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Abstract

Introduction

Walnut (Juglans regia L.) is one of the most valuable nut crops in Iran, playing a important role
in human nutrition and the prevention of chronic diseases due to its high content of unsaturated
fatty acids. It is one of the oldest and most valuable edible nuts in temperate regions worldwide,
cultivated in Iran for thousands of years. However, the significant variability caused by seed
propagation and the inconsistency in kernel quality limit Iran's competitiveness in global markets.
Therefore, identifying superior genotypes with high oil quality and desirable fatty acid profiles is
an essential prerequisite for breeding programs. Walnut genotypes exhibit significant variation in
fatty acid composition, with some genotypes possessing higher oleic acid content. Walnuts are a
rich source of unsaturated fatty acids, and studies have shown that their fatty acid profile is
influenced by genetic, climatic, and management factors.

Materials and Methods

This research was conducted during 2022-2023 in orchards located in Abiz city, in the northeast of
South Khorasan province. Walnut genotypes were labeled from 1 to 61 and evaluated for 12
different quantitative and qualitative traits related to the fruit and kernel. Following a
comprehensive assessment of morphological and phenological traits, 11 genotypes were selected
as superior and were evaluated for their kernel fatty acid composition at the Biorefining Laboratory,
Faculty of Science, Ferdowsi University of Mashhad. To determine oil percentage via the Soxhlet
method, several walnuts from each sample were cracked, shelled, and ground. Fatty acid profiles
were determined using Gas Chromatography with a Flame lonization Detector (GC-FID).
Separation of fatty acid components was achieved using multiple temperature gradients, and the
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fatty acid profile was identified by comparing sample peaks with those of a standard fatty acid
mixture.

Results and Discussion

The evaluation of pomological traits revealed considerable diversity among the examined walnut
samples. The highest dry fruit weight including the woody shell (17.3 g) and the lowest (11.9 g)
were recorded for genotypes C5 and C2, respectively, with an overall mean of 13.40 g across all
genotypes. The highest dry kernel weight (8.9 g) and the lowest (4.6 g) were observed in genotypes
C5 and B6, respectively, with an overall mean of 6.29 g for all genotypes. The results indicated
varying amounts of fatty acids in the kernels. The lowest palmitic acid content (5.6%) was found
in genotype G6, while the highest (6.88%) was in G7, with an average of 6.33% across all samples.
Stearic acid values were lower overall, averaging 3.10%, but showed greater diversity compared
to palmitic acid. Oleic acid content in the kernels ranged from 12.45% to 34.15%, with an overall
mean of 20.95% and a coefficient of variation of 29.59%. The mean linoleic acid and linolenic acid
contents were estimated at 57.86% and 11.75%, respectively. Linoleic acid values ranged from
43.16% to 64.29%, while linolenic acid content ranged from 9.13% to 13.88%. Estimation of
saturated and unsaturated fatty acids confirmed that walnut kernels contain high levels of
unsaturated fatty acids. The mean saturated fatty acid content was 9.44%, while the mean
unsaturated fatty acid content was 90.56%. Total oil content ranged from 65% to 71%, with a mean
of 69%. Correlation analysis among fatty acids revealed a significant positive correlation between
linoleic acid and total oil content (r = 0.82). Total oil content showed a positive correlation with
unsaturated fatty acids and a negative correlation with saturated fatty acids. Factor analysis
extracted three principal factors, which together accounted for 95.61% of the total variance among
genotypes. The first factor, which included certain saturated and unsaturated fatty acids along with
total oil content, was the most important, explaining 40.21% of the total variance alone.

