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Abstract - Several studies have been conducted in Brazil with rooting of plum scion cultivars,
however, it is not known the performance and benefits of own-rooted trees at field. This study
aimed to evaluate the leaf nutrient content (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and B) in seven
Japanese plum cultivars (Prunus salicina) on the 2" and 3™ year after field planting, whose nursery
trees were produced by “T-inverted” budding method over ‘Capdeboscq’ peach (P. persica) or
by own-rooted hardwood cuttings. The experimental design was in randomized blocks, factorial
7 x 2 (cultivars X nursery tree types), with five replicates of one tree per plot. We conclude that
leaf nutrient content of Japanese plums varies among cultivars; however there is no cultivar that
stands out in all macro and micronutrients evaluated. K, Ca and Mn leaf contents, when affected
by nursery tree types tested, were always higher in own-rooted trees. However, Mg leaf contents,
when affected by nursery tree types tested, were always higher in budded trees on ‘Capdeboscq’
peach. Own-rooted plum trees of ‘ Amarelinha’, ‘Blood Plum’, ‘Pluma-7’ and ‘Reubennel’ presented
higher Mn leaf contents, in relation to budded trees of these cultivars on ‘Capdeboscq’. Own-rooted
‘Cerejinha’ plum trees have highest K leaf content and also increase the agronomic interpretation
class in relation to the budded trees of this cultivar on ‘Capdeboscq’.

Index terms: Rosaceae, Prunus salicina Lindl., nutrition, propagation method.

Teores de nutrientes foliares em sete cultivares
de ameixeiras com plantas enxertadas
por borbulhia ou autoenraizadas

Resumo - Diversos estudos foram realizados no Brasil sobre enraizamento de cultivares-copa de
ameixeira; entretanto, nao sao conhecidos o desempenho e os beneficios de mudas autoenraizadas
a campo. O presente trabalho teve por objetivo avaliar os teores de nutrientes foliares (N, P, K,
Ca, Mg, Fe, Mn, Zn, Cu e B) em sete cultivares de ameixeiras-japonesas (Prunus salicina) no 2°
e 3° anos apos o plantio no campo, cujas mudas foram produzidas por enxertia em “T-invertido”
sobre o pessegueiro ‘Capdeboscq’ (P. persica) ou por autoenraizamento de estacas lenhosas. O
delineamento experimental foi em blocos ao acaso, fatorial 7 x 2 (cultivares x tipos de muda),
com cinco repetigdes de uma planta por parcela. Com os resultados obtidos, foi possivel concluir
que os teores de nutrientes foliares de ameixeiras-japonesas variam entre as cultivares, porém
ndo ha uma cultivar que se destaque em todos os macro e micronutrientes avaliados. Os teores
foliares de K, Ca e de Mn, quando influenciados pelos tipos de mudas testadas, foram sempre
maiores nas plantas autoenraizadas. Contudo, os teores foliares de Mg, quando influenciados pelos
tipos de mudas testadas, foram sempre maiores nas plantas enxertadas em ‘Capdeboscq’. Plantas
autoenraizadas das cultivares Amarelinha, Blood Plum, Pluma-7 e Reubennel apresentam maiores
teores foliares de Mn, em relagdo as plantas enxertadas dessas cultivares sobre ‘Capdeboscq’.
Plantas autoenraizadas da cv. Cerejinha apresentam maiores teores foliares de K, em relagao as
plantas enxertadas desta cultivar sobre ‘Capdeboscq’ e, inclusive, elevam a classe de interpretagao
agrondmica.

Termos de Indexacdo: Rosaceae, Prunus salicina Lindl., nutri¢do, método de propagagao.
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Introduction

The production of plum nursery trees in Brazil has
traditionally been carried out by the grafting of active
bud (“T-inverted” or “T-normal” budding methods)
of the scion cultivar on peach seedlings, forming an
interspecific combination. In this conventional system,
the nursery is made under field conditions, the nursery
trees are commercialized in bare root and it takes, on
average, 18 months for its production. The short period
of commercialization of the nursery trees, restricted to
the dormancy stage and the necessity of planting in a
few days after the pull off are other disadvantages of the
system (PEREIRA; MAYER, 2005). Hammerschlag and
Scorza (1991) point out that the adoption of rootstocks
and the choice of propagation methods are only justified
when the rootstocks are really necessary, if they present
resistance characteristics to particular problems of soil
or pathogens, besides the viable production costs and the
casiness of propagation. The use of varietal pits mixtures
of several peach-tree cultivars to form rootstocks, a
practice that still common in many nurseries that produce
this species in Rio Grande do Sul, does not allow to know
and to perpetuate the cultivar used, as well as does not
exist vigor homogeneity and reactions to the existing biotic
and abiotic factors in the climate and soil (PEREIRA;
MAYER, 2005; MAYER et al., 2014a). The seeds of the
‘Capdeboscq’ scion of free pollination, another material
also used to produce rootstock, confer susceptibility to
the Meloidogyne spp. and the Mesocriconema xenoplax
nematodes (MAUCH et al., 1991; CARNEIRO et al.,
1998).

