches in length, and the fully grown borer larva can reach 
3.5 inches.  During the past few years, these borers have been found 
in the roots and crowns of Red Delicious apple trees in a commercial 
orchard near Northport, Long Island; several trees in the orchard 
were attacked and as many as 3–4 borers were found in each tree.  
Broadnecked Prionus has also been reported damaging apple roots 
in Rhode Island and New Hampshire.  Unlike other tree-boring 
insects, these beetles usually select mature, healthy trees to attack.  
All injury is caused by the larvae; adults do not feed.
 Adults of this species emerge from the soil in late June through 
the first week of August in NY, peaking in mid-July.  They remain 
hidden beneath loose bark or debris at the base of the tree, except 
during early evening and night hours.  The females live for only 1–2 
weeks, but are capable of producing hundreds of eggs during that 
time, mostly in the soil near the base of host trees.  Beetles fly at night, 
and may be attracted to lights; female broadnecked root borers have 
not been observed to fly.  
 Larvae of the Prionus root borers are among the largest of insects 
that attack apple trees.  These large grubs are fleshy, elongate, and 
creamy white to yellowish, with three pairs of small legs and small 
heads armed with strong black mandibles (Figure 2).  After hatch-
ing out, the young borers dig down to the roots and begin feeding 
on the bark.  They move through the soil from one root to another, 
feeding on the surfaces of small roots and eventually enter the wood 
of buttress roots and other large roots close to the root crown.  Their 
tunnels may be up to 5/8-inch in diameter.  Several large larvae may 
be found feeding independently in a small section of a large buttress 
root.  Their feeding period lasts 3–4 years, during which time the 
roots may become so riddled that separate tunnels all blend together 
into a large chamber.  The area where they have been feeding is filled 
with dark, decomposing frass and wood chips (Figure 3).  Any solid 
wood quickly decomposes.  Injury manifests itself as a gradual de-
cline, and tree death results from young larvae feeding on root bark 
and older larvae tunneling into the roots.  Damaged roots exhibit 
deep, sharply defined channeling and tunneling.  Affected trees often 

Figure	1.	 Adult	 female	 broad-
necked	root	borer, Prio-
nus laticollis.

Figure	2.	 Mature	 broadnecked	
root	 borer	 larva;	 actual	
size	3.5	inches.

Figure	3.		Gallery	of	Prionus	borer	filled	with	darkened	frass.

have a very sparse canopy.  Roots 
may be removed to such an extent 
that trees may be pushed out of 
the ground by hand. 
 The broadnecked Prionus is 
found from southeastern Canada 
south to Georgia and west to the 
Mississippi River.  Its hosts in-
clude many trees and shrubs such 
as highbush blueberry and species 
of Malus (apple), Tilia (linden), 
Quercus (oak), Populus (poplar), 
Prunus (cherry, peach, plum, and 
prune), Cornus (dogwood), Acer 
(maple), and Rhododendron.  
Management of Prionus is labor-
intensive and expensive because 
pesticides cannot effectively con-
trol established infestations, and 
there are no effective biological 
or host plant resistance alterna-
tives.  The only means of preven-
tion is through trunk-applied 
applications of chlorpyrifos, a 
broad-spectrum insecticide that 
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is under increasing regulatory 
scrutiny and destined not to be 
available over the long term.  
Existing infestations can be 
eliminated only by fumigating 
the soil or eliminating the host 
apple trees once infestations 
are found, which results in 
decimated orchard plantings.  
 Recently, researchers in 
the western US identified the 
sex pheromone of a closely 
related species, P. californicus, 
as a first step in the possible 
development of non-insecti-
cidal methods of monitoring 
and managing this important 
class of pests (Cervantes et al., 
2006; Rodstein et al. 2009).  In 
preliminary studies, they showed that female P. californicus produce 
a powerful sex pheromone that specifically attracts males of this 
and related Prionus species, including the broadnecked Prionus.  
This was the first conclusive demonstration of a sex pheromone in 
this group of beetles.  In 2010, we collaborated with this group by 
conducting field-trapping trials to assess the effectiveness of this 
pheromone in detecting the distribution and seasonal activity of 
this species in NY apple systems.

Methods
In late June, we set out pitfall traps baited with Prionus pheromone 
at a known orchard site in Northport, Long Island, NY, where this 
species had been detected in the past, to assess its ability to attract 
adult males of broadnecked Prionus and to document the timing of 
their emergence and flight period in eastern NY.  The traps, consist-
ing of a plastic funnel inserted into the lid of a 2-qt plastic jar (Figure 
4), were buried so that the funnel opening was flush with ground 
level.  Four traps were placed at various spots in and alongside 
the orchard on June 22; by the next day, adults had already been 
trapped (Figure 5).  Traps continued to be checked approximately 
twice weekly through July.  To gather information on the general 
distribution and occurrence of this species in another non-orchard 
habitat in the state, two additional traps were placed in a mixed pine 
and hardwood forest outside of Geneva on June 28, and checked 
every 2–3 days until the first week of August.  In all cases, beetles 
captured were collected and preserved for identification.

Results
The pheromone traps proved to be very effective in attracting 
adult Prionus males from the general area in each of the locations 
surveyed.  An average of up to 4-5 beetles per trap was collected 
on each sampling date for approximately 4 weeks in each location 
(Figure 6), with peak captures occurring within the first two weeks 
of each respective population’s appearance; all specimens were 
identified as Prionus laticollis, the broadnecked root borer.  Two 
related species, P. imbricornis and P. pocularis, have also been re-
ported being taken in traps baited with this pheromone, but these 
appear not to occur in our region.   Most of the adult male activity 
appears to be restricted to the month of July in NY, although oc-
currence in 2010 was probably a bit earlier than normal, owing to 
the advanced and unusually warm season.
 Temperature data taken from New York State IPM NEWA 
weather stations in Geneva and Farmingdale, NY (about 15 miles 
from the Northport orchard), show that first emergence of the 
beetles at each site generally corresponded to an accumulation 

Figure	6.	 Prionus	 beetles	 captured	 in	 pitfall	 traps	 and	 degree	 day	
accumulations	in	two	NY	locations,	2010.

