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Abstract. During a three-year study conducted at the Experimental Garden of the University of
Warmia and Mazury in Olsztyn, the yield and quality of raspberry fruit of the summer-fruiting cultivars
‘Benefis’, ‘Laszka’ and the autumn-fruiting cultivars ‘Polesie’, ‘Polka’ and ‘Popiel” were evaluated. The
raspberry harvest was carried out on three carefully selected dates, i.e. for summer-fruiting cultivars: in
the first, second and third decades of July and for autumn-fruiting cultivars in the second decade of August
and the first and third decades of September. The highest yields were obtained from the cultivars ‘Polesie’
and ‘Polka’. The fruit of the tested cultivars collected during the third term had significantly lower masses.
The highest contents of dry matter in fruit were recorded for ‘Polka’ and of organic acids for ‘Popiel” and
‘Benefis’. The fruit harvested in the second and the third term had a higher content of dry matter.
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INTRODUCTION

Raspberry (Rubus idaeus L.) is one of the most important crops among fruit-
bearing species cultivated in Poland. Raspberry fruit are characterized by valuable
nutritional, dietary and health benefits (Krauze-Baranowska and Majdan 2009). They
constitute a valuable source of bioactive substances such as phenols, carotenoids
and anthocyanins displaying antibacterial and antiproliferative activities (Liu et al.
2002). The concentrations of these compounds depend, among other factors, on the
stage of fruit maturity during harvest (Miret and Munne-Bosch 2016). Raspberry
fruit also contain numerous vitamins, minerals and organic acids (Mazur et al. 2014).

Raspberry cultivars cultivated in Poland belong to one of two groups. One group
are plants that bear fruit in the summer on the previous year’s shoots, which include,
among others, cultivars such as ‘Benefis’ and ‘Laszka’, ‘Tulameen’, ‘Citria’ and
‘Glen Ample’. The second group consists of cultivars bearing fruit in late summer
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and autumn on the upper parts of annual shoots and at the usual time of fruiting the
following year, on the lower parts of the same shoots. This group includes cultivars
such as ‘Polesie’ and ‘Polana’, ‘Pokusa’, ‘Polka’ and ‘Popiel’ (Krdl et al. 2008).
Trends in planting on a national scale have changed in favour of autumn-fruiting
cultivars, characterized by a high yield potential (Danek and Krol 2005). It was
found that these cultivars have a higher demand for nutrients than summer-fruiting
cultivars (Krawiec and Rybczynski 2010). In addition to fertilization (Buskiene and
Uselis 2008), there were drought periods during the growing season (Laszlovszky-
Zmarlicka and Smolarz 2003). Raspberries belong to a group of orchard fruit plants,
which have large water needs. Providing irrigation during flowering and fruiting
promotes high yields and higher quality of raspberry fruit (Treder et al. 1993;
Koszanski and Rumasz-Rudnicka 2008, Krawiec and Rybczynski 2010).

Having multiple fruit harvests during ripening provides an opportunity to har-
vest the highest quality fruits. The fruit collected at the stage of consumer maturity
are characterized by optimal colour, aroma and size (Krawiec and Rybczynski 2010).
Multiple harvests are only possible in a limited area, due to the high demand for
labour and related costs. Therefore, one of the basic conditions for increasing the
growing area and profitability of raspberry production is harvesting with a combine
(Kowalczuk et al. 2008).

The aim of the study wtas to assess the yield and quality of raspberry fruit de-
pending on the cultivar and date of harvest in north-eastern Poland.

MATERIAL AND METHODS

The experiment was carried out in 2010-2012 at the Experimental and
Educational Garden of the University of Warmia and Mazury in Olsztyn. The rese-
arch material were cultivars of raspberries bearing fruit in the summer: ‘Laszka’ and
‘Benefis’ and those fruiting in the autumn: ‘Polesie’, ‘Polka’ and ‘Popiel’. Raspberry
bushes were planted in 2008 in 60 m* plots with a spacing of 3 x 0.25 m, wit-
hout supports. The experiment was carried out in three replications. The assessment
of yield (the sum of fruit obtained from the whole plot area calculated per 1 ha),
fruit weight (based on a representative sample of 60 fruit) and chemical analyses
of fruit (per 1 kg sample) was made in three replications on three dates, depending
on the cultivar: summer-fruiting raspberries in the first, second and third decades
of July, and autumn-fruiting raspberries in the second decade of August and the
first and third decades of September. Samples of fruit undamaged and devoid of
fungal infections were subjected to laboratory analysis, which were made accor-
ding to the procedures described in Polish Standards, the analyses consisted of: dry
matter (PN-90/A-75101/03), organic acids (PN-90/A-75101/04), total sugars (PN-
90/A-75101/07) and vitamin C (with Tillman’s method modified by Pijanowski).
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The results of the chemical analysis of raspberry fruit produced by summer-
-fruiting cultivars for the first year of research have been lost, which is why they are
missing from the study. The obtained results were subjected to a two-factor analy-
sis of ANOVA variance, determining the cultivar as the first factor and the date of
harvest as the second factor, using Statistica 12.0 software. The significance of diffe-
rences was assessed using the HSD-Tukey test, with a significance level of a = 0.05.

RESULTS

The analysis of the influence of the cultivar and the date of fruit harvest on the
yield and quality of raspberry fruit showed significant differences between the avera-
ge values of the studied properties. The impact of the studied factors was substantially
modified by the meteorological conditions of individual years (Fig. 1).

