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Abstract: One of the main objectives of walnut crossbreeding programmes is to produce cultivars with late leafing dates.
Sixteen years ago, a walnut crossbreeding programme was initiated by Prof. Mehmet Siityemez, and now a new walnut
genotype, namely ‘Ahir Nut; has been generated with a leafing date that starts later than all commercially-famous walnut
cultivars in the world. The present study describes this walnut genotype. For a detailed analysis, ‘Ahir Nut’ was com-
pared with two French-origin walnut cultivars, i.e., ‘Franquette’ and ‘Ronde de Montignac, which have had the latest
leafing dates until now. In an experimental orchard in Turkey, the leafing date in ‘Ahir Nut’ was 14 May, whereas the
leafing date in ‘Franquette’ and ‘Ronde de Montignac’ were 23 April and 25 April, respectively. This approximately
3-week difference between ‘Franquette’ and ‘Ronde de Montignac’ to ‘Ahir Nut’ reveals how valuable this genotype is
for walnut breeding studies. The harvest dates for ‘Ahir Nut, ‘Franquette’ and ‘Ronde de Montignac’ were 4 October,
3 October, and 7 October, respectively. The defoliation date for ‘Ahir Nut’ was 4 December. The nut weight and kernel
percentage of ‘Ahir Nut’ were calculated as 11.61 g and 49.84%, respectively. Remarkable phenological traits were found
in ‘Ahir Nut, making it a promising option for future walnut cultivation. In the present study, the late leafing date of ‘Ahir
Nut’ prompted further research into the molecular and walnut crossbreeding potentials. This new genotype has been
conserved as an important genetic resource for future walnut breeding programmes around the world.
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Plant production is usually considered the pinna-
cle of success when fruitful and high-quality culti-
vars are bred. In all fruit species, crossbreeding pro-
grammes mainly focus on producing high-quality,
fruitful cultivars, with physiological resistance to bi-
otic and abiotic stresses, and walnut crossbreed-
ing is no exception in this regard (Arab et al. 2019;
Vahdati et al. 2019). Growers usually encounter
a variety of common problems in their agricultural
activities. One of the most problematic issues in wal-

nut cultivation is the early leafing date, which limits
the yield of orchards in many regions where a risk
of late spring frost is common (Vahdati 2014; Akca
et al. 2016). In addition, the early leafing date can po-
tentially pose threats to walnut cultivation in terms
of plant diseases (Khodadadi et al. 2020). Other re-
current risks in walnut cultivation include a late
harvest date and a late defoliation date. These fac-
tors are heavily affected by early autumn frost events.
Global warming significantly increases these risks.
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Therefore, it is vital to obtain new cultivars with
early harvest and early defoliation dates (Rezaee
et al. 2008; Hajinia et al. 2021).

In this regard, walnut crossbreeding studies usu-
ally aim at producing new, high-quality cultivars
with a late leafing early harvest and defoliation dates,
as well as relatively larger nuts and higher kernel per-
centages (McGranahan, Leslie 2009; Vahdati 2014;
Siityemez et al. 2021). In walnut crossbreeding,
a great deal of priority is given to cultivars that are
resistant to early spring frost events and are adaptable
to changes in climatic conditions. Thus, the phenol-
ogy and tree development are decisive factors in the
plant productivity, as they bear the utmost impor-
tance in the genetic development and sustainable cul-
tivation for walnut production (Vahdati 2014).

Various studies in the current literature reported
that ‘Franquette’ is among walnut cultivars with
the latest leafing date (Germain 1997; Ramos 1997;
Siityemez, Kaska 2004). Prof. Mehmet Siityemez ini-
tiated a walnut crossbreeding programme to obtain
high-quality walnut cultivars from different combi-
nations with a late leafing date, an early harvest date,
and an early defoliation date. Within the frame-
work of this programme, important cultivars have,
thus far, been selected from different combinations,
among which ‘Ahir Nut’ is a promising one.

The present study aims to characterise the pheno-
logical and pomological traits of the ‘Ahir Nut’ geno-
type. In addition, by comparing it with the world’s lat-
est walnut cultivars, such as ‘Franquette’ and ‘Ronde
de Montignac, it has been revealed how important
this genotype is for world literature.

