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Abstract. Walnut is a tree adversely affected by late spring and early autumn frosts. Therefore, it is one
of the main goals to obtain late leafing and early defoliation genotypes in breeding studies on walnuts.
The aim of this research is to determine the levels of phenological differences in walnut genotypes
derived from the open-pollinated seeds of Bilecik, Chandler, Franquette, Howard, Kaman 1, Maras 12,
Pedro, Siityemez 1 and Gimar (Gimnut). In this study, the bud burst, leafing, leaf yellowing and
defoliation dates of seventy-five genotypes obtained from nine different walnut cultivars and their parents
were determined. Cluster and PCA analyses were performed on a total of 684 genotypes to determine
genetic diversity based on phenological markers. As a result of cluster analysis, all genotypes including
their parents were clustered in three major groups. PCA analysis also confirmed the presence of genetic
diversity-based phenological markers in our walnut seedling collection with PC1 50.226%, PC2 36.635%,
PC3 12.413% and PC4 0.726% of the total variation. Pearson Correlation Coefficient among our walnut
collection showed that there were very significant associations with budburst and leafing date (r = 0.97).
As a result, we determined a wide variation in our walnut seedling collection, and these findings are
potentially useful for future breeding studies in terms of late leafing and early defoliation.
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Introduction

Walnut is among the widely cultivated nuts in the world due to its nutrient contains.
English or Persian walnut (Juglans regia L.) is one of the 20 species of the genus
Juglans, which belongs to the Juglandaceae family (Sen, 2011). J. regia L. is long-
lived, deciduous, monoecious and heterodichogamous. Walnut tree domestication is
thought to be carried out in Central Asia, and today it is distributed and grown
commercially over a wide geographical range, including West-Central Asia, southern
Europe, North and South America, Australia and New Zealand (Gunn et al., 2010).

Walnut is the most cultivated nuts in the world. Due to the important nutrients it
contains, the demand for this species of fruit is increasing every day. Therefore,
scientific studies and production fields of this fruit are increasing every day. Genetic
and morphological markers have become indispensable parts of plant breeding studies.
To date, genetic diversity studies have been carried out with molecular or
morphological markers on various fruit species including walnut under different
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ecological conditions (Hernandez-Delgado et al., 2007; Hong et al., 2008; Ferreira et
al., 2010; Torres-Calzada et al., 2013; Rana et al., 2015; Kabiri et al., 2018; Siityemez et
al., 2018). Although morphological characters are often stated to hinder a clear
character distinction among genotypes due to environmental impacts (Wang et al.,
2015), they are indispensable and essential for breeding studies. That is, morphological
markers have an important role in the selection and classification of the promising
genotypes in plant breeding studies. Flowering-related traits, growing habits, yield and
fruit quality are very important parameters for walnut breeding. Late leafing and early
defoliation also are important breeding characteristics in walnuts, especially to avoid
late spring and early autumn frosts.

The objective of this study was to determine the levels of genetic differences in
walnut genotypes obtained by open-pollination of 9 different cultivars (Bilecik,
Chandler, Franquette, Howard, Kaman 1, Maras 12, Pedro, Siityemez 1 and Gimar) by
using some important phenological markers. Results obtained from this characterization
would provide useful information and contribute to future walnut breeding programs.

Materials and methods
Materials

This study was carried out in the vegetation period of 2017 and 2018 and, the data of
these 2 consecutive years were used in the data analysis. In the study, nine important
walnut genotypes including Bilecik, Chandler, Franquette, Howard, Kaman 1, Maras
12, Pedro, Siityemez 1, Gimar in Nuts Application and Research Center (SEKAMER),
Kahramanmaras, Turkey and 75 seedlings obtained from their open-pollinated seeds
were used as material. According to the parents, the healthy seedlings were given codes
between 1 and 75. The codes given to genotypes according to their parents are presented
in Table 1. Bilecik, Kaman 1, Maras 12 and Siityemez 1 walnut cultivars originated
from Turkey and are grown considerably commercially in Turkey. Among these walnut
cultivars, Maras-12 has a cluster-bearing habit and Siityemez-1 has very large nuts
(Siityemez, 2016; Siityemez et al., 2019). Howard, Pedro and Chandler are walnut
cultivars of USA origin. These cultivars have good nut quality and fruitfulness.
Franquette is of French origin and its late leafing is an important trait of this cultivar
(Ramos, 1997). In order to determine the genetic diversity, four phenological features
were identified on a total of 684 seedlings including their parents, which are very
important for breeding.