Alternatively, the nursery trees can be produced
by some vegetative method that enables the rooting of
the cultivar itself. Named own-rooted, these kind of trees
do not require grafting or budding and, thus, there is no
rootstock and the risks of incompatibility are excluded,
being considered a situation closer to natural. The own-
rooted scion is commercially used in Brazil for several
crops, and in fruit trees the method is used in fig tree, guava
tree, blueberry tree, blackberry and olive tree. In peach
tree, the own-rooted by woodcuts was proposed for the
formation of dense orchards in order to reduce planting
costs (COUVILLON, 1985). The mature peach trees, on
their own roots, presented higher productive efficiency,
were more tolerant to drought and produced larger fruits
under conditions of water stress, compared to the plants
grafted on seedlings (COUVILLON, 1985; COUVILLON
et al., 1989). The micropropagated scion cultivars, in
addition to allowing the production of virus-free plants in a
short period of time, presented higher yield and productive
efficiency than those grafted (HAMMERSCHLAG:;
SCORZA, 1991). However, the own-rooted ‘Redhaven’
peach trees showed lower longevity and higher mortality
due to Peach Tree Short Life (PTSL), in areas with a

history of the syndrome in the Southeast of the United
States (REIGHARD et al., 1990).

The leaves of own-rooted peach trees presented
higher calcium (Ca) and magnesium (Mg) contents
compared to the same cultivars grafted on rootstocks
multiplied by seeds (COUVILLON, 1982). In the case
of grafted plants, the grafting point may represent a
barrier to the translocation of these elements to the
scion (COUVILLON, 1982). Adequate Ca contents are
fundamental for cell wall integrity and cell membrane
selectivity and they prevent the occurrence of physiological
disturbances in fruits (MANGANARIS et al., 2005).
However, own-rooted ‘Stanley’ plum propagated by
micropropagation and evaluated in the field did not
present significant differences in the leaf nutrient content
of nitrogen (N), phosphorus (P), potassium (K), Ca, Mg
and iron (Fe) and on the physical characteristics of fruits
and pits, compared to the plants grafted on ‘Dzhanka
4’ multiplied by seed or ‘GF 655/2” micropropagated
(POPOV; ZHIVONDOYV, 2002).

Several studies were carried out in Brazil using
cuttings, air-layering, or tissue culture to produce own-
rooted nursery trees of several plum scion cultivars
(DUTRA et al., 1997; TONIETTO et al., 2001;
SCHWENGRBER et al., 2002; TOFANELLI et al., 2002;
CASTRO; MEDEIROS, 2007; BANDEIRA et al., 2013).
However, it is not known the behavior in the field of
own-rooted plums and their real benefits in relation to
the traditional nursery trees grafted on peach trees of
naked root. In general, the plums are more tolerant to
soil flooding than peach trees (GUERRA et al., 1992;
REIGHARD; LORETI, 2008; MESCHIMIDT et al.,
2015) and, as hypothesis, the absence of a grafting point in
own-rooted plum trees can be beneficial to plant nutrition.

The aim of this study was to evaluate the leaf
nutrient contents in seven plum cultivars (Prunus salicina)
in the 2™ and 3™ year after the field planting, whose
nursery trees were produced by own-rooted of hardwood
cuttings or by grafting (“T-inverted” budding method) on
the ‘Capdeboscq’ peach.

Material And Methods

The plum nursery trees (Prunus salicina Lindl) of
the cultivars Amarelinha, Blood Plum, Cerejinha, Quinze
de Novembro, Pluma-7, Reubennel and Santa Rita were
produced in the Nursery Frutplan Mudas Ltda. (Pelotas-
RS) by two different systems: a) own-rooted nursery trees,
propagated by hardwood cuttings and kept in a plastic
bag (35 x 19 cm) containing commercial substrate; b)
nursery trees grafted by “T-inverted” budding method
on ‘Capdeboscq’ peach [Prunus persica (L.) Batsch]
multiplied by seeds, produced under field conditions (bare
root). The nursery trees, standardized with 50 cm of height,
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were planted in the field on October 10%, 2012, with the
spacing of 6 x 3 m, in a rural property (212 m of altitude)
located in the 8" district of Pelotas-RS, Brazil. The soil of
the experimental area was classified as “Argissolo Bruno
acinzentado” (EMBRAPA, 2013), predominantly sandy
and with average content of 16% of clay. The results of
the physico-chemical analysis are shown in Table 1.

The plants were trained in an open-vase format
without tutoring, with four to six scaffolds per tree
(RASEIRA et al., 2003), and the fertilizations carried
out based on the interpretation of leaf analyzes, shoot
growth and yield expectation (CQFS-RS/SC, 2004). In
the first three years after planting, only N was applied
at doses of 30, 60 and 90 kg ha' for 2012, 2013 and
2014, respectively. In 2015, besides N (90 kg ha'), 30
kg ha' of K O was also applied. The N applications were
fractionated three times, being 50% at the beginning of the
growth, 30% after fruit thinning and 20% after the harvest.
The K was applied in a single dose at the beginning of
growth, together with the first application of N. Since the
leaf contents of P were always higher than 0.09%, it was
not necessary to apply this nutrient.

