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The 20th Anniversary of the New York Fruit Quarterly

This issue of the New York Fruit Quarterly magazine begins the 
20th volume. For the last 20 years this magazine has served 
as an important vehicle to report to the fruit industry the 

results of fruit research projects at Cornell University. The idea for 
this magazine began in 1992 when leaders of the New York State 
Horticultural Society met with the Director of the New York State 
Agricultural Research Station, Dr. Bob Plane, to discuss the newly 
established Apple Research and Development Program (ARDP) 
which began funding apple research projects at Cornell University 
in 1992. The discussion centered on how to communicate the results 
of these grower supported research projects back to the growers 
who had contributed the research funds. Dr. Plane agreed to provide 
University support to the launching of a NYS Horticultural Society 
quarterly magazine that would contain articles on the results of 
the research projects. He recruited Dr. Robert Becker who had just 
retired as a vegetable extension specialist to serve as the editor and 
he contributed the services of the Communications Services Unit 
at the Geneva Experiment Station to layout and print the magazine. 
Thus was launched the New York Fruit Quarterly in the spring of 
1993. Since its beginning the cost of the magazine has been supported 
by the ARDP and by advertisers with the NYS Hort. Society and 
Cornell each contributing staff time. Over the years the magazine 
has progressed from a simple black and white magazine to a highly 
professional magazine with color covers and an all color format. Yet 
through the last 20 years it has continued to provide to fruit growers 
in NY State the latest research results from Cornell to help them be 
more successful.

 As we look back on the 20 years of this magazine and the 
benefit it has been to the NY fruit industry we must thank the 
board members of the NY Hort. Society in the early 1990’s who 
conceived of the ARDP as a way for growers to fund research 
and then of this magazine. They were Walter Blackler President, 
Peter TenEyk Vice President, Peter Conklin, George Lamont, Tré 
Green, Warren Stiles, Rich Erdle, Sheldon Furber, Dennis Chais-
san, Roderick Dressel Jr., William Everett, Sayre Fulkerson, Joel
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Hamlet, Kathy Wafler Madison, Anthony Porpiglia, Peter Rus-
sell and Frank Wiles. In later years Fran Delamano of the Hort. 
Society Board helped keep the magazine alive during a difficult 
transition. Special thanks are due Dr. Bob Plane who provided the 
initial Cornell support for the magazine and his successors Dr. 
Jim Hunter and Dr. Tom Burr who have continued to support the 
magazine. Thanks to Dr. Bob Becker who launched the magazine 
and served as the first editor until his untimely death in 1995 and 
to Dan Donahue who served as editor from 1995-1998. We are es-
pecially grateful to the communications services unit of Cornell’s 
Geneva station first headed by Linda McCandless and later by 
Gemma Osborne who have produced the magazine so well. In that 
group two individuals deserve special recognition, Elaine Gotham 
who has done the graphics and magazine layout since the begin-
ning and Joe Ogrodnick who has done the photography and some 
editing. Thanks are also due Warren Smith who sold the advertis-
ing for a decade and then Karen Wilson of the Hort. Society who 
has continued in that role.

 NY apple growers should be proud of the ARDP and the effort 
they have made to work together to fund research that benefits the 
entire industry. The money that growers have raised from their own 
businesses over the last 20 years is approaching $4 million. It has 
been critical to keeping researchers at Cornell working on apple 
production, storage and marketing problems. As we move forward 
in this coming year, the ARDP will continue its vital work to fund 
and maintain research on apples using the increased funding grow-
ers approved last year. We are sure this will bring untold benefits to 
growers now and in the future. And the NY Fruit Quarterly maga-
zine will continue to bring you the results of this research.Terence 
Robinson and Steve Hoying 

Editors NY Fruit Quarterly 1998-present
Dept. of Horticulture
NYSAES, Cornell University
Geneva, NY 14456
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“The discovery of strains of the fire blight 
bacteria that are resistant to sprays of 
streptomycin is a serious situation for 
the NY apple industry.  This will require 
the vigilance of all NY apple growers in 
2012 to remove any infected trees and 
to send in samples of blighted shoots for 
testing at Cornell University’s Geneva fire 
blight lab.  ”

Streptomycin Resistant Fire Blight 
Discovered in New York
Herb Aldwinckle1, Debbie Breth2 and Kerik Cox1
1Deparment	of	Plant	Pathology	and	Plant-Microbe	Biology,	Cornell	University
2CCE	Lake	Ontario	Fruit	Program,	Cornell	University

For 50 years, New York’s apple growers have kept fire 
blight at bay using the antibiotic streptomycin.  But 
streptomycin-resistant strains of fire blight have recently 

been discovered 
in four locations 
in  Way ne and 
Ontario counties, 
prompting warn-
ings to those who 
mainta in  Ne w 
Yo r k ’s  5 0 , 0 0 0 
acres of apple or-
chards. This is a 
serious situation 
which we need 
to manage effec-
tively. The rapid 

identification of this outbreak positions us to implement a 
coordinated plan for this year’s (2012) growing season.
 Fire blight is caused by the bacterium Erwinia amylovora, 
earning its name for the scorched appearance of infected leaves 
and branches. Its symptoms include blackening of flowers and 
young leaves, resulting in crop loss and even death of trees. 
 Strep-resistant fire blight was first identified in California in 
1971, and since then it has been found in Washington, Oregon, 
Missouri, and southwest Michigan. Diseased nursery trees from 
Michigan were the source of a limited outbreak in New York 
in 2002. At that time, we worked closely with the growers con-
cerned and insured that all the infected trees were destroyed 
and surrounding farms were checked. That eradication appears 
to have been effective. 
 For the past 10 years, extension staff have sent in samples 
for routine surveillance, and we hadn’t found it again. This 
current infection was first spotted this fall from samples sent 
in by a private crop consultant which were collected in Wol-
cott, N.Y., where a persistent fire blight infection that evaded 
a streptomycin spray regime. Staff in Aldwinckle’s lab, Shirley 
Kuehne and Ewa Borejsza-Wysocka, isolated the bacteria and 
tested them. They were indeed resistant to streptomycin and 
confirmed as Erwinia amylovora, (SR Ea). Further testing of 
samples from other areas in the fall of 2011 showed that there 
are several outbreaks of strep-resistant fire blight in Wayne and 
Ontario counties (Figure 1). Because sampling was necessarily 
limited in late fall, until additional samples are studied in 2012, 
the full extent of the outbreak is unclear. 
 One of the sites where strep-resistant fire blight was iden-

tified is a nursery 
which complicates 
the management 
plan of this out-
break. Fortunately, 
that nursery has a 
strict rouging pro-
gram to eliminate 
infected trees which 
should minimize the 
chance of spread. 
However, some in-
fections might not 
be immediately vis-
ible, so there’s a possibility that a small number of trees with the 
SR Ea strain were inadvertently shipped to growers. We advise 
all growers to examine their trees carefully and watch for any 
symptoms of fire blight that may develop after planting. These 
recommendations apply to all trees purchased, with particular 
attention for those from New York and Michigan nurseries 
where strep-resistant fire blight is known to occur.  

Management Guidelines for 2012
 The areas of strep-resistant fire blight outbreaks shown in 
Figure 2 are regarded as High Risk for streptomycin-resistant 
fire blight in 2012.  In this area it is likely that streptomycin will 
provide less than adequate control of blossom infection.  
 An emergency use Section 18 for an equally effective antibi-
otic, kasugamycin (trade name Kasumin), was applied for but was 
not granted for use in New York in 2012.  Kasugamycin would 
give excellent blossom blight control of SR Ea as well as regular 
fire blight.  Prohexadione-Calcium (Apogee) should be effective 
toward SR Ea shoot infections.	
General	Recommendations	For	All	Areas		
1.	 All fire blight cankers should be removed during winter 

pruning.
2.	 Copper sprays should be applied at green tip.
3.	 CCE warnings of fire blight infection periods should be 

heeded, and recommended materials sprayed promptly.
4.	 Prohexadione-Calcium (Apogee) sprays should be seriously 

considered.
5.	 Fire blight strikes should be pruned out promptly and de-

stroyed.
6.	 If severe blossom blight occurs after streptomycin was ap-

plied in accordance with CCE predicted fire blight infection 
periods, contact CCE for SR Ea testing.

Figure	1.		 Strep-resistant	 fire	 blight	 infected	
budwood	tree.
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High	Risk	Areas
1.	 Follow general recommendations (above). 
2.	 When blossom infection is forecast, apply tankmix of oxy-

tetracycline and streptomycin, both at full rates .
3.	 Prohexadione-Calcium (Apogee) sprays should be used at 

high rate, applied at King bloom petal fall (mid bloom when 
shoots are 2-3 inches long).

Non-High	Risk	Areas
1. Follow general recommendations. 
2. When blossom infection is forecast, apply streptomycin or 

tankmix of oxytetrecycline and streptomycin .  
3. Prohexadione-Calcium (Apogee) sprays should be seriously 

considered, especially on highly-susceptible varieties.
Recommendations	For	Planting	New	Trees
1. If possible, plant varieties grafted on fire blight-resistant 

rootstocks.
2. Trees should be carefully examined for fire blight infections 

before planting.  Infected trees should be discarded. Samples 
should be submitted for strep-resistance testing – see in-
structions below.

3. Immediately after planting a copper spray should be applied.
4. Planting should be scouted at 7-day intervals for fire blight 

strikes until June 30.  Infected tree should be removed. 
Plantings also need to be scouted 7-10 days after hail or 
severe summer storms and at the end of the season (mid-
September). The NEWA/NRCC disease forecasting models 
for fire blight (http://newa.nrcc.cornell.edu/newaModel/
apple_disease) can assist by providing an estimate of symp-
tom emergence following a storm or other trauma event. 

5. If possible, remove flowers before they open. Since most 
new plantings have many blossoms the first year, and many 
orchards are high density (i.e. 1000-2000 trees per acre), blos-
som removal may not be possible.  If practiced, the blossoms 
should be removed before there is a high risk of FB infection.  

6. Apply copper, tank mix of streptomycin and oxytetracycline 
at the full label rate for each during any remaining bloom 

Figure	2.	 	Outbreaks	of	Streptomycin-Resistant	Fire	Blight	in	2002	(A)	and	2011	(1,	2,	3,	4).

based on blossom blight predictions. The NEWA/NRCC 
disease forecasting models for fire blight (http://newa.nrcc.
cornell.edu/newaModel/apple_disease) will run nearly until 
August, and have an adjustable bloom date to account asyn-
chronous or late bloom in new plantings.  

7. Trees should receive a second copper spray at a stage equiva-
lent to bloom. 48 hours REI before blossom removal.

8. Samples of any infections seen after planting should be sub-
mitted for strep-resistance testing – see instructions below.

 Save fire blight infected trees and strikes, and call one of the 
persons below to come and collect samples and take data on the 
situation. 

