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ABSTRACT

Objective: It was aimed to evaluate and interpret nut parameters of
“Chandler"walnut variety at two different altitudes according to years.

Material and Methods: Thisresearch was conducted in a commercial orchard
located at an altitude of 50 and 750 m in Manisa province during 2017 and 2021
years. “Chandler” walnut variety was used as plant material.

Results: Accordingly, the highest nut weight was determined as 13.89 g at 50
m altitude in 2018. The highest nut width, length, and height values were
detected in the same year and altitude. For altitudes of 50 m and 750 m, the
shell thickness was thin (1.38 mm and 1.30 mm) in 2020,whereas it was thick
(2.16 mm and 1.83 mm) in 2019. A light kernel color was stated at 750 m in
2019. The shrinkage value was found to be much less at 750 m (9.41%). Higher
yield was obtained at 50 m altitude. On the other hand, In the principal
component analysis, the most important distinguishing features in terms of
years were kernel weight for 50 m and kernel ratio for 750 m altitudes.

Conclusion: It was detected that the nut characteristicssuch as kernel ratio, nut
length, L* value and shrinkage ratiowere superiordue to the increase in altitude.
However, the yield was found to be higher at low altitudes.

(oy4

Amagc: Bu calismada, “Chandler” ceviz gesidinin iki farkli rakimdaki meyve
parametrelerinin yillara gére degerlendiriimesi ve yorumlanmasi amaglanmigtir.

Materyal ve Yontem: Bu ¢alisma, 2017 ve 2021 periyodunda, Manisa’da 50 m
ve 750 m yukseltide bulunan bir ticari meyve bahgesinde yuritilmustir. Bitkisel
materyal olarak “Chandler” ceviz gesidi kullaniimigtir.

Arastirma Bulgularn: Buna gore, en yuksek meyve agirligi, 2018'de 50 m
yukseltide, 13,89 g olarak saptanmistir. En yliksek meyve en, boy ve yiikseklik
degerleri yine ayni yil ve yukseltide tespit edilmistir. 50 m ve 750 m yukselti i¢in
kabuk kalnlidi 2020 yilinda ince (1.38 mm ve 1.30 mm) buna karsilik 2019
yilinda kalin (2.16 mm ve 1.83 mm) olmustur. Agik i¢ rengi 2019'da 750 m
yiikseltide belirtilmistir. I¢ blziisme (%9.41) 750 m'de g¢ok az bulunmustur.
Yiksek verim 50 m yikseltide elde edilmistir. Temel bilesenler analizinde ise
yillar agisindan en énemli ayirt edici 6zellikler 50 m igin i¢ agirigi ve 750 m igin
i¢c randimani olmustur.

Sonug: I¢g randimani, meyve uzunlugu, L* degeri ve buziisme orani gibi meyve
Ozelliklerin yiikseltiye bagh olarak iyilestigi gézlenmistir. Ancak disik yukseltide
verimin daha fazla oldugu gorilmastir.
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INTRODUCTION

Walnut is an important nut species in the world. It is widely grown in Anatolia. This is the center of
origin (Akca et al., 2014). Walnut has been included in diet programs in recent years. It is one of the dried
fruits recommended for nutrition and consumed with pleasure due to its fatty acids, vitamins, antioxidants,
and mineral substances (Sarikhani et al., 2021). Production areas are also increasing, depending on the
trend of consumer interest. There has been an increase in the presence of trees in Tlrkiye in recent
years. This situation also affects the amount of production. Accordingly, walnut production was 325
thousand tons in 2021 and Trkiye ranked 4™ after China, USA and Iran (Anonymous, 2023).

With the support of the Ministry of Agriculture and Forestry in Turkiye, new walnut orchards have
been established and the production areas and amount have increased. In this context, certified saplings
and grant supports have increased the demand for walnut cultivation. Today, the state encourages the
establishment of new orchards, especially on treasury lands, thus contributing to the revival of the rural
economy (Yurtkulu, 2020). As a result of the economic value of this fruit species and the increasing interest
by consumers, producers prefer its cultivation. In recent years, despite the large amount of grafted walnut in
the orchard, products cannot be obtained from the trees at the optimum level and quality.

