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Abstract: Despite being the world leader in the production of hazelnuts, Turkey’s nut yield per
hectare is quite behind other producer countries. The main reasons for low yield are the completion
of the economic life of hazelnut orchards and the lack of pruning following the technique. Hazelnuts
are being grown with the ‘ocak’ system in Turkey. The ocak system is a bush-like growing technique
that does not contain the main trunk but consists of shoots instead. It is necessary to maintain the
optimum number of shoots per ocak to increase yield and quality in this system. The effects of
different branch numbers on yield and fruit quality parameters of “Tombul” and ‘Palaz’ hazelnut
cultivars were investigated in Ordu ecological conditions. ‘Palaz’ had the highest yield per ocak in 8
branches (1460.19 g), while “Tombul” had in the 5 branched ocak (2170.47 g). ‘Palaz” and “Tombul’
had the highest fruit weights in 4 and 4-6 branches, respectively. The highest oil ratio of ‘Palaz’
was observed in 4 branches, while “Tombul” had the highest in 5 branches. The highest kernel ratio
was determined in 6 and 5 branches in ‘Palaz’ and “Tombul’, respectively. The ocaks with 4 and 5
branches were mostly expressed higher values, and it is foreseen that the number of branches should
not exceed 6 to reduce the competition of the branches and to obtain good quality products.
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1. Introduction

Hazelnut is one of the important Turkey-originated fruit species. Turkey has quality
cultivars and suitable areas for hazelnut production. The hazelnut growing areas in Turkey
are at 40—41° North and 37-42° East coordinates. The Black Sea coast is the most suitable
area in terms of ecologic conditions for hazelnut cultivation within these limits [1-3]. On the
Black Sea coast, hazelnut growing areas reach 80 km from the coast and 1300 m altitude [4].

In Turkey, hazelnut is cultivated in 16 provinces, including the oldest grower provinces,
Giresun and Ordu. The hazelnut production area reached 706 thousand ha while it was
650 thousand in 2004 with an increment of 8.17% increase. Turkey constitutes 66% of world
hazelnut production. Ordu province is the leading producer province in Turkey with
217,000 t [5] and provides 27.97% of production by itself [6].

Turkey is dramatically behind the other hazelnut-producing countries in terms of nut
yield despite being the leading hazelnut exporting country. It ranks 10th with 64.2 kg-ha~!
yield while the USA has 269 kg-ha~!, France has 221.3 kg-ha~!, and China has 197.9 kg-ha~!
yields. The unpleasantly low yield is due to cultivation with old branches, deficits in tech-
nique, and completion of the economic lives of orchards [6].

Researchers made efforts to maintain a quality fruit in most of the fruit species.
Special efforts on hazelnut mainly focused on pollinizers [7], grafting [8], canopy [9],
fertilization [10,11], planting density [12], and training systems [13]. Climatic conditions,
cultivar, and location are some of the other variables that affect hazelnut’s fruit quality
and chemical composition [14]. In Turkey, the ‘ocak’ system (Figure 1) is used in the
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cultivation of hazelnuts, and ocaks comprise old and plenty of branches. Ocak is a bush-
like growing system that consists of no main trunk as a tree. Branches are all considered
as a tree without connecting a trunk. Even though this system is suggested for flatlands
by many researchers [4,15,16], cultivation with this system is being used in all growing
areas of Turkey. Pruning application is generally performed as removing excessively old
branches or newborn suckers and pruning on branches is not performed. In recent years,
the studies about the ocak system [17-19] and its effects on yield and quality increased
significantly. However, these studies are still insufficient, and there need to be a lot more
studies describing the ocak system and its effects. Clarifying the effects of branch numbers
in ocak is one of the most crucial issues among all studies. This study was carried out
to determine the effect of the number of branches in ocaks on fruit quality parameters in
‘Palaz’ and “Tombul’ cultivars.

Figure 1. Ocak system with low (a) and high (b) branch density (photos were taken by the author).

2. Materials and Methods
2.1. Material

This study was conducted in a farmer’s orchard during the 2008 and 2009 seasons.
‘Palaz’ and “Tombul,” which are the most cultivated hazelnut cultivars in Turkey, were used
as material. The planting age of the orchard was 60. There was no pruning application on
branches. Only sucker removal had been performed as a pruning application since the
establishment of the orchard.

‘Palaz’: This hazelnut variety, which has medium taste and quality, is widely grown
in Ordu. The fruit is round and flat, the top is wide, and the tip is fluffy. There is a brown,
thin integument attached to the flesh on the inner fruit. The fruit is white with a relatively
large kernel cavity. It can grow even in clayey, sandy, and gravelly soils with low soil depth.
‘Palaz’ wakes up relatively earlier than other hazelnut varieties in spring, making it more
sensitive to late spring frost. Cotanaks of this cultivar varies between 2 and 4. Husks are
generally 1.5 times the length of the fruits [20].

