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Summary: The aim of the present study was to study the effect of biennial bearing (irregular yields) on the generative production of apple
cultivars "Golden Reinders’ and 'Summerred” on M.9 rootstock. The observations were made at Nagykutas in West-Hungary for four years.
The authors have studied the flowering time, flower density, fruit density. fruit drop, seed content. yielding and fruit quality in the on-year and
off-year. Based on the results, it can be stated that the alternation does not cause a significant change in the flowering time of cvs. ‘Golden
Reinders’ and ‘Summerred': the difference between the flowering time of trees in the on-year and off-year period was (-1 day. However, there
were significant differences in the flower density. "Golden Reinders’ proved to have a weaker tendency to alternation similarly to the
statements of the literature. Alternation (off-year) was observed only in three years from the studied four years. While in the case of
‘Summerred’. strong alternation was observed in all four years. In fruit density, there were differences among the cultivars and among the
different cycles of biennial bearing. Fruit density (and its opposite, fruit drop) changed inconsistently in the period between flowering and
harvest. In the case of *Golden Reinders’ and *Summerred’ 2 and 4 fruit drop periods were detected. respectively. In the off-year, the different
periods were less distinct, in most cases they were overlapping each other. The dynamics of fruit frop was related to seed content per fruit.
The lower the seed number was, the higher the degree of fruit drop was. In both the high- and off-year cycles. the number of seeds in fruits
on the tree and on the ground increased with time. In the yield parameters (fruit number, fruit load. vyield efficiency). the differences were
greater among the yields of trees in the high- and off-year cycles for "‘Summerred’. The fruit quality parameters were greatly influenced by
the fruit load of the trees in the different alternation cycles. In general. it can be stated that fruit mass, diameter and height were lower on trees
in the on-year. A similar trend could be observed in flesh firmness. cover colour and dry matter content, but the differences were smaller.
'Summerred’ was more sensitive to the differences in fruit load.
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Introduction “Berlplesch® and "Delbarestivale’. Crassweller et al. (2005)

classifies into this group also the 'Fortune’, "Golden

The alternation of yield among the years (alternate
bearing) has been a serious problem of apple production,
especially in orchards with high yielding capacity (Soltész,
2002). The average annual yield of apple trees prone to
alternation (average of off-year and on-year) is usually
considerably lower than those with regular yielding (Racsko,
2006). The strong vegetative growth of trees in the off-year
trees makes the tree more prone to irregular yielding.
Moreover, the strong shoots developing on the peripherial
and top parts of the tree shadow the lower fruit-bearing
shoots. consequently. less and low quality fruits will develop
(Vigl. 2005).

The proneness of the cultivars to irregular yielding is very
different (Toéth. 2001). Biennial bearing is especially
characteristic to "Elstar’. "Summerred’. "Fuji’. "Boskoop’,

Supreme’, "Pristine’, "Suncrisp” and "Yataka® based on their
high alternation index (0.6<). "Jonagold’, "Cox’s Orange
Pippin’. 'Bracburn’ and ’'Rubinette’ have a medium
proneness to biennial bearing. Alternate bearing is
characteristic to the “Gala® cultivars and "Pinova’, "Golden
Delicious’, "Arlet’, "ldared’ and "Topaz’.

The reason for alternation is the inhibiting effect of fruits
on flower formation (Handschack, 2000; Dolega & Link,
2002). This effect is probably induced by the hormone
production of the seeds developing in the fruits. However, we
should suppose the presence of the fruit itself is also an
influencing factor.

Dennis (1970) performed experiments with apple
cultivars producing seedless fruits. The flowers of these, due
to the special flower structure. are fertilized rarely, therefore.
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most of the fruits are parthenocarp. Hand pollination results
in seed formation and a higher fruit density. as a result of this.
the ratio of short flowering shoots is reduced in the next year.
This effect could be attributed to gibberellic acid. However.
even Dennis (1980 cit. Buban. 2003 ) himself pointed out that
it is impossible to determine whether flowering is dependent
upon seed content or fruit density or both.

The seeds of fruits have a relatively high concentration of
gibberellins (Luckwill, 1977), which are transported to the
buds and there they inhibit flowering (Luckwill, 1970).

Gibberellins inhibit flower formation only if fruits are
present on the tree (Fulford, 1973). When there are fruits next
to buds on the tree. then GA 4,7 treatments reduce the number
of leafs in the developing buds and the flowering in next year,
but the number of nodes on short shoots without fruits is not
reduced even if a GA 47 treatment is applied (McLaughlin &
Greene, 1991).

