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ABSTRACT: Registrations of crop, fruit size and fruit flavour in the plum cultivar testing programmes in Norway indi-
cated that Souffriau, Avalon, Reeves, Excalibur and Jubileum could be valuable cultivars in commercial plum production
in Norway. Norwegian plums are aimed at the fresh fruit market; hence, shelf life of new cultivars is very important. In
short-term storage experiments the cultivars were compared to the standard cultivar Victoria. No significant changes
in the content of soluble solids during storage were found in the cultivars tested; however, titratable acidity decreased,
and as a consequence, the soluble solids:titratable acidity ratio increased. Nevertheless, these changes did not make the
fruit unacceptable to consumers. The most important quality factor limiting shelf life of the plum cultivars tested was
softening. Based on postharvest changes in several quality factors and susceptibility to fungal decay, Reeves had longest

shelf life, Avalon, Jubileum and Victoria medium, while Excalibur and Souffriau had rather short shelf life.
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Norwegian plum production is aimed at the fresh
fruit market. Though plums can be stored commer-
cially in CA-storage (STREIF 1989) and ultra low
oxygen (ULO) storage (GoLias 2007), this is not
common practice in Norway. However, during short
time storage and transportation the plums are kept
at low temperatures (2—4°C).

Major commercial plum cultivars grown in Norway
include Edda, Opal, Mallard and Victoria (VANGDAL
2000). The early ripening cultivar Opal is dominant,
and there is space in the market for large fruited
late ripening cultivars. Victoria is popular among
the consumers; however, these plums are highly
susceptible to gumosis, a physiological disorder of
the fruit flesh. No solution to this problem has been
found, and the growers are looking for new cultivars
to replace Victoria in Norwegian plum orchards.

The market wants plums of a reasonably good
quality for at least three weeks after harvest. It is a
well-known problem that the temperature and hu-
midity is suboptimal during marketing with chang-
ing temperatures and rather dry air in the shops.
The losses during marketing of plums in Norway has
been estimated to be close to 20% (VANGDAL 2003).
In addition, the consumers wish the plums to keep
fresh for several days after the purchase.

The major factors limiting the shelf life of plums
are softening (overripe), fungal decay, reduced fla-
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vour quality (too low acidity, no aroma) and less
favourable appearance (lack of freshness, shriveling
or bruising). New cultivars should have fruits that
stay firm during marketing, are resistant to fungal
diseases and have a fresh appearance; they should
also have good flavour even after several weeks in
the marketing chain.

This paper presents results from a short-term
storage of new plum cultivars simulating the time
needed from harvest to consumption. The results
show how these cultivars perform in the marketing
chain, and which cultivars need special attention to
avoid large losses during marketing.

MATERIALS AND METHODS
Cultivars

The following cultivars were tested:

— Reine Claude Souffriau (BELMANS 1986) ripens
approximately 7 days after Opal. Rounded, dark
blue, medium sized fruits with a good appearance.
The fruit quality is good.

— Avalon (JoNEs 1989) is a medium to late ripening
cultivar; approximately 7 days earlier than Victo-
ria. The plums have excellent taste, however, the
fruit skin is thin, and bruising may be a problem
during marketing.
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— Excalibur (JoNEs 1989) is an introduction from
the same breeding programme as Avalon. It ripens
approximately two days before Victoria. The taste
quality is excellent; the plums have medium con-
tent of soluble solids and low content of titratable
acidity, and a very good aroma.

— Reeves (ANDERSON, OKIE 1997) is a Canadian
cultivar ripening at the same time as Victoria. The
plums are firm, low in sugar and acidity; they have
a pleasant, though not very strong, taste and a very
attractive appearance.

— Jubileum (WERLEMARK 1995) is a Swedish cultivar
ripening one week later than Victoria. The plums
are large, oval and dark blue; they are susceptible
to preharvest fungal diseases.

Orchard management and harvesting

The plums were grown in the experimental orchard
at Bioforsk Vest Ullensvang in the fjord districts of
Western Norway. The trees were five to eight year old
grafted on St. Julien A rootstock. Planting distance
was 2 x 4.5 m and trees were pruned with a vertical
axis. A 1-m wide stripe along the tree rows was kept
free of weeds by herbicides. The orchard manage-
ment (fertilizing, plant protection etc.) was made
according to standard programmes in the area. Fruit
thinning was done by hand when necessary in June
(6 weeks after petal fall) to approximately 20 fruitlets
per 1 m of branch.

The fruits were picked when at least half of the
fruit had reached optimum harvest date. All fruits
were picked and divided into three samples accord-
ing to the degree of maturity: slightly ripe, tree ripe
(optimum harvest date) and well ripe.

