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Harvest Maturity, Storage Temperature, and 1-M CP
Application Frequency Alter Firmness Retention and
Chlorophyll Fluorescence of ‘Redchief Ddicious Apples
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AssTrACT. Fruit of ‘Redchief Delicious” apple[Malussylvestris(L) Mill. var. domestica (Borkh.) Mansf.] wereharvested
1 week before the climacteric (harvest 1), at the onset of the climacteric (harvest 2), and 1 week after the onset of the
climacteric (harvest 3). Fruit werestored at 0, 5, 10, 15, or 20 °C and wer etreated with 0.7 L -L* 1-M CP on a once-per -
week, once-per-2-week, once-per-month, and once-per-year basisor wereleft nontreated. Theinitial 1-M CP treatment
was at 20 °C and subsequent applications were at storage temperatures. The compound slowed softening at all
temperaturesrelativetonontreated fruit, however astemper atur e decreased, the benefitsof 1-M CP application became
less pronounced. Effectiveness of 1-M CP declined slightly as harvest maturity increased. Efficacy of 1-M CP treatment
increased with greater frequency of application at 5, 10, 15, and 20 °C, but not at 0 °C. Fruit stored without refriger ation
(20°C) for morethan 100 daysdid not soften significantly when treated once per week with 1-M CP. However , decay was
asignificant problem for treated and nontreated fr it stor ed at temper atur es>5 °C; 1-M CP application reduced, but did
not prevent decay. Rateof declinein titratableacidity increased with storagetemperatureand 1-M CP had no significant
effect on retarding the decline in acid content. Minimal (Fo) and maximal (Fm) chlorophyll fluorescence was altered
markedly by 1-M CP application, but the ratio of (Fm—Fo)/Fm was only slightly affected. The most effective 1-MCP
treatment frequency wasonce per week and, at all elevated temperatures (5, 10, 15, and 20 °C), slowed loss of firmness
toagreater extent than refrigeration (0 °C) alone. Application of 1-M CP resulted in greater retention of firmnessthan
controlled atmosphere (CA) with O, and CO, at 1.5 kPa and 3 kPa, respectively. Data suggest that 1-M CP application,
has the potential to reducereliance on refrigeration and CA storage for maintaining firmness of ‘Redchief Delicious
apple, especially for relatively short storagedurations (<50 days) when fruit are harvested within aweek of theethylene
climacteric. Chemical name used: 1-methylcyclopropene (1-M CP).

Ethylene is a gaseous plant hormone produced by all higher
plants. Responses include defoliation, fruit abscission, flower
abscission, degreening, fruit ripening, color (pigment) develop-
ment, release of dormancy, stimulation of branching, adventi-
tious root formation, flower induction, and promotion of fruit
maturity (Abeleset al., 1992). Growth regulators can be used to
regul ate ethylene effects. These include ethylene rel easing com-
pounds such as (2-chloroethyl) phosphonic acid (Kays and
Beaudry, 1987), materials that inhibit ethylene action such as
silver ion (Cameron and Reid, 1981), and those that inhibit
ethylene production such as 1-aminoethoxyvinylglycine (Y ang
and Hoffman, 1984). Commercial formulations of each of these
materials are used widely in horticulture.

Of particular valuein the storage of climacteric fruit arethose
techniques that reduce ethylene responses, thereby permitting
somecontrol over degradative processesassociated withripening
and senescence. In fruit storage, cultural techniques used to
minimize the effects of ethylene include low O,, high CO, and
reduced temperature (Abeleset a., 1992). Silver, while effective
at preventing or slowing fruit ripening (Tucker and Brady, 1987),
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isconsidered aheavy metal and isthereforerel egated to nonfood
applications. A relatively new growth regulator, 1-MCP, has
been shown to have significant promise as an ethylene action
inhibitor (Sisler and Blankenship, 1996; Sidler et al., 1996).
Presently approved for use in ornamentals, 1-MCP is not yet
approved for application on food crops by the U.S. Environmen-
tal Protection Agency.

