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Preconditioning Apples: Getting Honeycrisp Ready for Successful Air and CA Storage  

Phil Schwallier, District Horticulture and Marketing Educator, MSU Extension 



PRECONDITIONING APPLES 

Getting Honeycrisp Ready for Successful Air and CA Storage 
 

Carolina Contreras and Randy Beaudry, Department of Horticulture, Michigan State University 
Report to the 2010 Great Lakes Expo 

 
The Honeycrisp apple continues to be a popular and valuable addition to the varietal mix grown in the U.S.  

Significant production acreage can now be found in Michigan, Minnesota, New York, Nova Scotia, Ontario, 

and Washington.  Honeycrisp is the most profitable apple on a per fruit basis grown in the state of Michigan 

and the number of bearing acres is increasing dramatically each year.  As the planted acreage continues to 

grow, the need to extend the marketing season intensifies.  However, high sensitivity to a number of storage 

disorders that include chilling injury [e.g., soggy breakdown (Fig. 1) and soft scald (Fig. 2)] and CA injury 

(Fig. 3) poses a serious risk to successful storage. 

 

Prestorage ‘preconditioning’ treatments in which the harvested apple fruit are exposed to elevated 

temperatures or experience delays in cooling to storage temperatures have been evaluated for their potential 

to suppress chilling injury and other storage disorders for nearly a century.  In 1917, Ramsey et al., first 

described soft scald as a low-temperature induced disorder.  At the time, this fact seemed to be widely 

understood, but had not made its way into the public record.  Subsequently, Brooks et al. (1920) evaluated 

the impact of delayed cooling as a preconditioning treatment.  In this first instance, however, they found that 

delayed cooling (7 days at 75 °F) lead to a marked increase in soft scald of Jonathan apples stored in wooden 

barrels.  Conversely, Plagge (1925) found that preconditioning Jonathan apples one or two weeks before low 

temperature storage at 30 or 32 °F had exactly the opposite effect.  Both investigations did agree, however, 

that elevated storage temperature of 36 to 38 °F tended to suppress this disorder.  Plagge (1925) also 

described soggy breakdown as a chilling-related storage disorder and distinct from other storage disorders.  

A series of published reports were produced over the subsequent 10 to 15 years that claimed variously that 

preconditioning enhanced or suppressed soft scald and soggy breakdown (Brooks and Harley, 1934; Harley 

and Fisher, 1930; Plagge, 1929; Plagge and Maney, 1937).  Success and failure of preconditioning 

treatments has been variously ascribed to fruit maturity, bruising, water contact, ventilation, respiratory 

activity and a number of other environmental and biological factors.  Unfortunately, the utility of using 

preconditioning treatments to suppress soggy breakdown and soft scald remains unsettled and controversy 

over factors impacting preconditioning treatments remains.  Interestingly, despite the variation in responses 

to preconditioning treatments over the many years of research on this problem, elevated storage temperatures 

have been consistently demonstrated to reduce the incidence of soft scald and soggy breakdown. 

 

Honeycrisp fruit have proven to be quite sensitive to low temperatures encountered in storage, often 

developing extreme levels of soft scald and soggy breakdown (DeLong et al., 2004; Nichols et al., 2008; 

Watkins et al., 2004).  Despite the lack of a consistent response of apple fruit to preconditioning historically, 

recent research indicates that Honeycrisp is among those few varieties that respond favorably.  A storage 

delay of 5 to 7 days during which the fruit are held at 50 to 70 °F has been found to be sufficient to suppress 

soft scald and soggy breakdown (DeLong et al., 2004, 2009; Kupferman and Mattheis, 2009; Nichols et al., 

2008; Watkins et al., 2004).  Increased fruit maturity enhances sensitivity to chilling and reduces the efficacy 

of preconditioning treatments, however (Tong, et al., 2003; Watkins et al., 2005).  Consistent with this is the 

finding that soft scald can also be suppressed by 1-methylcyclopropene (1-MCP) treatment prior to harvest 



(DeEll and Ehsani-Moghaddam, 2010).  Soft scald is also enhanced by high levels of precipitation and 

humidity in the orchard, by low soluble solids, and by high summer air temperature (Moran et al., 2009), but 

is not affected by crop load (Delong et al., 2006).  Diphenylamine (DPA) applied immediately after harvest 

reduces soft scald by about 30% (Watkins et al., 2004). 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

