
Fig. 2. Overall appearance ratings of okra cultivars Annie Oakley (AO), Blondy (BL),
Burgundy (BU), Clemson Spineless (CL), and Emerald Green (EM) after 4 or 8 days of storage
at 3 or 12.5C. Rating scale used was 1 = highly acceptable, 5 = marginally acceptable, 9 =
unacceptable. Bars represent LSD (P ≤ ≤ 0.05).
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Summary. This paper reports prelimi-
nary results on the postharvest quality
and storage characteristics of several
scab-resistant apple cultivars. ‘Nova-
spy’, ‘Moira’, ‘Priscilla’, ‘Novamac’,
‘Nova Easygro’, ‘Prima’, and ‘Mac-
free’ were stored for 3 months at 3C
in air or standard controlled atmo-
sphere (CA; 4.5% CO2 and 2.5% O2)
in 1990 and for 4 months at 0C in
air, standard CA, or low-O, CA (LO;
1.5% CO2 and 1.5% O2) in 1991.
‘Moira’, ‘Prima’, and ‘Priscilla’ had
very limited storage life. ‘Moira’ was
susceptible to bitterpit, scald, core
browning, vascular breakdown, and
storage rots. ‘Prima’ was susceptible
to core browning and vascular break-
down and had a high incidence of
storage rots in air storage. ‘Priscilla’
had several defects as a result of insect
damage and was susceptible to bitter-
pit and scald. ‘Novaspy’ stored very
well and had virtually no physiologi-
cal disorders or storage rots. ‘Nova-
mac, ‘Nova Easygro’, and ‘Macfree’
developed few storage rots and were
essentially at the end of their storage
life after 4 months, regardless of
storage conditions. Firmness in ‘Nova-
mac’ decreased substantially in all
storage atmospheres, while ‘Nova
Easygro’ and ‘Macfree’ were suscep-
tible to core browning and scald.

A pple scab caused by Venturia
inaequalis (Cke.) Wint. is one
of the most serious diseases

affecting apples grown in northeastern
North America (Warner, 1990). The
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B4N 1J5, Canada.
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disease is managed mainly by repeated
applications of fungicide sprays
throughout  the growing season
(Dayton et al., 1977). However, due
to concern about possible human
health risks and undesirable environ-
mental effects associated with the use
of synthetic chemicals, spray programs
and fungicide residues are becoming
increasingly unacceptable to the pub-
lic. Cultivars resistant to apple scab can
eliminate the repeated application of
fungicides required for scab control
and thus reduce the use of synthetic
chemicals in apple production.

Several scab-resistant cultivars
have been released in recent years for
possible commercial production. This
study was designed to evaluate post-
harvest quality and storage character-
istics of scab-resistant cultivars grown
in the Annapolis Valley, Nova Scotia.
This paper reports preliminary results
after 2 years of study involving apple
cultivars Novaspy, Moira, Priscilla,
Novamac, Nova Easygro, Prima, and
Macfree.

Materials and Methods
‘Priscilla’, ‘Moira’, ‘Nova Easy-

gro’, ‘Prima’, and ‘Macfree’ were
harvested in 1990 and 1991 from an
orchard of S-year-old trees on M.7
rootstock (Orchard 1). ‘Novaspy’ was
harvested in 1990 and 1991 from 6-
year-old trees on BA rootstock (Or-
chard 2). ‘Novamac’ was harvested
from Orchard 1 in 1990 and from
Orchard 2 in 1991. ‘Nova Easygro’,
‘Prima’, and ‘Macfree’ also were har-
vested in 1991 from 7- to 10-year-old
trees on BA rootstock (Orchard 2).

Apples were precooled in vented
plastic hampers to 3C in 1990 and 0C
in 1991 within 12 h of harvest. One
10-kg sample per cultivar and orchard
was placed randomly in standard con-
trolled-atmosphere (CA) chambers, in
which O2 was reduced to 2.5% by N2

flushing within 24 h of harvest and
CO2 was maintained at 4.5% with lime
scrubbers. Another 10-kg sample per
cultivar and orchard was placed in a
38-µm perforated polyethylene liner
in air storage to maintain relative hu-
midities of 94% to 96% without modi-
fication of the surrounding O2 or CO2

levels. In 1991 a polyethylene liner
was placed only on top of the hamper
containing the sample, and another
10-kg sample per cultivar and orchard
was placed in a low-O2 (LO) CA of
1.5% O2 and 1.5% CO2. Samples from

each treatment were removed after 3
months of storage in 1990-91 and
after 4 months ofstorage in 1991-92.

