NE1018 Multistate Project Meeting – Postharvest Physiology of Fruits

July 10 & 11, 2005 

Hagerty Center, Northwestern Michigan College, Traverse City, Michigan

Attending Members:

Beth Mitcham, California

Theo Solomos, Maryland

Bruce Whitaker, Maryland (USDA)

Randy Beaudry, Michigan

George Chu, Ontario

Jennifer DeEll, Ontario

Dennis Murr, Ontario

Jinhe Bai, Oregon 

John Fellman, Washington

Gene Kupferman, Washington

Participating Visitors: 

Gabriela Calvo, Argentina (INTA EEA Alto Valle)

Jorge Aragon, Argentina (Kleppe, S.A.)

Art Cameron, Michigan State University (Horticulture)

Tom Fretz, advisor (Executive Director NERA)

Sunday, July 10, 9:00 a.m.

Introduction:  Welcome by Chairman George Chu.  Organizer Randy Beaudry covered travel issues, meeting arrangements, and payment of registration fees. Thanks to Randy for securing the nice venue.  New members Jinhe Bai (OR) and Steve VanNocker (MI, not present), and visitors Art Cameron (Michigan State), Gabriella Calvo (Argentina) and Jorge Aragon (Argentina) are introduced.  George Chu informs that a teleconference call with NERA Administrator Tom Fretz is scheduled for 1 p.m., reminds the group that all information in the NE1018 meeting reports is confidential, and requests that everyone submit abbreviated report summaries with impact statements.

Meeting Reports:  Decision was made to cover reports by objective rather than by research station in the interest of fostering discussion.  It was noted that there are no reports this year under project Objective 4 that deal specifically with health-beneficial compounds in fruits.  A brief discussion of NE1018 interactions with other projects that include work on fruit phytonutrients and nutriceuticals ensued.

Objective 5: To expand fundamental knowledge of fruit biology required for development of improved and new technologies for maintenance and enhancement of fruit quality.

John Fellman – discussion leader

Theo Solomos – Studied effects of 1-MCP and low O2 CA on ethylene production and onset of the climacteric in Granny Smith apples.  Combination of 2 µL/L 1-MCP treatment + 1.5% O2 CA storage had a synergistic effect; fruit were held >200 days at 0 °C with no rise in ethylene evolution.  The combination also gave long-term complete suppression of ACS1 & ERS1 in peel tissues.  ERS1 promoter was cloned and the ethylene-response element identified.  ACS1 appears to regulate autocatalytic ethylene production.  Good retention of firmness when 1-MCP + low O2 fruit were stored at 6.5 °C.  Found evidence for a hypoxia “receptor” under separate control from ethylene receptors.  R. Beaudry queried whether differential display or microarray analysis might help identify transcription factors involved.  T. Solomos stated that a MADS box gene was cloned from Granny Smith but was found to be constitutively expressed.  B. Mitcham asked how pears differ from apples in light of the cold storage requirement for ethylene production and ripening in pears.  J. Fellman stated that there are two ACS genes in Bartlett pear, followed by a discussion of multiple ACS genes in apple and pear, and control of the climacteric by hypoxia.

Beth Mitcham – Drs. Kader, Dandekar & Defilippi investigated the influence of antisense suppression of ACS & ACO genes on the expression of genes involved in flavor/aroma production in apples.

Study of scald-like storage disorder in pomegranate fruit.  Surface scald symptoms after 3 months in air at 7.5 °C.  CA storage at 5% O2 + 15% CO2 was best for prevention and post-storage quality.  B. Whitaker (collaborator) commented that pomegranate scald does not involve oxidation products of α-farnesene.  A conjugated triene fatty acid (punicic acid) present in some peel tissue hexane extracts was esterified in triacylglycerols and thus probably derived from seed oil.  Higher levels of carotenoids noted in peel tissue hexane extracts of air control vs. 5% O2 + 15% CO2 CA fruit stored >3 months.

