
agriculture

Article
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Abstract: ‘Helete Güneşi’ was selected among different genotypes obtained from crossing ‘Maraş
18’ × ‘Chandler’ in Turkey. The present study compares phenological and pomological traits of
‘Helete Güneşi’ with those of its parents so as to scale their performances. ‘Helete Güneşi’ staged leaf
out on 22 April, whereas its parents, ‘Chandler’ and ‘Maraş 18’, did on 20 and 12 April, respectively.
The harvest date of ‘Helete Güneşi’ was as early as 17 September, whereas ‘Chandler’ and ‘Maraş 18’
began to be harvested on 5 October and 15 September, respectively. Defoliation in ‘Helete Güneşi’
occurred about 1 month earlier than ‘Chandler’. The nut weight and kernel percentage of ‘Helete
Güneşi’ were 13.41 g and 53.39%, respectively, whereas in ‘Chandler’ the values were 12.73 g and
48.23%, respectively, but were 14.62 g and 53.76% in ‘Maraş 18’. ‘Helete Güneşi’ had a higher yield
value compared to its parents. The results demonstrated that ‘Helete Güneşi’ has superior traits in
being selected for late leafing date, early harvest date, high yield, and good nut quality. Therefore, it
can be considered as a valuable genetic resource in future breeding programs around the world.

Keywords: walnut; Juglans regia L.; cultivar; crossbreeding; late leafing; lateral bud flowering; yield;
early harvest

1. Introduction

Walnut (Juglans regia L.) is a very important source of nutrition for the human body
and a valuable plant for the ecological cycle as it usually has a long lifespan. It is a hard-
shelled fruit species and is cultivated in various regions of the world. Walnut production
in the world has increased significantly since 1985 and has reached nearly 5 million tons
a year [1]. Among various factors affecting walnut production is the increase in public
awareness about the positive effects of nutritional elements in walnut, along with a gradual
increase in demand for walnut as a result of population growth [2–7].

Global climate change, diseases, and pests, as well as a decrease in the area of agri-
cultural lands have affected plant cultivation. In addition, increasing demand for walnut
and other negative factors make it necessary for walnut producers to grow productive and
high-quality walnut cultivars that can tolerate different biotic and abiotic factors, thereby
indicating the significance of walnut breeding programs. In today’s world, walnut-growing
countries such as the US, China, France, Turkey, and Iran have recently focused on walnut
crossbreeding programs to develop new walnut cultivars with superior traits.

One of the most critical ecological factors that limit walnut cultivation is the late-
spring frost. High yield, early harvest date, and tolerance to plant diseases/pests are
favorable traits in a good walnut cultivar. In addition, high nut quality directly boosts
the market value of walnuts [8–14]. The main objective of walnut breeding programs is
to obtain new walnut cultivars with these traits. Thanks to walnut breeding studies in
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different countries, several walnut cultivars such as ‘Chandler’, ‘Franquette’, ‘Fernor’,
‘Howard’, ‘Serr’, and ‘Pedro’ are currently entrenched in the global market [15,16]. Similar
to current trends in the world, walnut breeding programs have become popular in Turkey
over the past recent years. For instance, two patents were obtained for two important
walnut cultivars, i.e., ‘Maraş 18’ and ‘Sütyemez-1’ [17]. The first walnut crossbreeding
program was initiated by Prof. Mehmet Sütyemez in 2005 [18]. Within the scope of this
crossbreeding program, the first crossbred walnut cultivar (‘Diriliş’) in Turkey was released
in 2016 [19]. Likewise, ‘Helete Güneşi’ is now a crossbred walnut cultivar with superior
traits after being selected among different genotypes resulting from the cross combinations
of ‘Maraş 18’ × ‘Chandler’. A patent was obtained for ‘Helete Güneşi’ from the Ministry of
Agriculture and Forestry in 2021 [20].

The present study aimed to compare ‘Helete Güneşi’ with its parents (‘Maraş 18’ and
‘Chandler’) in terms of their phenological and pomological traits.

2. Materials and Methods
2.1. Materials

The present study was conducted in crossbreeding plots affiliated with the University
of Kahramanmaras Sutcu Imam, Faculty of Agriculture, Nut Application and Research
Center (SEKAMER). The first crossbreeding attempt that would lead to different combina-
tions was initiated by Sütyemez in 2005 [18]. The aim of this breeding program is to obtain
productive and high-quality genotypes with late leafing, early harvest, and early leaf defo-
liation. ‘Helete Güneşi’ is one of the cultivars obtained from this breeding program. Within
the framework of this program, the present study focused on ‘Helete Güneşi’, which was
selected among different genotypes obtained from ‘Maraş 18’ × ‘Chandler’ combinations.
In order to minimize the effects of rootstock on plant performance, ‘Helete Güneşi’ and
its parents were grafted onto seedlings of the same seed source in the same year and then
were transplanted into the field in 2012. Phenological traits were observed on 10 plants
per cultivar.