Many new plantations in different ecologies have been established in Turkiye with the “Chandler”
walnut variety, which has a yellow kernel color preferred by consumers. With the support of the state,
production is carried out in very large areas from sea level to high-altitude state treasury lands (Akca, 2016).
As known, efficiency is a significant criterion in production goals. However, the quality characteristics and
yield vary according as the species, ecological conditions and altitude (Ersoyol Kirigik et al., 2021). In fruit
species yield and quality vary depending on the genotype, ecological conditions and cultural practices.
However, the optimum amount and quality can be reached with varieties that adapt to the region. Since fruit
growing is a difficult and expensive investment, adaptation studies are of great importance.

On the other hand, the relationship between yield and quality is extremely important in terms of
growth (Sakar et al., 2016). As seen in many scientific studies, many features are examined individually
and the results are emphasized. In fact, fruit quality characteristics are interrelated. Determining the
direction and strength of the relationship between numerical data is important on account of interpreting
the whole event.

Multivariate analysis methods help to interpret these relationships and to determine the correlation
between variables. With principal component (PC) analysis, independent variables are reduced to smaller
component sets. Thanks to this method, highly correlated variables come together so that the principal
components that make up the most variation in the data can be determined (Kalayci, 2016). Since fruit
growing is a difficult and expensive investment, it is important to determine the performance of varieties in
new growing areas. This research aims to reveal that variation of the “Chandler” walnut cultivar grown at two
different altitudes, by means of statistical analysis method, as well as the change of traits according to years.

MATERIALS and METHODS

The current study was conducted in a commercial orchard located at an altitude of 50 m and 750 m
in Manisa province, Turkiye. The experimental orchard soil analysis findings are given below (Table 1).
Regular irrigation was carried out with a drip irrigation system. Plant nutrition practices were made taking
into account soil analysis. The experiment was carried out for 5 years between 2017 and 2021 and the 5-
year-old “Chandler” walnut variety was used as plant material. It has a thin shell, smooth, oval shape. It is
easy to separate from the shell and is suitable for consumption as dry and fresh walnuts. It has a light
kernel color and is a very productive variety (Ak¢a, 2016).

Walnuts were harvested when they had a cracked green pericarp. For the analysis, 30 walnut fruits
collected from the tree were separated from their green peels and then dried in the shade. These
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examples were used in the analysis. After determining the mean nut and kernel weight on a precision
electronic scale, the kernel ratio (%) was found. Shrinkage rate (%) was determined. The width, height,
and length of the nut were measured with a digital caliper (0.01 mm). The yield was determined by
weighing the total amount of nut in each tree at the time of harvest (kg tree'l). Fruit color was measured
by a CR400 model minolta colorimeter in CIE L* a* b* and the values of chrome (C*) and hue angle (h°)
were calculated by using the C* =(a*2 + b*2)1/2, h°® = tan-1 (b*/a*) formula (Mcguire, 1992).

The study was carried out in 3 replications, with 3 trees in each replication, according to the randomized
blocks design. The data were subjected to analysis of variance using IBM® SPSS® Statistics 19 statistical
software (IBM, NY, USA). Significant differences between averages were defined by Duncan test at the
P<0.05 significant level. In addition, the changes in the mentioned features according to the years were
also examined by using principal component analysis methods.