Figure	4.		Pitfall	trap	used	for	monitoring	Prionus	
beetles.

Figure	5.		Male	Prionus	beetles	in	the	bottom	of	pitfall	trap.

of approximately 1100 DD (base 50°F) from a Jan. 1 start date.  
During a year with more normal summer temperatures, we would 
anticipate emergence to begin roughly 7–10 calendar days later, 
respectively, in each location, placing the majority of the beetle 
activity during the month of July. 

Conclusions
We anticipate that this pheromone could find a useful application 
in monitoring the distribution and abundance of broadnecked 
Prionus, allowing us to formulate a protocol for seasonal moni-
toring of this pest that will allow suitable preventive measures 
to eliminate the threat they pose to established apple plantings.  
Ultimately, it might also be exploited for control of this insect via 
pheromone-based mating disruption, mass trapping, or attract-
and-kill strategies.  We hope to expand these field trapping trials 
in succeeding years, including other sites not necessarily in prox-
imity to apple growing regions.  We are interested in the specific 
situations in which these beetles end up becoming a pest of apple 
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Figure	5.		Male	Prionus	beetles	in	the	bottom	of	pitfall	trap.

trees, and the ability to reliably capture them is an important first 
step in this process.
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Diphenylamine (DPA) has been used for more than 50 years to 
control the physiological disorder of apples known as stor-
age scald or superficial scald.  It also controls external CO2 

injury.  DPA has traditionally been applied by drenching fruit imme-
diately after harvest 
with a recycling so-
lution that contains 
DPA. Fungicides 
have been applied 
with DPA in drench 
solutions to control 
blue mold caused by 
Penicillium expan-
sum and gray mold 
caused by Botrytis 
cinerea. Postharvest 
drenches are still 
effective for con-
trolling scald, CO2 
injury, and post-
harvest decays, but 
recycling drenches 
are increasingly 
viewed as posing 

food safety concerns because human pathogens introduced into 
the solution could be recycled over thousands of bushels of apples. 
Biocides such as chlorine cannot be used in combination with DPA 
because DPA is an antioxidant whereas most biocides are strong 
oxidizers. Combining the two in a single tank or even in successive 
treatments would inactivate either DPA or the sanitizer, or perhaps 
both.

Table	1.	Summary	of	trials	designed	to	evaluate	effectiveness	of	non-recycling	drench	(NRD)	treatments:
	 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 Inoculum	(estimated
	 	 	 	 	 	 Volume	of	 	 	 	 no.	of	P. expansum
	 Trial	 	 	 Date	of:	 	 solution	 Maturity	indices	for	test	fruit	 spores	misted	on	
	 	 	 	 	 	 used	for	NRD	 	 Soluble	 Starch	 fruit	in	each	minibin
No.	 Objective	 Cultivar	used	 Harvest	 Treatment	 Evaluation	 treatmentsx	 Firmness	 Solids	 Index	 	in	millions)

1.  Scald control Cortland 21 Sep 09 23 Sep 09 1 Feb 10 4.3 qt 14.9 --y 3.0 --
2. Scald control Redcort 9 Sep 10 10 Sep 10 11 Mar 11 2.5 qt -- -- 2.3z --
3. Decay control Cortland 21 Sep 09 22 Sep 09 12 Nov 09 4.3 qt 14.9 -- 3.0 340
4. Decay control Empire 21 Sep 10 23 Sep 10 17 Nov 10 2.5 qt 17.6 12.9 3.8 226
5. Decay control Macoun 16 Sep 10 6 Oct 10 22 Nov 10 2.5 to16 qt 16.1 14.1 6.8 173
6. Fruit coverage Golden Del. 5 Oct 09 16 Feb 10 17 Feb 10 4.3 qt -- -- -- --

	x	Expressed	as	the	volume	per	full-size	commercial	apple	bin.
	y	Information	was	not	collected	or	is	not	relevant.
	z	Estimate	based	on	maturity	evaluations	from	other	Cortland	blocks	in	the	region	as	reported	by	Mike	Fargione.

 One way to bypass postharvest drenches is to apply DPA as a 
fog after storage rooms are filled. However, several packinghouse 
operators in New York devised a different approach for eliminating 
recycling drenches. They mixed up the same concentration of DPA 
that would be used for postharvest drenching and then sprayed 2.5 
qt of the DPA solution over the top of each filled bin of apples as 
the bins were being moved into storage. This low volume applica-
tion resulted in little if any run-off from the bottom of the bins, but 
it reportedly controlled storage scald and CO2 injury. However, 
questions remained about whether this application method was 
really controlling scald and CO2 injury or whether the treated fruit 
would have escaped these disorders even if no treatment had been 
applied.

Research on Non-Recycling Drenches
Tests were conducted using specially constructed plywood minibins 
that were 15 inches square (interior measurement) by 36 inches high 
that contained columns of fruit equal in depth to those in full-size 
commercial storage bins. Each minibin held roughly 2.4 bushels of 
fruit and had an interior footprint area equal to 12% of that found 
in a MacroPlastic model 32FV bin. The objectives, cultivars, and 
general procedures for each trial are summarized in Table 1.
 For recycling drenches (RD), we placed minibins in a fiberglass 
catch basin that had a large drain hole in one corner. Treatment 
solutions were mixed in a volume of 9 gal of water held in a 10-gal 
plastic garbage pail. The pail containing treatment solutions was 
placed beneath the catch basin drain (Figure 1). A sump pump in 
the garbage pail delivered 48 gal/min through a flexible hose, and 
the flow from the hose was directed over the tops of the minibins 
for 30 sec.  Solution that ran through the minibins recirculated 
back to the sump pump via the drain in the catch basin. The same 

