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Claude Monet: Flowering plum trees
(1879)

1.) BACKGROUND TO THE WORK, AIMS AND OBJECTIVES

Plum is the second most important stone fruit after sour cherry. "It is about 5000 years cultivated
plans" (SURANYT 1980/b). It has a long tradition of cultivation in its production area. In the last
ten years (2013-2023), 30-48 thousand tonnes of plums have been produced in our country,
cultivated on an area of about 7 thousand hectares. However, its yield average is outstanding
among the stone fruits, with a mean yield of around 5 t/ha. This value could be further increased
by increasing the intensity, i.e. by choosing the right rootstock-variety combinations, mulching,
modern irrigation techniques with nutrient application, appropriate weed control, and possibly the
use of ice nets as climate nets.In Hungary, 50% of the plums produced are for industrial processing
and about 50% for fresh consumption (APATI, 2020).This would mean that half of the plantations
could be grown using semi-intensive technology with vase canopy, on 'Mirobalan’ seedling
rootstocks that provide strong growth and good anchorage for shaker harvesting.The other half
could be grown with intensive techniques, on growth-reducing rootstocks, with (slender) spindle
crowns that could be harvested by hand standing on the ground.

Despite this, the use of domestic rootstocks is still rather monotonous, with 95-97% of the
rootstocks used by nurseries in Hungary being 'Mirobalan' rootstocks from Cegléd. This situation
needs to be changed as soon as possible.

The fruit quality of plums can also be affected by the influence of certain rootstocks on the variety.
In our country, 50% of the plums produced are industrially processed into jam, brandy (palinka)
and dried plums, and 50% are sold on fresh markets.

The fresh market needs are served by the large-fruited varieties such as 'Toptaste', 'Jojo', 'Cadanska
lepotica’, "Tophit', "Topend', 'Haganta' or the Japanese plum varieties.

Plums are one of our most outstanding fruits in terms of nutritional value. It is remarkable for its
calorie, dry matter (12-15%), carbohydrate (0.4-1.4%), sugar, pectin, fibre and acid content
(SZABO, 2001), as well as its polyphenol content (ORI, 2019).

Plums could also be important for medicinal purposes (TOTH and SURANYT 1980/a; SURANYT,
2006, 2019). Our per person consumption of plums in Hungary is 1.0 kg, one tenth of that of apples
(10 kg/person/year) (KSH 2020). In Hungary, there is a tradition of plum production, mainly in
Szatmar and Bereg (around 10,000 t). However, in recent years (2015-2021), Bacs-Kiskun county
is the second most important plum producing county, with 7,000-7,500 t of plums produced (KSH,
2021). In the orchards of Bacs-Kiskun county, traditional cultivation techniques have been
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abandoned and the trend is increasingly towards intensive cultivation systems. In Western Europe,
approximately 80 plum rootstocks from mahaleb, St.Julien, plum, '‘Marianna plum' and other
species and hybrids are being studied.(WERTHEIM andKEMP 1998; HROTKO 1999; MORENO
2004; JACOB 2007; ACHIM et al. 2010; BOTU et al. 2010;GRZYB et al. 2010;MELAND
2010;PEDERSEN 2010; PINOCHET 2010; SOTTILE et al 2010;MESZAROS et al.
2015;GRAVITE and KAUFMANE 2017; KAJTAR-CZINEGE 2018/a; RADOVIC 2022;NECAS
et al. 2023;). In Hungary, all this research work has so far been carried out with 10 vegetatively
propagated breeds, in addition to the Cegléd seedstocks and the vegetatively propagated 'Fehér
besztercei' and Kisnanai 10szemii" rootstocks from Erd (HROTKO et al. 1998; HROTKO 1999;
HROTKO et al 2002;HROTKO andMAGYAR 2006/b;CZINEGE 2014; KAJTAR-CZINEGE
2018/b;KAJTAR-CZINEGE et al. 2022). Our research examines cultivars of the species domestic
plum (Prunus domestica L.), myrobalan (Prunus cerasifera Ehrh. var. cerasifera Scheid. cv.
myrobalana), 'St. Julien' (Prunus insititia Jusl.) and its hybrids, and European plum (Prunus
domestica L.;).Based on the study of literature data and the analysis of the domestic plum cultivar
and rootstock use, | concluded that the evaluation of the new varieties and rootstocks under
national conditions is an essential task for the improvement of cultivation technology and cultivar
and rootstock use. The aims of our experiment were defined on the basis of the following criteria:

1. Based on the literature data, it is necessary to analyse and select those varieties and
rootstocks which, on the basis of foreign data, seem to be perspective for the establishment
of intensive plantations under national conditions.