The leaf samplings were made in December 2014
and 2015, approximately between the 13" and 15" weeks
after full bloom. A total of 100 complete leaves (limbus
with petiole) were collected at random from each plot, in
the year average portion of shoots located in the middle
third of the tree, according to the recommendations of
Freire and Magnani (2005). The samples were disposed
in identified paper bags and immediately sent to the

Embrapa Clima Temperado Plant Nutrition Laboratory
for chemical analysis. The leaf contents of macronutrients
were determined: N, P, K, Calcium (Ca) and Magnesium
(Mg), expressed in %; and of micronutrients: Fe,
manganese (Mn), zinc (Zn), copper (Cu) and boron (B),
expressed in mg kg!, according to the methodologies
established by Tedesco et al. (1995) and CQFS-RS /
SC (2016). In 2014 and 2015, four sub-samples of soil
per block were also collected in the 0 to 0.20m deep
layer, which together formed a composed sample per
block. The pH, organic matter (%), P and K (mg.dm?),
Ca, Mg, Al, H + Al K (cmol_ dm), base and aluminum
saturation and cation exchange capacity (CECpH ;) were
evaluated (Table 1), to assist in the interpretation of leaf
analysis data, as recommended by Freire and Magnani
(2005). Monthly rainfall data were recorded in the second
semester of each year, at the Embrapa Clima Temperado
Headquarters (Table 2), at a distance of 29 km, straight
from the experiment site.

The experimental design was in randomized
complete block design with a factorial of 7 x 2, with five
replications. The seven levels of the cultivar factor were
‘Amarelinha’, ‘Blood Plum’, ‘Cerejinha’, ‘Quinze de
Novembro’, ‘Pluma-7°, ‘Reubennel’ and ‘Santa Rita’,
and the two levels of the nursery tree type factor were
own-rooted and grafted by budding. Each plot consisted
of one plant, totaling 70 plants (= 70 plots). The data of
each year of sampling were analyzed separately, being
submitted to the analysis of variance, by the F test, and
the averages compared by the Tukey test, at the level of
5% of probability, using the Estat software (ESTAT, 1994).

Table 1. Results and interpretation of the soil analysis of the samples (0-20cm) from the five experimental blocks, in
2014 and 2015. Embrapa Clima Temperado, Pelotas-RS, 2016.

Bl pH OM. Clay P K Ca Mg Al H+AIl Saturation (%) CEC
ock B - %) (%) -—--mg dm3--—-- cmol dm------- Al Bases pH7
2014
01 6.6(H 21(L) 18 99(VL) 99(H) 43H) 1.0M) 00 20 0,0 74 7.6
02 6.6(H 20(@L) 17 11.6(L) 99MH) 4.1(H) 08M) 00 20 0.0 72 7.2
03 6.8(H) 18(L) 17 94(VL) 105(H) 43(H) 09M) 00 16 0.0 77 7.1
04 6.7(H) 2.1(L) 17 42(VL) 101 (H) 45H) 1.1(H) 00 2.1 0.0 74 8.0
05  69(H) 22(L) 16 6.6(VL) 117(H) 46(H) 1.0M) 00 1.5 00 80 74
2015
01  63(H) 19(L) 15 87(VL) 128(VH) 3.8(M) 1.4(H) 00 1.8 00 75 73
02 6.7(H) 15(@L) 14 80(VL) 116(H) 34M) 26(H) 00 1.8 0.0 78 8.1
03 6.5(H) 2.0(L) 15 64(VL) 139(H) 40M) 1L.5(H) 00 2.1 0.0 74 8.0
04 6.6(H 14(@L) 14 33(VL) 9% MH) 4.1(H) 14H) 00 1.8 0.0 76 7.5
05 67(H) 17(L) 14 57(VL) 98(H) 43(H) 1.6() 00 1.8 00 78 8.0

*Interpretation of chemical analyzes (CQFS-RS/SC, 2016): VL = very low; L = low; M = medium; H = high; VH = very high.
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Table 2. Monthly total rainfall registered at Embrapa Clima Temperado Headquarters (31°40°59.17’S; 52°26°10.39”W;
57m altitude), in the second semester of each year of evaluations. Embrapa Clima Temperado, Pelotas-RS, 2016.

Total Rainfall (mm)

Month Total Rainfall (mm) in 2014 Total Rainfall (mm) in 2015 historic average (1984-2010)
July 204.4 205.7 120.0
August 82.0 116.3 122.9
September 179.8 277.8 136.7
October 213.8 3214 117.7
November 91.9 192.2 111.0
December 148.7 261.8 108.6

Results and Discussion

Figure 1 shows the effects of the two tested factors
on leaf macronutrient contents. Regardless of the year of
evaluation, there was no interaction between cultivar and
nursery tree type for N and P leaf contents, as there was
no main effect for the nursery tree type factor for these
nutrients (Figure 1). In relation to the cultivar factor,
‘Santa Rita’, ‘Pluma-7’ and ‘Cerejinha’, in both years,
showed the highest N levels, with N average of these
cultivars (2.77%), approximately 17% higher than the
others (2.37%). The highest N leaf content corresponds
to the highest initial growth of the Santa Rita cultivar
(MAYER et al., 2014), since, generally, N is the nutrient
that is most related to the increase of vigor in fruit plants
(NAVAetal.,2010).In 2014 and 2015, for most cultivars,
the N content is in the sufficiency range considered
normal (2.31 - 2.80%) (CQFS-RS/SC, 2016), indicating
the adequate management of nitrogen fertilization during
the plant growth phase.

Although the soil P levels were considered to be
very low (Table 1), the leaf nutrient contents (Figure 1)
were in the normal or above normal range (CQFS-RS/
SC, 2016), as observed for all cultivars in 2015. This
corroborates with the results already found for other
temperate fruits such as apple and pear tree, which are
rarely deficient in P (BRUNETTO et al., 2015; NAVA et
al., 2017), which is mainly due to the longer period they
are able to absorb the nutrient from the soil, as well as the
association of the roots of these trees with mycorrhizal
fungi hyphae, as verified by Nava et al. (2016) for the
feijoa tree. In 2014, the Santa Rita cultivar showed to be
superior to the Amarelinha cultivar, but it did not present
different P leaf contents in relation to the other evaluated
cultivars.