As an alternative to using recycling drenches of DPA, some growers are 
spraying a low volume of DPA solution over the top of each filled bin as 
the apples are being moved into storage. This low-volume application 
results in minimal run-off from the treated fruit. We found that DPA 
applied using this method controlled scald just as well as DPA applied in 
a recycling drench. Although fungicides applied via bin-top sprays failed 
to control decays in the middles and bottoms of bins in our trials, decay 
risks can be minimized by sanitizing storage rooms during summer.
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treatment solution was used for treating four replicate bins for each 
treatment. The pump and catch basin were rinsed with clean water 
between treatments.
 For non-recycling drenches (NRD), products were used at the same 
concentrations as those used for the recycling drenches. Solution that 
drained from the bottoms of the minibins was recaptured and measured 
to determine how much of the solution was retained by the fruit and 
bin surfaces. Results verified the previous reports from packinghouse 
operators that only 2.5 qt of solution would be retained per full-size 
bin. 
 Products included in these trials were No-Scald DPA (Decco), 
Scholar 1.92SC (Syngenta), Penbotec 3.34SC (Pace International), and 
Captan 80WDG.

Scald Control Experiments 
Scald control experiments were conducted using Cortland fruit 
harvested in the early part of the harvest window and then held for 
24 to 48 hours in the shade so as to increase the potential severity of 
superficial scald. 
 Each bin was filled by placing 50 Cortland “data fruit” in the 
bottom, 25 in the mid-height part of the bin, and 25 at the top of the 
bin. The intervening spaces were filled with Golden Delicious fruit so 
that we could quickly separate data fruit from filler fruit when experiments were 
evaluated. The following treatments were applied in fall of 2009: water control via 
NRD; 1500 ppm DPA via NRD; and 1500 ppm DPA via RD. The fungicides Scholar 
and Captan were included with the DPA treatments because we were uncertain if 
the wetting agents from fungicides might affect distribution of the solution over 
fruit surfaces in the NRD treatment, and our initial assumption was that fungicides 
would probably be needed any time that DPA solutions were applied to fruit. The 
12 minibins used for the 2009 trial were enclosed in large plastic bags and moved 
into a 36° F cold room within an hour after treatments had been applied and while 
fruit were still wet. 
 In fall of 2010, the 2009 treatments were repeated using eight minibins per 
treatment, of which only four were enclosed in poly bags following treatment 
whereas the other four replicates were stored without bagging. The objective was 
to determine if scald would still be controlled with NRD treatments in situations 
where only a small amount of fruit in a large storage room was treated with DPA.
 In both years, scald developed on more than 60% of control fruit that were 
treated only with water using the NRD method. In the 2009-10 trial, the DPA treat-
ments allowed no more than 2.2% of fruit to develop scald, and the NRD and RD 
application methods were equally effective (Figure. 2).  In the 2010-11 trial, both 
treatment methods again produced comparable results (Figure. 2). There was more 
scald in fruit stored without bags than in bagged fruit, indicating that effectiveness 
of DPA was reduced when the DPA volatiles were not contained within poly bags. 
However, that reduction was evident for both NRD and RD treatments.

Decay Control Experiments 
Decay control experiments were conducted using apples that were uniformly 
wounded by using a large cork fitted with three finishing nails to produce wounds 
that were 3 mm deep and 2 mm in diameter. Each apple was wounded on three 
faces, thereby producing nine wounds per fruit. Groups of 25 wounded fruit were 
held in plastic half-bushel bags until they could be placed in bins. Fifty wounded 
data fruit (2 bags) were placed in the bottom of each minibin, Golden Delicious 
were added to fill bins to the midway point, 25 more data fruit were added, followed 
by more Golden Delicious fruit, and finally another bag of 25 wounded fruit were 
added at the top of the each bin. Each bag of wounded fruit was misted with one 
squirt of a spore suspension of P. expansum before the bag was emptied into the 
minibin, and the fruit from each bag received a second squirt of spore suspension 
after they were placed in the minibins and before any additional fruit or treat-
ments were added. The estimated numbers of spores per minibin were calculated 
based on the total volume of spore suspension utilized and the spore density of 
the inoculum suspension as determined with a hemacytometer. Each treatment 
was replicated in four minibins. 

Figure	2.		 Effects	of	DPA	treatments	on	the	incidence	of	su-
perficial	scald	on	Cortland	apples	following	treat-
ments	applied	via	either	non-recycling	drenches	
(NRD)	or	traditional	high-volume	recycling	drench-
es	(RD).	Letters	above	the	bars	indicate	significant	
differences	(P≤0.05)	among	the	six	treatments.	

Figure	1.		 Left:	Filling	minibins	with	alternating	layers	of	Cortland	data	
fruit	 and	 Golden	 Delicious	 filler	 fruit	 in	 2009.	 Although	 bins	
were	36	 inches	deep,	six	 inches	of	headspace	was	 left	at	the	
top	to	minimize	splashing	of		treatment	solutions.	The	full-size	
field	bin	in	the	rear	was	elevated	on	cement	blocks	for	easier	
access	to	fruit.	Right:	A	high-volume	recycling	drench	is	applied	
to	fruit	in	a	filled	minibin	while	an	assistant	tracks	time	for	the	
30-second	drench	treatment.

 In our 2009 decay control trial (Trial 3 in Table 
1), the NRD treatments were applied using a volume 
equivalent to 4.3 qt of solution per full-size bin. Three 
treatments were applied via both NRD and RD, with 
fungicide rates expressed as amounts of formulated 
product per 100 gallons of solution:

22  NEW YORK STATE HORTICULTURAL SOCIETY



Figure	3.		 Effects	of	treatments	and	locations	within	minibins	
on	 the	 incidence	 of	 wounds	 with	 decay	 follow-
ing	 treatments	 applied	 via	 either	 non-recycling	
drenches	(NRD)	or	traditional	high-volume	recy-
cling	drenches	(RD).	All	of	the	Macoun	treatments	
in	2010	were	applied	via	NRD.	Letters	above	the		
among	 treatments	 for	 locations	 within	 the	 bin,	
with	difference	among	grand	means	for	all	posi-
tions	shown	on	the	right.	Where	no	bars	are	visible	
below	 letters	 used	 to	 denote	 statistical	 separa-
tions,	the	means	were	either	zero	or	near	zero.

