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Abstract

The study has been based on a three-factor field experiment (two rootstocks — Myro-
balan and Stanley seedlings, two cultivars — Cacanska lepotica and Cacanska najbolja, three
years — 2006, 2007 and 2008) set up according to the method of randomized blocks with
four replications. The aim of this work was to evaluate the mineral composition of plums
in Serbia. The results indicated that levels of fruit ash and minerals, except nitrogen, si-
gnificantly differed between the treatments. The average content of ash in plum fruits
reached 4.54%, nitrogen — 0.78%, phosphorus — 0.06%, potassium — 1.45%, calcium — 0.07%,
magnesium — 0.16%, iron — 19.37 pg g1, manganese — 10.21 pg g1, copper — 3.21 pg g},
zinc — 19.29 pg g! and boron — 22.83 pg gl of dry matter. A strong rootstock/cultivar/year
interaction was found for most of the minerals. Between ash and manganese or zinc, and
between manganese and zinc in plums, significant correlations were observed. On the ba-
sis of the analysis of major components, we concluded that Stanley rootstock had better
ability to accumulate ash and most of the minerals in fruits of both cultivars than Myroba-
lan rootstock.

Key words: cultivar, fruits, minerals, Myrobalan, Prunus domestica L., Stanley.

CZYNNIKI WPLYWAJACE NA SKLAD MINERALNY OWOCOW SLIW
Abstrakt

Badania wykonano na podstawie trdjczynnikowego doswiadczenia polowego (dwa pod-
ktady z sadzonek odmian Myrobalan i Stanley, dwie domiany Cac¢anska lepotica i Cac¢anska
najbolja oraz trzy lata: 2006, 2007 i 2008), zatozonego zgodnie z metodg losowych blokow
w czterech powtorzeniach. Celem pracy bylo ocenienie zawarto$ci sktadnikéw mineralnych
w owocach §liw rosnacych w Serbii. Wykazano, ze zawarto$é popiotu oraz sktadnikéw mi-

Tomo Milosevié¢, Full Professor, Department of Fruit Growing and Viticulture, Cara Dusana
34, 32000 Cacak, Serbia, e-mail: tomom@tfc.kg.ac.rs



454

neralnych w owocach §liw, z wyjatkiem azotu, réznita sie istotnie w poszczegélnych obiek-
tach do$wiadczenia. Srednia zawartosé popiotu w §liwkach wynosita 4,54%, azotu — 0,78%,
fosforu — 0,06%, potasu — 1,45%, wapnia — 0,07%, magnezu — 0,16%, zelaza — 19,37 pg g1,
manganu — 10,21 ng g1, miedzi — 3,21 pg g1, cynku — 19,29 pg g1, boru — 22,83 ng g!
suchej masy. W przypadku wigkszosci sktadnikéw mineralnych stwierdzono silng interak-
cje miedzy podktadem, odmiang i rokiem badan. Zauwazono istotne korelacje miedzy po-
piolem a manganem oraz cynkiem, a takze miedzy manganem i cynkiem w S§liwkach. Na
podstawie analizy gléwnych komponentéw dosSwiadczenia stwierdzono, iz podkilad z odmia-
ny Stanley w wiekszym stopniu pozwalat obu odmianom akumulowac¢ popiét i wiekszosé
analizowanych sktadnikéw mineralnych niz podktad Myrobalan.

Stowa kluczowe: odmiana, owoce, mineraty, Myrobalan, Prunus domestica L., Stanley.

INTRODUCTION

Prunus domestica L. is one of the most important Prunus species, wide-
ly grown across the world. In Serbia, this crop, known as the Domestic or
European plum, is a very old, traditional fruit tree, so plums are one the
most popular fruits in local diet, playing an important role in the economy
and social development of the country (MiLosEvi¢, MiLoSEVIC 2011). Plum trees
are grown throughout Serbia, except cold mountainous area. The total area
of plum orchards in Serbia reached over 130,000 ha in 2010 and the produc-
tion output was 426,826 tons, which makes this country the fourth largest
world producer after China, Romania and USA (FAO 2012). The most impor-
tant plum tree growing area is Western Serbia. Cacak, a location in this
region, is the most important plum production center. Plums are eaten fresh
or dried. Other main processed products made from plums include pekmez
(special old Serbian jam without sugar), slatko (old Serbian specialty for
guests, with added sugar), jams, compotes, mousse, pulp, candied fruit, fro-
zen fruit, jelly products and traditional Serbian plum brandy Rakija or
Sljivovica (MILOSEVIC, MILOSEVIC 2011).