According to Chan & Cain (1967). the inhibiting effect
of fruits on flower formation is asserted very early, within
three weeks after flowering. At that time, there is no or hardly
detectable hormone production in the ovules. In the trees of
alternate bearing cultivars the inhibition of flower formation
was detected in the on-years only if the fruits were left on the
trees for 6-8 weeks after flowering (Luckwill, 1970). In pear
trees, the inhibiting effect of fruits on flower formations is
significant 30-40 days after flowering (Huet, 1972 cit.
Bubdan & Faust, 1982).

Materials and methods

Experimental site and materials

The experiments were carried out at Nagykutas in West-
Hungary for four years between 2002 and 2005. For the
experiments, two apple cultivars with very different alternate
bearing characteristics were selected in order to ensure the
comparison of the generative production of a strongly and less
strongly alternating cultivar. One of the cultivars was 'Golden
Reinders’, which is known to have less tendency to alternate
bearing. The other selected cultivar was 'Summerred’ of
summer ripening. which is prone to irregular bearing. The
trees were planted in the autumn of 1999 on M.9 rootstock.
Distance between and within rows was 3.50 and 0.54 m, the
alleys were covered by grass. Trees were pruned to a thin
spindle shape and integrated pest management (IPM) was
applied. The orchard was not irrigated.

For the assessments, 20 trees per cultivar were selected in
the spring of 2002, out of which 10 and 10 trees were in their
on- and off-year cycles, respectively. So the ratio of the trees
was 50:50%. The selection was made based on flower
production. Trees with flower production values ranging from
0.0 to 5.0 were classified as off-year trees, while trees with
flower density values between 5.1-10.0 were considered on-
year trees. However, the initial ratio has changed during the
years (Table 1). In the case of "Golden Reinders’ we did not
find trees in their off-year cycle in 2003,

Table 1 The ratio of trees in their on- and off-year cycles in the years of
the experiment

Cultivar 2002 2003 2004 2005
Golden Reinders 50:50 10000 95:5 460
Summerred 50:50 30:70 55:45 45:55

The yields on off-year trees (with irregular yields) were
compared with the yields of trees with optimal crop load in
each year. For this reason, a [ruit thinning experiment was
also set up for the period of 2002-2005. In the experiment, 20
tress were selected and thinned by hand after fruit density at
the end of May, so that the fruit leaf ratio before the fruit drop
in June was 1:10-15.

Assessment indices

Flowering time: The start of flowering was counted from
the opening of the first flower. At the main flowering, more
than 50% of all the flowers on tree were open. By the end of
flowering all the flowers had dropped their petals. The
flowering phenophases were indicated by the calendar days.

Flower density: Flower density was indicated on a 0-10
scale. 0 indicated a tree without flowers, while 10 stood for
the maximum flower density. The values were determined
for each tree. therefore, the differences in the stand in flower
formation could be detected.

Fruit density: 300-600 flowers were selected on 10
shoots from parts representing the four cardinal points for
each cultivar. The fruit density from free-pollination was
assessed in each two weeks from pollination until harvest.
The number of fruitlets on the tree was expressed as the % of
the total number of flowers.

Fruit drop: Tt was calculated from the value of fruit
density by deducting the percentage of fruit density from
free-pollination from the total number of flowers which was
considered to be 100%.

Seed content: It was assessed for each fruit separately
both for the dropped fruits and fruits on the tree. Each sample
contained 100 fruits. The measurement unit was: n /ha.

Fruit number: Fruits were counted at the time of harvest
both on the on- and off-year trees. Measurement unit: n /tree
and n /ha.

Crop load: To calculate crop load we used the number of
fruits per tree and the average fruit weight of that specific
tree. These two values were multiplied by each other
resulting in crop load. which was expressed as kg/tree. It was
also calculated for unit area, for which the amount of fruits
per tree and the number of trees per unit area (5291 trees/ha)
were used. These two values were multiplied by each other
and gave the crop load as tha.

Yield efficiency: This measure was calculated by dividing
the crop load by the cross-section area of the trunk. Yield
efficiency was given as n’/cm™ and kg/cm’.