Debbie Breth,  Tel: 585-747-6039 
Juliet Carroll,  Tel: 315-787-2430

Herb Aldwinckle is a professor of plant pathology who 
leads Cornell’s program on the control of fire blight and 
apple genetic engineering. Debbie Breth is a senior 
extension educator and team leader of the Lake Ontario Fruit 
Program of Cornell Cooperative Extension who specializes 
in integrated pest management. Kerik Cox is a research and 
extension professor of plant pathology who leads Cornell’s 
extension program in tree fruit and berry diseases.
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Today, the ability to quickly establish an orchard and begin 
cropping a new and exciting apple varieties is impor-
tant to farm profitability.  Productive varieties, preco-

cious rootstocks, 
and higher and 
higher densities 
can all be used 
to bring orchards 
into early produc-
tion.  “Top-Graft-
ing” also know as 
“Top-Working” 
has  long been 
used to switch 
varieties (Mudge 
et al. 2009, Garner 
1988) but has had 
associated risks 
and requirements 

that has limited its use by all but a few skillful fruit growers. This 
is particularly true in the Northeast where weather conditions 
have made this method even more risky. 
 Historically, erratic success in New York has been due to 
severe and unpredictable weather conditions combined with 
technical flaws in the procedure.  Not only has success been er-
ratic between orchards but also among blocks from year to year 
using apparently similar techniques. Adding a few modifications 
to the well-known “Bark Grafting” technique has proven to be 
almost 100% successful in our trials in NY. Grafting needs to be 
nearly completely successful to be profitable since the additional 
cost of regrafting and the reduced early yields can significantly 
reduces the profitability of this procedure. 
 We prefer “Bark Grafting” over the more common “Cleft 
Grafting” (Lewis and Alexander, 2008) for pome fruit since it 
can be used on almost any tree size, it maximizes the cambial 
contact which increases the chances of success, and requires a 
lower skill level than cleft grafting. The bark must easily separate 
from the wood for “Bark Grafting” but not for “Cleft Grafting”. 
Recently, experienced crews traveling from Washington State 
using these modifications have successfully converted many acres 
in New York from less profitable to more profitable varieties and 
to varieties that better fit the individual farm businesses needs.
 In addition, growers now have existing orchards with less 
profitable varieties that need to be renewed despite tree age and 
productivity and at tree densities of 600-1000 trees/acre which 
would be very expensive to renew by replanting. This makes 
top-working a more appealing option since replanting will take a 
minimum of 2-3 years to prepare the ground and plant and then 
another 2-3 years to return to partial production.  Since there 
is less site preparation and lower materials costs, a top-worked 
orchard can be producing marketable crops by the 3rd leaf. Vig-

orous re-growth and rapid loss of juvenility of the scion wood 
contributes to this rapid early production.  Another advantage is 
that wood that is suitable for grafting and is known to produce 
quality fruit is often available from a local source.  Proper licens-
ing and acquisition fees must be paid for patented varieties. 
 Most top working is done using a combination of a skilled 
hired crew that specializes in top working and on-farm labor for 
the less skilled tasks. Costs increase with tree age and size and as 
the number of bud sticks needed increases (Table 1). A typical 
rate for a commercial crew (2009 cost) is $0.40 per inserted bud 
stick plus materials.  A farm crew could top work an orchard for 
this rate but the risk of failure and taking labor away from other 
important tasks make hired crews a more attractive option. 
 Materials needed for “Bark Grafting” include suitable scion 
wood (about 3-4 buds per inserted stick), common electrical 
tape to hold the grafts in place, 1” wide poly grafting tape to seal 
out air and stabilize scion inserts, a pliable grafting wax such as 
Gashell or Wilson to plug gaps between the bark and the wood 
and scion stick, and finally a grafting sealer such as Doc Farwell’s 

to seal all cut surfaces from air (See Table 1).  On-farm labor adds 
additional cost with the majority of the cost in applying the graft 
sealer and pruning the trees and removing brush in preparation 
for top-working.   

Important Steps: 
Scion	wood	collection	– only wood produced during the im-
mediate past season is suitable for grafting. Select moderately 
vigorous shoots rather than vigorous upright sucker wood.  Col-
lect wood when buds are completely dormant and as late in the 
dormant season as possible to minimize the length of storage.  
Be sure wood is not winter injured and is pest free.  Collect wood 
from trees with known fruit quality. Color, size, sweetness, and 
firmness are all influenced by this wood. Collect from as few 
trees as possible to restrict variation.  Buds at the tip and base 
of collected shoots are not suitable for grafting and should be 
discarded at collection.
	 Scion	wood	storage	– scion wood must remain completely 
dormant, moist and healthy through out storage. Large quanti-
ties of scion wood can be bundled and stored in bins of well 
rotted sawdust in cold storages dedicated to nursery stock.  
Exposure of scion wood to very low levels of ethylene can kill 
the wood.  Smaller quantities of scion wood can be bundled, 
wrapped in moist newspaper, and put in plastic bags and stored 
in a 32-34°F refrigerator.  Use a dedicated refrigerator for storage 
to avoid exposure to ethylene from stored fruit and check wood 
regularly for moistness and mold which can negatively affect 
scion wood. Plastic bags must be completely sealed if stored 
in frost-free refrigerator since wood will quickly dry out. Tem-
peratures must be kept very close to freezing.  Wood kept too 
close above 40°F may start to “wake up” and grow prematurely 
resulting in graft failure.  
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Successful Apple Grafting Techniques for New York
Stephen A. Hoying1, Alison M. DeMarree2 and Mario Miranda Sazo2
1Dept.	of	Horticulture,	Hudson	Valley	Lab,	Cornell	University,	Highland,	NY
2Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY

“Top grafting an orchard to a new more 
profitable variety has had erratic success 
in NY State. However, adding a few 
modifications to the well-known “Bark 
Grafting” technique has proven to be 
almost 100% successful in our trials in 
NY. If tree density and rootstock of the 
old orchard are acceptable for a modern 
orchard then top grafting can allow 
rapid conversion of an old unprofitable 
variety to a new profitable variety.”



	 Preparing	to	graft	– purchase all the materials needed to 
graft ahead of time so that you have them available when you 
are ready to graft. Tree tops can be removed anytime during 
the dormant season before spring grafting.  This is best done 
in a two-stage process with a majority of the top removed first 
so that the large quantity of brush generated can be removed. 
A fresh cut is made the day of grafting to create a smooth fresh 
cambial interface. Cuts should be as low as possible on the tree 
trunk but 2-3 inches immediately above a “nurse” limb that 
will support early growth and absorb excess vigor  (Figure 1).  
 The most successful grafting takes place when tempera-
tures become consistently 
warm.  I prefer to wait until 
after bloom in New York 
since there is very little 
chance of extended cool pe-
riods, frost, or freezes and 
bark easily separates from 
the wood.  Callus forma-
tion is rapid and complete 
when there are no weather-
related interruptions.
	 Grafting	 procedures	
–where scion sticks will 
be inserted, make a fresh 
clean cut on the trunk with 
a fine bladed saw being 
careful not to separate the 
bark and expose cambium.  
Then, using a sharp graft-
ing knife make a single cut 
through the bark to the 
solid wood beneath perpen-
dicular to the ground (Fig-
ure 2).  This cut should be 
approximately 1.5 inches in 
length. Loosen the bark on 
only one side of the cut by 
carefully rotating the knife 
blade in the direction of the 
side where the stick will be 
inserted.  As soon as the 
bark starts to separate from 
the wood, stop rotating and 
withdraw the knife. Only a 
small separation is needed 
to insert a sharpened scion 
stick. Make additional cuts, 
every 2 inches along the 
circumference of the stock 
repeating the above proce-
dure for each cut (Figure 3). 
 Prepare the scion stick 
by making a single long 
sloping cut on each side 
of the stick approximately 
1 inch in length Figure 4). 
This cut should be very 
smooth to ensure good 
cambial  contact .  When 

done properly, there should be a thicker side and a thin edge. 
The thick side should be approximately the same thickness as 
the bark of the tree being grafted.  
 Insert the scion stick so that the thicker edge is toward 
the unloosened bark. Carefully push the scion stick into the 
gap until all of the sloping cuts made to the scion stick is com-
pletely covered by bark on the stock.  The scion stick should 
be seated firmly in place with good cambial contact between 
the scion and the stock.
 Make a single wrap of electrical tape around the top of the 
stock to temporarily hold scion sticks firmly in place (Figure 
6).  Then use small pieces 
of grafting wax to fill any 
existing gaps between the 
stock and the inserted scion 
and exposed cuts on the 
stock (Figure 7).
 The next step is to wrap 
the stock with poly grafting 
tape from the edge of the 
cut surface to just below 
where cuts were made on 
the stock to insert scion 
wood.  Loop the grafting 
tape under a previous wrap 
to fix in place (Figure 8).  
 Finally, liberally cover 
the top of the stock, grafting 
tape, and ends of the scion 
sticks with grafting seal 
to hold it all in place and 
prevent any exposure to the 
air (Figure 9,10,&11). The 
stock/scion stick interface 
must be completely airtight, 
so be sure the seal is applied 
heavily.  Repaint each scion/
stock again at the end of 
each grafting day.
	 Aftercare:	 	 Watch for 
buds to swell and begin to 
push. Don’t be too anxious 
and abandon your grafting 
project too soon. Some-
times adventitious buds 
need to form and it may 
take a while to do so. If it 
is evident that grafts have 
not taken, trees can be 
re-grafted provided good 
dormant wood is still avail-
able. The most common 
causes of graft failure are 
bad scion wood and incom-
plete air seals around the 
scion sticks.  Re-cut stock 
slightly below the unsuc-
cessful graft and repeat the 
grafting procedures above. 
 D e p e n d i n g  o n  t h e 

8  NEW YORK STATE HORTICULTURAL SOCIETY

Figure	1.			This	 tree	 has	 been	 pre-
pared	 for	 top	 working	 by	
removing	unnecessary	top,	
limbs	and	branches	during	
the	 dormant.	 Tree	 is	 be-
ing	 cut	 to	 final	 size	 where	
grafts	will	be	inserted.

Figure	3.		 Bark	 is	 slightly	 separated	
from	 the	 wood	 at	 the	 cut	
on	 one	 side	 so	 that	 scion	
sticks	 can	 be	 inserted	 at	 2	
inch	 intervals	 around	 the	
circumference	of	the	stock.	

Figure	2.		 A	 1	 ½	 inch	 cut	 is	 made	
through	 the	 bark	 just	 to	
the	wood.

Figure	4.		 A	1	½	inch	smooth,	sloping	
cuts	are	made	on	opposite	
sides	 of	 the	 scion	 sticks.	
This	 exposes	 the	 maxi-
mum	 amount	 of	 cambial	
tissue.

Figure	5.		 Sticks	 are	 inserted	 into	
the	 stock	 with	 the	 wider	
portion	 of	 the	 scion	 stick	
against	 the	 un-separated	
bark.

Figure	7.		 Grafting	 wax	 plugs	 all	
gaps	 between	 the	 scion	
stick	and	the	stock.

Figure	6.		 A	 single	 wrap	 of	 electrical	
tape	 helps	 hold	 the	 scion	
sticks	in	place.