In addition to the sensitivity to low storage temperatures, Honeycrisp fruit are sometimes damaged by 

atmospheres commonly found in CA storage.  While some successful CA storage has been reported in fruit 

from Nova Scotia (DeLong et al., 2006; Nichols et al., 2008), and Washington State, (Hanrahan, personal 

communication), research at Michigan State University since 2002 has revealed that, in addition to 

sensitivity to low temperatures, controlled atmosphere (CA) storage can also cause internal injury.  CA 

injury looks similar to soggy breakdown, but may be a little less ‘wet’ in appearance and the brown lesions 

tend to be a bit more jagged in cross-section (compare Figs. 1 and 3).  It can occur in air, but is much 

exacerbated by exposure to either low O2 or elevated CO2. 

Figure 1. Soggy breakdown of Honeycrisp.  Internal injury (left) 

can extend to the surface in severe cases, (right) leading to 

surface browning that differs from the clean, sharp edges of soft 

scald (below). 

Figure 2. Soft scald on Honeycrisp.  Injury begins as a ribbon-like light 

brown lesion with well-defined edges (left) and over time becomes dark 

brown as tissues degrade and decay begins (right).  May or may not be 

associated with soggy breakdown. 



 

Alternative to the use of CA, use of the ethylene action inhibitor, 1-methylcyclopropene (1-MCP, 

SmartFresh), has the potential to minimize ripening-related loss in condition (Mir et al., 2001).  Air storage 

in combination with 1-MCP use, even at elevated temperatures, may provide sufficient improvement in 

storability to enable storage for several months (Mir and Beaudry, 2001). 

 

Preliminary work.  
Earlier work with Honeycrisp at Michigan State revealed that we occasionally had a high incidence of 

internal browning in some lots of CA stored fruit.  In 2008, we set up a preliminary experiment to determine 

CA conditions that reproducibly induce the development of atmosphere-dependent injury.  To this end, 20-

bushel lots of field-run Honeycrisp fruit were harvested from four different locations in Michigan and held 

under six different atmospheres: 1%, 3%, and 21% oxygen combined with either 0% or 3% carbon dioxide 

using an experimental CA system (ICA 61, 

David Bishop Instruments, Kent, UK) equipped 

with ventilated 12-bushel CA chambers (Storage 

Control Systems, Sparta, MI). All fruit were held 

at 38°F, rather than 32°F to minimize chilling 

injury.  No preconditioning treatments were 

attempted on CA-stored fruit in 2008.  Our 

evaluations were after 1, 3, and 6 months 

storage.   

 

The results clearly indicate a high sensitivity to 

both low oxygen and elevated carbon dioxide 

levels (Fig. 4). As many as 70% of the fruit from 

individual lots suffered mild to extreme internal 

browning under low oxygen (both 1% and 3% 

oxygen) when the carbon dioxide level was at 

3%. Interestingly, one of the four lots had no 

internal injury whatsoever even with CO2 

present.  Without CO2, the internal browning 

severity was markedly reduced, but still 

significant as long as the O2 level was low.  When the oxygen level was increased to that of air (21%), 

internal browning occurred only when the CO2 was present - although the degree of damage was relatively 

minor.  Not surprisingly, the degree of sensitivity to the CA regimens differed from orchard to orchard.   

Figure 3.  Internal controlled atmosphere injury from low O2 and elevated CO2.  

Injury can be in small patches or large sections, depending on severity (left).  The 

disorder can lead to the formation of more typical CO2 injury (right) with time. 

Honeycrisp, 1-month storage
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Figure 4. Internal damage incidence for 

Honeycrisp apple fruit held in CA storage or air 

at a non-chilling temperature for one month. 



 

The amount of damage did not increase as the storage duration increased, but the distribution of the 

categories did change.  The data suggest that the tissue damaged by soggy breakdown-like symptoms 

eventually developed into lens-shaped openings in the brown tissue, resembling CO2 injury-like symptoms.  

Fruit (especially the air treatment) eventually displayed senescent breakdown symptoms.  Importantly, the 

extent of the CA injury seems to be near its maximum after only one month in CA.  SmartFresh, which was 

used only on air-stored fruit, markedly reduced the ripening rate, but did cause internal browning, and 

suppressed senescent breakdown.  