Fruit quality: Fruit quality was described by fruit mass,
diameter and height. flesh firmness, the ratio of skin colour
and dry matter content. Each fruit quality assessment was
performed at harvest on 100 fruits per combination. Fruit
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Figure 1 Flowering times of apple (A) 'Golden Reinders’ and (B) "Summerred” in the different cycles of

biennial bearing

Results and discussion

Flowering time and flower density

The flowering times of ‘Golden Reinders’ and
"Summerred” were very close to each other during the four
years of the experiment, usually the flowers of "Summerred”
opened 1-2 days earlier (Figure [). In 2002, the "Golden
Reinders' trees in their on- and off-year cycle started to
flower on 8 April, while for *Summerred” these dates were 8
April and 7 April. respectively. On off-year trees of "Golden
Reinders’ the flowering was longer. because the petals fell 3
days later than on the on-year trees. In 2003, flowering
started on 23 April on the on-year trees of both cultivars. For
‘Golden Reinders’, we did not find trees in their off-year cyle
in this year. In 2004, the on-year trees of "Golden Reinders’
started to bloom 1 day earlier (20 April) than the off-year
trees (21 April). However, for cv. "Summerred’, we did not
detect a difference between the trees in the two cycles of
alternate bearing, flowering started uniformly on 18 April. In
2005, both the on- and off-year trees of "Golden Reinders’
started to bloom simultaneously (on 23 April), while for
*Summerred’, there was a difference in the flowering time,
on on-year trees flowering started | day earlier on 21 April
as compared to off-year trees (22 April).

As opposed to flowering time, more significant
differences were observed in flower density among the trees
in the different cycles of alternate bearing. The differences
between the two cultivars and the years are presented in
Table 2. In the on-year trees of "Golden Reinders’, the lowest
fruit density values were always much higher than the
minimum value of 5.1. In two years, it even reached the

maximum value of 10.0. In the off-year, the minimum values
ranged between 1.2 (2002) and 2.1 (2005). The maximum
flower density can be considered very high with 3.4-5.0. In
2003, we did not find trees in their off-year cycle. All
observed trees had flower density values higher than 5.0,
which is the boundary between the on- and off-year. This
observation is also supported by the literature, which
describes "Golden Reinders™ as a highly persistant cultivar
less prone to biennial bearing (Soltész & Szabo, 1998).

In the case of "Summerred’ higher differences were
observed in flower density among the on- and off-year
(Figure 2, Tuble 2). than for "Golden Reinders’. In on-year.
the flower density of trees was very high, since the
maximum values ranged between 9.2 and 10.0. The
minimum values were between 6.1 and 7.2. In the off-year.
minimum flower density ranged from 0.0 to 1.2. In this
case. 0.0 showed that the cultivar had no flowers after on-
year. The maximum flower density values were between 3.1
and 4.6. The average values indicated a high difference in
the flower density between the on- and off-year, which is
determined by the yield of the previous year. That is the
higher the flower density and yield in a year under optimal
conditions for fertilization, the lower the flower formation
due to the inhibiting effect resulting in lower flower density
and yield. This statement is especially valid for
‘Summerred’.

On on-year apple trees the annual flower formation (that
is the tendency to biennial bearing) is determined by the
number of fruits developing at the same time (as hormone
sources) (Buban, 1997). The low flower bud formation on the
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Figure 2 Flowering of trees of the apple cv. "Summerred’ (A) in on-year
and (B) off-year cycles

on-year trees was attributed earlier to the depletion of the
tree’s carbohydrate and nitrogen stocks. According to our
present knowledge, the reasons of low flower formation are
rather hormonal than nutritional (Luckwill, 1974). The
inhibiting effect of the ovules of young fruits on flower bud
formation was first observed by Tumanov & Gareev (1951,
cit. Luckwill, 1977), but it became widely known based on
the publication of Chan & Chain (1967) .

Fruit density and fruit drop

The dynamics of fruit density and fruit drop in "Golden
Reinders™ are presented in Figure 3. The change in fruit
density shows a hyperbolic curve both for the on-year and
off-year trees. The difference can be observed in the slope of
the curve, since the fruit density decreases more steeply.
especially in first two months after flowering (Figure 3/A) .
Accordingly, the degree of fruit drop is higher for the on-year
trees and the amount and time of fruit drop is more
heterogeneous. In both alternation cycles, two periods of
fruit drop were observed. In the on-year trees, two distinct
fruit drop peaks can be observed, while for the off-year trees
there is a significant overlapping between the phases. The
first drop period of on-year trees is at the beginning of May.
while the second occurs at mid-June. The first drop period of
trees in the off-year starts at the end of May (Figure 3/B). The
second period coincides with that of the on-year trees. After
the fruit drops. the average fruit set of on-year trees was
11.3% by harvest, while this value was almost double for the
trees in off-year cycle: 22.4%.