Generally, plum fruits are suitable for human nutrition (JaArRoszEwska 2011)
owing to their high energy, nutritive, dietary and health values (WALKOWIAK-
-Tomczak 2008). The high dietary value of plums results from their considerable
content of organic and inorganic phytochemical constituents, such as carbo-
hydrates (mono- and disaccharides, pectin, dietary fiber) (STECEWICZ-SAPUNTZA-
Kis et al. 2001), antioxidant compounds, phenolic acids, flavonoids, vitamins,
proteins, fat, etc. (AUGER et al. 2004). Also, plums are raw material rich
in ash and minerals (NERGIZ, YYLDYzZ 1997) such as potassium, sodium, calci-
um and magnesium (BauTaNi, JosH1 1995, KunacHowicz et al. 2005, CALISR et
al. 2005). Additionally, plums also contain microelements, especially boron
and iron (YAGMUR, TaAskIN 2011, JAROSZEWSKA 2011).

Many authors reported that concentrations of minerals in plums depend
on the cultivar, pedo-climatic conditions, harvest date (NErRGiz, YYLDYZ 1997),
water and fertilization regimes (JARoszEwska 2011), and especially on root-
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stocks. Beside its effect on the vigor of a fruit tree, a rootstock can modify
fruit quality (Rato et al. 2008, Daza et al. 2008). Myrobalan (P. cerasifera
Ehrh.) seedlings are the most popular and traditional rootstock for Europe-
an plum trees in Serbia (MiLoSEVI¢, MiLoSEVIC 2011). However, this type of
rootstock has some negative traits, such as inadequate compatibility with
some cultivars, high vigor, only average winter-hardiness, etc. (LORETI et al.
1990). Thus, alternative rootstocks for intensively grown orchards are need-
ed. Rootstocks of cv. Stanley seedlings have not been examined from that
point of view until now. Thus, the objectives of our research were: a) to
evaluate the influence of two rootstocks on the fruit quality of an individual
plum cultivar with special reference to the macro- and microelements of the
fruit; b) to estimate the most favorable rootstock for producing fruits from
the cultivars Cacanska lepotica and Cacanska najbolja with the best mineral
content.

MATERIAL AND METHODS

The present study was carried out in three successive years (2006, 2007,
2008) in a private orchard located at the village Viljusa (43°50’ N, 20°24’,
290 m above sea level) near Cacak, Western Serbia. Two cultivars (Cacanska
lepotica and Cacanska najbolja) were grafted on two rootstocks (Myrobalan
and Stanley seedlings). The orchard was established in 1992 at 6 m x4 m
planting distance. Trees were trained as Open vase, under non-irrigated,
standard horticultural practice. A randomized complete blocks design was
adopted in this trial, with five trees of each rootstock/cultivar/year combina-
tion in four replicates.

Table 1
Soil chemical properties at different soil depths
Soil pH, organic rpatter, Units or content | Micronutrient and EC* Content
and macronutrient
Soil pH 431 Fe (mg kg1) 78.0
Organic matter (%) 1.29 Mn (mg kg1) 7.8
Total nitrogen (%) 0.14 Cu (mg kg 1) 1.6
P,0; (mg kg™!) 34.1 Zn (mg kg™1) 0.52
K,0 (mg kg™) 270.1 B (mg kg1 2.3
CaO (%) 0.73 Nay0 (%) 0.68
MgO (%) 2.34 EC (dS m™) 0.74

*EC: Electrical conductivity
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Orchard soil was Cambisol (Serbian Soil Taxonomy). The average soil
chemical composition from the 0-20 cm soil depth is presented in Table 1.
The data showed that the soil was highly acid, low in organic matter and in
total nitrogen. The content of available P,O5 and K;O was low and moder-
ate, respectively. The content of CaO, MgO and Na,O was low, and did not
reach the standard levels for Cambisol soil of a sandy-loam texture in Ser-
bia (Prortic et al. 2003). Electrical conductivity (EC) of the soil samples was
0.74 dS m™1. The soil showed broad variation in the content of available
micronutrients, ranging from very high for Fe, high for Cu and B, low for
Mn to very low for Zn (ANKERMAN, LARGE 1977).