Table 1. Soil analysis results

Cizelge 1. Toprak analiz sonuglari

Soil Parameters 0m 750m

0-30 cm 30-60 cm 0-30 cm 30-60 cm
pH 7.74 Alkaline 7.85 Alkaline 7.77 Alkaline 7.71 Alkaline
EC (%) 0.046  Salt-free 0.047  Salt-free 0.038 Salt-free 0.048  Salt-free
CaCO; (%) 9.98 Medium 10.77 Medium 27.13 High 31.92 High
Sand (%) 44.24 44.24 42.24 46.24
Clay (%) 30.00 30.00 28.00 24.00
Silt (%) 25.76 25.76 29.76 29.76
Texture loamy soil loamy soil Clay loam soil Clay loam sand
Organic Matter (%) 0.68 Insufficient 0.14 Insufficient 3.39 Sufficient 2.90 Sufficient
N (%) 0.062 Insufficient 0.056 Insufficient 0.123 Sufficient 0.106 Sufficient
P (ppm) 0.80 Insufficient 0.2 Insufficient 0.20 Insufficient 0.40 Insufficient
K (ppm) 358.9 Sufficient 310.4 Sufficient 397.70 Sufficient 329.8 Sufficient
Ca (ppm) 5238  High 5044  High 5529 High 5238 High
Mg (ppm) 632 High 649  High 351.60 High 401.70 High
Na (ppm) 150.4 Normal 37.6 Normal 19.80 Normal 96.10 Normal
Fe (ppm) 6.31 Sufficient 1.14 Insufficient 3.80 Normal 3.34 Normal
Zn (ppm) 0.42 Insufficient 0.54 Insufficient 0.49 Sufficient 0.77 Insufficient
Cu (ppm) 1.34 Sufficient 0.82  Sufficient 1.53 Sufficient 1.33 Sufficient
Mn (ppm) 58 Sufficient 3.46 Sufficient 8.12 Sufficient 6.58 Sufficient
B (ppm) 0.32 Insufficient 0.4 Insufficient 0.51 Insufficient 0.54 Insufficient

RESULTS and DISCUSSION

In the evaluation of the nut characteristics of the “Chandler” walnut variety according to years and
altitude, it is seen that there is a statistical difference in terms of the examined feature (excluding nut
weight and width in 750 m). Accordingly, the highest nut weight (13.89 g) was obtained at 50 m altitude in
2018 (Table 2). Similarly, the highest value in kernel weight (6.73 g) was obtained in the same year and
altitude. On the other hand, the lowest value in terms of nut and kernel weight was found in 2020 at the
same altitude (9.70 g and 4.78 g). Kernel ratio was determined to be high (51.37%) at 750 m altitude in
2020, whereas it was low (41.79%) at 50 m altitude in 2019. The highest value for nut width, length and
height was found at 50 m in 2018 and was determined as 34.16 mm, 36.96 mm and 43.46 mm,
respectively. For both altitudes, the shell thickness was thinner in 2020, whereas it was thicker in 2019.
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According to the L* value of the color parameters, a light color was detected at 750 m in 2019
(Table 3). The a* value was found to be high at both altitudes in 2020. At 50 m altitude, the b* value
changed between 24.62 — 33.6 limit values. The light yellow kernel, which is an important quality indicator
in walnuts, was determined to be more effective in 2021. The highest C* value was measured at 50 m in
2021. In addition, the h°® value was low at both altitudes in 2020. While the highest shrinkage rate was
obtained at 50 m altitude (45.56%) in 2020, shrinkage was not determined in 2019 and 2020 at high
altitudes. Yield increased over the years at both altitudes. Accordingly, at 50 m altitude, the yield per
tree increased from 1.79 kg to 12 kg, while at 750 m altitude, it increased from 1.11 kg to 10 kg. It was
observed that the yield was higher at lower altitudes.

Examined features were evaluated according to altitude and presented in Table 4. Accordingly,
kernel ratio, nut length, and L* values expressing light color gave better results at high altitudes. In
particular, it was determined that the shrinkage value was approximately a quarter less at 750 m
(9.41%) altitude than at 50 m (35.94%). On the other hand, a*, h° value and yield took the first place
at low altitudes. It was observed that other features were not affected by altitude (Table 5).

The examined features also differed according to the years, in general, they were statistically
effective in 2018. Thus, it was in the first group statistically in terms of all features except a* value and
shrinkage. In addition, an increase in yield was recorded over the years. It was stated that
year*altitude interaction for values of the properties were significant (excluding shell thickness, L*, a*
value and yield).