The degree of fruit density and the changes in fruit drop
for cv. 'Summerred’ are presented in Figure 4. This cultivar
has a shorter fruit development period, since ripening
finishes by the end of August. In spite of this shorter period,
more drop periods can be observed in the on-year and off-

Table 2 The changes in flower density of apple cultivars "Golden
Reinders’ and "Summerred” in the different cycles of biennial bearing

Ciiltivas o Cycle s.u' F.luwur densily ( !—I(l scale)
alternation Minimum | Maximum | Average

Golden Reinders | 2002 | on-year 6.4 10,0 TS
off-year 1.2 5.0 4.0

2003 | on-year 6.6 9.7 87

off-year - - -

2004 | on-year 6:2 10.0 8.5

off-year 1.4 34 3.0

2005 | on-year 6.3 93 79

off-year 2:1 4.9 4.1

Average| on-year 6.4 9.8 82

off-year 1.6 44 37

Summerred 2002 | on-year 6.8 9.2 Tl
off-year 0.0 4.3 24

2003 | on-year 6.1 10.0 7.0

off-year 0.0 4.6 2.0

2004 | on-year 6.3 9.8 75

off-year 0.9 4.4 3.6

2005 | on-year 7.2 94 7.1

off-year 1.2 3.1 1.9

Average| on-year 6.6 9.6 7.2

off-year 0.5 4.1 2:5
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Figure 3 Changes in the fruit density and fruit drop of apple Golden
Reinders’ in the different cycles of biennial bearing: (A) on-year and (B)
off-year years. from flowering until harvest (2005). The major periods of
fruit drop are indicated by arrows (\),

year trees as compared to "Golden Reinders’: 4 abscision
periods were detected in total. The first significant abortion
of fruits can be detected at the beginning of May for on-year
trees (11.4%) (Figure 4/A). Following this, the second period
starts at mid-June, when the highest fruit drop occurs. The
significance of this period is well demonstrated by the
observation that about 27% of all the fruitlets drop in the
two-week period between 4 June and 18 June. Consequently.
the steepness of the curve for fruit density is the highest in




Alternate bearing of 'Golden Reinders’ and ‘Summered’ apples

81

40 100
J A = Frut drop
— sl 1]
30
ey =
i | 80 ¥
E:. -
= 2 %
uE_ | 4 u|':‘
10
0
1] 1]
4 (L1
" — Fruii drop
il Fruil sl i Bl
3 |
= o) £
2 o
ER ) #
E 40 uE_'
]
|i| I] N
0 i D " [j D 0
A o 5 3 > = 3 i -
i = . & > - N \*_.,& 1’\» \c\ oF \\_\z-‘j‘ . o

Figure 4 Changes in the fruit density and fruit drop of "Summerred” in the
different cycles of biennial bearing: (A) on-year and (B) off-year in the
period between flowering and harvest (2005). The main periods ol fruit
drop are indicated by arrows ().

this period. The third drop periods occurs at the middle or
end of June, the amount of which is not negligible either.
Finally, the last, fourth period can be observed directly
before harvest. The degree of fruit drop is the smallest in this
period. but due to the high individual weight of the fruits, the
yield loss is significant. In 2005, we calculated a fruit density
of 7.4% after the four fruit drop periods.

For the ‘Summered’ trees in their off-year, the number of
fruit drop periods were also four. However, the different
periods could hardly be separated from each other, they are
overlapping each other (Figure 4/B). The first and second
abscission periods occur at around the same time as for the
on-year trees. The third period starts at a later time, at the end
of July. The fruit drop ratios in the different periods are
similar to those of the on-year, but the values are much
smaller and they are not clearly distinct. Consequently, the
slope of the fruit density curves is almost the same from 21
May until 30 July. The fourth fruit drop peak occurs also
directly before the harvest, but it is not so significant. Finally,
the fruit density by the time of harvest is 19.3%. which thrice
as high as that of the on-year trees. In spite of the fact that the
leaf:fruit ratio is very high for the trees in the off-year, the
fruit drop before harvest still occurs, the literature attributes
this to the cultivar in the case of ‘Summerred’ and not to the
high fruit load. According to Soltész (1997), the fruit drop
before harvest might be increased by the early formation of
the abscission zone between the stalk and the stalk base, the
unfavoruable weather conditions (strong wind) and the short
stalk in cultivars prone to fruit density in clusters as a result
of which the fruits “push™ each other from the branch.

