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Abstract 

Information about the physical properties of berries of selected dogwood species is available in the 
literature, but the basic physical traits of berry seeds have not been investigated to date. In this study, the 
terminal velocity, thickness, width, length, angle of external friction and mass of seeds of 11 dogwood 
species were measured. The measured parameters were used to calculate the geometric mean diameter, 
aspect ratio and sphericity index of each seed. The average values of the evaluated parameters were 
determined in the following range: terminal velocity - from 9.95 to 13.15 m s-1, thickness - from 3.31 to 
5.02 mm, width - from 4.14 to 5.38 mm, length - from 4.33 to 11.55 mm, angle of external friction - from 
9.97 to 29.85 ºC, mass - from 33.06 to 175.51 mg. The analyzed dogwood species were arranged in the 
following ascending order based on the geometric mean diameter of their seeds: Cornus macrophylla, 
Cornus alba, Cornus amonum, Cornus kousa, Cornus obliqua, Cornus controversa, Cornus walteri, 
Cornus sanguinea, Cornus florida, Cornus officinalis and Cornus mas. The seeds of Cornus alba, Cornus 
controversa, Cornus florida, Cornus kousa, Cornus macrophylla, Cornus mas and Cornus officinalis 
could be sorted with the use of mesh sieves with longitudinal openings, the seeds of Cornus macrophylla, 
Cornus sanguinea and Cornus walteri - with the use of mesh sieves with round openings, and the seeds of 
Cornus alba, Cornus macrophylla and Cornus obliqua - with the use of cylindrical graders. 
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Introduction 

Dogwoods (genus Cornus) belong to the family Cornaceae. Their Latin name means “horn”, and it 
refers to the hard wood of the species [1]. Dogwood species are low-branching trees or shrubs of different 
size, and they are distinguished based on their flowers, berries and bark. Around 60 dogwood species 
have been identified around the world [2,3]. Many species are resistant to frost and short-term drought, 
and most dogwoods are easy to cultivate. Dogwoods thrive on moderately fertile and moist soils, but 
selected species, mostly large-flowered, require sunny localities that are shielded from freezing winds in 
winter, as well as fertile, humic and permeable soils [1]. 

Dogwoods are grown mainly as ornamental plants. Their seeds, berries, flowers, branches, bark and 
leaves are sources of food for wild animals [4]. Selected species, such as the Cornus mas, produce edible 
berries that deliver health benefits and are used in the production of juice, jam, yogurt, liqueur and tea [5-
9]. Dogwood seeds contain oil abundant in unsaturated fatty acids [10-12]. Dogwood berries are drupes 
which turn white, red, blue or black when ripe [1,2]. Berries contain 1 or 2 seeds that have to undergo 
long-term stratification before they can be sown [13,14]. 

Most published studies contain information on the physicochemical properties of berries of selected 
dogwood species, whereas the distribution of the physical attributes of dogwood seeds and the 
correlations between seed traits have not been investigated. The relevant knowledge is essential for 
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designing and modeling seed cleaning, sorting, storage, sowing and processing. The objective of this 
study was to determine the range of variations in the basic physical attributes of seeds of selected 
dogwood species and to determine the presence of correlations between these attributes for the needs of 
the seed sorting process. 
 
Materials and methods 

Sample preparation 
The basic physical properties of 11 dogwood species were analyzed (Figure 1): Siberian dogwood 

(Cornus alba L.), silky dogwood (Cornus amonum Mill.), wedding cake tree (Cornus controversa 
Hemsl.), flowering dogwood (Cornus florida L.), Kousa dogwood (Cornus kousa Hance), large-leaved 
dogwood (Cornus macrophylla Wall.), Cornelian cherry (Cornus mas L.), pale dogwood (Cornus obliqua 
Raf.), Japanese cornel (Cornus officinalis Torr.), common dogwood (Cornus sanguinea L.) and Walter’s 
dogwood (Cornus walteri Raf.). Seeds were obtained from 2 producers of tree, shrub, perennial plant and 
herb seeds - Dendrona in Pęcice and Florpak in Końskowola. 

 
 

 
 

Figure 1 Seeds of: 1) Cornus alba, 2) Cornus amonum, 3) Cornus controversa, 4) Cornus florida,  
5) Cornus kousa, 6) Cornus macrophylla, 7) Cornus mas, 8) Cornus obliqua, 9) Cornus officinalis,  
10) Cornus sanguinea, 11) Cornus walteri. 

 
 
Seed samples for analysis were obtained by cutting them into halves [15]. Every batch of seeds was 

halved, and 1 half was randomly selected for successive halving. The above procedure was repeated to 
produce samples of around 100 seeds each. The analyzed samples contained 101 to 121 seeds. 

 
Physical properties 
Terminal velocity (v) was determined in the Petkus K-293 pneumatic classifier, basic seed 

dimensions - under the MWM 2325 laboratory microscope (length L and width W) and with a thickness 
(T) gauge, the angle of external friction (γ) - on a steel friction plate (surface roughness - Ra = 0.48 µm) 
positioned on a horizontal plane with an adjustable angle of inclination, and seed mass (m) - on the WAA 
100/C/2 laboratory scale. The measurements were conducted based on the method described by 
Kaliniewicz et al. [16] and Kaliniewicz and Poznański [17]. The angle of external friction was expressed 
as the mean value of 2 measurements where seeds were arranged in different positions: with the 
longitudinal axis parallel and perpendicular to the direction of movement on the steel friction plate. 