In this study, it was carried out for 5 years at 2 altitudes in “Chandler” walnut variety, fruit
characteristics and yield values changed according to altitude and years. As a matter of fact, the
effects of cultivar, ecology and interaction on nut and kernel quality properties were discussed (Forde,
1975). Sarikhani et al., (2021) reported that large nut size and light yellow kernel color highlight that
properties may vary with environmental conditions. These quality criteria, which are important in
walnuts, were among similar values in our study carried out on the “Chandler”. Also, it was reported
that the quality properties of hazelnut cultivars examined in a different study changed depending on
altitude (Gulsoy et al., 2019). In another study, they stated that fruit sizes were small in high-altitude
varieties, however, positive results were obtained in terms of color values (Koyuncu et al., 2004).
Similarly, in another study of the “Chandler” walnut cultivar, characteristics were found to be superior
at lower altitudes (Acarsoy Bilgin et al., 2020). In another research carried out at 650, 800 and 900 m
altitude in “Chandler”, nut size increased with altitude (Buyuksolak et al., 2020). All these data were
parallel to our study. However, in the same study, it was found that the kernel ratio decreased due to
the increase in altitude (Buyuksolak et al., 2020), but this characteristic increased in our study.

Moreover, Ergun & Suslioglu (2021) emphasize that the average b* value is below 30 (light
yellow) in the selected genotypes in their study. In our study, a lighter kernel color was found at high
altitudes. Another important quality criterion for this species is kernel ratio and it is an important data
of the studies (Ergun & Sislioglu, 2021). At the same time, it has been reported that nut kernel ratio
is a genetic feature, and is affected by altitude (Amiri et al., 2010). In another study conducted at 4
different altitudes in the Mediterranean Region, the nut weight did not increase according to the
altitude, but the kernel ratio increased and the kernel became lighter in color (Bayazit et al., 2020).
Similar findings were obtained in our study. On the other hand, as it is known, high temperature
damage causes shrinkage in walnuts. In cold regions (750 m altitude), the shrinkage rate was low
(9.41%) due to low summer temperatures. In confirming this, it was observed that the shrinkage rate
increased in the low location where summer temperatures are high (Acarsoy Bilgin, 2022).
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Table 2. The values of nut properties according to year and altitude

Cizelge 2. Ceviz 6zelliklerinin yillara ve rakimlara gére degerleri

Altitude  Year Nut weight Kernel weight Kernel ratio Nut width  Nut length  Nut height  Shell thickness  Shrinkage

© @) (%) (mm) (mm) (mm) (mm) ratio (%)
2017 12.27b 6.16 b 50.17a  32.92a  34.95b 40.82 b 151a 29.16 a
2018 13.89a 6.73a 4845ab  34.16a  36.96a 43.46 a 1.49a 38.33 ab
50m 2019 11.26¢ 4.70d 41.79¢  3046b  30.66¢C 36.83 ¢ 2.16b 28.33a
2020  9.70d 4.70d 49.31a  30.04b  3129c 37.30¢ 1.38a 45.56 b
2021 12.27b 5.67¢c 46.26b  32.77a  34.12b 40.46 b 1.49a 38.33 ab
2017 11.85ab 5.99™ 50.59ab  31.50™  34.93a 4171a 1.52 abc 35.00 b
2018  11.97 ab 5.97 49.99abc 3233  3445ab  40.11ab 1.50 ab 8.33a
750m 2019 12.08a 5.54 45.81 ¢ 3289  34.36ab  39.38b 1.83¢ 0.00a
2020  10.85b 5.58 5137 a 3220  3367ab  39.28b 1.30a 0.00a
2021 11.30ab 5.24 46.34 be 31.62 33.03b 39.12 b 1.63 bc 3.34a

ns: Non-significance.

Table 3. Effects of color values and yield according to year and altitude

Cizelge 3. Renk degerleri ve verimin yillara ve rakimlara gére etkileri

Altitude Year L* ar b* c* h° Yield (kg tree™)
2017 51.34 a 8.75 bc 29.87 bc 31.13 ab 73.68 a 1.79b
2018 49.65 a 8.54 bc 30.14 bc 31.33 ab 74.19 a 3.16b
50m 2019 50.35a 751c 28.44 b 29.42 b 75.22 a 11.04 a
2020 45.56 b 12.80 a 2462 c 27.76 b 62.53 b 11.66 a
2021 51.35a 9.09b 33.67a 3488 a 7481 a 12.00 a
2017 52.88 ab 6.95b 28.42 b 29.28 ¢ 76.28 a 1.11d
2018 53.91 ab 7.32b 28.99 ab 29.92 bc 75.87 a 0.77d
750 m 2019 55.81 a 6.90b 29.83 a 30.62 ab 76.97 a 4.66 c
2020 50.85 b 11.02 a 29.53 a 31.53a 69.54 b 6.16 b
2021 52.69 ab 7.45b 28.58 b 29.54 bc 75.39 a 10.00 a