1. Water control.
2. DPA 1500 ppm plus Scholar 10 fl oz plus Captan 1.25 lb.
3. DPA 1500 ppm plus Penbotec 16 fl oz plus Captan 1.25 lb.

 In the first of two decay-control trials in 2010, three different treatments were 
compared using both NRD and RD applications. Our objective was to determine 
if decay control with the NRD treatment could be improved by adding more 
surfactant (i.e., Tween-20). Treatments applied to Empire fruit were as follows:

1. Control: DPA 1000 ppm
2. Scholar 8 fl oz + DPA 1000 ppm
3. Scholar 8 fl oz plus Tween-20 1.28 fl oz + DPA 1000 ppm

 In the second decay-control trial in 2010, treatments were designed to com-
pare effectiveness of Scholar and Penbotec and also to determine if increasing the 
volume of solution dispensed over each bin would allow better decay control in 
NRD treatments. The following NRD treatments were applied to Macoun fruit, 
with treatment volumes expressed as the volume equivalents required for full-
size bins: 

1. Control: DPA 1000 ppm; 2 gal/bin.
2. Scholar 8 fl oz + DPA 1000 ppm; 2.5 qt/bin.
3. Scholar 8 fl oz + DPA 1000 ppm; 2 gal/bin.
4. Scholar 4 fl oz + DPA 1000 ppm; 4 gal/bin.
5. Penbotec 16 fl oz + DPA 1000 ppm; 2 gal/bin.

 Treatment 3 represents the maximum amount of Scholar per bin that the 
registrant indicated might receive EPA approval for this use. Therefore, the con-
centration of the solution applied in treatment 4 was reduced to compensate for 
the higher volume of solution that was applied. 
 In the 2009 trial, fruit in the RD water control developed decay at 69% of the 
wounds whereas fruit in the NRD water control developed decay at only 24% of 
the wounds (Figure. 2). The recycling water in the RD treatment picked up the 
spores that we had misted over the Cortland fruit and effectively carried those 
spores into wounds whereas that occurred to a much lesser extent in the NRD 
treatment. When results for other treatments were converted to percent control 
using RD-control as the basis for the maximum infection rate, we found that 
Scholar and Penbotec applied as RD treatments provided greater than 99% con-
trol of blue mold whereas they only provided 86% and 92% control, respectively, 
when applied as NRD treatments. In a separate trial (Trial 6 in Table 1), we added 
a fluorescent dye to the DPA solution and found that only about 40% of the fruit 
surfaces in the minibins were contacted by the DPA solutions when fruit were 
treated via the NRD system. Therefore, the reduced effectiveness of fungicides 
applied via NRD is presumably attributable to the fact that the fungicide solution 
never reached many of the wounds in the lower half of the bins.
 In the 2010 trial with Empire, the differences between decay incidence in 
the NRD and RD controls were the reverse of what occurred in 2009, with decay 
incidence in the NRD control being more than twice as great as for the RD con-
trol (Figure. 3, center). The reasons for this reversal are not known but may have 
resulted from differences in fruit cultivar, in fruit maturity, or the fact that the 
controls were treated with water alone in 2009 whereas they were treated with 
DPA in the 2010 trial. The surfactant in the DPA solution may have changed the 
way that the recycling solutions redistributed spores to fruit wounds in 2010 as 
compared to the effects of using water alone in 2009.
 In the 2009 trial, the NRD and RD treatments involving Scholar and Penbotec 
were equally effective for fruit in the tops of the bins, but RD treatments were 
consistently more effective for fruit in the middle and bottoms of the bins. In the 
2010 Empire trial, the RD fungicide treatments provided slightly better control 
than the NRD treatments even in the tops of the bins, but decay incidence at the 
top of the bin was still less than 2% in the NRD treatment. Again, decay control 
via NRD treatment was less satisfactory for fruit in the middle and the bottom 
of the bins. The fact that NRD treatments controlled decay at the tops of the bins 
shows that the fungicides were effective so long as they reached their target sites. 
However, the NRD treatments resulted in incomplete coverage of the fruit. The 
addition of Tween did not improve the decay control achieved with the NRD 
treatments.
 In the 2010 Macoun trial, all of the fungicide treatments provided excellent 
decay control in the tops of the bins but were less effective in the middle and 

bottoms of the bins. The volume of water used to apply 
Scholar had little impact on the final outcome. Penbotec 
provided slightly better decay control than Scholar for 
fruit in the middle and bottoms of bins, perhaps because 
it is somewhat more volatile than Scholar.