1-MCP, acyclicol€efin, isavapor under physiol ogical conditions
andinitspresentformulationisproduced by mixingadiluteaqueous
buffer containing KOH and the parent compound EthylBloc
(Flordife, Inc., Walterboro, S.C.), an  a-cyclodextrin encapsula-
tionagent/1-M CPcomplex, torel easetheactivegas. 1-M CPactsby
inhibiting binding of the hormone, ethylene, to itsreceptor binding
site (Serek et al., 1994). A single exposure to 1-MCP can tempo-
rarily render plant materia insensitive to ethylene when applied at
the nL-L™ level and, at the concentrations needed for activity, 1-
M CP confersno disagreeable odor (Sider and Blankenship, 1996).
The compound was found to reduce ethylene-related responsesin
apple (Fan et d., 1999; Rupasinghe et a., 2000; Watkins et 4.,
2000), banana (Musa xparadisicaL.) (Golding et a., 1998), broc-
coli [Brassicaoleracea L. (Botrytisgroup)] (Kuand Wills, 1999a),
carrot (Daucuscarotal .) (Fanand Mattheis, 1999), lettuce (Latuca
satival.) (Fanand Mattheis, 1999), tomato (Lycopersicon esculen-
tumMill.) (Mir et a., 1999), and strawberry [Fragaria xananassa
Duchesne] (Ku and Wills, 1999h).

Published studies of apple responsesto 1-M CP suggest that a
single postharvest application could prevent ripening for an
extended period at ambient (24 °C) temperature relative to
nontreated controls (Fan et a., 1999). Thisfinding suggests that
some aspects of fruit quality such asfruit firmness and titratable
acidity could be maintained for a short period without refrigera-



tion. In addition, studies on tomato suggest that multiple applica
tionsmay prove more effectivethan asingleapplication (Mir etal.,
1999). If applesrespondto multipleapplicationsinafashionsimilar
totomatoes, thepossibility israi sedthat storageat €l evated tempera:
tures could be extended relative to asingle application. Theimpli-
cation is that 1-MCP could reduce reliance on refrigeration. In a
similar vein, reliance on low O, and devated CO, conditions of
controlled atmosphere (CA) storage could be reduced. In fact, data
from Watkins et a. (2000) suggest that 1-MCP application can
result in fruit of some apple cultivars retaining firmness at levels
similar to CA-stored fruit for several months.

The potential for multiple exposures or continuous exposure
of apples to 1-MCP has not been thoroughly evaluated. Most
studieshaveinvolved application of asingledoseof 1-MCPat the
initiation of the storage period. In addition, the interplay of
application temperature, harvest maturity, and application fre-
guency is not known for apple. In this study, we attempted to
extend previous findings by evaluating 1-MCP efficacy in rela-
tion to 1) fruit maturity at harvest, 2) repeated or multiple
exposures, and 3) storage temperature. Response of ‘ Redchief
Delicious’ apples, harvested at three stages of maturity to 1-MCP
applied at four different frequenciesduring storageat 0, 5, 10, 15,
and 20 °C was examined. Central to our goals, we wished to
determineif successful applestorage can be achieved at tempera-
tures significantly above 0 °C solely by application of 1-MCP.
The capacity of 1-MCP treatment to retain fruit firmnessrelative
to storagein air and CA was a so evaluated.

Materials and M ethods

PLANT MATERIAL. ‘ Redchief Delicious’ appleswere harvested
1 week before the climacteric (harvest 1), at the onset of the
climacteric (harvest 2), and 1 week after the onset of the climac-
teric (harvest 3) as determined by the average internal ethylene
level (IEC) andstarchindex of tenrepresentativefruit. Averagel EC
was1.8uL-L* (50% having an IEC <0.2 uL-L™), 8.3 uL-L™ (90%
having an IEC >0.2 uL-L™%), and 41.4 pL-L (100% having an
I[EC>0.2uL-L™)for harvestsl, 2,and 3, respectively. Respective
starchindiceswere2.2,2.9,and 4.6. Fruit wereplacedinto plastic
mesh bags (60 fruit/bag) and three bags were placed in airtight,
plastic 113-L barrels.

1-M cPAND STORAGE TREATMENTS. After fruitweresealedinthe
plastic barrels, concentrated 1-MCP gas was injected into the
barrel tobringthefinal gasconcentrationto0.7 pL -L=, whichwas
expected to be sufficient to saturate the response to 1-MCP (Fan
et a., 1999). To create the concentrated 1-MCP gas, 2.5 g of
EthylBloc was placedinal-L glassjar. Thejar was sealed with
alid fitted with arubber serum stopper. Fifty milliliters of dilute
KOH huffer was added to the jar by injecting the buffer solution
through the lid. The 1-MCP was allowed to release for at least 3
h. Fifty milliliters of the headspace in the glassjar was removed
using a 50-mL syringe and injected into the sealed barrels. As
each 50 mL volume of gas was removed, 50 mL of water was
injected into the jar, maintaining aslight positive pressurein the
container and preventing dilution of 1-MCPinthejar headspace.