The climate is maritime temperate, with moderate to strong winters
and hot and semi to dry summers, characterized by the average annual
temperature of 11.3°C and total annual rainfall of 690.2 mm.

Fruit samples for analysis were collected at commercial maturity, care-
fully rinsed with deionized water and, after recording their surface area,
oven dried, weighed, ground to pass a 0.5 mm mesh and analyzed for ma-
cronutrient content according to the guidelines of the Association of Official
Analytical Chemists (AOAC 1995). Nitrogen was determined by Kjeldahl ana-
lysis; phosphorus was analyzed spectrophotometrically by the phospho-vana-
date colorimetric method (Hewlett Packard 8452A, Ontario, Canada); K was
determined by flame photometry (Corning 405, Halstead, UK), and Ca, Mg,
Fe, Mn, Cu and Zn by atomic absorption spectroscopy (Pye Unicam SP 191,
Cambridge, UK); B was determined colorimetrically using quinalizarin, in
a colorimeter Zeiss MK 6/6 (Carl Zeiss, Jena, Germany). The data are given
as % and pg g1 of dry matter for each macro- and microelement studied,
respectively. The ash content was estimated after burning at 550°C and ex-
pressed as %. The values are presented as means * standard error (SE)
of triplicate analyses for each treatment per year.

A 27273 factorial design was employed. The data from determinations
of the minerals were analyzed by analysis of variance (ANOVA), using an
MSTAT-C statistical package (Michigan State University, East Lansing, MI,
USA), and mean values were grouped using an LSD test at p<0.05 as a post-
-hoc analysis. Relationships between the minerals were evaluated by Pear-
son’s product-moment correlation at p<0.05. A principal component analysis
(PCA) was performed to determine the relationships among rootstock/culti-
var combinations and among variables using the PRINCOMP procedure of the
SAS statistical package (SAS Institute Inc., North Carolina, USA).

RESULTS AND DISCUSSION

Ash and content of macroelements

Amounts of ash, P and K in plums varied significantly between the root-
stocks, cultivars and years, whereas Ca and Mg significantly differed only
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Table 2
Fruit ash and macroelements in Ca¢anska lepotica and Ca¢anska najbolja
on different rootstocks
Parameter Ash (%) N (%) P (%) K (%) Ca (%) Mg (%)

Rootstock (A)
Myrobalan | 4.435+0.336 | 0.780+0.021¢| 0.052+0.005% | 1.595+0.035%| 0.072x0.002% | 0.166=0.006%
Stanley 4.640+0.261% | 0.790+0.010%| 0.066+0.004% | 1.375+0.005? | 0.076+0.005% | 0.150+0.028%
Cultivar (B)
l(éi‘)i“t‘ﬁsaka 4.838+0.291% | 0.798+0.0317| 0.0540.007° | 1.505+0.133¢| 0.078=0.005¢ | 0.169+0.015
g;f;};fa 4.240+0.207° | 0.772+0.0267 | 0.063+0.004%| 1.463=0.060 | 0.070=0.010 | 0.148+0.012a
Year (C)
2006 5.077+0.359%| 0.830+0.018% | 0.060+0.007? | 1.382+0.101¢ | 0.060+0.005° | 0.157+0.019°
2007 4.347+0.134% | 0.710£0.011%| 0.0640.008% | 1.588+0.105%| 0.068+0.009 | 0.155+0.021°
2008 4.192+0.335¢ | 0.815+0.028%| 0.052+0.006¢ | 1.482+0.159° | 0.094+0.005% | 0.162+0.014%
Average 4.539+1.028 | 0.785+0.013 | 0.059+0.007 | 1.484+0.211 | 0.074+0.004 | 0.158+0.008
ANOVA (significance)
AxB ns ns * * ns ns
AxC ns ns * * ns ns
BxC ns ns * * ns ns