Table 4. Average values of nut properties

Cizelge 4. Ceviz 6zelliklerinin ortalama degerleri

Nut weight Kernel Kernel Nut width ~ Nut length  Nut height  Shell thickness ~ Shrinkage
(9) weight (g)  ratio (%) (mm) (mm) (mm) (mm) ratio (%)
. 50 11.88™ 5.61" 47.20 b 32.07"™ 33.61b 39.77"™ 3594 b 1.60"
Alltude 750 11.61 5.66 48.82 a 32.10 34.01a 39.92 94la 1.55
2017 12.06 b 6.07 a 50.38 a 32.21 ab 3493 a 41.26 ab 32.08c 1.52 a
2018 12.93 a 6.35a 49.22 a 33.24a 35.75a 41.78 a 23.33b 1.50 a
Year 2019 11.67b 5.12b 43.80 c 31.67b 3257c 38.10c 14.35a 1.99b
2020 10.27c 5.18 b 50.34 a 31.12b 32.43c 38.29¢c 22.78b 1.34a
2021 11.79b 5.45b 46.30 b 32.19 ab 33.50b 39.79 bc 20.83b 1.56 a
Year * Al *x . * *x . . ns ok

*Significant at P<0.05, ** Significant at P<0.01. ns: Non-significance.

643



Acarsoy Bilgin & Misirli

Table 5. Average values of color and yield

Cizelge 5. Renk ve verimin ortalama degerleri

L* a* b* c* h° Yield (kg tree™)

Altitude 50 49.65 b 9.33a 29.35™ 30.90™ 72.08 a 793 a
750 53.23a 7.93b 29.07 30.18 74.81b 4.54 b

2017 52.11a 7.85b 29.15a 30.20 ab 74.98 a 1.45c

2018 51.78 a 7.93b 29.56 a 30.62 ab 75.03 a 1.97c

Year 2019 53.08 a 7.21b 29.14 a 30.02b 76.09 a 7.85b
2020 48.21b 1191 a 27.08 b 29.64 b 66.03 b 891b

2021 52.02 a 8.27b 31.12a 3221a 75.10 a 11.00 a

Year * Alt. ns ns * * * ns

*Significant at P<0.05, ** Significant at P<0.01. ns: Non-significance.

As a result of PC analysis carried out on the “Chandler” variety, 3 PC were clarified that identified
87.247% of the characteristics for 50 m altitude (Table 6). According to analysis, kernel weight, nut
length, height, yield, nut widthand nut weight datas made the highest contribution to PC1, constituting
40.177% of the total variance. The a*, h°, shell thickness, L*, shrinkage and kernel ratio datas contributed
to PC2, accounting for 27.470% of the total variance. PC3 explains the C* and b* value with 19.600% of
the total variance.

Table 6. Principal component analysis (50 m altitude)

Cizelge 6. Temel bilesen analizi (50 m yiikselti)

Features PC1 PC 2 PC 3
Kernel weight (g) 0.969 0.046 0.201
Nut length (mm) 0.918 -0.021 0.366
Nut height (mm) 0.888 0.008 0.383
Yield (kg tree™) -0.888 -0.175 0.242
Nut width (mm) 0.858 0.112 0.407
Nut weight (g) 0.787 0.383 0.395
a* -0.249 -0.933 -0.105
h° 0.306 0.849 0.400
Shell thickness (mm) -0.410 0.808 -0.202
L* 0.292 0.676 0.234
Shrinkage (%) -0.004 -0.655 -0.099
Kernel ratio (%) 0.621 -0.631 -0.261
C* 0.217 0.132 0.948
b* 0.265 0.329 0.894
Eigen value 5.625 3.846 2.744
Variance (%) 40.177 27.470 19.600
Cumulative (%) 40.177 67.647 87.247

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization.
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In PC analysis for 750 m height, 4 PC were obtained and they identified 84.062% of the five years
with fourteen characteristics (Table 7). According to this analysis, nut length, height and weight, kernel
weight and yield datas made the highest contribution to PC1, constituting 27.126% of the total variance.
This is the an important component. The h°, a* and L* value contributed to PC2, accounting for 23.920% of
the total variance. PC3 accounted for the b* and C* value, nut width and shrinkage contributing 19.303% of
the total variance. Kernel ratio and shell thickness contributed to PC4, resulting in 13.713% of the variance.