 

Preconditioning experiments. 
In 2009, the experiment was expanded and included tests to determine if preconditioning and DPA treatment 

could suppress CA injury of Honeycrisp.  Fruit were harvested from 7 locations across the state and 

transported immediately to Michigan State University.  Fruit were preconditioned for 5 days at 38, 50, and 

70 ºF and were stored in air or CA storage as follows: 

1. 3 % O2 and 0% CO2  

2. 3 % O2 and 3% CO2 

3. 3 % O2 and 3% CO2 + 1000 ppm DPA 

4. 21% O2 

5. 21% O2 + 1 ppm SmartFresh 

 

DPA treatments were applied the day of harvest and 

SmartFresh was applied sometime during the 

preconditioning treatment.  After preconditioning, 

all fruit were transferred to chambers maintained at 

the described atmosphere and held at 38 °F.  Fruit 

were examined after 3 and 6 months storage.  

Quality evaluations included: internal ethylene, fruit 

firmness, incidence of internal disorders (soggy 

breakdown-like CA injury), and incidence of 

external disorders (soft scald, bitter pit).  The 

severity of the CA injury was rated using the scale 

in Fig. 5. 

 

We found that the CA atmosphere induced injury in Honeycrisp and that the extent of the injury tended to be 

higher for those fruit in an atmosphere with elevated CO2 (Table 1, Fig. 6).  The intensity of the CA injury 

declined as preconditioning temperature increased, with a 5-day holding period of 70 °F (20°C) essentially 

eliminating injury.  Interestingly, use of DPA completely inhibited CA injury, even when the 

preconditioning temperature was 38 °F (3°C).  Air storage reduced, but did not eliminate disorder incidence.  

1-MCP application did not influence CA injury.  Importantly, there was great variability between orchards, 

with some orchards producing susceptible fruit and others producing fruit with no evident propensity for 

disorder development (Table 1). 

 

Figure 5. Injury severity index for CA injury 

in Honeycrisp apple fruit. 



Table 1. Internal CA injury (soggy breakdown-like) index (0 = no disorder, 4 = 100% of fruit with serious 

disorder) for Honeycrisp apple fruit from various regions in Michigan (bold indicates severe injury levels).  

Fruit had been preconditioned for 5 days in air at 38 °F. 

 Storage treatments 

 3/0 3/3 3/3+DPA Air+MCP Air 

Orchard 1 1.14 0.95 0.00 0.52 0.66 

Orchard 2 0.00 0.00 0.00 0.00 0.00 

Orchard 3 0.00 0.78 0.00 0.00 0.00 

Orchard 4 0.60 1.71 0.00 0.32 0.23 

Orchard 5 0.13 0.40 0.00 0.04 0.03 

Orchard 6 0.00 0.00 0.00 0.00 0.00 

Orchard 7 0.00 1.42 0.00 0.17 0.10 
 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of preconditioning 

Honeycrisp fruit at 3, 10, and 20 °C (38, 50, 

and 70 °F, respectively), followed by storage 

in air (with and without 1-MCP) or in CA 

storage (with and without DPA).  CA 

treatments were 3% O2 and 3%CO2 (3/3) and 

3% O2 and 0% CO2 (3/0). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Preliminary recommendations. 
Based on work so far, the use of controlled atmosphere storage cannot be recommended here in Michigan, 

although preconditioning treatments appear to be promising.  The complete suppression of the CA injury by 

DPA is also very promising and is in some ways consistent with previously published work on its capacity to 

inhibit CO2 injury.  At this point in time, we feel preconditioning followed by air storage and, particularly, 

air storage in combination with SmartFresh application are reasonable, relatively risk-free storage 

procedures.  Currently, we recommend preconditioning for 5 days at a minimum temperature of 50 °F to 

reduce chilling injury and promote the application of SmartFresh to maintain freshness and suppress 

greasiness for longer storage durations.  The recommendations from Michigan as well as those of other 

Honeycrisp-producing states is provided for comparison in Table 2 (Beaudry and Contreras, 2010; Beaudry 

et al., 2010).  If our storage research results for the 2010-2011 storage season are similar to those in 2009, we 

may wish to modify our recommendations to include CA storage. 