For the K leaf contents, there was interaction
between the factors studied in the two years of evaluation.
The K contents were within the normal range, above
normal or excessive (CQFS-RS/SC, 2016), depending on
the year and/or the cultivar combination and the nursery
tree type (Figure 1 and 2). In addition to the fact that
the evaluated cultivars possibly are efficient in absorbing
the nutrient, the K leaf contents never below normal can

also be related to the high K content in the soil (Table 1),
a fact that has already been proven in others nutritional
surveys carried out in Rio Grande do Sul (FREIRE,
2002) with the plum culture. The own-rooted nursery
tree of the Cerejinha and Reubennel cultivars raised the
K interpretation class for excessive in 2015 (Figure 2),
but with K contents statistically similar to the Santa Rita
and Pluma-7 cultivars. Still in 2015, the grafted plants of
the Blood Plum cultivar presented higher K contents than
the Quinze de Novembro cultivar, but it did not differ
significantly from the others. In 2014, the own-rooted
plants of the Reubennel, Cerejinha and Blood Plum
cultivars presented the highest K contents, in relation
to the cv. Quinze de Novembro. For the grafted plants,
the Reubemel cultivar was the one that stood out this
year. In the interaction for the nursery tree types within
cultivars, in 2014, the Cerejinha and Pluma-7 cultivars,
when own-rooted, had higher K contents (average of
2.22%) than when they were grafted (average of 1.87%),
with a difference of approximately 19% in favor of the
own-rooted ones. In 2015, the own-rooted trees presented
higher K contents (2.98%) than the grafted ones (2.53%),
but for the Cerejinha and Reubennel cultivars (Figure 2).
Differences in morphology and root density in the soil
profile were identified as possible causes of variation
of K leaf contents in grapevine cultivars on different
rootstocks, with own-rooted trees as control (IBACACHE;
SIERRA, 2009).The K content is an important variable
for fruit quality. Higher levels of this nutrient are usually
associated with more colorful fruits and with higher sugar
content (NAVA et al., 2008). In addition, K promotes the
translocation of the sugars that are produced in the leaves
by photosynthesis to the fruits (TAIZ; ZEIGER, 2013),
consequently influencing their size and yield.

Regarding the Ca contents, the interaction between
factors was only significant in 2014 (Figure 1 and 3).
In this year, the Amarelinha, Pluma-7 and Reubennel
cultivars presented the highest foliar levels of Ca in own-
rooted trees, which were also confirmed in the grafted
ones (Figure 3). For the four cultivars (Amarelinha,
Blood Plum, Pluma-7 and Reubennel), there were higher
Ca foliar contents for the own-rooted plants, which on
average was 30% higher when compared to the same
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grafted cultivars. In 2015, there was a significant effect
of cultivars and of the nursery tree types in the Ca foliar
contents, highlighting in the set of data, the Amarelinha,
Pluma-7 and Reubennel cultivars with significantly higher
content than the other cultivars. In 2015, the own-rooted
plants accumulated approximately 25% more Ca in the
leaves than the grafted plants, but without changing the
agronomic interpretation class (CQFS-RS/SC, 2016)
(Figure 1). Especially for fruits consumed in natura form,
the Ca sufficiency is primordial for more conservation.
Because it is part of the cell wall structure, the Ca increases
the plums firmness (VALERO et al., 2002; ALCARAZ-
LOPEZ et al., 2003). However, with the exception of the
Amarelinha, Pluma-7 and Reubennel cultivars, which
presented normal Ca contents in 2014 (Figure 1), for the
others, the data reveal contents below normal (CQFS-RS/
SC, 2016), which indicates that the evaluated cultivars
were not efficient to accumulate Ca, even if there were
high nutrient contents in the soil (Table 1).

The interaction between the factors was only
observed in 2014 (Figure 1 and 4) for the Mg foliar
contents. The Amarelinha, Pluma-7 and Reubennel
cultivars presented higher leaf contents in the own-rooted
plants (Figure 4). In 2014, the own-rooted plants of the
Cerejinha cultivar presented insufficient Mg contents in
the leaves (0.18%), approximately 29% lower than the
average of the other cultivars. In relation to the grafted
plants, only ‘Reubennel’ had significantly higher Mg
contents in 2014 than ‘Quinze de Novembro’ and ‘Santa
Rita’ (Figure 4). Still in 2014, the ‘Amarelinha’ cultivar,
which did not present significant differences between the
types of nursery trees (Figure 4), for the others cultivars,
the foliar Mg contents were always higher in the grafted
plants than in the own-rooted plants (Figure 4). In 2015,
there was only significant effect for the cultivar factor. In
this year, the ‘Amarelinha’, ‘Pluma-7; and ‘Reubennel’
cultivars presented average Mg contents approximately
40% higher than the other cultivars (Figure 1). According
to the interpretation of the foliar analysis (CQFS-RS/
SC, 2016) in both years, the Mg levels were below the
range considered normal (0.50 - 0.80%), which may be
associated with the irregular distribution of rainfall during
the vegetative cycle, since the total monthly rainfall was
close to the historical average (Table 2) and the soil
Mg levels were medium or high (Table 1).The lack of
humidity in the soil drastically reduces the Mg supply
through the mass flow to the root system (BARBER,
1984), which can induce deficiency even though there is
good availability of the nutrient in the soil. In addition,
it is possible that the reference values of Mg used for the
plum may be overestimated, since the interpretation table
(CQFS-RS/SC, 2016) considers the reference values for
this crop to be very similar to those used for the peach,
and the requirement of Mg between these crops may be
different.

