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Figure 3. Fruit quality eff ects of th etiming of N applications to Gala/M.9. The 

thickness of the bar determines if the eff ect diff ered between ap-

plication periods. The thinner the bar the lower the value.

tion. In general, results tend to diff er from year to year, refl ecting 

the importance of annual weather variation in determining fruit 

quality and tree performance. Some of these diff erences may be 

due to stresses from high temperatures within the growing season, 

water stress associated with high evaporative demand (despite 

irrigation) and carry-over eff ects from the previous year. Future 

work is required to quantify the magnitude of this inter-seasonal 

variation, which frequently exceeds any eff orts at management, 

and to understand the relationships with climate variables.

Denise Neilsen is a research scientist with Ag Canada in 
British Columbia who specializes in soil nutrition, fertiga-
tion and climate change. Gerry Neilsen, her husband, is 
also a research scientist with Ag Canada who specializes 
in soil science.

Figure 4. Fruit N content, fi rmness and red color at harvest averaged for 5 

apple cultivars Cameo (Ca), Ambrosia (Am), Fuji (Fu), Gala (Ga) and 

Silken (Si) receiving either 28 mg/L or 168 mg/L N as Ca(N)3)2 ferti-

fated daily.
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Editorial
What to Expect with New Releases from the 
Geneva Apple Rootstock Breeding Program

T
hanks to your support, USDA ARS 

last year increased the funds that the 

National Apple Rootstock Breeding 

Program has available to fulfi ll its mission 

to deliver superior apple rootstocks to the 

industry.  We are putting those funds to good 

use and increasing the eff orts in propagation 

and distribution of superior rootstocks to the 

industry.

 We are reminded of how important 

rootstocks are to the health and productivity 

of the apple industry when we hear about 

tragic stories of Gala or Pink Lady/M.9 

orchards being pulled out due to fi re blight 

pressure, or entire fi elds not being replanted 

because of Apple Replant Disease.  The 

Geneva breeding program is the only one in 

the world that has focused on developing high 

levels of disease resistance in apple rootstocks 

while maintaining a high level of precocity, 

productivity and yield effi  ciency.  A recent 

release (G.41) is an example of a rootstock 

that incorporates immunity to fire blight, 

tolerance to apple replant disease, resistance 

to phytophthora crown rot, resistance to 

powdery mildew, apple scab and wooly apple 

aphid while exceeding the yield of M.9.  One 

of its negative aspects though is the somewhat 

reduced propagation ability by layering or 

stooling.  Th is is directly related to the fact 

that unlike M.9, G.41 does not produce as 

many suckers in the orchard and has no burr 

knots (aerial root initiations), characters that 

are good for the orchard but not so good for 

the nurseries.  

 Th anks to the support of the New York 

industry through a grant from the Apple 

Research and Development Program, we 

are overcoming this problem by adapting 

new propagation techniques to this new 

rootstock.  Rootstock nurseries are ramping 

up the production of G.41 as well as three 

additional recent releases from the Geneva 

breeding program (G.202, G.11 and G.935) by 

micropropagation (tissue culture) and other 

inventive methods like softwood cuttings.  

Progress may seem slow but, in apple rootstock 

time, they are going pretty quickly—we have 

to consider that like any other business, 

the nurseries cannot change their portfolio 

all at once, and much like orchards the 

renewal (replacement rate) to new plantings 

is anywhere from 3-10% a year (depending 

on capital and how aggressive the nurseries 

are in making the material available).  So, for 

a little while we’ll have to accept the shortage 

of Geneva material (has been sold out for the 

past fi ve years) and try to plan ahead for when 

it becomes available.

 I often reflect and ask myself “Quo 

Vadis?” (Latin for “where are you going?”) 

when considering the next releases and how 

are we going to incorporate the lessons 

learned from the last batch of apple rootstock 

releases?  How is the program going to adapt 

to the faster pace needed for modern orchard 

development?