 
Table 2. 2010 Summary Table for Preliminary Storage Recommendations for Honeycrisp  

State or 
Province 

Primary Harvest 
Indices 

Preconditioning Pre-storage 
treatments 

Air Storage CA storage 

Michigan Starch, background 

color, red coloration 

5 days at 50-70ºF SmartFresh  38 ºF  Not 

recommended 

Minnesota Background color 5-7 days at 55 ºF None 34-36 ºF Not 

recommended 

New York Background color 

and red coloration 

7 days at 50 ºF SmartFresh 38 ºF Not 

recommended 

Nova Scotia Starch and 

background color 

6 days at 68 ºF  None 37-41 ºF  37-41 ºF w/prec. 

2% O2, 1% CO2  

Ontario Color, starch, 

soluble solids 

5 days at 50 ºF SmartFresh 37-41ºF Not 

recommended 

Washington Background color, 

starch 

7 days at 50 ºF SmartFresh 35-36 ºF 35 ºF w/ prec., 

2% O2, 1% CO2  
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Maximizing Orchard Profitability

Rod Farrow

Lamont Fruit Farm, Inc

History

• Tough economic times through 1990’s forced 

us to restructure 

• Two potential directions - Diversify / Specialize

• One over riding principle - could not save our 

way to prosperity

• Results

Sold 20% of the farm and

Reorganized management responsibilities

Plan to improve Capital Efficiency  - ROI

Improving Capital Efficiency

1. Identified opportunities in the orchards and 

varieties we already had to increase yields 

and move a higher % of bu/acre into the “ XF 

target fruit size” to provide income for 2.

2. New orchard development

– Variety choice 

– Orchard system

– Reduce tree cost

1. Existing Opportunities

• Success required investment in change

• Big differences in grower returns, even in the 
best and worst years

• Impact of “target fruit size”

• Impact of % of target fruit

Ave Returns 2008 crop (after storage)

1 2 3 4 5

BELOW ABOVE 

VARIETY LOW HIGH AVERAGE DIFFERENCE AVERAGE AVERAGE DIFFERENCE

MACOUN 8.20 15.63 11.21 7.43 9.60 13.44 3.84

GINGERGOLD 7.44 12.50 9.55 5.06 8.57 10.37 1.80

MAC 3.33 11.53 7.47 8.20 6.14 9.25 3.11

JONAGOLD 5.16 9.61 7.69 4.45 6.01 8.75 2.74

EMPIRE 3.73 10.95 6.96 7.22 5.92 7.78 1.86

GALA 5.34 15.15 9.90 9.81 8.27 11.53 3.26

RED DEL 7.57 9.28 8.79 1.71 7.76 9.08 1.32

HONEYCRISP 21.81 43.44 35.07 21.63 31.78 38.79 7.01

Target Fruit Size Effect 2009 crop

TARGET TARGET DIFFERENCE

VARIETY SIZE SIZE PRICE SIZE SIZE OPTIMUM OPTIMUM

12/3 88 SPREAD 20% 65% YIELD YIELD/ACRE

Gala 20.95 28.20 7.25 7.87 10.64 1400 3882

Mac 16.84 22.12 5.28 4.56 6.58 1100 2222

Honeycrisp 31.07 47.00 15.93 16.66 22.75 850 5179

Empire 18.12 21.25 3.13 5.12 6.32 1400 1676

Jonagold 15.34 21.28 5.94 3.59 5.87 1000 2272

Red Del 17.36 22.35 4.99 4.89 6.80 1200 2290

Crispin ‘08 21.50 15.70 5.80 5.83 8.05 1500 3328
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1.  Opportunities for what we had 

Crispin planted 16’x10’ 1981, 

Originally central leader, now “ugly multiple layer mushroom”

Target fruit; 2 ¾” down,  90% XF, no blister spot under canopy , 

2010 – 1728 bu/acre  - 1479 bu/acre target fruit  - $11,474/acre

Increasing maximum 

yield of  target size fruit

Royal  Empire  16’ x 10’ 1991

Fresh Production-

2010 - 1960 bu/acre 

2009 - 1320 bu/acre 

2008 - 1270 bu/acre

2007 – 1072  bu/acre

2010 – 91% XF , peak 100-88

Est return - $12,740/acre 

Renewal pruning (kis)

Long skinny branches

No heading cuts

Aggressive chemical thinning

Balanced nutrition

Variety trumps yield but not quality

Honeycrisp  top-worked in 2000, planted 16’ x 10’ 1981, 

Classical Central leader  style, permanent bottom 

branches

2010  - 776 bu/acre  $27.40/bu - $21,258/acre

Maximizing Yield of Target Fruit

Investing capital  efficiently ????

