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ABSTRACT

‘Gala apple (Malus domestica Borkh.) trees grafted on P 60 rootstock were
planted at the space of 3.5 x 1.25 m. In order to achieve a high diversity of fruit
guantity per tree, light (L), as well as, heavy (H) thinning were applied. The fruitless
were not thinned in the control (Control) trees. The aim of the present study was to
quantify the relationship between the number of fruits produced per unit of TCA (crop
density coefficient CD), average fruit weight and the yield of ‘Gala’ apple trees. The
yield and average fruit weight of investigated trees depended on the applied thinning.
Correlation coefficients between CD and yield were positive, whereas between CD
and average fruit weight negative. In order to describe precisely the influence of crop
density level on the yield and average fruit weight, the multiple regression analysis
involving the tree age was performed. The formula obtained can serve to determine
acriterion for fruitlets thinning for the years to come.
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INTRODUCTION profits. Therefore, to be competitive,
growers should apply culturd practices,
High quality fruits have conss- which increase the percentage of high
tently higher pricesand financid returns  quality fruit. The condgstent production
to growers are closdy related to fruit  of fruit with optimum color and size can
size (Forshey, 1971; Dobbs and only be accomplished, when a proper
Rowling, 2006). Only optimal yield baance between vegetative growth and
and high fruit quality guarantee fruitingismaintained (Rom, 1994).
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Frequently, apple trees bloom
abundantly and set too many fruits to
optimize fruit size and return bloom.
Therefore, most producers attempt to
increase fruit weight by reducing the
number of fruits on a tree. This
increase the ratio of |eaf area to fruit,
resulting in an increased amount of
available assimilates supporting fruit
growth (Palmer et a., 1991). Early
removal of fruitlets results in larger
fruit Sze at harvest (Jones et d., 1992).
Thus, fruit thinning is considered as one
of the mogt important cultura practice
affecting fruit qudity and cropping
consistency (Johnsen, 1987; Williams,
1994; Basak, 1999). However, the
effects of thinning are hard to predict
because one can not be certain
whether the number of fruitlets left
on atree will be sufficient to produce
a good quality crop. Too heavy fruit
thinning reduces yield dramatically
and increases fruit sendtivity to
many physiologica disorders during
storage (Looney, 1986). According to
Forshey (1971), thinning should be
peformed in a way that guarantees
meature fruit to attain the desired size.
Fruit from heavily thinned trees also
have a short storage life and are
likely to rot (Basak, 1999). For these
reasons, it is important to know how
many fruits should be retained to
obtain optimum fruit quality and
adequate storability. This is parti-
cularly important in high-density
planting because in such orchards
trees have tendency to bear small
fruits with poor colour (Hugard,
1980). Fruit thinning aso is
necessary for some varieties having
a natural inclination to produce small
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fruits. Ore of these cultivars is ‘Gada
(McArtney et d., 1996; WQjcik et d.,
2001). Despite this disadvantage, this
cultivar enjoys growing popularity in
Europe.

Very precise criteria are
necessary to judge the effectiveness
of thinning. Crop load is one of the
orchard practices determining fruit
quality (Francesconi et al., 1996;
Wojcik et al., 2001; Treder and
Mika, 2001). Crop load is generally
defined as the number of fruits per
tree (Francexoni et al., 1996;
Winsche et a., 2005). A number of
researchers point out a negative
correlation between fruit load and
fruit size. Too heavy fruit loads
reduce fruit size (Zhang et al., 1992;
Rom, 1994; Czynczyk et a., 2001).
The size of the tree is usudly
expressed as trunk cross-sectiona
area (TCA). It is the most common
surrogate measurement to determine
the tree size and, indirectly, the
capacity of the tree to produce fruits
(Wright et al., 2006). On the other
hand, a certain minimal number of
fruits per tree is needed to guarantee
satisfactory yields (Silbereisen, 1983;
Zhang et al., 1992; Treder and Mika,
2001). Thus, too excessive thinning
may result in lower crops and profits.
Crop load is often expressed in terms
of number of fruit per trunk cross-
sectional area (TCA) and named crop
density (CD), (Lombard et al., 1988).
The studies by Webb et a. (1980),
Bergh (1990), Marini et a. (2002)
indicate that the number of fruits
per TCA may predict the proper
crop load in the most satisfactory
way.
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The am of is study was to
quantify the relationship between the
number of fruit produced per unit of
TCA (crop density coefficient — CD)
(Lamb, 1972; Lombard et al., 1988),
average fruit weight and the yield of
‘Gala appletrees.