Conclusions
DPA applied via the NRD method was just as effective for 
controlling scald as DPA applied in a recycling drench 
even though the NRD treatments resulted in incomplete 
coverage of fruit with treatment solutions. Vapor action 
of DPA is apparently sufficient to suppress scald on the 
portions of fruit not contacted directly by the DPA solu-
tion. Results from the 2010 trial suggest that the NRD 
treatment method should provide acceptable control of 
scald in any situation where recycling drenches of DPA 
would be expected to provide protection, including situ-
ations where only selected lots of fruit in large storage 
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rooms are treated with DPA. Fruit in these trials did not develop any 
external CO2 injury, so we were unable to determine if DPA applied 
via NRD will provide consistent control of CO2 injury.  However, 
we suspect that CO2 injury will be controlled in any situation where 
DPA treatments provide effective scald control.
 None of the fungicides applied via NRD provided acceptable 
decay control for fruit in the middle and bottoms of bins in our tri-
als. However, our experimental design was intended to maximize 
our ability to detect treatment differences and does not mimic what 
occurs in commercial storages where bins contain relatively few 
wounded fruit and where densities of airborne inoculum should be 
quite low. Fruit coming from the field rarely carry more than 30,000 
P. expansum spores per commercial-size bin whereas we misted fruit 
with the equivalent of 1.4 to 2.8 billion spores per full-size bin in our 
decay-control trials. Other factors in our methodology that favored 
disease development included having nine wounds per fruit and the 
100% relative humidity during storage that resulted when we bagged 
minibins while fruit were still wet fruit following treatment. 
 Is a fungicide really needed in treatment solutions when DPA is 
applied as an NRD treatment? Our results are inconclusive because 
the answer will largely depend on how much inoculum is present 
on fruit surfaces and bins that are being stored. Even the small 
amount of DPA solution that is applied in the NRD treatment will 
carry spores into wounds if there is an abundance of spores on the 
top layer of fruit. The upper layer of fruit is also likely to have the 
greatest exposure to airborne spores as filled bins are moved into 
storages, so including a fungicide could be beneficial for protecting 
at least those highly-exposed fruit. Nevertheless, we suspect that 
growers who sanitize their storage room floors will probably find 
only a minimal benefit from including a fungicide when DPA is ap-
plied as a non-recycling drench.
 Based on other spore trapping and spore monitoring studies 
that we have completed, we know that, under New York conditions, 
high levels of inoculum can persist on contaminated bins and on 
storage room floors whereas relatively little inoculum is brought into 
storage from other sources. The inoculum on bins creates problems 
when filled bins are subjected to recycling drenches because the 
drenches wash spores from the bins and transfer the inoculum to 
wounded fruit. However, most of the inoculum on contaminated bins 
is presumably on the insides of the filled bins where decayed fruit 
contacted the bin surfaces the previous year. That inoculum is not 
likely to become airborne because the apples in filled bins prevent 
rapid air movement that would dislodge the spores from the inner 
bin surfaces. 
 The most likely source of airborne inoculum is from spores left 
on the storage room floors from the previous year. If floors are not 
sanitized after rooms are emptied, forklift traffic and the cooling fans 
will resuspend the inoculum so that it can be deposited on apples 
as they are transported into the room. This source of inoculum can 
easily be eliminated by sanitizing floors of empty storage rooms with 
a quaternary ammonium sanitizer before harvest begins. Storage 
operators who opt to apply DPA either via fogging or as a non-
recycling drench should be certain that storage rooms are sanitized 
before they are refilled in the fall.
 The greatest risk from decay where DPA is applied via NRD 
comes from gray mold. Some of the gray mold decay in stored fruit 
results from quiescent infections that become established during 
late bloom and petal fall when B. cinerea can infect dying petals and 
then move into the flower sepals. Those sepals become part of the 
fruit calyx, and the infections on the calyx can move into fruit and 
cause fruit decays during long-term CA storage. Mertect, Scholar, 
and Penbotec will deactivate these quiescent infections when these 
products are applied as high-volume recycling drenches. Our work 

has clearly shown that fungicides applied via NRD will not adequately 
protect fruit in the center and bottoms of bins, so gray mold could 
cause losses in NRD-treated fruit in years when wet weather during 
late bloom and petal fall favor infection by B. cinerea. 
 Although Penbotec was slightly more effective than Scholar 
for controlling blue mold in the middles and bottoms of bins in 
our trials, repeated use of Penbotec will result in rapid selection of 
Penbotec-resistant isolates of P. expansum, as has already occurred in 
Washington. Using one fungicide in one year and a different fungicide 
the next year is strongly recommended to prevent development of 
fungicide resistance. This alternation of postharvest fungicides is 
essential regardless of the treatment method that is employed.
 Storage operators who wish to apply calcium to fruit after har-
vest should not attempt to do so using the NRD approach. Benefits 
from postharvest calcium treatments are dependent on complete 
coverage of the fruit, and the uneven distribution of the NRD solu-
tion increases the risks that the calcium solution might burn fruit 
where solutions are unevenly distributed.  
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Fruit acidity greatly affects overall eating quality and flavor. 
The major organic acid in mature apple fruit is malic acid 
although citric, quinic and other acids are also detectable. 

Because of its im-
portance in deter-
mining fruit flavor 
and quality, fruit 
acidity has been a 
subject of genetic 
investigations. An 
early inheritance 
study conducted on 
fruit acidity (Ny-
bom 1959) based on 
pH measurements, 
reported several 
important findings: 
1) Apple varieties 
can be categorized 

into two groups: an acid/sub-acid group with a fruit pH<3.8 and a 
sweet group of pH about or over 4.0. 2) The acid/sub-acid group is 
much more prevalent than the sweet group in cultivated apples. 3) 
The sweet flavor is determined by one recessive gene present in 80-
90% of apple varieties studied. These findings were independently 
confirmed in later studies based on fruit pH (Visser and Verhaegh 
1978) as well as malic acid concentration (Brown and Harvey 1971). 
The major gene governing fruit acidity was designated Ma with the 
Ma allele (an variant of the Ma gene) representing the dominant 
high and medium acid, and the ma allele for low acid (Visser and 
Verhaegh 1978).
 The Ma gene has been mapped to the distal end of linkage 
group (syn. chromosome) 16 in a presumably Mama × Mama cross 
(‘Prima’ × ‘Fiesta’) (Maliepaard et al. 1998). In this study, fruit acid-
ity was evaluated with pH indicator paper and the progeny were 
classified into two categories of three genotypes based on fruit 
pH, i.e. MaMa/Mama (pH<3.8) and mama (pH>3.8). Using QTL 
(quantitative trait locus) based approaches, a major QTL for fruit 
titratable acidity (TA) was detected in the Ma region (Kenis et al. 
2008; Liebhard et al. 2003). In the cross ‘Fiesta’ × ‘Discovery’, the 
major QTL was linked closely to marker CH05e04z in ‘Fiesta’ and 
accounted for 36% of fruit acidity variation (Liebhard et al. 2003). 
In the cross ‘Telamon’ × ‘Braeburn’, it was mapped to an interval 
between markers CH05e04z and CH05c06 and explained 20 to 
34% of the observed variance (Kenis et al. 2008). In addition to the 
major QTL in the Ma region, another major QTL (explaining 33% 
of the variance) for TA was reported on linkage group 8 in ‘Fiesta’ × 
‘Discovery’ (Liebhard et al. 2003). But this second major QTL could 
only be identified as one of the six minor QTLs in the ‘Telamon’ 
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“Using a population of 188 individual 

seedling trees derived from the cross of 
‘Royal Gala’ and the M. sieversii PI 613988 
(a wild selection from Kazakhstan), we 
have mapped the location of the genes 
controlling fruit pH and titratable acidity 
on chromosome 16.  This QTL gene (Ma) is 
between two SSR markers (CH02a03 and 
CH05c06) which could be useful in marker 
assisted breeding in apples.”