Extenday material laid down 3 weeks before harvest

Picked 95% of fruit ave 83% XF pack-out

Hitting Home Runs

• Efficiently invest the time and money 

necessary to “dial in” target fruit size

• Always fine tuning growing practices to 

maximize yield of target fruit for individual 

varieties and customers

• Analyze $ costs against $ return

New Plantings 

• Customer needs

• Variety choice

• Maximum yield and % of Target Fruit 

• Capital Efficiency

• System choice
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Variety 

Honeycrisp 11’x2’  2006

Vertical wall, no limbs

Target fruit:  Peak 72 count, max 900 bu/acre

Managed Variety 

SweeTango 11’x2’  2008

Target fruit:  Peak 72 count, max yield ?

Royalty costs per tree – per acre ?

Maximum % Target Fruit

Imperial Gala planted 11’x 2’ in 2005

Super spindle orchard, vertical wall, no limbs

Target fruit: Peak 88 count, 1400 bu/acre 95+% XF

Dialing in Target Fruit Size and Quality

Acey Mac planted 11’ x 2’ in 2005

Target fruit size 88 count, very consistent

2009 Prod 1440 bu/acre, 2010 Prod 1020 bu/acre 

Capital Efficiency

Reducing tree cost allows us to plant Super Spindle

System maximizes %  and yield of Target Fruit Size

Labor, chemical, equipment savings 

Ave Total Total Total Total Net Acc't

Acres Yield Net Gross Grow Harv Op Op Devel

Over

head Cash Cash

Year Plant /Acre Ret Inc Cost Cost Cost

Profi

t Cost Exp Flow Flow

2009 4269 -4269 -4269 

2010 1 6650 -6650 -10919 

2011 400 -400 -11319 

2012 450 7.00 3150 2500 540 3040 110 400 -290 -11609

2013 650 7.00 4550 2500 780 3280 1270 0 1000 270 -11339 

2014 900 7.00 6300 2500 1080 3580 2720 0 1000 1720 -9619 

2015 1200 7.00 8400 2500 1440 3940 4460 0 1000 3460 -6159 

2024 1200 7.00 8400 2500 1440 3940 4460 0 1000 3460 24981 

$2/tree+ $1 roy IRR 13.8%

$4/tree+ $1 roy IRR 4.9%
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Focused attention

• Target Fruit size

• Yield of target fruit

• 100% potential canopy  (replant site)

• Renewal pruning

• Variety specific tree structures

• Chemical fruit thinning 

• Tree nutrition

• Monitor progress – can always do more



Honeycrisp PGR’s and Maturity EXPO 2010 
 

Philip Schwallier, District Horticulture Agent, Grand Rapids, MI 

 

Introduction 
 

Honeycrisp is a unique outstanding variety with some major problems and challenges but the 

Honeycrisp’s difficulties are worth the hassle.   A ReTain trial on Honeycrisp was conducted to examine 

various Honeycrisp responses to various ReTain rates and timings (Table 1) with the traditional full rate 

ReTain 30 DBH (Days Before Harvest) application.  All Treatments were applied with a handgun to the 

drip point.  ReTain was mixed in 100 gallons of water with Silwet L-77 0.1%.   

 

Table 1.  Honeycrisp ReTain Treatments 2009 
Tmt # Treatment Description Date 2009 Rate/100 

1 1 UTC   

2 2 165g  21DBH Half Rate Early 8-21 165 g 

3 3 165g  21+7DBH Full Rate Split 8-21 + 9-7 165 g 

4 4 165g  7DBH Half Rate Late 9-7 165 g 

5 5 333g  7DBH Full Rate Late 9-7 333 g 

6 6 333g  30DBH Full Rate Early 8-17 333 g 

 

Honeycrisp is a valuable variety and just one apple per tree is a loss enough to pay for a stop drop full rate 

application of ReTain.  ReTain was applied at full rate and half rate both early (30 DBH) and late (21 and 

7 DBH) to a mature block of Honeycrisp.  Table 2 lists a summary of findings from this trial. 

 

 

Table 2.  Honeycrisp ReTain Study 2009 Summary. 

