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Abstract: The research was conducted in the experimental-production plum orchard during
2013. Some of the most important physical and mechanical properties of the fruit were
investigated in three plum cultivars (‘Cacanska Rana’, ‘Cacanska Lepotica’ i ‘Cacanska
Najbolja’) grafted on four rootstocks: one generative Myrobalan (Prunus cerasifera Ehrh.) and
three vegetative ones (Pixy, St. Julien A and Ferley). St. Julien A induced the highest all three
fruit dimensions in ‘Cacanska Najbolja’, and length and thickness in ‘Cadanska Lepotica’.
Myrobalan and Fereley had the same effect in the ‘Cacanska Rana’. St. Julien A influenced the
biggest fruit firmness in ‘Ca¢anska Najbolja’ and the smallest in ‘Cacanska Lepotica’.
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Introduction

Domestic or European plum (Prunus domestica L.) is the most represented and
traditionally the most important fruit species in Serbia. According to data from relevant
literature, Serbia was ranked second in Europe in 2017 in terms of production of this
fruit species, and fourth in the world, just behind China, Romania and the USA with
production of 330 582 t (FAOSTAT, 2019). This means that plum is of great economic
and social importance to Serbia. However, despite being produced in such large
guantities, the production itself is still at the level of extensive and semi-intensive, due
to the low level of cultivation technology and Plum Pox Virus (PPV), and due to
numerous other factors, primarily the instability of the domestic and foreign markets.
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Considering its importance, both in our country and in the world, intensive work is
being done on advancement of plum cultivation. The main goals of breeding are early
and regular fertility, self-fertilization, extension of the harvest season, attractive, large
and high quality fruits suitable for both table usage, drying and processing as well as
resistance to the most important pathogens such as PPV, Monilinia laxa (Aderh. &
Ruhl.) etc. (Misi¢, 2002).

One of the most important areas of plum cultivation in this country is western
Serbia, and within it the most significant production center is Ca¢ak (Milosevi¢ and
Milosevié, 2012).
Recently, there has been a large selection of plum cultivars highly tolerant to PPV, very
productive, early bearing, with attractive, large and tasty fruits. The most popular plum
cultivars in Serbia are ‘Stanley’, ‘Cacanska Lepotica’, Cadanska Rodna, ‘Caganska
Najbolja’ and ‘Ca¢anska Rana’ (Milosevi¢ and Miloevié, 2011). However, it is
important to emphasize that it is not enough to choose a good cultivar, but also the
appropriate rootstocks for raising orchards. One of the basic pre-requestes for
intensification of plum production in the world is considered to be selection of the
vegetative rootstocks of different vigourness (Paunovi¢, 2008). Today, there is still
modest knowledge about the positive and negative effects of particular rootstocks on
particular cultivars. It has been long known that the soil and weather conditions can
significantly affect the vegetative growth, yield and fruit quality (Sosna, 2002). As
Paunovi¢ et al. (2011) stated, the most commonly used rootstock in Serbia is the
seedling of Myrobalan. Unfortunately, it is not the best plum rootstock, especially very
vigour types and varieties. The grafting of the plum scion to the clonal rootstocks with
lower vigour reduces the tree vigour, resulting in more trees per unit area, which aims of
achieving higher yields and better fruit quality.

Knowledge about clonal rootstocks, their behavior in orchards, impacts on tree
growth, productivity and fruit quality is very limited for Serbian plum growers. From
these reasons, some of clonal rootstocks have been investigated in this research. So, in
this study, we evaluated the most important physical and mechanical traits of the fruit of
three plum cultivars grafted onto four rootstocks: one generative Myrobalan and three
vegetative Pixy, St. Julien A and Ferley grown in high density planting system under
Serbian conditions.

Materials and methods

The research was carried out in the experimental-productive plum orchard during
2013.

Orchard is located in Gornja Gorevnica vilage, 9 km north-west of Cacak
(20°57°48”N, 20°19°31”E, 396 m above sea level).

The orchard was established in autumn of 2009. The planting distance is 3.8 m
between rows and 1.8 m in row, which corresponds to a density of 1.462 trees/ha. Each
combination rootstock-cultivar was represented with 4 replications and 4 trees per
replication (n = 16).
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Three plum varieties were used as test material: ‘Cacanska Lepotica’, ‘Cacanska
Najbolja’ and ‘Cadanska Rana’ grafted on four rootstocks: Myrobalan (invigorating),
Pixy (dwarf), St. Julien A and Ferley (semi-dwarf). All trees of ‘Cadanska Rana’ have
died on St. Julien A for unknown reasons, and therefore description of the behavior of
this cultivar- rootstock combination was not possible.