Bruce Whitaker – An α-farnesene synthase gene PcAFS1 was cloned using RNA extracted from peel tissue of cold-stored d’Anjou pears.  A collaborative study with J. Bai (OR) examined effects of 1-MCP (0.3 µL/L) on ripening and superficial scald of d’Anjou pear after up to 6 months at –1 °C in air.  100% scald in air controls at 3 months vs. 13% in 1-MCP-treated fruit at 6 months.  1‑MCP treatment completely inhibited ripening, delayed and attenuated up-regulation of PcAFS1, and markedly reduced α-farnesene synthesis and oxidation to CTols.  G. Kupferman initiated brief discussion of the very different appearance of scald symptoms in d’Anjou pear vs. Granny Smith apple.  B. Mitcham commented that there appeaer to be varying thresholds for different aspects of pear ripening (differences in response to a given conc. of 1-MCP).

Complete PLDα and 13-LOX cDNAs cloned from honeydew melon (cv. Honey Brew). Both genes most abundantly expressed in mesocarp tissues of ripening fruit, as well as root and flower tissues.  Expression profiles of the PLDα and 13-LOX genes differed in middle vs. hypodermal mesocarp, with maxima at the ¾-full to full ripe stages (50-55 days postanthesis).  A. Cameron commented that data on gene expression levels should be interpreted with caution, particularly since expression of PLDα could be viewed as constitutive.

Randy Beaudry – Apple microarray project completed: ~10,000 clones from Mutsu apple with 70‑80% being non-repeated sequences.  Microarrays are available for a small fee and can be used to identify genes of interest.  About 200 genes characterized as metabolic, with functions in production of aroma volatiles, fatty acid metabolism, cell wall degradation, and sugar metabolism.  Another 200 genes are ESTs provided by Schuyler Korban at Univ. Illinois.  Digital Northern analysis is possible to give a picture of relative expression levels since cDNAs are from non-normalized libraries. 

George Chu – Apple cvs. McIntosh, Delicious & Empire compared for effects of CA storage on synthesis and accumulation of internal ethylene, α-farnesene, aroma volatile esters, and phenolics.  Superficial scald was greater in Macintosh than in Delicious and did not occur in Empire.  Phenolic contents much lower in Empire both at the beginning and end of storage.  Discussion followed of whether there could be peel tissue damage Empire with no consequent browning due to low abundance of phenolics.  D. Murr commented that there are higher antioxidative enzyme activities in Empire vs. McIntosh & Delicious.

John Fellman – Studied effects of farnesyl protein transferase (FPT) inhibitor on superficial scald in Granny Smith apples.  Computer modeling showed that hydroperoxide of α-farnesene fits in the active site of FPT.  With fruit stored in air, several oxidized species of α-farnesene were detected (isolated with nitrone spin trapping compounds).  Levels of these radicals were substantially reduced in fruit stored under CA or treated with 1-MCP.  In CA-stored Granny Smith fruit, a burst of CTol accumulation was noted after storage.  FPT protein was detected in GS apples stored 7-8 months, but scald was only slightly reduced by treatment with the FPT1 inhibitor.

Objective 4: To expand knowledge of the influence of cultivar, production practices, and postharvest handling on the nutritional and eating quality of fruit.

Beth Mitcham – discussion leader

Gabriela Calvo – Examined the correlation of maturity parameters with sensory evaluation of apples from 5 cvs over a span of 4 years.  Fruit were tested directly out of storage or after 3-7 days at 20 °C.  Consumer descriptors pertaining to texture and flavor (e.g. mealy, tasteless) were used.  Firmness and titratable acidity were most closely correlated with consumer acceptance.  G. Kupferman and J. DeEll asked questions about the consumer panel set up, followed by discussion of how consumer panels should be run (what questions should be asked & is a 5-member panel of experts adequate?).

Randy Beaudry – Evaluated consumer acceptance of apple slices from 1-MCP-treated fruit.  Apples of 4 cvs (Empire, Jonagold, Delicious & Mutsu?) stored in air for 3 months or CA for 3, 6, or 9 months.  1-MCP-treated fruit slices were uniformly perceived to be more firm but less flavorful.  Aroma was a confusing issue – perception of the aroma of ripe fruit varied from “pleasing” to “off / over-the-hill.”  There was no storage (post fresh-cut processing) component of the study.  D. Murr commented that pitting was observed in slices of Mutsu & Empire apples after 10 days of storage (temperature not specified).