All 1-MCP-treated fruit received aninitial treatment at ambi-
ent temperature (=20 °C) and subsequent treatments were at the
indicated storage temperature. Control fruit were also sealed in
chambers, but wereleft nontreated. For theinitial treatment, fruit
wereleftinthetreatment barrelsfor 16 h. After this, themesh bags
containing the fruit were removed from the treatment chambers
and placed in barrelsin controlled temperature chambers held at

0,5, 10, 15, or 20 °C. Fruit were arranged such that one mesh bag
from each of the three harvests was in each barrel. Fruit were
given treated with 1-MCP at 0.7 pL-L™* on a once-per-week (1/
week), once-per-2 week (1/2 weeks), once-per-month (1/month),
and once-per-year (1/year) basisor wereleft nontreated. Thefruit
given the llyear treatment did not receive any additional expo-
suresto 1-M CP beyond theinitial treatment. Inall, therewere 75
harvest/temperature/frequency combinations, thereweretworep-
lications of each combination.

Thebarrelswereflushed continuously with air at arate of =200
mL -min~ except whenthe 1-M CPwas applied, at whichtimethe
barrels were sealed with stoppers and 1-M CP was administered
as described previously. Treatments with 1-M CP subsequent to
thefirsttreatment wereall given at the storagetreatment tempera-
ture. Paper bags containing 100 g of hydrated limewereincluded
in each barrel to minimize CO, accumulation. During storage, 10
fruit (fivefrom each replication) per treatment combination were
removed at intervals ranging from 7 to 40 d, held at 22 °C
overnight, and evaluated for firmness and chlorophyll fluores-
cence. At 3 monthsstorage, titratabl e acidity wasdetermined and
an additional 10 fruit (five per replication) were assessed for
firmness after an additional holding period of 7 d a room
temperature. At 6 months storage, an additional 10 fruit (five per
replication) were removed from the 0 °C air and 1/week treat-
ments and were assessed for firmness 1 d after remova from
storage and after 7 d at room temperature. On each assay date,
decaying fruit wereremoved from the barrels. When thelast fruit
wereremoved from amesh bag, thetotal number of assayed fruit
was subtracted from the initial number of fruit (60) to calculate
the number of fruit discarded due to decay.

In addition to the air storage treatments, two replicates of 20
fruit from each harvest were placed in CA storage (1.5 % O, and
3% CO,) at 0 °C and held for 6 months. Fruit were ventilated at
arateof 30 mL-min. At theend of thisstorage period, fruit were
held overnight at 22 °C and 10 fruit were evaluated for firmness.
Fruit firmnesswas assessed on the remaining 10 fruit after holding
for 7 dat roomtemperature. A compl etely randomi zed experimen-
tal design was used. Data were subjected analysis of variance
procedures and mean separated by least squares analysis.

Assays. For harvest maturity, |IEC was determined by with-
drawing a 1-mL gas sample from the interior of apples and
subjecting the gas sampl e to gas chromatographic analysis. The
gas chromatograph (GC) (Carle Series 400 AGC; Hach Co.,
Loveland, Colo.) wasfitted witha6-m-long, 2-mm-i.d. stainless-
steel column packed with activated aluminaand detectionwasvia
a flame ionization detector. The ethylene detection limit was
=0.005 pL L. Ethylene concentrations were calcul ated relative
to a certified standard (Matheson Gas Products, Chicago, I11.)
with a concentration of 0.979 puL-L™

The starch index at harvest was determined by cutting fruitin
half through the seed cavity aong the plane perpendicular to the
longitudinal axis. One of the cut surfaces was dipped into an
iodine solution containing 10 g K1 and 40 g |, per 4 L of water.
Color development was allowed to proceed for =5 min. Starch
index was determined by comparison to the Cornell Starch Chart
(Blanpied and Silsby, 1992) where 1 = black staining acrossthe
entire cut surface and 8 = no staining.