In this experiment, we investigated main physical-mechanical characteristics of
fruits, such as fruit linear dimensions, fruit firmness, arithmetic and geometric mean
diameter and sphericity index. Twenty fruits in four replicates (n = 80) were randomly
harvested from each rootstock-cultivar combination at full maturity stage and used for
analysis.

Fruit length (L), width (W) and thickness (T) were determined using a Starret 727
Series digital caliper (Athol, MA, USA). Values are expressed in mm. The fruit
firmness was determined using a Bertuzzi FT-327 penetrometer (Facchini, Alfonsine,
Italy), and values were expressed in kg/cm?.

The arithmetic and geometric mean diameter and sphericity were obtained using
mathematical forms proposed by Mohsenin, 1986.

Polar (L), suture (W) and equatorial (T) diameters were measured and then
transformed to the parameter denominated “size” or mean arithmetic (Eq. 1) and mean
geometric diameter (Eq. 2) defined as:

D - L+W+T )
: 3
D, = YLWT )

where: D, — arithmetic mean diameter in mm (1) and Dy — geometric mean diameter
in mm(2).
Sphericity was defined by using the following equation:

¢=& ®)
L

where: ¢ - sphericity

Data were statistically processed by analysis of variance (ANOVA) of a one-factor
view using Microsoft Excel software package (Microsoft Corporation, Roselle, IL,
USA). When the F test was significant, the means were tested with the least significant
difference test (LSD test) for a significance threshold of P < 0.05.

Results and discussion

The results relating to the linear dimensions of the fruit are presented in Table 1.
The data show that the influence of rootstocks on these parameters is not consistent
across varieties. Myrobalan and Ferley conditioned similar and the highest values of
fruit length and thickness, with only Myrobalan having the greatest width of fruit in
‘Cadanska Rana’. St. Julien A influenced the largest dimensions of the fruit in
‘Cacanska Najbolja’. Pixy caused the smallest dimensions of fruit in ‘Cacanska Rana’
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and ‘Cacanska Najbolja’. Pixy also caused the smallest thickness and Myrobalan the
smallest fruit length in the ‘Cacanska Lepotica’. In ‘Cacfanska Lepotica’, the rootstocks
did not significantly influenced fruit width, while the maximum length and thickness of

the fruit were determined on St. Julien A.

Table 1. Linear dimensions of fruit and fruit firmness of three plum varieties grafted on
different rootstocks

culi Fruit length Fruit width Fruit thickness Fruit firmness
ultivar Rootstock 2
(mm) (mm) (mm) (kg/cm?)
‘Cacanska Rana’ Pixy 4820+0.36b 38.12+0.18c 37.30+0.17 b 3.75+0.12a
St. Julien A - - - -
Fereley 50.70+0.30a 40.04+0.19b 39.28+0.27a 3.71+0.11a
Myrobalan 5190+041a 41.18+0.34a 39.23+0.37a 3.83+0.11a
‘Cacanska Lepotica’  Pixy 40.68+0.28bc 35.11+0.19a 33.42+0.24c 394+0.114ab
St. Julien A 4168+0.30a 36.21+0.20a 35.14+0.27a 3.67+£0.22b
Fereley 40.84+0.31b 3512+0.26a 34.79+0.26ab 419+0.11a
Myrobalan 4047 +0.46¢c 3477+055a 34.34+0.32b 428+0.12a
‘Cacanska Najbolja’ Pixy 3959+0.35¢c 33.18%0.25c 31.44+0.23c 2.63+0.10c
St. Julien A 4284+046a 3588+029a 3538+0.21a 499+0.28a
Fereley 4093+0.35b 3454+029b 33.70+£0.22b 3.60+0.23b
Myrobalan 40.85+0.32b 3416+025b 33.09+0.21b 3.69+0.19b

The same lowercase letters in the column indicate random differences between rootstocks for R < 0.05 by
LSD test

The importance of fruit dimensions is that they are used to describe its shape, which
is necessary for pomological research for various purposes, including the description of
varieties and their inclusion in the records of certain registers (Beyer et al., 2002), the
assessment of consumer preferences and the examination of the degree of inheritance
fruit shape (White et al., 2000) or the degree of damage to the epidermis (Considine and
Brown, 1981). Fruit shape plays an important role in both classification and calibration
and also answers the question of how much fruit can be placed in shipping containers,
standard packaging, or in plastic bags or bags of a given size (Keramat-Jahromi et al.,
2008). Fruit dimensions are a major factor in determining the yield, quality of the fruit
and acceptability by consumers (Crisosto et al., 2004).