MATERIAL AND METHODS

The experiment was carried out
in the years 1998-2004 at the
Dabrowice Experimental Station of
the Research Institute of Pomology
and Horiculture, Skierniewice. ‘Gda
apple (Malus domestica Borkh.) trees
grafted on P 60 rootstock were
planted in the autumn of 1992 on
sandy loam soil a a space of 3.5 x
1.25 m (2286 trees per ha). Before
the experiment was started (in
autumn 1997), the concentrations of
available phosphorus (P), potassium
(K), and magnesium (Mg) in the top
layer (0-20 cm) of the soil were
optimal: 65, 130, and 51 mg kg*,
respectively. The level of organic
matter and soil pH were 1.4% and
5.2%, respectively. Because of the
adequate amount of P, K, and Mg in
the soil, these elements were not
applied during the experiment. Only
nitrogen (N) was applied annually at
a rate of 60 kg ha’, as ammonium
nitrate (34:0:0) at bud break over the
surface of herbicide strips (2 m-
wide) along the rows. Trees were
trained as a spindle by dormant and
summer pruning, according to the
principles recommended for intense
apple planting. The trees were drip
irrigated, when soil water potential at
the depth of 20 cm fdl below -0.03
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MPa. To differentiate fruit load,
hand-thinning of fruitlets was carried
out each year, immediately after june
drop. Both light (L) and heavy (H)
thinning were applied. The light
thinning let al the fruitlets develop
from king flowers, while the heavy
thinning let grow only the fruitless,
which grew within a distance of at
least 20 cm from each other. The
fruitless were not thinned in the control
(Control) trees. Each trestment was
represented by 30 trees. The fruitlets
remaining on the tree (L and H
treatments) were evenly distributed
within the canopy.

The fruit yield per tree was
measured and mean fruit weight was
calculated on the basis of aca. 15 kg
fruit sample from each plot, collected
from entire tree canopies. Results
were elaborated statistically by
analysis of variance and differences
between means were evaluated using
Duncan's multiple range test at
p =0.05.

RESULTS AND DISCUSSION

The number of apples per tree
and TCA measurements were used to
calculate CD coefficient (fruit/cm?
TCA) in al cropping years (Fig. 1).
Coefficients differed considerably
from year to year and between the
treatments. Generaly, CD values
were lower in H treatment than in
Control. The lowest CD values were
observed in the years 2002 and 2004
due to spring frost damage. The fruit
yidd from investigated trees depended
on the gpplied thinning (Fig. 2). The
unthinned trees produced the highest
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Figure 2. Yield of ‘Gala apple trees as effected by different thinning levels L = light
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Figure 3. Average fruit weight of ‘Gala apple trees as effected by different thinning

levels L = light thinning, H = heavy thinning

Table 1. Correlation coefficients and linear regression equations (Y = a + b*X)
describing the relationship between yield (T/ha) and crop density (fruit no./cm? TCA)
in‘Gala apples under different thinning level treatments. Y =yield, X = crop density

Correlation Regression equation
Years coefficient a b
1988 0.79 *** 4.70 ** 2.20 x**
1999 0.56 ** 12.45 *** 142 **
2000 0.74 *** 6.54 * 3.01 ***
2001 0.7Q *** 13.71 *** 2.22 x**
2002 0.71 *** 7.44 *** 4.04 ***
2003 0.81 *** 10.08 *** 3.23 x**
2004 0.71 *** Q.13 *** 3.11 ***
1998-2004 0.71 *** 10.07 *** 2.3 **x*

yield. The level of production affected
fruit sze sgnificantly (r = -052***).
The lowest average fruit weight was
observed in control trees, wheress the
highest one was obtained from the
heavy thinned trees (Fig. 3). The
relationship  between vyield and
average fruit weight found in this
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study was reported previoudy by Zhang
et d. (1992), Treder and Mika (2001).
The corrdation coefficients bet-
ween CD and yidd were postive in al
consecutive years, indicating that the
higher CD leved effects in the higher
yied. (Tab. 1). The corrdation coef-
ficients between CD and average fruit
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Table 2. Correlation coefficients and linear regression equations (Y = a + b*X)

describing the relationship between mean fruit weight (g) and crop density (fruit
no./cm? TCA) in ‘Gala apples under different thinning level treatments. Y = yield, X