Seed content

The degree of fruit drop is related to the number of
fertilized stigmate per flower that is to the seed content of the
future fruits (Nvéki et al., 1982; Soltész, 2003b). The auxin
level of the ovules reaches the maximum 4-5 weeks after
flowering, which is followed by a second peak after the 7"
week probably originating from the embryo (Westwood,
2003). The amount of auxin transported through the stalk of
the fruit is determined not only by the number of ovules. In
addition to the fact that in the trees of regular cropping the
average seed number is 5 and in the fruits of alternate bearing
trees the number of seeds is 8, the auxin flow is 60% higher
in the latter (Bubdan, 1997). It has also been stated, that even
if the fruits are seedless (in principle, not having an inhibiting
effect on flower formation) fruits, the formation of flower
buds is moderate or unsatisfactory if the short shoots have
less than 6 leaves (lower than 70 cm” leaf area).

In Figure 5, the seed content of the fruits of "Golden
Reinders’ on the ground and in the tree is presented in the
different cycles of alternate bearing. Figure 5/A.
demonstrates the seed content of fruits in on-year trees.
There is a large difference between the fruits on the tree and
on the ground in the seed content, which difference is
reducing as harvest is nearing. After fruit density, the young
fruits on the tree contain 3.9 seeds. However, the number of
seeds in the dropped fruits was only 1.9. By the time of
harvest. fruits on the tree had 5.6 seeds, while the number of
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Figure 5 The seed content of fruits of *Golden Reinders’ on the tree and on
the ground in the different cycles of alternate bearing: (A) in on-year and
(B) off-year (2005). In the case of on-year trees we could not find dropped
fruits at the assessment dates 10 September, 24 September and 8 October.

For the off-year trees, the last dropped fruits were found on 13 August.
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seeds in the sample of the last dropped fruits was 4.3. The
Figure demonstrates that the standard deviation of the the
seed content of both the dropped fruits and fruits on the tree
is decreasing from fertilization until harvest. This indicates
that those fruits fall which have the lowest seed content,
therefore, the fruist staying on the tree have a higher seed
content and a lower standard deviation. The changes in the
seed content can be described most precisely by a quadratic
polynomial function for both the high- and off-year trees.

The fruits from off-year usually have a higher seed
content, then those from on-year (Figure 5/B). There was not
such a high difference in the seed content between the fruits
on the tree and on the ground as in the on-year and by the
time of the harvest the values were almost the same. The seed
content of fruits on the tee after fruit density was 4.2
seeds/fruit, while in the dropped fruits it was only 2.4. The
number of seeds per fruit on the tree at harvest was 6.8. The
last dropped fruits were collected on 13 August, and their
average seed content was 5. The standard deviation of seed
content was also decreasing in this case both for the fruits on
the ground and on the tree. The change of this measure for
fruits on the tree could be best described by a quadratic
polynomial function, while for the dropped fruits the linear
function proved to be the best.

The decreasing difference between the seed content of
the fruits on the tree and on the ground as nearing to harvest
indicates that the role of seed content in fruit drop decreases
near ripening and the role of other factors (water and nutrient
supply) increases (Soltész, 2003b).

The seasonal changes in the seed content of fruits of
"Summerred” are presented in Figure 6. In Figure 6/A, the
seed contents of fruits of on-year trees are shown. There is a
significant difference in the seed contents of fruits on the tree
and on the ground during May (1.5 seeds/fruit), which
decreases until fruit drop in June and then it starts to increase
again. After fruit density, the persistent fruits contained an
average of 3.1 seeds, while in the dropped fruits 1.6 seeds
were counted. The difference between the seed content of
fruits on the tree and on the ground was the smallest on 2 July
(0.3/fruit). The reason for this is that the highest fruit drop
was observed just before this date (between 18 June and 2
July), and the fruits with the smallest seed number fell at this
time. By the time of harvest. the difference in seed content
increased to 1.4 seeds/fruit. fruits on the tree contained 5.6
seeds, while fruit on the ground had only 4.2 seeds. An
interesting observation was made that the distribution of
seeds in the compartments of fruits was frequently irregular
in the dropped fruits and the shape of the fruits was
asymmetrical.