Firmness of fruit was measured manually using a drill-stand-
mounted Effegi penetrometer (FT-327; McCormick Fruit Tree
Inc., Yakima, Wash.) fitted with an 11-mm-diameter probe. The
penetrometer was calibrated at 53.4 N (12 |b) using atop-loading
balance. Two skin discs (=2.5 cm in diameter) were removed
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Days after harvest

from opposite sides of each fruit. The penetrometer probe was
pressed into the tissue of the cut surface to adepth of 8to 9 mm
in asingle smooth motion requiring =1 s. Datawere recorded as
pounds and converted to Newtons by multiplying by 4.45 N/lb.
Thetimerequired for control fruit to softento 53.4 N (12 Ib) was
recorded. The Washington tree fruit industry uses 12 |b as a
threshold for packing some of its fresh apples.

Chlorophyll fluorescence was measured on the surface of the
fruit using a fluorometer (OS500; OptiSciences, Tyngsboro,
Mass.) as described by Mir et al. (1998). Data collected were
minimal (Fo) and maximal fluorescence (Fm). From these data
the ratio (Fm-Fo)/Fm, otherwise referred to as Fv/Fm, was
calculated to estimate photochemical quantum efficiency.

Titratable acidity and tissue pH were measured for fruit of all
treatments after 3 months. About 10 g of apple tissue was

Days after harvest

corded and used to calculate malic acid
equiva entsusingtherelationship of 0.0067
g malic acid titrated per mL NaOH solution and dividing by the
tissue weight. Data are presented as percentage malic acid on a
fresh weight basis.

The 1-M CP concentration was verified using gas chroma-
tography using 1-butene as astandard. The GC (Carle Series
100 AGC) was fitted with a 6-m-long, 2-mm-i.d. stainless-
steel column packed with Chromosorb 103, 60/80 mesh and
detection was via a flame ionization detector. The 1-butene
standard concentration was 10 pL-L* and was made by
injecting 43 pL of pure 1-butene (Matheson Gas Products,
Chicago, I11.) into a 4.3-L glass flask fitted with specially
made ground glass stopper containing a gas-tight sampling
port (Mininert valve; Altech Associates, Inc., Deerfield, Il1.).
Theretentiontimesof 1-buteneand 1-MCPwere=1.3and 1.5
min, respectively.
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Fig. 2. Effect of 1-MCP on the titratable acidity (percentage malic acid) of
‘Redchief Delicious' apple puree for fruit harvested 23 Sept. (harvest 1), 30
Sept. (harvest 2), and 6 Oct. (harvest 3) 1999 and stored 3 monthsin air at the
indicated temperature. Treated fruit (closed symbols) wereinitially exposed to
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treatments. Nontreated fruit (open symbols) were not exposed to 1-M CP. Each
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bars represent +1 sp; bars are shown only for nontreated fruit for clarity,
variation for treated fruit was similar.

Results

At harves, fruit of all three harvestshad afirmnessof =71to0 73
N (16 to 16.5 Ib). As storage temperature increased, the rate of
softeningof nontreatedfruitincreased (Fig. 1). Thetimerequiredfor
control fruitto softento 53.4 N (121b), was=18, 25, 35, 55, and 105
dat 20, 15, 10, 5, and 0 °C, respectively. Firmnessof nontreated fruit
declined more rapidly than 1-MCP-treated fruit at all application
frequency/temperature combinations. At 0 °C, theredid not appesr
to be any effect of the frequency of application of 1-MCP on fruit
softening. Trested and nontreated fruit tended to softenmorerapidly
as harvest was ddlayed. For fruit held at 5 °C, there was some
separation of 1-M CPtreatments, withthefruit treated 1/year soften-
ing the most rapidly and those treated 1/week the least rapidly.
Similar resultswere found for the other storage temperatures, with
theseparationof 1-M CPfrequenciesbecoming morepronouncedas
temperatureincreased. For the 1/week 1-M CP treatment, softening
was morerapid at 10 °C than at 0 or 20 °C.

