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Specialities of the vegetation start and level of primary
fruit set affect fruit quality
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Summary: Thinning is a highly crucial point of the apple production technology. According to results of numerous studies the earliest
thinning is deemed to have the best amending effects. There can be considerable difference between trees of the same cultivar and age in a
plantation in respect to their flowering, in the numbers of fruits set and also in their canopy volume. Thus it can be crucial —just like in the
case of pruning- to establish a fruit thinning suited for specific characteristics of actual trees. This experiment was established to examine how
does primary fruit set (fruit load before thinning) and further on specific (fruit/TCS cm?) and absolute (fruit/tree) fruit-load of the trees affect
quality attributes at harvest. Our experiment was established in a plantation on medium-tight loamy soil in north-east of Hungary. Harvest
date was determined with the joint observation of the calendar date, starch-index, flesh firmness, background colour and fruit weight. Three
fruit-load levels were established based on local experience and on data of several years, 10t/ha lower and higher besides the advised optimum
yield in the same orchard with slender-spindle shaped ‘Gala must’ cultivar standing on M9 rootstock in Im x 3,8m spacing. In the
establishment of the 15, 25 and 35t/ha fruit-load levels on 2020 apple trees total number of fruits set was counted at each tree. After this
number of apples due to be removed was defined using an objective index on the basis of trunk cross sections (fruit/TCS ¢cm?) (Lafer, 1999).
The following attributes were measured: weight (g), flesh firmness (Ib/em?) total soluble solid content (Brix %) and total titrate-able acid
content (g/1). From the data on sugar and acid content quality index (Pomona value) was determined (Thialult, 1970). We could ascertain, that
in an orchard, of the same aged but in concern to trunk cross sections somewhat different trees besides the specific index (apple/TCS cm?) the
absolute fruit load (fruit/tree) can also be an important data, that has considerable effect on the internal quality. Secondly we could observe,
that higher level of fruit load before thinning (primary fruit set) negatively affects quality index of the apples irrespective of the specific fruit
load level (fruit/cm? TCS) set later. Results underlines necessity of the earliest chemical thinning.
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Introduction

Elaboration of chemical fruit thinning technologies gets
into forehead in the domestic fruit production. This method
enables 50-100thousand HUF savings an hectare compared
to the very demanding hand thinning. Besides this, fruit load
over the optimum level has a negative cffect also from its
physiological side.

In case of heavy blooming, weak shooting vigour, early
lesion of the foliage at vegetation start the spring time root
growth get damaged. This fall back in spring time root
extension can hardly be made up, furthermore the autumnal
root growth will also fall back, since the consequently aged
foliage can slightly supply its extension growth (Zatyko,
1979; Gonda, 1980, 1982).

In fruiting plantations the main point of the fruit thinning
is establishment of the optimal fruit load corresponding to
condition and fruiting potential of the trees. This practically
means that in Hungary about 3040 leaves are to feed a fruit
in the late period of fruit growth in optimal case (Kdllay,
1994; Soltész, 1997; Lakatos, 2003).

According to Preston (1954), Preston & Quinlain
(1968), & Zatykeé (1979) a more sever thinning entails higher

level yield increase, than the decrease due to the reduction of
fruit number.

Many literature ascertain the fact, that bigger fruits of
thinned trees show lower calcium and higher potassium
content, and are more prone to bitter pit and senescent break
down (Sharples, 1964, 1968; Sass, 1986; Voltz et al., 1993;
Szites & Kallay, 1979; Kdallay & Sziics, 1980, 2003).
Researchers also agree, that these fruits show higher soluble
solid content and softer flesh firmness.

Denne (1960, 1963), Sharples (1968), later on Goffinet et
al. (1995) also experienced, that cell division period of the
apple growth ceases 4-6 weeks after full bloom. Fruits of
those trees, that were fruit thinned shortly after blooming
were bigger both in their measure and their cell number.
Higher level of cell number in this concern means a higher
possibility for Ca-incorporation into the cell walls, thus its
dilution with the fruit growth is lower, than in other cases.
From this point, the provisional quality and storability could
be also better, then in cases of extra fruit measures, due to
extra N-supply or low fruit load.