John Fellman – Examined soy oil treatment and 1-MCP effects on production of apple aroma volatiles.  1-MCP had no effect on peel tissue fatty acids.  Levels of aldehydes were increased in fruit treated with soy oil and stored in CA, and characteristic aroma volatile 2-methylbutyl acetate was also increased.  Effect thought to be a physical phenomenon.  G. Kupferman asked whether soy oil treatment could be used to improve fruit ground color – J.F. answer: yes, orchard spray 21 days prior to harvest worked best for Golden Delicious.  What about other apple cvs?.  Discussion followed about the effects of ethephon and jasmonate on ground color (degreening).

Beth Mitcham – Conducted storage trials with pears in conjunction with sensory evaluation (started recently).  Consumer acceptance was correlated with soluble solids but not with titratable acidity (TA).  Looking for a more rapid method for determination of TA.  Discussion followed of possible use of NIR as non-destructive TA measurement (not practical), and of methods currently used by NE1018 participants for TA determinations.

Meeting broke for lunch at 12 noon

Scheduled conference call at 1:00 p.m. with NE1018 Administrative Advisor Dr. Tom Fretz

Dr. Fretz was not available so an update was provided by Dr. Jodi Powell, Program Specialist in the Plant & Animal Systems unit of CSREES.  At the NE Regional Directors Meeting, portfolios of extant Multistate Research Projects were evaluated for relevance and quality.  Two new projects addressing the problem of obesity have been initiated.  A new NRI grant program “Improving Food Quality and Value” was implemented for FY2005.  Discussion of usage of state experiment station funds ensued.  Randy Beaudry commented that the MSU Exp Station will establish several graduate assistantships with Multistate Research Project funds.

NE1018 Business Meeting – 1:30 p.m.
Brief discussion of whether NE1018 meeting should be annual or biennial, with conclusion that it must be annual to ensure ongoing collaboration and exchange of information.  Nomination and election of new NE1018 Secretary: Penny Perkins-Veazie (USDA-OK) was elected in absentia, pending her acceptance.  Discussion of FY2006 meeting concluded with general agreement that it should be held in conjunction with the 2006 Postharvest Gordon Conference in Connecticut in mid-July.  First choice would be a 1 ½ day meeting on July 14-15 after the GRC.

Objective 3: To develop recommendations for the beneficial use of essentially safe postharvest chemicals, such as 1-MCP, on fruit to assure high quality and wholesomeness.
Dennis Murr – discussion leader

Beth Mitcham – Described three projects evaluating influence of 1-MCP treatment on fruit quality after storage: 1) Exposure of Asian pears to 1 ppm 1-MCP prior to CA storage had little effect on fruit firmness. 2) Persimmons stored 3-4 months at 0 °C developed chilling injury and decay.  1‑MCP at 0.5 ppm increased firmness but did not reduce injury or decay.  Experimental design was “flawed.” 3) Bartlett pears treated with 1-MCP at 0.2, 0.3, or 0.4 ppm then stored in CA for 6 months.  Conditioning 1-MCP-treated fruit at 10 °C for 7 days prior to warming to 20 °C allowed normal ripening.  A large difference was noted between California & Washington pears; the former were much more prone to disorders and senescence.  Discussion followed of how 1-MCP treatment temperature influences the effects of 1-MCP on pear fruit. 

Bruce Whitaker (for Bob Saftner) – 1-MCP treatment at 1 ppm maintained quality of Golden Delicious apples stored in air at 1 °C for up to 5 months only if preclimacteric fruit were treated <36 hours after harvest.  ReTain treatment prior to harvest extended the preclimacteric state for several weeks and consequently 1-MCP treatment still benefited fruit quality after 3-4 weeks of storage.  Discussion followed of whether the ReTain effect is cultivar dependent.  R. Beaudry stated that MI observed similar results with Gala apples.  Further discussion of ReTain effects by region and cultivar.  Different ripening parameters are affected differently – generally there in an improvement of fruit color.