Different letter in columns indicate significantly different values at p<0.05 by LSD test. The asterisk
in column indicates a significant difference between means at p<0.05 by LSD test. ns: non-significant
differences.

among years (Table 2). Also, strong rootstock/cultivar/year interaction was
observed for the ash, P and K content in plums. On the other hand, there
were no significant differences among rootstocks, cultivars and years in the
N and Mg content. The highest ash and P content were found in plums of
the cultivars grafted on Stanley rootstock, whereas the K content was the
highest in the cultivars grafted on Myrobalan. Fruits of Cac¢anska lepotica
were richer in ash and K, whereas plums of Ca¢anska najbolja had a higher
P content. Regarding the years, significantly higher ash content was deter-
mined in the first season; in the second year, the P and K content was the
highest, while in the third season, the Ca and Mg content was higher. The
total quantities of the macroelements accumulated in fully ripe plums fol-
lowed a decreasing order: K > N > Mg > Ca > P.

Wide variations in the mineral composition of plums have been previ-
ously reported in the literature, for example NERGIz, YYLDYZ (1997) claimed
that the ash content was significantly affected by cultivars and geographical
regions, and varied between 3.7 and 9.0 g kg~!. CaLISIR et al. (2005) reported
that wild plum contained close to 3% ash. Our arrangement of the microele-
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ments in plums in the decreasing concentration order was in agreement
with BrauTani, Josar (1995), KunacHowicz et al. (2005) and CALISIR et al. (2005),
who all reported that K was a dominant mineral, followed by Ca and Mg.
JAROSZEWSKA (2011) reported that under different water and fertilization re-
gimes, macronutrient amounts in plums of Cacanska rana followed a de-
creasing order: K > N > P > Ca > Mg. Differences between the present
results for some macroelements and those obtained by Jaroszewska (2011)
are probably due to diferent cultivars and environmental conditions. Name-
ly, in our unpulished work, fruit of Cacanska rana had a higher water con-
tent when compared with Cacanska lepotica and Cacanska najbolja. This
was connected with the solubility of minerals in water, due to which some
amounts of the minerals were transferred to water (CLYDESDALE et al. 1991).
On the other hand, Rato et al. (2008) reported that the content of some
phytochemicals may be affected by a soil type and plum rootstock. In addi-
tion, plums of both cultivars on both rootstocks contained considerable
amounts of Ca and Mg, which is in agreement with some previous studies
carried out on plum (WaLkowiak-Tomczak 2008, JaroszEwska 2011). Finally,
significant interactions between rootstocks, cultivars and years verified for
some macroelements suggested that their content under the same condi-
tions does not depend on a particular parameter alone (rootstock, cultivar
or year) but on their combination, as observed previously (NERGIZ, YYLDYZ
1997).

Concentrations of microelements

Concentrations of microelements in two plum cultivars are shown in
Table 3. Regarding rootstocks, Myrobalan induced a higher Fe concentration
in plums, while plums growing from the Stanley rootstock had more B.
Differences between the rootstocks in Mn, Cu and Zn concentrations were
not significant. In this context, THoOrP et al. (2007) reported that rootstocks
led to differences in the vigor of trees and had an important role in deter-
mining nutrient concentrations in fruits and leaves. According to the above
authors, some rootstocks were evidently able to absorb nutrients from soil
better than others, irrespective of their effect on the tree vigour. A similrar
observation was previously reported by Daza et al. (2008).