Hrotké et al. (2007) at evaluation of effect of various
rootstocks on fruit yields of sweet cherry cultivars
experienced, that comparison of their fruiting potential can
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not be correctly expressed on the basis of trunk cross sections
of the trees. Kdallay & Sziics (2003) studying mineral take up
of apple trees and storability of the apple ascertained, that
neither expression of specific (apple/TCS cm?) nor absolute
(apple/tree) fruit load can sufficiently express conditional
status of the trees. Jointly they highlighted. that higher levels
of potassium and phosphorus point out their lower
physiological state.

Observations of Kallay & Szites (2003) and Hrotké et al.
(2007) rises the question, how to express optimum fruit load.
Based on the previous and also on our observation we could
compose the following question:

— Is it possible to clarify quality equalizing effect of the
specific fruit load (Laffer, 1999) on the basis of trunk
cross section (TCS cm?), or absolute fruit load
(fruit/tree) of the trees has a more respectful effect on
fruit measure and quality?

Through along establishment of the experiment we put
emphasize on measuring fruit set of the trees. At hand
thinning and establishing specific fruit loads of the trees we
experienced big differences in primary fruit sets of the trees.

— In concern of the different (natural) primary fruit set,
thinning severity and established specific fruit load it
was questioned, that what effect do these have on fruit
weight and quality.

Hypothesis of good early start (Zatyko, 1979) suggest
that heavier fruit set could also have certain negative effect
not only on spring time root growth, but also on fruit quality.

There can be considerable difference between trees of a
plantation in respect to their flowering, in the number of
fruits set and also in their volume (TCS sz) (Westwood,
1970; cit. Jackson, 2003; Parry & Rogers,1972). Thus it is
crucial — just like in the case of pruning — to establish a fruit
thinning suited for specific characteristics of actual trees.

Materials and methods

Our experiment was established in the apple orchard of
the Kasz-Coop Ltd. in Sarand, 20 km from Debrecen in
south-southwest direction (north latitude: 47° 237; east
altitude: 21° 357). The approximately 100ha orchard was
established on medium-tight loamy soil.

The water and mineral supply of the soil is good. The
fertilization is based on regular soil- and leaf-analyses
results. Irrigation is backed up with data of precipitation soil
water changes, air humidity and linear fruit-growth. Between
row space is covered with natural weed-succession, chemical
weed-control is applied in the rows. The Ltd. follows IP
management.

Harvest date is determined with the joint observation of
the calendar date, starch-index, flesh firmness, background
colour and fruit weight.

Three fruit-load levels were established based on local
experience and on data of several years, 10t/ha lower and
higher than the advised optimum yield in the same orchard
with 9 year old slender spindle shaped ‘Gala must’ cultivar

standing on M9-rootstock with 1m between tree and 3,8m
between row spacing.

In the establishment of the 15, 25 and 35t/ha fruit-load
levels on 20-20 apple trees total number of fruits set was
registered at each tree. After this, number of apples due to be
removed (or those, due to be left on the trees) was defined
using Laffer’s curve on the basis of trunk cross sections
(fruit/TCS c¢m?).

Through our examinations we measured the following
attributes:
» weight of the apples (g)
* flesh firmness measured with FT 327 Effegi-type
penetrometer (Ib/em?)
e total sugar content derived from soluble solid
concentration with the Y = 2,1486 X + 82,591
formula suggested by The International Sugar
Committee, where Y: sugar content (g/l), X: Brix %.

* total titrate-able acid content (g/)
e starch index (1-10)
= trunk cross-section (cm?).

From the data on sugar and acid content Thiault’s (1970)
quality index (Pomona value) was determined (MI = total
sugar g/l + 10 x total acid g/l). Streif-index was calculated
from data on starch content, flesh firmness and total soluble
solid content.

Mineral element content of the plant samples were
measured with ICP-OES in the Institute of Food Processing,
Quality Control and Microbiology.

Data was processed and visualized with EXCEL
software. Differences of the treatments establishes in split-
plot pattern were calculated with one way analysis of
variance with the SDp.., =tp,, *(2% MgB)/n formula.

Results

Figure 1 shows Streif-indices of the established fruit load
levels. The index visualizes, that irrespective of fruit load
levels, there was no difference in ripening stage of the
examined fruits.
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Figure I Streif-indices of apples of three fruit load levels (Derecske, 2006)
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In the background of these values data showed, that there
was no significant difference neither in flesh firmness nor in
starch index of the treatments, however there was a
considerable difference in sugar content (Brix %), which
does not appear in the index (detailed later).

