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Abstract
The study on effects of fruit thinning method od crop load and yield on “Golden
Delicious” apple cultivar, trained on slender spindle and improved pyramidal shapes, was
carried out during 2013, in Skivjan, Gjakova, in the South-Western part of Kosovo. Two
different fruit thinning methods (hand thinning and chemical thinning using a
combination of Carbaryl 1000 ppm + NAA 40 ppm, with 1200 L ha-1 spraying solution)
and two replications, with 10 apple trees for each variant on each replication for each
system shape, were used. Apple intensive orchard was constructed since 2006 in a hill of
400 m elevation, using saplings grafted on M-9 rootstock and planted at 3.8 m between
rows and 1.8 m within a row (1462 trees ha-1). Fruit thinning was carried out 15 days
after bloom, when fruit diameter was 10-12 mm. At the harvest time, there were
measured several biometric features of each apple tree such as: tree height (m), crop load
diameter and radius (m), yield (kg tree-1), volume of crop load (m3), and were counted the
mean values for each thinning method. Observed results showed that thinning method
(hand and chemical) affected significantly the crop load and yield of “Golden Delicious”
apple cultivar, on both training systems. Chemical fruit thinning using CB + NAA
increased the crop load by 13.6% and 14.7%, while the yield per tree was increased by
11.3% and 12.8%, respectively, for slender spindle and pyramidal shapes.
KEYWORDS: Malus domestica Borkh, Carbaryl, chemical, crop load, fruit thinning,
Naftalene Acetic Acid (NAA), hand thinning, yield.
INTRODUCTION
Fruit thinning of apple (Malus domestica Borkh.), as to the other fruit trees, must be
applied regularly with the aim of getting high and regular productivity yaer-by-year,
getting uniform apple fruits, and creating a balanced rate of vegetative and productive
mass (Çakalli and Thomaj, 2005). Fruit thinning of apple can be applied mechanically
(hand thinning method), which is a very high cost process, or using different chemicals or
combinations (chemical thinning method). For apple tree, both methods are being used
and reccommended, separately or in combination to each other (Ferraj and Thomaj,
2014). According to Schumacher et al. (1989), chemical thinning application of apple
trees is justified because of three reasons: chemical thinners reduce biennial production,
reduce the cost of manual thininng, and their use affect the improvement of apple fruit
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quality. However, sometimes, except positive effetcs such as the increase of fruit mass
(Pavicic and Paulic, 1989) and reduction of periodical productivity (Link, 1998),
chemical fruit thinning can cause negative effects such as reduced yield (Elfving and
Cline, 1993/a; Elfving and Cline, 1993/b), fruit deformation at cv “Golden Delicious”
(Rogers and Williams, 1977), poor fruit coloration at cv Mutsu (Byers and Carbaugh,
1991; Daugaard and Grauslund, 1999), low calcium concentration in fruit at cv Boscop
(Hess et al., 1996), etc. Hand fruit thinning is a very high labour cost process which is
being used mainly to new orchards and in limited areas, while chemical thinning can be
applied easily and is less expensive (Zajmi et al., 2007).
Chemical thinners include different chemicals, but plant growth regulators and some
insecticides are used for thinning in most cases. Results from the recently published
literature point to advantages of combining certain growth regulators and insecticides for
apple fruit thinning (Jemrić et al., 2003). Combination of carbaryl and 1-naphtaleneacetic
acid has given good results in some years and climate conditions, but caused excessive
thinning in some other years and climate conditions (Rogers and Williams, 1977).
Generally, mixtures of growth regulators (Elfving and Cline, 1993/b), or growth
regulators and insecticides (Marini, 1996; Byers and Carbaugh, 1991) are being used,
particularly for cultivars which are not easily mechanicaly thinned (Byers and Carbaugh,
1991). In such cases, it is possible to reduce the concentration of individual thinner. This