According to data in Table 1, we noted that rootstocks affected the fruit firmness of
the ‘Cacanska Lepotica’ and ‘Cadanska Najbolja’, while in the ‘Catanska Rana’, there
wasn’t significant differences among the rootstocks. The highest values in ‘Cacanska
Lepotica’ were obtained when grafted on Myrobalan and in ‘Ca¢anska Najbolja’ grafted
on St. Julien A. The lowest values of fruit firmness were found in combination
‘Cacanska Lepotica’/St. Julien A and ‘Caganska Najbolja’/Pixy. In addition to affecting
quality, fruit firmness is a important indicator of its degree of maturity (Kawamura,
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2000). Kiprijanovsky and Ristevski (2009) reported that fruits should be harvested in
the optimal state of ripeness, as this is the only way to produce fruits with adequate
firmness. Rato et al. (2008) stated that the fruits of the 'Rainha Claudia Verde' grafted
onto Mariana GF 8-1 and Mariana GF 10-2 rootstocks have significantly reduced the
fruit firmness by ripening in storage. Variations influenced by the rootstocks were also
observed.

It has been long known that fruit firmness is one of the most important physical
characteristics that influenced the length of storage of the fruits and their timely release
to the market. Producers are able to extend the time of marketing fruits by storing them
in cold stores and thus slowing their ripening, that is, maintaining their firmness
(Karaman et al., 2012). Numerous studies have shown that fruit firmness does not
depend on the properties of the fruit skin, but on the time of harvest, degree of maturity
and chemical composition of the fruit (Casquero and Guerra, 2009). Otherwise, fruit
firmness values greater than 5.5 kg/cm? always result in unacceptable quality (Crisosto
et al., 2005), so in this respect we can said that the fruits of our cultivars are of
satisfactory quality.

Mohsenin (1986) pointed out the significance of other physical properties such as
mean arithmetic and mean geometric diameter, sphericity and fruit surface. Namely,
fruit arithmetic mean and geometric mean diameter are physical characteristics of great
importance for estimating sample size, designing machines and determining certain
processes in fruit and vegetable processing (Nunak and Suesut, 2007). These parameters
depend on the type of fruit and variety, but also on environmental conditions, the
intensity of planting measures, the position of the fruit in the canopy and maturity stage
(Milosevic et al., 2012). The knowledge related to geometric mean diameter would be
valuable in designing the grading process
(Mohsenin 1986, Calisir et al., 2005).

Data relating to the arithmetic mean and geometric mean diameter are presented in
Table 2. In general, rootstocks similarly influenced the arithmetic mean and geometric
mean diameter of the fruits in all three varieties. Pixy is the rootstock that induced the
lowest values for the previously mentioned parameters in all three cultivars.

‘Cadanska Lepotica’ and ‘Cadanska Najbolja’ showed the highest values when
grafted on St. Julien A, while in ‘Catanska Rana’ the highest values of the fruit
arithmetic mean and geometric mean diameter were found when Myrobalan was used as
rootstock.
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Table 2. Mean fruit arithmetic diameter, geometric mean diameter and sphericity of
three plum varieties grafted on different rootstocks

Arithmetic mean

Geometric  mean

Cultivar Rootstock diameter diameter Sphericity
(%)
(mm) (mm)
‘Cacanska Rana’ Pixy 41.20+0.21¢c 40.92+0.20 ¢ 0.85+0.00 a
St. Julien A - - —
Fereley 43.34+0.18b 43.03+0.18 b 0.85+0.00 a
Myrobalan 4410+ 0.29a 43.75+0.28 a 0.84+0.00a
‘Cacanska Lepotica’ Pixy 36.40+0.20 ¢ 36.27+0.20 ¢ 0.89+0.00 a
St. Julien A 37.67+0.21a 3756+0.21a 0.90+0.00 a
Fereley 36.92+0.24b 36.81+0.24b 0.90+0.00 a
Myrobalan 36.53 +0.37 bc 36.39 £ 0.38 bc 0.90+0.01a
‘Cacanska Najbolja’ Pixy 3473+0.24c 3456 +0.24c¢c 0.87+£0.00b
St. Julien A 38.03+0.27 a 37.87+0.26 a 0.88 +0.00 ab
Fereley 36.39+0.25ab 36.24+0.24 b 0.89+0.00a
Myrobalan 36.04+0.24b 35.86+0.23 b 0.88 +£0.00 ab