Fruit quality analyses and storage

18 subsamples (each of 10 fruits) from each degree
of ripening were brought to the laboratory for analyses

or storage. 3 samples of each degree of ripening were
analyzed at the day of harvest, 6 samples were stored at
20°C with RH 75% + 5%, while 9 samples were stored at
4°C with 92% + 5% RH. After 1, 2 and 3 weeks 3 sam-
ples from each degree of ripening and temperature
were removed from storage for quality analyses (after
three weeks only the samples from 4°C were used).

Ground colour was assessed according to a scale
from 1 (= green) to 9 (= yellow) and cover colour ac-
cording to a scale from 0 (= no cover colour) to 100
(= total red/blue cover colour). Firmness was meas-
ured by the Durofel Instrument (Copa Technolgie
S.S./CTIFL, France) with a 0.25 cm? plunger (PLAN-
TON 1992). Soluble solids content was measured by
the refractometer, and titratable acidity by titration
of diluted juice samples with NaOH-solution to
pH = 8.1. When samples were removed from the
storage, the number of fruits decayed due to fungal
diseases was registered.

Statistical analyses

Statistical analyses were carried out using the soft-
ware Minitab® and the statistical package of Excel®.

RESULTS AND DISCUSSION
Fruit quality

Soluble solids content ranged from 11.9% in Reeves
to 15.8% in Avalon (Table 1). In a study of consum-
ers’ acceptance, VANGDAL (1980) found that plums
with less than 12.5% soluble solids were not accept-
able for most of the consumers. The soluble solids
content of Reeves was below this limit. However, as
Reeves had low titratable acidity, the soluble solids:
titratable acidity ratio was higher in this cultivar than
of most other cultivars tested. Avalon had the high-
est content of titratable acidity and the lowest ratio.
Avalon plums are known as very tasty. However,

Table 1. Content of soluble solids and titratable acidity, soluble solids:titratable acidity ratio and firmness in six plum cultivars.
Average of three years, three maturity stages and three replicates

Cultivar Soluble solids content Titratable acidity Soluble solids:titratable Firmness
(%) (%) acidity (Durofel units)

Souffriau 13.0 ab* 1.14 ¢ 11.4 63 c
Avalon 158 ¢ 230e 6.9 65 bc
Excalibur 135¢ 0.95b 14.2 54 a
Reeves 119a 0.90 a 13.2 60 b
Jubileum 13.4 bc 1.15¢ 11.7 53a
Victoria 15.1d 1.43d 10.6 53a
P-value 0.0011 < 0.0001 - 0.0002

*Means followed by the same letter within a column are not significantly different (P > 0.05)
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Fig. 1. Content of soluble solids and
titratable acidity and the soluble
solids:titratable acidity ratio in

plums during storage at 4°C. Aver-
age of six cultivars, three stages
of ripening, three years and three
replicates
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Table 2. Discarded fruit (%) due to fungal attacks after 2 weeks in storage at 4°C. Average of three years and three replicates

Stage of ripening at harvest

Cultivar Average
slightly ripe tree ripe well ripe

Avalon 1 6 13 a* 7

Reeves 2 6 17 a

Victoria 1 20 43 bc 21

Jubileum 11 28 37 ab 25

Souffriau 5 12 65 bc 27

Excalibur 8 28 68 ¢ 34

P-value (0.06) (0.06) 0.001 (0.12)

*Means followed by the same letter within a column are not significantly different (P > 0.05)

when slightly ripe, the consumers found such plums
too acid (data not shown).

The content of soluble solids did not change sig-
nificantly during storage (Fig. 1). VANGDAL (1981)
found that the soluble solids content increased in
Mallard plums during storage. Significant changes
in soluble solids content were not observed in any
of the cultivars tested. The decrease in titratable
acidity was in the range of 15—-20% from slightly ripe
to well ripe plums. A similar decrease was observed
after 2 weeks of storage (Fig. 1). The decrease (in %)
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in plums high in titratable acidity (Avalon) was not
significantly different from the decrease in Excalibur
and Reeves plums. The soluble solids:titratable acid-
ity ratio increased on average from 10.2 to 11.9 after
2 weeks of storage. The changes in soluble solids and
titratable acidity did not change to such an extent to
limit the shelf life of the cultivars tested.

The fruits of Excalibur were more aromatic than
the fruits of the other cultivars. The volatile aroma
components evaporated and disappeared during
storage. This may limit the shelf life of this cultivar.

O Slightly ripe M Treeripe O Well ripe
70 +
B 50
=

é 40
2 30 -
Eo

= 10 4 Fig. 2. Firmness of Souffriau plums

harvested at three different stages

0 of ripening and stored at 4°C for

0 1 2 two weeks. Average of three years

Weeks and three replicates

HORT. SCI. (PRAGUE), 34, 2007 (3): 91-95

93



Fig. 3. Relative firmness of Reeves
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During storage an increase in red or blue cover
colour and a shift from green to yellow ground colour
was observed. The colour changes did not influence
the lenght of the shelf life. No shriveling or lack of
freshness was observed.

