NE1018 Postharvest Biology of Fruits

Minutes of the 2009 Meeting in Ithaca, NY at the Ramada
June 26-27, 2009
Penny convened the meeting at 8:58 am.
Introductions and Attendance
Penelope Perkins, North Carolina State University (Chair)

Renae Moran, University of Maine (Secretary)

Brad Hillman, Rutgers University (Administrative Advisor)

John Fellman, Washington State University

Jim Mattheis, USDA ARS Wenatchee

Bruce Whitaker, USDA ARS Beltsville

Dave Rudell, USDA ARS Wenatchee

Jun Song, Agri. and Agri-Food Canada, Nova Scotia (new member)
Chris Watkins, Cornell University

Jennifer DeEll, OMAFRA, Ontario

Dave Rosenberger, Cornell University

Herb Aldwinkle, Cornell University

Ewa Borejsza-Uysake, Cornell University

Steve van Nocker, Michigan State University

Craig Kahlke, Cornell University

Jamil Harb, Cornell University

Hannah James, Cornell University

Jackie Nock, Cornell University

Jinwook Lee, Cornell University

Tianbao Yang, USDA ARS Beltsville
Seok-Kyu Jung, Cornell University

Cornelius Barry, Michigan State University

Robert Prange, Agri. and Agri-Food Canada, Nova Scotia 
Max Villalobos, University of California

Nobuko Sugimoto, Michigan State University

Randy Beaudry, Michigan State University
Announcements
Brad Hillman:
Next years’ budget is unknown.  Fy2010 Hatch part of budget is projected to by up a little.  McIntire-Stennis and AFRI (formerly NRI) funding will both increase as well.  The project renewal for NE1036 went through successfully.  
OBJECTIVE 1.  Determine genetic and biochemical mechanisms governing loss or retention of fruit quality after harvest.
The discussion leader was Jim Mattheis.

Max Villalobos (CA)
The research highlights of California cooperators is in the report. 
The challenge with 1-MCP and pears is that they don’t soften properly.  They measured firmness at harvest and after cold storage in four seasons.  Not much softening occurred after six months with 1-MCP.  Ethylene treatment before 1-MCP resulted in nearly full ripening recovery.  Studies are underway to elucidate the role of ethylene before 1-MCP in the abundance of ethylene receptors.  The level of ETR4 antigen was lowest in control. 
Sergio Tonnetto (as reported by Max).  They used apple lines silenced with ACO to study bitter pit.  Fruit from ethylene suppressed fruit had less bitter pit than wild type in contrast to the previous observation.  Fruit from a shaded part of orchard had more bitter pit than from unshaded trees.  They also looked at pectin methylesterase gene expression.
Sergio is working on tomato and Ca deficiency (blossom end rot).  They are studying calcium accumulation in cellular organelles of fruit tissue and how it relates to membrane permeability and BER development using transformed plants with a high expression of sCAX1 transporter, a line that has more BER even though CA++ concentration is higher than wild type.  
Bruce Whitaker (USDA, Beltsville)

They did a collaborative study with CA and USDA-WA measuring accumulation of α-farnesene and conjugated triene levels in peel tissue in Washington and California-grown Bartlett pears to look at regional variation in scald susceptibility.  The dogma was supported in that the α-farnesene level rose earlier and was higher in California pears which developed more severe scald symptoms.  Scald develops after 12-14 weeks in CA pears, but only mild scald in developed in WA pears.  The study was complicated by different maturity at harvest in the two locations.
There is good evidence that isolated PG was produced by the fungus Penecillium solitum.  PG enzyme was isolated from decayed tissue of inoculated fruit.  PG enzyme was purified and characterized.  Apple tissue plugs were treated with the enzyme to demonstrate tissue maceration and a likely role in pathogen invasion.  
There is little resistance to Penecillium expansum and Colletotrichum acutatum in cultivated apple gerplasm.  Kazak accessions of M. sieversii were screened for resistance to decay.  The starting point of this study was measuring natural decay without inoculation. Now they are inoculating fruit.  Accessions were characterized as immune, resistant, moderately resistant and susceptible.  Not a lot of overlap occurred in resistance to both pathogens.  

Dave Rosenberger – He sees more bitter rot on Honeycrisp with heat and high humidity in July.  

Cornelius Barry (MI)
They are studying ethylene signaling via tomato mutants.  Green Ripe has an over expressed protein that causes ripening inhibition.  They are teasing out the mechanistic action of how this protein works.  Tomato has two copies and potential functional divergence.  