The highest fruit yield was obtained from the ‘Polesie’ cultivar (Tab. 1). The
‘Polka’ was also characterized by high yields compared with the remaining cultivars,
which yielded 2-3—fold lower levels, among which the ‘Popiel’ cultivar showed the
lowest yields. The impact of fruit harvesting time on the raspberry yield in particular
years of research was significant as each year had a tendency towards higher yields
for the second harvest. Lower yields on the first and third harvesting dates, especial-
ly in the first and third year of research in the case of cultivars that yielded in the
summer, were associated with a low average sum of precipitation (Fig. 1).

An analysis of the impact of the studied factors on the mass of the fruit accor-
ding to the average values from the years of research showed significant differences
only in the case of the harvesting date, where a higher fruit weight was recorded for
the first and second harvest (Tab. 2).

An analysis of the average content of dry matter in fruit during the three years
of research showed a significantly higher level of dry matter in the ‘Polka’ cultivar
compared with the other cultivars (Tab. 3). The content of dry matter in raspberry
fruit was also significantly influenced by the date of harvesting. Higher levels of
dry matter were recorded in fruit from the second and third harvest. In particular
years of research, a similar relationship was maintained with the content of dry
matter in fruit. Also, in the second year, the highest content of dry matter in fruit, in
addition to the ‘Polka’ cultivar, was shown by the ‘Laszka’ cultivar.

The average content of vitamin C (L-ascorbic acid) in the fruit of the raspberry
cultivars studied was 23.7-26.7 mg-100 g of fresh fruit (Tab. 4). On the basis
of the average of the years studied, there appeared to be no significant effect of
cultivar and harvest date on the content of the vitamin in the fruit. Depending on
the season, the significantly highest content of L-ascorbic acid in the fruit was
shown by ‘Polesie’ and ‘Laszka’ (in the second year), ‘Polka’ (in the first year)
and ‘Laszka’ (in the third year). It was found that the harvest time of the fruit had
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a significant influence over the content of the tested component in the first and

second year of the study, where a higher content of vitamin C was recorded for the
first, second and third fruit harvests.

Fig. 1. Meteorological conditions during raspberry fruit vegetation periods in the 2010-2012 season

The total sugar content in raspberry fruit averaged 6.15-9.1 g 100 g ' (Tab. 5).
On the basis of the average of all the years of research, there was no significant
effect found for the cultivar or harvest date on the sugar content of the fruit. In
analysing individual years of research, significant differences between cultivars
were found in the first and third year, in which the ‘Polka’ cultivar had a higher
sugar content. The impact of fruit harvest time differed significantly for all years of
research, where a higher sugar content was recorded in the second and third harvest.
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The highest content of organic acids was found in the fruit of the ‘Benefis’ and
‘Popiel’ cultivars, and the lowest in the ‘Polka’ cultivar (Tab. 6). The influence of
the fruit harvesting time on the content of the tested component turned out to be
significant only for the second year of the experiment, where the highest level was
recorded in the first harvest.

DISCUSSION

The results of the study on the yields of summer- and autumn-fruiting cultivars
of raspberries showed lower yields for the first or third harvesting period in indivi-
dual study years, which was caused by lower levels of precipitation. The obtained
results are confirmed by Laszlovszk-Zmarlicka and Smolarz (2003), Treder et al.
(1993) and Krawiec and Rybczynski (2010), who found a significant effect of water
shortages on the raspberry yield obtained.

The highest yields among cultivars of autumn-fruiting raspberries were repor-
ted for ‘Polesie’ and ‘Polka’ and the lowest yield for ‘Popiel’. Krdl et al. (2008)
obtained similar results in the raspberry yield estimation of these cultivars in the
conditions of southern Poland. A similar relationship was noted in the case of fruit
weight assessment, where ‘Polesie’ fruit was characterized by a higher value of this
feature, however, in the current experiment no significant differences were found
between the tested cultivars.

The chemical composition of raspberry fruit depends to a large extent on the
agronomic factors occurring during cultivation (Grajkowski and Ochmian 2007;
Rumasz-Rudnicka et a/. 2009) and on the fruit maturity stage (Wang et al. 2009;
Stavang et al. 2015). This confirms the results obtained with regards to the con-
tent of dry matter and sugars in the fruit, which indicate a greater accumulation
of sugars in fruit collected during the second and third term of evaluation. An ap-
propriate level of sugars and acids and the proportions between these components
have a significant impact on the taste and processing value of the fruit (Wieniarska
et al. 2005). The contents of sugars, vitamin C and organic acids in the raspberry
fruit of the studied cultivars changed during the harvest periods and varied between
particular years of the study. These differences, as shown by the studies of other
authors, may be determined by genotypic traits and are subject to seasonal changes
(Krol et al. 2008, Mazur ef al. 2014) and they may also depend on cultivation con-
ditions (Palonen et al. 2017).
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CONCLUSIONS

1. The cultivars of ‘Polesie’ and ‘Polka’ raspberries were characterized by the
highest yields among autumn-fruiting cultivars, which is why they can be propaga-
ted for cultivation in north-eastern Poland.

2. The ‘Polka’ fruit contained the highest amount of dry matter, while the
‘Benefis’ and ‘Popiel’ cultivars contained the highest level of organic acids.

3. The raspberry harvest in the first and second term was characterized by
a higher weight of fruit, while in the second and third term, the harvest had a higher
content of dry matter.
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