2. We want to study the growth characteristics of the selected varieties and rootstocks, mainly
in terms of trunk thickness and crown size, which will allow us to determine their suitability
for intensive planting. In addition, shoot growth and the formation of fruiting parts and
flower buds, which are important characteristics for fruit set and fertility, are investigated.

3. We investigate the fertility and yield of each rootstock/variety combination based on the
yield trends of the trees per year. Productivity is characterised by specific yield in relation
to tree size (trunk cross-sectional area, crown volume).

4. We examine the quality parameters (size, fruit content values) of the fruits obtained on
different rootstock/variety combinations, which determine their suitability for intensive
production.

5. As irrigation is a basic need for intensive plantations in the sandy soils around Kecskemét
in the Great Plain, we want to investigate how the amount of irrigation water affects tree
growth, fruit quantity, quality and viability of the trees.

6. To summarize our results, we recommend varieties and rootstocks for intensive plum
plantations in the Great Plains based on their suitability.



2. MATERIAL AND METHOD

In the spring of 2010, the plant population to be investigated was planted in the Vacsi-kozi
garden of the then Kecskemét College of Horticulture, located at the present Neumann Janos
University, at 46°91' N and 19°68' E.

Kecskemét is located on the sandy plain of the Danube-Tisza Interfluve, so its soil is sandy soil
formed from the Danube alluvium, which is characterised by a low humus content. "The town has
alternating loess, loamy sand and quicksand on or near the surface in the back parts of the
Kiskunsag loess. Vacsi-hegy is loess and loamy sand," says IVANYOSI-SZABO és HOYK, 2010.

Kecskemét has a warm-dry continental climate. The annual sunshine duration is 2030-2050
hours. The average annual mean temperature in the garden is 10-12°C. The average January
temperature is 0 - -1°C, the average July temperature is 21-22°C, the mean temperature during the
growing season is 17-18°C. The number of heat days is 16-20 days. The mean annual rainfall is
500-600 mm, but in 2012 it did not exceed 400 mm. According to OMSZ (2022) and KISS (2005),
the number of days with snow cover is 30-35 days.

In the spring of 2010, the 1-year-old crown grafted plants purchased from Germany were
transplanted. Five cultivars ('C. lepotica', 'Jojo', 'Topper', 'Toptaste', 'Topfive') were planted on six
rootstocks (‘Mirobalan’, 'St. Julien GF655/2', 'St. Julien A, 'Fereley’, 'Wangenheim', 'WaVit'), but
not all rootstock/variety combinations, only 16 combinations were planted. | chose the Top'
varieties for their new value, alongside a more traditional 'Jojo’ and a well-known Serbian variety,
'C. lepotica', for comparison. Among the rootstocks, the well known Mirobalan can be used
alongside the St Julien and the foreign promising Wangenheim, WaVit and Fereley, the last one
for its early fruiting and high yielding effect. The combinations used in the experiment are shown
in Table (1) below. From one combination, 12 trees were planted. 16 combinations, i.e. 192 trees
were planted.

Table 1: The used rootstock/variety combinations

The used rootstock / variety combinations

. St. Julien . .
- GF566/2 m
X X X

,Topper’

,Toptaste’ X X X X X

Topfive’ X X X X
,C. lepotica’ X X

,Jojo’ X X




The cultivation system used: the trees were planted in a 2.5 x 1.5 m space.

This spatial position allowed manual weed control and limited soil loosening. The crown shape
was designed to create a slender spindle-like crown that was easily harvested while standing on
the ground. Vertical growth of the trees was stopped at 3.2 m.

Uniform nutrient supply, weed control and plant protection treatments were applied. The grafts
were planted in 170 | containers sunk in soil, 60 cm in diameter and 60 cm deep. This was
necessary to set up an irrigation experiment, so that watering each tree would not affect the water
supply of the next tree.