= Minimum temperature (°C)

Temperature (°C)

https://doi.org/10.17221/22/2022-HORTSCI

MATERIAL AND METHODS

Material. The present study was conducted
for three consecutive years, i.e., from 2018 to 2020,
in crossbreeding plots affiliated with the Nut
Application and Research Center (SEKAMER)
at Kahramanmaras Siitcii Imam University. The study
area (SEKAMER) is located in Kahramanmarag prov-
ince, Turkey (37°3527"N and 37°03'28"E) with a mild
climate and an altitude of 930 m above sea level. While
the average annual precipitation in this region, be-
tween 2003 and 2020, was 750.9 mm and the aver-
age temperature was 23.5 °C (Turkish State Meteo-
rological Service 2021). The mean monthly climate
values in Kahramanmaras between these years is pre-
sented in Figures 1 and 2. As a result of the analysis
made on the soil samples taken at a depth of 0-30 cm,
30-60 cm, and 60—90 cm from the experimental area;
it was determined that mechanical soil composition
was sandy loam, the pH was 7.1-7.8, the electri-
cal conductivity was 0.40-0.60 dS/m, the total salts
were 0.028 0.034%, the organic matter was 1.2-1.6%
and the calcium carbonate was (CaCQO;) 2.9-3.7%
(Taziiner 1990).

Siityemez, Baymis (2005), initiated the first wal-
nut crossbreeding studies on various combinations
in 2005. ‘Ahir Nut’ was selected from 1 150 different
walnut genotypes which resulted from the ‘KSU-
2008/1 x Franquette’ combination, within the said
framework of the crossbreeding programme.
The present study benefited from ‘Franquette’ and
‘Ronde de Montignac’ as reference cultivars for ‘Ahir
Nut! Specifically, ‘Franquette’ and ‘Ronde de Mon-
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Figure 1. Mean minimum, mean maximum, and mean temperature values of Kahramanmaras between 2003 and 2020

(Turkish State Meteorological Service 2021)
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Figure 2. Mean precipitation values of Kahramanmaras between 2003 and 2020 (Turkish State Meteorological

Service 2021)

tignac’ are of French origin and have been widely
reported as cultivars having the latest leafing dates.
However, their lateral bud flowering percentages
are relatively low (McGranahan et al. 1990; Ger-
main 1997; Ramos 1997; Siityemez et al. 2021).

‘Ahir Nut’ and the reference cultivars (i.e., ‘Fran-
quette’ and ‘Ronde de Montignac’) were grafted
onto seedlings of ‘Maras 18’ in the same year (2010)
to minimise the effects of the rootstocks on the sap-
ling performance. Later, these saplings were planted
in a crossbreeding plot in 2012, and regular cultiva-
tion practices were applied to all the plants. Pheno-
logical observations were performed on ten plant
samples from each genotype.

Method. The mean values of the phenological and
pomological traits were recorded through the course
of three consecutive years (2018-2020). The char-
acterisation of 13 phenological and 12 pomological
traits was based on the International Plant Genetic
Resources Institute (IPGRI 1994) and the Interna-
tional Union for the Protection of New Varieties
of Plants (UPOV 2014) criteria. The phenological
traits were observed every other day, while the po-
mological analyses focused on the nut samples dur-
ing the harvest maturity period to represent the trees.
The harvest data were recorded for statistical analy-
sis. The nuts were dried after their green shells were
removed. Fifty fruit samples from each genotype
were used in the pomological analysis. A digital calli-
per with a sensitivity of 0.01 mm was used to measure
the shell thickness. An electronic scale with a sensi-
tivity of 0.01 g was used to measure the shell and ker-

nel weight. The phenological and pomological traits
are described in Tables 1 and 2, whereas the data and
mean values are presented below.

The leafing date, harvest date, defoliation date,
shelled nut weight, kernel weight, and kernel per-
centage were calculated using a variance analysis.
The mean values of all the genotypes were com-
pared using multiple range tests (P < 0.05%) (LSD).
The JMP (13) package program was used for the sta-
tistical data analysis.

RESULTS AND DISCUSSION

The present study mainly aims to offer insights into
the details of the ‘Ahir Nut’ walnut genotype and its
performance. This new genotype was compared with
‘Franquette’ and ‘Ronde de Montignac’ in many re-
spects. The mean values of the plant samples were
obtained from the phenological observations during
three consecutive years (2018-2020) (Tables 3 and 4).