Jennifer DeEll – Examined effects of SmartFresh (1 ppm / 24 h at 0 °C) on “tender fruit” (plums, nectarines & pears).  Increase in soluble solids in 1-MCP-treated plums was surprising.  Benefits in nectarines included greater retention of firmness and reduced chilling injury.  Bartlett pears were handled with the same protocol used by the CA and WA stations (1-MCP treatment at 0.3 ppm).  Preconditioning at 10 °C upon removal from storage allowed ripening.  ReTain treatment had essentially no effect.  Senescent scald developed in controls and was slowed by 1-MCP treatment.  A slight increase in firmness was noted in 1-MCP-treated Bosc pears.  G. Kupferman asked about increased decay – J.D., not a problem.

Manuscript submitted on the effects of 1-MCP on storability and disorders of Empire apples.  Problems continue with 1-MCP registration in Canada (conflict between AgroFresh & Canadian government).  Grad student Dan MacLean continued studies of antioxidants & flavonoids in d’Anjou pear and their bearing on scald susceptibility.  Pursuing hypothesis that during storage precursors of anthocyanins are produced but not transported into the vacuole.  Levels of ERS1 transcript were reduced in 1-MCP-treated d’Anjou fruit as observed in Granny Smith apple (T. Solomos-MD).  Mechanism of aroma volatile production in 1-MCP-treated and CA-stored Gala apples was studied.  An increase in storage temperature (0 to 3 °C) improved poststorage aroma volatile production.

Jinhe Bai – Studied 1-MCP effects on ripening of Bartlett & d’Anjou pears.  Treatments were for 24 h at 20 °C.  Delayed exposure to 1-MCP (after onset of climacteric) benefited fruit quality.  For fruit treated with 300 ppb, preconditioning at 10 °C after storage allowed ripening of Bartlett but not d’Anjou.  Bartlett fruit were of good eating quality and did not develop senescent scald for 1 week poststorage.  1-MCP at 20-30 ppb allowed ripening of d’Anjou fruit but gave no protection against superficial scald for storage beyond 3-4 months (experiment by Paul Chen).  D’Anjou exposed to 300 ppb 1-MCP for 6 h at 1 °C had slight scald after 6 months and did not ripen.  R. Beaudry posed a query about use of the term “preconditioning” for stored pears, which should more accurately be called “poststorage” or “preshipping” conditioning.  G. Calvo commented that there is seasonal variation in the effects of 1-MCP on pears – from one year to the next fruit of the same maturity can be affected very differently.  There was discussion of current limitations in measuring 1-MCP levels.  GC is usually reliable to follow “loss”/absorbance.  

Theo Solomos – Observed that in Granny Smith apples treated with 1-MCP and stored in low oxygen CA, recovery of ethylene production was closely associated with expression of ACS1 and ERS1 when fruit stored 260 days at 1 °C were warmed to 18 °C.

Gabriela Calvo – 1-MCP treatment generally prolonged the postharvest life of pears.  1-MCP at 200 ppb extended shelf life and prevented disorders in Red Clapp pears, which reached eating quality after 7-14 days poststorage.  Benefits of low levels of 1-MCP for Bartlett pear quality studied in optimal and late-harvest fruit over 4 years.  The maximum level of 400 ppm gave good retention of quality – 300 ppb recommended for “safe” treatment.  Discussion followed of the limitations and pitfalls of using 1-MCP on pears.  1-MCP is not always effective if fruit are too mature, but a higher dose may have benefits.  AgroFresh has specified concentration limits for treatment of pear fruit.

1-MCP treatment of Red Delicious apples at 600 ppm extended the shelf life of late-harvest fruit.  Treated fruit had higher titratable acidity (TA), less starch loss, no scald, and a 14-day shelf life at 20 °C.  Granny Smith apples treated with 600 ppb 1-MCP were stored for up to 9 months.  Core flush and bitter pit were reduced and scald was prevented, but there was an increase in lenticel blotch.