From 2010 to spring 2012, the trees received one type of irrigation. The irrigation system was
completed in spring 2012. From then on, 6 of the combinations of trees received 1x dose of
irrigation water, while 6 trees received 2x dose of water. The irrigation system was constructed on
a chessboard. This means that the trees received 2 I/h and 4 I/h of irrigation water during the same
period.

We measured: trunk circumference, trunk diameter, trunk height, tree height, crown width,
shoot growth dynamics, total shoot length, fruit yield per tree, fruit diameter, fruit length, flesh
firmness, fruit dry matter content, fruit acidity, soil moisture, irrigation duration, fruit laterals
length on sample branch, sugar components, acid components and polyphenol content.

| also made calculations from the measured data.

I calculated: trunk area, crown volume, yield per unit area, specific yield per trunk area
(kg/cm?), specific yield per crown (kg/m®), fruit shape index and seed/flesh ratio from the
measured data.

1) Trunk cross-sectional area: (TCSA):
2
TCSA(cm?) = r? - = G . d) - 1T, where

'd" marks the trunk diameter, half of which is marked by 'r".

The increase in trunk cross-sectional area can be used to indicate growth vigour, but small changes
in trunk cross-sectional area (um) are also a very good indicator of water stress (INTRIGLIOLO
and CASTEL 2004). | was not able to monitor this type of change during the experiment.

2.) Crown volume (CV): the crown shape of the trees studied is a spindle, which can be
described by a cone, so | calculated the cone volume using the formula

CV(m?) =% - CA-M

a M=high of the canopy= (high of the tree - high of the trunk)
e Canopy area (CA):

CA(m?) =R?-m = (% D)2 - 1r; ahol

az R=a canopy length (canopy diameter *1/2),
a D= canopy diameter



3.) Yield per unit area (ha):

4 x1,5 (1700 piecetree/ha) Q1 (kg/ha) = (g1+...+qs)/6*1700
4,5 x2,5 (890 piecetree/ha Q2 (kg/ha) = (qi+...+qs)/6*890
where the q =the yield of each tree

4)) Yield per tree: Y (kg - tree™1)

e Cumulative yields:
2016
CY(kg - tree™1) = Y;
i=2010
5.) specific yields

e Cumulative specific yield per trunk cross section area:

CYTCSA (kg * (em?)™1) = CY - (TCSA3016) "

e Cumulative yield per crown volume:
CYCV(kg - (m3)™1) = Cy-cv!
We also looked at the crop rotation index, where the first 3 years' yields were added together and
divided by the total cumulative yield and then multiplied by 100 to get a percentage. This index
refers to the proportion of tree yields in the first 3 years of the study compared to the total yield
per tree.

Precocity index: Pl (%) = (Y2010 + Y2011 + Y2012)*[(CY Total) -1]* 100
The precocity index was calculated based on BUIDOSO et al. (2019).
6.) Fruit shape index (%)

The stem length, fruit width and length were measured with a ruler, and the shape index of the
fruit was calculated from the latter two.

The fruit shape index = fruit length / fruit width.

Next, we measured the weight of the stone, subtracted this weight from the weight of the fruit
to get the weight of the flesh, then divided the weight of the seed by the weight of the flesh to get
the stone-to-flesh ratio.

7.) Stone-to-flesh ratio (%)

Fruit weight - stone weight = flesh weight
Stone weight (g)/flesh weight (g)= stone-to-flesh ratio (%6).

Fruit quality parameters were also measured, such as mean fruit weight, Brix (%), flesh firmness,
stone weight.

8.) Morphological observations live and with photographs

Different types of fruiting laterals can be seen on the fruiting twigs (Figure 1), ranging from
bouguets to long fruiting canes. These can be identified by their length and bud position. We have
classified these parts by type, measured their length and counted the number of buds on them. The
drawing below shows the types of each part of the plum.