 One of the big lessons we learned is that 

once a rootstock is slated to be released, the 

program needs to try to ramp up production 

by means of micropropagation of that material 

into the thousands of plants that are ready 

to be transferred to licensed nurseries.  Th is 

increase to a critical mass of plants prior to 

release was not possible a few years ago but 

thanks to the eff ort and support of the Apple 

Industry (US Apple, NY and WA Growers and 

Associations) the program has acquired the 

ability to do more with micropropagation of 

new apple rootstocks.  Th e micropropagation 

is accompanied by strict DNA testing to 

ensure that the material is true to type. Th is 

DNA testing has been a critical component of 

this “ramping up process” as it has identifi ed 

on several occasions material that was mixed, 

wrongly labeled or not true to type—something 

very easy to do with apple rootstocks.

 The next batch of releases from the 

program will include material that has been 

tested with Honeycrisp and many of the latest 

varieties.  We are releasing some semi-dwarfi ng 

rootstocks for the processing industry as well 

(Continued on p.2)



2  NEW YORK STATE HORTICULTURAL SOCIETY

 2008 NEW YORK STATE HORTICULTURAL SOCIETY

 President Walt Blackler, Apple Acres

  4633 Cherry Valley Tpk. Lafayette, NY 13084

  PH: 315-677-5144 (W); FAX: 315-677-5143

  wblackler@gmail.com

 Vice President Peter Barton
  55 Apple Tree Lane, Paughquag, NY 12570

  PH: 845-227-2306 (W); 845-227-7149 (H)

  FX: 845-227-1466; CELL: 845-656-5217

  pbarton@bestweb.net

Treasurer/Secretary Bruce Kirby, Little Lake Farm 

  3120 Densmore Road Albion , NY 14411

  PH: 585-589-1922; FAX: 585-589-7872

  bruce.kirby@hughes.net

 Executive Director Paul Baker
  90 Lake St., Apt 24D, Youngstown, NY  14174

  FAX:  (716) 219-4089

  CELL:  716-807-6827; pbaker.hort@roadrunner.com

 Admin Assistant Karen Wilson 

  630 W. North St., Geneva, NY 14456

  PH: 315-787-2404; FX: 315) 787-2216

  CELL: 315-521-0852; wilsonk36@hotmail.com

 Cornell Director Dr. Terence Robinson, NYSAES

  630 W. North Street

  Hedrick Hall, Room 125, Geneva, NY 14456

  PH: 315-787-2227; FX: 315-787-2216

  CELL: 315-521-0435; tlr1@cornell.edu

 Director Dan Sievert
  Lakeview Orchards, Inc.

  4941 Lake Road, Burt, NY  14028

  PH: 716-778-7491 (W)

  FX: 716-778-7466; CELL: 716-870-8968

  lvorchards@hotmail.com

 Director Roderick Dressel, Jr., Dressel Farms 

  271 Rt 208, New Paltz, NY 12561

  PH: 845-255-0693 (W);  845-255-7717 (H)

  FX: 845-255-1596;  CELL: 845-399-6767

  rdresseljr@aol.com

 Director Robert DeBadts, Lake Breeze Fruit Farm

  6272 Lake Road, Sodus, NY 14551

  PH: 315-483-0910 (W), 315-483-9904 (H) 

  FX: 315-483-8863; CELL: 585-739-1590

  bobdebadts@aol.com; (Summer – use FAX only)

 Director Tom DeMarree, DeMarree Fruit Farm

  7654 Townline Rd. 

  Williamson, NY 14589

  PH: 315-589-9698; FX: 315-589-4965

  CELL: 315-576-1244; demarreeff @aol.com

 Director Doug Fox, D&L Ventures LLC

  4959 Fish Farm Rd., Sodus, NY 14551

  PH: 315-483-4556; FX: 315-483-4342

  dfox12@hughes.net

 Director William R. Gunnison
  Gunnison Lakeshore Orchards

  3196 NYS Rt. 9W & 22, Crown Point, NY 12928

  PH: 518-597-3363 (W); 518-597-3817(H)

  FAX: 518-597-3134; CELL: 518-572-4642

  crownmac@yahoo.com

 Director John Ivison, Helena Chemical Co.