Figure	 12.	 This	 successful	 graft	 is	
growing	 rapidly	 6	 weeks	
after	 stick	 insertion.	 	 Note	
that	 a	 “nurse	 limb”	 is	 im-
mediately	below	the	graft.	
The	‘nurse	limb”	will	be	re-
moved	during	the	dormant	
period.	New		shoot	growth	
on	 the	 stock	 should	 be	
rubbed	off	at	this	stage.	

Figure	13.	A	 single	 cut	 across	 the	
tapes	 made	 in	 August	 al-
lows	callusing	to	grow	un-
restricted.

Figure	8.		 Grafting	 tape	 is	 wrapped	
around	 the	 stock	 holding	
scion	 sticks	 in	 place	 and	
sealing	out	air.

Figure	9,	10,	11.	The	entire	graft	area	is	sealed	with	paintable	grafting	seal	 including	the	top	of	the	stock,	the	
grafting	tape,	and	the	ends	of	the	scion	sticks.

Figure	14.	A	 support	 stake,	 tie,	 or	
braided	 shoots	 will	 pre-
vent	breakout	of	grafts	by	
wind	or	birds.	

weather (which now should 
be consistently warm) new 
shoots should grow from 2-4 
inches per week, more slowly 
at first then rapidly picking 
up steam.  New shoots will 
also form along the existing 
stock.  These should be regu-
larly removed as they appear 
through the growing season 
(Figure 12).
 It is important to protect 
the new grafts from second-
ary pests and diseases.  Po-
tato leaf hopper (Empoasca 
fabae) , white apple leaf hop-
per (Typhlocyba pomara), 
rose leaf hopper (Edwardsi-
ana rosae), green apple aphid 
(Aphis pomi) spirea aphid 
(Aphis spiraecola), tarnished 
plant bug (Lyqus lineolaris) 
various tortricid leafrollers, 
and japanese beetle (Popillia 
japonica) are all potentially 
serious problems. Powdery 
mildew (Podosphaera leu-
cotricha) and fireblight (Er-
winia amylovera) are very 
serious diseases that must 
be managed.  Be sure and 
maintain regular coverage 
to prevent insect and disease 
problems.

 As grafts become firmly established later in the first season, 
make a single cut across the grafting tape to allow for scion stick 
growth and callus expansion. This will prevent potential girdling 
by the electrical and grafting tape (Figure 13).  
 As grafts grow, they become more susceptible to breaking out 
caused by birds or high winds.  This can be prevented by attaching 
the new shoots to an existing trellis or plant stake stapled to the ex-
isting trunk.  A simple tie around all shoots or braiding new growth 
can also protect grafts from breaking off the stock (Figure 14).
 Do not do any shoot thinning during the first season.  Com-
petition among shoots helps to limit their growth which can be 
excessive.
 Paint tree trunk with a 
low-grade water-based white 
paint to prevent sunburn 
and fluctuating temperatures 
which may cause winter in-
jury.  
 The “Nurse Limb” should 
be removed during the next 
dormant pruning.
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Table	1.			Costs	of	top	working	various	tree	sizes.

	 																												Tree	Diameter	(inches)	1

Costs	 1-1.5	 2	 2.5	 3-3.5	 4	 4.5	 5-5.5	 6.5

# Bud Sticks Required 2  3  2 3 4 5 6 7 8 10
Cost/Tree $1.39 $1.79 $2.19 $2.59 $2.99 $3.39 $3.79 $4.59
Cost/Acre 4 $1,250  $1,613  $1,976  $2,338  $2,701  $3,064  $3,427  $4,152 

1Diameter of trunk where bud sticks are inserted.
2For Top Working only, additional sticks will be needed to graft additional scaffold limbs.
3Bud sticks consist of 3-4 bud sections of shoots from appropriate scion wood.
4Cost based on 4’ X 12’ spacing and 907 trees/acre.

Table	2.			Sources	of	grafting	wax	and	grafting	seal.

Grafting	wax, Doc Farwell’s is available from Belle Terre Irrigation.  8142
seal,	and	 Champlin Road, Sodus, NY 14551-9527 (315) 483-6155
other	supplies  email:dripsupply.hotmail.com 

Grafting	wax Gashell Grafting Wax is available from OESCO, Inc.- P.O. 
Box 540, Route 116  - Conway, MA 01341 800-634-5557   
413-369-4335   Fax 413-369-4431 info@oescoinc.com as 
well as other retailers who sell horticultural supplies. 

Grafting	wax Wilson Grafting Wax is available from Wilson Irrigation. 
1104 E. Mead, Yakima, WA 98903 Phone: (509) 453-9983, 
Fax:(509) 453-1258, Out of State: 1-800-232-1174 email: 
mail@wilsonirr.com as well as other retailers who sell 
horticultural supplies. 



Summary
“Bark Grafting” can be used to change the variety in an orchard 
much more quickly, cheaply, and easily than replanting if tree 
planting density is high and rootstock of the old orchard is accept-
able for a modern orchard. Under these conditions top grafting 
can allow rapid conversion of an old unprofitable variety to a 
new profitable variety.  It is best used where higher tree densities 
allow orchards to get to maximum production quickly.  Modifica-
tions made to the traditional method have improved success in 
New York.  These modifications include: a) grafting later in the 
season than traditionally done.  The ideal “Bark Grafting” timing 
is within 30 days after bloom, b) sealing crevices between the 
scion stick and the stock wood with grafting wax.  This prevents 
grafting seal from coating the cambial layers of stock and scion 
stick that can prevent callusing, and c) the use of a paintable more 
pliable, stretchable and flexible graft seal. Less flexible seals are 
harder to use and often crack and expose grafts to air resulting 
in unpredictable graft failure. 
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The Unpredictable Brown Marmorated 
Stink Bug in New York State
Peter J. Jentsch
Cornell	University’s	Hudson	Valley	Laboratory
Highland,	NY	12528

“The brown marmorated stink bug 
has been observed throughout the 
season, along the boarders of pome 
and stone fruit and within neighboring 
agricultural crops. It has the capacity 
to intermittently or continuously 
re-infested orchards. Thus damaging 
populations of the insect are unlikely to 
contact direct sprays, requiring residual 
activity of insecticides to provide an 
essential part of the economic control of 
this pest.”

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

In the fall of 2010 we were roused to news of an Asian insect 
wreaking havoc to tree fruit to our south. The brown marmo-
rated stink bug, (BMSB), Halyomorpha halys, (Figure 1) had 

swelled in numbers like an agricultural Tsunami. They emerged from 
over wintering sites 
early in the spring 
in 2010, flooding 
agricultural crops 
with surprisingly 
high populations. 
The insect moved 
from homes and 
out buildings to 
forest and peaches, 
soybean to sweet 
corn, to forest and 
pome fruit, leav-
ing behind unprec-
edented levels of 
damage of unmar-
ketable crops in its 

wake. First detected in Pennsylvania in 1998, the insect began 
gradually, building in number and spreading its geographic range 
to over 35 states. For a decade it was something of a novelty, a back-
yard pest, increasingly becoming an urban nuisance but considered 
a secondary pest in agricultural production. It demonstrated the 
ability to sustain itself on forest trees and shrubs, observed on over 
300 diverse plant species. Causing no economic injury until late in 
2009 when it appeared on apple near harvest. In 2010 the insect 
arrived early in the growing season to begin feeding on developing 
buds and fruitlets and stayed the whole season. The season long 
presence of BMSB in 2010 in orchards produced over 37 million 
dollars in apple fruit damage in the Mid-Atlantic States.
 Researcher and grower efforts to control BMSB in the Mid-
Atlantic were confounded by a lack of understanding of brown 
marmorated stink bug biology that differed to a great extent 
from the native stink bug biology. Earlier observations led them 
to believe the insect would move to tree fruit during the latter 
part of the season, much as the native green or brown stink bug 
do. BMSB however began migration to tree fruit directly from 
overwintering sites in late April. They subsequently began to 
mate and lay eggs, giving rise to nymphs that stayed in the tree 
to feed on fruit. As they were left in some cases undetected and 
unmanaged, they remained on the tree to develop until harvest 
when fruit damage and insects then became quite evident.

Figure	1.		 A	Brown	Marmorat-
ed	 Stink	 Bug	 Adult	
on	Tocsoy.

 The lack of information leading up to the fruit damage dur-
ing the 2010 Mid-Atlantic growing season did not solely hinge 
on a misunderstanding of BMSB biology. That was indeed a 
huge deficit in managing the pest. More importantly the pest 
management programs being used to manage plum curculio and 
the lepidopteran complex had little impact on the BMSB. IPM 
programs had become refined to employ reduced risk materials, 
and the insecticide efficacy and residual effectiveness of these 
active ingredients were quite ineffective against the BMSB adult. 
Although intensive management programs were undertaken 
in many orchards in the Mid-Atlantic in 2010, many tree fruit 
growers suffered between 5% to 100% crop loss from this pest 
in many peach and apple orchards. This in part was due to a late 
start in pest management coupled with ineffective insect pest 
management efforts. Most of the newer reduced risk materials 
used against the insect complex, such as Avaunt, Calypso, Assail, 
Altacor, Delegate, Dipel, with older materials such as Imidan 
and Sevin were all unsuccessful in producing adequate levels 
of mortality and reduction in the feeding caused by this insect. 
Growers found that only a few materials proved to have beneficial 
impact at reducing populations and feeding damage. Many of 
these insecticides however, appeared to ‘work’, as nearly all adults 
exhibited a knock-down response and were found on the ground 
‘legs up’ after the application. However, by day 3 after application 
these same adults would recover from their ‘morabund’ state to 
ascend into the trees to again begin feeding. The migration of 
BMSB was nearly continuous in 2010, with adults descending 
into orchards from forest host trees to add to the already high 
pest numbers. The brown marmorated stink bug has been ob-
served throughout the season, along the boarders of pome and 
stone fruit and within neighboring agricultural crops. It has the 
capacity to intermittently or continuously re-infested orchards. 
Thus damaging populations of the insect are unlikely to contact 
direct sprays, requiring residual activity of insecticides to provide 
an essential part of the economic control of this pest.
 Dr. Tracy Leskey’s team of entomologists at the USDA Ap-
palachian Fruit Research Station in Kerneysville, WV conducted 
a number of studies using laboratory reared and field collected 
BMSB adults.  The first study series exposed the pest to 4 hour 
intervals of insecticide residue applied onto glass of over 37 active 
ingredients of registered classes of chemistry available to tree fruit 
producers. The residue on glass was dislodgeable, easily removed 
and absorbed by the insect. For classes of insecticides such as 
the neonicotinoid group, the active ingredient may not be as 
available on the leaf surface in equivalent concentrations due to 
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varying degrees of foliar uptake or translocation. 
They found only 12 of the 37 active ingredients 
tested to effectively kill the insect at or above 
70% mortality, reflected in a lethality index. Ef-
fective insecticides were found predominately in 
the chlorinated hydrocarbon, organophosphate, 
carbamates and pyrethroid classes. The Lethal-
ity Index of this series comprised evaluations of 
mortality, knock-down or morabundity, mobility 
and climbing capability from 1 to 7 days post ex-
posure. Label restrictions for the materials listed 
in this trial were posted in the April 4, 2011 issue 
of Scaffolds for use in NY. 
 USDA subsequently conducted field trials 
the following year. Insecticides applied onto apple 
foliage using commercial airblast applications of 
insecticides at the high-labeled rate demonstrated 
that few insecticides were effectively controlling 
the insect beyond a 24-hour residual period. In-
sects were placed on either newly sprayed foliage 
0 days after treatment (DAT 0), onto 3 day-old 
residues (DAT 3) or onto 7 day-old residues 
(DAT 7) for 24 hours, removed and observed 
for 7 days in the lab. Residual activity of most of 
the trialed insecticides were found to have little 
or no impact on newly arriving BMSB adults 
beyond 3 days (Table 1). Levels of efficacy are 
displayed as lethality indices (0-100) with higher 
values providing greater degrees of control. One 
interesting result of the trial illustrated differing 
levels of susceptibility of the over wintering adults 
compared to 1st generation adults when treated 
with the same materials at the same rates. Lannate 
SP applied at the full-labeled rate to over winter-
ing adults demonstrated lethality of 96.9 (Day 0), 
23.9 (Day 3),  22.3 (DAT 7),  compared to Lannate 
SP applied against the 1st generation showing 
40.6 , 0.8 , and 0.0 levels of control (Figure 2 and 
3). Another treatment using Thionex EC applied 
at the full-labeled rate with Induce, a surfactant 
applied in a tank mix at 2 pts./100, provided high 
levels of control at 3-day but not at 7-day post application when 
compared to significantly less control at day 3 and 7 when Thi-
onex EC applied at the same rate was used without Induce. Of 
the three reduced risk materials in the neonicotinoid class used 
in the study, Actara (Thiamethoxam) had the greatest degree of 
control of BMSB followed by Belay (Clothianidin) and Scorpion 
(Dinotefuran).
 Presentations made by growers, research and extension 
participants to the Brown Marmorated Stink Bug working group 
can be found at the Northeast IPM BMSB working group site. 
Many aspects of research conducted by members of the working 
group to monitor and control the insect can be found from this 
site. They include presentations conducted on apple by Dr. Greg 
Krawczyk and Dr. Larry Hull, Penn State Fruit Research and Ex-
tension on apple insecticide efficacy using pre-mix formulations, 
insecticide efficacy trials on vegetable by Thomas Kuhar from 
Virginia Tech. and aspects of history and biology of BMSB with 
background information of the insects presence in agricultural 
crops in its native region of Korea and parts of Asia.