× ‘Braeburn’ cross. The other five minor QTLs were detected on 
linkage groups 2, 10, 13, 15 and 17 (Kenis et al. 2008).
 Regulation of malate metabolism in fruit, which involves com-
plex pathways and a range of enzymes, has been reviewed in detail 
(Sweetman et al. 2009). In apple, several key enzymes involved in 
malate synthesis, transport and degradation have been identified 
and studied (Beruter 2004; Yao et al. 2007, 2009). But none of these 
genes are on chromosome 16 where the Ma gene resides. The major 
objective of this study was to identify QTLs for apple pH and TA in 
‘Royal Gala’ and PI 613988 (M. sieversii) as a first step to reveal the 
identity of the Ma gene and relevant others in determining apple 
fruit acidity.

Materials and Methods
Plant materials. An interspecific mapping population derived from 
a cross of ‘Royal Gala’ (M. × domestica) × PI 613988 (M. sieversii) 
was created at the USDA National Apple Germplasm Collection by 
Phil Forsline in 2002. This population, named GMAL 4595, has  222 
individuals of which 188 were used to construct the genetic maps 
of ‘Royal Gala’ and PI 613988 used in this study (Wang et al. 2011). 
The crosses were made in 2002 and the seedlings were planted on 
their own roots in 2004 in an orchard in Geneva, New York. The 
maternal parent ‘Royal Gala’ is a widely grown commercial variety, 
whereas the paternal parent PI 613988 was one of the elite M. sieversii 
clones collected from Kazakhstan (Forsline et al. 2003). PI 613988 
bear fruits of size close to cultivated apples (http://www.ars-grin.
gov/cgi-bin/npgs/acc/display.pl?1531529). Fruiting in the popula-
tion was first recorded on a few trees in 2006 and most of the trees 
have fruited since 2008.
 Evaluation of fruit pH and titratable acidity (TA). Ten fruits 
were randomly harvested for each genotype at maturity (initially 
estimated based on fruit color and aroma) over a six week period 
from August 9 through September 20 in 2010. Fruits were stored 
overnight at 4°C and processed for fruit juice extraction on the day 
following harvest. To obtain juice from fruits with relatively uniform 
ripening stages, fruits were cross sliced into two halves. One half was 
used for maturity evaluation and the other was processed for fruit 
juice extraction. The evaluation of fruit maturity was conducted 
by dipping the cut side of apples in an iodine solution (2.2 gm of I2 
plus 8.8 gm of KI per liter) for 1 min and then rating from 1 (most 
immature) to 8 (over mature) according to the Cornell Starch Index 
(Blanpied and Silsby 1992). Fruit at stages 4 through 6, a common 
indicator for mature apples, were selected correspondingly in the 
second set of halves, resulting in 5-10 fruits (in halves) per genotype 
for fruit juice extraction. In cases where most fruits in a sample were 
harvested prematurely, the samples were re-taken at a later time 
when there were at least five or more mature fruits. The selected 
fruit halves were pooled and blended using a household food proces-
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sor (GE Digital Blender, Model 
169202, Fairfield, CT), and 
the fruit juice was obtained 
by passing through two layers 
of cheese cloth. The collected 
juice samples were immediately 
measured for pH using a pH 
meter (Accumet AB15, Fisher 
Scientific, Pittsburgh, PA) and 
then stored at -20 °C. Within 
1 to 2 months of storage, the 
juice titratable acidity (TA) 
was determined by titrating 
samples of 5 ml of juice in a 50 
ml dilution with 0.1 N NaOH 
to pH 8.2 using an autotitrator 
(Metrohm 848 Titrino Plus and 
Metrohm 869 Compact Sample 
Changer, Herisau, Switzerland). 
The fruit TA (mg/ml) were cal-
culated based on the formula 
(Nielsen 2010) below, where the 
equivalent weight of malic acid 
is 67.04:
Titratable malic acid (mg/ml) =ml base titrant×n of base in mol per 
liter×equivalent weight of acid sample volume in ml.
 Data analysis. Regression analysis between fruit pH and TA 
was carried out with the JMP 9.0 software (SAS Institute, Inc., Cary, 
NC).
 QTL analyses of fruit pH and titratable acidity (TA). The two 
parental genetic maps of the GMAL 4595 population, i.e., the ‘Royal 
Gala’ map (1283.4 cM) of 190 SSR markers and the PI 613988 map 
(1387.0 cM) of 180 SSR markers, were constructed with 188 of the 
222 progeny (Wang et al. 2011). Accordingly, the QTL analyses of 
fruit pH and TA were conducted in these 188 trees, among which 
166 fruited. Fruit pH and TA data were used directly in the QTL 
analyses. Detection and mapping of QTLs were carried out with the 
MapQTL v4.0 software (Van Ooijen et al. 2002) under two different 
modes: the nonparametric Kruskal-Wallis analysis and the interval 
mapping (IM). In the Kruskal-Wallis analysis, a recommended 
threshold level of significance at P=0.005 was used to detect a QTL 
associated marker (Van Ooijen et al. 2002). For interval mapping, 
the LOD (logarithm of odd) threshold scores for a significant QTL 
were obtained with permutation tests of 1,000 at both genome and 
chromosomal levels (Van Ooijen et al. 2002). However, the chromo-
somal specific LOD thresholds were used to declare the presence 
of a QTL. QTL positions were defined by the LOD peaks, but the 
surrounding regions with 1- and 2-LOD confidence intervals were 
given. Graphic presentation of QTL mapping was performed with 
Mapchart (Voorrips 2002). 