In the case of off-year trees, the differences between the
seed contents of fruits on the tree and on the ground were
higher than for the on-year trees (Figure 6/B). After fruit
density, the number of seeds in fruits on the tree and on the
ground was 4.3 and 2.4. respectively. The changes in the seed
content were similar to those of on-year trees, that is the
difference between the seed content of fruits on the tree and
on the ground were high after fruit density and then
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Figure 6 Seed content of fruits of Summerred’ on the tree and on the ground
in the different cycles of alternate bearing: (A) in on-year and (B) off-year
(2005)

decreased by the beginning of July (0.9/fruit). Subsequently,
the difference increases until harvest (2.1 seeds/fruit). At
harvest time. fruits on the tree and on the ground contained
7.8 and 5.7 seeds, respectively.

Yield

Table 3 represents the yield characteristics of the two
cultivars in the different years. In the case of cv. "Golden
Reinders’ no extreme differences were found between the
on- and off-year trees. During the four years, the lowest
number of fruits was recorded in 2002 for the on-year trees
(38.2 fruits/tree). while the highest number was observed in
2005 (44.7 fruits/tree). The smallest number of fruits per tree
for the off-year trees was 14.8 (2002). In 2003, no off-year
trees were found. The highest fruit number was detected in
2004 (18.1 fruits/tree). The number of fruits per tree
calculated for a unit area (1 ha) showed the same trend due to
the method of calculation. Crop load could also be described
by a similar trend, however, it was slightly modified by the
individual weight of fruits. The highest crop load on on-year
trees was observed in 2005 (10.0 kg/tree), while the lowest
one was measured in 2002 (8.3 kg/tree). The fruit load on off-
year trees was 3.5 kg/tree and 4.5 kg/tree in 2002 and 2004,
respectively. The crop load per unit area (1 ha) could be
described by a similar pattern due to the method of
calculation. The highest yield efﬂuem,y was recorded in on-
year trees in 2003 (5.7 fruits/cm” and 1.1 k},!(,m ). The lowest
values were nbacrvul in off-year trees in 2005 (1.1 irultufcnl
and 0.3 kgam )
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Table 3 Changes in the yields of apple cultivars 'Golden Reinders” and "Summerred” in the different cycles of alternate bearing. Significant differences are

presented in columns "y’ and ‘¢’, in which the different letters in column "y" indicate significant differences in yields between the different
column "¢’ the signs * and ** indicate significant differences between the yield indices of the

years, while in
two alternation cycles within the same year.

Alternation Number of fruits Fruit load Yield efficiency
Cultivar |  Year cycle of 2 . . ;
- Fruit/tree| v ¢ | Fruitha | ¥ ¢ kgitree | ¥ (o Vha v ¢ | fruitfem=| v ¢ kglem= | v i
Golden | 2002 | on-year 0. * | 202116 hi| 8.3 b ¥ 4.1 b * 6.4 a * 1.4 i -
Reinders off-year 148 | A L 78307 Al | % 35 | B s 185 | B = 24 A - 0.6 A "
2003 | on-year 447 | ab 236508 ab 89 |ab 472 | ab 57 ah 1.1 ab
off-year - = = - -
2004 | on-year 001 b ] 211640 h| " 89 | ab bl 469 | ab - 39 h » 0.9 b .
off-year 181 | A ‘* 95767 K| - 45 | A " 239 | A i 1.7 AB | ** 04 |AB had
2005 | on-year 494 a % 261375 a " 10.0 a . 531 a * 35 b o 07 h *
off-year 172 | ‘A e 91005 A | 44 | A - 234 | A s 1.1 B ”°: 0.3 s
Average | on-year 43.1 227910 9.0 478 49 1.0
off-year 16.7 HE360 4.1 219 1.7 0.4
Sum- 2002 | on-year 50| a * | 291005 i | % 9.2 a * 48.9 a s 8.7 il = 13 a i
merred off-year 104 | A Lo 55026 A | 19 | A ¥4 99 | A e 1.6 A e 0.3 A "
2003 | on-year 33| e & 186243 g | = 6.2 b * 32.7 h * 43 h ; 0.8 b *
off-year 25 | € . 13228 | ps | € " 26 | € i 03 B L 0.1 B ™
2004 | on-year 598 | a * | 316402 i | ® 0.1 | a * 553 | a - 4.7 b * 0.8 b 2
off-year T | B = 17566 B |- 1.3 B L Tl B 2 0.5 B b 0.1 B e
2005 | on-year 403 | b * | 213227 | * 2 | s % 3.1 b . 22 c * 04 ¢ *
off-year L5 | € o 7937 G | " 03 | C - 15 | '€ % 0.1 B B 1 & .
Average | on-year 476 251719 8.1 43.0 5.0 0.9
off-year 54 28439 1.0 53 0.6 0.1