Table	1.		 Lethality	 indices	of	various	pesticides	against	Brown	Marmorated	Stink	Bug	at	3	
timings	after	treatment.

 One of the hard facts growers need to face in regions with 
economic BMSB injury is the practical implications for the lack 
of effective insecticide residual available for newly migrating 
BMSB management. Ineffective residual control of the pest has 
required multiple applications at very tight intervals, often made 
at 3-7 day intervals during periods of peak migrations of the 
insect from boarder tree hosts or field crops into the orchard. 
Migration is relatively unpredictable, and may occur based on 
preference, nutritional attractiveness, escalations in population 
to overwhelm host resources or weather related conditions such 
as drought that drive insects to higher moisture sources available 
in peaches, cherry and apple. There’s no conclusive data or con-
sensus by researchers on concrete mechanisms causing dispersal 
of the population. Consequently growers need to contend with 
label restrictions of effective insecticide active ingredients (a.i.) 
limiting re-application intervals in many cases to >14 days and 
limiting the a.i. per acre to just a few applications per season, 
while other insecticides have restrictions on pre-bloom or post 
bloom applications.
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Figure	2.		 Efficacy	 of	 Lannate	 SP	 applied	 at	 the	 full-labeled	 rate	 to	 over	 wintering	 adults	 of	 Brown	
Marmorated	Stink	Bugs.

Figure	3.		 Efficacy	of	Lannate	SP	applied	at	the	full-labeled	rate	in	mid-season	against	the	1st	summer	adult	generation	
of	Brown	Marmorated	Stink	Bug.

	 Fo r tu n ate l y  fo r 
New York fruit growers, 
BMSB populations of 
the magnitude observed 
in the Mid-Atlantic have 
not yet developed in NY 
State. But given the po-
tential threat the BMSB 
poses for NY agricul-
ture, Cornell scientists 
and Cornell Cooperative 
Extension specialists 
(CCE) began a 3-year 
statewide monitoring 
program in 2011. Efforts 
were funded through 
NY Ag & Markets & 
Apple Research and De-
velopment Program to 
establish baseline pop-
ulations in tree fruit, 
expanded through NY 
Ag & Markets funding 
to surveys of urban and 
other agricultural land-
scapes. 

Materials and 
Methods
In 2010, using various 
forms of media, we re-
quested that “Citizen 
scientists” send us stink 
bug specimens for iden-
tification at the Hudson 
Valley Lab.  We identi-
fied the specimens and 
then mapped the loca-
tions of the BMSB speci-
mens using zipcodes.  
 In 2011 we began 
a survey to determine 
the state-wide pres-
ence of BMSB in the 
agricultural landscape. 
We recruited scientists 
and extension agents to 
locate and check bait-
ed Tedders traps and 
black light traps on a 
regular basis. Cornell 
researchers including 
Art Agnello, NYSAES, 
Geneva; Hudson Valley 
& Long Island CCE in-
cluding Mike Fargione, 
Deborah Breth, Teresa 
Rusinek, Laura McDer-
mott, Crystal Stewart, 
Chuck Bornt, Maire Ull-
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rich, Gigi Jennings, Dan Gilrain and IPM Grape cooperators Tim 
Weigle, Hans C. Walter-Peterson, Timothy Martinson, Steve 
Hoying, and Alice Wise monitored 80 pheromone based trap sets 
and 10 black light traps in the grape growing regions in Niagara, 
Finger Lakes, Hudson Valley and Long Island, as well as vegetable, 
sweet corn, pome fruit and berry crops throughout the Hudson 
Valley and Lake Ontario region.

Results
In urban settings we’ve seen the insect move into the Hudson 
Valley with the first observation in Highland, NY late in 2008. 
Beginning in September 2010 we received 232 ‘live’ submissions 
almost exclusively from the Hudson Valley Region from which 
460 specimens were received from 87 distinct zip codes with 
90.6% of the specimens confirmed BMSB. ‘Citizen Scientists’ 
using GPS enabled cell phone imagery or digital photography e-
mailed with text address dating from September 2011, submitted 
126 images predominately from central and western NY. These 
photos were from 67 distinct zip codes in 
24 counties of which 71.0% were confirmed 
BMSB. The remaining images were urban 
insect pests, predominately the box elder 
bug and western conifer seed bug, prevalent 
as urban insect pests in western NY (Figure 
4). The expanding range of the pest is evident 
from increasing urban specimens and image 
submissions sent to, and confirmed by, the 
entomology staff at Cornell’s Hudson Valley 
Laboratory (HVL). A map of the presence of 
BMSB in NYS was produced over a two-year 
period using the zip code locations of urban 
submissions of BMSB specimens or images 
from citizen scientists (Figure 5). Responses 
were made to articles published in regional 
newspapers, journal reports, web site text 
and video news through a cooperative edu-
cational effort between the HVL and Cornell 
Cooperative Extension. Its important to note 
that the large number of public submissions 
in the lower Hudson Valley may be due to 
focused efforts of newspaper releases to this 
region corresponding to a large response rate 
and longer period of submission requests to 

Figure	4.			The	 Boxelder	 Bug	 and	 Western	 Conifer	 Seed	 Bug.	 Photos	 by	
Jeffery	Hahn	and	NJAES	Rutgers.

Figure	5.		 Confirmed	sightings	and	monitoring	sites	for	Brown	Marmorated	Stink	Bug	in	NY	by	
Zip	Code.

the general public in this region
 In the 2011 study to determine the state-wide presence of 
BMSB in the agricultural landscape, we found very few BMSB.  
At only a single site, of the 58 sites sampled using baited Tedders 
traps and black light traps, we observed populations of BMSB 
that were of economic concern. From scouting observations we 
observed only 1 egg cluster on grape (Highland), 3 egg clusters 
on apple (Marlboro and Highland) and adults on grape (1 in 
Geneva) and apple (1 Campbell Hall, 4 Highland). In an organic 
pepper planting in Marlboro, NY during late August we began 
to observe increasing trap numbers in Tedders traps baited with 
the isomer methyl (2E, 4 E, 6Z)-decatrienoate, the male produced 
aggregation pheromone of pentatomid Plautia stali. We also 
observed the insect in early September in black light traps on 
the same farm. We observed feeding damage to pepper plants 
by both nymphs and adults within a 1-meter radius from the 
traps set in the field that led to injury. We also observed BMSB 
presence in deciduous trees along the boarders of agricultural 
commodities. A preliminary survey of three tree host species in 
late August and early September revealed high populations of all 
stages of BMSB on developing seed-pods (Figure 6). In Ailanthus 
altissima, commonly called Tree of Heaven or Chinese Sumac, we 
observed the greatest number of BMSB in seed pods, averaging 
53 nymphs and adults in a 3-minute count of three samples in 
Warwick, Marlboro and Highland NY. Lower BMSB numbers 
were observed in Maple and Ash respectively

Discussion
Through the funding support of a Small Crops Research Initia-
tive grant (SCRI) in 2012 we will further this study in tree fruit. 
Using newly developed lures with greater attractiveness from 
USDA, we will place traps on over 50 farms throughout the state 
beginning in early May. Along with trap monitoring of migrating 
adults and developing nymphs, we will also scout for BMSB on 
commodities as traps captures are observed. If secondary funding 
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Figure	6.		 Seed	pods	of	Ailanthus altissima	or	Tree	of	Heaven,	Ash	and	Maple

Figure	7.	 Tr i s s o l c u s 	 h a l yo m o r p h a e	
(Hymenoptera:	 Scelionidae),	
an	 egg	 parasitoid	 and	 potential	
biological	 control	 agent	 of	
Halyomorpha	 halys	 (Hemiptera:	
Pentatomidae)(BMSB).	 (Photo:	
Chris	Hedstrom)

is obtained, we plan to monitor BMSB populations 
in bordering deciduous host trees on a number of 
trap sites to better understand the use of alternate 
hosts by these insects and record the factors leading 
to BMSB migration to agricultural crops from these 
hosts. Testing the use of insecticide injections to de-
ciduous tree hosts to determine efficacy against the 
insect will provide data on the possibility of reducing 
insecticide application on commodities by reducing 
migrating BMSB populations from these hosts.
 BMSB has become a formidable insect pest for reasons that 
can generally be attributed to newly emerging invasive insects. 
First and foremost, it’s reproductive potential is unhampered by 
natural biological controls in the U.S. that keep populations in 
check in its native habitat of China, Korea and Japan, where a spe-
cies of Trissolcus wasp, Trissolcus halyomorphae (Hymenoptera: 
Scelionidae) an egg parasitoid of the brown marmorated stink 
bug, can keep populations low by reducing BMSB egg viability 
(Figure 7). In as much, the BMSB has been capable of producing 
very high populations, overwintering very successfully through-
out the mid-Atlantic in 2009-2010. Its ability to feed on a diverse 
forest, landscape and agricultural host plant complex provides 
assorted safe habitat and abundant food resources that supply 
the need for carbohydrates and proteins required for successful 
reproduction throughout the season. The insect, in seemingly 
low numbers, can cause severe economic injury in a large variety 
of crops, especially late in the season when scouting for insects 
is significantly reduced. The robust size of the BMSB adult does 
not easily succumb to the newer reduced risk insecticide classes 
in the field. Late season intensive feeding is not easily reduced 
through commercial pest management practices as the allot-
ment of effective insecticides may have already been used dur-
ing the growing season. Most effective insecticides have limited 
use close to harvest to be effective control measures, in part 
due to lengthy pre-harvest intervals (PHI) and low effective 

residual activity of the 
insecticide. And lastly, 
the insects preferred 
position in the tree 
structure resides in 
the upper canopy. It 
is less likely to be im-
pacted by insecticides 
in tree fruit when the 
distribution of the 
population is present 
and feeding on fruit 
in the upper parts of 
the tree. As we move 
into the 2012 growing 
season we do have better information on the management 
of this insect. However, be prepared to intensively scout or-
chards beginning early in the season and well into harvest as 
we have much to do to better understand this unpredictable 
and formidable tree fruit pest.