is extremely important from the environmental point of view (Jemrić et al., 2003). The
most used chemical apple fruit thinners are Ethephon (ETH), Carbaryl (CB), Naphthalene
Acetic Acid (NAA), 6-Benzyladenine (6-BA), and fish oil (Reyes et al., 2008; Greene,
2002; Lakso et al., 2000; Marini, 1996; Zucconi, 1992), which are being used for
chemical treatment of little fruits (10-15 mm) (Ferree and Schmid, 2001; Vercamen,
1997), 2-3 weeks after bloom, and are being applied as liquid solution in given
concentrations (Marini, 2000; Bergamini, 1991). Through winter pruning and green
operations, such as branch top cutting, flower and fruit thinning, etc., fruit growers ams to
ensure 30-40 healthy leaves for each fruit and try to avoid the high yield the first growing
years of apple trees, which causes premature aging of apple trees (Bellini, 2002; Krebs
and Widmer, 1992).
“Red Delicious” and “Golden Delicious” are some of the most widely planted apple
cultivars in Albanian and in Kosovo’s orchards. These cultivars are reported as difficult
to thin by hand (Marini, 2002). To overcome this problem, there is being applied the
chemical thinning using Carbaryl (CB) and Naphthalene Acetic Acid (NAA), which are
the most used chemical thinners in Kosovo and other countries. Reyes et al. (2008) report
that chemical thinning using Carbaryl and fish oil reduced the periodical yield of cv
“Golden Delicious”, while ethephon and 6-BA negatively affected the second year
bloom.
Marini (2004), Jemrić et al. (2003), Pavičić (1993), etc., have reported that chemical fruit
thinning had affected the year-by-year yield of cv “Golden Delicious”, reducing the
genetic tendency for biennial yield. Reduction of fruit number per tree affects pozitively
the vegetative growth of shoots, leaves, and crop load, as well (Mika, 1986). Sometimes,
“Golden Delicious” apple cultivar asks for additional thinning of the fruits by hand after
chemical thinners (Ferraj and Thomaj, 2014; Schumacher et al., 1989) or for combining
of Carbaryl with Naphthalene Acetic Acid (NAA) ose 1-naphthaleneacetamide (NAD)
(Vercamen, 1997) to achieve optimal results. Our aim was to determine the effect of hand
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and chemical thinning (Carbaryl 1000 ppm + NAA 40 ppm) on crop load and yield of
“Golden Delicious” apple cultivar, trained on slender spindle and improved pyramidal
shapes.
MATERIALS AND METHODS
Orchard placement
Study was carried out in 2013 in Skivjan, Commune of Gjakova, Kosovo, a very known
area for orchard development, in general, and, especially, apple orchards. “Golden
Delicious” apple orchard was planted in November 2006, with saplings grafted on M-9
rootstock, planted 3.8 m between rows and 1.8 m within a row (1462 apple trees ha-1).
Rows orientation was North-South. Orchard was constructed in a hill 400 elevation.
Apple trees were normally healthy and with a same vegetative growth and development.
“Golden Delicious” apple cultivar is the most widely planted cultivar in Gjakova’s
region, as well as in Albanian and Kosovo’s orchards. Apple trees were trained on
slender spindle, with hanged shoots, and improved pyramidal shapes, for better use of
solar energy. Space between rows was grassed with tapecant cereals and all cultural other
cultural practices were applied regularly, as in other apple orchards.
Apple fruit thinning
The main objective of the study was to determine the effect of hand and chemical
thinning (Carbaryl 1000 ppm + NAA 40 ppm) on crop load and yield of “Golden
Delicious” apple cultivar, trained on slender spindle and improved pyramidal shapes.
Apple fruit thinning was applied 15 days after bloom, when the fruit equatorial diameter
was 10-12 mm. There were tested two thinning methods (two variants):
1. Hand thinning (mechanical thinning), leaving 1 fruit per cluster
2. Chemical thinning, using Carbaryl 1000 ppm + NAA 40 ppm, with a sprying
volume of 1200 L per ha.
There were used two variants and two replications, with a variant size of 10 apple trees
per replication. There were used 40 apple trees for for each trained shape under study.