The study area (SEKAMER) was located in Kahramanmaraş province, Turkey (37◦35′27′′ N
and 37◦03′28′′ E), which is 930 m above sea level and has a mild climate. Annual precipita-
tion level and average temperature are 727 mm and 16.9 ◦C, respectively. The soil structure
is generally suitable for walnut cultivation.

2.2. Method

Mean values for phenological and pomological traits were recorded in three con-
secutive years (2018, 2019, and 2020). IPGRI [21] and UPOV [22] criteria were used in
characterizing these traits. A total of 26 different traits, i.e., 14 phenological and 12 pomo-
logical traits, were analyzed. The walnut cultivars were observed every other day so as to
document the phenological traits. The nuts were collected during their harvest maturity
and represented each tree for pomological analysis. After removing the green shells, the
nuts were dried until the moisture content fell below 8%. The dried nuts were kept in the
laboratory for 24 h, and a total of 75 nuts from each cultivar were used for pomological
analysis. Shell thickness was measured using a digital caliper. Nut weight and kernel
weight were calculated using an electronic scale with an accuracy of 0.01 g. The mean
values of data described phenological and pomological traits (Tables 1 and 2).
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Table 1. Description of the phenological traits.

Traits Description

Leafing date Date when 50% of terminal buds had enlarged and the bud scales
had split, exposing the green leaves

First male bloom date When first pollen shedding occurred
Last male bloom date When last pollen shedding occurred
First female bloom date Date of initial pistillate flower receptivity
Last female bloom date Date of last pistillate flower receptivity
Male flowering times Duration of catkins receptiveness
Female flowering times Duration of female flower receptiveness
Female abundance Female flower abundance: 3: Light; 5: Intermediate; 7: High
Catkin abundance Male flower abundance: 3: Light; 5: Intermediate; 7: High
Lateral bud flowering Percentage of lateral buds with female flowers

Dichogamy Overlapping duration of female flowers and catkins
receptiveness, status 1 Protandrous; 2 Protogynous; 3 Unknown

Yield Yield per tree of 7-, 8-, and 9-year-old trees, determined as kg
Harvest date The date when the green husk begins to crack on the trees
Defoliation date The date when 75% of the leaves on the trees fall

Table 2. Description of the pomological traits.

Traits Description

Nut shape 1: Round; 2: Triangular; 3: Broad ovate; 4; Ovate; 5: Short trapezoid;
6: Long trapezoid; 7: Broad eliptic; 8: Eliptic; 9: Cordate

Shell texture 1: Very smooth; 3: Smooth; 5: Medium; 7: Rough; 9: Very rough
Shell colour 1: Very light; 3: Light; 5: Medium; 7: Dark; 9: Very dark
Shell strength 1: Paper; 3: Weak; 5: Intermediate; 7: Strong
Shell thickness (mm) Near the center of a halved shell was measured with a digital caliper.
Nut weight (g) Average of total 75 nuts
Kernel weight (g) Average of total 75 nuts
Kernel percentage (%) Kernel weight/nut weight × 100
Kernel color 1: Extra light; 2: Light; 3: Light amber; 4: Amber
Kernel fill 3: Poor; 5: Moderate; 7: Well
Kernel flavor 1: Satisfactory; 2: Unsatisfactory
Ease of removal of
kernel halves 1: Very easy; 3: Easy; 5: Moderate; 7: Difficult; 9: Very difficult

The data were analyzed using variance analysis to calculate lateral bud flowering,
yield per tree, nut weight, kernel weight, kernel percentage, and shell thickness val-
ues. Mean values of each cultivar were compared using a multiple range test with the
least significant difference of 5% (LSD). JMP 13 package program was used for statistical
data analysis.

3. Results and Discussions

The present study mainly aimed to offer insights into the details of ‘Helete Güneşi’
and its performance. Comparisons were made with previous crossbreeding research and
also with the parents of ‘Helete Güneşi’. Phenological and pomological characteristics of
‘Helete Güneşi’ were evaluated in contrast to the features of its parents (Tables 3 and 4).
As can be seen in Table 3, the first leafing date in ‘Helete Güneşi’ was 22 April, which was
2 days later than ‘Chandler’ and 10 days later than ‘Maraş 18’ (Figure 1). A later leafing
date in ‘Helete Güneşi’, compared to ‘Chandler’, is a promising phenological trait.
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Table 3. Phenological traits of ‘Helete Güneşi’ and its parents.