Peter Jentsch is an Extension Associate in the Department 
of Entomology at Cornell’s Hudson Valley Laboratory 
specializing in arthropod management in tree fruits, 
grapes and vegetables.

At Crop Production Services, 
we make SAFETY a top priority.  

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

Thank you for your business.  
We value the partnership we share 

in feeding our neighbors and the world.  
Here’s to your success in 2011.

Distributor	for:
Adjuvants		I		Chemicals		I		Nutritionals		I		Seed		I		Seed	Treatments

140	Office	Parkway	•	Pittsford,	NY	14534
(585)	586-1330			•			www.cpsagu.com
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Weed Control in Young Trees and New Herbicides 
for the Spring 2012
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“In recent years, several new herbicides 
have been registered for use in tree fruit 
crops with different spectrums of weed 
control and safer environmental profiles. 
We have evaluated these new options 
in newly planted and established apple 
orchards.”

Thousands of acres of new orchards have been planted in 
NY State at high densities of 1000-2000 trees per acre. 
These intensive systems are giving rise to questions about 

ground cover man-
agement strategies 
and the need to 
update the current 
Cornell research 
information based 
on semi-dwarf or-
chards.  The driv-
ing  fac tors  for 
these questions 
include the devel-

opment of simazine and glyphosate-resistant weeds, potential 
groundwater pollution with older residual herbicides, the newly 
reported risk of glyphosate application resulting in bark injuries 
and tree death, and the concern for soil health in orchards with 
such restricted root systems.  The goal of this project is to adapt 
the Cornell recommendations for semi-dwarf systems to the 
more intensive high-density systems and measure the impact of 
different ground cover treatments between the rows and various 
herbicide strategies in the tree row on tree growth, tree health, 
and soil health. This article will focus on the results of the weed 
control options in 2011. 
 NY growers rely heavily on a limited number of older, less 
expensive herbicides.  The continued use of simazine and/or 
diuron has led to herbicide resistance in several broadleaf weeds.  
Additionally, there are concerns in the export market about the 
older herbicides with the potential for leaching into water sources.   
In recent years, new herbicides have been registered for use in 
tree fruit crops with different spectrums of weed control and safer 
environmental profiles.  Several organic herbicide products have 
also appeared on the market.  These new options for organic and 
conventional growers are best evaluated in side-by side demon-
strations in replicated plots. The newer herbicides, formulations, 
and tank mixes were tested in our recent trials.  This article will 
focus on the results of various herbicide programs in these young 
plantings in 2011.  

Materials and Methods
With the help of 2 growers, 2 on-farm demonstration sites were 
set up in Spring 2011 where the sustainability of treatments can 
be evaluated in replicated plots for the short term, and potentially 
for a longer term after they are established. 
 Rod Farrow of Lamont Fruit Farm planted Gala on M.9 root-
stock at 2 x 11 ft. on May 12, 2011.  Herbicide applications had to 
wait for a window for treatment after soil settled and applicators 

Figure	1.	 One	year	old	orchard	of	Snappy	Mac	on	B.9	at	Mason	Fruit	Farm	
used	for	herbicide	experiment.

could walk on open ground after the heavy rains.  The residual 
herbicides were applied May 23.  There were 3.5 in. of rain dur-
ing the first 30 days after the application, and 7.2 in. of rain over 
the 3-month period after residual herbicides were applied.  This 
orchard also had trickle irrigation installed and was operated 
during the month of July when there was no precipitation.  
 Doug Mason of Mason Farms planted Snappy Mac on B.9 
rootstock in 2010 at a spacing of 3.5 x 14 ft (Figure 1). Herbicide 
test plots were established in 2011 and pre-emergence treatments 
were applied April 22 followed by nearly 6 in. of rain the follow-
ing 30 days and a total of 10 in. of rain for the 3.5 month period 
after the residual herbicides were applied.  Before the residual 
herbicide applications, this orchard had a carpet of winter annual 
weeds mainly annual bluegrass (Poa annua) and hairy bittercress 
(Cardamine hirsuta).  
 Herbicide treatments at both plots were applied with a CO2 
R&D sprayer using 2 L bottles for each treatment using a single 
Spraying Systems 8004 110o EVS nozzle, 0.28 gallons per minute 
at 30 psi, at 2 mph resulting in 34 gpa at Lamont’s and 23 gpa at 
Mason’s.  Herbicide strips in rows at Lamont’s were 2 ft. wide, 
and at Mason’s, 3 feet.  
	 Percent weed cover was evaluated every 2-3 weeks.   When 
weed cover reached a threshold of 20-30%, post-emergence 
treatments were made using paraquat in most treatments or 
glyphosate in 2 treatments.   The number of days before the first 
paraquat application was needed (DAT) was recorded.  Statisti-
cal analysis was conducted using Anova, and Tukey HSD mean 
separation, to look for differences in weed control on each date 
sampled.
 The impact on tree growth was evaluated by measuring the 
tree caliper 12 inches above the graft union in April and after leaf 
fall.  The trunk cross-sectional area was calculated for each mea-
surement and the % increase was calculated.  Statistical analysis 
was conducted using Anova, and Tukey HSD mean separation.  

The herbicides that were evaluated were:
	 Prowl	H2O is a newer formulation of an older herbicide, 
pendamethalin.  Prowl H20 kills weeds by root uptake and inhibits 
cell division at growing points.  There is no contact activity.  The 
higher the rate used, the longer the weed control duration.  It is 
good for control of grasses, lambs quarters and pigweed, but poor 
on ragweed.  Prowl needs rainfall to move the herbicide into the 
weed germination zone.  
	 Surflan	AS, oryzalin, is an older pre-emergent herbicide that 
was unavailable for a time and is available again on the market.  



18  NEW YORK STATE HORTICULTURAL SOCIETY

Oryzalin is safe for new trees to control many annual grasses and 
broadleaf weeds.  Oryzalin is absorbed by roots of germinating 
weed seedlings and interferes with cell division.  It is weak on 
ragweed and PA smartweed.  It needs ½-1 inch of rainfall to move 
the herbicide into the weed germination zone before the weed 
seeds germinate.    
	 Sinbar, terbacil, is also an older herbicide which was rela-
beled years back to include ½ lb. per acre use rates on new tree 
plantings to control annual grasses and broadleaf weeds and 
some partial control or suppression of perennial weeds such as 
quackgrass, horsenettle, and nutsedge.   Rainfall is needed within 
3-4 days of application to move it into the weed germination zone.  
	 Diuron	and	simazine are used as the traditional reference 
standard for comparison.  Diuron is absorbed by roots of germi-
nating weed seed and translocated to leaves where it interferes 
with photosynthesis.  The diuron label does not recommend its 
use on fully dwarf rootstocks or in trees established less than 1 
year.  Simazine is a photosynthesis inhibitor.  Simazine is labeled 
for use in orchards established for 1 year or more.    
	 Chateau	 WDG, a relatively new herbicide that has been 
on the market since 2008 in NY.  Chateau WDG	– flumioxazin, 
is a residual (PPO) herbicide that will also provide burndown 
(consequently if drifted will leave spots on leaves and fruit).  It 
will control many broadleaf weeds and grasses, but the first to 
break through are grasses.  Chateau is best when mixed with a 
material that will enhance grass control, Prowl H2O or Surflan.  
The label allows up to 6-12 oz./acre with 24 oz./acre per season.  
The label requires a nonporous protective trunk barrier on new 
plantings, but not on trees established for 1 year.  The label also 
requires application before pink bud.  
	 GoalTender is a new formulation of Goal (oxyfluorfen) 
registered since 2006.  GoalTender, oxyfluorfen is in the PPO 
family (Goal, Galligen).  It is a pre-emergent and post-emergent 
herbicide, best on annual broadleaf weeds and must be tank 
mixed with a grass herbicide.  This group must be applied to the 
soil under trees before bud swell since it vaporizes and can burn 
the buds.  
	 Matrix, rimsulfuron, is a sulfonylurea herbicide, which 
causes a rapid cessation of growth at the tips of both roots and 
shoots of sensitive plants, eventual plant death. It was registered 
in NY in 2009 for use in tree crops established for at least one 
full growing season.  Matrix has pre and post-emergence activity 
if weed seedlings are small, and will control many annual and 
perennial broadleaf weeds and grasses.  The application rate is 
2-4 oz., with 4 oz./acre limit per season.  It requires rainfall for 
incorporation within a couple of weeks of application for best 
results
	 Alion is a new herbicide registered by EPA in 2011, but 
awaiting NY registration.  Alion,	indazaflam, is a new herbicide 
mode of action that inhibits cellulose biosynthesis, and cellulose 
deposition in the plant cell wall, only affecting the actively grow-
ing root and shoot tissues.  It will provide long lasting residual 
control of a broad spectrum of annual grasses and broadleaf 
weeds, including glyphosate resistant weeds such as marestail 
and fleabane.  Registered by EPA in April of 2011, and still wait-
ing for approval for NYS.  The current EPA label only allows use 
in pome and stone fruit trees established for at least 3 year.
	 GreenMatch is an organic certified (OMRI) burndown 
herbicide, d-limonene, a citrus oil extract and powerful, natural 
degreasing agent that strips away the waxy cuticle from leaves, 

causing fast wilting, dehydration, and death.  But it only works 
on very small seedlings, and like paraquat, if too large, they will 
continue to grow past the burned treatment.  It is effective for 
about 2-3 weeks between treatments.  It is a bit expensive at the 
company’s suggested retail price of $300 per treated acre per 
application.   
 Other new herbicide options which were not tested in this 
project are:
	 Sandea	–	newly registered in apple and blueberries in NY and 
will be a good alternative for nutsedge control with post-emergent 
treatment of 0.75-1 oz./acre when nutsedge is between 3-5 leaf 
stage.  Do not apply to trees established less than 1 year.  Do not 
apply more than 2 oz. per year, and for pre-emergent control, the 
area must be free of weed residue to get good contact with soil.  
	 Tree	Vix,	 a broadleaf burndown in the PPO family, inhibits 
chlorophyll biosynthesis in broadleaf weeds.  It will help to control 
glyphosate resistant weeds, but must be tank mixed with a grass 
herbicide for more complete control.  Pome fruit trees must be 
established for 12 months prior to application.  It is like Aim and 
Venue.  