Figure 2 visualizes decreasing average fruit weight with
increasing specific fruit loads (fruit load levels) of the trees.
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Figure 2 Average fruit weights of apples of three fruit load levels
{Derecske, 2006)

It can be interesting to take into respect, that hereinafter
detailed parameters of higher fruit loads represent smaller fruits.

Components of the Quality Index are represented in
Figures 3—4 in respect to the set fruit load levels
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Figure 3 Average sugar content of apples of three fruit load levels
(Derecske, 2006)

The effect, that along with increasing fruit load the sugar
content of the apples decreases is well known..

Figure 4 visualizes second component of the Quality Index.
Observing the piles, it is controversial to see, that increasing
fruit load, does not entail increasing acidic content.
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Figure 4 Average acidic content of apples of three fruit load levels
(Derecske, 2006)

Putting together the components one can clearly see, that
overloaded trees bred smaller, less sweet apples with a
considerably lower acidic content.

Effects of fruit set and —thinning on quality
parameters

Figure 5 shows relation of different absolute fruit load of
the trees (fruit/tree) and average fruit weight on three specific
fruit load level (fruit/TCS(cm?).
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Figure 5 Average fruit weight of *Gala must’ apples in relation to the set
absolute fruit load of the trees (fruit/tree) (Derecske, 2006)

It is evidently visual, that average fruit weight decreases
with the established higher fruit load (fruit/TCScm?).
Furthermore it can also be observed, that within the
established specific fruit load levels (fruit/TCSem?) average
fruit weight shows further considerable decrease with
increasing absolute fruit load (fruit/tree). However,
according to correlation quotients this relation is highly
affected by other factors.

Figure 6 exhibits relation of different absolute fruit load
of the trees (fruit/tree) and Quality Indices of the fruits on
three specific fruit load levels (fruit/TCS(cm?).
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Figure 6 Quality Indices of ‘Gala must” apples in relation to the set absolute
fruit load of the trees (fruit/tree) (Derecske, 2006)

Similarly to those described in the case of fruit weight,
certain decreasing tendency along with increasing absolute
fruit load also stand for Quality Indices of the fruits. It is
interesting to see, that 25t/ha specific fruit load emerges on
some level, thus intermediate fruit load seems to show the
best quality (Figures 3—4).
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Figure 7 clearly shows, that primary fruit load (before
thinning) had no effect on harvest time fruit weight.
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Figure 7 Average fruit weight of ‘Gala must’ apples in relation to the
original fruit set (before thinning) of the trees (Derecske, 2006)

This Figure simply shows the significant difference in
average fruit weights between the three established fruit load
levels.

Figure 8 shows flesh consistency of the apples in relation
to the primary fruit load (fruit set before thinning) of the
trecs.
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Figure 8 Flesh firmness of ‘Gala must’ apples in relation to the original fruit
set (before thinning) of the trees (Derecske, 2006)

Based on the Figure, we can ascertain no relation in the
studies concern.

Figure 9 visualizes Quality Index of the fruits in relation
to the primary fruit load of the trees.
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Figure 9 Quality Indices of ‘Gala must” apples in relation to the original
fruit set {before thinning) of the trees (Derceske, 2006)

The correlation quotient in the case of 15 and 35t/ha
specific fruit load levels could be considered noteworthy.
Thus, higher level of primary fruit load (fruit set) before

thinning. has considerable negative effect on quality index of
the fruits. This result underlines importance of chemical
thinning which can be exccuted in carlier stage.

Fruits of trees showing higher levels of primary fruit load
(fruit set before thinning) can be considered to be the same in
fruit weight and flesh consistency, but lower in their quality
index to those grown on tress from which fewer apples were
due to be removed to set the optimum fruit load level.

Table 1 enables evaluation of the set fruit load levels
based on relation of the critical mineral elements highlighted
in works of Kdllay & Sziics (1980: 2003).