All ethylene receptors are not equal.  His question is:  How can we manipulate a subset of receptors without affecting another subset?  They are conducting chlorophyll degradation work in pepper and tomato mutants (Green flesh and CHL retainer) that don’t degrade chlorophyll.  They are also screening heirlooms to find diversity in alleles and have found four new alleles.  There are also fruit cuticle mutants that have differences in thickness and structure.  

Steve van Nocker (MI)
The goals of his research are to look at natural variation in fruit abscission.  It is commonly thought to be related to ripening and ethylene.  They characterized accessions that vary in abscission and found accessions that are blocked in typical abscission behavior.  They are looking closely at the abscission zone structure to account for the different phenotypes.  They are looking at mechanisms of fruit abscission during fruit thinning and an ethylene/auxin independent pathway.    

The maraschino cherry industry has an interest in retaining stems on fruit with mechanical harvest which is followed by a brining process and six months of storage.  Mechanical harvest and brining lead to low percentages of “stem-on” fruit.  They are testing postharvest treatments that amplify or minimize ethylene to examine the role of ethylene in stem loss during brining.  

Randy Beaudry (MI)
They are studying ester biosynthesis pathways in apple. Aroma compounds originally thought to be from degradative processes could also be from synthetic pathways.  A citrimalate synthase (CIM) -pathway exists in some bacteria and might exist in plants.  Physiological, genetic and metabolic characterization of Jonagold apple was done during ripening.  They did initial work to characterize the physiology of fruit to identify critical stages.  At eight different stages of development of fruit, they characterized gene expression based on microarray data, measured production of branched-chain esters, citramalate and isoleucine, and measured intermediates and products of fatty acid and BCAA pathways. The data are consistent with the hypothesis that isoleucine biosynthesis in apple is supported by an alternate pathway that bypasses threonine. 
Jamil Harb (NY -  Ithaca)
The objective was to elucidate the molecular mechanism of softening and ethylene production by studying two cultivars, Honeycrisp and McIntosh, that differ in rate of flesh softening. The two cultivars differed in IEC levels and ethylene related genes during and after harvest.  Cell wall gene expression was higher in McIntosh at all sampling times with one exception.  

Chris Watkins, Seok-Kyu Jung and Jinwook Lee (NY – Ithaca)
They are looking at causes of flesh browning of Empire apple including nutritional effects on susceptibility.  Browning of Empire is chilling related, showing up at 0 ºC, but not at 3 ºC.  1-MCP eliminates this temperature effect so browning occurs at both temperatures.  They have investigated 1-MCP, temperature and the levels of phenolics and polyphenol oxidase activity.  Ongoing work involves metabolic alterations in response to these two factors. 

Jim Mattheis – He sees a low temperature peel disorder in Golden Delicious with 1-MCP and cold storage which results from inhibition of ethylene.  Affected fruit tended to come from hotter parts of the state.

Chris Watkins and Rujira Deewatthanawong
They compared GABA concentration in four strawberry cultivars with varying sensitivity to CO2 treatment.  GABA accumulation was lower in All Star and Earliglow than in Jewel and Northeaster, but not consistently associated with fruit sensitivity to CO2.

Robert Prange (Nova Scotia)
Honeycrisp fruit seem to be resistant to wrinkling or shriveling.  They measured the ability of the fruit to transmit O2 and CO2, and water permeance.  Gas diffusion was not unusual compared to other varieties.   Water vapor permeance was lowest compared to other measured varieties.  Honeycrisp has a reluctance to release water.  
1-MCP increased external CO2 damage of Empire in CA or DCA + 7 days shelf time, using 2% CO2, but they could not get the same level of disorder after 14 days shelf time.  

Jun Song (Nova Scotia)

They are taking a proteomic approach to studying superficial scald in apple.  They used 2-DE gels to identify up and down regulated proteins associated with DPA and 1-MCP treatments that prevent scald and an untreated control.  
Both 2-DE gel-based and quantitative proteomic approaches were used to investigate protein profiles during apple ripening in ethylene treated and control fruit.  They were able to identify some of the stage specific proteins as well as proteins present at all stages of ripening.  A total of 128 proteins were collected and identified.  They also used triplex stable isotope dimethyl labeling technique to characterize protein profiles in ripening and ethylene treated fruit. 
A modified chemoluminescence method was used to measure H2O2 in apple after 1-MCP and DPA treatment, but no difference was found after five months storage.  

Herb Aldwinkle and Ewa Borejsza-Wysocka (NY - Geneva)
Collaboration with Bruce Whitaker.  Silencing the α-farnesene synthase to show its role in superficial scald of apple.  They are doing a markerless transformation, without kanamycin, since it is toxic to Granny Smith.  Initial results with farnesene silencing were promising, and they hope to have real transgenic lines next year.  At this point there is no fruit to work with. 