The fruiting laterals of the plum tree

Figure 1. : The fruiting laterals of the plum tree (draw: Kajtar-Czinege,2022)

Data evaluation methods

In evaluating the data, our aim was to show how each of the characteristics tested varied across
different groups. When we wanted to compare a trait for two groups, we used a two-sample t-test.
When comparing the average of more than two groups for a trait, analysis of variance was used.
In both cases, we checked the conditions under which the procedures were performed: normality
of the distribution of the trait under test and the agreement of the variance of the trait under test
across groups. Normality was tested for using the Kolmogorov-Szmirnov and/or Wilk-Shapiro
test, while homogeneity of variance was tested using the Levene test. In several cases in our study,
we could not reject normality or homogeneity of variance only at a significance level of 0.01.1f the
conditions were fulfilled, an analysis of variance or t-test was performed. In the case of analysis
of variance, if we rejected the null hypothesis, i.e. we found a significant difference in the mean
value of the trait under test across groups, we created homogeneous classes using the modified
Duncan's multiple rank test (and marked with a, b, c). If the conditions of the procedures were
broken, we performed the non-parametric equivalent of the procedures ANOVA with Welch and
Brown-Forsythe tests, and Mann-Whitney test for a two-sample t-test. When comparing means,
the significance level was 0.05. Analyses were performed using SPSS (FREUND et al. 2021).



3. RESULTS AND THEIR DISCUSSION

3.1. The survival rate - the effect of rootstocks on tree lifetime

The experiment was maintained for 12 years, although growing in containers does not give a good
evaluation of tree lifetime. Nevertheless, our experiments showed that trees of the five varieties
survived the first 7 years with a high survival rate of 83-100%, except for the 'Fereley' rootstock
(Table 2). Trees of the cultivars "Topper', Toptaste' and "Topfive' on the rootstock 'Fereley' showed
a low survival rate of 33-50% under double watering. The tree mortality of 'Toptaste' and 'Topfive'
trees occurred after 2012 when the different irrigation system was in use. The "Topfive' trees on
the 'WaVit' rootstock also showed a lower survival rate of 67%. No mass mortality was observed
in the other rootstock-variety combinations (Table 2).

Table 2: Number of trees (2012 and 2016) and survival rate (2016) for different doses of irrigation
water (W1 and W2)

*Topper’ "Toptaste’ *Topfive’
Rootstocks 2012 2016 Wi W, |2012 2016 W; W, |2012 2016 Wi W
% % % % % %

’Mirobalan’ | 6+6 6+6 100 100 | 6+6 6+5 100 83 - - - -
"GF 655/2° 6+6 6+6 100 100 | 6+6 6+6 100 100 | 6+6 6+5 100 83

’St. Julien A’ 6+6 6+5 100 83 6+6 6+6 100 100
"Fereley’ 6+6 5+3 83 50 6+6 6+2 100 33 6+6 6+2 100 33
"Wangenhei | - - - 6+6 6+5 100 83 - - - -
m
"WaVit’ - - - - - - - 5+6 5+4 83 67
°C. lepotica’ ’Jojo’
2012 2016 W: W |2012 2016 Wi W
% % % %

’Mirobalan’ | 6+6 6+6 100 100 | 6+6 6+6 100 100
’St. Julien A’ | 6+6 5+6 83 100 | 646 6+6 100 100

There is no support from previous observations, literature, foreign literature for this kind of problem of
'Fereley'. MELAND (2010) observed heavy mortality of about 60% on "Wangenheim' rootstocks in soils with
high organic matter content (4%) and good nutrient supply. In contrast, no tree mortality was observed on 'St.
Julien A'.

Vegetative growth - the effect of rootstocks on the growth vigour of trees

The trunk cross-sectional area, i.e. the thickness of the trunk, is the best indicator of growth vigour,
although it can be influenced by a number of other factors. The growth vigour of trees as a genetic
trait can also be modified over the years by other factors such as the quality of nursery grafting,
the growth characteristics of the variety, and the characteristics of crown shaping, fruit set, and
yield, - write BLAZEK and PISTEKOVA (2009).