= crop density
K reerernies
XK s
Years Corre] qtion Regression equation
coefficient a b
1988 -0.76 *** 207 *** -6.79 *x**
1999 -0.77 *** 169 *** -5.46 ***
2000 -0.69 *** 180 *** -6.34 x**
2001 -0.76 *** 188 *** -7.70 *x**
2002 -0.63 *** 228 *** -1.35 ***
2003 -0.86 *** 183*** -8.68 ***
2004 0.40* 154 *** -6.32 *
1998-2004 -0.71 *** 191 *** -8.17 ***

Table 3. Effect of level of hand thinning on fruiting index, crop density coefficient,
total yield and mean fruit weight for the whole experimental period

Thinning level
Parameter Control L H

Fruiting index [kg cm” TCA] 0.83c 0.66 b 0.48c
Crop density coefficient

[fruﬁ e Te A 6.59 ¢ 439b 286a
Tota yield [kg tree] 188.58 ¢ 145.78 b 109.49 a
Tota yield [T hal] 431 333 250
Averageyield [T year Y] 61.6 47.6 35.7
Mean fruit weight [g] 139a 164 b 177 c

weight were negative in all years that
the weight of individual fruits
decreased with an increasing number
of fruits per unit of TCA. Both, the
correlation coefficients and the
parameters of linear regression were
statisticdly  significant  for the
consecutive years, (Tab. 2). The
applied levels of thinning influenced
significantly the average CD and
fruiting index (FI) as wdl as, the
total yield and average fruit weight
during the investigation period (Tab. 3).
The findings confirm the dgnificant
influence of thinning on the quality
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and quantity of yield. FI describes
the productivity of a tree expressed
as yied (in kg) on TCA (cm?). This
index can be cdculated after finishing
fruit harvest. However, the caculation
of CD index is posshle late in the
spring, after fruit set, and it can be
used as an important and valuable
tool for considering accurate fruit
thinning intensity and therefore to
ensure high quality yield in the
autumn. The negative correlation
between CD and average fruit weight
found in this study, as well as, the
positive correation between CD and
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yield, confirm the earlier findings of
Webb et a. (1980), and Bergh
(1990), Wertheim (1997) Lepsis and
Blanke (2004). Since different
cultivars, rootstocks and orchard
systems were used in the above
studies, one may assume that CD
coefficients may be used universally
under a wide range of environmental
conditions and cultural practices. It is
obvious that tree productivity does
not depend solely on thetrunk size or
canopy dimensions. Photosynthesis
depends on the total area of leaves on
a tree, their condition and externa
conditions. Fruit thinning positively
increase the ratio between leaf area
and fruit number, resulting in
increased availability of assimilates
and potentially higher fruit quality at
havest (PAdmer e d., 1991). In
experiment with dry matter distribution
in dwarf apples trees, subjected to
various methods of thinning Giuliani
et a (1997) showed that one fruit is
fed by at least of 0.1m? of leaf area
When the area of leaves is smaller,
apples might not reach the required
size. Too intensive thinning may
reduce both yield and effectiveness
of photosynthesis, which means that
the productive potential of trees is
not realized.

In the course of time, the average
weight of fruit (at the same CD level)
decreased (Fig. 4). This phenomenon
results in the changeable proportion
between the TCA and canopy volume.
At the moment of tree planting, the
distance between the trees is defined,
what influences the canopy volume
of anindividua tree. To maintain the
proper type and size of the crown,
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pruning is applied until the tree
becomes mature, which in conse
guence, gives a congtant volume of the
crown with the growing trunk
diameter (Fig. 5). In order to describe
precisely the influence of the crop
density level on the yield and
average fruit weight, the multiple
regression analysis involving the tree
age was performed. The formula
obtained can serve to determine
acriterion for fruitlet thinning for the
years to come. According to the
formula 1, at the congtant levdl of CD in
the consecutive years (Y) of fruiting the
average fruit weight (AFW) will
diminish 51 g and the yidd will
incresse at about 3.6 T/ha(2)

M AFW (g) = 240,3 —9,0* CD —
51*Y (R=0,71)
@ Yield (T/ha)=-12,6 + 5,9 CD +
3,6Y (R=0,77)

On the basis of the formula,
a nomograph was developed (Fig. 6)
to determine the expected density of
fruiting, which was necessary to
obtain fruits with average weight of
150 or 160 g. For example, to get
fruits with the average weight of 150
g in the thirteenth year of production,
2.8 fruitletslom?® TCA is recommended;
to get fruits of 160 g — the minimum
CD should be 1.7 fruitletdcm? TCA,
respectively. The model indicates that
in the sixteenth year of production it
won't be possible to obtain yield
with the average fruit weight 160 g.