Experiments conducted on delayed exposure to 1-MCP to mimic the commercial situation.  Benefits of 150 ppb 1-MCP exposure were lost in Bartlett pears after an 8-day delay.  A delay of 6-12 days in treatment of Granny Smith apples resulted in loss of retention of TA and firmness and some scald development.  A discussion ensued of the effects of delayed application of 1-MCP.  T. Solomos comments – effect of 1-MCP on apple fruit respiration if applied just after harvest is lost with delayed application.  Attempts to ripen 1-MCP-treated pears with ethylene met with no success.  There was further discussion of long-duration ethylene treatment to reverse ripening inhibition by 1-MCP, and the observation that delayed 1-MCP application appears most promising for scald control with eventual ripening in pear fruit.

Randy Beaudry – Studied 1-MCP adsorption to common storage room materials.  Total loss of 1‑MCP in 24 h with wet wood or cardboard (i.e. crates or boxes).  In 6 h wet wood adsorption reduced levels to 0.1 ppm (minimum threshold for effect).  Damp cardboard was shown to be a very efficient absorber of 1-MCP, whereas dry material absorbed almost none.

1-MCP treatment of Jonathan apples was shown to be highly beneficial when storage temperature was 3 °C.

Discussion followed of establishing a website dedicated to presentation of cumulative data on 1-MCP effects on different apple cultivars.

Objective 1:  To evaluate postharvest requirements of new and existing fruit varieties.

Gene Kupferman – discussion leader

Beth Mitcham – Studied postharvest quality of fruit from 8 blueberry varieties grown in California.  Sensory quality was evaluated after berries were stored in air.  In collaboration with Penny Perkins-Veazie (USDA-OK), antioxidant capacity of blueberries from the 8 varieties was determined using two different assays.

Evaluated occurrence and control of flesh browning in Pink Lady apples, a CO2-related disorder that appears in the first 2 months of storage, seldom worsens thereafter, and is CO2 concentration dependent.  Harvest date had little effect, there was some benefit of delayed CA, and complete control was achieved with DPA at 2200 ppm.  Several biochemical and physiological factors assessed.  Hypothesis – browning results from oxidation of phenolics leaked from the vacuole as a consequence of loss of membrane integrity.  Flesh browning weakly correlated with the ratio of dehydroascorbic acid to ascorbic acid.  Stem end of fruit was more prone to the disorder, and Ca2+ concentration was low in affected tissue.

Discussion ensued of CO2 disorders, including possible role of CO2 reactivity, and importance of the O2/CO2 ratio.

Jennifer DeEll – Investigations of Honeycrisp hell (problems associated with storage of this recently-introduced apple cv.).  Various treatments and conditions evaluated, including DPA at 1000 ppm, delayed cooling (4 days), 1-MCP versus air, a range of storage temperatures, and CA with 2% O2 + 0% CO2.  Incidence of soft scald was highest in CA + 1-MCP-treated fruit and lowest in air + DPA-treated fruit, but DPA treatment increased fruit softening.  Incidence of bitter pit was quite high last season but low this season.  Possible that disorder is easing as the young trees mature.  Honeycrisp is a highly CO2-sensitive cultivar.

Conducted survey of browning potential of new apple varieties considered for fresh-cut processing (collaboration with Peter Toivonen, BC, Canada).  Fruit of 5 apple cultivars and 2 new selections from Quebec were evaluated.  Apple slices were not treated and were stored at 5 °C for 1 week.  Growing conditions appear to be an important factor.

Gabriela Calvo – Evaluation of Pink Lady apples.  Attempt to establish useful harvest indices and maturity characteristics.  Fruit were picked at the commercial harvest date (CH), CH minus 1 week, and CH plus 2 weeks.  Changes in quality parameters determined after 14-day shelf life.  Ground color and starch degradation were the best indicators of maturity.  Red color intensified with later harvest; may recommend later harvest than 180 days after full bloom.

There was a brief discussion of current regulation of DPA use.  Evidently DPA is receiving a greater level of acceptance in Europe, and restrictions appear to be easing.

Meeting adjourned at 5:00 p.m.