‘Tombul’: It is considered the most important hazelnut cultivar grown in Turkey. It
is widely grown in Giresun province. The very good fruit quality has made it the most
demanded hazelnut in international markets. Although it tends to periodicity, it gives
regular and very high yield every year under good cultivation conditions. Its ripe fruit is
plump and regular. It expands towards the table part, narrows evenly towards the end,
and ends with a pointed tip. “Tombul” has a very high percentage of oil, and it is sensitive
to mechanical damage due to this characteristic. The husks are generally 2.5 times the
length of the fruit [20].
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2.2. Method

All ocaks had 12-15 branches before the trial was conducted. Extra branches of ocaks
were removed, and the number of branches in ocaks was set as 4, 5, 6,7, 8,9, and 10
according to the experimental plan. The branch removal application was performed only in
the 1st year, and only suckers were removed in the 2nd year. Irrigation was not performed
in the orchard as it was in all Ordu province. In the 1st year of the study, CAN (calcium
ammonium nitrate, 26% N) fertilizer was applied to ocaks 2 times (7 April and 15 May). In
the second year, CAN was applied to the orchard 2 times on 30 March and 15 May when
leaves and fruits reached lentil-sized, respectively. In both years, fruits were harvested
on 8 August. Weed control was carried out by mowing the weeds in the orchard with an
automatic scythe in mid-July.

At harvest, all ocaks were harvested separately. For each ocak, 30 fruits were randomly
selected, and these fruits were dried until 12% moisture, and analyses were conducted on
these samples. Fruit weight and kernel weight was determined by weighing with 0.001 g
sensitive digital scales (Neck, Model WT-3000). Shell thickness and kernel cavity were
determined by measuring with 0.01 mm sensitive caliper (D&W, Model DW1KDS15). The
number of nuts per cluster was determined by counting 40 randomly selected clusters.
Kernel ratio was calculated as a percentage of total fruit weight to total kernel weight [6,21].
Protein, fat, and ash properties were measured according to the method reported by Kagar
and Inal [22].

2.3. Experimental Design

The treatments consisted of 7 different branch numbers per tree (4, 5, 6,7, 8,9, and 10)
with 3 replications according to the Random Parcels Trial Pattern. Data were analyzed by
R Studio statistical software. Data of 2 years was evaluated together to have more reliable
results due to yield fluctuations (periodicity-like) characteristic of hazelnut. Analysis of
variance (ANOVA) was performed to clarify the effect of branch numbers on the quality
traits, and differences were appointed according to Tukey’s honestly significant differences
(HSD) test. Data of all repetitions (ocaks) were used to perform analysis. To explain the
relationships between fruit quality traits in terms of branch number, Principal Component
Analysis (PCA) was performed for both cultivars. Correlations were conducted with the
package “corrplot’ [23], and PCA was performed with ‘ggplot2’ [24].

3. Results and Discussions

The effect of branch number on the yield was significant in “Tombul” and was not
in ‘Palaz’ (p < 0.01). The yield of ‘Palaz’ ranged from 1024.66 g (5 branches) to 1460.19 g
(8 branches) and the yield of “Tombul” was 737.82 g (10 branches) to 2170.47 g (5 branches)
(Table 1). Yield fluctuated in both cultivars according to years, however, as the number of
branches decreased, the yield increased in general (Figure 2). In a similar study, the yield of
‘Palaz’ ranged from 1223 g (5 branches) to 7290 g (14 branches) and was significantly higher
from our study [18]. Hazelnut’s yield was affected by plenty of independents. Cultivar
differences, poor soil conditions, climatic conditions, fertilization, and irrigation status
of orchards were some of the main causes of yield differentiation. The study Caliskan
et al. [18] conducted and our study had almost the same conditions (they were both in
Blacksea conditions) other than the planting age of orchards that it was carried out on a
20-year-old orchard while ours was 60 years. Even though the branches that reached the
age of 10 were systematically removed and rejuvenated by new branches, the results of this
study clarified that the yield was decreasing with the increasing age of ocaks supporting
Kirca, who reported a significant decrease in yield, especially after 50 years [15].
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Table 1. Fruit quality criteria according to different branch numbers.
Branch Numbers
Cultivars Properties 4 5 6 7 8 9 10 p-Value
The Number of Nuts 276 ns 315 299 3.08 312 317 377 0.0691
in Cluster
Yield (g) 1152.5 ns 1024.66 1244.07 1443.66 1460.19 1246.99 1210.54 0.5433
N Fruit Weight (g) 1.91a 1.88 a 1.84a 1.82a 1.66 ab 1.65 ab 1.54b <0.0001
i: Kernel Weight (g) 1.02a 0.99 a 0.99 ab 0.94 ab 0.86 abc 0.85 be 0.77 ¢ <0.0001
Kernel Ratio (%) 5328 a 5293 a 5424 a 51.67 ab 51.95 ab 51.44 ab 50.56 b 0.0439
Kernel Cavity (mm) 116 ¢ 1.78 b 1.83 ab 1.81 ab 2.04 ab 223a 1.98 ab 0.0001
Shell Thickness (mm) 1.10 ab 1.08b 1.17 ab 1.19 ab 1.21 ab 1.28a 1.24 ab 0.0008
The Number of Nuts 330c 3.50 be 3.58 abc 3.79 abe 3.76 abe 410ab 421a 0.8619
Yield (g) 1367.39 b 2170.47 a 1787.71 ab 1665.73 ab 1640.67 ab 1304.86 b 737.82 ¢ <0.0001
"; Fruit Weight (g) 1.79a 1.78 a 1.79a 1.71 ab 1.62 ab 1.57b 1.54b <0.0001
g Kernel Weight (g) 0.95 a 0.95 a 094 a 0.91 ab 0.85 be 0.82 be 0.80 ¢ <0.0001
& Kernel Ratio (%) 52.98 ns 53.12 52.25 52.92 52.44 52.12 51.92 0.0621
Kernel Cavity (mm) 0.88b 1.04 ab 1.21 ab 1.24 ab 1.18 ab 1.32 ab 1.60 a 0.0003
Shell Thickness (mm) 1.09 ¢ 1.08 ¢ 1.14 bc 1.23a 1.25 ab 1.27 ab 127 a 0.0001
Different letters in the same row indicate significant differences. ns: Not significant.
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Figure 2. Correlations between fruit characteristics in ‘Palaz’ (A) and “Tombul’ (B) cultivars. Y: Yield, P: Protein, SFW:
Shelled Fruit weight, KW: Kernel weight, KC: Kernel cavity, KR: Kernel ratio, NNC: Nut number in the cluster, ST: Shell