Apple maturity was evaluated on
a 10-fruit subsample at harvest using a
starch index (Priest and Lougheed,
1981) and the internal ethylene con-
centration as determined by removing
a 1 -ml gas sample from the apple core
and injecting it into a Carle 211 gas
chromatograph (Saltveit, 1982). The
quality of the apples was evaluated at
harvest and after storage. Fruit firm-
ness was determined on a 10-fruit
subsample using a Ballauf penetrom-
eter (Ballauf, Maryland) (11.1-mm-
diameter tip) to test opposite sides of
the fruit after the peel had been re-
moved. The resulting juice was mea-
sured for soluble solids concentration
(SSC) using a hand-held, tempera-
ture-compensated refractometer
(Atago, Japan). Titratable acids content
(TA) was measured by titrating a 2-ml
juice sample with 0.1 N NaOH using a
semiautomatic Multi-Dosimat E-415
titrator (Metrohm AG, Herisau, Swit-
zerland) to an endpoint of pH 8.1, as
indicated by phenolphthalein. After
storage, the incidence ofphysiological
disorders and diseases were evaluated
and the percentage ofmarketable apples
per sample was determined after 4
months of storage in 1991.

Selected poststorage data were
tested using analysis ofvariance proce-
dures from Genstat 5 (Payne, 1987).
Cultivar and storage atmosphere were
the factors, as the effects of orchard
were not estimated. Although this
study was conducted for 2 years, only
data from apples harvested at opti-
mum maturity for storage (1991) are
presented in this report, with mention
of some important points from the
1990 season. For statistically analyzed
data, only sources of variation that
were significant at P < 0.05 are dis-
cussed.

Results and Discussion
Maturity data at harvest were not

analyzed statistically and are presented
in Table 1, while poststorage data are
shown in Tables 2-4. Poststorage data
on scald (Table 3) and marketable
apples (Table 4) were analyzed statis-
tically, but data on the other physi-
ological disorders (Table 3) and stor-
age rots (Table 4) were not analyzed
statistically because of their low inci-
dence. Defects and bitterpit (Table 4)
are not storage-related problems and

thus have not been analyzed statisti-
cally. High variability due to low rep-
lication can make some statistical
analyses difficult to interpret. For ex-
ample, due to the high SEM for percent
marketable apples, there was no sig-
nificant difference between no mar-
ketable ‘Moira’ apples after air storage
and 76.6% marketable apples after LO
storage (Table 4).

‘Novaspy’
Preclimacteric fruit (internal C2H4

< 1 ppm and starch index <4) with 70%
to 85% red blush over greenish-yellow
ground color were harvested in early
Oct. 1991 (Table 1). After 4 months
of air storage at 0C, ‘Novaspy’ had a
3.7% weight loss and reduction in
firmness of 39.9 N (Tables 1 and 2).
SSC increased 1.1% and TA decreased
174 mg/100 ml of juice after air stor-
age (Tables 1 and 2). CA storage re-
duced losses in firmness and weight
but had no significant effects on SSC
or TA (Table 2).

Although there was a slight inci-
dence of scald in LO, ‘Novaspy’ did
not develop internal physiological
disorders, regardless of the storage at-
mosphere (Table 3). Bitterpit was not
a problem in ‘Novaspy’, nor were
storage rots (Table 4). The low inci-
dence ofdefects in the apples (Table 4)
may have reduced their susceptibility
to pathogens.

‘Novaspy’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). Al-
though the initial firmness, SSC, and
TA were lower than those in 1991 as a
result of advanced maturity, similar
patterns were observed. CA reduced
losses in firmness and weight, and no
physiological disorders or storage rots
developed, regardless of the storage
atmosphere.

The percentage of marketable
apples after 4 months of storage at 0C
in 1991 was not influenced by the
storage atmosphere (Table 4). ‘Nova-
spy’ stored very well in all atmospheres,
with an average of 92.4% of the apples
being marketable. A similar storage
life has been reported in Ontario for
‘Novaspy’, 4 to 5 months at 1 C (Wilson
et al., 1991).