Rotated factor matrix analysis can be better interpreted and meaningful factors can be obtained. The
matrix shows the correlation between the original variable and its factor. Under which factor a variable has
the greatest weight, the variable is in close relationship with that factor. In addition, the fact that the eigen
values are greater than 1 indicates that the weight values of these axes are reliable (Kalayci, 2016).

In this current study, in the PC analysis, the most important distinguishing features in terms of years
were kernel weight for 50 m and kernel ratio for 750 m. Moreover, distinctive features have been revealed
for different genotypes (Acarsoy Bilgin, 2020, Ayar, 2018, Gouta et al., 2019). Thanks to this analysis
method, it is possible to select the distinguishing parameters in the data group (Acarsoy Bilgin et al., 2020b;
Fallah et al., 2022).

Table 7. Principal component analysis (750 m altitude)

Cizelge 7. Temel bilesen analizi (750 m yukselti)

Features PC1 PC 2 PC3 PC4
Nut length (mm) 0.906 0.005 0.085 0.120
Nut height (mm) 0.862 -0.240 -0.335 -0.022
Nut weight (g) 0.811 0.247 0.104 -0.318
Kernel weight (g) 0.776 0.058 -0.010 0.491
Yield (kg tree™) -0.707 -0.267 0.068 -0.373
h° 0.101 0.918 -0.243 -0.203
a* -0.112 -0.901 0.322 0.200
L* -0.003 0.867 0.207 0.001
b* -0.096 -0.159 0.884 -0.118
C* -0.132 -0.577 0.770 0.044
Nut width (mm) 0.302 0.208 0.708 0.040
Shrinkage (%) 0.541 0.125 -0.689 0.202
Kernel ratio (%) 0.198 -0.175 -0.090 0.928
Shell thickness (mm) 0.004 0.548 0.051 -0.651
Eigen value 3.798 3.349 2.702 1.920
Variance (%) 27.126 23.920 19.303 13.713
Cumulative (%) 27.126 51.046 70.349 84.062

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization.

CONCLUSION

Walnut, which is a food with high nutritional value, is valuable in terms of healthy nutrition.
"Chandler" variety is consumed with pleasure due to its kernel size, light color, and easy cracking.
Genotype is effective on these features. As it is known, yield and quality differs depending on ecological
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conditions and cultural practices. Recently, its cultivation in different ecologies and altitudes has become
widespread due to its increasing popularity and government support. In addition to evaluating fruit quality
characteristics individually, analyzing them with different statistical methods is necessaryin terms of
interpretation when their connections with each other are taken into account. In our study, in which data
obtained for 5 years were evaluated, the severity and direction of the distinguishing features between
numerical data were also determined. It was observed that the nut quality characteristics such as kernel
ratio, nut length, L* value and shrinkage ratio also improved depending on the increase in altitude.In
contrast, the yield was higher at low altitude. Besides it has been determined that the most important
distinguishing features in terms of years are kernel weight for 50 m and kernel ratio for 750 m.

REFERENCES

Acarsoy Bilgin, N., 2020. Evaluation of some fruit characteristics of Jujube (Ziziphus jujuba Mill.) genotypes in Manisa,
Turkey. Applied Ecology and Environmental Research 18 (1): 1649-1660. doi.org/10.15666/aeer/1801-164916 60.

Acarsoy Bilgin, N., 2022. Effects of foliar applications on nutrient concentrations of kernel, pomological properties and
yield of 'Chandler' walnut variety at different altitudes. Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 28
(4): 603-612. DOI: 10.15832/ankutbd.925268.