Firmness

The plums softened during postharvest stor-
age. The slightly ripe plums softened more rapidly
than the plums harvested at a more mature stage,
as shown for Souftriau plums in Fig. 2. Using the
Durofel firmness tester, firmness below 50 Durofel
units was regarded as too soft by consumers (data
not shown). The Souffriau plums harvested slightly
ripe were too soft after 2 weeks of storage.

Some cultivars lost firmness more slowly than oth-
ers. In Reeves plums the firmness was reduced by
15% after two weeks storage and in Jubileum by 24%.
In the other cultivars tested, the reduction in firm-
ness ranged from 32% to 37%. The relative decrease
in firmness during storage in Souffriau and Reeves
plums is shown in Fig. 3.

Fungal decay

It is difficult to compare the cultivars’ suscepti-
bility to fungal decay, as the cultivars are picked at

different dates under different climatic conditions.
Plums picked when wet, are more susceptible to
fungal decay than plums harvested dry (VANGDAL,
BoRrVE 2002).

Avalon and Reeves had fewer incidences of fungal
diseases than the other cultivars tested. In plums
picked well ripe the differences between the culti-
vars were statistically significant (Table 2). In plums
picked slightly ripe or tree ripe similar tendencies
were seen. Large annual variations between repli-
cates were observed, however, the differences were
not significant (P > 0.05). No significant differences
were found between the years, either. BorRVE and
VANGDAL (2007) also reported that Excalibur is
highly susceptible to postharvest fungal pathogens;
in this respect, Jubileum was stronger than Victoria
and Reeves.

The well ripe plums were more susceptible to fun-
gal decay than tree ripe and slightly ripe fruits (Ta-
ble 2). The amount of discarded fruits after 2 weeks
of storage reached 4% for slightly ripe, 16% for tree
ripe, and 48% for well ripe plums. These differences
were statistically significant (P < 0.001).

Shelf life

Based on the results presented above, and the gen-
eral impression of the growers testing the cultivars,

Table 3. Factors important to shelf life in six plum cultivars and overall impression of shelf life. Three-year experiments with

three stages of maturity and storage at 4 and 20°C

Cultivar Ability to stay firm Susceptibility to fungal diseases Overall impression of shelf life
Souffriau becomes soft susceptible short

Avalon medium strong medium

Excalibur becomes soft susceptible short

Reeves keep firm strong long

Victoria medium medium medium

Jubileum medium susceptible medium
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they were divided into different classes with short,
medium or long shelf life. As shown in Table 3 the
shelf life of Reeves was classified as long, Jubileum,
Avalon and Victoria were marked as medium, while
the shelf life of Souffriau and Excalibur was classi-
fied as short.

CONCLUSION

The shelf life of plums is limited due to soften-
ing, fungal decay or changes in fruit quality factors.
In the six cultivars tested, including the standard
cultivar Victoria, the softening and susceptibility
to fungal diseases were the most important factors.

The cultivar Reeves had longer shelf life than the
standard cultivar Victoria, while Souffriau and Ex-
calibur had shorter shelf life. The shelf life of Avalon
and Jubileum was similar to that of Victoria.
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Zmény v kvalité plodi v posklizinovém obdobi u novych odrud slivoni

(Prunus domestica L.)

ABSTRAKT: Hodnoceni vynosti, velikosti plodt a chuti plodd v rdmci programu odradovych zkousek v Norsku
ukdzalo, ze Souffriau, Avalon, Reeves, Excalibur a Jubileum by mohly byt cennymi kultivary pro trzni péstovani
v Norsku. Slivoné v této zemi jsou urceny pro konzum v erstvém stavu, a proto je u nich dilezitd dobrd pultova skla-
dovatelnost. V kratkodobych skladovacich pokusech byly tyto kultivary srovndvany se standardni odriidou Victoria.
V prtibéhu skladovani nebyly u ploda téchto kultivart zjistény zadné vyznamné rozdily v obsahu refraktometrické
susiny, nicméné jejich titra¢ni kyselost se snizovala a v disledku toho se zvy$oval pomér mezi refraktometrickou
susinou a titra¢ni kyselosti. Tyto zmény vSak nebyly takového charakteru, aby byly pro spotfebitele neprijatelné.
Nejdulezitéjsim faktorem kvality plodtt omezujicim délku pultové skladovatelnosti zkousenych plodi bylo méknuti
duzniny. Na zdkladé poskliziiovych zmén u nékolika faktorii kvality plodu a k citlivosti k hnilobdm houbového piivodu
se kultivar Reeves vyznacoval nejdelsi pultovou skladovatelnosti, Avalon, Jubileum a Victoria mély tuto skladovatel-
nost stfedné dlouhou, zatimco Excalibur a Souffriau mély tuto skladovatelnost pouze kratkou.

Klicova slova: poskliznové hodnoceni; refraktometricka susina; titra¢ni kyselost; pevnost duzniny; houbové hniloby
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