Apple trees were marked with plastic labels.
Measurements and analysis
There were measured several features for each apple tree under study, such as: plant
(tree) height (H) starting from the first bifurcation of the first skeletal branches up to the
top (m), mean diameter (D) and mean radius (R) of the apple tree crown (m), yield (kg
tree-1), and, then, were calculated crop load (m3) for each apple tree and for each
treatment, and mean yield (kg tree-1). All measurements were carried out at harvest on 10
apple trees per treatment per replication. Harvest date has been determined according to
the standard method and fruits were harvested on September 15, 2013. Fruits of each
plant were weighed separately with an analytical balance and was calculated the mean
yield (kg tree-1) for each thinning method and each trained shape.
Crop load calculation for apple trees trained on slender spindle shape was based on the
diameter and radius of the circle formed on the bottom part of the tree crown and tree
height, according to formula (1):
1
Vb = ----- (R2 x π x H)
(1),
where:
3
Vb – crop load of the tree on slender spindle shape (m3)
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R – radius of the circle formed on the bottom part of the tree crown (equal to ½ D) (m)
H - tree height starting from the first bifurcation of the first skeletal branches up to the
top (m)
Crop load calculation for apple trees trained on improved pyramidal shape was based
on the diameter and radius of the circles formed on the bottom part and the upper part of
the tree crown, and tree height, according to formula (2):
1
Vp = ---- (R + r)2 x π x H
(2), where:
3
Vp - crop load of the tree on improved pyramidal shape (m3)
R - radius of the circles formed on the bottom part of the crown (m)
r - radius of the circles formed on the upper part of the crown (m)
H - tree height (height of the central axis, starting from the first bifurcation of the first
skeletal branches up to the top (m)
Crop load was calculated for each tree separately and, after that, was calculated mean
value of each thinning method and each trained system.
Data analysis and presentation of the observed results
The obtained data were subject of descriptive and statistical methods (ANOVA: TwoFactors Without Replication) (α = 0.05) (Papakroni, 2001). Observed results are
presented in tables and graphs.
RESULTS AND DISCUSSION
Effects of thinning methods on crop load and yield of “Golden Delicious” apple cultivar
were observed for training methods, slender spindle and improved pyramidal shape.
Observed results showed that thinning method has affected significantly the crop load
and yield of “Golden Delicious” apple cultivar on both training systems.
Crop load (m3) and yield (kg tree-1) of “Golden Delicious” apple cultivar, trained on
slender spindle system
Observed results showed that thinning method (hand or chemical) has affected
significantly the crop load (m3) and yield (kg tree-1) of “Golden Delicious” apple cultivar,
trained on slender spindle system. Mean crop load of trees using hand thinning method
was 3.72 m3, while mean crop load of trees using chemical thinning method (Carabaryl
1000 ppm + NAA 40 ppm) was 4.22 m3 (0.505 m3 or 13.6% higher for chemical thinning
compare to hand thinning). Difference between treatments (thinning methods) for mean
values of crop load was significant and statistically confirmed at p ≤ 0.05 (Table 1 and
Table 3).
Mean yield of hand thinning was 33.25 kg tree-1, while mean yield of trees using
chemical thinning (Carabaryl 1000 ppm + NAA 40 ppm) was 37 kg tree-1 (3.75 kg tree-1
or 11.3% higher for chemical thinning compare to hand thinning). Difference between
treatments (thinning methods) for mean values of crop load was significant and
statistically confirmed at p ≤ 0.05 (Table 1, Table 3 and Figure 1).
Table 1. Effect of thinning method on crop load (m3) and yield (kg tree-1) of “Golden
Delicious” apple cultivar, trained on slender spindle system (* significant at p ≤ 0.05)
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Fruit thinning method
- Hand thinning
- Chemical thinning (CB 1000 ppm + NAA 40 ppm)