Conclusion

The availability of plant genetic resources and the evaluation of various tools for the effective
utilization of germplasm are essential for any breeding program. Breeding and developing walnut
cultivars with larger fruit size, higher kernel ratio, lighter kernel color, high oil content, and high
unsaturated fatty acids are of particular importance, and there is significant demand for such walnut
varieties. In this study, genotypes C5, E6, G7, and B5 were ultimately identified as having desirable
kernel and oil traits, making them suitable for cultivation or for developing new cultivars in walnut
breeding programs.
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Table 1. Conventional names of walnut samples

Conventional name  Conventional name

Conventional name  Conventional name

Al C2
A2 C3
A3 C4
Bl C5
B2 C6
B3 Cc7
B4 C8
B5 C9
B6 C10
B7 D1
B8 D2
B9 D3
B10 D4
B11 D5
C1 D6

D7 F1
D8 F2
D9 F3
D10 F4
El F5
E2 F6
E3 F7
E4 F8
E5 F9
E6 Gl
E7 G2
E8 G3
E9 G4
E10 G5
E11l G6

G7
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Table 2. Quantitative and qualitative traits studied in walnut genotypes

Trait Unit
Wet kernel g
weight
Dry kernel g
weight
Kernel size Code: 1-Very Small, 3-Small, 5-Medium, 7-Large, 9-Very Large
Kernel color Code: 1-Very Light, 3-Light, 5-Medium, 7-Dark
Kernel fleshy Code: 1-Poor, 5-Medium, 7-Full
Removable Code: 1-Very Easy, 3-Easy, 5-Medium, 7-Hard
kernel
Kernel shriveling Code: 1-Tip shriveled, 2-Less than 50%, 3-More than 50%, 4-Papery
Seed shape Code: 1-Round, 2-Triangular, 3-Broad ovate, 4-Ovate, 5-Short trapezoid, 6-Long trapezoid, 7-Broad
elliptical, 8-Elliptical, 9-Cordate
Fruit split Code: 0-Absent, 1-Present
Dry Fruit Weight g
Seed length mm
Seed width mm
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Figure 1. Chromatogram of the main fatty acids in walnut kernel, from left to right: palmitic acid, stearic acid,
oleic acid, linolenic acid, and linoleic acid. From top to bottom: samples C5, G1, and G6, respectively
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Table 3. General characteristics of the morphological traits studied in walnut

Traits Unit Min  Max Mean  Std. Dev. Phenotypic diversity index (%)

Wet kernel weight g 75 124 891 115 12.96
Dry kernel weight g 46 89 629 1.03 16.41
Kernel size Code 1 9 4.38 2.05 46.85
Kernel color Code 1 7 3.39 1.49 4413
Kernel fleshy Code 1 7 5.23 1.27 24.28
Removable kernel Code 1 5 3.33 1.37 41.31
Kernel shriveling Code 1 3 2.18 0.67 30.77
Seed shape Code 1 8 2.74 2.88 105.2
Fruit split Code 0 1 0.25 0.43 1765
Dry Fruit Weight g 119 173 134 1.34 10.03
Seed length mm 34 51 4257 41 9.64
Seed width mm 32 79 4046 6.27 15,51
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Table 4. General characteristics of oil-related traits in walnut genotypes

Traits Minimum Maximum Mean Stgndard Diversity index
deviation (%)

Palmitic acid (%) 5.6 6.88 6.33 0.38 5.98
Stearic acid (%) 245 4.64 31 0.57 18.22
Oleic acid (%) 12.45 34.15 20.95 6.2 29.59
Linoleic acid (%) 43.16 64.29 57.86 6.01 10.39
Linolenic acid (%) 9.13 13.88 11.75 1.48 12.55
Saturated fatty acid (%) 8.7 10.97 9.44 0.69 7.26
Unsaturated fatty acid (%) 89.03 91.3 90.56 0.69 0.76
Unsaturated/;z::grated fatty acid 812 10.49 964 073 754
Polyunsaturate((gA]f)atty acid (PUFA) 18.32 93,05 21.19 158 744
Oleic acid/Linoleic acid ratio 0.19 0.79 0.38 0.17 44.15
Total oil (%) 65 71 69 0.02 2.84
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Table 5. Fatty acid composition of the studied walnut genotypes