thickness. *, ** i

indicate significant at p < 0.05 and p < 0.01, respectively.

It was necessary to evaluate the number of fruits in the cluster in two ways. As
the number of fruits in the cluster increased, the yield increased, which was the desired
condition. However, as the number of fruits in clusters increased, the fruit became smaller.
Small fruit was undesirable. For this reason, the number of fruits in the cluster was very
crucial [6]. In this study, the branch number significantly affected the number of fruits in
the cluster in “Tombul’ (p < 0.01) and was not significant in ‘Palaz’. The number of fruits in
the cluster varied between 2.76 (4 branches) and 3.77 (10 branches) in ‘Palaz’ and ranged
from 3.30 (4 branches) to 4.21 (10 branches) in “Tombul’ (Table 1). Although fluctuations
have been observed in both cultivars, the number of fruits in the clusters decreased with
decreasing branch numbers (Table 1) Caliskan et al. [18] reported fruit numbers in clusters
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varied between 2.35 (6 branches) and 2.65 (5 branches) in ‘Palaz’. The results from our
study were similar to those previously reported. The high-yielding ocaks, 7 and 8 branches,
had an average of approximately 3 fruits in clusters and statistically higher fruit weights.
Our results clearly appointed that 7-8 branches per ocak were optimal.

The effect of branch number on fruit weight was statistically significant in both
cultivars (p < 0.01). In general, fruit weight increased as the number of branches decreased
for both cultivars. Fruit weight ranged from 1.54 g (10 branches) to 1.91 g (4 branches)
in ‘Palaz’ and 1.54 g (10 branches) to 1.79 g (4 and 6 branches) in “Tombul’ (Table 1).
In similar studies, the fruit weight of “Tombul” was 1.60-1.87 g, 1.71-1.80 g, 1.67-2.19 g,
and 1.82-2.03 g [14,21,25,26], respectively. The fruit weight of ‘Palaz’ was reported between
2.11-2.29 g by Giilsoy et al. [26]. Fruit weights reported in previous studies were consistent
with our findings. On the other hand, it was seen that fruit weight changed in a wide
range both in previous studies and in our study. High fruit weight was one of the most
prominent fruit quality criteria, and the results revealed that 5 to 7 branched ocaks had
more desirable fruit weight without causing yield reduction.

High kernel weight was a crucial characteristic affecting the yield per unit area. In
this study, kernel weight was negatively related to the branch number for both cultivars
(p < 0.01). Kernel weights ranged from 0.77 g (10 branches) to 1.02 g (4 branches) in ‘Palaz’,
and 0.80 g (10 branches) to 0.95 g (4 and 5 branches) in “Tombul” (Table 1). Previous
researchers reported the kernel weight of “Tombul” varied between 0.76 g (10 branches) to
1.02 g (5 branches), 0.67 to 1.13 g, 0.87 g to 1.03 g [21,27,28], and the kernel weight of ‘Palaz’
varied between 1.12 to 1.14 g [26]. Our results were in harmony with previous studies.