Figure 5 shows the micronutrient leaf contents.
Mn was the only micronutrient in which the interaction
was significant in the two years of evaluation. In 2014,
the ‘Amarelinha’, ‘Reubennel’ and ‘Santa Rita’ cultivars
stood out in relation to the other cultivars when the plants
were own-rooted (Figure 6). ‘Reubennel’ and ‘Santa
Rita’ also presented relatively higher Mn contents than
the other cultivars, in grafted plants evaluated in 2014
(Figure 6). Regarding the nursery tree types, except for
‘Quinze de Novembro’ cultivar, the Mn contents in the
other cultivars were higher for the own-rooted ones, in
2014. In 2015, the ‘Reubennel’ and ‘Pluma-7’ cultivars
presented significantly higher contents than ‘Cerejinha’
and ‘Quinze de Novembro’, not differing from the others
when in own-rooted plants. However, for grafted plants,
there were no differences among cultivars in 2015 (Figure
6). In relation to the nursery tree types, own-rooted
plants of the ‘Amarelinha’, ‘Blood Plum’, ‘Pluma-7’ and
‘Reubennel’ cultivars reached higher Mn levels (Figure 6).

As for the Zn leaf contents, there are differences
among the tested cultivars, but the types of nursery tree
did not influence (Figure 5). All values were classified as
below normal or insufficient (Figure 5 and 7). In 2014,
although not different from ‘Cerejinha’, own-rooted
plants of ‘Amarelinha’ stood out in relation to the other
own-rooted cultivars. However, there were no differences
between cultivars for grafted plants. In relation to the
nursery tree types, ‘Amarelinha’ was the only cultivar
that presented higher levels of Zn in the own-rooted
plants, compared to the grafted ones, even raising the
interpretation class in 2014 (CQFS-RS/SC, 2016). This
result differs from that reported by Couvillon (1982),
who, in own-rooted peach trees, found the reduction of Zn
leaf contents, compared to the plants grafted on ‘Lovell’
multiplied by seeds. In 2015, there were no differences
among cultivars and the nursery tree type in relation to
the Zn leaf content (Figure 5).

Regarding the Fe content, there was interaction
among the factors studied in 2015 (Figure 5 and 8).
The own-rooted plants of ‘Reubennel” and ‘Santa Rita’
presented higher contents of Fe in relation to cvs.
‘Amarelinha’, ‘Blood Plum’, ‘Cerejinha’ and ‘Quinze
de Novembro’ in 2015. In grafted plants, there were no
differences among cultivars. In this year of evaluation,
own-rooted ‘Santa Rita’ plants also presented higher
Fe content in relation to grafted plants. In 2014, there
were no differences among cultivars and the nursery tree
type in relation to the Fe leaf content. However, there
was an isolated effect of cultivar, ‘Santa Rita’ presented
approximately 80% more Fe in its leaves than the average
of the other cultivars evaluated (Figure 6), emphasizing
its greater efficiency in absorbing this micronutrient from
the soil.
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In both evaluation years, the Fe and Zn leaf contents
(Figure 5, 7 and 8) were below normal or insufficient
(CQFS-RS/SC, 2016), which may be related to high soil
pH, generally higher than 6.5 (Table 1), which tends to
decrease the availability of these micronutrients (ABREU
et al., 2007).

Regarding the Cu contents, there was no significant
interaction between the factors studied in any of the
evaluation years, but the significant effect of cultivar
was evidenced in 2014 and in 2015 (Figure 5). In 2014,
the ‘Santa Rita’ cultivar presented Cu contents similar
to ‘Reubennel’, but stood out in relation to the others,
accumulating approximately 70% more Cu than the
other cultivars. Regarding the nursery tree type, there
was no significant difference in 2014. In 2015, there
were differences between cultivars, with ‘Amarelinha’
and ‘Cerejinha’ presenting higher levels than ‘Quinze
de Novembro’. In the same year, the own-rooted plants
presented higher concentration of Cu in the leaves,
compared to the grafted ones.

In both evaluation years, the B contents in the leaves
were influenced by the cultivar. In 2014, the ‘Cerejinha’
cultivar presented contents approximately 22% higher
than the average obtained by the ‘Amarelinha’ and ‘Blood
Plum’ cultivars, but it did not differ significantly from the
other cultivars (Figure 5). In 2015, again the ‘Cerejinha’
cultivar stood out, presenting higher levels in the leaves
compared to the ‘Blood Plum’, ‘Reubennel’ and ‘Santa
Rita’ cultivars, being able to be considered a cultivar with
good absorption capacity of B. In the same year, the own-
rooted plants presented higher concentration of B in the
leaves, compared to the grafted ones.