3.2. Thickness of the trunk and crown volume trends observed during our examination
The statistical analysis of the year 2016 based on the trunk cross-sectional areas (TCSA) of
"Topper', 'Topaste' and 'Topfive' (Table 3) showed significant differences in the different
rootstocks, and for 'Topaste' the crown volume (CA) was also significantly different. "Toptaste’,
'Topfive' did, while 'C. lepotica' and 'Jojo' did not differ significantly in trunk cross-sectional area
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or crown volume. The trees of "'Topper', 'Toptaste' and Topfive' showed different performances
when TCSA was considered. The highest TCSA and CV values on the 'Fereley' rootstock were
obtained on the 'Toptaste' trees, while the 'Topper' on the 'Mirobalan’ rootstock had the thickest
trunk. The trees of "Topper' showed no significant difference in crown volume. The TCSA data
showed significantly lower values for 'Toptaste'/'Wangenheim' than for the Fereley rootstock. The
CV of 'Topfive'/'WaVit' was significantly smaller than that of 'Fereley' rootstock KAJTAR-
CZINEGE et al. (2022).

The mean TCSA results also show that the variety 'C. lepotica’ on '"Mirobalan seedlings' gave tree
sizes similar to the "Topper'/‘Mirobalan' combination without significant differences. 'Jojo’ trees
with 'Mirobalan' and 'St. Julien A' roots showed strong growth overall, while 'Topaste' trees
produced trees almost half the size on the same rootstocks. The TCSA and CA development of
‘Toptaste' is similar to that of "Topfive'.

Figure 2 shows that the crown volume evolution of the 'Topper' crown was not as strong as its
trunk thickening, but more in line with the "Toptaste' crown development, which is characterised
by a CV of 1.2-1.5 m®,

Table 3: Average trunk cross-sectional area (TCSA, cm?) and CV (KTF, m?) in 2016

‘Topper’ ‘Toptaste’ ‘Topfive’
ROOTSTOCKS TCSA CA TCSA CA TCSA CA
‘Mirobalan’ 18.34b 1,22a 10.59ab 0.74ab - - - -
‘GF 655/2° 1751b 1.15a 11.71b 0.8b 1251b 0.67a
‘St. Julian A’ - - - - 11.81b 0.92bc 1341b O051a
‘Fereley’ 11.16a 0.93a 1547c 1.06¢c  14,01b 0.87b
‘Wangenheim’ - - - - 8.64 a 056a - - --
‘WaVit’ - - - - - - - - 7.12a 0.63a
~ “C.lepotica®  ‘loj  MEANOF

ROOTSTOCKS

TCSA CA TCSA CA TCSA CA
‘Mirobalan’ 17.36a 157a 19.27a 160a 1651b 1.30d
‘GF655/2° - - - - - - - - 13.95b 0.88bc
‘St. Julien A’ 19.32a 163a 20.16a l44a  1620b 1.12cd
‘Fereley’ - - - - - - - - 13.55b 0.95¢
‘Wangenheim’ - - - - - - - - 8.64 a 0.56 a
‘WaVit’ - - - - - - - - 712 a 0.63b

*Note 1: Means are grouped using Duncan's test, different letters show significant difference (p=0.05)



Crown volume evolution in 2014 (m?)
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Figure 2: Crown volume evolution in 2014 (m?)

Statistical analysis was calculated for 1x and 2x irrigation and performed for trunk cross-sectional
area (TKT), with significant differences in growing years, but only for 'C. lepotica' and 'Jojo'
(Table 4).

Table 4: Evolution of trunk cross section area for irrigation (cm?)

TCSA 2012-2016

01 8.71 a
02 11.94 b
01 10.41 a

02 14.33 b
Note 1: Means are grouped using Duncan's test, different letters show significant difference (p=0.05)

°C. lepotica’

’Jojo’

Vegetative growth - development and evolution of fruit laterals

Statistical analysis showed significantly different fruit laterals development for the varieties
studied (Table 5). The varieties 'Topper' and 'C. lepotica' were mainly grown on bouquets (47.44%
and 47.13% respectively), "Topfive' mostly on short fruiting laterals (52.9%), while "'Toptaste' had
the highest percentage of long fruiting laterals (41.62%).0On 'Topfive', the proportion of bouquets
and bouquets spears are significantly different from the short fruit laterals and there is also a
significant difference between the medium and long fruit lateral types.In the case of 'C. lepotica’,
there was a significant difference between all types of fruiting parts, with 47.7% of the bouquets
and bouquets spears , 41% of the short fruiting laterals and 11.3% of the long fruiting laterals.No
significant difference was seen between the fruit laterals of 'Jojo’ trees, but the proportion of short
fruiting laterals was lower. No significant differences were found between the proportions of
fruiting parts of the varieties in trees grown on different rootstocks. This characteristic is mainly
determined by the variety (Table 5; Figure 3).
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Table 5: Evolution of fruiting lateral types for each variety (%)