Kernel ratio was one of the most important fruit quality characteristics directly af-
fecting the price of fruit. The kernel ratio showed a seasonal variation. While ‘Palaz’
was negatively affected by branch number (p < 0.05), the effect of brunch number was
insignificant in “Tombul’. The kernel ratio of ‘Palaz’ varied between 50.56% (10 branches)
to 54.24% (6 branches), while it was between 51.92% (10 branches) to 53.12% (5 branches)
in “Tombul’ (Table 1), respectively. The kernel ratio of ‘Palaz’ was previously reported
as 49.8% [1], 47.3% [3], 52.25-54.00% [26], and the kernel ratio of “Tombul” was 51.7% [1],
48.20% [27], 49.9% [3], 45.11-54.07 [25]. Bostan [27] stated a negative relationship between
the number of branches and kernel ratio, and the highest kernel ratio was in 5-6 branches
while the lowest was in 9-10 branches. The kernel ratios obtained in this study were totally
consistent with those stated by Bostan [27] and higher than some others. Moreover, high
kernel ratios were realized in a positive relationship with the yield being in high yield
branch numbers. This result indicated that choosing the proper branch number by the goal
of yield will also provide the highest quality kernel ratio nuts.

Shell thickness was a substantial criterion that needed to be improved, as it affected
the kernel ratio. Shell thickness increased with the increment of branch number for both
cultivars (p < 0.01) (Table 1). Shell thickness ranged from 1.08 mm (5 branches) to 1.28 mm
(9 branches) and 1.08 mm (5 branches) to 1.27 mm (9 and 10 branches) in ‘Palaz’ and
‘Tombul’, respectively (Table 1). Islam [29] reported shell thicknesses between 1.08-1.04 mm
in ‘Palaz” and 0.94-0.96 mm in “Tombul’. In another study, Karadeniz and Islam [21]
reported the shell thickness of “Tombul’ varying between 0.86-1.01 mm. In other studies
that investigated the effect of the number of branches on fruit quality characteristics of
hazelnuts, Bostan [27] reported the shell thickness of the “Tombul” as 0.93 mm (4 branches)—
1.00 mm (10 branches) while Caliskan et al. [18] reported the shell thickness of ‘Palaz’
varying between 1.08 mm (14 branches) and 1.20 (7 branches). While our results overlap
those of Bostan [27] stated, they contradict those of Caliskan et al. [18]. Researchers noted
that fertilization did not affect shell thickness significantly [30,31]. In this perspective, the
main difference seems to be the ages of ocaks in the studies. Caliskan et al. [18] studied a
20-year-old orchard while ours were 60 years. This result supported the knowledge that
the increasing root age increased shell thickness [15].

Increasing kernel cavity caused nigresence over time, and the fruit began to deteriorate.
Thus, a small kernel cavity was appealing. In this study, the kernel cavity increased with
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the increasing number of branches (p < 0.01). The kernel cavity ranged from 1.16 mm
(4 branches) to 2.23 mm (9 branches) and 0.88 mm (4 branches) to 1.60 mm (10 branches)
in ‘Palaz’ and “Tombul’, respectively (Table 1). Previous researchers reported the kernel
cavity values as 0.44 mm (4 branches) and 1.37 mm (10 branches) [27], 0.00-1.84 mm [28],
and 0.52-1.75 mm [21] in “Tombul” and 2.95-3.96 mm in ‘Palaz’ [29]. The kernel cavity
values determined in our study were usually smaller than previously reported, and it was
thought to occur by branch removal. As it is stated in the methods, root ages were all in the
same age, which indicates that they were all developed equally, and their nutrition uptake
potential from the soil was approximately equal, meaning that equal amounts of nutrients
were utilized by fewer branches. Thereby, removing excess branches was evaluated as
especially crucial in the cultivars that had a high kernel cavity.

Increasing branch number caused a statistical diminish in protein content for both
cultivars (p < 0.01). The protein contents ranged from 10.64% (10 branches) and 15.06%
(5 branches) and 12.83% (10 branches) and 18.08% (6 branches) in ‘Palaz’ and in “Tombul’,
respectively (Table 2). The protein content of the ‘Palaz’ was reported between 13.1%
(8 branches) and 14.6 (5 branches) by Caliskan et al. [18]. Karadeniz and Bostan [32] stated
the protein ratio of “Tombul” between 16.76% and 17.83%. Besides coinciding with the
previous studies, there was a wider range of protein in our study. The variation may
be due to the high number of samples, the differences in the ecology of the studies, and
the cultural management of the orchards. On the other hand, the dramatic decrease of
protein ratios when branch numbers exceeded 7 was not negligible. Fewer competition
thanks to decreasing branch numbers provided a clear enhancement in protein content.
Proteins consisted of amino acids, and they used Nitrogen and Sulfur as a source. Ocaks
were supplemented with calcium ammonium nitrate with the same concentrations. Thus,
nitrogen uptake per branch decreased for each increment in the branch number resulting in
a decline in protein content. Similar metabolisms have been reported in some annuals [33],
perennials [34], and in vitro [35].