In the analysis of the nutrients, the leaf contents
were always higher when the trees were obtained by
own-rooted, except for Mg in 2014. This effect was
already evident in other studies (COUVILLON, 1982;
COUVILLON, 1985). Own-rooted trees have higher leaf
contents of some nutrients such as Ca and Mg, because they
have a greater number of fine roots, which allows the root
system to explore larger soil volume, being more efficient
in the absorption of water and nutrients, compared to those
grafted in rootstocks propagated by seed (COUVILLON,
1982; COUVILLON, 1985). In addition, the grafting point
may be a limiting factor, partially blocking the xylem
vessels, water and nutrients conductors from the root
system to the aerial part of the plant. Thus, the calcium
transport can be partially blocked or even prevented by
the grafting point (COUVILLON, 1982). Another aspect
that may explain the higher efficiency of own-rooted and
potted nursery trees is the greater number of roots and that
they are able to cover a larger volume of soil, besides not
being damaged in the planting because they have roots
completely enveloped in the substrate in which they
were produced. Thus, they become capable of absorbing
more water than grafted plants on rootstocks multiplied

by seeds, bare-root (COUVILLON, 1985; MAYER et
al., 2014a). However, Couvillon (1982) did not observe
any statistical difference in leaf nutrient contents (N, P,
K, Ca, Mg, Fe, Mn, B, Cu and Zn) among six different
own-rooted peach tree cultivars, indicating that nutrient
absorption variations among own-rooted cultivars are less
frequent. Own-rooted peach trees may better withstand
low soil humidity conditions compared to plants grafted
on ‘Lovell’, ‘Nemaguard’ or ‘Halford’ seedlings, due to
the higher leaf water potential and stomatal conductance
(COUVILLON et al., 1989).

In four own-rooted scion plum cultivars propagated
by micropropagation and compared to the same cultivars
grafted on ‘Dzhanka 4’ seedlings (P.cerasifera), the
results regarding vegetative growth varied widely between
cultivars. However, in the Reine-Claude d’ Althan cultivar,
the own-rooted plants grew with greater vigor, forming
compact plants with more branches in the first and second
years, although they did not influence the beginning of
the fruiting (POPOV; KORNOVA, 2009). In three years
of field evaluations, Klass and Kahu (2007) concluded
that there were no substantial differences in the main
characteristics evaluated, such as section area of the
trunk, production and fruit mass in nine own-rooted plum
cultivars propagated by micropropagation, compared to
the same scion grafted on P. cerasifera.

The technology of the own-rooted nursery trees
production presents some peculiarities, such as the
perpetuation of the genetic identity of the scion and
the root system in a single propagation process, the
genetic composition of the root system identical to the
cultivar scion itself and the exclusion of the risks of graft
incompatibility. The use of own-rooted nursery trees may
be of particular interest to the plum tree, since plum species
are more tolerant to flooding than peach (GUERRA et al.,
1992; REIGHARD; LORETI, 2008; MESCHIMIDT et
al., 2015). The confirmation of the own-rooted technical
feasibility of plum scion cultivars can stimulate the
production of nursery trees through tissue culture, high
sanity and in a short time. In order to do so, new regional
studies and other cultivars of interest are required to
prove field viability, especially involving evaluations of
plant longevity, yield, productivity, quality and mineral
composition of fruits.
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Factors N K Ca Mg
contents %

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

Cultivar
Amarelinha 2.43 be 2.48 be 025b 0.33a 191 cd 2.50 ab 1.73 a 1.57a 0.37 a 043 a
Blood Plum 224c¢ 2.41be 0.27 ab 032a 2.04 be 2.64a 1.28b 1.11 be 0.31 be 0.31 be
Cerejinha 2.70 ab 2.80 ab 0.28 ab 0.34a 2.14 ab 2.77 a 1.07b 0.85¢ 0.27c¢ 023 ¢
Q. de Novembro 232¢ DI @ 0.27 ab 029a 1.71d 224b 1.04b 081c 028 ¢ 0.24 bc
Pluma-7 2.70 ab 2.60 abc 0.31 ab 0.32a 1.95 be 2.51 ab 1.69a 1.55 ab 0.34 ab 0.35 ab
Reubennel 2.41 be 2.46 be 0.30 ab 0.32a 234a 274 a 2.01la 1.22 abc 0.34 ab 0.33 abc
Santa Rita 2.89a 295a 033 a 033 a 1.86 ¢d 2.58 ab 1.09b 1.00 ¢ 0.28 ¢ 0.28 be
Fcuttivar 10.0584**  7.0896** 2.7833% 0.5169™  17.6560%* 4.5467** 24.1430%* 8.70%* 11.0634%*  6.6956**
Nursery tree type
Own-rooted 254a 257a 029 a 032a 2.05a 2.6l1a 1.56a 1.29a 028b 030 a
Grafted 2.50a 255a 0.28 a 032a 1.94b 253a 1270 1.03 b 034a 032a
F nursery tree type 0.5262™ 0.1071™ 0.1860™ 0.1133™  10.1308**  1.8507™ 23.7500** 10.6713** 62.1367** 1.5734™
F cultivar x nurs. tree type 0.4544™ 1.5659" 0.9445" 0.8914" 3.1888**  3.6925%* 2.5130* 1.6303" 5.7835%* 0.6193"
F Blocks 1.6489" 3.4641* 0.2130" 9.2187** 3.2959* 0.6841" 2.7921* 0.6505" 1.1742"% 1.74"
CV (%) 9.34 11.41 18.42 19.96 7.65 10.33 17.76 28.73 11.54 27.69

Averages followed by different letter in column differ by Tukey test. * significant at the 5% probability level; ** significant at the 1% probability level, ™ not significant.
Interpretation of the results according to CQFS-RS/SC (2016):

= below normal,; :| = normal; :] = above normal;

Figure 1. Macronutrient leaf content (%) in seven plum cultivars established in the field with two types of nursery
trees. Embrapa Clima Temperado, Pelotas-RS.