Phenological Traits
Cultivars

Helete Güneşi Chandler Maraş 18

Leafing date 22 April 20 April 12 April
First male bloom date 23 April 21 April 13 April
Last male bloom date 2 May 30 April 20 April

First female bloom date 29 April 1 May 21 April
Last female bloom date 9 May 8 May 28 April
Male flowering times 9 days 9 days 7 days

Female flowering times 10 days 7 days 7 days
Female abundance High (7) High (7) Intermediate (5)
Catkin abundance Intermediate (5) High (7) Intermediate (5)

Lateral bud flowering 98.8% ± 1.42 90.7% ± 3.10 70.2% ± 3.93
Dichogamy Protandrous Protandrous Protandrous

Yield (kg/tree)
(7th-8th-9th year on tree) 9.36 kg ± 1.11 7.03 kg ± 0.89 4.14 kg ± 0.86

Harvest date 17 September 5 October 15 September
Defoliation date 7 November 6 December 3 November

Table 4. Pomological traits of ‘Helete Güneşi’ and its parents.

Pomological Traits
Cultivars

Helete Güneşi Chandler Maraş 18

Nut shape Broad elliptic (8) Ovate (5) Ovate (5)
Shell texture Very smooth (1) Medium (5) Smooth (3)
Shell color Light (3) Light (3) Very light (1)

Shell strength Weak (3) Weak (3) Intermediate (5)
Shell thickness 1.10 mm ± 0.12 1.19 mm ± 0.10 1.37 mm ± 0.14

Nut weight 13.41 g ± 1.25 12.73 g ± 1.36 14.62 g ± 1.41
Kernel weight 7.16 g ± 0.71 6.13 g ± 0.69 7.86 g ± 0.82

Kernel percentage 53.39% ± 1.70 48.23% ± 1.61 53.76% ± 1.86
Kernel color Light (2) Light (2) Light (2)

Kernel fill Well (7) Well (7) Well (7)
Ease of removal of

kernel halves Easy (3) Very easy (1) Easy (3)

Kernel flavor Satisfactory (1) Satisfactory (1) Satisfactory (1)
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Figure 1. The comparison of some phenological traits in different walnut cultivars.

Many studies in the existing literature have listed ‘Chandler’ having a later leafing date
then many walnut genotypes [16,23–27]. Various studies have underlined the importance
of a late leafing date that can help protect the tree from late-spring frost [11,15,17,28–30].



Agriculture 2021, 11, 991 5 of 10

‘Helete Güneşi’ can be seen as an important genetic resource for walnut cultivation because
of the said trait.

Walnut is a monoic fruit species and, because of its hereditary nature, is characterized
by a high dichogamy tendency. Therefore, the determination of active periods in male and
female flowering times is of vital importance in terms of fertilization biology.

The mean values of phenological traits in walnut cultivars through the three con-
secutive years are given in Table 3. In ‘Helete Güneşi’, the male bloom period lasted for
9 days between 23 April and 2 May, while the female bloom period lasted for 10 days
between 29 April and 9 May. In ‘Chandler’, however, the male bloom period lasted for
9 days between 21 and 30 April, and the female bloom period lasted for 7 days between
1 and 8 May. Meanwhile, regarding ‘Maraş 18’, the male bloom period lasted for 7 days
between 13 and 20 April, whereas the female bloom period lasted for 7 days between 21
and 28 April (Figure 1, Table 3).

The dichogamy status of a cultivar is determined as the overlap between male and
female bloom dates. All walnut cultivars analyzed in the present study displayed a
protandrous flowering trait (Table 3). This was not a surprising result because previous
studies in the existing literature pointed to the fact that ‘Chandler’ has a protandrous
flowering trait [12,27,31]. Another study by Sütyemez [17] demonstrated that ‘Maraş 18’
is also protandrous in flowering. It can be thus stated that the findings in the present
study are in agreement with previous research in the available literature. Pollinators of
‘Helete Güneşi’ can benefit walnut orchards if they are planted in the right combination of
male–female flowering overlap.

Walnut breeding programs usually aim at higher rates of lateral bud flowering and a
high abundance of female flowers, which can be considered as two important parameters
in assessing yield potential in a given cultivar [12,16,28,32].