John Fellman (WA)
They are studying ripening relationships, flavor biosynthesis and regeneration after storage.  Close to the time of ripening, ethylene goes up and SE goes down.  It is not related to enzyme activity or volatiles.  Functional genomic tools reveal discrepancies between gene expression and biochemical phenomena.    
Jim Mattheis (USDA – WA)
They characterized ascorbic acid dynamics in three apple cultivars during development and ripening.  Delicious had higher values than Fuji or Golden Delicious.  There was a drop in Fuji at 5-6 wks before harvest, corresponding with the time when sunburn shows up.  The silver staining method specific for ascorbate was easy but not fast, taking five days, but it was correlated with analytical methods.  
Dave Rudell (USDA – WA)
They characterized metabolomic changes associated with superficial scald of Granny Smith apple following DPA or 1-MCP treatment. Metabolomic differentiation was revealed within one week after storage initiation.  Α-farnesene oxidation products and a large group of putative triterpenoids were associated with scalded fruit before symptoms showed up.  

OBJECTIVE 2.  Develop or adapt postharvest strategies and technologies to improve quality and market competitiveness of emerging production systems, including organic, local and small-sacle.
The discussion leader was Dave Rosenberger.
Max Villalobos (CA)
Carlos Crisosto is screening alternative food additives for control of major postharvest diseases of stone fruit.

Work with Beth Mitcham involves the use of low O2 exposure to control bitter pit and superficial scald of Granny Smith apple.  Short term low oxygen reduced both disorders without addition of chemical and can be a strategy for scald control of organic apples.    

Renae Moran (ME)
Maine conducted a series of studies on Honeycrisp storage practices.

Honeycrisp apples were in CA at 1, 3 and 5 ºC with and without a two-day delay in cooling.  Apples were also stored in air for comparing incidence of storage disorders.  Delayed cooling reduced soft scald.  CA storage at 2.5% O2 and less than 1% CO2 did not increase incidence of disorders.  Warmer storage temperature reduced incidence of soft scald.  Quality was ok at the warmer temperature, but the duration of CA was short, four months.
Honeycrisp apples from trees with mild and severe leaf zonal chlorosis (“yellows”) were stored at 1 ºC with follow up measurement of disorders.  Lower incidence of soft scald occurred in fruit from trees with mild symptoms.  No difference occurred with bitter pit or soggy breakdown, both of which occurred at a rate of 1% or less.  
Since there was disagreement regarding the effectiveness of delayed cooling between the different project participants, but also a difference in harvest dates, delayed cooling was tested with an early and normal harvest date.  Soft scald was low in one orchard with both harvest dates.  Soft scald occurred in the second orchard with both harvest dates and was not reduced by delayed cooling with the first harvest. Delayed cooling was very effective in reducing soft scald with the second harvest.  Soggy breakdown was increased by delayed cooling with the first harvest in both orchards and only one orchard with the second harvest.  This negative effect of delayed cooling on soggy breakdown makes it difficult to make recommendations to the industry.  

Collaboration with Jennifer DeEll in Ontario.  The multi-year study looking for relationships to preharvest environmental factors to soft scald continued for an additional year.  

Randy Beaudry (MI)
Collaboration with DeEll, Watkins, Mattheis and Moran.  They used the new CA system.  Honeycrisp in CA leads to tremendous internal browning that looks like soggy breakdown.  Low O2 and high CO2 make it worse.  No soft scald occurred in this study.  It starts out brown without lens shaped openings, but the openings increase over time.  It could be CO2 injury.   They looked to see what conditions lead to the greatest disorder incidence.
Bob Prange (NS)
They tracked changes in apple fruit during storage using fluorescence technology.  There is an upward trend in the fluorescence baseline during storage that increases in the presence of CO2.  Golden Delicious was tracked for 200 days in 0, 2, 4 and 6% CO2.  Lowest track this year was with 2% CO2.   No disorders occurred, even at 6% CO2, suggesting Golden Delicious is relatively insensitive to CO2.  With Delicious, there was a grower effect in fruit response to CO2 susceptibility.  Honeycrisp was also stored in CA at different CO2 concentrations.  Air-stored fruit showed epidermal darkening, a disorder associated with low O2.  CA and DCA treatments with 25 CO2 were more likely to have low temperature breakdown and soft scald, compares with CA and DCA without CO2.  They also did CA work on Empire with 1-MCP and DPA.