The differences in yield between the on-year and off-year
trees of *Summerred’ were higher. The number of fruits on
on-year trees was very high in 2004 (59.8 fruits/tree), and
very low in 2003 (35.2 fruits/tree). In the case of the off-year
trees the differences between the years were more: in 2004,
the number of fruits was 10.4 per tree, while in 2005, it was
only 1.5. This trend was also valid for the number of fruits
per unit area (1 ha). Crop load on the yielding trees was the
highest in 2004 (10.1 kg/tree), and the smallest in 2003 (6.2
kg/tree). The former and the latter values meant yields of
53.3 t/ha and 32.7 tha, respectively Crop load was
significant for the off-year trees in 2002 (1.9 kg/tree and 9.9
t/ha). A very low crop load was observed in 2005: 3 kg/tree
(1.5 t/ha). Yield efficiency was highest in 2004 on the on-year
trees (4.7 fruits/cm”), which meant 0.8 kg/cmz. The same
value was observed in 2003 on the on-year trees. The value of
this figure was very low in 2005 for the off-year (1.1 db/em’).

The yield reduced in each off-year
year as compared to the on-year ones
(Tuble 4). The average reduction in the

the observed reductions were 89.9% {I'ruilsh:mz} and 93.9%
(kg!cmz).

Figure 7 demonstrates the average yields of the two
cultivars between 2002 and 2( 'n the case of "Golden
Reinders’ no significant differenc  were observed between
the trees with regular yielding (5.2 kg/tree) and irregular
yielding (7.5 kg/tree). However. in cv. "Summerred’ the
yield per tree can be significantly increased if thinning is
applied and as a consequence the trees have a regular yield.
In this cultivar, the alternating trees had a yield of 4.3 kg
per tree, while those with a regular yield (thinned) had
7.4 kg/tree.

Fruit quality

Biennial bearing had a significant effect on fruit quality
parameters (Table 5). In the case of on-year trees, fruit

Table 4 Percentage reductions in the yield indices of "Golden Reinders” and 'Summerred” in
the off-year cycles as compared to the on-year cycles. Fruit parameters in the on-year cycle = 100%.

case of 'Golden Reinders’ was 60.4% TR T Te—
and 54.4%. For fruit number and fruit | Cultivar Year » et 0:”” R e = = = ';;n'“y‘
. . . i niyt n/ha re¢ i sm= cm=

load, respectively In yield efficiency, = . s =
average reductions of 62.5% |Golden 2002 -61.3 -61.3 -57.8 -57.8 —62.5 -57.1

& ! 2 Reinders 2003 - - - = = =

A5 e/ 3
ijfm“_”“;lm ) a';]d 5_?'?/?' (kg/ e we::‘: 2004 547 | -sa7 494 494 | -s64 55.6
stecied. In fhe Ease 6L “SummEe 2005 652 | 652 | -560 560 | -686 | 573
more significant reductions were Average —60:4 -60.4 -54.4 ~54.4 -62.5 567
observed for the former indices. The |gummerred | 2002 A | i 694 694 | -816 | -800
number of fruits and fruit load 2003 -92.9 -92.9 -91.9 -91.9 -93.0 -98.7
decreased by 87.1% and 86.0% in the 2004 —88.1 -88.1 -87.1 -87.1 ~89.4 -98.7
average of four years as compared to 2005 -963 | -Po3 g <57 | NS | =80
. . Average -87.1 -87.1 —-86.0 —86.0 -89.9 -93.9
on-year cycles. For yield efficiency,
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Figure 7 The average vield of trees of "Golden Reinders’ and *Summerred’
with irregular (alternating) and regular yields (thinned) between 2002 and
2005, Significant differences at P=5% are indicated by the different letter
above the columns.

weight, diameter and height were significantly lower than for
off-year trees. A similar but less significant trend was
observed for flesh firmness, skin colour and dry matter
content. The reason for the differences was probably the fruit
load. "Summerred” was more sensitive to differences in fruit
load.

Fruit quality improved in almost all cases in the off-year
as compared to the on-year ones (Table 6). The average value
of increase for *‘Golden Reinders™ was 5.0%, 3.8% and 6.6%
fruit mass, fruit diameter and fruit height. respectively. Flesh
firmness was 3.9% higher on average in the off-year cycle
than in the on-year one. Skin colour was thrice as high in the
off-year cycle. In dry matter content. the increase was 3.8%.