Results and Discussion
The longer growing season in Mason’s 1-year old established 
orchard resulted in 8 of the 12 herbicide treatments needing 2 
paraquat applications compared to a single paraquat application 
in 5 out of the 9 Lamont treatments.  
 Percent weed cover was evaluated at 2-3 week intervals and 
when weed cover reached a threshold of 20-30%, post-emergence 
treatments were made using paraquat or glyphosate as prescribed 
in the treatment plan (Tables 1 and 2, Figures 2 and 3).   The 
number of days the residual herbicide was effective before the 
first post-emergent herbicide application was needed  is in the 
column titled DAT.
 The first treatments to fail under the intense rainfall of 2011 
were Prowl and Surflan with ragweed and foxtail the first to ger-
minate (Tables 3 and 4).  The higher the rate used, the longer the 
effective residual.  These herbicides have no burndown activity, so 
if any weeds were already germinated at the time of application, 
they would not killed.  More rainfall at Mason’s shortened the 
effective weed control period compared to Lamont’s (Figure 4).  
 The next treatments to fail were Prowl/Surflan with Cha-
teau at 8 oz./acre.  If a higher rate of Chateau had been used, it 
would have lasted longer.  At Lamont’s the Surflan + Chateau 
lasted longer than Prowl + Chateau, but not in the Mason plots.  
Treatments with Chateau burned back the winter annual weeds 
at Mason’s but the first weeds to break through the treatments 
were the grasses. 
 The Prowl/Surflan combination with Goaltender (PPO, with 
pre- and post-emergent control) added 2-3 weeks of control 
to Prowl/Surflan alone providing almost 2 months of control 
at Lamont’s and 2.5 months at Mason’s.  GoalTender also has 
burndown activity which took care of winter annuals present.  
 There were 3 treatments at Mason’s that included Matrix, but 
only 2 treatments with Matrix at Lamont’s. At the newly planted 
Lamont orchard, Matrix was applied in combination with Surflan 
to observe any impact on tree growth since the label restricts its 
use to orchards established at least 1 year.  The 2 Matrix treat-
ments with Surflan at Lamont’s lasted 57-65 days, but all 3 treat-
ments with Matrix at Mason’s lasted nearly 3 months.  The Matrix 
application alone was sufficient for control with potential for 
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Table	1.		 Treatments,	rates	and	timings	of	herbicides	applied	at	Lamont	Fruit	Farm	on	newly	established	apple	trees.

Pre-emergent	Herbicide	 Date	applied	 Post-emergent	Herbicide	 Dates	applied

Prowl H2O (4 qts./a)   May 23  Gramoxone Max (2 pts./a) Jul 2, 19
Prowl H2O (4 qts./a)   May 23  Touchdown IQ (2 qts./a)  Jul 2, Aug 24
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   May 23  Gramoxone Max (2 pts./a)  Jul 2, 19
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   May 23  Touchdown IQ (2 qts./a)  Jul 14
Prowl H2O (4 qts./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19
Surflan (4 qts./a)   May 23  Gramoxone Max (2 pts./a)  Jul 2, 19
Surflan (3 qts./a) plus Chateau WDG (8 oz./a)   May 23  Gramoxone Max (2 pts./a)  Aug 24
Surflan (3 qts./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19
Surflan (3 qts./a) plus Matrix (4 oz./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19, Aug 24
Surflan (3 qts./a) plus Matrix (4 oz./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Aug 24
Sinbar (8 oz./a) on   May 23 Gramoxone Max Jul 2, 19 , Aug 24
No Pre-emergent herbicide  Green Match (~20 gal/a)   Jun 20, Jul 2, Aug 24
Untreated control  Hand weeded Aug 18

Table	2.		 Treatments,	rates	and	timings	of	herbicides	applied	at	Mason	Farms	on	1	year-old	apple	trees.

Pre-emergent	Herbicide	 Date	applied	 Post-emergent	Herbicide	 Dates	applied

Prowl H2O (4 qts./a)   Apr 25  Gramoxone Max (2 pts./a)  May 25, Jul 13, Aug 17
Prowl H2O (4 qts./a)   Apr 25  Touchdown IQ (2 qts./a)  May 25, Jul 21
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Gramoxone Max (2 pts./a)  Jun 3, Aug 12
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Touchdown IQ (2 qts./a)   Jun 3, Aug 17
Prowl H2O (4 qts./a) plus GoalTender (3 pt./a)   Apr 22  Gramoxone Max (2 pts./a)  Jul 7, Aug 12
Surflan (4 qts./a)   Apr 25  Gramoxone Max (2 pts./a)  May 25, Jul 13, Aug 17
Surflan (3 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Gramoxone Max (2 pts./a)  Aug 24
Surflan (3 qts./a) plus GoalTender (3 pt./a)   Apr 22  Gramoxone Max (2 pts./a)  Jun 3, Aug 17
Surflan (3 qts./a) plus Matrix (4 oz./a)   Apr 25  Gramoxone Max (2 pts./a)   Aug 12
Surflan (3 qts./a) plus Matrix (4 oz./a) plus GoalTender (3 pt./a)   Apr 22 Gramoxone Max (2 pts./a)  Aug 17
Sinbar (8 oz./a)    Apr 25 Gramoxone Max (2 pts./a) Jul 21, Aug 17
Matrix (4 oz./a) on   Apr 25 Gramoxone Max (2 pts./a)  Aug 17
Alion (5 oz./a) on,   Apr 25 Gramoxone Max (2 pts./a)  Jul 13
Diuron 4L (1.6 pt./a) plus simazine 4L (1 qt./a)   Apr 25 Gramoxone Max (2 pts./a)  Jul 7, Aug 12
No Pre-emergent herbicide  Green Match (~20 gal/a )   Jun 3, Jun 20, Jul 7, Jul 21
Untreated control  Hand weeded  Aug. 17

cost savings.  This 
was the longest 
lasting treatment 
with bindweed, 
prostrate knot-
weed, and foxtail 
breaking through 
after 3 months.  
 Sinbar plots 
had foxtail, lambs 
quarters and pig-
weed breaking 
through treat-
ment.  Note at 
Masons, 87 days 
passed between 
p r e - e m e r g e n t 
treatment and 
post-emergent 
t re atment ;  40 
days at Lamont’s 
with lambs quar-
ters, purslane and 
bindweed break-
ing through.
 A l l  t r e a t -
ment s  at  Ma-
son’s except for 
the Matrix and 
Alion treatments 
required 2 post-

Figure	2.			Untreated	control	plot	at	Lamont	Fruit	Farm	on	Aug.	15,	2011.

Figure	3.		Untreated	control	plot	at	Mason	Fruit	Farm	on	June	20,	2011.
Figure	4.			The	 daily	 precipitation	 and	 accumulated	 rainfall	 (inches)	 for	

Lamont	Fruit	Farm	and	Mason	Farms	from	NEWA	weather	data.	
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emergence treatments.  The GoalTender 
combinations and Surflan plus Chateau treat-
ments at Lamont Fruit Farm only required 
1 post-emergence application.  The growing 
season at Lamont’s was a month shorter.  
 Tree growth (measured as trunk cross 
sectional area increase - TCA) showed the 
greatest differences at Lamont’s in the Prowl/
Surflan, Chateau, GoalTender, and Sinbar 
plots (Tables 3 and 4).  The  Surflan plus Ma-
trix treatment was numerically better than the 
untreated check but not statistically different, 
but when combined with GoalTender, was 
one of the better (although most expensive) 
treatments.  Green Match and the untreated 
check had the least tree growth due to the 
weed competition.
 Tree growth measurements at Mason’s 
Farm did not show as much difference between 

Table	3.			Effect	of	various	herbicide	programs	on	weed	control	and	tree	growth	of	newly	planted	
apple	trees	at	the	Lamont	Fruit	Farm	(irrigated)

	

	 	 	 	 	 Number	
Treatment	 	 %	Weed	Cover	*	 	 	 Paraquat	 %	TCA	
	 16-Jun	 18-Jul	 18-Aug	 DAT**	 sprays	 increase*	
	

Untreated 48 a 100 a 100 a     32 f
Surflan + paraquat (P)   9 bc   27 b     9bcde 40 2   93 bcde
Prowl + P   1 c   11 b     3 de 40 2 123 abc
Surflan + Chateau + P   0 c     7 b   33 bcd 65 1 130 ab
Prowl + Chateau + P   1 c   16 b     8 cde 40 2 115 abc
Surflan + GoalTender + P   0 c   18 b   12 bcde 57 1 118 abc
Prowl + Goaltender + P   0 c   22 b     7 cde 57 1 110 abc
Surflan + Matrix + P   0 c   27 b   24 bcde 57 2   66 def
Surflan + Matrix + GoalTender + P   0 c     2 b   18 bcde 65 1   97 bcde
Sinbar + P   1 c     9 b   39 b 40 3   91 bcde
Prowl + glyphosate   2  c     6 b   36 bc 40 2 143 a
Prowl + Chateau + glyphosate   0 c     5 b     1 e 52 1 118 abc
Green Match 44 ab   83 a 100 a 12 3   57 ef

*=values	with	the	same	letters	are	not	statistically	different,	Tukey	HSD	All-Pairwise	Comparison
**DAT=the	number	of	days	the	residual	herbicide	was	effective	before	the	first	post-emergent	
herbicide	application	was	needed

Table	4.			Effect	of	various	herbicide	programs	on	weed	control	and	tree	growth	of	1	year-old	apple	trees	at	the	Mason	Farms	(Non-irrigated)	
	

	 	 	 	 %	Weed	Cover*	 	 	 	 Number	Paraquat	 %	TCA	
Treatment	 25-May	 21-Jun	 6-Jul	 13-Jul	 20-Jul	 10-Aug	 DAT**	 sprays	 increase*	
	