‘Moira’
Preclimacteric fruit with 40% to

80% red blush over a greenish-yellow
ground color were harvested in mid-
Sept. 1991 (Table 1). After 4 months
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of air storage at 0C, ‘Moira’ had a
4.7% weight loss and reduction in
firmness of 41.5 N (Tables 1 and 2).
SSC remained at 11.0%, while TA
decreased 730 mg/100 ml of juice
after air storage (Tables 1 and 2). CA
storage reduced losses in firmness and
weight; LO reduced loss of TA (Table
2).

After 4 months of air storage at
0C, all ‘Moira’ apples had developed
scald, and core browning and vascular
breakdown were major problems
(Table 3). CA storage reduced the
incidence of scald, and LO may also
reduce the incidence ofvascular break-
down; however, storage in standard
CA may increase the incidence of
vascular breakdown. Core browning
was observed in all storage atmospheres
but may be reduced in air storage.
Some bitterpit also was observed (Table
4).

Storage rots were observed in all
storage atmospheres and may be sup-
pressed by CA storage (Table 4). De-
fects generally occurred in 19.8% of
the apples as a result of insect damage,
which provides openings for patho-
gens.

‘Moira’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). As a
result of advanced maturity, the initial
firmness, SSC, and TA were lower
than those in 1991, and senescent
breakdown developed in air storage
(2 3.7%). A lower incidence of scald in
1990 (14.7% in air storage) than in
1991 also may have been a result of
more-mature apples. As with 1991
results, CA reduced firmness loss and
increased the incidence of core brown-
ing. Storage rots did not develop in
1990 despite increased susceptibility
associated with mature apples. How-

Table 1. Harvest date and firmness, soluble solids concentration (SSC), titratable acidity (TA),
starch index, and internal ethylene for each apple cultivar at harvest in 1991.

zlbs = N/4.5.
yEvaluated on a scale of 1 to 9; 1 = immature, 9 = mature.

ever, there may have been a lower
incidence of defects in 1990 than in
1991, as the presence of defects was
not noted in 1990.

Sensory evaluat ions  on the
postclimacteric ‘Moira’ apples were
conducted at harvest in 1990 (Sanford
et al., 1990). Although ‘McIntosh’
control apples were rated more accept-
able overall than ‘Moira’ apples, there
were no significant differences in the
appearance, color, and texture of
‘McIntosh’ and ‘Moira’ apples.

No ‘Moira’ apples were market-
able after 4 months of air storage at 0C
(Table 4) mainly due to scald and
storage rots. CA storage may increase
the incidence of core browning and
vascular breakdown.

Although the storage life of
‘Moira’ apples grown in Ontario is 2 to
3 months at 1 to 2C (Warner and
Potter, 1988; Wilson et al., 1991), the
results of this study suggest that ‘Moira’
apples are unacceptable for market af-
ter 4 months at 0C or after 3 months
at 3C. CA did not extend the storage
life of ‘Moira’, as it does for many
other apple cultivars.

‘Priscilla’
Fruit with 60% to 80% dark-red

blush over light-yellow ground color
were harvested at the onset of the
climacteric period in early Oct. 1991
(Table 1). After 4 months of air stor-
age at 0C, ‘Priscilla’ had a 6.7% weight
loss and reduction in firmness of 16.4
N (Tables 1 and 2). SSC increased
1.6% and TA decreased 167 mg/100

Table 2. Effect of storage at 0C for 4 months in 1991 on firmness, soluble solids concentration (SSC), and titratable aicidity (TA) for various apple
cultivars.

zlbs = N/4.5.
yWeight loss data were analyzed after angular transformation, angles (°) = sin-1 Ö%/100 but are presented in the table as percentages.
xSCA = standard controlled atmosphere; LO = low O 2.
wTo compare effects of cultivar × storage interaction, SEM is presented in angles for weight loss data.
*,**,***Significant at P < 0.05, 0.01, or 0.001, respectively, where C = cultivar and S = storage.
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ml of juice after air storage (Tables 1
and 2). CA storage reduced weight
loss, while firmness loss was reduced
by standard CA storage, but not by LO
(Table 2).

No internal physiological disor-
ders or storage rots developed in
‘Priscilla’ apples, regardless of the stor-
age atmosphere or the high incidence
of defects (Tables 3 and 4). Some
bitterpit was observed (Table 4), and
the development of scald, which oc-
curred in air and standard CA storage,
may be controlled by LO (Table 3).