In "Summerred’, the increase in the above parameters
was higher. The indices of fruit size (fruit weight, diameter
and height) in the average of your years were higher by

Table 5 Changes in the fruit quality parameters of 'Golden Reinders’ and 'Summerred” in the different cycles of biennial bearing. Significant differences are
presented in columns 'y'and "¢, in which the different letters in column 'y indicate significant differences in fruit quality between the different years, while
in column ‘¢ the signs * and ** indicate significant differences between the fruit quality parameters of the two alternation cycles within the same

Alternation Fruit weight Fruit diameter Fruit height Flesh firmness Skin colour Dry matter content
Cultivar | Year cycele of 5 )
thie tre (g) v ¢ {mm) ¥ (i (mm) v ¢ |(Nfem=) | v v (%) ¥ ¢ (“Brix) | v (
Golden | 2002 | on-year 2183 [ b " 81.5 3| % 759 | a * 65.2 a . 12 a i 13.2 b ®
Reinders off-year 23.1 | B i 82.8 Al * 794 | A * 66.7 A ¥ 57 A ¥ 14.2 A by
2003 | on-year 1995 | ¢ 79.2 a 754 | a 615 | a 0.8 a 129 b
off-year - ~ - o - =
2004 | on-year 2390 | a » 82.0 a * 766 | a " 66.8 a . 43 i ® 13.8 i »
off-year 2498 | A " 848 Al * 817 | A 2 69.2 A * 8.4 A . 13.8 A *
2005 | on-year 413 | a ¥ 7.9 i | * 75.1 | a % 64.2 a * 20 a ¥ 13.5 a iz
olf-year 471 | A ¥ 84.9 A | = 815 | A b 67.9 A * 4.6 A * 14.0 A "
Average | on-year 210.7 80.7 758 659 21 134
off-year 2475 §4.2 80.9 67.9 62 14.0
Sum- 2002 | on-year 168.0 | a o 729 bl * 69.7 | a « 61.2 a * 67.3 a * 10.5 i ad
merred off-year 2008 | A i 87.2 A | ** 76.1 | AB " 66.8 A . 8.4 A b 1.6 AB i
2003 | on-year 1754 | a ¥ 729 T 6.1 a ’ 65.1 a i 58.2 ab " 10.2 ab *
off-year 199.0 | A t BE.6 A| Bl4 | A o 65.2 A ’ 659 B ¥ 12.1 A o
2004 | on-year 168.6 | a ¥ 77.1 | 705 | a * 593 a * 66.8 a . 9.8 h »
off-year 190.1 B o 89.0 Al 75.1 B Lid 64.8 A . 74.0 A * 11.5 B o
2005 | on-year 1740 | a ¥ 73.0 ab | * 697 | a " 624 a = 56.3 b * 10.7 a *
off-year 1922 | B b 83.7 A | 727 | B . 63.8 A ‘ 70.2 AB " 12.5 A e
Average | on-year 171.5 74.0 70,0 62.0 62.2 10.3
off-year 190.25 76.1 73.65 63.7 288.5 417
Table 6 Percentage increments of the fruit quality parameters of "Golden Reinders’ and "Summerred’ in 15.4%, 17.8% and 9.9%,

the off-year cycle as compared to the on-year cycle. Fruit quality parameter
in the on-year cycle = 100%.

respectively, as compared to the high
yielding cycle. The increments were

o Fruit Friit Flesh Skin Dry matter +6.0% for flesh firmness, +16.3% for
Cultivar Year Fruit weight diameter height firmness colour content skin colour in the off-year cyc!e‘ Dry
a5 L :
Golden | 2002 482 +1.6 w6 | 423 | 43750 +76 matter content was 15.8% higher in
Reinders 2003 ¥ > < 5 = - the fruits of off-year trees.
2004 +4.5 +34 +6.7 +3.6 +95.3 0.0
2005 +2.4 +6.3 +8.5 +5.8 +130.0 +3.7
oC o
Average +5.0 +3.8 +6.6 +39 +200.1 +3.8 Acknowled gements
Summerred | 2002 +24.9 +19.6 +9.2 +9.2 +16.5 +10.5
2003 +13.5 +21.6 “:2 w'z +:-‘-2 +:§2 The present study was supported
2004 +12.8 +15.4 +6.° 49 +10.8 = 5
2005 +10.5 +14.7 +43 +54 +24.7 +16.8 by the I;ij_ec‘ .OMFB 00?09;: 2005 of
Average | +15.4 +178 +9.9 +6.0 +163 | +158 the  National ~ Research  and
Technology Office.
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