In respect of the cultivars, Cacanska lepotica had significantly higher
amounts of Mn, Cu and Zn; plums of Cacanska najbolja had a higher Fe
concentration, whereas no differences between the cultivars in the B con-
tent were observed. The Fe, Cu, Zn and Mn concentrations in fresh plums
of P. domestica determined in the present study were much higher than
found by Yacemur, TaskiN (2011). L. NEraciz, YYLDYz (1997) also reported much
less Fe in plums than observed in our study, whereas Jaroszewska (2011)
observed more Fe and less Zn in fruits of Cacanska rana than in our study.
This may be due to differences in the tested cultivars. In general, our find-
ings were similar to the data obtained by Karyvar et al. (1990), who reported
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Table 3
Concentration of microelements in fruits of Cadanska lepotica
and Cacanska najbolja on different rootstocks
Parameter Fe (ng g Mn (ug g Cu (ug gd Zn (ug g B (ngg?
Rootstock (A)
Myrobalan 20.50+0.832¢ | 9.800+2.638% | 3.300+0.431¢ | 18.92+2.091¢ | 21.56+0.567°
Stanley 18.25+1.083% | 10.62+1.956 | 3.135+0.065¢ | 19.66+0.837¢ | 24.10+0.501¢
Cultivar (B)
ﬁii?;ﬂ;ika 19.25+2.077% | 12.50+0.682¢ | 3.467+0.641¢ | 20.25+1.189% | 22.87+2530%
Cacanska 19.501.204% | 7.917+0.4715 | 2.967+0.2530 | 17.83+2.355° | 22.80+1.987%
najbolja
Year (C)
2006 18.00+2.3800 | 10.65x1.746% | 2.750+0.126¢ | 22.87+2.276% | 29.20+1.829¢
2007 21.62+0.746% | 10.30+1.692¢ | 3.125+0.3820 | 19.00+2.406° | 18.20+0.804¢
2008 18.50+2.3720 | 9.675+0.945% | 3.775+0.953% | 15.87+1.419¢ | 21.10+0.451%
Average 19.37+1.128 | 10.21+0.411 3.215+0.085 19.29+0.371 22.83+1.274
ANOVA (significance)
AxB ns ns * * *
AxC ns ns * ns *
BxC * * * ns *

Different letter in columns indicate significantly different values at p<0.05 by LSD test.
The asterisk in column indicates a significant difference between means at p<0.05 by LSD test.
ns — non-significant differences

that plums of P. domestica L. contained 4-360 mg kg~! Fe. The total amounts
of microelements in plums followed a decreasing order: B > Fe > Zn > Mn
> Cu (Table 3). These results are in good agreement with the orders report-
ed by STAcEWICZ-SAPUNTZAKIS et al. (2001) and WaLkowiak-Tomczak (2008), who
all emphasized that plums are an important source of B. In contrast, CALISIR
et al. (2005) reported that wild plums conatined more Fe than B, and their
decreasing order for five microelements was: Fe > B > Cu > Mn > Zn.

Year-by-year variations in levels of the microelements were observed;
Zn and B concentrations were higher in 2006, Fe — in 2007, and Cu - in
2008. Differences between the years in Mn concentrations were not observed.
Annual variations in the content of Fe, Cu, Zn and B could be due to the
environmental conditions as well as the nutritional status of the plantation
(NERGIZ, YYLDYZ 1997, STACEWICZ-SAPUNTZAKIS et al. 2001).

Finally, strong interactions between the cultivar and year with respect
to Fe, and among the rootstock, cultivar and year in the case of the other
microelements indicated a very complex nature of the accumulation
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of microelements in fruits of plum trees and the importance of a good choice
of rootstocks to maximize the potential performance of a cultivar grown in
an orchard for several years, both observations claimed previously by THORP
et al. (2007).

Relationship among fruit minerals and principal component analysis
The data given in Table 4 showed some significant relations between

the set of variables evaluated. The Mn and Zn amounts significantly corre-

lated with the ash content. These relationships indicated that a higher ash

Table 4
Correlation matrix between the analyzed variables
Varia- | h g | N P K | Ca| Mg | Fe | Mn | Cu | Zn | B
bles
Ash 1
N 0.897 1
P -0.435 | -0.171 1
K -0.133 | -0.280 | -0.815 1
Ca 0.660 | 0.420 | 0.000 | -0.537 1
Mg 0.318 | -0.133 | -0.621 | 0.316 | 0.570 1
Fe -0.249 | -0.117 | -0.477 | 0.812 | -0.860 | -0.292 1
Mn 0.988*| 0.863 | -0.565| 0.022 | 0.580 | 0.366 | -0.121 1
Cu 0.714 | 0.718 | -0.733 | 0.467 | -0.032| 0.072 | 0.501 | 0.795 1
Zn 0.960%| 0.948 | -0.470| -0.015 | 0.428 | 0.121 | -0.003 | 0.967*| 0.856 1
B 0.366 | 0.652 | 0.635 | -0.843 | 0.322 | -0.588 | -0.452 | 0.240 | 0.001 | 0.381 1