Phenological observations in the present study demonstrated that ‘Helete Güneşi’ had
a fairly high lateral bud flowering rate (98.8%). Furthermore, this cultivar had a high level
of female flower abundance. Therefore, the suitability of these traits has made ‘Helete
Güneşi’ superior to ‘Chandler’ in some respects, since the latter is also known to have a
high percentage of lateral bud flowering (90.7%). On the other hand, lateral bud flowering
and female flower abundance in ‘Maraş 18’ were calculated as 70.2% and intermediate,
respectively. In sum, the level of male flower abundance in ‘Helete Güneşi’, ‘Chandler’,
and ‘Maraş 18’ were intermediate, high, and intermediate, respectively.

In 10 same-age plants (mean values of 7th, 8th, and 9th years), the mean values of
yield among the three cultivars under the same ecological conditions were calculated as
9.36 kg/per tree in ‘Helete Güneşi’, 7.03 kg/per tree in ‘Chandler’, and 4.14 kg/per tree
in ‘Maraş 18’ (Table 3). It was evident that ‘Helete Güneşi’ displayed a higher yield value
compared to the credible yield of ‘Chandler’. Statistical differences between lateral bud
flowering and yield per tree in each walnut cultivar are shown in Figure 2. Thus, it can be
suggested that ‘Helete Güneşi’ is superior to ‘Chandler’ and ‘Maraş 18’ cultivars in terms
of lateral bud flowering and total yield.
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Another important phenological parameter that determines the economic potential
of a cultivar is “harvest date”, which directly affects the spot value of marketed products.
While it applies to walnut as well, an early harvest date can be seen as a protective measure
against early-autumn frost events. Sütyemez [17] reported that the harvest date for ‘Maraş
18’ was earlier compared to ‘Chandler’. In the current research, the harvest dates of ‘Helete
Güneşi’ and ‘Maraş 18’ cultivars were 17 and 15 September, respectively, whereas the
harvest date of ‘Chandler’ was 5 October, i.e., 18 days later than ‘Helete Güneşi’ (Table 3).
Therefore, an early harvest date in ‘Helete Güneşi’ can be seen as another promising trait
in the phenological features of this cultivar.

Despite its lesser importance than late-spring frost, early-autumn frost can affect the
success rate of walnut cultivation and the sustainability of orchard management. Due to
its late defoliation date, ‘Chandler’ is not wholly suitable for agricultural lands exposed
to frequent, early-autumn frost. In contrast, ‘Maraş 18’ is a walnut cultivar with an early
defoliation date. Specifically, defoliation dates in ‘Helete Güneşi’, ‘Maraş 18’, and ‘Chandler’
cultivars were 7 November, 3 November, and 6 December, respectively. In other words,
the defoliation date in ‘Helete Güneşi’ occurred 30 days earlier than ‘Chandler’ and 4 days
later than ‘Maraş 18’ (Table 3).

Pomological analysis helps determine fruit quality and has been widely used in many
breeding studies to identify fruit cultivars with superior traits. The most important traits
in a high-quality walnut cultivar are nut weight, kernel weight, kernel percentage, kernel
color, kernel fill, and ease of removal of kernel halves [12,16,23,28,33,34].

Twelve different traits were analyzed for the purpose of characterizing pomological
traits among the three different walnut cultivars in the present study. The findings indicated
that ‘Helete Güneşi’ had a broad elliptic nut shape, a very smooth shell texture, and a light
shell color, thereby indicating remarkable differences in comparison with its parents in
terms of nut shape. Shell thickness in ‘Helete Güneşi’, ‘Chandler’, and ‘Maraş 18’ cultivars
were 1.10 mm, 1.19 mm, and 1.37 mm, respectively. In other words, the shell strength of
‘Helete Güneşi’ was comparatively weak (Table 4).

Nut weight is not the sole determiner of walnut quality since kernel weight is also
a crucial criterion. In the available literature, there are various reports on kernel weight
in different walnut genotypes, ranging from 3.62 to 27.00 g [17,33–38]. In addition, it is
reported that a high-quality cultivar should have a kernel percentage of over 50% [39].

In the present study, the nut weight and kernel weight of ‘Helete Güneşi’ were 13.41 g
and 7.16 g, respectively, while its kernel percentage was 53.39%. According to standards
on walnut quality, thus ‘Helete Güneşi’ can be seen as a high-quality cultivar in terms of
kernel percentage. Nut weight, kernel weight, and kernel percentage were 14.62 g, 7.86 g,
and 53.76% in ‘Maraş 18’, whereas in ‘Chandler’ they were 12.73 g, 6.13 g, and 48.23%,
respectively. With these descriptions, the ‘Helete Güneşi’ cultivar struck a position between
the two parent cultivars in terms of kernel weight, although it was closer to ‘Maraş 18’ in
terms of kernel percentage (Table 4).