Table 2. Changes in fat, protein, and ash values according to different branch numbers.

Branch Numbers

Cultivars Properties 1 5 p 7 5 9 10 p-Value
. Protein (%) 13.90 ab 15.06 a 14.15ab  12.70 abc 12.64abc  11.37bc 10.64 c <0.0001
-LE Fat (%) 66.56 a 66.29 a 6437ab  63.02 ab 63.10 ab 6127b  60.88Db <0.0001
& Ash (%) 2.30a 229 a 2.01b 1.87 bc 1.79 bc 1.82c¢ 1.76 c <0.0001
5 Protein (%) 15.76 abc 15.76 abc 18.08 a 17.09 ab 14.24 be 13.36 be 12.83 c 0.0007
"g Fat (%) 66.30 ab 67.95a 66.79ab  66.18 ab 65.32 ab 62.82b  63.08Db <0.0001
\ﬁ Ash (%) 2.05 ab 223a 2.06 ab 1.94 ab 191b 1.83b 1.83b 0.0027

Different letters in the same row indicate significant differences.

Fats and fatty acids affect the quality, storage time, processing, and many other prop-
erties of hazelnuts. Fat ratios were significantly affected for both cultivars (p < 0.01). The
fat ratios ranged from 60.88% (10 branches) to 66.56% (4 branches) and 62.82% (9 branches)
to 67.95% (5 branches) in ‘Palaz’ and in “Tombul’, respectively. Almost a linear decrease
was observed with the increment of branch numbers (Table 2). The fat ratios of ‘Palaz’
reported varying between 63.9% (14 branches) and 68.0 (8 branches) [18]. The fat ratio
of “Tombul” was reported between 65.92-67.98% [1]. Fat ratios of fruits were similar to
previous studies proving that the heritability of fat content was significantly high [36], and
it mostly depended on the cultivar. On the other hand, although it had a high inheritance,
the results have proven that differences in fat content may occur with cultural treatment
differentiations. Furthermore, the improvement of the fat ratio by branch number decrease
was related to nutrient uptake and insertion. Seeds (kernels) store nitrogen-free materials,
proteins, and oil. Protein and oil fulfill the remaining space in the kernels [37]. Therefore,
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the determination of the maximum kernel weight and fat ratios in the same branch numbers
clearly indicates that identifying the optimal conditions for yield and yield parameters also
provides optimal protein and oil synthesis since stems and shoots serve as a sink for both
vegetative and reproductive parts.

Branch number negatively affected the ash ratios of both cultivars (p < 0.01). The
ash ratio ranged from 1.76% (10 branches) to 2.30% (4 branches) and from 1.83% (9 and
10 branches) to 2.23% (5 branches) in ‘Palaz’ and in “Tombul’, respectively (Table 2). The
ash ratios of “Tombul” were reported to vary between 1.97-2.60% [21]. The ash ratios of
‘Palaz’ were reported to range from 2.03 (5 branches) to 2.21 (6 branches) [18]. Although
increasing branches caused a decrease in the ash content of both cultivars, ‘Palaz’ showed
almost a linear decline in the as ratio while it changed in a narrow range in “Tombul’.
Cultivars’ responses to branch numbers proved that genetics was one of the main factors
affecting nutrient accumulation and metabolization.

Correlation analysis revealed crucial results that need to be paid attention to. The
yield, being one of the most important characteristics in all fruit species, was positively
correlated to nut numbers in the cluster in ‘Palaz’, but it was negligible, being close to
zero. Besides, there was a relatively high negative relationship between yield and nut
numbers in the cluster, even though it was not statistically significant. Similar contradicting
results were observed between yield and protein. The fat ratio was considerably high
and positively related to protein, kernel weight, and shelled fruit weight in both cultivars.
On the other hand, it was negatively correlated with the kernel cavity and nut numbers
in the cluster in both cultivars. Furthermore, the biological traits (ash, fat, and protein)
were positively correlated with the same significance level in both cultivars. Similar results
were reported by Isbakan and Bostan [38]. These results indicate that the biological traits
are more relevant to each other, while agronomic traits differ with the alteration such as
ecology, cultivation, and genetic. Therefore, when evaluating plant characteristics, it was
clearly seen that the evaluations should be faded down from species to cultivar.