Sincefruit responseto the 1-M CP treatment was afunction of
temperature and 1-M CP application frequency, the interval be-
tween sampling dateswas adj usted asthe study continued to help
optimize depiction of responses. As a result, some treatments
were depleted of fruit sooner than others (Fig. 1). Loss of fruit to

decay alsoreduced fruit numbers, further altering the period over
which data were collected for the various treatment combina-
tions. Although decay datawere not recorded during the experi-
ment, we calculated that 10% to 40% of the fruit stored at 20 °C
werelost todecay by completion of thestudy. Morefruit werelost
to decay in the control chambers than in the 1-M CP treatments,
especialy at higher treatment frequencies (data not presented).
Noinjury that could betracedto 1-M CPapplication wasobserved
on any of the fruit.

Titratable acidity of fruit stored 3 months decreased with
increasing storagetemperaturein arelatively linear fashion (Fig.
2). There was no effect of 1-MCP treatment or treatment fre-
guency ontitratableacidity andfruit of all threeharvest maturities
behaved similarly. The pH of the fruit increased linearly with
temperatureand therewasno effect of 1-M CP or harvest maturity
(data not presented).

Chlorophyll fluorescence was markedly affected by 1-MCP
applicationfor fruit stored at 20 °C, but not for fruit stored at 0 °C
(Fig. 3). At 20 °C, minimal fluorescence (Fo) tended to belowest
throughout storagefor the nontreated fruit and higher for 1-M CP-
treated fruit. Asstoragedurationincreased, Foincreasedfor those
fruit exposed to 1-MCP at frequencies of 1/2 weeks or 1/week.
Maximal fluorescence (Fm) was also lowest for the nontreated
fruitthroughout storageat 20 °C. For 1/year- and 1/month-treated
fruit, Fm declined with increasing storage duration. Fm of fruit
treated 1/2 weeks or 1/week remained relatively stable through-
out storage. Effect of 1-MCP on chlorophyll fluorescence at
lower temperatures diminished astemperature declined (datanot
presented). Despite the strong influence of 1-MCP on Fo and Fm
at 20 °C, the effect of 1-MCP on the quantum efficiency ratio Fv/
Fmwasminimal (Fig.4). Themost effective 1-M CPtreatment (1/
week) resulted in only a slight elevation in Fv/Fm relative to
controls during the later portion of storage. At 0 °C the rate of
decline in Fv/Fm was dower than at 20 °C, but the 1-MCP
treatment had little effect. At temperatures between 0 and 20 °C,
the rate of declinein Fv/Fm was intermediate and there was no
clear effect of 1-MCP (data not presented).

The firmness of nontreated fruit stored in air for 6 months
declined from =73 N at harvest to 44 N (Fig. 5). There was a
significant effect of storage treatment. Those fruit held in CA
storagefor 6 monthswere firmer than nontreated air-stored fruit,
averaging 55 N. Fruit treated with 1-M CP on a 1/week basis, but
held in air for 6 months were firmer than nontreated air- or CA-
stored fruit.

Discussion

The effectiveness of 1-MCP in preventing apple softening is
consistent with previously published reports (Fan et al., 1999;
Rupasinghe et al., 2000; Watkins et al., 2000).

Asreported by Fan et al. (1999), firmness of ‘ Delicious’ fruit
can be maintained at elevated temperatures (24 °C) for extended
periods by even asingle application of 1-MCP. Our datademon-
strate that 1-M CP effectiveness at elevated temperatures can be
improved by frequent applications. The improved effectiveness
of increased frequency of application for al three harvest matu-
rities at temperatures of =5 °C suggest that performance of 1-
MCP could be further enhanced by continuous exposure to 1-
MCP. Indeed, continuous exposure of tomato fruit appears to
completely arrest color devel opment and ripening intomato fruit
(Mir et al., unpublished).

The merits of fruit storage at elevated temperatures, even for
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short storage durations, would include reduced inputs and possibly
reduced costs to the storage operator. ‘Delicious' apples are typi-
caly stored at O °C. In this study, when the resultsin Fig. 1 were
combined in such away that theresultsof therefrigeration alone (0
°C) could be compared with datafor 1/week treatmentsfor storage
temperaturesof 5t0 20 °C, thedatapermit comparison of astandard
storage technique with storage regimes requiring reduced level s of
refrigeration (Fig. 6). It was apparent that 1-MCP maintained or
enhanced firmnessretentionin each case. Thissuggeststhat 1-MCP
application may permit areduction in the reliance on refrigeration
for apple storage.