Monday, July 11, 9:00 a.m.

Meeting organizer Randy Beaudry and Chair George Chu discuss travel issues such as transportation to Traverse City and Lansing airports, and announce the arrangements for dinner.

Objective 2: To develop sustainable alternatives to chemical control of physiological disorders, diseases and pests.

Theo Solomos – discussion leader

Beth Mitcham – Further studies of radio frequency heating for quarantine treatment (collaboration including UC-Davis in CA and Washington State & USDA-ARS in WA).  Tropical & subtropical fruits grown in southern California have periodic quarantine issues, most notably the Mexican fruit fly.  Fruit are immersed in saline for uniform heating to prevent hot spots – 5 min heating to reach test temperature then several min more.  Primary concern is fruit injury; passion fruit & longan found to be not very tolerant.  Localized depressions on surface of passion fruit, whereas longan skin became brittle and fruit were more prone to decay.  RF heating quarantine treatment works well with Asian guava.  Further work planned with walnuts intended for export to Europe.

Alternative to methyl bromide sought for disinfestation of table grapes (including a number of insect pests & black widow spider).  A method 10 years in development involves combined treatment with CO2 & SO2 plus ethyl formate (used in Australia) and storage at 2 °C.

G. Kupferman asked if USDA has played a role in development of the treatment – yes, ARS lab in Fresno, CA was involved.  Problem of disinfesting grapes in cardboard or wooden boxes is the absorbance of SO2 by these materials.  Some success using surfactant sprays to remove insect pests & spiders.

Bruce Whitaker – Bill Conway continues to work on integrated control strategies as alternatives to fungicide treatment to limit decay of apples in storage.  Combination of a yeast antagonist (biocontrol agent) with 2% sodium bicarbonate treatment and 1.4% O2 + 3% CO2 CA storage completely prevented decay of Golden Delicious apples wound-inoculated with Penicillium expansum for up to 4 months.

Bob Saftner conducted a study of the possible role of aroma volatiles in resistance of blueberry fruit to anthracnose ripe-rot caused by Colletotrichum acutatum.  Analyzed headspace volatiles from extracts of inoculated and non-inoculated fruit from 10 cultivars exhibiting a broad range of susceptibility/resistance to C. acutatum decay.  Results showed no induction of aroma volatile production by anthracnose infection and no correlation of volatile production with disease resistance.

Theo Solomos – Examined the biochemical basis of scald control in Granny Smith (GS) apples by 1 ppm 1-MCP plus CA storage (1.5% O2 in a flow-through system).  For fruit of scald-resistant Gala apple, no scald development was observed regardless of treatment or storage regime.  Importance of low temperature (chilling) - GS fruit stored at 10 or 20 °C did not develop scald, despite high levels of α-farnesene production.  No correlation between expression of HMG1 or FPPS and α-farnesene synthesis.  Evidence that α-farnesene biosynthesis occurs predominantly via the mevalonic acid pathway (blocked by HMGR inhibitor).  In cold-stored preclimacteric GS fruit, system 2 ethylene induces α-farnesene production.

Jennifer DeEll – Pest prediction model for orchard IPM modified to create a low-temperature disorder prediction model.  The model provided accurate predictions in 2004 – currently working to promote industry utilization in Canada.  Model includes several weather indices, including rainfall, day/night temperature maxima & minima, and abrupt changes in temperature.  G. Kupferman stated that a model for scald prediction in d’Anjou pear is currently used in Hood River, OR.  Suggested collaboration between Guelph & WA for model development.

Trials of interaction of 1-MCP and fungicide treatments for postharvest control of blue & gray molds on apples.  Results were quite different for natural storage rot versus decay of wound-inoculated fruit.

John Fellman – Soy oil (“soft insecticide”) preharvest treatment of apples had beneficial effects not observed with paraffin oil.  When applied 21 days prior to harvest, soy oil promoted degreening and post-storage production of aroma volatiles.  Data from 3 years show significant increase in important aroma volatiles, notably alcohols including butanol and methylbutanol, after 6 months in CA storage plus 7 days at 20 °C.  Soy oil had no phytotoxicity or storability issues.  A regional temperature effect on the benefits of preharvest soy oil treatment was noted.