K lez{f contents (%) in 2014

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 1.88 Acd 1.95 Ab 0.4685™
Blood Plum 2.08 Aabe 2.00 Ab 0.6544™
Cerejinha 2.36 Aab 1.92 Bb 20.8227**
Q. de Novembro 1.71 Ad 1.72 Ab 0.0039™
Pluma-7 2.08 Abc 1.83 Bb 6.5088*
Reubennel 2.37 Aa 2.30 Aa 0.5576™
Santa Rita 1.88 Acd 1.84 Ab 0.2478"™
F (B inside of A) 13.4312** 7.4136%* -
CV (%) 7.65 :

K leaf contents (%) in 2015
Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 2.37 Ac 2.64 Aab 2.4749™
Blood Plum 2.48 Abc 2.81 Aa 3.9141™
Cerejinha 2.50 Bab 9.7503%%*
Q. de Novembro 2.24 Ac 2.24 Ab 0.0001™
Pluma-7 2.65 Aabc  2.37 Aab 2.9454™
Reubennel 2.56 Bab 49141%
Santa Rita 2.58 Aabe 2.57 Aab 0.0070™
F (B inside of A) 5.8169** 2.4223%
CV (%) 10.33

Averages followed by distinct letters, lowercase in the row and upper case in the colunr
differ from each other by the Tukey test. * significant at the 5% probability level;
** significant at the 1% probability level; ™ not significant.
Interpretation of the results according to CQFS-RS/SC (2016):
[ =normal; C——=above normal; = cxcessive.

Figure 2. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the Potassium
variable, in the samplings carried out in 2014 and 2015. Embrapa Clima Temperado, Pelotas-RS.
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Ca leaf contents (%) in 2014

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 2.01 Aab 1.46 Babc 11.8800**
Blood Plum 1.57 Abc 0.99 Bed 13.3079**
Cerejinha 0.99 Ad 1.15 Abed 1.0640™

Q. de Novembro 1.11 Acd 0.97 Ad 0.7977"
Pluma-7 1.85 Aab 1.52 Bab 43081*
Reubennel 2.17 Aa 1.85 Ba 4.0509*
Santa Rita 1.24 Acd 0.95 Ad 3.4194™

F (B inside of A) 17.0515%* 9.6045%* -

CV (%) 17.76 -

Averages followed by distinct letters, lowercase in the row and upper case in the column,
differ from each other by the Tukey test. * significant at the 5% probability level;
** significant at the 1% probability level; ™ not significant.
Interpretation of the results according to CQFS-RS/SC (2016):
=below normal; [ =normal.

Figure 3. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the calcium
variable, in the sampling carried out in 2014. Embrapa Clima Temperado, Pelotas-RS.

Mg leaf contents (%) in 2014

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 0.37 Aa 0.37 Aabc 0.0078™
Blood Plum 0.28 Bb 0.33 Aabc 5.2792%*
Cerejinha 0.36 Aabc 60.4766%*

Q. de Novembro 0.25 Bb 0.30 Ac 4.1312*
Pluma-7 0.30 Bab 0.37 Aabc 9.5666**
Reubennel 0.30 Bab 0.38 Aa 12.4952%*
Santa Rita 0.26 Bb 0.31 Abc 4.8809*

F (B inside of A) 12.8514** 3.9955%* -

CV (%) 11.54 -

Averages followed by distinct letters, lowercase in the row and upper case in the column,
differ from each other by the Tukey test. * significant at the 5% probability level;
** significant at the 1% probability level; ™ not significant.
Interpretation of the results according to CQFS-RS/SC (2016):
I - insufficient; =below normal.

Figure 4. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the Magnesium
variable, in the sampling carried out in 2014. Embrapa Clima Temperado, Pelotas-RS.

Factors Fe Mn /n Cu B
contents mg kg’

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Cultivar

Amarelinha 728 a 60.5 abc 104 a 156 a 54b 12.1a 40.7 be 47.1 ab
Blood Plum 454 b 61.3 abc 7.6 ab 129a 3.7 be 10.8 ab 399 ¢ 4490
Cerejinha 358D 41.1¢ 7.7 ab 142a 4.7 be 12.1a 49.1 a 522a
Q. de Novembro 37.1b 48.8 be 59b 155a 29¢ 9.1b 45.7abc  46.4 ab
Pluma-7 46.0b 73.1a (WA 155a 4.2 be 10.9 ab 449 abc 453 ab
Reubennel 67.0 a 68.5 ab 64D 12.6a 5.6 ab 10.8 ab 46.3 ab 425D
Santa Rita 752 a 63.4 ab 79.7 a 66.1 ab 9.0 ab 11.7a 7.5a 11.2 ab 43.9 abc 42.8b
F cuttivar 24.8872%% 59617**%  15.0333%*  56274%% 41737*%*% 13366™ 9.8385%*  3.0732%  54457%*% 4.0]128**
Nursery tree type

Own-rooted 53.1a 723 a 755 a 79a 142 a 477 a 119a 448 a 47.5a
Grafted lEE 51.8a 373b 443 b 13.8a 494 a 10.1b 439 a 442D
| ——— 0.0253™ 0.1957%  100.2007**  75.13%%* 0.7199™  0.1885™  0.2256™ 16.4382** (.6350"™ 7.2420%**
F oivars mrsweetype  1-2361™°  3.2629%*  5.1752%* 2.9279%  4.7381**  0.7554™  2.1265™ 1.3713™ 2.1062"  1.2468™
F Blocks 2.0027%  5.9436** 2.8216* 10.8244%%  2.4142™  6.0025%* 1.0810"™ 26.8125** 1.7839"™  (0.8000™
CV (%) 20.81 24.72 26.70 25.13 33.36 31.46 31.09 16.62 9.81 11.23

Averages followed by different letter in column differ by Tukey test. * significant at the 5% probability level; ** significant at the 1% probability level;
™ not significant. Interpretation of the results according to CQFS-RS/SC (2016):
HEE - insufficient; = below normal; [ =normal.