CD can be useful for determining
optimal number of fruits on a tree
with an assumed size.
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Earlier thinning can result in
avery large improvement in mean
fruit weight at harvest (Johanson,
1994) and much greater return bloom
(Byers, 2002). Jones et a. (1992)
reported a linear decrease of ‘Fuji’
fruit size with delaying of hand
thinning. The earlier thinning is
performed, the bigger fruit can be
obtained at the predetermined yield
parameter (McArtney et a., 1996).
Another important factor influencing
the size of (Received/Accepted)fruit at
the predetermined level of CD is the
type of a rootstock used (White and
Tustin, 2002; Marini et al., 2002).

In conclusion, further invedtigations
should be caried out in order to
introduce additional parameters to the
above formula.. They should include,
apart from CD and the tree age, the
time of the thinning and rootstock
used.

J. Fruit Ornam. Plant Res. vol. 16, 2008: 53-63

REFERENCES

Basak A. 1999. The storage quality of
apples after fruitlet thinning. ACTA
HORT. 485: 47-53.

Bergh O. 1990. Effect of time of hand
thinning on apple fruit size. SOUTH
AFRICAN J. PLANT SOIL 7(1):
1-10.

Byers R.E. 2002. Effects of thinning
times on yidd fruit size, and return
bloom of ‘York and ‘Golden
Delicious appletrees. J. TREE FRUIT
PROD. 3: 55-63.

Czynczyk A., Treder W., Keller J,
Kietkiewicz M. 2001. Wptyw liczby
zawiazkbw na drzewach odmiany
"Lobo’ na M.9 na jakos¢ owocow
i przemiennos¢ owocowania ZESZ.
NAUK. INST. SADOW. KWIAC.
9: 161-166.

Dobbs M., Rowling D. 2006. Revisiting
the New Zealand apple industry: the
impacts of change. BRITISH FOOD
J. 108: 574-585.

61




W. Treder

Forshey C.G. 1971. Predicting harvest
size of Mclntosh apples. Plant Sci.
No.1. New York's Food and Life
Sci. Bull. No. 9.

Francesconi A.H., Lakso A.N., Nyrop
JP., Barnard J, Denning S.S. 199.
Carbon baance as physiologicd basis
for the interactions of European red
mite and crop load on ‘Starkrimson
Delicious apple trees. J. AMER. SOC.
HORT. SCI. 121(5): 959-966.

Gidliani R., Corelli-Grappaddli L., Magna
nini E. 1997. Effects of crop load and
gople photosynthetic  respon-ses  on
yield. ACTA HORT . 451; 303-307.

Hugard J. 1980. High density planting in
French orchards. development and
current achievement. ACTA HORT.
114: 300-308.

Looney N.E. 1986. Chemical thinning of
apple: some new refinements to old
procedures. ACTA HORT. 179:
597-604.

Johnsen A.M. 1987. Thinning of Summerred
aoples  GARTNERYRKET  77(16):
370-371.

Johanson D.S. 1994. Influence of time of
flower and fruit thinning on the
firmness of ‘Cox’s Orange Pipin’
apples at harvest and after storage. J.
HORT. SCI. 69: 197-203.

Jones K.M., Bound SA. Koen T.B.,
Oakford M.J. 1992. Effect of timing
of hand thinning on the cropping
potential of ‘Red Fuji’ apple trees.
AUST. J. EX. AGR. 32: 417-420.

Lamb R.H. 1972 Logical formula for
pruning and thinning peaches in
Rhodesa HORTUS (Rhodesia) 18:
21-22,

Lepsis J. Blanke M. 2004. Forecast of
trunk cross section area in the
intensive apple orchards as a basis
for modeling of fruit yield. ACTA
HORT. 654: 205-212.

Lombard P., Cdlan N., Dennis N., Looney
N., Matin G., Renquist A., Midke E.

62

1988. Towards a standardized nomen-
clature, procedures, values, and unitsin
determining fruit and nut tree yied
performance. HORTSCIENCE 23(5):
813-817.