Results
Segregation of fruit pH and titratable acidity. 190 of the 222 trees 
in the GMAL 4595 population bore fruits and were evaluated for 
fruit pH and TA. The population mean of fruit pH was 3.49±0.46, 
ranging from 2.76 to 4.65. The average TA showed 7.14±3.74 mg/
ml, varying between 1.08 and 18.68. This is a considerable range of 
variation in both pH and TA in the GMAL 4595 population (Figure 1). 
 There were two peaks in the pH distribution: one in the lower 
range representing most of the population of high and medium acid-
ity, and the other in the higher pH range for the sweet genotypes, 
suggesting a bimodal distribution for fruit pH. The boundary between 
the low and high/medium pH seemed to be around pH 3.80 as there 

were no fruits in the pH 3.81-3.90 range (Figure 1). Among the 190 
fruiting trees, there are 144 and 46 trees of low and high/medium fruit 
pH, respectively, a segregation pattern fitting the ratio of 3:1 (P(df=1, 
Χ

2
>0.344) = 0.56). This suggested that there is a complete dominance 

gene, presumably Ma designated previously for fruit pH (Maliepaard 
et al. 1998; Nybom 1959), in controlling fruit pH.
 The distribution of TA revealed a group of low acidity with TA 
<3.00 mg/ml that correspond to the high pH genotypes (Figure 1, 
Figure 2). However, there appeared to have two overlapping groups 
in high/medium acid range as there were significantly less genotypes 
with TA 8.01-9.00 mg/ml. Regression analysis demonstrated that fruit 
TA and fruit pH were highly correlated and are predictable with a 
polynomial function of order 3 (r2=0.8827, Figure 2). Together, these 
data suggested that fruit pH and TA contents were under a control 
of the same major gene Ma; but for TA, the dominance of Ma over 
ma is incomplete and both additive and dominance effects of the 
Ma allele appeared to be strong.
 QTL analyses of fruit pH and TA. A major QTL, presumably 
the Ma locus, was detected for both fruit pH and TA on linkage 
group 16 (Figure 3 and Table 1). Interval mapping in ‘Royal Gala’ 
found that the Ma QTL peaked at or around marker CH05c06 and 
was supported with LOD scores of 18.34 and 19.82 and explained 
41.7% and 42.3% for fruit pH and TA variation, respectively (Figure 
3a). In the Kruskal-Wallis analyses, the Ma QTL is supported with 
highly significant (P<0.0001) values of the K statistic, 69.2 for pH and 
68.6 for TA (Table 1). In M. sieversii PI 613988, the Ma QTL was also 
detected near marker CH05c06 on linkage group 16. However, the 
peak of the QTL was located in the 8.2 cM (centi-Morgans) interval 
between markers CH02a03 and CH05c06 (Figure 3b), and the Ma 
QTL was associated with lower LOD scores (10.35 for pH, 6.13 for 
TA), a lower percentage of variance explained (28.3% for pH, 17.0% 
for TA) and lower K statistic values (20.8 for pH and 18.8 for TA) 
(Table 1).
 In addition to the Ma locus, two minor QTLs, tentatively desig-
nated M2 and M3, were detected for fruit pH and TA based on the 
Kruskal-Wallis analyses (Table 1). M2 was represented by marker 
C12360 (K=14.1 and 10.1, P<0.0005 and 0.001, LOD=1.59 and 2.32, 
percentage variance explained=4.3% and 6.2% for pH and TA, re-
spectively) on linkage group 6 of ‘Royal Gala’. M3 was represented 

Figure	1.		 Distribution	of	fruit	pH	and	titratable	acidity	(TA)	at	harvest	in	the	GMAL	4595	population.	
	 aFruit	pH	and	TA	were	not	directly	measured	from	the	‘Royal	Gala’	sport,	but	from	its	parental	variety	‘Gala’.	
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Table	1.	QTLs	and	their	associated	parameters	detected	for	apple	juice	pH	and	TA	(titratable	acidity)	in	the	GMAL	4595	population	

	 	 	 Kruskal-Wallis		analysis	 	 	 Interval	Mapping

	 	 	 	 	 	 	 	 QTL	 QTL	most	 	 Significant
	 	 	 	 	 	 	 	 Peak	 closely	linked/	 	 LOD	 	 Variance
	 	 Parental	 	 	 Position	 	 Significance		 position	 flanking	 	 thresholds	 	 explained	
Trait	 QTL	 Map	 LG	 Marker	 (cM)	 Ka	 levels	 (cM)	 markers	 LOD	 (Chr/Genome)b	 (%)

pH	 Ma (pH) Royal	Gala	 16	 CH05c06	 0.0	 69.2	 0.0001	 2.0	 CH05c06-	 18.34	 2.3/3.4	 	 41.7
	 	 	 	 	 	 	 	 	 C13393	(0.00-
	 	 	 	 	 	 	 	 	 16.8cM)
	

	 Ma (pH) PI	613988	 16	 CH05c06	 12.9	 20.8	 0.0001	 9.7	 CH02a03-	 10.35	 2.5/3.8	 	 28.3
	 	 	 	 	 	 	 	 	 CH05c06	
	 	 	 	 	 	 	 	 	 (4.7-12.9	cM)
	

	 M2 (pH) Royal	Gala	 6	 C12360	 2.8	 14.1	 0.0005	 2.8	 C12360	 1.59	 2.4/3.4	 	 4.3
	

	 M3 (pH) PI	613988	 1	 C12063		 13.6	 11.1	 0.001	 13.6	 C12063	 0.80	 2.3/3.8	 	 2.2
	

TA	 Ma (TA) Royal	Gala	 16	 CH05c06	 0.0	 68.6	 0.0001	 0.0	 CH05c06	 19.82	 2.2/3.4	 	 42.3
	

	 Ma (TA) PI	613988	 16	 CH05c06	 12.9	 18.8	 0.0001	 10.7	 CH02a03-	 6.13	 2.6/3.5	 	 17.0
	 	 	 	 	 	 	 	 	 CH05c06	
	 	 	 	 	 	 	 	 	 (4.7-12.9	cM)	 	
	

	 M2 (TA) Royal	Gala	 6	 C12360	 2.8	 10.1	 0.005	 2.8	 C12360	 2.32	 2.3/3.4	 	 6.2
	

	 M3 (TA) PI	613988	 1	 C12063	 13.6	 8.0	 0.005	 13.6	 C12063	 1.59	 2.4/3.5	 	 	4.3

aK:	the	highest	value	of	the	K	statistic	obtained	in	the	Kruskal–Wallis	(KW)	rank-sum	test.	bP=0.01

Figure	2.		 Relationship	between	fruit	pH	and	titratable	acidity	
(TA)	in	the	GMAL	4595	population	(n=190).	