Table 1. Descriptive statistics for phenological traits in our walnut collection

Parent Seedling code
Bilecik BI1-75
Chandler CH1-75
Franquette FR1-75
Gimar GI1-75
Howard HO1-75
Kamanl KA1-75
Maras12 MAL1-75
Pedro PE1-75
Sutyemezl SU1-75
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Methods
Phenological traits

In the study, phenological traits such as budburst, leafing, leaf yellowing, and
defoliation dates were examined to determine the levels of genetic difference. The
walnut accessions were characterized based on the Descriptor for Walnut (IPGRI, 1994)
and Siityemez (1998). List of traits and their definitions are presented in Table 2.

Table 2. Definitions used in the determination of phenological traits. (Source: IPGRI, 1994;
Stityemez, 1998)

Traits Description

When over 50% of terminal buds have enlarged and the bud scales have split
exposing the green of the leaves inside

Date of budburst

Date when 50% of terminal buds have enlarged and the bud scales have split

Leafing date exposing the green leaves

Leaf yellowing date The date when more than 50% of the green leaves on the plant turn yellow

Defoliation date When all the leaves of the plant fall

Data analysis

The observation of phenotypic data as dates was recorded as the number of days
from January 1% for statistical analyses. The data were analyzed statistically with
descriptive statistics, cluster analyses, Principal Component Analyses (PCA) and
correlation by using the JMP13 Statistical Package Program for genetic diversity based
on phenological traits. Phenological pair-wise distances of the walnut genotypes were
clustered using Ward’s method (Anderberg, 1973).

Results and discussion

Phenological traits are very significant during the domestication and introduction of
fruit species (Khadivi-Khub et al., 2015). We determined a very large phenological
diversity in our walnut accessions. Genotypes were found to have quite different
characteristics in terms of phenological traits. The highest coefficient of variation
belonged to budburst (CV = 12.49%), while the lowest CV was given by leaf yellowing
(1.86%) (Table 3). The summary findings of budburst, leafing, leaf yellowing and
defoliation dates of genotypes are presented in Table 3. Khadivi-Khub et al. (2015)
reported that CV for leafing date was 77.78% on 540 walnut tree accessions selected in
Neiriz region, Iran.

Table 3. Descriptive statistics for phenological traits in our walnut collection

Traits Unit Min. Max. Mean SD CV (%)
Budburst Day 64 134 86.84 10.84 12.49
Leafing Day 74 140 95.76 10.37 10.83
Leaf-yellowing Day 290 342 309.78 5.77 1.86
Defoliation Day 306 363 333.20 7.39 2.22

SD standard deviation, CV coefficient of variation = (SD / mean) x 100
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Late spring and early autumn frosts cause significant economic losses in walnut.
The yield is significantly reduced due to spring frosts, especially in early leafing and
flowering genotypes. Therefore, late leafing is an ideal character in walnut to escape
the spring frost injury as shown by other walnut cultivars such as Chico, Serr, Ashley
and Sunland (Khadivi et al., 2019). Early defoliation date is important for the
ecological region with a short vegetation period. Because late spring frosts, as well as
autumn frosts, can cause significant losses in walnut. In this study, it was aimed to
determine the new genotypes having both of these important traits and to determine
the relationships between them. The date of leafing ranged from 16 March to 21 May
for all walnut genotypes. The date of defoliation was between 3 November and 30
December. Among all genotypes, the earliest budburst and leafing was observed in
SU72 and the latest in FR70. Franquette is known as one of the most late-leafing
walnut cultivars in the world. Among the walnut genotypes obtained, it is important
that a large proportion of the latest leafing twenty genotypes were obtained from the
seeds of the Franquette cultivar. Furthermore, as a result of the observations made
about the defoliation date, it was determined that the earliest defoliation genotype was
FR 72 and the latest was FR66. Hassankhah et al. (2017) reported that the budburst
dates of 6 different walnut genotypes ranged from 16 March to 2 April. In a study
conducted by Biikiicii and Siityemez (2016), it was reported that the defoliation dates
for 8 important walnut genotypes changed between 8-29 November. Akca et al.
(2018) reported that the dates of defoliation ranged from 17 November to 4 December
in 12 different walnut genotypes.