Stop Drop  

 All Retain treatments reduced fruit drop 

 Late applications of ReTain reduces stop drop effectiveness. 

 Reduced rate applications of ReTain reduces stop drop effectivness slightly. 

 The split ReTain treatment (3) was intermediate in stop drop control. 

Fruit 
Growth 

 

 ReTain treated fruit produced larger final fruit size than the untreated harvested earlier 

 All ReTain treatments did not impact fruit diameter growth.  

 Early full rate ReTain (30 DBH) had the greatest impact on fruit growth. 

 The split Retain treatment had the best fruit diameter increase. 

Packout 

Data 

 

 ReTain treated fruit tended to have less red color, but delayed harvest ReTain treated 

fruit developed red color similar to the early harvest untreated Honeycrisp. 

 The split ReTain treatment performed well in harvested fruit size and percent red color 

development. 



Maturity 
Data 

 

 The full rate early ReTain had the smallest diameter. 

 All ReTain treatments reduced ethylene production significantly. 

 Reduced ReTain rates and especially late applications produced some ethylene. 

 Red Color development was less on ReTain treated fruit but not significantly 

 Background color was also somewhat greener on ReTain treatments. 

 Firmness was not significantly different, but Honeycrisp tends to retain its firmness. 

 ReTain treatments tended to slow starch index development. 

 Brix were not different. 

Storage 
Data 

 

 Average Fruit Weight of storage apples were not different. 

 Early half rate ReTain treatment developed intermediate internal ethylene levels. 

 ReTain treated fruit had best retention of firmness in storage, usually 1 lb firmer. 

 
Fruit Drop 
A single tree in each rep was not harvested until 10-9 to record periodic fruit drop for each treatment.  All 

Retain treatments reduced fruit drop.  The best acculumated drop contol (Figure 1) was usage of the full 

rate ReTain at the early (5) and late (6) application timing (30 DBH  and 7 DBH).  There was an early 

significant drop of fruit before 9-7, the date of the last ReTain treatments (3, 4, 5).  All Retain treatments 

were not significantly different from each other when counting all drops.  Fruit drop was significantly 

different when fruit drop only after 9-7 was considered (Figure 1, 2).   The reduced rate applications of 

ReTain tended to reduce stop drop effects of ReTain.  These reduced ReTain treatments were 

intermediate in their stop drop control compared to the higher drop of the UTC and the lower drop of the 

full rate ReTain.  Total fruit = total dropped fruit + total fruit left on tree. 

 

 
Figure 1. Honeycrisp ReTain total percent fruit drop/total fruit after 9-7-2009.  
 

Fruit Growth 
Ten fruits on each tree of each rep were marked and saved for periodic growth diameter measurments.  

There was no significant differences between average fruit diameter growth of all treatments (Figure 3).  

a b ab ab b b 



All fruit continued to grow at a simliar rate regardless of treatment.  ReTain delayed maturity, yet fruit 

continued to grow.  The ReTain treatments all were larger at their optimum harvest dates than the UTC 

(Table 3) on its optimum harvest date of 9-18-2009. 

 

Table 3. Honeycrisp ReTain Optimum Harvest Average Diameter mm 

9/18 9/27 10/1 

1 UTC 78.0 

2 165g  21DBH 81.2 81.4 

3 165g  21+7DBH 81.2 82.0 

4 165g  7DBH 80.5 81.0 

5 333g  7DBH 80.2 80.8 

6 333g  30DBH 80.0 80.5 

 

Packout Data 
Whole trees were harvested on two dates, 1

st
 harvest of 9-18, considered the optimum harvest date for the 

UTC (1) and the 2
nd

 harvest 14 days later of 10-2, considered a near optimum harvest for all the ReTain 

treated fruit.  These fruit were then run over a Compac computer weight sizer with a camera color sorting 

system.  The data was written to disk.  The system separated the fruit into 16 size class each incremental 

1/8” larger and 10 red color classes each incremental 10% better color.  The UTC (1) had the best red 

color in both harvests with the ReTain treatments all being greener (Figure 4).  The 2
nd

 harvest ReTain 

treatments red color increased to near red color of the 1
st
 harvest UTC fruit.  Fruit size between harvests 

was similar but the ReTain fruit tended to be smaller (Figure 5).  However, 2
nd

 harvest ReTain fruit was 

near the same size as 1
st
 harvest UTC fruit. 