Bouquets and boquets  Short fruiting Medium and long
spears laterals fruiting laterals
‘Topper’ 47.60 c 37.90 ab 1450 a
‘Toptaste’ 21.90 a 36.50 ab 41.60 c
‘Topfive’ 17.30a 52.80 ¢ 2990 b
‘C. lepotica’ 47.70c 41.00 b 11.30 a
‘Jojo’ 36.50b 29.50 a 34.00 b

*Note 1: Means are grouped using Duncan'’s test, different letters show significant difference
(p=0.05)

Relative frequency of occurrence of fruit laterals in 2013
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3.Figure 1: Relative frequency of occurrence of fruit laterals in 2013; note: no statistical
evaluation

The evolution of the development of fruiting parts according to varieties is also discussed in several
Hungarian literatures (GONDA, 2010; SURANYI, 2019), but there is no literature on the
quantitative proportions of fruiting parts either in Hungary or abroad. The rootstocks had a small
effect on the development of the fruiting parts, with no significant differences. The formation of
the fruiting part is a very important aspect for the yield formation assessment, both from a
quantitative and qualitative point of view. Short fruiting laterals have been observed to produce
relatively more fruit than medium or long fruiting laterals, and fruit quality is also more consistent
on short and boquets. In our studies, bouquets and bouquets spears are present in "Topper' and 'C.
lepotica’, SURANYTI (2019) reports the same for 'Ageni', 'Althann ringl¢', 'Spéth Anna', 'Korai kék
szilvd'. The tendency of plum trees to produce short fruiting laterals are also influenced by the time
factor, with a higher proportion of short fruiting parts observed in the case of ageing trees. This
statement is also supported by SURANYT (2019).
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Generative capacity - turning trees into bearing
Turning to bearing is an important factor for economical cultivation and a quick return on
investment. In our plantation, the cultivar "Topper' already produced a significant yield in 2011,
for the rootstocks ‘Mirobalan’ and 'St. Julien GF655/2', but not for 'Ferely'. (Table 6).

Table 6: Evolution of the Precocity Index (P1 %, 2010-2012).

Rootsatocks ‘Topper’ ‘Toptaste’ ‘Topfive’ lep‘o(t:i.ca’ ‘Jojo’ rlz)/lc?tzrt]o(():fk
‘Mirobalan’ 1588 b 11.22a - - 343a 815 a 9.67
‘GF655/2° 1254 b 13.50 a 247 a - - - - 9.50
‘St. Julien A’ - - 12.48 a 1.19 a 285a 4.06 a 5.15
Fereley’ 460 a 6.28 a 1.68 a - - - - 4.19
‘Wangenheim’ - - 12.62 a - - - - - - 12.62
‘WaVit’ - - - - 7.62Db - - - - 7.62
Means of 11.01 11.22 3.24 3.14 6.11
varieties

*Note: Means are grouped using Duncan's test, different letters show significant difference (p=0.05

The other varieties only produced significant yields in 2013 or later. For the different rootstocks,
significant differences in annual yields were obtained for all varieties in the initial years (2010-
2012). The variety 'Topper', which also gave a remarkable fruit yield in the initial years, produced
significantly less fruit (0.72 kg/tree) on 'Fereley' rootstocks in 2010-2013 than 'GF655/2" (2.01
kg/tree) or 'Mirobalan' seedling rootstocks (2.33 kg/tree) (Table 21). For the variety ‘Toptaste’,
there are also significant differences depending on the rootstock in the non-bearing years: the
yields of trees from 'Mirobalan' and 'Wangenheim' rootstocks (0.35-0.41 kg/ha/year) were
significantly lower compared to the other rootstocks 'St. Julien’ and 'Fereley'. The variety "Topfive',
'C. lepotica' and 'Jojo' had low yields (0.07 - 0.73 kg/wood/year) in the early years without
significant differences within the variety. In the fruiting years, the yield averages per tree of plum
cultivars on the different rootstocks followed similar trends in proportion to the cumulative yields.