Jun Song (NS)
They looked at heat treatment and volatiles in two apple cultivars.  Varying durations of exposure to 46 ºC reduced volatiles associated with flavor. 
Dave R. – Any work with high acid scab resistant cultivars?
Jun S. – They previously did this on Goldrush with Randy, and it reduced acidity.  

Randy R. - The fruit were insipid.  
Dave Rosenberger (NY)

 If we don’t wet apples, then we don’t need to treat for decay.  Can we eliminate fungicides if we go to a fogger DPA?  If we can go to a nonaqueous application of DPA, we can dispense with fungicides.  However, fogable fungicides might not work with storage delays, as can happen in the east.  Delays in filling a room give the fungus a head start.  They are continuing to look at new fungicides for resistance management and control of Penicillium.  
Captan is registered but not very effective for protecting fruit in a drench.  They looked at why growers were getting better control than they were.  Captan was reducing viable inoculum in the drench.  They monitored viability of spores out of the solution.  Dirty water had nutrients that stimulated germination, and this was why Captan worked better in dirty water.  Captan does not work well on ungerminated spores, and clean water may have fewer germinated spores.  Captan should be reconsidered as a mixing partner with new fungicides to reduce selection pressure for resistance.
Chris Watkins (NY)
They tested Harvista and CA on Honeycrisp.  Harvista reduced soft scald by a delay in maturity.  With CA storage there was no soft scald at 38 ºF with any of the treatments.  Total flesh browning, which could be soggy breakdown, was high in first harvest and less prevalent with delayed cooling.  Soggy breakdown was less prevalent in second harvest and with Harvista.  
A collaborative study with DeEll was conducted testing 1-MCP on cluster type tomato.  Treating cluster tomatoes with 1-MCP at time when the last in the bunch to ripen is still green doesn’t work.  The major impact of 1-MCP was on the stem vine quality and not on fruit.  They measured water content of vines, compression of fruit and fruit color. 
OBJECTIVE 3.  Develop technologies and practices that optimize returns and promote increased consumption of health-beneficial fruits through preservation or improvement of fruit quality attributes.

The discussion leader was Randy Beaudry.
Max Villalobos (CA)
They evaluated mango fruit quality during the supply chain and marketing.  The main challenges to good quality were lack of maturity at harvest, poor temperature management, lack of sorting, lack of hydrocooling after hot water treatment and exposure to chilling temperatures during shipment and storage.  
They evaluated internal and external bruising of pomegranates by dropping fruit onto various surfaces encountered during postharvest handling.  Drop heights ranging from 0 to 12 inches were tested.  The plastic roller and plastic mesh caused more internal damage, crushed arils, and dropping onto other fruit caused the least.  Internal rind browning had a lower threshold height than external bruising.  Threshold height of bruising also varied with surface.  
Bruce Whitaker (USDA, Beltsville)
Collaboration with Jinhe Bai.  Ethoxyquin is a little better than DPA for pear scald but sometimes causes phytotoxicity.  It’s difficult to treat all d’Anjou pears within a week of harvest when too much fruit is harvested at the same time creating a bottle neck.  1-MCP at 300 ppb, concentrations needed for scald control, inhibits ripening of pear.  They tested a low dose of 1-MCP at harvest followed by a low dose of ethoxyquin.  1-MCP and ethoxyquin together controlled scald longer than either alone and fruit ripened normally after a 7-d shelf life.  Time of ethoxyquin application after harvest varied from 1 to 60 days, but did not impact scald control.   A low dose of 1-MCP followed by a low dose of ethoxyquin up to 60 days after can control scald without phytotoxicity or inhibition of ripening. 

Previously they found that fruit of the wild eggplant relative Solanum incanum include several HCA amides of polyamines (HCAA) that are not present in fruit of cultivated S. melongena and are of interest because of their biological activity.  In collaboration with a plant geneticist and breeder in Spain, the HCA conjugate profile was analyzed for fruit from parental lines of S. melongena and S. incanum, and 80 F2 hybrid lines of the two species.  Tragically, fruit of the S. incanum parent contained none of the HCAA that were abundant in fruit from an S. incanum accession in the USDA core collection. Despite this, several F2 lines had relatively high levels of polyamine HCAA. 

Bell peppers (Capsicum annuum) have less flavor than closely related C. baccatum. They characterized fruit aromatic volatiles using a GC-MS-olfactory detection system and quantified TMS sugars and organic acids with GC-flame ionization detection.  C. baccatum accessions with unique aroma and flavor were identified.  Over 170 volatiles have been identified in selected accessions, and 90 have not been previously found in fruit extracts of C. annuum.  