 

 
Figure 4. Honeycrisp ReTain comparison of 1st and 2nd harvest of percent of all fruit with >30% red 
color from packout data. 
 

Maturity Data 
Twenty apple maturity samples were collect twice per week from each treatment sample tree (4 

apples/tree) during the trial period and analyzed.  The following figure and tables are averages of maturity 

samples analyzed after 1 day held at room temperature (Figure 6-9).  The early full rate ReTain (6) had 



the smallest fruit weight.  All ReTain treatments tended to completely shut off internal ethylene.  Red 

color tended to be less and background color tended to be greener with the ReTain treated fruit.  ReTain 

fruit tended to retain its firmness.  The ReTain fruit tended to have slower starch development. 

 

Storage Data 
Twenty apple samples were randomly harvest from each treatment rep and placed in storage for 5 months.  

On 2-11-2010 the 1
st
 harvest apples were evaluated.  On 2-18-2010 the 2

nd
 harvest apples were evaluated 

(Table 4).  The following figure (Figure 10) present a direct comparison of 1
st
 and 2

nd
 harvest and 

additional the change between the two harvest.  The early full rate (6) and the early half rate (2) had 

significantly smaller fruit weight for the 1
st
 harvest but not for the 2

nd
 harvest.  Ethylene was significantly 

less that the UTC treatment (1) except for the early half rate (2) for both harvest dates.  Perhaps, the early 

half rate started to wear off by harvest time.  This is supported by the same relationship in background 

color for both treatments.  These two treatments were significantly more advanced (having a lower index 

number).  Red color this year was quite good and as a result all treatments developed excellent color with 

only small differences between treatments.  Percent red color was quite variable in all treatments in the 

second harvest with UTC (1) being among the best color.  Red color in the 2
nd

 harvest ReTain treatment 

was equal or better than the red color of the UTC (1) 1
st
 harvest.  All ReTain treatments increased storage 

firmness at 5 months CA storage (2-11-2010 and 2-18-2010) for both harvests.  All firmness levels for the 

1
st
 harvest, were not significantly different from one another except the half rate early (2) and the late half 

rate late (4).  Firmness levels for the 2
nd

 harvest UTC (1), was significantly lower than all of the ReTain 

treatments.  The split ReTain treatment (3) had the best storage firmness.  Brix development was more 

variable for the 1
st
 harvest and not different for the 2

nd
 harvest.  In general, the full seasonal ReTain rate 

treatments (3, 5, 6) performed best in 5 month storage with half rates being very close. 

 

Table 4.  Apple Storage Evaluations 2-11-2010, 1st Harvest Apples 9-18-2009 

  
Ave Fruit 
Weight (g) 

Internal 
Ethylene 

Backgroun
d Color 

Percent 
Red Color Firmness Brix 

1 UTC 188.0 AB 115.5 A 1.8 BC 74.3 A 14.9 AB 13.2 ABC 

2 165g  21DBH 183.0 B 114.5 A 1.7 C 61.2 BC 15.0 A 12.6 C 

3 165g  21+7DBH 193.2 AB 14.1 B 2.4 A 50.6 C 15.0 AB 12.7 BC 

4 165g  7DBH 205.4 A 20.6 B 1.9 ABC 59.1 BC 14.4 B 13.6 A 

5 333g  7DBH 202.7 A 10.0 B 2.2 AB 58.0 BC 14.7 AB 13.3 AB 

6 333g  30DBH 178.6 B 11.9 B 2.3 A 64.1 AB 14.7 AB 12.6 C 

Apple Storage Evaluations 2-18-2010, 2nd Harvest Apples 10-2-2009 

1 UTC 194.7 A 96.0 A 2.4 BC 75.2 AB 12.6 C 13.2 A 

2 165g  21DBH 175.0 A 72.1 A 2.3 C 78.7 A 13.7 AB 13.2 A 

3 165g  21+7DBH 190.4 A 15.9 B 2.6 AB 74.0 AB 14.2 A 13.3 A 

4 165g  7DBH 193.1 A 29.4 B 2.7 AB 66.4 BC 13.2 B 12.5 A 

5 333g  7DBH 181.5 A 3.9 B 2.9 A 61.3 C 13.5 B 12.6 A 

6 333g  30DBH 185.1 A 6.2 B 2.6 AB 73.5 AB 13.7 AB 12.9 A 

 