The most striking phenological trait of ‘Ahir
Nut’ was its later leafing date in comparison with
all the well-known walnut cultivars, including
‘Franquette’ and ‘Ronde de Montignac, and geno-
types that had resulted from the previous walnut
crossbreeding lines. The leafing date of ‘Ahir Nut’
was 14 May, whereas ‘Franquette’ and ‘Ronde de
Montignac’ had leafing dates on 23 April and 25 April,
respectively. As can be seen, the leafing date of ‘Ahir
Nut’ was 21 to 19 days later than those of ‘Franquette’
and ‘Ronde de Montignac’ which have, so far, been
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Table 1. Description of the phenological traits

Traits

Description

Leafing date

First male bloom date
Last male bloom date
First female bloom date
Last female bloom date
Male flowering times
Female flowering times
Female abundance
Catkin abundance

Lateral bud flowering
Dichogamy

Harvest date

Defoliation date

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

date when the first pollen shedding occurred
date when the last pollen shedding occurred

date of initial pistillate flower receptivity

date of last pistillate flower receptivity
duration of catkins receptiveness
duration of female flower receptiveness
female flower abundance: 3 — light; 5 — intermediate; 7 — high
male flower abundance: 3 — light; 5 — intermediate; 7 — high

percentage of lateral buds with female flowers

overlapping duration of female flowers and catkins receptiveness,
status 1 protandrous; 2 protogynous; 3 unknown

the date when 50% of the green husk begins to crack on the trees

the date when 75% of the leaves on the trees fall

regarded as the walnut cultivars with the latest leaf-
ing dates (Table 3 and Figure 3). Despite being 7-,
8- and 9-year-old trees, no male flowers were found
in the ‘Ahir Nut’ genotype. Therefore, artificial pol-
lination was used to produce nuts. It was observed
that the first and last female bloom dates in ‘Ahir Nut’
were 27 May and 5 June, respectively. The first and
last male bloom dates in ‘Franquette’ and ‘Ronde de
Montignac’ were 27 April-5 May and 7 May—15 May,
respectively, whereas the first and last female bloom
dates were 1 May—10 May and 4 May—12 May, re-
spectively (Figure 3).

Many studies in the available literature have
claimed that ‘Franquette’ and ‘Ronde de Montig-

Table 2. Description of the pomological traits

nac’ are walnut cultivars with the latest leafing dates
(Germain 1997; Ramos 1997; Siityemez, Kaska 2004;
Mahmoodi et al. 2016). Soleimani et al. (2019) re-
ported that ‘Ronde de Montignac’ had its leafing date
on 13 April under the ecological conditions of Iran.
Meanwhile, the fact that ‘Ahir Nut’ has a much later
leafing date (21 to 19 days) compared to ‘Franquette’
and ‘Ronde de Montignac’ bears evidence that the re-
cent genotype can be an important genetic resource
for conventional and molecular breeding studies.
The harvest date of ‘Ahir Nut’ is also worthy of con-
sideration. It was observed that the harvest date
of ‘Ahir Nut’ was 4 October, whereas ‘Franquette’ and
‘Ronde de Montignac’ had harvest dates on 3 Octo-

Traits Description
1 - round; 2 — triangular; 3 — broad ovate; 4 — ovate; 5 — short trapezoid; 6 — long trap-
Nut shape . o o
ezoid; 7 — broad elliptic; 8 — elliptic; 9 — cordate
Shell texture 1 — very smooth; 3 — smooth; 5 — medium; 7 — rough; 9 — very rough

Shell colour

Shell strength

Shell thickness (mm)
Shelled nut weight (g)
Kernel weight (g)
Kernel percentage (%)
Kernel colour

Kernel fill

Kernel flavour

Ease of removal of kernel halves

1 — very light; 3 — light; 5 — medium; 7 — dark; 9 — very dark
1 — paper; 3 — weak; 5 — intermediate; 7 — strong
near center of half-shell was measured with a digital caliper
average of total 75 nuts
average of total 75 nuts
kernel weight/nut weight x 100
1 — extra light; 2 — light; 3 — light amber; 4 — amber
3 — poor; 5 — moderate; 7 — well
1 — satisfactory; 2 — unsatisfactory

1 — very easy; 3 — easy; 5 — moderate; 7 — difficult; 9 — very difficult

208



Horticultural Science (Prague), 49, 2022 (4): 205-212

Original Paper

https://doi.org/10.17221/22/2022-HORTSCI

Table 3. Phenological traits of ‘Ahir Nut, ‘Franquette’ and ‘Ronde de Montignac’