Maini R.P., Barden JA., Cline JA., Perry
R.L., Robinson T. 2002. Effect of gpple
rootstocks on average 'Gda  fruit
weight a four locations after adjusting
for crop load. J. AMER. SOC. HORT.
SCl. 127(5): 749-753.

Mc Artney S., Palmer JW., AdamsH.M.
1996. Crop loading studies with
‘Royal Gala' and ‘Breaburn’ apples:
effect of time and level of hand
thinning. NEW ZEALAND J. CROP
HORT. SCI. 24: 401-407.

Palmer JW., Cai Y.-L., Edjamo Y. 1991.
Effect of part-tree flower thinning on
fruiting, vegetative growth and |eaf
photosynthesis in ‘Cox’s Orange
Pippin' apple. J. HORT. SCI. 66:
319-325.

Rom C.R. 1994. Pomology 101, balancing
growth and cropping: which comes
fird, the canopy or the crop?
COMPACT FRUIT TREE 27: 53-59.

Treder W., Mika A. 2001. Relationships
between yield crop density coef-
ficient and average fruit weight in
‘Lobo’ apple trees under various
planting systems and irrigation
treatments. HORT. TECHNOL.
11(2): 248-254.

Webb R.A., Purves JV., Beech M.G.
1980. Size factors in apple fruit.
SCI. HORT. 13(3): 205-212

Wertheim S.J. 1997. Useful differences
in growth vigor between subclones
of the apple rootstock M.9. ACTA
HORT. 451: 121-128.

White M., Tudin S. 2002. New gpple
rootstock dterndtives for the southern
hemisphere. COMPACT  FRUIT
TREE 33: 112-115.

Williams M.W. 1994. Factors influencing
chemical thinning und update on new

J. Fruit Ornam. Plant Res. val. 16, 2008:; 53-63



Relationship between yield,..... fruit weight of ‘Gala’ apple
chemica thinning agents. COMPACT  Winsche J.N., Greek D.H., Laing W.A.,

FRUIT TREE 27: 115-122. Palmer JW. 2005. Physiological and
Wdjcik P., Rutkowski K., Treder W. biochemical leaf and tree responses
2001. Quality and storability of to crop load in apple. TREE
‘Gala apples as affected by crop PHYSIOL. 25: 1253-1263.
load. FOLIA HORT. 13/2: 89-96. Zhang J., Thide G.F.,, Buwada J.G.,
Wright H., Nichols D., Embree C. 2006. Atkins T.A. 1992. The dynamic
Evaluating the accountability of trunk apple tree system: pomological and
size and canopy volume modes for climatic  relationships. ACTA
determining apple tree production HORT. 313: 107-114.

potentiadl across diverse management
regimes. ACTA HORT. 707: 237-243.

ZALEZNOSC POMIEDZY WSKAZNIKIEM GESTOSCI
OWOCOWANIA A PLONOWANIEM | SREDNIA MASA
OWOCOW JABLONI ODMIANY ‘GALA’

Waldemar Treder

STRESZCZENIE

Celem badan bylo okreslenie zaleznosci pomigdzy wskaznikiem gestosci
owocowanie (WGO) wyrazonym liczba owocow przypadajacych na cm? powierzchni
przekroju poprzecznego pnia a plonowaniem oraz $srednia masy owocOw jabtoni
odmiany ‘Gala’. Drzewa w rozstawie 3,5 x 1,25 m posadzono w SZD Dabrowice
jesienia 1992 roku. Dla osiagniecia duzego zrdznicowania zage Sszczenia owocowania
zastosowano dwa poziomy przerzedzania zawiazkéw oraz nieprzerzedzana kontrole.
Otrzymane wyniki wykazuj g istotna dodatnia korelacje pomiedzy poziomem WGO
aplonowaniem drzew i ujemna korelacje pomiedzy tym wskaznikiem a srednia masa
owocOw. Dla szczeg6lowego opisania tych zaleznosci wyznaczono parametry ich
réwnan liniowych. Otrzymane formuty moga by¢ przyjete jako wiarygodne kryterium
przerzedzania zawiazkOw. Pozwalgja one na wyznaczenie okreslongj liczby owocow
na drzewie dla uzyskania zak fadanej sredniej masy owocow i wielkosci plonu.

Stowa kluczowe: jablon, wskaznik gestosci owocowania, ‘ Gala
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