  165 S. Platt St, Suite 100

  Albion, NY 14411; PH: 585-589-4195 (W)

  FX: 585-589-0257; CELL: 585-509-2262

  ivisonj@helenachemical.com

 Director Chuck Mead, Mead Orchards LLC

  15 Scism Rd., Tivoli, NY 12583

  PH: 845-756-5641 (W); CELL: 845-389-0731

  FAX: 845-756-4008

  meadorchards@yahoo.com

 

APPLE RESEARCH & DEVELOPMENT PROGRAM ADVISORY BOARD 2008

 Chairman Walt Blackler, Apple Acres

  4633 Cherry Valley Tpk. Lafayette, NY 13084

  PH: 315-677-5144 (W); FAX: 315-677-5143

  wblackler@gmail.com

  Alan Burr
  7577 Slayton Settlement Road, Gasport, NY  14067

  PH:  585-772-2469; greenapple47@juno.com

  Steve Clarke
  40 Clarkes Lane, Milton, NY  12547 

  PH: 845-795-2383;  apelsteve@hvi.net

  Rod Farrow
  12786 Kendrick Road, Waterport, NY  14571  

  PH: 585-589-7022

  Mason Forrence
  2740 Route 22, Peru, NY  12972

  PH: 518-643-9527;  forrencej@westelcom.com

  Ted Furber, Cherry Lawn Farms

  8099 GLover Rd., Sodus, NY 14551

  PH:  315-483-8529

  Dan McCarthy
  NY State Dept. of Agriculture & Markets

  10B Airline Drive, Albany, NY 12235

  PH: 518-457-8857; dan.mccarthy@agmkt.state.ny.us

  Peter Ten Eyck, Indian Ladder Farms

  342 Altamont Road

  Altamont, NY  12009

  PH: 518-765-2956;  pgteII@aol.com

  Robert Deemer, Dr. Pepper/Snapple Group

  4363 Rte.104

  Williamson, NY  14589

  PH: 315-589-9695 ext. 713 

NYS BERRY GROWERS BOARD MEMBERS

 Chair Dale Riggs, Stonewall Hill Farm

  15370 NY Rt 22, Stephentown, NY 12168 

  PH: 518-733-6772; stonewallhill@taconic.net

 Treasurer Tony Emmi, Emmi Farms

  1572 S. Ivy Trail, Baldwinsville, NY 13027 

  PH: 315-638-7679; emmifarms@aol.com

 Executive Secretary Paul Baker
  90 Lake St., Apt 24D, Youngstown, NY  14174

  FAX:  (716) 219-4089

  CELL:  716-807-6827; pbaker.hort@roadrunner.com

  Jim Bauman, Bauman Farms

  1340 Five Mile Line Rd., Webster, NY 14580

  PH: 585-671-5857

  Bob Brown III, Brown’s Berry Patch

  14264 Rooseveldt Highway, Waterport, NY 14571

  PH: 585-682-5569 

  Bruce Carson, Carson’s Bloomin’ Berries

  2328 Reed Rd. 

  Bergen, NY 14416 

  PH: 585-494-1187; bcarson1@frontiernet.net

  Jim Coulter, Coulter Farms

  3871 N. Ridge Road, Lockport, NY 14094

  PH: 716-433-5335; coulterfarms@aol.com

  John Hand, Hand Melon Farm

  533 Wilber Ave., Greenwich, NY 12834 

  PH: 518-692-2376; handfarm@yahoo.com

  Craig Michaloski, Green Acres Farm

  3480 Latta Road, Rochester, NY 14612 

  PH: 585-225-6147; ckmich83@rochester.rr.com

  Terry Mosher, Mosher Farms

  RD #1 Box 69, Bouckville, NY 13310 

  PH: 315-893-7173; tmosher@direcway.com

  Greg Spoth, Greg’s U-Pick

  9270 Lapp Rd., Clarence Center, NY 14032

  PH: 716-742-4239; gregsupickfarm@aol.com

  Alan Tomion, Tomion Farms

  3024 Ferguson Corners Rd., Penn Yan, NY 14527 

  PH: 585-526-5852; atomion@frontiernet.net

  Tony Weis, Weiss Farms

  7828 East Eden Road, Eden, NY 14057 

  PH: 716-992-9619; tonyweiss@msn.com

 

          NEW YORK 
Fruit Quarterly  FALL 2009 • VOLUME 17 • NUMBER 3

FALL 2009  •  VOLUME 17 • NUMBER 3
This publication is a joint eff ort of the New York State Horticultural Society, 
Cornell University’s New York State Agricultural Experiment Station at 
Geneva, the New York State Apple Research and Development Program, 
and the NYSBGA.

