





3. SRCs provide new optons for niche markets. Certain SRCs have become established as niche cultvars
in commercial apple producton. For example, in New England, Liberty is being grown on a limited scale
and successfully marketed at roadside farm-stands. Redfree has been widely recognized by progressive
growers throughout the east as a viable alternatve to more common summer apples such as Paulared.
The numbered selecton NY 75414-1 has been successfully sold at the University of Vermont
Hortcultural Research Center. In fact, it has become so popular there, that customers now ask for it by
the name 'Speckles,’ referring to the fruit's conspicuous lentcels. Scab-resistant cultvars may gain
market share if there is signifcant growth in the current niche market for 'ecologically-grown’ produce.

4. SRCs provide quality fruit for home gardeners and small-scale farmers, groups that frequently struggle
to control apple scab on conventonal cultvars. SRCs currently available can provide very good quality
fruit with only a few insectcide or insectcide/fungicide sprays each year. A pre-bloom oil and insectcide
spray, two or three post bloom sprays targeted for plum curculio (Conotrachelus nenuphar ) and codling
moth (Cydia pomonella ) and the use of baited stcky traps for apple maggot (Rhagolets pomonella)
should enable home gardeners and small-scale farmers to harvest quality fruit. By selectng appropriate
cultvars, home gardeners could pick fresh apples from late July through October. Several SRCs (Goldrush
and Enterprise) will keep up to six months afer harvest with common refrigeraton.

5. SRCs may have potental for commercial processing. More than half of the apples grown in eastern US
are currently destned for processing, so the use of SRCs for processing could lead to a signifcant
reducton in fungicide use. Untl recently, SRCs were evaluated and selected primarily for their potental
as fresh-market cultvars. Within the last three years, however, breeders and processors have begun
screening advanced selectons of SRCs for their potental as processing apples. Processors can clearly
defne the fruit qualites that they prefer by requestng fruit that fall within certain ranges for size,
acidity, soluble solids, frmness, and storage life. Factors such as fruit color, appearance, and minor
surface defects are less critcal for processing than for fresh-market fruit. Recently, research has been
initated on producton systems to produce SRCs for processing (Biggs et al., 1997). A few large
processors willing to buy SRCs could provide an immediate outlet for thousands of tons of fruit. By
comparison, getng a new cultvar established in fresh market channels requires that thousands of
individual produce buyers at both the wholesale and retail levels must be convinced to change cultvars
or 'brand loyalty," and reluctance to change limits introductons of new cultvars.

Limitatons of scab-resistant cultvars

1. SRCs are limited by market economics. Apple marketng and microeconomic studies conducted by
project partcipants in MA (Abrahams, 1992) and NY (Murphy and Willet, 1991) revealed a major barrier
to grower acceptance of SRCs. They showed that a net yearly savings of $200 per acre could be achieved
if no fungicides were needed to produce SRCs. However, the high market value and productvity of
orchards (crop values exceeding $10,000 per acre are readily atainable) means that a mere 2% loss in
either producton or sales price for SRCs relatve to proven conventonal cultvars would ofset the
savings in fungicide costs. Thus, SRCs would be proftable only if they are as productve and as
marketable as proven varietes like Mclntosh, Delicious, or Granny Smith. The higher prices that were
antcipated for eco-labeling and reduced pestcide use in the wake of the Alar scare generally failed to
materialize except in a few niche markets.

Plantng new varietes is very risky for eastern apple growers wholesaling their fruit through brokers
because fresh-market apples are sold and recognized by their varietal names. Shelf space for apples in



supermarket produce sectons is limited, so any new apple variety must displace beter known varietes
to gain shelf space. Most of the new apple varietes introduced in supermarkets over the past 20 years
had two characteristcs that contributed to their successful introducton. First, the new varietes had
distnctve qualites (appearance, favor, texture) that allowed consumers to easily diferentate between
the new varietes and previously-available varietes. Second, the new varietes have been strategically
promoted by big-budget agencies such as the Washington State or New Zealand apple marketng
associatons. Under current conditons, it is very unlikely that any new apple cultvars (SRCs or scab-
susceptble) can be introduced in supermarkets and achieve a measurable market share unless the
introducton is supported and heavily promoted by large apple marketng agencies such as the one in
Washington State.

2. SRCs have fruit quality limitatons. None of the SRCs that we evaluated have distnctve and desirable
fruit quality atributes such as those found in other recent introductons like Gala (unique favor and
appearance) or Ginger Gold (early-maturing, high-quality summer apple). Some of the more fruit quality
problems include a short harvest window and limited long-term storage potental for Liberty (Auto and
Costante, 1992); rough appearance and high susceptbility to black rot fruit infectons for Freedom;
suscepthility to a corky-spot disorder for Enterprise; russettng and small fruit size for Goldrush;
suscepthility to 'sunburn’ and breakdown of scab resistance for NY 74828-12; severe fruit russet
problems with NY 75441-67; undesirable tree growth habit, britle limb crotches, and conspicuous fruit
lentcels for NY 75414-1; uneven ripening and fruit splittng for Priscilla; uneven ripening and short shelf
life for Redfree; and objectonably thick and tough skins on many of the SRCs. Several of the SRCs are
quite tart at optmum harvest maturity and require several weeks or months in cold storage to atain
acceptable sugar/acid balance. Most partcipants in our SARE project found their personal favorite SRCs,
and some SRCs have gained acceptance in local markets, but the perfect fresh-market SRC has yet to be
developed.