Gene Kupferman – Studied lenticel breakdown disorder (LBD) in apples: statistical increase in LBD in 1-MCP treated fruit even without any use of soaps or waxes.  Notable increase in LBD incidence since the introduction of SmartFresh.  Assessed influence of sodium hypochlorite at various concentrations on LDB incidence: disorder noted only in CA stored fruit, but RA storage data only gathered for 3 months.  Other variables may have contributed to the increase in LBD in recent years, such as utilization of new fungicides.  Experiments with Gala apples showed no significant effect of sodium or hypochlorite ion concentrations, and no influence of fungicides (thiabendazole or Scholar).  A long period of time in water during pre-sizing increased LBD and symptoms worsened with delayed packing.  Conducted in-depth study of factors affecting LBD in Fuji apples, including time in water during pre-sizing, wax versus no wax, and soap versus no soap.  Worst damage in fruit treated with 1-MCP and subjected to high concentrations of soap & carnauba wax (88-98% incidence).  A lengthy discussion of LBD followed.  LBD not observed in New Zealand packinghouses.  Hypothesized that inhibition of ethylene-mediated wound response by 1-MCP could be involved, and that lenticel development or repair may be arrested (Eric Curry, USDA-WA, has supporting data).

Efforts to manage scald in d’Anjou pears, taking orchard conditions into consideration.  Chen & Ma scald prediction model assessed in Wenatchee, WA.  Problem with 1st year data (fruit stored in CA instead of RA, so very little scald).

Treatments for scald prevention in d’Anjou pears:  Ethoxyquin more effective than DPA (90 days in RA after CA storage).  Industry work on thermofogging is in progress.  Timing of antioxidant application: DPA or ethoxyquin wraps must be applied within 7 days after harvest to be most effective.  Fungicide treatment alone had no ill effects, but in combination with DPA there was some phytotoxicity and greater phytotoxicity with ethoxyquin.  Concentration must be kept as low as possible to limit fruit damage.  G. Calvo commented that d’Anjou pears grown in Argentina are not as susceptible to ethoxyquin burn.  B. Mitcham asked if others had noted scald in CA-stored Bartlett pears.  G. Calvo - Maybe after 6 months of storage or more.  G. Kupferman commented that there is great confusion over storage disorder symptoms.   Further discussion of pear storage disorders followed.

Gabriela Calvo – Tested application of mineral oil on apples to control insect pests.  Assessment of phytotoxicity with 3 to 6 treatments per season showed no damage to fruit or trees and no effects on ripening or storage quality.  There was a slight reduction in scald incidence and a slight increase in fruit size.

Studied scald control in d’Anjou pears by DPA & ethoxyquin (registration for use in Argentina pending in 2005).  Preharvest treatments with soy oil plus a surfactant resulted in some phytotoxicity.  Tested various rates and modes of DPA & ethoxyquin application.  Scald evaluated after 5 to 9 months cold storage plus 1 or 7 days at 20 °C.  Ethoxyquin gave good control whereas DPA did not.  Discussion ensued of why DPA works for apples and ethoxyquin works for pears.  A new method for measuring ethoxyquin residues will help determine the levels of absorption in pear fruit.  B. Mitcham inquired if it is beneficial to delay cold storage for 1 day after DPA treatment.

Meeting broke for lunch at 12 noon and resumed at 12:45 p.m.

Conducted general discussion of planned and ongoing NE1018 collaborations.  Guelph (Ontario), CA, & WA currently using same protocol for 1-MCP treatment of pears (should OR & MD be included?).  MI, WA, et al. working on a review of 1-MCP treatment recommendations and problems by apple cultivar.  R. Beaudry suggested a collaborative study of incipient bitter pit involving gene expression and microarray analysis.  Status of Honeycrisp apple collaboration among MN, MI, & NY:  at least two publications expected.  No soft scald occurred this year in MI & NY.

1:30 p.m. – Chairman George Chu adjourns meeting