 Editors Terence Robinson and Steve Hoying  

  Dept. of Horticultural Sciences 

  New York State Agricultural Experiment Station

  Geneva, New York 14456-0462

  PH: 315-787-2227; FX:  315-787-2216

  tlr1@cornell.edu

  sah19@cornell.edu 

Subscriptions   Karen Wilson
   & Advertising  NYSHS, 630 W. North St., Geneva, NY 14456 

  PH: 315-787-2404; wilsonk36@hotmail.com

 Design  Elaine L. Gotham, Gotham City Design, Naples, NY

  PH: 585-374-9585; elg2@cornell.edu

 Production Communications Services, NYSAES, Geneva, NY 

  PH: 315-787-2248; gro2@cornell.edu

         NEW YORK 
Fruit Quarterly

(Editorial, cont.)
as some dwarfi ng rootstocks for high-density 

systems.  All of these rootstocks have been 

transferred to licensed micropropagation 

facilities and are in the process of being 

bulked up in semi-commercial numbers prior 

to release so that the lag between release and 

commercial availability will be much less than 

what has been experienced with G.41 and 

G.935.

 We realize that many of you are waiting for 

the availability of the material to start planting.  

We are doing our best to cooperate with licensed 

Geneva® rootstock nurseries to deliver in a timely 

manner this series of superior rootstocks. 

 The pipeline of the breeding program 

holds dozens of superior rootstocks, some of 

which will make it to the fi nal stage of release 

and implementation.  Some of these rootstocks 

will be capable of avoiding the biennial nature 

of some scion varieties, impart better structure 

and productivity to the scion, be better anchored 

in the soil, be able to take up nutrients more 

effi  ciently (less fertilizer needed) or use water 

more effi  ciently.  With these new releases we 

will have only scratched the surface of the 

tremendous potential that is available in the 

program, we thank you for your support in 

helping us deliver these new rootstocks to the 

industry.

Gennaro Fazio

Breeder and Geneticist

Plant Genetics Resources Unit, USDA-ARS

Geneva, NY
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 Concentration of P in harvested fruit was nearly always 

increased by P-fertigation ( Table 4). Th e single exception was 

fruit P values for ‘Gala’ apples in 2001, which, unlike the other 

fi ve cultivars, were not signifi cantly increased by P application. 

 Both cumulative fruit number and per tree yield for all fi ve 

apple cultivars was increased by P-fertigation (Table 5). Th ere was 

no overall eff ect on apple fruit size. Th e benefi ts of P-fertigation 

associated with increased per tree yield appear to result from an 

increase in fruit number rather than average fruit size.

 Th e fruit disorder, watercore, was reduced by P-fertigation 

in two of three measurement years, 2001-2003 (Table 6). In 2001, 

both cultivars which had the disorder (‘Fuji’ and ‘Silken’) had 

reduced incidence associated with elevated fruit P concentra-

tion (Table 6). Th e same pattern was observed for P-fertigated 

fruit over all cultivars in 2002 but signifi cant ef-

fects were not observed in 2003. Occurrence of 

water core is of less practical signifi cance for ‘Fuji’ 

since water core virtually disappears after cold 

air storage of this cultivar. Reduction of water 

core in ‘Silken’ is more useful since this yellow-

skinned cultivar shows the disorder more readily. 

Regardless, the results imply that P has benefi cial 

eff ects on fruit membrane stability. P-fertigation 

also inhibited browning of cut apple slices after 

one week storage at 1oC in modifi ed atmosphere 

packages in 2001 and 2002, the years when water 

core was reduced by P-fertigation (Table 7). Th e 

P-treatment also decreased membrane leakage 

and increased antioxidant (water soluble and liposoluble) contents 

for Fuji after 90 days cold storage in 2002 (data not shown). Th is 

experiment suggests a more prominent role for P in fruit quality 

at harvest that previously realized.