. . Genotypes

Phenological traits : .
‘Ahir Nut’ ‘Franquette’ '"Ronde de Montignac'

Leafing date 14 May 23 April 25 April
First male bloom date - 27 April 7 May
Last male bloom date - 5 May 15 May
First female bloom date 27 May 1 May 4 May
Last female bloom date 5 June 10 May 12 May
Male flowering time - 9 days 9 days
Female flowering time 10 days 10 days 9 days
Female abundance high intermediate intermediate
Catkin abundance - high intermediate
Lateral bud flowering (%) 73 32 34
Dichogamy - protandrous protogynous
Harvest date 4 October 3 October 7 October
Defoliation date 4 December 2 December 8 December

ber and 7 October, respectively. Accordingly, ‘Ahir
Nut’ cannot be said to have a later harvest date com-
pared to the other two cultivars (Figure 4).

As stated in Siityemez et al. (2021), the harvest date
of the ‘Chandler’ cultivar occurred on 5 October, on
average. The earlier harvest date of ‘Ahir Nut, ob-
served in the same study area, as compared to ‘Chan-
dler; can be another notable aspect in walnut cross-
breeding studies.

The defoliation dates of ‘Ahir Nut, ‘Franquette’ and
‘Ronde de Montignac’ were on 4 December, 2 De-

cember, and 8 December, respectively (Figure 4).
Thus, the defoliation date of ‘Ahir Nut’ can be consid-
ered as an intermediate value. Statistical differences
between the leafing date, harvest date, and defoliation
for each genotype are shown in Figure 5.

The most important pomological traits which
determine the nut quality in a walnut cultivar are
the shelled nut weight, kernel weight, yield per tree,
kernel colour, kernel percentage, and ease of removal
of the kernel halves (Germain 1997; Ramos 1997; Sii-
tyemez, Kaska 2004; McGranahan, Leslie 2009; Ber-

L — leafing M —pollen shedding F — pistillate flowering

‘Ahir Nut’

‘Franquette’

‘Ronde de

Montignac’

AlElEEEEEEEE R IEE|FIEEEEEEEEE|EEE |z mE RS EEESE R EEES
Figure 3. (L) - leafing date; (M) — pollen shedding period; (F) — female flower receptivity period, ‘Ahir Nut’ reference
cultivars: ‘Franquette’ and ‘Ronde de Montignac’

H (harvest) D (defolation)

‘Ahir Nut’
‘Franquette’
‘Ronde de [

Montignac’

23 Nov
24 Nov
25 Nov
27 Nov
28 Nov
29 Nov

30 Nov

01 Dec

02 Dec

03 Dec

04 Dec
05 Dec
06 Dec
07 Dec

08 Dec
09 Dec

=~ 126 Nov

Figure 4. Harvest (fruit ripening) (H) and defoliation dates (D) o

quette’ and ‘Ronde de Montignac’

‘Ahir Nut; along with the reference cultivars: ‘Fran-
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nard et al. 2018; Siityemez et al. 2018; Cosmulescu,
Lonescu 2021; Sarikhani et al. 2021).

In the present study, 12 pomological traits were ob-
served in three consecutive years, with comparisons
of the pomological traits in ‘Ahir Nut; ‘Franquette’and
‘Ronde de Montignac’ (Table 4). It was demonstrated
that‘Ahir Nut’hadaround nutshape,amediumsmooth
shell texture, and a very light shell colour. The shell
thicknesses of ‘Ahir Nut, ‘Franquette’ and ‘Ronde de
Montignac’ were calculated as 1.19 mm, 1.34 mm, and
1.36 mm, respectively. For this reason, ‘Ahir Nut” had
a weaker shell strength, compared to the other two
cultivars (Table 4).

The shelled nut weight, kernel weight, and kernel
percentage of ‘Ahir Nut’ were calculated as 11.61 g,
5.79 g, and 49.84%, respectively. The shelled nut

https://doi.org/10.17221/22/2022-HORTSCI

A
Figure 5. Comparison of the
three genotypes in terms of
the leafing date, harvest date,
Defoliation date and defoliation date
Harvest date
Leafing date The different letters over the col-

umns represent significant differ-
ences based on the LSD multiple
range test (P = 0.05)

weight, kernel weight, and kernel percentage were
11.75 g, 5.70 g, and 48.54% in ‘Franquette, whereas in
‘Ronde de Montignac’ they were 9.83 g, 4.64 g, and
47.24%, respectively. Thus, it can be said that ‘Ahir
Nut’ displayed pomological traits similar to the stan-
dard criteria in the existing literature. The statistical
differences between the shelled nut weight, kernel
weight, and kernel percentage for each genotype are
shown in Figure 6.