Figure	3.		 The	Ma	QTL	for	fruit	pH	and	TA	detected	on	linkage	group	16	in	the	GMAL	4595	
population	 (Wang	 et	 al.	 2011).	 Putative	 QTL	 regions	 were	 marked	 with	 seg-
ments	within	1-LOD	(inner)	and	2-LOD	(outer)	confidence	levels	from	the	peak,	
respectively.	The	ruler	measures	genetic	distance	in	cM	(centi-Morgans).	a.	‘Royal	
Gala’;	b.	M. sieversii	PI	613988.	

by marker C12063 (K=11.1 and 8.0, P <0.001 and 0.005, LOD=0.80 
and 1.59, percentage variance explained=2.2% and 4.3% for pH and 
TA, respectively) on linkage group 1 of PI 613988. However, there 
was only one LOD score, i.e., LOD 2.32 for M2 (TA) that was higher 
than its linkage group specific LOD threshold (2.3) obtained from 
the permutation test, and none exceeded the genome wide LOD 
thresholds (3.4-3.8). Overall, the major QTL Ma was detected in both 
‘Royal Gala’ and M. sieversii PI 613988; but M2 was only detected in 
‘Royal Gala’ and M3 was specific to PI 613988.

Discussion
 Segregation of fruit acidity and the genetic effect of Ma. There 
was not a single genotype with fruit pH 3.81-3.90 in the interspecific 

GMAL 4595 population while there were two peaks of distribution 
of pH ranges 3.21-3.30 and 4.21-4.30, suggesting that classification of 
fruits with pH values higher than 3.80 into low acid is rational. Apples 
with pH>3.8 are commonly considered to be low acid or sweet of the 
mama genotype (Maliepaard et al. 1998; Nybom 1959; Visser and 
Verhaegh 1978). Consistent with these findings, the segregation ratio 
of the high/medium acid (pH<3.80) to the low acid groups fits the 3:1 
ratio in the GMAL 4595 population, indicating that the parents are 
all of the Mama genotype (Figure 1).
 Within the dominance of the high/medium acid class (TA> 3.0 
mg/ml), there appeared to be two over lapping classes for TA (Figure 
1), suggesting that both additive and dominance genetic effects of Ma 
strongly influenced the variation of fruit acidity in the GMAL 4595 
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population. It is known that the Mama genotype has selection advan-
tage over MaMa and mama as most apple varieties are heterozygous 
at the Ma locus. The two markers CH02a03 and CH05c06 flanking the 
Ma QTL may be useful for selection of seedlings of the Mama genotype.
 QTL analyses of fruit acidity. QTL analyses of fruit acidity mea-
sured with both pH and TA in this study identified a major QTL, i.e the 
Ma locus on linkage group 16, and two minor QTLs on linkage groups 6 
(‘Royal Gala’) and 1 (PI 613988). Detection of the major QTL of Ma ap-
pears consistent with previous studies (Kenis et al. 2008; Liebhard et al. 
2003). The peak of the major QTL of Ma was located between markers 
CH02a03 and CH05c06 in PI 613988. The CH02a03-CH05c06 interval 
was best compared with the interval between markers CH05e04z and 
CH05c06 in ‘Telamon’, where a major fruit acidity QTL was detected 
although the same interval was inverted in ‘Braeburn’ (Kenis et al. 
2008). Except for the Ma locus, there were no common QTLs detected 
for fruit acidity among the crosses studied to date. Notably, another 
major QTL for fruit acidity on linkage group 8 (Liebhard et al. 2003), 
was neither detected in ‘Telamon’ × ‘Braeburn’ (Kenis et al. 2008), nor 
in our GMAL 4595 population.
 This QTL study was conducted with only one-year of fruit pH 
and TA data. Although a similar previous study was conducted for 
fruit acidity (Liebhard et al. 2003), the variability of fruit acid between 
years and between individual fruits of the same genotype could still be 
a concern. Nevertheless, a study addressing such variations between 
years concluded that the relative acidity trend in 17 cultivars evalu-
ated remained “much the same” between years while fruit malic acid 
contents varied slightly (Brown and Harvey 1971). The same study also 
found that the variation in individual fruits harvested from different 
positions for a given cultivar was not comparable with that observed 
between different cultivars, and suggested “samples from the mixed 
juice from a few fruits can be relied upon to give a reasonably accurate 
figure for the cultivar”. This method of bulking of several juice samples 
was also used in Kenis et al. (2008) for fruit acidity QTL study.

Conclusion
The Ma locus has been shown to be the primary genetic factor in de-
termining fruit pH and TA in both ‘Royal Gala’ and the M. sieversii PI 
613988. In addition, there are two minor QTLs detected for fruit TA 
and pH with one on linkage group 6 specific to ‘Royal Gala’ and the 
other on linkage group 1 to PI 613988. The variations of fruit acidity 
in the GMAL 4595 population are better explained by the additive-
dominance gene action of allele Ma as it has a strong additive effect 
in increasing fruit acidity and is incompletely dominant over ma. The 
SSR markers CH02a03 and CH05c06 flanking the Ma QTL would be 
useful in marker assisted breeding in apple. 
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