Agriculture 2021, 11, 991 7 of 10

The statistical analysis of nut weight, kernel weights, kernel percentage, and shell
thickness of ‘Helete Güneşi’ and its parents indicated statistically significant differences
among these three cultivars (Figure 3). Previous studies on the ‘Chandler’ cultivar showed
that its nut weight and kernel weight ranged from 7.7 g to 14.0 g and from 3.32 g to 7.00 g,
respectively [17,27,31,40]. Similarly, Sütyemez [17] reported that the kernel weight and
kernel percentage of ‘Maraş 18’ ranged from 13 to 15 g and from 52% to 57%, respectively.

Agriculture 2021, 11, x FOR PEER REVIEW 7 of 10 
 

 

 
Figure 3. A comparison of three cultivars in terms of kernel weight, shell thickness, shelled nut weight, and kernel per-
centage. Different letters over the columns represent significant differences based on the LSD multiple range test (p = 0.05). 

Table 4. Pomological traits of ‘Helete Güneşi’ and its parents. 

Pomological Traits  
Cultivars 

Helete Güneşi Chandler Maraş 18 
Nut shape Broad elliptic (8) Ovate (5) Ovate (5) 

Shell texture Very smooth (1) Medium (5) Smooth (3) 
Shell color Light (3) Light (3) Very light (1) 

Shell strength Weak (3) Weak (3) Intermediate (5) 
Shell thickness 1.10 mm ± 0.12 1.19 mm ± 0.10 1.37 mm ± 0.14 

Nut weight 13.41 g ± 1.25 12.73 g ± 1.36 14.62 g ± 1.41 
Kernel weight 7.16 g ± 0.71 6.13 g ± 0.69 7.86 g ± 0.82 

Kernel percentage 53.39% ± 1.70 48.23% ± 1.61 53.76% ± 1.86 
Kernel color Light (2) Light (2) Light (2) 

Kernel fill Well (7) Well (7) Well (7) 
Ease of removal of 

kernel halves 
Easy (3) Very easy (1) Easy (3) 

Kernel flavor Satisfactory (1) Satisfactory (1) Satisfactory (1) 

Figure 3. A comparison of three cultivars in terms of kernel weight, shell thickness, shelled nut weight, and kernel
percentage. Different letters over the columns represent significant differences based on the LSD multiple range test
(p = 0.05).

A suitable degree of kernel fill was observed in the three cultivars of this study.
Meanwhile, kernel color is another important indicator of market value for a walnut
cultivar. It was found that the three cultivars in the present study were similar to each other
in this respect since they had a light kernel color. The current findings describe the kernel
color of ‘Chandler’ and ‘Maraş 18’ as the same as those in the available literature [17,19,27].
Finally, ease of removal of kernel halves was easy in the case of ‘Helete Güneşi’ and ‘Maraş
18’ cultivars, while it was very easy in the ‘Chandler’ cultivar. Kernel flavor in the three
cultivars was tested by a group of 20 people, as a result of which, all three cultivars had
kernels with satisfactory flavors. For a more tangible description of ‘Helete Güneşi’, a
pictorial overview of its kernels and the tree is depicted in Figure 4.
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4. Conclusions

Plant breeding is increasingly becoming important in light of opportunities for eco-
nomic investment and by motives to maintain genetic diversity. While numerous walnut
cultivars have been registered around the world so far, more breeding programs are needed
to produce higher quality and productive walnut cultivars for solving existing problems,
such as spring and autumn frosts, in walnut cultivation.

Here, a thorough comparison with established walnut cultivars showed that ‘Helete
Güneşi’ is rather superior because of its late-leafing ability, early harvest date, high rate of
lateral bud flowering, total yield per tree, and high-quality nut traits such as high kernel
weight and percentage.

The superiority of ‘Helete Güneşi’ over ‘Chandler’ can be claimed in terms of several
phenological and pomological values, which bear a vital importance for walnut cultivation.
‘Helete Güneşi’ can serve as a contribution to walnut cultivation in the world, while offering
a genetic resource for walnut crossbreeding in the future.
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Karşılıklı Melezlenmesi Suretiyle Yeni Çeşit Eldesi Üzerine Araştırmalar. Available online: https://app.trdizin.gov.tr/proje/
T0RjNU5EUT0/kalite-ve-verim-bakimindan-ustun-ozelliklere-sahip-bazi-ceviz-juglans-regia-l-tip-ve-cesitlerinin-karsilikli-
melezlenmesi-suretiyle-yeni-cesit-eldesi-uzerine-arastirmalar (accessed on 8 October 2021).
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