Asterisk indicated that correlation coefficient is significant at p<0.05.

content contained more Mn and Zn. Additionally, Zn and Mn significantly
correlated with each other. Correlations between the other variables were
not significant. JAROszEWSKA (2011) noticed a strong relationship between sug-
ars and K or Ca, which proves that the content of macro- and microelement
in plums is a complex phenomenon, determined by numerous characteris-
tics, e.g. the soil type and texture, content of soil nutrients and their ratio,
amounts of rainfall, field water capacity, air temperature and horticultural
practice (BERNSTEIN et al. 1956).

More than 80% of the variability obtained in this study was explained
by the first two variables (Table 5). PC1 and PC2 accounted for 47.01% and
33.93% of the variability, respectively. Figure 1 represents PC1 and PC2
plotted on a two-dimensional plane. Table 6 shows correlations between the
original variables and the first two principal components: PC1 represents
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Table 5

Eigenvalues and proportion of total variability among rootstock/cultivar combinations

as explained by the three principal components (PC)

PC Eigenvalues Percent of variance Cumulative (%)
1 5.171 47.011 47.011
2 3.732 33.926 80.937
3 2.097 19.063 100.000
Table 6

Component loadings for macro- and microelements in plums for four rootstock/cultivar

combinations based on three principal components

Variable Component loadings
PC1, 1 = 47.01 PC2, 7 = 33.93 PC3, 1 = 19.06
Ash (%) 0.995 -0.074 0.061
N (%) 0.908 0217 -0.359
P (%) -0.485 -0.842 -0.238
K (%) -0.061 0.998 0.020
Ca (%) 0.587 0515 0.625
Mg (%) 0.287 0.316 0.904
Fe (ug g™ -0.155 0.815 -0.559
Mn (ug g 0.995 0.082 0.060
Cu (ng g™ 0.777 0.522 -0.351
Zn (ng g™ 0.980 0.049 -0.194
Bugg® 0.336 -0.815 -0.472

the amounts of ash, N, Ca, Mn, Cu and Zn; PC2 represents the amounts of
P, K, Mg, Fe and B. The positive PC1 values indicate that Cac¢anska lepotica
on Stanley gives a higher amount of ash, N, Ca, Mn, Cu and Zn, as shown
in Figure 1. The positive values for PC2 show that Cacanska lepotica on
Myrobalan had a higher amount of K, Mg and Fe, while the negative PC2
values indicate a higher content of P and B in Cacanska najbolja on Stanley.
In general, higher positive values for PC1 and PC2 indicate that Cacanska
lepotica on both rootstocks had a higher content of ash, N, K, Ca, Mg, Fe,
Mn, Cu and Zn, while Cacanska najbolja on Stanley rootstocks had a higher

P and B content.
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Fig. 1. Biplot based on principal component analysis (PCA) for ash, macro- (N, P, K, Ca
and Mg) and microelement (Fe, Mn, Cu, Zn and B) contents
in four plum cultivar/rootstock combinations

CONCLUSIONS

1. The results showed that rootstocks, cultivars, years and their mutual
interaction induced a wide variation in amounts of macro- and microele-
ments, except nitrogen, in fruit of plum trees. Stanley seedlings as a root-
stock resulted in a higher content of ash, phosphorus and boron, while My-
robalan rootstock stimulated higher levels of potassium and iron in plums;
fruits of Cacanska lepotica had more ash, potassium, manganese, copper
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and zinc, and Cacanska najbolja fruits had more phosphorus and iron; more
ash, zinc and boron was found in the 15! season; more phosphorus and po-
tassium in the 2" year and more calcium, magnesium and copper in the
3rd season.

2. Strong positive relationships were observed between ash and manga-
nese or zinc, and between zinc and manganese.

3. The Principal component analysis suggested that Stanley rootstock
may be better at achieving higher amounts of minerals in fruits than Miro-
balan for Cac¢anska lepotica and Cacanska najbolja grown on Cambisol with
low soil pH and deficiency of most soil nutrients.
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