Pearson Correlation Coefficient was used to determine the associations between the
phenological traits. We determined a very significant correlation between budburst
and leafing dates (r = 0.970). In addition, a significant positive correlation was found
between leaf yellowing and defoliation date (r = 0.482). In addition, we found positive
relationships between leafing and defoliation dates (r = 0.050). However, since this
value was quite low, the not strong association was detected between them. Amiri et
al. (2010) found similar relationships associated with these two traits (r = 0.298).
Significant correlations between leafing date and some horticultural traits were
determined on walnut by other researchers (Ebrahimi et al., 2015; Khadivi-Khub et
al., 2015; Abedi and Parvaneh, 2016). However, studies investigating the relationships
with the dates of the defoliation remains are limited (Amiri et al., 2010). Correlations
of phenological traits are presented in Figure 1.

Multivariate Analysis can summarize the variability of a complex dataset and
present it in a most interpretable form, such as principal components (Ribeiro et al.,
2013). In other words, the aim of PCA is to determine the main factors and effective
parameters to discriminate among accessions (Khadivi-Khub, 2015). Therefore,
PCA analysis was carried out to make an overall view of the differences in our
walnut accession. PCA showed that the first component (PC1) for phenological
traits explained 50.226% of the total variance. The second component (PC2)
represented a total variance of 36.635%, while the third (PC3) and fourth (PC4)
components explained 12.413% and 0.726% of the total variance, respectively. The
bi-plot segregated the walnut genotypes into groups based partially on their parents
(Table 4; Fig. 2). Although PCA analysis has been performed on many horticultural
traits in walnut, the findings of this phenological traits studied have remained
limited (Cosmulescu and Trandafir, 2011; Ercisli et al., 2012; Pop et al., 2013; Bou
Abdallah et al., 2016; Arab et al., 2019).
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Figure 1. Scatterplot matrix and heatmap of correlations of phenological traits

Table 4. Eigenvectors of the principal components (PC) for the studied walnut accessions

Phenological traits PC1 PC2 PC3 PC4
Budburst 0.69™ 0.11 0.09 0.70™
Leafing 0.69™ 0.14 0.18 -0.71™
Leaf-yellowing -0.21 0.67™ 0.71™ 0.01
Defoliation -0.05 0.72™ -0.69™ 0.01
% of variance 50.226 36.635 12.413 0.726
Cumulative variance 50.226 86.861 99.274 100
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Figure 2. (A) Scatter plot for the first two principal components for the studied walnut
accessions based on phenological traits. (B) Principal component analysis biplot of
phenological traits of 684 walnut genotypes
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Cluster analysis of the 684 genotypes including seedling and their parents on the
basis of four phenological traits was performed to estimate the relationships between the
walnut genotypes in a dendrogram (Fig. 3). Based on this analysis, walnut accessions
were classified into mainly three cluster groups. Genotypes obtained from the seeds of
Bilecik and Kaman-1 cultivars, which were early leafing and deciduous compared to
other genotypes examined, were generally included in Cluster 1. In Cluster 3, it has
been determined that genotypes were generally derived from seeds of late-leaved
cultivars such as Franquette, Chandler, and Pedro cluster together. Other genotypes
examined in the study were found to be in Cluster 3 (Fig. 3). The results of the cluster
analysis partially confirmed the results of PCA on the genotypes (Fig. 2). These
findings show that although walnut has heterozygote, it has dominant genes especially
in terms of traits like leafing and defoliation dates. Morphological traits have been used
effectively in detecting genetic variation on walnut in various studies (Arzani et al.,
2008; Ebrahimi et al., 2010, 2011; Ghasemi et al., 2012; Norouzi et al., 2013; Hussain
et al., 2016; Cosmulescu and Stefanescu, 2018; Rezaei et al., 2018).

11

B I1I

Budbrust

Figure 3. Phenotypic clustering of 684 walnut genotypes based on Ward s phenological pair-
wise distance and phenological heat map
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Conclusions

Walnut seedlings constitute the infrastructure of breeding programs both in terms of
production and plant resources. Genotypes obtained from seeds in fruit species such as
walnut are very important sources in terms of biodiversity. Walnut has a long juvenile
period therefore breeding programs require a long time. Breeding programs carried out
in the young periods of walnut contribute to shortening this period and reaching the
early goal. Thus, identification of phenotypic differences provides an insight for future
breeding studies. The results from the present study clearly showed that morphological
markers are able to partially differentiate seedling obtained from open pollinated walnut
cultivars seed. Based on our results, morphological markers should be used to describe
genetic diversity and relationships among seedling walnut genotypes. Moreover, the
findings provide an important source of information in the selection of walnut
genotypes with new superior properties in the future.
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