‘Priscilla’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). These
apples were more mature than those
harvested in 1991, but the firmness

and SSC were similar. Less weight loss
occurred in air storage than in 1991,
and core browning developed (30.2%).
Standard CA did not reduce the
amount of weight loss but did control
core browning. As in 1991, there were
no storage rots.

Sensory evaluat ions  on the
postclimacteric ‘Priscilla’ apples were
conducted at harvest in 1990 (Sanford
et al., 1990). Although ‘Cortland’
control apples were rated more accept-
able overall than ‘Priscilla’ apples, there
were no significant differences in ap-
pearance. Color was rated higher for
‘Priscilla’ than for ‘Cortland’, while
flavor and texture were rated higher
for ‘Cortland’ than for ‘Priscilla’. These
results are similar to other studies in

which ‘Priscilla’ apples received low
taste ratings and were considered un-
acceptable to consumers (Durner et
al., 1992; Grauslund, 1986).

In this study nearly half the
‘Priscilla’ apples stored were unaccept-
able for market after 4 months at 0C
(Table 4) or after 3 months at 3C (data
not shown). Although some apples
were termed unmarketable in 1991
due to their small size, this did not
influence the overall assessment of
storage characteristics. CA did not ex-
tend the storage life of ‘Priscilla’, as it
does for many other apple cultivars.
The storage life of ‘Priscilla’ apples
grown in Ontario is 3 to 4 months at
1C (Wilson et al., 1991) and 2 to 3
months in the northeastern United

Table 3. Effect of storage at 0C for 4 months in 1991 on the incidence of physiological disorders for various apple cultivars.

Significance
zScald was analyzed after angular transformation, angles (°) = sin -1 Ö%/100  but arepresented in the table as percentages.
ySCA = standard controlled atmosphere; LO = low O2.
xTo compare effects of cultivar × storage interaction, SEM is in angles.
*,**Significant at P < 0.05 or 0.01, respectively, where C = cultivar and S = storage.

Table 4. Effect of storage at 0C for 4 months in 1991 on the incidence of storage rots, complete rots, marketable apples, defects, and bitterpit. All data
are shown as percentages.

zThe majority of storage rots were caused by Botrytis cinerea, Penicillium expansum, and Gloeosporium perennans.
yMarketable apples was based on external appearance.
xSCA = standard controlled atmosphere; LO = low O2.
wTo compare the effects of cultivar × storage interaction, SEM is in angles.
NSNonsignificant, where C = cultivar and S = storage.
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States (Costante et al., 1990). Con-
versely, Grauslund (1986) found
‘Priscilla’ apples in Denmark to have a
very limited storage life. Crowe (1988)
did not recommend ‘Priscilla’ for Nova
Scotia and New Brunswick, as its color
tends to be dull, fruit size small, and
quality only fair.

‘Novamac’
Fruit with 70% to 90% red blush

or striped over a light greenish-yellow
ground color were in the climacteric
stage when harvested in late Sept. 1991
(Table 1). After 4 months of air stor-
age at 0C, ‘Novamac’ had a 3.7% weight
loss and reduction in firmness of 27.2
N (Tables 1 and 2). SSC increased
1.4% and TA decreased 412 mg/100
ml of juice after air storage (Tables 1
and 2). CA storage reduced weight
loss but had no significant effect on
firmness or SSC. Storage in LO main-
tained TA, whereas TA in air- and
standard CA-stored apples decreased
to similar levels.

Although some core browning
developed in LO storage, no other
physiological disorders were observed
in ‘Novamac’ (Table 3). There were
few problems with the development of
storage rots, and only a few apples had
defects (Table 4).

‘Novamac’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). Due
to increased maturity, the initial firm-
ness, SSC, and TA were lower than
those in 1991. CA reduced firmness
loss but had no significant effect on
SSC or TA. No physiological disorders
developed in 1990, including core
browning, probably due to the higher
storage temperature. The development
of core browning in the 1991 sample
suggests possible sensitivity to low
temperature. Storage rots were not a
major problem in 1990, despite in-
creased susceptibility associated with
mature apples.