Jun Song (Nova Scotia)
They looked at the effect of 1-MCP on fruit phytonutrients and antioxidants in apple.  Golden Delicious fruit with and without 1-MCP were held at 20 ºC for 50 days.  Among the identified compounds, only procyanidin was affected by 1-MCP.  1-MCP did not affect antioxidant capacity or total phenolic content.  
Chris Watkins and Hannah James (NY)
Flesh browning in Empire was negligible after 2 and 4 months of air storage, but showed up after 6 months.  Flesh browning was worse with later harvest date.  There was no effect of preharvest AVG or 1-MCP on flesh browning, but postharvest 1-MCP made it worse.  They did the same set up with CA storage.  There were many interactions between pre and postharvest 1-MCP, harvest date, storage duration and storage atmosphere.  A longer delay in 1-MCP application after harvest reduced flesh browning but there was a loss in benefit for firmness.  The effect of 1-MCP on flesh browning was worse with calcium.  When DPA was added with calcium, there was no 1-MCP effect.  
Flesh browning was lower when CA establishment was delayed three weeks.  However, 1-MCP negated this effect.  

In looking at the effect of growing regions, flesh browning after 1-MCP was worse in Ontario and western NY fruit.  Core browning and external CO2 injury occurred in Ontario fruit and was worse with 1-MCP.  We may have always had browning but it may not been evident until the introduction of cut slices internal examination of fruit.
Jennifer DeEll (Ontario)
They continued studies on the Empire browning story.  There was more browning with later harvest and better quality with earlier harvest.  The difference in harvest dates was one week there was not a big difference in starch and ethylene.  The lower storage temperature resulted in more browning.  Holding fruit for 7 days in cold storage after removal from CA resulted in less browning.  

The work on Ambrosia and 1-MCP is in progress with British Columbia and Ontario fruit.  This variety is prone to soft scald.  There are two distinct looking disorders.  Bronzing that is not rough and very patchy and does not turn into scald.  It’s not responding to warming temperature.  Bronzing in both locations shows up in storage around late December.    

Work on Honeycrisp in different CA regimes with and without delay is in progress.  1-MCP increases disorders.  Smartfresh before and after delay did not make a difference.  

They tested Harvista on McIntosh apple and Bartlett pear.  They used a commercial pack line to sort fruit and found a size and color shift with Harvista.  It works as stop drop on pears.  Softening and yellowing are delayed with Harvista, but not as much as with SmartFresh.  

They are doing storage work on the new pear varieties from the breeding program.  Firmness doesn’t seem to work as a harvest indicator on these new pear varieties.  Firmness stays same but they behave differently in storage.  No consistent color change occurred.  

John Fellman (WA)
How to undo the 1-MCP effect on apples was the objective.  They dunked apples in hydrogen peroxide solution after 1-MCP.  There was a minor effect in reviving ethylene emission, not dramatic.  They looked at gene expression patterns at days 1 and 12 after treatment.  

Jim Mattheis (WA-USDA)

They tested low oxygen storage of d’Anjou pear.  They were unsuccessful in generating peel speckling.  Low oxygen can induce core browning, and it develops within a few months of harvest.  There was less core browning with delayed initiation of low oxygen.
They tested different oxygen levels in CA on Honeycrisp apple.  With CA, there was quality retention, i.e. higher acidity and less chance of greasiness compared to air.  With CA or SmartFresh, fruit were firmer by 1 lb.  They also found CA and SmartFresh differences in the volatile compound profile.  Radial browning showed up more with lower oxygen.  Radial browning was lens-shaped and in a circle.  

Honeycrisp apples treated with Harvista and held at 10 ºC for 7 days decreased radial browning, soft scald and soggy breakdown.  There was less soft scald and soggy breakdown with later harvest.  Everything got the delayed cooling.  
Bartlett pears were harvested four times after Harvista was applied and stored in air.  Harvista delayed ethylene production, softening and onset of disorders.    
SmartFresh and ethylene combinations were tested on Bartlett and d’Anjou pears to overcome long term delay in ripening.  The lower SmartFresh rate with ethylene killed the effect of SmartFresh.  With higher rates and ethylene there was still an effect of Smartfresh.  
Possible locations for next year’s meeting. 
1.  In conjunction with the Gordon Conference, June 27 to July 2, in New Hampshire.  Schedule NE1036 before the Gordon Conference.  

2.  Before or after the ASHS meetings, August 2-5, in Palm Springs CA, but not in conflict with the APS meetings, August 7.
The group selected June 25-26 in NH and Portland, ME as another option if a suitable place cannot be found in NH.  Renae Moran will make the arrangements.
The group elected Dan Maclean (GA) as Secretary for next year.
Meeting ended at 12:11 pm.