Nitrogen (N)
Precision management of N nutrition, especially with techniques 

such as fertigation, should allow a better control of  N-aff ected 

fruit quality.  Most of the N which is found in the fruit at harvest 

is accumulated after fruit cell division ends, during the period of 

fruit cell expansion. With this in mind, an experiment was initiated 

to examine the eff ect of applying N at 0-4, 4-8 or 8-12 weeks after 

bloom. Th e shift from cell division to cell expansion is expected 

to occur within the 4-8 week period after full bloom. A number 

of fruit quality parameters were measured (Figure 4). Th e most 

consistent eff ect was that late applications of N tended to result in 

lower fruit starch content, an indication that the fruit were further 

advanced in maturity. Th is was confi rmed by the higher soluble 

solids content of fruit receiving later N applications, indicating 

that starch had been converted to sugars. However, fruit acidity 

remained higher in later N fruit, so the sugar:acid balance diff ered 

among the treatments. Red colour was unaff ected by the timing 

of N applications. Other eff ects on yield, fruit size and return 

bloom were much less consistent. 

 Th e eff ect of high N rate on fruit performance was more con-

sistent for fi ve cultivars receiving either low or high N applications 

0-8 weeks after bloom. With very few exceptions, 

fruit N content was increased in fruit receiving the 

high rate of N over fi ve years (Figure 5). Except for 

the fi rst year, fruit fi rmness was decreased by high 

N application rates. As in the experiment with N 

timing, fruit red colour responses to N rates were 

inconsistent, occurring only one year in fi ve.

Summary
Th is brief overview of nutritional eff ects on fruit 

quality has focused on management of the major 

nutrients N, P, K, Ca which can be precisely ap-

plied, either through foliar applications or fertiga-

Table 4.  Harvest fruit P concentration (time B) for all apple cultivars (‘Ambrosia’,  ‘Cameo’, ‘Fuji’, 

‘Gala’ and ‘Silken’) as aff ected by presence (+P) or absence (-P) of P-fertigation near 

bloom, 1999-2003.

  Fruit P (mg/100g fw)

Treatment 1999 2000        2001   2002 2003

Cultivar All All A C F G Si All All

+P 15.8 12.8 11.0 12.9 14.5 10.7 12.9 10.2 13.1
-P 12.9 9.7 8.4 9.0 10.6 9.0 9.9 7.8 10.9
Signifi cance **** **** **** **** ** NS ** **** **

**,***  Paired means signifi cantly diff erent at P=0.01, 0.001 respectively or not signifi cantly (NS) dif-
ferent

Table 5. Cumulative number of fruit and yield per tree and average fruit size 

for all apple cultivars (‘Ambrosia’,  ‘Cameo’, ‘Fuji’, ‘Gala’ and ‘Silken’) 

as aff ected by presence (+P) or absence (-P) of P-fertigation near 

bloom for the fi rst fi ve growing seasons (1999-2003).

 Fruit  Yield  Average

Treatment per tree per tree fruit weight 

 (n) (kg/tree) (g/fruit)
+P 239 47.2 199
-P 203 39.3 194
Signifi cance * * NS

*  Paired means significantly different at P=0.05 or not significantly (NS) 
diff erent

Table 6.  Incidence of water core  for apple cultivars ‘Ambrosia’, ‘Cameo’, 

‘Fuji’, ‘Gala’ and ‘Silken’ as aff ected by presence (+P) or absence 

(-P) of P-fertigation near bloom (2001-2003).

 Proportion of apple fruit aff ected by water core

Treatment 2001 2002 2003

Cultivar F Si All All

+P 0.62 0.00 0.22 0.27
-P 0.88 0.16 0.29 0.29
Signifi cance *** * * NS

*,***  Paired means signifi cantly diff erent at P=0.05 or P=.001 or not signifi cantly 
(NS) diff erent

Table 7.  Browning of cut apple slices after 1 week at 1ºC in modifi ed atmosphere packaging 

for  apple cultivars ‘Ambrosia’, ‘Cameo’, ‘Fuji’, ‘Gala’ and ‘Silken’ as aff ected by presence 

(+P) or absence (-P) of P-fertigation (2001-2002 crop).

 Browning Scale (L-value)z

Treatment   2001                       2002

Cultivar A C F G Si A C G Si

+P 77.3 76.9 75.6 79.0 77.4 78.7 77.4 78.5 78.7
-P 76.6 76.1 73.8 78.2 76.4 77.5 76.2 77.4 76.0
Signifi cance * * * * * * * * *

*,***  Paired means signifi cantly diff erent at P=0.05 or P=.001 or not signifi cantly (NS) diff erent
 z Higher values = lower surface browning