Sensory evaluat ions  on the
postclimacteric ‘Novamac’ apples were
conducted at harvest in 1990 (Sanford
et al., 1990). Although ‘McIntosh’
control apples were rated higher in
appearance than ‘Novamac’ apples,
there were no significant differences in
color, flavor, texture, or overall ac-
ceptability.

The percentage of marketable
apples after 4 months of storage at 0C
(1991) was not influenced significantly
by the storage atmosphere (Table 4).

356

‘Novamac’ stored well in all atmo-
spheres, with the exception of core
browning development in LO. The
firmness of ‘Novamac’ was very low in
all storage atmospheres (Table 2). A
similar storage life has been reported
in Ontario for ‘Novamac’, 3 to 4
months at 1C (Wilson et al., 1991),
whereas Costante et al. (1990) re-
ported a storage life of 2 to 3 months
in the northeastern United States.
‘Novamac’ has potential as a com-
mercial cultivar in Nova Scotia and
New Brunswick (Crowe, 1988),
Ontario (Wilson et al., 1991), and
Poland (A. Czynczyk, personal com-
munication).

‘Nova Easygro’
Preclimacteric fruit with 80% to

99% striped or dull-red blush over a
greenish-yellow ground color were
harvested in early Oct. 1991 (Table 1).
After 4 months of air storage at 0C,
‘Nova Easygro’ had a 3.8% weight loss
and reduction in firmness of 25.4 N
(Tables 1 and 2). SSC increased 0.6%
and the low initial TA decreased 459
mg/100 ml of juice after air storage,
resulting in very low-acid apples (Tables
1 and 2). CA storage reduced losses in
weight, firmness, and TA but had no
significant effect on SSC.

‘Nova Easygro’ had a slight inci-
dence of bitterpit, and core browning
developed in air and standard CA stor-
age (Table 3). Scald was observed in
air-stored apples, but CA storage may
reduce its incidence. Storage rots were
not a major problem, despite the
presence of defects (Table 4).

‘Nova Easygro’ was harvested
postclimacteric in 1990 and stored for
3 months at 3C (data not shown). As
a result of increased maturity, the ini-
tial firmness and TA were lower than
those in 1991. CA reduced firmness
loss but had no significant effect on
SSC or TA. Scald developed in air-
stored apples but was reduced by stan-
dard CA storage. No other physiologi-
cal disorder developed in ‘Nova Easy-
gro’, and storage rots were not a major
problem in 1990.

Sensory evaluat ions  on the
postclimacteric ‘Nova Easygro’ apples
were conducted at harvest in 1990
(Sanford et al., 1990). Although there
were no significant differences in color
or appearance of ‘Cortland’ and ‘Nova
Easygro’ apples, ‘Cortland’ was rated
higher in flavor, texture, and overall
acceptability.

The percentage of marketable
apples after 4 months of storage at 0C
in 1991 was not influenced signifi-
cantly by the storage atmosphere
(Table 4). ‘Nova Easygro’ stored
moderately well in all atmospheres;
67.3% of the apples were marketable
after storage. Similarly, ‘Nova Easy-
gro’ in Ontario has a storage life of2 to
3 months at 1C (Wilson et al., 1991)
and 3 months in the northeastern
United States (Costante et al., 1990).
‘Nova Easygro’ has been recom-
mended for home garden use in
Ontario (Wilson et al., 1991) and for
commercial trial and home garden use
in Nova Scotia and New Brunswick
(Crowe, 1988).

‘Prima’
Fruit-with 40% to 70% bright-red

blush on a yellow ground color were
harvested at the onset of the climac-
teric period in late Sept. 1991 (Table
1). After 4 months of air storage at 0C,
‘Prima’ had a 5.1% weight loss and
reduction in firmness of 36.8 N (Tables
1 and 2). TA decreased 181 mg/100
ml of juice after air storage, and SSC
remained similar to initial SSC (Tables
1 and 2). CA storage reduced firmness
loss in ‘Prima’ apples but had no sig-
nificant effects on SSC or TA. Weight
loss was reduced by storage in LO, but
not by storage in standard CA.

‘Prima’ apples developed core
browning, vascular breakdown, and
scald, and standard CA storage re-
sulted in the development of internal
browning (Table 3). ‘Prima’ grown in
Ireland has consistently developed in-
ternal corking symptoms associated
with low B levels (Hennerty, 1983).