The same lowercase letters in the column indicate random differences between rootstocks for R < 0.05 by
LSD test

The shape of the fruit is one of the most significant physical and qualitative
parameter for all plant cultures (Kavdir and Guyer, 2004). Consumers prefer
fruits of uniform size and uniform shape. Following global and local sorting and
classification standards, deformed fruits are rejected (Waseem et al., 2002). Considering
that, the classification of fruits based on shape and size can increase uniformity, reduce
packaging costs and transport and can also provide optimum packaging configuration
(Tabatabaeefar and Rajabipour, 2005).

Regarding sphericity, rootstocks significantly affected this trait only in ‘Ca¢anska
Najbolja’, while in the other two varieties rootstock didn’t caused significant
differences. ‘Cadanska Najbolja’ had the highest sphericity value of the fruit on the
Fereley and the lowest on the Pixy (Table 2).

Importance of testing sphericity of the fruit is reflected in the adjustment of the
calibrator in the industrial processing of fruits, which increases the uniformity of the
fruits, and thus reduces the cost of packaging and transport. This parameter is also
useful in calculating the amount of energy required in processing (Milosevi¢, 2013).
Furthermore, Milosevi¢ et al. (2012) stated that there were no significant differences
under the influence of rootstock in terms of sphericity in ‘Jojo’, ‘Hanita” and ‘Katinka’
grafted on Wangenheim Prune. On the other hand, these authors emphasize the
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influence of rootstock on the relationship between the largest and smallest fruit
dimensions. When the sphericity value is different from 1 (greater or less), the shape of
the fruit is oval, flattened, or with convex sutures. All tested cultivars in our work had
values of fruit sphericity below 1.0 indicating that the fruit is oval or elliptical. For
example, Stefanova et al. (2008) reported that fruits of ‘Hanita’ have elliptical shape
with well-marked abdominal suture. On the other hand, in study of Nenadovi¢-Mratinié
et al. (2007) plum cultivars had higher values than 1.0 which associated with an
elongated shape.

Conclusion

The results obtained in this study showed that rootstock significantly influenced
some physical-mechanical properties.

In ‘Calanska Najbolja’, St. Julien A influenced the largest dimensions and in
‘Caganska Lepotica’ the greatest length and thickness of the fruit. Myrobalan and
Fereley had this effect in the ‘Caganska Rana’.

The highest value of fruit firmness of ‘Caganska Najbolja’ was found when grafted
on St. Julien A, and the smallest in ‘Caganska Lepotica’ at the same rootstock.

‘Cacanska Najbolja’ and ‘Caganska Lepotica’ had the highest values of arithmetic
mean diameter and geometric mean diameter when grafted on St. Julien A.

In ‘Cacanska Lepotica’, sphericity is parameter that was not significantly affected
by rootstock, while in ‘Caganska Najbolja’, Ferley caused significantly higher values of
sphericity than other rootstocks.

In our experiment, Pixy rootstock did not give satisfactory results. It depressingly
affected all measured parameters of the fruit in combination with all varieties. Pixy
made the reverse impact on three cultivars tested.
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Rezime

Istrazivanje je obavljeno u eksperimentalno-proizvodnom zasadu §ljive u toku 2013.
godine. Ispititivane su najznadajnije fizicke osobine ploda tri sorte §ljive (‘Cacanska
rana’, ‘Cadanska lepotica’ i ‘Cadanska najbolja’) kalemljene na &etiri podloge: jednoj
generativnoj (Dzanarika) i tri vegetativne (Pixy, St. Julien A i Ferley).

St. Julien A je kod Cadanske najbolje uticala na najveée dimenzije, a kod Cacanske
lepotice na najveéu duzinu i debljinu ploda. Ovakav uticaj kod Cacanske rane imale su
podloge Dzanarika i Fereley. Kod Cacanske najbolje podloga St. Julien A je uslovila
najévriéi, a kod Cacanske lepotice najmeksi mezokarp ploda.

Kljucne reéi: sljiva, sorta, dimenzije ploda, ¢vrstina mezokarpa.