Some of the trees of the five varieties gave their first fruits in 2011. The yields from 2011 to 2016
are summarized: the cumulative yields per tree (CY) are given in Table 7. Statistical analysis
showed no significant differences in the annual and cumulative yields of trees irrigated with single
(1x) and double (2x) water doses, so the yield results of the two treatments are presented as a
combined average of all live and fruiting trees. There were significant differences in the cumulative
yields of trees of the same species but on different rootstocks, with different trends between species
and rootstock. Exceptions are the rootstocks 'Wangenheim' and 'WaVit', where both "Toptaste’ and
"Topfive' gave the lowest cumulative yield. The "Topper' variety gave the highest yield on the 'St.
Julien GF655/2' rootstock (45.12 kg/tree), similar yields were measured on the 'Mirobalan’
rootstock (42.20 kg/tree), while trees of the "Topper'/'Fereley' combination produced significantly
lower (27.29 kg/tree) cumulative yields. The next variety in terms of cumulative yield was 'Jojo’,
with trees on the 'St. Julien A’ rootstock producing the highest yield (42.23 kg/tree), while the
‘Mirobalan' rootstock had a significantly lower yield (31.21 kg/tree).For the "Toptaste' variety, the
highest cumulative yield per tree was obtained on the 'Fereley’ rootstock (40.27 kg/tree), compared
to significantly lower, medium cumulative yields on the 'St. Julien GF 655/2' and 'St. Julien A’
rootstocks, while the lowest cumulative yields were observed on the 'Mirobalan' and "Wangenheim'
rootstocks.
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The cumulative yield of trees of the variety 'C. lepotica' on the rootstock 'St. Julien A' was
significantly higher compared to those on the rootstock ‘Mirobalan'. The cumulative yield of
‘Topfive' was about half of the highest yielding rootstock combinations of the other cultivars,
with no significant difference between the three medium rootstock trees ('St. Julien GF 655/2',
'St. Julien A" and 'Fereley'). On the other hand, yields were significantly lower (9.45 kg/tree) on
the weak growth vigour rootstock 'WaVit'.

Table 7: Cumulative yields per tree 2011-2016.

Rootstocks Topper Toptaste Topfive C. Jojo Means of

lepotica rootstock
Mirobalan 4220 b 14.65 ab - - 30.08 a 32.21a 29.79
GF655/2 4512 b 23.79 be 1799 b - - - - 28.97
St. Julien A - - 28.57 ¢ 18.59 b 38.37b 4223 b 31.94
Fereley 27.29 a 40.27 d 19.83 b - - - - 29.13
Wangenheim - - 989 a - - - - - - 9.89
WaVit - - - - 9.45 a - - - - 9.45

Means of variety 38.20 23.43 16.47 34.23 37.22

*Note 1: Means are grouped using Duncan's test, different letters show significant difference (p=0.05)

The differences in fruit quality indicators (Table 8) basically reflect the differences between
varieties, and the time of harvesting also influences some parameters, such as Brix. Thus, these
are mainly reflected in the factors determining fruit quality. The differences between the
rootstocks may be due to the fact that the vegetation of each variety was pushed slightly earlier
or later by the rootstock, or the amount of fruit produced by a given graft combination. Fruit
quality is significantly influenced by the quantity of fruit, the more fruit on the tree, the slower
or more delayed the ripening.
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Table 8: Fruit quality indicators (2013)

FLESH STONE
VARIETY ROOTSTOCK FRUIT(\;\;EIGHT B(I;:)X FIRMNESS  WEIGHT
(kglcm?) (9)
"Mirobalan’ 28.78 ab 17.65 bc 1.39 de 1,74 ¢
"Topper’ "GF 655/2° 28.22 ab 1654 a 1.39 de 1.70 bc
"Fereley’ 2654 a 1691 ab 1.40 de 1.71 bc
"Mirobalan’ 40.76 ¢ 25.09 i 153 fg 236 f
’St. Julien A’ 4051 ¢ 2148 g 1.56 gh 246 g
"Toptaste’ *GF655/2 4069 ¢ 2296 h 153 fg 248 g
"Fereley’ 4045 ¢ 2329 h 1.54 fgh 245 g
"Wangenheim’ 3981 ¢ 2270 h 145 ef 253 g
’St. Julien A’ 3139 b 1983 f 1.16 a 153 a
Topfive "GF655/2° 3068 b 19.28 ef 130 cd 151 a
"Fereley’ 3091 b 18.13 cd 1.27 bc 153 a
"WaVit’ 3077 b 19.11 ef 1.18 ab 164 b
¢ lepotica’ ’Mirobélan’ 3740 ¢ 16.24 a 1.38 de 1.,75 ¢
’St. Julien A’ 40.67 ¢ 16.12 a 1,58 gh 178 ¢
Jojo’ "Mirobalan’ 39.70 ¢ 18.72 de 152 fg 193 d
’St. Julien A’ 4402 d 17.69 bc 1.64 h 210 e