Figure 5. Micronutrient leaf content (mg kg') in seven plum cultivars established in the field with two nursery tree
types. Embrapa Clima Temperado, Pelotas-RS.
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Mn leaf contents (mg kg") in 2014

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 109.2 Aa 36.4 Bb 61.8288**
Blood Plum 58.6 Ab 32.2 Bb 8.1308%**
Cerejinha 49.0 Ab 22.6 Bb 8.1308%**
Q. de Novembro 40.8 Ab 33.4 Ab 0.6388™
Pluma-7 61.8 Ab 30.2 Bb 11.6494%**
Reubennel 92.8 Aa 41.2 Bab 31.0618%%*
Santa Rita 94.2 Aa 65.2 Ba 9.8112**
F (B inside of A) 15.9225%* 4.2859** -
CV (%) 26.70 -

Mn leaf contents (mg kg in 2015
Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 76.2 Aab 44.8 Ba 10.8705**
Blood Plum 78.4 Aab 442 Ba 12.8957**
Cerejinha 49.8 Ab 32.4 Aa 3.3380™
Q. de Novembro 582 Ab 39.4 Aa 3.8968™
Pluma-7 101.0 Aa 452 Ba 34.3289**
Reubennel 92.6 Aa 444 Ba 25.6145%*
Santa Rita 72.4 Aab 59.8 Aa 1.7504™
F (B inside of A) 7.0597** 1.4956™ -
CV (%) 25.13 -

Averages followed by distinct letters, lowercase in the row and upper case in the column,
differ from each other by the Tukey test. * significant at the 5% probability level;
** significant at the 1% probability level; ™ not significant.
Interpretation of the results according to CQFS-RS/SC (2016):
= below normal; [ =normal.

Figure 6. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the manganese
variable, in the samplings carried out in 2014 and 2015. Embrapa Clima Temperado, Pelotas-RS.

Zn leaf contents (mg kg) in 2014

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 14.0 Aa 6.8 Ba 20.1583**
Blood Plum 6.2 Ab 9.0 Aa 3.0486™
Cerejinha 9.2 Aab 6.2 Aa 3.4997"

Q. de Novembro 5.4 Ab 6.4 Aa 0.3889™
Pluma-7 6.4 Ab 6.0 Aa 0.0622™
Reubennel 5.6 Ab 7.2 Aa 0.9955™
Santa Rita 82 Ab 9.8 Aa 0.9955™

F (B inside of A) 7.2142%* 1.6976™ -

CV (%) 3336 g
Averages followed by distinct letters, lowercase in the row and upper case in the column,
differ from each other by the Tukey test. * significant at the 5% probability level;

** significant at the 1% probability level; ™ not significant.

Interpretation of the results according to CQFS-RS/SC (2016):

I - insufficient; = below normal.

Figure 7. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the Zinc variable,
in the sampling carried out in 2014. Embrapa Clima Temperado, Pelotas-RS.
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Fe leaf contents (mg kg') in 2015

Cultivar Own-rooted Grafted F (B inside of A)
Amarelinha 45.8 Ab 61.8 Aa 3.8057"
Blood Plum 42.4 Ab 41.0 Aa 0.0291™
Cerejinha 39.6 Ab 2.7496™

Q. de Novembro 38.6 Ab 45.6 Aa 0.7284"
Pluma-7 55.8 Aab 49.2 Aa 0.6476™
Reubennel 74.0 Aa 60.6 Aa 2.6694™
Santa Rita 75.8 Aa 51.0 Ba 9.1433**

F (B inside of A) 7.5305%* 1.6941™ -

CV (%) 24.72 -

Averages followed by distinct letters, lowercase in the row and upper case in the column, differ from
each other by the Tukey test. * significant at the 5% probability level;

** significant at the 1% probability level; ** not significant.

Interpretation of the results according to CQFS-RS/SC (2016):

I - insufficient;

= below normal.

Figure 8. The interaction between the cultivar factors (factor A) and nursery tree type (factor B), for the Iron varia-
ble, in the sampling carried out in 2015. Embrapa Clima Temperado, Pelotas-RS.

Conclusion

The leaf nutrient content of Japanese plums varies
among cultivars, but there is no cultivar that stands out in
all macro (N, P, K, Ca and Mg) and micronutrients (Fe,
Mn, Zn, Cu and B) evaluated.

Potassium, calcium and manganese leaf contents,
when influenced by the nursery tree types tested, were
always higher in own-rooted plants. However, the foliar
magnesium contents, when influenced by the nursery
trees types tested, were always higher in plants grafted
on ‘Capdeboscq’.

The own-rooted plants of ‘Amarelinha’, ‘Blood
Plum’, ‘Pluma-7’ and ‘Reubennel’ cultivars presented
higher manganese leaf contents, in relation to the grafted
trees of these cultivars on ‘Capdeboscq’.

The own-rooted trees of ‘Cerejinha’ present higher
potassium leaf contents in relation to the grafted plants
of this cultivar on ‘Capdeboscq’ and, even, rise the
agronomic interpretation class.
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