Shelled fruit weight had a significant positive association with kernel weight in both
cultivars. Shelled fruit weight, kernel weight, and fat decreased with the increment of
nut-number in the cluster in both cultivars. While nut number in cluster increased shell
thickness of “Tombul’, it decreased that of ‘Palaz’. Kernel ratio was not significantly related
to all other traits in both cultivars except kernel weight in ‘Palaz’. The fact that the kernel
ratio was used as the main feature in determining the price of hazelnuts in the marketing
process was a clear indication that this feature should be evaluated thoroughly in all aspects.
In previous studies, contrary to our study, some significant relationships between kernel
ratio and yield and some other traits were reported [17,38]. Indeed, as kernel ratio was
not statistically affected by other features shows that the desired values can always be
reached under the right cultivation conditions. Because all the cultivation processes in the
orchard have been applied completely in order to be sure the data obtained in this study to
be exactly correct. These results also confirmed the information ‘fruit trees will maintain
their existing productivity in their genetic potential when adequate cultivation conditions
are created’ [39]. Correlations between fruit characteristics for both hazelnut cultivars are
shown in Figure 2 in detail.

The principal component analysis was performed on cultivars to further understand
how the features are related among themselves and with the number of branches. In ‘Palaz’,
the first two components explained 59.4% of the data. The most important characteristic
that affects the PC1 was kernel weight (0.45), while the most prominent characteristic in
PC2 was nut number in the cluster (0.50). The first two components described 62.2% of the
data in “Tombul’. As it was in ‘Palaz’, kernel weight was the most important characteristic
that affecting PC1 (0.43). Kernel cavity had the most effect on PC2 (—0.50). PCA clarified
the relationships between the number of branches crucial traits. In both varieties, 4, 5, and
6 branches were grouped together with high kernel and shelled weight, protein, fat, and
ash values while 7, 8, and 9 branches were opposite to them being illustrated by kernel
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PC2 (18.5%)
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cavity, nut number in the cluster, and shell thickness. All relations in both cultivars were
presented in Figure 3 with the number of branches.
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Figure 3. Relationships amongst fruit characteristics in ‘Palaz ‘(a) and “Tombul’ (b) in terms of branch numbers.

4. Conclusions

This study was carried out with two prominent hazelnut cultivars in the world and
interpreted the effects of the number of branches in the ocak that is the most used growing
technique worldwide. The results of the study showed an increase in quality parameters
with decreasing branch numbers. The highest quality fruits and yield were obtained from
the ocaks that did not exceed six branches. Four—five branches had the best fruit quality,
and to increase the yield, removal of branches from dense ocaks is needed in Ordu ecology.
To obtain a high-quality product, the number of branches in the ocak can be limited to
a maximum of 6, but the soil and the location of the orchard should be considered in
determining the number of branches. Moreover, appropriate branch numbers for different
regions need to be determined by carrying out similar studies. It clearly seems that excess
branches will not mean more products.

Author Contributions: Conceptualization, TK. and T.B.; methodology, TK. and T.B.; software,
T.K. and T.B,; validation, T.K. and T.B.; formal analysis, T.K. and T.B.; investigation, T.K. and T.B.;
resources, T.K. and T.B.; data curation, T.K. and T.B.; writing—original draft preparation, T.K. and
T.B.; writing—review and editing, T.K. and T.B.; visualization, T.K. and T.B.; supervision, T.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Data Availability Statement: All data.

Acknowledgments: This article is produced from Tuba BAK’s master thesis. The authors thank
Emrah GULER for the English revising of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Agriculture 2021, 11, 437 90of 10

References

1.  Ayfer, M,; Uzun, A,; Bas, F. Tiirk Findik Cesitleri. Karadeniz Bolgesi Findik ihracatcilar: Birligi Yayinlari, Ankara, Turkey, 1986,
s95.

2. Beyhan, N.; Demir, T.; Turan, A. The Effects of The Climate Conditions for Spring on The Yield and Growth Hazelnut, Volume 1:
Fruit, 5/2007. In Proceedings of the Turkey V. National Horticultural Congress, Erzurum, Turkey, 4-7 September 2007.

3. Koksal, Al Turk Findik Cesitleri. Findik Tanitim Grubu (FTG), Ankara, Baski Grafik Servis, Ankara, s.136. 2002; ISBN
975-92886-0-5.

4. Karadeniz, T,; Bostan, S.Z.; Tuncer, C.; Tarak¢ioglu, C. Findik Yetistiriciligi. Ziraat Odas1 Baskanlig1 Bilimsel Yayinlar Serisi, Yayin
no:1, Ordu Tribiin Gazetesi, Ordu, s154. 2009.

5. Anonymous; Turkish Statistical Institute. Available online: http:/ /www.tuik.gov.tr (accessed on 13 July 2019).

6.  Giiler, E.; Balta, F. Determination of Yield and Quality Characteristics of Hazelnut Populations of Taskesti District (Mudurnu-Bolu).
Intl. ]. Agric. Wildl. Sci. 2020, 6, 115-128.