Untreated 59  a 60 94 a 100 a 93 a 84 a     93 b
Surflan + P 23 bcd 1 13 bcd   27 bc   0 c 11 bc 30 2 148 a
Prowl + P 32 abcd 2 16 bcd   28 bc   0 c 24 bc 30 2 152 a
Surflan + Chateau + P 11 cd 19   3 cd     8 bc   4 bc 19 bc 42 2 129 ab
Prowl + Chateau + P 13 cd 1   1 d     6 c   3 bc 22 bc 42 2 140 ab
Surflan + GoalTender + P   4 cd 11 18 bcd   28 bc   0 c 10 bc 82 2 165 a
Prowl + Goaltender + P 14 cd 35 27 bcd     0 c   1 c 18 bc 76 2 122 ab
Matrix + P   1 d 5   0 d     0 c   1 c 14 bc 90 1 149 a
Surflan + Matrix + P   1 d 2   7 cd     5 c   3 bc 30 bc 90 1 139 ab
Surflan + Matrix + GoalTender + P   1 d 3   0 d     1 c   1 c 14 bc 90 1 126 ab
Sinbar + P   4 cd 1   4 cd   13 bc 11 bc 14 bc 87 2 128 ab
diuron + simazine + P   9 cd 35 46 bc     6 c   0 c 18 bc 73 2 142 ab
Prowl + glyphosate 37 abc 1   9 bcd   24 bc 19 bc   2 c 30 2 141 ab
Prowl + Chateau + glyphosate 13 cd 0   1 d     1 c   0 c 16 bc 42 2 113 ab
Alion + P   6 cd 37 20 bcd   31 bc   0 c   5 c 79 1 158 a
Green Match 52 ab 22 50 b   47 b 42 b 47 ab 17 4 140 ab

*=values with the same letters are not statistically different, Tukey HSD All-Pairwise Comparison
**DAT=the number of days the residual herbicide was effective before the first post-emergent herbicide application was needed
 

the untreated check and the herbicide treatments.  The greatest 
increase was with Surflan/Prowl alone, Surflan + GoalTender, 
Matrix, and Alion plots, with a range of 148-165%.  All other 
treatments were intermediate and not statistically different than 
the untreated control.  The reduced effect on tree growth in this 
plot was likely due to the established root system by the second 
year in the orchard, with roots developing below the weed seed 
germination and root zone, reducing the potential competition 
by the weeds.  
 In plots using glyphosate for post-emergence weed control, 
there was no difference in tree growth compared to plots receiv-
ing paraquat for post-emergence weed control. 

Conclusion 
Choosing a herbicide program will depend on tree age (some 
herbicide labels restrict use to established orchards), rates of 
herbicide, the desired duration of weed control, and how growers 
figure the cost and management of additional post-emergent con-
trol. There were no weed control treatments in newly planted or 

1-year established orchards that lasted season-long.  Treatments 
using Matrix or Alion in the one-year established orchard, and 
some of the combinations with Chateau (Prowl or Surflan) and 
Goaltender (plus Prowl or Surflan) in the newly planted orchards 
required only a single follow-up post-emergence treatment.  
Others required 2 post-emergence applications.  The shortest 
residual treatments were the Prowl or Surflan alone.  The longer 
season in the Mason 1-year established orchard resulted in most 
herbicide treatments needing 2 paraquat applications compared 
to 1 paraquat application in many of the Lamont treatments.  
 GreenMatch, the OMRI certified organic herbicide, provided 
the same weed control as the untreated check in newly planted 
orchard, and slightly better in the 1-year established orchard, 
but the tree growth was the same as untreated check in newly 
planted trees.  It was difficult to keep up with applications of 
GreenMatch which required applications every 2 weeks or more 
often to control succulent germinating weeds.  High rates of 
material and cost will deter use of GreenMatch.  
 Tree growth in the untreated checks was reduced compared 
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to herbicide treatments.  But there was a bigger impact on tree 
growth in the newly planted orchard than the 1-year established 
orchard.  We expect that the difference in tree growth we ob-
served in the first and second year will impact the productivity 
of orchards in the following seasons.  
 No conclusions can be made from this one-year study re-
garding the impact on glyphosate on tree health, but we hope 
to continue this project with an additional focus on controlling 
perennial weeds.  No conclusions can be made regarding soil 
health among treatments, but soil health test in subsequent years 
may influence future weed control recommendations.  
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“Our recent studies have shown that 
rootstock genotype affects not only 
dwarfing and precocity of the scion 
but also tolerance to replant disease 
and the efficiency of uptake of various 
macro and micro nutrients. Choosing 
which rootstock matches your orchard 
environment is going to leverage the 
natural positive traits in each rootstock 
to increase productivity and quality of 
fruit.  As we learn more about this in 
the future we should be able to make 
more informed decisions based on soil 
variables.”

Rootstocks are the foundation of a healthy and produc-
tive orchard.  They are the interface between the scion 
and the soil, providing anchorage, water, nutrients, and 

disease protection 
that ultimately af-
fect the productiv-
ity and sustainabil-
ity of the orchard.  
Recent advances 
in the science of 
genetics and ge-
nomics of apple 
rootstocks show 
that at the molecu-
lar level different 
rootstocks have 
the ability to turn 
on or off and/or in-
crease or decrease 
the production 
of proteins in the 
scion (trunk, leaves 
and even fruit).  So, 

for example the tissues of a Gala scion grafted on M.9 will behave 
differently at the molecular level than the same tissues grafted 
on B.9.  The mechanisms by which apple rootstocks accomplish 
this feat are still not very well understood.  We can hypothesize 
that signals transmitted by the rootstock machinery are detected 
and interpreted by the scion machinery to give visible effects on 
photosynthesis, growth, and productivity.  Among these root 
signals we may find different levels of water, inorganic macro and 
micro-nutrients, plant hormones, and organic molecules such 
as sugars and micro-RNAs that may have capacity to change the 
behavior of the scion.  Different rootstocks therefore are similar 
to different TV stations broadcasting different signals (shows) 
to the same audience and the audience reacting accordingly.  In 
order to better understand this relationship we decided to inves-
tigate one set of signals that the rootstock absorbs from the soil 
and transmit to the scion: macro and micro nutrients such as 
phosphorous (P), potassium (K), magnesium (Mg), calcium (Ca), 
sodium (Na), iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), 
sulfur (S), molybdenum (Mo), and, nickel (Ni).

Materials and Methods
We designed two experiments to answer four questions: 1. How 
well do different rootstocks absorb and transmit macro and 

micronutrients?  2. Is this capacity influenced by soil type? 3. Is 
this capacity influenced by replant disease? and 4. Is this capacity 
influenced by soil pH levels?
 The first experiment tested the effect of two apple replant 
soils (Clay Loam, and Sandy Loam) pasteurized and unpasteur-

Figure	1.		 Diagram	 of	 the	 experiment	 testing	 the	 effect	 replant	 disease	
in	 two	 soil	 types	 (sandy	 loam	 and	 clay	 loam)	 on	 growth	 and	
nutrient	uptake	parameters	of	potted	nursery	trees	grafted	onto	
38	different	apple	rootstocks.

Table	1.	 	Rootstocks	used	in	the	Apple	Replant	Disease	(ARD)	and	soil	pH	
(pH)	experiments	and	their	origins.

Rootstock	 Origin	 ARD	 pH	 Rootstock	 Origin	 ARD	pH

B.9 Budagovsky X X CG.6143 Geneva X 
B.10 (396) Budagovsky X  CG.6253 Geneva X 
B.118 Budagovsky X X CG.6589 Geneva X X
B.491 Budagovsky X X CG.6874 Geneva X X
CG.2006 Geneva  X CG.6879 Geneva X 
CG.2406 Geneva X X CG.7707 Geneva X 
CG.3007 Geneva X X CG.8534 Geneva X 
CG.4002 Geneva X X CG.9778 Geneva X 
CG.4011 Geneva X X G.11 Geneva X X
CG.4019 Geneva  X G.16 Geneva X X
CG.4094 Geneva  X G.30 Geneva X X
CG.4113 Geneva  X G.41 Geneva X X
CG.4172 Geneva X X G.65 Geneva X X
CG.4814 Geneva X X G.202 Geneva X X
CG.5012 Geneva X X G.214 Geneva X X
CG.5030 Geneva X  G.890 Geneva X X
CG.5179 Geneva X  G.935 Geneva X X
CG.5257 Geneva X X G.969 Geneva X X
CG.5757 Geneva  X M.26EMLA Malling X X
CG.6001 Geneva X X M.9T337 Malling X X
CG.6024 Geneva X  MM.111 Malling  X
CG.6025 Geneva X  Marubakaido Japan  X
CG.6040 Geneva X
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ized, on the growth of 1 year Golden Delicious Smoothee trees grafted on 38 
different experimental and commercial apple rootstocks (Figure 1, Table 1).  
These apple trees were grown in pots, with standard fertigation and integrated 
pest management.  Tree growth parameters (trunk size and height) were col-
lected in bi-weekly intervals until dormancy.  Final fresh and dry weight of leaves, 
trunks, and roots were collected at the end of the experiment.  Fully developed 
leaves from the top of the plant were collected at the beginning of August for 
mineral concentration analysis.
 The second experiment tested the effect of 5 different pH levels derived 
from amending one soil type, on the growth of 1 year Golden trees grafted on 
33 different experimental and commercial apple rootstocks (Figure 2, Table 1).  
These apple trees were grown in pots, with standard fertigation and integrated 
pest management.  Tree growth parameters (trunk size and height) were col-
lected in bi-weekly intervals until dormancy.  Final fresh and dry weight of leaves, 
trunks, and roots were collected at the end of the experiment. Fully developed 
leaves from the top of the plant were collected at the beginning of August for 
mineral content analysis. 
 Leaf mineral concentration 
for both experiments was mea-
sured on two subsamples (~0.25 
g dry weight) of each field leaf 
sample. Samples were ground, 
digested and processed for elemen-
tal analysis. Elemental analysis 
was performed using inductively 
coupled plasma–optical emission 
spectroscopy (CIROS ICP Model 
FCE12; Spectro, Kleve, Germany); 
the instrument was calibrated daily 
with certified standards.  We mea-
sured concentrations of Ca, Cu, 
Fe, K, Mg, Mn, Mo, Na, P, S, and 
Zn. Tissue mineral concentrations 
were determined on a dry mass 
basis (μg g−1 or mg g−1), using an 
average value derived from the two 
subsamples of each field replicate.

Results and Discussion of the 
Replant Experiment
One of the best ways to diagnose 
if a soil has a replant problem is 
to compare apple tree growth in 
a pasteurized sample of the soil 
(enough to kill soil borne diseases) 
to tree growth in an unpasteur-
ized sample of the soil.  If a scion/
rootstock combination shows an 
increase in growth in the pas-
teurized sample compared to the 
unpasteurized soil, then there was 
a replant disease component (Phy-
tophthora, Rizhoctonia, Pythium, 
Cylindocapon etc. species) in the 
unpasteurized sample.  Overall 
our replant experiment indicated 
that both the clay soil and the 
sandy soil showed increases in 
the final growth of the trees due 
to pasteurization, indicating that 

Figure	 3.	 	 Effects	 of	 soil	 type	 (Clay	 loam	 and	 Sandy	 Loam)	 and	 pasteurization	 treatment	 on	 growth	 and	
nutrient	uptake	of	potted	Golden	Delicious	Smoothee	trees	grafted	onto	38	different	rootstocks.	