Table 1 Critical ¢lement indices characterising the set fruit load levels
(Derecske, 2006)

Fruit load | . " K [ Ca
W—— K+Mg/Ca| K/Ca - il
15 101 | b |082]|D 131997 b 15742 a
25 095 |ab| 0,71 |ab| 126233 |b 16284,7 |a
35 083 | a |060] a 104057 |a 160033 |a
SDsq= 0,17 0,13 1805.6 1829,1

With increasing fruit load potassium shows decreasing
level in the foliage, and although it is not significant, calcium
shows a maximum at intermediate fruit load. Foliage of trees
of more scver fruit thinning can be characterized with
elevated K/Ca and K+Mg/Ca levels (stable Ca besides
increasing K content).

Discussion

In comparison of fruit load levels we could conclude, that
overloaded trees bred smaller, less sweet apples with a
considerably lower acidic content. It shall be emphasized,
that acidic content has important role in physiological status
and storabilityof the fruits, since it supports appropriate pH
for biochemical ccll-processes (Kdllay, 1994: Hamoriné,
1974: Sass, 1986; Kdllay, 1994).

It could be observed, that within the specific fruit load
levels on the basis of trunk cross section (apple/TCS cm?)
through along the increase of the absolute fruit number
(apple/ tree) the fruit weight also decreases considerably. We
ascertain, that in a plantation, which is not 100%
homogenous concerning trunk cross sections (tree volume)
the absolute fruit load (apple/tree) could also be a respectful
index. Results and observations of Kdllay (2005) and Hrotko
et al. (2007) confirm this statement.

At analysing effect of primary fruit set (natural) on fruit
quality index it vas visual, that within the established fruit
load levels, quality showed considerable correlation with the
primary (before thinning) fruit loads of the trees (set
apples/tree). Higher level of fruit load before thinning
negatively affect quality of the fruit irrespective of the
specific fruit load level set later (apple/TCS cm?).

Fruits set over the optimum fruit load level negatively
affect quality. This result besides underlining importance of
the carliest chemical thinning, reinforces theory of Zatyko
(1979) composed about the negative effect of the heavy
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flowering on god vegetation start at spring time. Heavy,
fragrant flowering showing god condition is ncgatively
affects springtime root extension growth necessary for the
good spring start, though it consumes lots of energy (Zatyko,
1979). Our results suggest, that fruit set has a similar effect.
Higher level of primary fruit set negatively affected sugar
and acidic content, but it did not affect fruit weight.

Results of thinning experiments of Bedfrod & Picering
(1916), Denne (1960, 1963), Sharples (1964, 1968), and
Gaffinet et al. (1995) also drive attention to, that negative
effects of explicit extremities of flowering and primary fruit
set on fruit quality and tree condition shall be moderated.

Besides the chemical thinning a convenient regime for
this purpose cold be establishment and prevention of
conditional- and vegetative-generative harmony of the
plantation with logically composed and timed pruning
strategy, nutrition and irrigation.

Based on our results (and also on data not published here)
we can assume, that foliar calcium values does not change, or
its change is negligible due to fitotechnical measures (esp.
fruit thinning, summer pruning). In a contrast foliar
potassium content is highly more affected by any fito-
technical treatments, and thus its proportion to calcium is
oreatly affected by fruitload. This should be respected at
evaluation of K/Ca indices.

A very important observation was made by Ferguson
(1980), who stated, that mineral element content of the
foliage does not correlate with that of the fruits, thus it is not
possible to estimate its storage potential through this way.
However, this statement is argued by many scientists (Sz{ics
& Kdallay, 1979; Sziies, 2000; Porro et al., 2004; Nagy et al.,
2006; Holb & Nagy, 2009), who pinpoint the possibility to
elaborate a prediction method, that suggest to give good
results on storability, sometimes controversial to conven-
tional field predictions based on tree condition and
vegetative-generative harmony.

Thus, some further questions could be given presup-
posing further experiments. How do fitotechnican treatments
(winter or early spring pruning, chemical and/or hand fruit
thinning and their timing, scverity and timing of shoot
selection and summer pruning) alter accumulation of mineral
elements into the foliage and/or into the fruits? In this
concern, what kind of relation could be observed between the
foliage and the fruits? Lastly, how do results of foliar
analyses reflect those of fruits, and in relation to the
fitotechnical measures what values and proportions do really
reflect the optimal physiological state and storability?
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