7. Fattahi, R.; Mohammadzedeh, M.; Khadivi-Khub, A. Influence of different pollen sources on nut and kernel characteristics of
hazelnut. Sci. Hortic. 2014, 173, 15-19. [CrossRef]

8. Ebrahimi, A.; Vahdati, K; Fallahi, E. Improved success of Persian walnut grafting under environmentally controlled conditions.
Int. J. Fruit Sci. 2007, 6, 3—-12. [CrossRef]

9.  Pannico, A,; Cirillo, C.; Giaccone, M.; Scognamiglio, P.; Romano, R.; Caporaso, N.; Basile, B. Fruit position within the canopy
affects kernel lipid composition of hazelnuts. J. Sci. Food Agric. 2017, 97, 4790-4799. [CrossRef] [PubMed]

10. Paula Silva, A.; Rosa, E.; Haneklaus, S.H. Influence of foliar boron application on fruit set and yield of hazelnut. J. Plant Nutr.
2003, 26, 561-569. [CrossRef]

11. Ozen(;, N.; Bender C)zeng, D. Effect of iron fertilization on nut traits and nutrient composition of “Tombul’hazelnut (Corylus
avellana L.) and its potential value for human nutrition. Acta Agric. Scand. Sect. B Soil Plant Sci. 2014, 64, 633-643.

12.  Beyhan, N. Effects of planting density on yield and quality characteristics of hazelnut (cv. Palaz) in a hedgerow training system.
Can. . Plant Sci. 2007, 87,595-597. [CrossRef]

13.  Valentini, N.; Caviglione, M.; Ponso, A.; Lovisolo, C.; Me, G. Physiological aspects of hazelnut trees grown in different training
systems. In Proceedings of the VII International Congress on Hazelnut, Viterbo, Italy, 23-27 June 2008; Volume 845, pp. 233-238.

14. Karadeniz, T.; Kiip, M. The Effects on Quality Hazelnut of Direction. In Proceedings of The Fourth Int. Symposium on Hazelnut.
Acta Hort. 1997, 445, 285-291. [CrossRef]

15. Kirca, L. Findikta (Corylus avellana L.) Relations Between Hazel Filbert Planting Age and Yield, Quality in Hazelnut (Corylus
avellana L.). Master’s Thesis, Ordu University, Ordu, Turkey, January 2010.

16. Caliskan, K. Variation of Yield and Nut Characteristics Depending on The Stem Number of Ocak in Palaz And Tombul Hazelnut
Cultivars Organically Grown in Cakmak Dam Basin (Carsamba, Samsun). Master’s Thesis, Ordu University, Ordu, Turkey,
February 2018.

17.  Akgin, Y. Yield And Relationships among Some Characteristics Effect on Yieldi in Hazelnut. Master’s Thesis, Ordu University,
Ordu, Turkey, 2010.

18. Caliskan, K; Balta, F; Yilmaz, M.; Karakaya, O. Changes in yield and nut traits depending on the stem number per ocak in grown
organically in Palaz hazelnut cultivar. Acad. J. Agr. Cilt 8 Ozel Say: 2019, 49-60. [CrossRef]

19. Bak, T.; Karadeniz, T.; Senyurt, M.; Kirca, L.; Kirca, S. Formation of Cotanak Groups According to Direction of Branches In The
Ocaks Tombul And Palaz In Hazelnut Varieties. Turk. J. Agric. Natural Sci. Spec. 2014, 1, 831-834.

20. GTHB. Republic of Turkey Ministry of Agriculture and Forestry Hazelnut Research Institute, Hazelnut Cultivars. 2021. Available
online: https://www.tarimorman.gov.tr/ (accessed on 5 April 2021).

21. Karadeniz, T.; islam, A. Determination of Variations According to Important Fruit Characteristics in Tombul Cultivar, Agricultural
Production and Marketing Symposium; Proceedings Book; Republic of Turkey Ministry of Agriculture And Forestry Black Sea
Agricultural Research Institute: Samsun, Turkey, 1999; pp. 340-345.

22. Kacar, B.; Inal, A. Bitki Analizleri; Nobel Dagitim: Ankara, Turkey, 2008; ISBN 978-605-395-036-3.

23. Wei, T,; Simko, V. RPackage “corrplot”: Visualization of a Correlation Matrix (Version 0.84). 2017. Available online: https:
/ / github.com/taiyun/corrplot (accessed on 5 April 2021).

24. Wickham, H. ggplot2. WIREs 2011, 3, 180-185.

25.  Kalkigim, O.; Balik, H.I. The determinations of fruit features in the Tombul hazelnut (Corylus avellana L.) clone. J. Food Agr.
Environ. 2012, 10, 303-308.

26. Giilsoy, E.; Simsek, M.; Cevik, C. Determination of Fruit Quality Traits in Some Hazelnut Cultivars Grown at Different Altitudes
and Locations in Ordu Province. [JAWS 2019, 5, 25-30. [CrossRef]

27. Bostan, S.Z. Findikta Pomolojik ve Teknolojik Ozellikler Uzerine Ocaktaki Dal Sayistmn Etkisi. Ziraat Miihendisligi 2005, 344, 4-7.