Effect	  of	  Soil	  Type	  and	  Treatment	  on	  Mineral	  Concentra6on	  and	  Tree	  Growth	  

Mean	  standard	  errors	  bars	  (95%	  CI)	  
calculated	  using	  pooled	  variance	  

Figure	2.			Diagram	 of	 the	 experiment	 testing	 the	 effect	
of	 soil	 pH	 on	 growth	 parameters	 and	 nutrient	
uptake	of	potted	nursery	apple	trees	grafted	on	
33	different	rootstocks.
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Figure	4.			Interaction	of	soil	type,	pasteurization	treatment	(CD=	Clay	soil	Disinfected,	CR=Clay	soil	Replant,	SD=Sandy	
soil	 Disinfected,	 SR=Sandy	 soil	 Replant)	 and	 rootstock	 genotype	 on	 total	 plant	 weight	 increase	 (initial	
fresh	weight-final	fresh	weight	for	one	season)	of	potted	Golden	Delicious	Smoothee	trees	grafted	onto	12	
different	rootstocks.

there was a biological effect stunting tree growth in the unpas-
teurized soil (Figure 3, top panels). Leaf iron and molybdenum 
concentrations also showed a significant affect of pasteurization 
that paralleled tree growth, indicating that they were correlated 
to replant disease in some manner.  Leaf zinc, sodium, potassium, 
manganese, calcium, magnesium and phosphorous concentra-
tions showed significant differences between soil types but very 
small differences (non significant) between the pasteurized and 
non-pasteurized treatments.  
 Overall, vegetative tree growth was much stronger in the 
clay soil than the sandy soil.  However, some rootstocks (B.9, 
G.214, G.890) appear to have similar growth in both soils (Figure 
4).  Some rootstocks appeared in this experiment to be ARD 
tolerant in the clay soil, but appeared sensitive to ARD in the 
sandy soil.  Such rootstocks were: CG.4011, B.9, B.396.  Other 
rootstocks (G.16, CG.6143, CG.6001) appeared to have the op-
posite relationship with soil type and ARD where they were more 
sensitive in the clay soil and tolerant in the sandy soil.  Leaf P 
concentration was lower than optimum in the sandy replant soil 
while Zn concentration was lower in the clay replant soil. Leaf K 
concentrations differed significantly between soil types, but were 
high in all treatments (Figure3).

Results and Discussion for the pH Experiment
As a general trend, absorption of molybdenum (Mo), calcium 
(Ca) and phosphorous (P) increased with higher pH levels 
while absorption of iron (Fe), manganese (Mn) and nickel (Ni) 
decreased with increasing pH (Figure. 5-6).  Absorption of po-
tassium (K), copper (Cu), 
sodium (Na), zinc (Zn), 
magnesium (Mg) and sul-
fur (S) did not seem to be 
greatly affected by soil pH 
(Figure. 5-7).  Over all the 
rootstocks, plant growth 
was affected adversely by 
low or high pH treatments 
and displayed optimum 
growth around pH 7.5 (Fig-
ure 8).  However when plant 
growth was examined in 
different rootstocks, each 
rootstock exhibited a dif-
ferent pattern of growth 
as influenced by soil pH.  
CG.3007 and CG.5257 did 
not seem greatly affected by 
soil pH (almost flat curve), 
while CG.6589 had opti-
mum growth at pH of 5.5 
and G.41 and MM.111 had 
optimum growth at pH 
7.5 (Figure 9).  This indi-
cates that G.41 may be well 
adapted to higher pH soils.  
 Scion leaf concentra-
tion of different micro- 
and macro-nutrients also 
exhibited different curves 
for different rootstocks.  

G.41 displayed unusually high levels of iron at high pH while 
MM.111 and CG.4172 had lower levels of iron over all pHs tested 
(Figure 10).  Most of the rootstocks we tested reached optimal 
iron concentration in acid soil from 4.5 up to 6.5. When soil 
pH reached 7.5 or 8.5 uptake of Fe was suppressed in leaves of 
CG.3007, CG.2406 and G.969.  Leaf molybdenum concentrations 
were significantly affected by pH where lower pH was correlated 
with lower concentrations and higher pH was correlated with 
higher concentrations, however different rootstocks exhibited 
different slopes: CG.4113 was characterized by a flatter slope 
and CG.2406, CG.3007 and MM.111 had steeper slopes (Figure 
11).  G.41 seemed to have higher phosphorous concentrations 
than most rootstocks at the various pH levels (Figure 12).  Lower 
than optimum leaf P content was recorded for CG.3007 CG.4113 
and CG.5257 at all pHs. MM.111, CG.4172, CG.2406 reached 
optimal values in more alkaline conditions, while leaf P content 
of G.969 was the highest at pH 4.5. The effect of soil pH on leaf 
calcium concentration also followed very different patterns 
among rootstocks: G.41 and CG.5257 had similar patterns with a 
low concentration in the mid range pH and higher concentration 
in the extremes (Figure 13), while MM.111 showed an increasing 
level of calcium with increasing pH, maintaining a similar trend 
as overall rootstocks (Figure 6).  High calcium concentration is 
very important to prevent different fruit physiological disorders 
like bitter pit, scald, etc.  The highest Ca concentration was found 
in apple leaves grown on G.969 in the wide range of pH 5.5 – 8.5. 
CG.5257 accumulated more Ca at pH 7.5 and 8.5; CG.4172 at pH 
7.5 (Figure 13). G.41 had high leaf Ca a pH8.5 but lower Ca at 
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Figure	 5.	 	 Effect	 of	 soil	 pH	 on	 leaf	 concentrations	 of	 copper,	 magnesium,	
phosphorous,	sulfur,	molybdenum,	and	nickel	of	potted	Golden	
Delicious	Smoothee	trees	grafted	onto	33	different	rootstocks.

Figure	6.		 Effect	 of	 soil	 pH	 on	 leaf	 concentrations	 of	 calcium,	 potassium,	
sodium,	 and	 zinc	 of	 potted	 Golden	 Delicious	 Smoothee	 trees	
grafted	onto	33	different	rootstocks.

the more neutral pH of 6.5. Ca content of CG.3007 and MM.11 
was very low at low pH and increased linearly to a high level at 
pH 8.5.
 The interaction of soil pH and rootstock genotype means 
that the same rootstock will not be the best for different 
soil pHs.  It appears that certain rootstocks genotypes will 
perform better in high pH soils while other rootstocks will 
perform better in low or neutral pH soils.  As we develop 
more information on rootstock uptake of nutrients in differ-
ent pH soils it will allow fruit growers to select a rootstock 
that is adapted to their soil pH to improve Ca and Fe uptake 
to reduce bitter pit and chlorosis problems in the field.

Conclusions
The preliminary studies described above have been valuable 
to confirm or understand several major points about apple 
rootstocks:

1.  Rootstocks don’t behave the same way in different soil 
environments (pH, soil type and disease).

2.  The effect of replant disease can be observed at the micro-
nutrient level.

3.  The rootstocks tested showed genetic variation that al-
lows them to absorb and transfer to the scion micro and 
macro-nutrients more or less efficiently.  More efficient 
ones should grow better.

4.  Choosing which rootstock matches your orchard envi-
ronment is going to leverage the natural positive traits 
in each rootstock to increase productivity and quality 
of fruit.  As we learn more about this in the future we 
should be able to make more informed decisions based 
on soil variables.

 We have just scratched the surface with the results of 
these experiments – the absorption of soil nutrients once 
thought to follow similar trends in all apple rootstocks does 

Figure	7.		 Effect	of	soil	pH	on	leaf	concentrations	of	 iron	and	manganese	
of	 potted	 Golden	 Delicious	 Smoothee	 trees	 grafted	 onto	 33	
different	rootstocks.

Figure	8.		 Effect	of	soil	pH	on	total	tree	growth	(final	height-initial	height)	
for	 one	 season	 (June-October)	 of	 potted	 Golden	 Delicious	
Smoothee	trees	grafted	onto	33	different	rootstocks.
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Figure	9.		 Interaction	 of	 soil	 pH	 and	 rootstock	 genotype	 on	 total	 tree	 growth	 (final	 height-initial	 height)	 for	 one	 season	
(June-October)	of	potted	Golden	Delicious	Smoothee	trees	grafted	onto	9	different	rootstocks.	

Figure	10.	Interaction	of	soil	pH	and	rootstock	genotype	on	leaf	 iron	concentration	of	potted	Golden	Delicious	Smoothee	
trees	grafted	onto	9	different	rootstocks.
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Figure	11.	Interaction	 of	 soil	 pH	 and	 rootstock	 genotype	 on	 leaf	 molybdenum	 concentration	 of	 potted	 Golden	 Delicious	
Smoothee	trees	grafted	onto	9	different	rootstocks.

Figure	12.	Interaction	 of	 soil	 pH	 and	 rootstock	 genotype	 on	 leaf	 phosphorous	 concentration	 of	 potted	 Golden	 Delicious	
Smoothee	trees	grafted	onto	9	different	rootstocks.
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Figure	13.	 Interaction	 of	 soil	 pH	 and	 rootstock	 genotype	 on	 leaf	 calcium	 concentration	 of	 potted	 Golden	 Delicious	
Smoothee	trees	grafted	onto	9	different	rootstocks.

not behave the same way in newer rootstocks.  Rootstocks 
such as G.87 that behave very well in the sandy soils of North-
ern Michigan might have the right combination of genetic 
factors that make it very well adapted to the soil type and 
pH levels in that region. What we thought might work for 
M.26 might not be optimal for G.935 or G.41, furthermore 
as we understand more about how individual rootstocks have 
more efficient machinery to absorb and translocate nutrients 
we can avoid waste and runoff (especially with phosphorous 
products).  We can also breed for nutrient efficiency in new 
apple rootstocks and make the orchard more productive in the 
long term.  While this set of experiments has proven very use-
ful to understand some of the dynamics of apple tree nutrition, 
it represents an exploration that needs to be greatly expanded 
to permit a better understanding of rootstock specific inter-
actions with the parameters tested and permit a knowledge 

based recommendation of apple rootstocks tailored to specific 
growing sites.
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sabbatical leave with Terence Robinson who is a research 
and extension professor at Cornell’s Geneva Experiment 
Station who leads Cornell’s program in high-density 
orchard systems and assists with the rootstock breeding 
and evaluation program.  Michael Grusak is a research 
scientist with the USDA-ARS in Texas.
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	 Speaker	Programs		 $75	 $_________
	 Your	Thought________________________________________	 $_________

TOTAL AMOUNT                 $_________
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Count on DuPont for insect control 
that works as smart as you do 

Working smart is easier with DuPont™ Altacor® insect control powered by Rynaxypyr®. Altacor® delivers 
fast-acting and long-lasting protection from codling moths, leafrollers, oriental fruit moths, peach twig 
borers and other damaging pests. What’s more, it offers an excellent environmental profile, preservation 
of beneficial insects and the shortest field re-entry interval. Better protection, unique flexibility, great 
crop quality — now that’s smart. altacor.dupont.com

Breakthrough insect control for stone fruit,  
pome fruit and grapes
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