Crop load
(m3)
3.72
4.22*

Yield
(kg tree-1)
33.25
37*

Crop load (m3) and yield (kg tree-1) of “Golden Delicious” apple cultivar, trained on
improved pyramidal system
Observed results showed that thinning method (hand or chemical) has affected
significantly the crop load (m3) and yield (kg tree-1) of “Golden Delicious” apple cultivar,
trained on improved pyramidal system. Mean crop load of trees using hand thinning
method was 11.12 m3, while mean crop load of trees using chemical thinning method
(Carabaryl 1000 ppm + NAA 40 ppm) was 12.74 m3 (1.625 m3 or 14.7% higher for
chemical thinning compare to hand thinning). Difference between treatments (thinning
methods) for mean values of crop load was significant and statistically confirmed at p ≤
0.05 (Table 2 and Table 3).
Mean yield of hand thinning treatment was 38.125 kg tree-1, while mean yield of trees
using chemical thinning (Carabaryl 1000 ppm + NAA 40 ppm) was 43 kg tree-1 (4.875 kg
tree-1 or 12.8% higher for chemical thinning compare to hand thinning). Difference
between treatments (thinning methods) for mean values of crop load was significant and
statistically confirmed at p ≤ 0.05 (Table 2, Table 3 and Figure 1).
Table 2. Effect of thinning method on crop load (m3) and yield (kg tree-1) of “Golden
Delicious” apple cultivar, trained on improved pyramidal system (* significant at p ≤
0.05)
Fruit thinning method
- Hand thinning
- Chemical thinning (CB 1000 ppm + NAA 40 ppm)

Crop load
(m3)
11.12
12.74*

Yield
(kg tree-1)
38.125
43*

Figure 1. Mean yield (kg tree-1) of “Golden Delicious” apple cultivar, trained on slender
spindle and improved pyramidal system
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Results of ANOVA (ANOVA: Two-Factor Without Replication) showed that the linkage
between thinning method, crop load and yield was significant. Effect of chemical
thinning on crop load and yield was statistically confirmed by F and P-value at p ≤ 0.05,
where F > Fcrit dhe P-value < α = 0.05) (Table 3).
Table 3. Anova: Two-Factor without Replication for testifying the effect of thinning
method on crop load and yield of “Golden Delicious” apple cultivar, trained on slender
spindle and improved pyramidal system (p ≤ 0.05)
Source of Variation
Rows
Colums
(thinning
methods)
Error
Total

SS
df
37.22609 7

MS
F
P-value
F-crit
5.318090 1.494478 0.223028 2.487577

517.9979

172.666

3

48.52291 1.28E-09 3.072467

74.72729 21 3.558442
629.9513 31

The obtained data of the study are similar to Marini (2002) for “Golden Delicious” apple
cultivar in Virginia, USA, and El Salhy (1996) for “Dorsett Golden”, who report on yield
increase, but are contrary with Rogers and Williams (1977), Byers and Carbaugh (1991),
who report on yield reduction. Carbaryl affects on the increase of specific leaf weight,
leaf area per spur and bourse shoot length on the most productive spurs which increase
fruit weight (Looney, 2000), while NAA has a favourable effect on fruit growth, increase
of the volume of spur and leaf cells (Marini, 2004; Marini, 2002). Chemical thinners used
in our study (Carbaryl and NAA) contributed together on better leaf/fruit ratio and higher
crop load and yield.
Several authors report that weather conditions have a strong influence on the apple
thinner efficacy (Reyes et al., 2008; Greene, 2002), and, an other important factor is
thinner concentration since when used in larger doses they could cause phytotoxicity in
some apple cultivars (Jemrić et al., 2003; Pfammater and Dessimoz, 1999). Some other
important factors affecting the response of apple to thinning, except crop load, are age of
trees, flower bud quality, competition within vegetative and productive mass, etc (Jemrić
et al., 2003; Link, 1998).
Achieved results of the study showed that thinning method affects the crop load and yield
of “Golden Delicious” apple cultivar, regardless of the training system of the orchard, at
least in the ecological conditions of Skivjan, Gjakova, Kosovo.
CONCLUSIONS
Fruit thinning method significantly affects the vegjetative growth (crop load) and
productivity of “Golden Delicious” apple cultivar under climatic conditions of Skivjan,
Gjakova, Kosovo. Chemical fruit thinning using Carbaryl 1000 ppm + NAA 40 ppm
increased the crop load of “Golden Delicious” apple cultivar trained on slender spindle
and improved pyramidal system by 13.6% and 14.7%, respectively. Yield (kg tree-1) of
“Golden Delicious” apple trained on slender spindle and improved pyramidal system,
using chemical thinning was 3.75 kg tree-1 and 4.875 kg tree-1 or 11.3% and 12.8%
higher, respectively.
Differences between thinning methods were statistically confirmed by ANOVA-test (F >
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F-crit and P-value < α = 0.05), which means that there exist a significant relationship
between fruit thinning method, crop load and yield.
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