OV

Oleic

Saturated

Oleic

sample Palmitic Stearic acid Linoleic Linolenic fatty acid Unsaturated Unsaturated/Saturated Polyunsaturated fatty acid/Linoleic Total
i (o) i 0, i (o) i 0, i 0, i i 0, il (O
acid (%0) acid (%) (%) acid (%0) acid (%) (%) fatty acid (%) Rratio acid (PUFA) (%) acid ratio oil (%)
C5 6.33 4.64 34.15 43.16 11.72 10.97 89.03 8.12 22.69 0.79 0.71
Gl 5.75 2.98 26.06 55.62 9.59 8.73 91.27 10.45 18.32 0.47 0.65
G6 5.6 31 17.48 61.95 11.87 8.7 91.3 10.49 20.57 0.28 0.67
D6 6.34 2.79 22.29 57.13 11.44 9.13 90.86 9.95 20.57 0.39 0.68
E4 6.57 2.8 14.25 63.91 12.46 9.37 90.62 9.67 21.83 0.22 0.69
E6 6.58 2.79 12.45 64.29 13.88 9.37 90.62 9.67 23.25 0.19 0.69
G7 6.88 3.36 21.09 59.54 9.13 10.24 89.76 8.77 19.37 0.35 0.71
B7 6.34 2.45 222 57.45 11.56 8.79 91.21 10.38 20.35 0.39 0.68
B5 6.17 3.06 25.15 52.7 12.92 9.23 90.77 9.83 22.15 0.48 0.67
D2 6.48 3.23 20.05 59.11 11.12 9.71 90.28 9.3 20.83 0.34 0.71
D3 6.64 2.95 15.23 61.62 13.56 9.59 90.41 9.43 23.15 0.25 0.7
8 @ o a o & a 8 8 o @
3
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Figure 2. Cluster analysis of the 11 walnut samples using Ward's method based on fatty acid composition traits
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Table 6. Simple correlation coefficients between fatty acid-related traits in walnut genotypes

Oleic

Traits Palmitic Stearic Oleic Linoleic Linolenic Saturated Unsaturated Unsaturated/Saturated Polyunsaturated acid/Linoleic Total
acid acid acid acid acid fatty acid fatty acid ratio fatty acid (PUFA) acid ratio oil

Palmitic acid 1

Stearic acid 0.02 1

Oleic acid -0.28 0.67* 1

Linoleic acid 0.2 -0.74**  -0.96** 1

Linolenic acid -0.13 -0.18 -0.44 0.22 1

Saturated fatty acid 0.57 0.83** 0.4 -0.51 -0.08 1

Unsaturated fatty acid -0.57 -0.83** -04 0.51 0.08 -1** 1

Unsaturated/Saturated 061 0797 035 046 0.05 -0.99% 0.99% 1

Polyunsaturated fatty ) ] . ) ]

acid (PUFA) 0.19 0.24 0.36 0.90 0.01 0.36 0.36 0.36 1

%'tel'oc acid/Linoleic acid 0.23 098**  0.76**  -051 -0.31 0.99%* -0.99%* -0.76%* -0.23 1

Total oil -0.47 -0.78**  -0.82** 0.82** 0.84** -0.06 0.06 -0.04 0.42 0.05 1

s Loy 0 5 Loy ) JL;::-!C}.E.,.): Gobslas sdiaslis s 4 * 3 *F
** and * indicate significance at the 1% and 5% probability levels, respectively
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Table 7. Eigenvalues, variance, cumulative variance, and factor loadings of fatty acid profile traits for each
factor after Varimax rotation

Traits Factor 1 Factor 2 Factor 3
Palmitic acid 0.48 -0.36 0.08
Stearic acid 0.52 0.78 0.03
Oleic acid 0.02 0.95 -0.26
Linoleic acid -0.1 -0.98 0.02
Linolenic acid -0.06 -0.21 0.97
Saturated fatty acid 0.89 0.44 0.07
Unsaturated fatty acid -0.89 -0.44 -0.07
Unsaturated/Saturated fatty acid ratio -0.91 -0.39 -0.09
Polyunsaturated fatty acid (PUFA) 0.33 -0.01 0.94
Oleic acid/Linoleic acid ratio 0.1 0.98 -0.1
Total oil 0.95 -0.04 0.11
Eigenvalues 4.42 4.14 1.95
Variance (%) 40.21 37.64 17.76
Cumulative variance (%) 40.21 77.85 95.61
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Figure 3. Biplot results of traits and grouping of walnut genotypes based on the two principal components of
fatty acid traits
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