Although there was only a slight
incidence of bitterpit in 1991 (Table
4), 25.9% of ‘Prima’ apples had bitterpit
in 1990. This finding corresponds to
previous reports of large ‘Prima’ fruit
in Oregon often developing bitterpit
(Stebbins, 1990).

‘Prima’ had a high incidence of
both storage rots and complete rots,
which may be suppressed in CA (Table
4). Reducing the number of apples
with defects (Table 4) could reduce
the amount of storage rot.

‘Prima’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). As a
result of increased maturity, the initial
firmness, SSC, and TA were lower
than those in 1991. Other than a 9.3%
incidence of scald in air-stored ‘Prima’,
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no physiological disorders developed.
The higher incidence of core brown-
ing at 0C (1991) than at 3C (1990)
suggests possible sensitivity to low
temperature. CA reduced firmness loss
in 1990 but had no significant effects
on weight loss, SSC, or TA. There was
a lower incidence of storage rots in
1990 (1% to 4%) than in 1991 (Table
4), despite increased susceptibility as-
sociated with mature apples. How-
ever, there may have been a lower
incidence of defects in 1990 than in
1991, as the presence of defects was
not noted in 1990.

Sensory evaluat ions  on the
postclimacteric ‘Prima’ apples were
conducted at harvest in 1990 (Sanford
et al., 1990). ‘McIntosh’ control apples
were rated higher than ‘Prima’ for
color, appearance, flavor, texture, and
overall acceptability. However, an un-
trained sensory panel in New Jersey
rated ‘Prima’ as having good to very
good overall quality at harvest, and in
a separate, blind, random preference
test, ‘Prima’ received higher prefer-
ence ratings than ‘Priscilla’ (Durner et
al., 1992).

This study confirms previous re-
ports that describe ‘Prima’ as having a
short storage life (1 to 2 months) at 0
to 2C (Costante et al., 1990; Craig
and Whitman, 1989; Dayton et al.,
1970, 1977; Hennerty, 1983; Korban
and Morrisey, 1989; Stebbins, 1990;
Warner and Potter, 1988; Wilson et
al., 1991). After 4 months of air stor-
age at 0C, only one-third of the ‘Prima’
apples were marketable (Table 4). This
was mostly due to the development of
storage rots (Table 4). CA storage may
reduce the incidence of storage rots
and thus increase the percentage of
marketable apples. However, core
browning became a greater problem
in CA storage.

‘Macfree’
Fruit with 50% to 80% medium to

dark-red blush on a greenish-yellow
ground color were harvested at the
onset of the climacteric period in early
Oct. 1991 (Table 1). After 4 months
of air storage at 0C, ‘Macfree’ had a
5.2% weight loss and reduction in
firmness of 28.5 N (Tables 1 and 2).
SSC increased 0.6% and TA decreased
302 mg/100 ml of juice after air stor-
age (Tables 1 and 2). CA storage re-
duced losses in firmness and weight
but had no significant effects on SSC
or TA.

Core browning developed in all
storage atmospheres, especially stan-
dard CA storage. A low incidence of
scald and storage rots developed re-
gardless of the storage atmosphere,
and defects were present in 16.8% of
the apples.

‘Macfree’ was harvested postcli-
macteric in 1990 and stored for 3
months at 3C (data not shown). As a
result of advanced maturity, initial
firmness, SSC, and TA were lower
than those in 1991. There was a low
incidence of storage rots in all storage
atmospheres, similar to 1991 (Table
4). Scald (11.3%) and core browning
(19.1%) developed in air storage but
were controlled in standard CA.
Grauslund (1986) reported the devel-
opment of core flush on ‘Macfree’
apples after long-term storage at 3 to
4C.

Sensory evaluat ions  on the
postclimacteric ‘Macfree’ apples were
conducted at harvest in 1990 (Sanford
et al., 1990). Although ‘Cortland’
control apples were rated higher in
flavor and were more acceptable over-
all than ‘Macfree’ apples, there were
no significant differences in appearance,
color, and texture.

In our study, CA did not signifi-
cantly increase the percentage of mar-
ketable apples after storage (Table 4)
and did not extend the storage life of
‘Macfree’, as it does for many other
apple cultivars. Similarly, ‘Macfree’ in
Ontario has a storage life of 2 to 3
months at 0 to 2C (Spangelo et al.,
1974; Warner and Potter, 1988; Wil-
son et al., 1991) and 3 months in the
northeastern United States. Craig and
Whitman (1989) stored ‘Macfree’
grown in the Annapolis Valley for 3 to
4 months at 0C.