The kernel fill of ‘Ahir Nut’ was determined descrip-
tively as ‘good’ The kernel colour and ease of removal
of the kernel halves can be classified as ‘light’ and
‘very easy, respectively. A visual overview of the ‘Ahir
Nut’ nuts and the tree is shown in Figures 7 and 8.

Chandler is the most frequently cultivated walnut
cultivar in the world. Various studies have reported

Table 4. Pomological traits of ‘Ahir Nut, ‘Franquette’ and ‘Ronde de Montignac’

. . Genotypes

Pomological traits - -
‘Ahir Nut’ ‘Franquette’ ‘Ronde de Montignac’

Nut shape round elliptic round
Shell texture medium rough rough
Shell colour very light light light
Shell strength weak intermediate intermediate
Shell thickness (mm) 1.19£0.16 1.34 £ 0.18 1.36 £ 0.21
Shelled nut weight (g) 11.61 + 0.87 11.75 £ 0.81 9.83 £ 0.80
Kernel weight (g) 5.79 £ 0.47 5.70 £ 0.40 4.64 + 043
Kernel percentage (%) 49.84 + 1.52 48.54 + 1.36 47.24 + 1.70
Kernel colour light light light
Kernel fill good good good
Ease of removal of kernel halves very easy easy easy
Kernel flavour satisfactory satisfactory satisfactory
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A
B C
50
40
30 Figure 6. Comparing the three
A A B genotypes in terms of the kernel
20 Kernel percentage (%) weight, shelled nut weight, and
10 A A B Shelled nut weight (g) kernel percentage
Kernel weight (g) Different letters over the columns
0 represent significant differences
“Ahir Nut ‘Franquette’ Ronde de based on the LSD multiple range
Montignac’ test (P = 0.05)
that the nut weight of the ‘Chandler’ cultivar usu- CONCLUSION

ally varied between 7.7 and 14.0 g, whereas its kernel
weight varied between 3.32 and 7.00 g, respectively
(Mahmoodi et al. 2016; Siityemez 2016; Hassani
et al. 2020; Manthos, Rouskas 2021). Furthermore,
Bobokasvili et al. (2017) reported that the shelled nut
weight, kernel weight, kernel percentage, and shell
thickness of the ‘Franquette’ cultivar were 12.20 g,
5.87 g, 48.14%, and 1.44 mm, respectively, which are
in line with the findings of the current research.

‘Franquette’ ‘Ahir Nut’

Date: 12 May 2020
Figure 7. A visual overview of the ‘Ahir Nut’ and ‘Fran-
quette’ trees on the same date

‘Ahir Nut’ ‘Franquette’ ‘Ronde de Montignac’

Figure 8. A visual preview of ‘Ahir Nut, ‘Franquette’ and
‘Ronde de Montignac’ nuts

Plant breeding is increasingly becoming impor-
tant in the light of opportunities for economic in-
vestment and through the motive to maintain ge-
netic diversity. Walnut breeding research has an
important position in agriculture and can be a pre-
cursor of high-quality cultivars with late leafing
and early defoliation dates. It could be said that the
initial work by Siityemez and Baymis (2005) laid
an important background for walnut crossbreed-
ing from which important results are continuously
arising. As a walnut genotype with superior pheno-
logical traits, ‘Ahir Nut’ was selected from among
thousands of walnut genotypes that resulted from
the cross of ‘KSU-2008/1 x ‘Franquette. The most
significant phenological traits of this genotype are
its late leafing date, early harvest date, and lateral
fruitfulness. Specifically, the leafing date of the ‘Ahir
Nut’ genotype was 21 to 19 days later than those
of ‘Franquette’ and ‘Ronde de Montignac’ In addi-
tion, its lateral fruitfulness was greater than that of
‘Franquette’ and ‘Ronde de Montignac, making it
superior in its phenological performance compared
to the other two walnut cultivars. The walnut variety
‘Ahir Nuts’ a very important genetic resource for fu-
ture walnut breeding research.
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