3. SRCs cannot be grown without fungicides in most locatons. Although high quality Liberty apples have
been successfully grown without any fungicides near Burlington VT, failure to control fyspeck on Liberty
apples grown in the Hudson Valley resulted in an average annual loss of $2,330 per acre, equaling one-
third of the potental gross returns for that orchard (Rosenberger et al., 1996). As noted earlier, SRCs
need fungicide sprays to prevent cedar apple rust, quince rust, black rot, biter rot, fyspeck and sooty
blotch where these diseases are prevalent. The last three of the diseases mentoned afect fruit during
summer and must be controlled with fungicides applied during mid to late summer. As a result, the level
of fungicide residues on SRC fruit at harvest will likely remain comparable to fungicide residues found on
scab-susceptble cultvars because most residues come late-summer sprays.



suggests that fungicides may contribute to tree health by eliminatng fungi that have not heretofore
been viewed as apple pathogens.

4. SRCs lose their resistance to apple scab if new scab strains are introduced. Scab-resistance in SRCs has
a narrow genetc basis. A race of the scab pathogen discovered in Europe is not controlled by the Vf and
Vm genes that confer resistance in SRCs (Parisi et al., 1993). One scab resistant selecton with the Vm
gene (NY 74828-12) developed scab lesions in two of our Northeast SARE plantngs (Brown and Berket,
1994; Merwin et al, 1994). As of 1996, the incidence of scab on the SRCs remained negligible in the
Vermont and Pennsylvania plantngs where it was initally observed. However, if the SRCs were widely
planted in the Northeast, they might require occasional applicatons of broad spectrum fungicides to



Pestcide risk indicators and assessment systems should, as much as possible, incorporate
complex ecological realites into tools that are simple-to-use and understand. The validity and
utlity of pestcide decision tools will improve as the structure and scoring methods of prototype
systems are critqued and improved and as data become more accessible and are generated for a



SARE resources were used in Massachusets to investgate methods for decreasing fungicides targeted
against fyspeck and sooty blotch. Arthropod pests targeted during the summer were apple maggot,
codling moth, lesser appleworm (Grapholitha prunivora ), leafrollers (Choristoneura rosaceana and
Argyrotaenia velutnana ), mites (Panonychus ulmi), aphids (Aphis pomi and A. spiraecola ), leafminers
(Phylonorycter ), and leaFoppers (Typhlocyba pomaria and Edwardsiana rosae). Of these, apple maggot
and mites were partcularly important.

Development and testng of second-level IPM strategies were done over four years, largely in blocks of 2
to 4 ha in commercial orchards in cooperaton with growers. As would be expected, arthropod and
disease damage prior to mid-June (about two weeks afer petal fall) were similar in both standard and
second-level IPM blocks. Total fruit injury from insects actve afer mid-June was similar in both block
types in the frst two years of the study (0.5%). However, in the second two years, fruit injury was greater
in the second-level blocks (4.8% vs. 1.9%). This diference could be atributed largely to lesser apple
worm, leaf rollers, codling moth and maggot fy. Growers used 37% less insectcide against fruit-
damaging pests in the second-level blocks, though there was no diference between block types in
pestcide use against foliar arthropod pests. Similarly, growers used signifcantly less fungicide in the
second-level blocks (34% less). Results showed that pestcide-use afer mid-June may be signifcantly
reduced, but at a signifcant cost in terms of increased management and, over three to four years,
increased insect damage.

In New Jersey, SARE funds enabled Rutgers Cooperatve Extension to expand delivery of IPM scoutng
and informaton to an increasing number of growers throughout the life of the grant. The NJ program
reached 50 growers in 1988, but grew to 61 growers in 1991, and 76 growers by 1996 when over 75% of
NJ apple acreage was managed under IPM practces. Some growers managed part of their farms under
organic protocols (Polk, 1991). Like MA, SARE funds were pooled with other federal and state support.
Because of informaton exchange within the project, second



organized a comprehensive workshop ttled Disease-Resistant Apple Cultvars: An Update on
Hortculture, Pests, and Marketng . Atended by 60 interested growers, researchers, and
extension/industry personnel, the proceedings were subsequently published in Fruit Varietes Journal
(Schettni and Berket, 1994). The workshop provided the frst mult-disciplinary forum (including
commercial apple growers) for discussing the current status of SRCs, how to grow them, and
perspectves on how SRCs would ft into future producton systems. SARE project partcipants several
hundred artcles in Extension newsleters and peer-reviewed Journals during the duraton of the project
(Table 2). In additon, thousands of contacts were made via mass media and through presentatons at
grower, industry, and professional meetngs. In 1994, outreach eforts were extended to the World Wide
Web (WWW) by Cowgill and Clements (VanVranken and Cowgill, 1996). The Virtual Orchard
(htp://www.orchard.uvm.edu) is a dedicated WWW site for the disseminaton via the Internet of
informaton concerning all aspects of sustainable apple producton. The Virtual Orchard has been visited
many thousand tmes by people as far away as New Zealand and Chile, and has been cited as a valuable
Internet resource for apple producton in trade magazines (Malone, 1996). Several special extension
educaton eforts sponsored by project partcipants are worthy of note. Taste-testng of SRCs w






are sometmes considered regressive by those who believe pestcide use could be further reduced or
eliminated if growers were only beter educated.
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Several areas of further research were identfed in the Project's Annual Reports. These include: Breeding
new scab-resistant cultvars Screening for arthropod resistance to new cultvars Building a predictve
model for summer disease management that includes measurements of ambient temperature and
accumulated hours of surface (apple) wetness Efects of pestcides on non-target pests Fruit thinning
recommendaton for new cultvars Mechanisms of soil conservaton and sustainable fertlity
enhancement in perennial crop systems such as orchards Determine why Ziram-sulfur combinaton
sprays provide such exceptonal control of sooty blotch and fyspeck, and determine if Ziram-sulfur will
also control biter rot and black rot Efects of specifc hortcultural management practces (i.e. nutriton,
pruning, rootstock selecton, and thinning) on commercial fruit quality of SRC's.
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