S u m m a r y
The preliminary results of this

storage study suggest:

‘Novaspy’
žRecommended for long-term
storage (>4 months)

žNo evidence of low-tempera-
ture sensitivity

žNo major storage disorders
žStandard CA and low-O2 C A
improve firmness retention and
may reduce weight loss

‘Moira’
žRecommended for short-term
storage (<2 months)

žNo evidence of low-tempera-
ture sensitivity

žSusceptible to vascular break-
down, core browning, scald,
and bitterpit

žStandard CA and low-O2 C A
reduce scald but may increase
incidence of core browning and
vascular breakdown

žSusceptible to storage rots,
which may be controlled by
standard CA or low-O2 CA

žStandard CA and low-O2 C A
may improve firmness reten-
tion and reduce weight loss

‘Priscilla’
žRecommended for short-term
storage (<2 months)

žNo evidence of low-tempera-
ture sensitivity
žSusceptible to bitterpit and
some scald, which may be con-
trolled by low-O2 CA

žStandard CA may improve
firmness retention and reduce
weight loss

‘Novamac’
žMay be acceptable for midterm
storage ( ≤ 4 months)

žEvidence of low-temperature
sensitivity

žMay be susceptible to core
browning

žStandard CA and low-O2 C A
may reduce weight loss

‘Nova Easygro’
žMay be acceptable for midterm
storage (14 months)

žNo evidence of low-tempera-
ture sensitivity

žSome scald susceptibility, which
can be controlled in standard
CA or low-O2 CA

žSusceptible to core browning
and may be susceptible to
bitterpit

žStandard CA and low-O2 C A
may improve firmness reten-
tion and reduce weight loss and
TA loss

‘Prima’
Recommended for short-term
storage (<2 months)

žEvidence of low-temperature
susceptibility

žSusceptible to core browning
and may be susceptible to vas-
cular  breakdown,  internal
browning, scald, and bitterpit
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žSusceptible to storage rots,
which may be controlled by
standard CA or low-O2 CA

žStandard CA and low-O2 C A
may improve firmness reten-
tion

žWeight loss may be reduced by
low-O 2 C A

‘Macfree’
žMay be acceptable for midterm
storage  ( ≤ 4 months)

žNo evidence of low-tempera-
ture sensitivity

žMay be susceptible to core
browning and scald

žStandard CA and low-O2 C A
may improve firmness reten-
tion and reduce weight loss

Our research suggests there are
different responses to standard CA and
LO. It is not clear if standard CA or LO
is preferred or undesirable for each
cultivar. Longer-term storage (>4
months) experiments may clarify the
response of these cultivars to standard
CA and LO.
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Rapid Testing of
Films for
Modif ied
Atmosphere
Packages Using
an Active
Modification

Kenneth A. Corey2

Additional index words. vacuum,
infusion, steady state O2 concentra-
tion, muskmelon, cabbage, tomato

Summary. It frequently takes days or
weeks to determine if desired steady
state concentrations of gases are
reached in modified atmosphere pack-
ages of produce when atmospheres are
modified by commodity respiration.
We present a rapid method for testing
packaging films and designs with ac-
tive modification of atmospheres by
vacuum and N2 infusion. Reduction
of O2 concentration in produce pack-
ages and commodity tissues was com-
pleted within minutes by using several
cycles of vacuum and N2 infusion
treatments. Produce packages were
placed in a desiccator and subjected to
repeated partial vacuums, each fol-
lowed by infusion of N2 to one atmo-
sphere. Resulting O2 concentrations in
packages (polyethylene + ethyl-vinyl
acetate additive) were dependent on
the extent of vacuum and the number
of evacuations. Within packages of to-
matoes, O2 concentrations of 8.3% ±
0.5% and 5.0% ± 1.0% were measured
following two evacuations at 460 and
360 mm Hg, respectively. Three
evacuations of cabbage and musk-
melon packages at 460 mm Hg re-
sulted in O2 concentrations of 5.1% ±
1.4% and 5.0% ± 1.4%, respectively.
Maintenance or deviation from ac-
tively established atmospheres by the
film was determined within hours.
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