28.  Oztiirk, Y. Tombul Findikta Onemli Meyve Ozelliklerinin Ocaktaki Dal Sayisina Gore Degisiminin Belirlenmesi Uzerine Bir
Arastirma. Ph.D. Thesis, Karadeniz Teknik Universitesi Ordu Ziraat Fakiiltesi Toprak Boliimii, Ordu, Turkey, 2001.

29. Islam, A. Ordu Ili Merkez Ilgede Yetistirilen Findik Cesitlerinde Klon Seleksiyonu. Ph.D. Thesis, Cukurova University, Adana,
Turkey, 2000.

30. Turan, A.; Rusen, M,; Islam, A.; Kurt, H.; Ak, K; Sezer, A_; Sarioglu, M.; Kalyoncu, 1.H.; Kalkisim, 0. Investigation of Organic

Hazelnut Production in Giresun. Tiirkiye 4; Proceeding Book; Organic Agricultural Symposium: Erzurum, Turkey, 2010; pp. 123-129.


http://www.tuik.gov.tr
http://doi.org/10.1016/j.scienta.2014.04.031
http://doi.org/10.1300/J492v06n04_02
http://doi.org/10.1002/jsfa.8348
http://www.ncbi.nlm.nih.gov/pubmed/28374458
http://doi.org/10.1081/PLN-120017665
http://doi.org/10.4141/P05-064
http://doi.org/10.17660/ActaHortic.1997.445.38
http://doi.org/10.29278/azd.656047
https://www.tarimorman.gov.tr/
https://github.com/taiyun/corrplot
https://github.com/taiyun/corrplot
http://doi.org/10.24180/ijaws.506932

Agriculture 2021, 11, 437 10 of 10

31.

32.

33.

34.

35.

36.

37.

38.

39.

Serdar, U.; Giilser, C.; Akytiz, B.; Balta, A.; Cil, Y.; Figen, EY. The effects of sucker management with nitrogen solution applications
on yield and nut quality in hazelnut. Anadolu. J. Agr. Sci. 2017, 32, 279. [CrossRef]

Karadeniz, T.; Bostan, S.Z. Tombul Findik Cesidinde Meyve ve Toprak Ozelliklerinin Rakima Gore Degisimi ve Bunlar Arasindaki [ligkilerin
Belirlenmesi. 3. Milli Findik Surast Tebligler Kitabi; Karadeniz, T., Ed.; TBMM: Giresun, Turkey, 2004; ISBN 975-5855-53-X.
Kaisher, M.S.; Rahman, M.A.; Amin, M.H.A.; Amanullah, A.5.M.; Ahsanullah, A.S.M. Effects of sulphur and boron on the seed
yield and protein content of mungbean. Bangladesh Res. Pub. ]. 2010, 3, 1181-1186.

Wang, Z.H.; Li, S.X.; Malhi, S. Effects of fertilization and other agronomic measures on nutritional quality of crops. J. Sci. Food
Agric. 2008, 88, 7-23. [CrossRef]

Jariteh, M.; Ebrahimzadeh, H.; Niknam, V.; Mirmasoumi, M.; Vahdati, K. Developmental changes of protein, proline and some
antioxidant enzymes activities in somatic and zygotic embryos of Persian walnut (Juglans regia L.). Plant Cell Tissue Organ. Cult.
2015, 122, 101-115. [CrossRef]

Yao, Q.; Mehlenbacher, S.A. Variance Components and Estimates of Broad-sense Heritability of Nut and Kernel Traits in Hazelnut.
Hort. Sci. 1997, 32, 494D. [CrossRef]

Fismes, J.; Vong, P.C.; Guckert, A.; Frossard, E. Influence of sulfur on apparent N-use efficiency, yield and quality of oilseed rape
(Brassica napus L.) grown on a calcareous soil. Eur. . Agron. 2000, 12, 127-141. [CrossRef]

Isbakan, H.; Bostan, S.Z. Findikta Bitki Morfolojik Ozellikleri ile Verim ve Meyve Kalite Ozellikleri Arasindaki fliskiler. Ordu
Univ. Bil. Tek. Derg. 2020, 10, 32-45.

Rugini, E.; Bashir, M.A.; Cristofori, V.; Ruggiero, B.; Silvestri, C. A review of genetic improvement of main fruit trees through
modern biotechnological tools and considerations of the cultivation and research of the engineered plant restrictions. Pak. ]. Agric.
Sci. 2020, 57. [CrossRef]


http://doi.org/10.7161/omuanajas.306199
http://doi.org/10.1002/jsfa.3084
http://doi.org/10.1007/s11240-015-0753-z
http://doi.org/10.21273/HORTSCI.32.3.494D
http://doi.org/10.1016/S1161-0301(99)00052-0
http://doi.org/10.21162/PAKJAS/20.8361

	Introduction 
	Materials and Methods 
	Material 
	Method 
	Experimental Design 

	Results and Discussions 
	Conclusions 
	References