The interplay between temperature and frequency of 1-MCP
treatment in retarding fruit softening may bear additional scrutiny.
If 1-MCP and reduced temperature both act to reduce the rate of
ethyleneresponses, it would follow that the performance of 1-MCP
in retarding firmness loss may increase as treatment temperature
declines. Inthisstudy, onewould expect, for instance, that theeffect
of the 1/week treatment would be superior a 10 °C in comparison
to 20 °C. However, the reverse was true, suggesting that the
effectiveness of a given concentration of 1-MCP is reduced as
treatment temperaturedeclines. Thisrelationship betweentempera:
tureand theeffectivenessof 1-M CPapplicationsin applehavebeen
further investigated by Mir and Beaudry (2001). It is possible that

the affinity of the ethylene binding site for 1-MCP decreases as
temperature declines. The concentration used in this study, 0.7
pL-L7, isnearthelevel neededtosaturate1-M CPresponseinapples
treated at 20 °C (Rupasinghe et d., 2000). If binding site affinity
declines as temperature decreases, the concentration needed to
achieve maximal firmness retention may increase. A reductionin
effectiveness of the 1/week 1-M CPtreatment at 10 °C might bethe
reason that firmnessloss at thistemperature to be nearly asrapid as
a 20 °C.

The effect of 1-MCP on ripening parameters such as starch
degradation, sugar accumulation, and preservation of titratable
acidity, isnot asdramatic asitseffect on firmness(Fan et al., 1999;
Watkinsetal ., 2000). Inthisstudy, improvement of acidity retention
by 1-M CP through maintenance of pH or titratable acidity, wasnot
discernible. Thesedatasuggest thereare several parametersused as
physiologica measures of ripeness or maturity that are not tightly
linkedwith ethylenebiol ogy. Thismay haveimportantimplications
onfruit quality. Inthecaseof apple, acidity contributesasignificant
portion of taste quality (Jobling, 1993). Since storage at elevated
temperatures permits acidity loss to occur at rates comparable to
nontreated fruit, it is possible that 1-MCP treated fruit held at
elevated temperatures, despite their firmness, may develop an
insipid tasteafter extended storage. Theimpact of 1-MCPonaroma
has been measured (Rupasinghe et al., 2000). The compound
inducesaprofound reductioninaromaproduction at concentrations
>1 pL-L= Thus, flavor may be serioudy compromised by 1-MCP
application.

In addition to the problem posed by acidity loss, the extensive
decay encounteredinthe 10, 15, and 20 °C treatmentsindicatesthat
the limiting factor for storage at elevated temperatures is shifted
from softening to decay development. Since no form of decay
control wasimposed in thisstudy, it is possible that decay may not
be as great a limitation when fungicides or other decay control
techniques are employed.

A lossin greenness and an increase in the yellow coloration of
applesisoften associated with ripening. Indeed, maintenanceof Fm
by the more frequent applications of 1-MCP suggests that chloro-
phyll content waslittle reduced during the storage of thesefruit and
that ethylene plays amagjor role in the degradation of chlorophyll.
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Fig. 5. Effect of air storageat 0 °C (Air), air storage at 0 °C with weekly 0.7
pL-L-* 1-MCP treatments (1-MCP), and CA storage at 0 °C, 1.5 kPa O,,
and 3 kPa CO, (CA) on ‘Redchief Delicious' fruit firmness after 6 months of
storage and after an additional 7 d at 20 °C. Each value represents an average of
10 fruit from each of three harvests. Vertical linesrepresent 1 so. TheLso (p =
0.05) was 4.3 N; firmness values are significantly different if letters above
vertical lines differ.
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Thisissupported by the observation that the background color of 1-
MCP-treated fruit was more green than control fruit (data not
presented). Despite the enhancement of chlorophyll retention, the
risein Fo and the concomitant decline in quantum efficiency of 1-
MCP-treated fruit suggest a significant portion of the loss in
chloroplast function occurslargely independent of ethylene action.

That 1-M CP effectively prevented softening at all temperatures
relative to nontreated controls suggests it has the potentia to have
amajor impact on the cultura aspects of apple storage. However,
storage of 1-MCP-treated apples at elevated temperatures may
negatively impact some aspects of fruit flavor and require some
meansof controlling decay instorage. Incontrast, 1-MCPmay very
well complement and/or reducethe reliance on CA storageand has
the potential to permit storagefor short to intermediate durations (1
to 3 months) at elevated temperatures.
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