*Note 1: Means are grouped using Duncan's test, different letters show significant difference (p=0.05)

The mean fruit weight was partly typical of the varieties, with the 'Toptaste' variety yielding the
largest fruit (35.79-45.44 g), with no significant difference between the different rootstock trees.
Similar fruit size was obtained on trees of the cultivars 'C. lepotica' and 'Jojo', but the fruit size was
opposite on different rootstocks. The fruit of 'C. lepotica' was significantly larger on the
‘Mirobalan' rootstock, while the fruit of 'St Julien A’ rootstock was significantly larger on 'Jojo'".
Smaller fruit size (24.06-33.11 g) was obtained on the cultivar "Topfive', where no significant
difference was observed between the different rootstocks. Taking the mean, the "Topper' cultivar
had the smallest fruit, with no significant difference in fruit size between the different rootstocks.
Fruit weight shows the differences between the varieties very well (Table 8), with a significant
difference between them. Similarly, seed weight also reflects varietal characteristics. There is a
significant difference in Brix and flesh firmness values among the rootstocks, but this could be
explained by the non-uniform fruit ripening. It can be seen that the fruit weight is lower (28.78 g)
for the "Topper' variety than for the other varieties. *Toptaste' stands out in terms of Brix value
(Table 8) (25.09%). The other fruit quality indicators do not differ significantly for 'Mirobalan'
rootstocks. The fruit quality of "Toptaste' on different rootstocks. The fruit characteristics show a
high similarity, i.e. there is no difference in the effect on fruit quality among the rootstocks.
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1)

2)

3)

4)

4. NEW SCIENTIFIC RESULTS

Based on my results in container growing under plain conditions, the rootstocks can be
categorized into three groups: 'Fereley' and 'Mirobalan' seedlings are very vigorous, 'St.
Julien GF655/2" and 'St. Julien A' are medium vigorous, while "Wangenheim' and
'‘WaVit' are weak. The varieties show clear differences in trunk thickness and crown
sizes: 'Topfive' and "Toptaste' are weak-growing, while "Topper' is medium-growing,
'Cadanska lepotica' and 'Jojo' are strong-growing. My results on growth also confirm

that the rootstock-variety combinations have individual behaviour.

We found that the proportions of fruiting part types are specific to the varieties, but that
this characteristic of the varieties was not significantly influenced by the rootstocks.
The 'Topper' and 'Cac¢anska lepotica' produce mainly bouquets and bouquets spears,
whereas the "Toptaste' variety is characterised by medium and long fruiting laterals

cane.

The trees with different rootstocks become productive fruit and fruiting is significantly
influenced by the rootstocks: 'St. Julien A" and 'St. Julien GF655/2' are more productive,
which is independent of the growth characteristics of the develop the fruiting laterals.
The 'Mirobalan’ seedlings have medium productivity. Contrary to the experience
abroad, 'Wangenheim' and 'WaVit' rootstocks had low yields. Values for fruit size and
quality indicators showed variation in different rootstock-variety combinations, but no
consistent rootstock effect was observed. It was found that fruit of the "Toptaste' variety

gave the highest Brix® values.

The two irrigation water levels did not give any significant growth difference in
container-grown plants under plain conditions, except for 'Cacanska lepotica' and 'Jojo',
where twice the water level gave a stronger growth. On the 'Fereley' rootstock, on the
other hand, the double watering resulted in more tree mortality. This phenomenon

needs further investigation in comparison with field conditions.
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