Acarsoy Bilgin, N., H. Ozaktan & M. Akbaba, 2020a. Farkli yiikseltilerde yetistirilen Chandler ceviz gesidinde yapraktan
yararl bakteri uygulamalarinin meyve 6zellikleri, verim ve slirglin uzunlugu Gzerine etkileri. Harran Tarim ve Gida
Bilimleri Dergisi, 24 (3): 270-279. DOI:10.29050/harranziraat.697660.

Acarsoy Bilgin, N., Y. Evrenosoglu, A. Misirli, & R. Kokargil, 2020b. Analysis of fruit properties of ‘Hacihaliloglu’ x
‘Boccucia’ hybrid population. Erwerbs-Obstbau. 62: 231-239. doi.org/10.1007/ s10341-020-00476-z.

Akga, Y., 2016. Ceviz Yetigtiriciligi. Anit Matbaa, ISBN: 975-97498-07.Ankara, 328 pp.

Akga, Y., B. Unal, M. Celik, & Y. Okay, 2014. Comparison of some promising Turkish and foreign walnut cultivars. Acta
Horticulture, 1050: 143-150. https:// doi.org/10.17660/Acta Hortic.2014.1050.17.

Anonymous, 2023. The Food and Agriculture Organization (FAO). (Web page: https://www.fao.org/faostat/en/#thome)
(Date acessed: March 2023)

Ayar, A., 2018. Tescile Esas Sarilop incir Klonlarinin Verim ve Meyve Kalitesi Yéniinden Incelenmesi. Adnan Menderes
Universitesi Fen Bilimleri Enstitiisii Bahge Bitkileri Anabilim Dali, (Unpublished) Doktora Tezi, Aydin, 128 s.

Bayazit, S., O. Caligkan & D. Kilig, 2020. Yikseltinin Chandler ceviz gesidinde meyve kalite 6zelliklerine etkisi.
Gaziosmanpasa Bilimsel Arastirma Dergisi. 9 (2): 124-132.

Ersoyol Kinisik, M., F. Koyuncu & S.F. Gugld, 2021. Tefenni (Burdur) yoresi dogal popilasyonundan segilen ceviz
(Juglans regia L.) genotiplerinin bazi pomolojik ve agrofenolojik ozellikleri. Ege Universitesi Ziraat Fakuiltesi
Dergisi, 58 (4): 545-555. https://doi.org/10.20289/zfdergi.891460.

Fallah, M., M. Rasouli, D. Hassani, S.S. Lawson, S. Sarikhani & K. Vahdati, 2022. Tracing superior late-leafing genotypes
of persian walnut for managing late-spring frost in walnut orchards. Horticulturae, 8 (11): 1003. 1-12.
https://doi.org/10.3390/horticulturae8111003.

Gouta, H., E. Ksia, M.M. Ayachi & P. Martinez Gomez, 2019. Agronomical evaluation of local Tunisian almond cultivars
and their breeding prospects. European Journal of Horticultural Science, 84 (2): 73-84.
doi.org/10.17660/ejhs.2019/84.2.3.

Kalaycl, S., 2016. SPSS Uygulamali Cok Degiskenli Istatistik Teknikleri. Asil Yayin 426: 320-369.
Mcguire, R.G., 1992. Reporting of objective color measurements. Hortscience, 27: 1254-1255.

Sakar, E., H. Unver, S. Keskin & Z.M. Sakar, 2016. The investigation of relationships between some fruitand kernel traits
with canonical correlation analysis in Ankara Region Walnuts. Erwerbs-Obstbau. 58 (1): 19-23.

Sarikhani, S., K. Vahdati & W. Ligterink, 2021. biochemicalproperties of superior persian walnut genotypes originated from
Southwest of Iran. International Journal of Horticultural Science and Technology. 8 (1): 13-24.
https://doi.org/10.22059/ijhst.2020.309363.392.

Yurtkulu, V., 2020. Ceviz Bahgesi Tesisi Projesi Fizibilite Raporu ve Yatirrmci Rehberi. T.C. Tarim ve Orman Bakanlidi
Egitim ve Yayin Dairesi Bagkanligi, Ankara, 46 s.

646


https://www.fao.org/faostat/en/#home
https://doi.org/10.3390/horticulturae8111003