1) 2) 3) 4) 5) 6) 

7) 8) 9) 10) 11) 

10
 m

m
 



Physical Properties of Dogwood Seeds Zdzisław KALINIEWICZ 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(11) 
 
1254 

The geometric mean diameter D, aspect ratio Ar and sphericity index Φ were determined for each 
seed [18]: 

 
D = (T × W × L)1/3 (1) 
  

Ar =
W
L

× 100 (2) 

  

Φ =
D
L

× 100 (3) 

 
Statistical analysis 
The measured physical parameters of seeds were processed in Statistica PL v. 12.5 at a significance 

level of α = 0.05. The differences between the measured properties were determined by 1-way analysis of 
variance (ANOVA). The normality of each group was verified by the Shapiro-Wilk test, and the equality 
of variances was assessed with Levene’s test. If the null hypothesis, which postulated that the average 
values of a given parameter in the analyzed seed species are equal, was rejected, the significance of 
differences was determined and homogenous groups were identified with the use of Duncan's test. A 
correlation analysis was performed to determine the strength and direction of correlations between the 
analyzed parameters of dogwood seeds. The degrees of correlation were evaluated with the use of 
Pearson’s correlation coefficients. The functions describing the relationships between the physical 
parameters of seeds were determined by regression analysis [19]. These equations were selected by 
testing the functions available in the Statistica package. The function which most closely resembled the 
cloud of measurement points and was characterized by a high coefficient of determination was selected. 
Only the regression equations with a minimum coefficient of determination of 0.5 were presented in the 
paper. 
 
Results and discussion 

Experimental material 
The accuracy with which the mean values of the analyzed physical parameters are determined can 

be inferred from their standard error of the estimate based on the size of the sample, standard deviation of 
the examined parameter and Student t-values at a given significance level. The analyzed samples 
consisted of 101 to 121 seeds; therefore, the standard error of the estimate in the mean values of the 
evaluated physical properties of dogwood seeds did not exceed: 

- for terminal velocity - 0.2 m s-1, 
- for seed thickness and width - 0.1 mm, 
- for seed length - 0.3 mm, 
- for the angle of external friction - 1 °C, 
- for seed mass - 3 mg (Cornus florida - 5 mg, Cornus mas - 10 mg). 
 
The average terminal velocity (Figure 2) ranged from 9.95 m s-1 (Cornus obliqua) to 13.15 m s-1 

(Cornus sanguinea). The following dogwood species formed homogeneous groups in terms of terminal 
velocity: Cornus alba, Cornus amonum and Cornus obliqua; Cornus controversa and Cornus kousa; 
Cornus florida, Cornus macrophylla and Cornus walteri. 

The average seed thickness (Figure 3) ranged from 3.31 mm (Cornus kousa) to 5.02 mm (Cornus 
mas). Similarities in seed thickness were observed in Cornus alba, Cornus amonum, Cornus 
macrophylla, Cornus obliqua and Cornus officinalis, as well as in Cornus florida, Cornus sanguinea and 
Cornus walteri. Cornus alba and Cornus amonum were also similar in terms of seed width. The following 
dogwood species formed homogeneous groups in terms of seed width (Figure 4): Cornus macrophylla, 
Cornus officinalis and Cornus alba; Cornus kousa and Cornus amonum; Cornus controversa, Cornus 
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florida and Cornus walteri; and Cornus florida and Cornus sanguinea. The average seed width ranged 
from 4.14 mm (Cornus officinalis) to 5.38 mm (Cornus mas). Cornus florida, Cornus kousa, Cornus 
macrophylla, Cornus mas and Cornus officinalis differed in seed length from the remaining species 
(Figure 5), and their seed length ranged from 4.33 mm (Cornus macrophylla) to 11.55 mm (Cornus mas). 

 

 
Figure 2 Terminal velocity (mean value and minimum-maximum value) of seeds and significant 
differences between species: a, b, c, d, e, f - various letters denote significant differences at p < 0.05 
(Duncan’s test). 

 

 
Figure 3 Thickness (mean value and minimum-maximum value) of seeds and significant differences 
between species: a, b, c, d, e - various letters denote significant differences at p < 0.05 (Duncan’s test). 
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Figure 4 Width (mean value and minimum-maximum value) of seeds and significant differences between 
species: a, b, c, d, e, f - various letters denote significant differences at p < 0.05 (Duncan’s test). 

 

 
Figure 5 Length (mean value and minimum-maximum value) of seeds and significant differences 
between species: a, b, c, d, e, f, g, h - various letters denote significant differences at p < 0.05 (Duncan’s 
test). 
 

 
The average angle of external friction (Figure 6) ranged from 9.97 °C (Cornus macrophylla) to 

29.85 °C (Cornus alba). Cornus alba, Cornus obliqua and Cornus officinalis seeds differed from the 
remaining dogwood species in this parameter. 
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Figure 6 Angle of external friction (mean value and minimum-maximum value) of seeds and significant 
differences between species: a, b, c, d, e, f, g - various letters denote significant differences at p < 0.05 
(Duncan’s test). 

 
 
The average seed mass (Figure 7) ranged from 33.06 mg (Cornus obliqua) to 175.51 mg (Cornus 

mas). The following pairs of dogwood species formed homogeneous groups in terms of average seed 
mass: Cornus obliqua and Cornus amonum, Cornus amonum and Cornus alba, Cornus alba and Cornus 
macrophylla, Cornus controversa and Cornus kousa, Cornus sanguinea and Cornus walteri, and Cornus 
florida and Cornus officinalis. 

 
 

 
Figure 7 Mass (mean value and minimum-maximum value) of seeds and significant differences between 
species: a, b, c, d, e, f, g - various letters denote significant differences at p < 0.05 (Duncan’s test). 
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Based on the literature [15,20-23], the basic dimensions and mass of seeds produced by forest trees 
and shrubs are influenced by seed genotype, tree stand age and environmental conditions (geographic 
location, habitat, distribution of fruit and seeds in the crown, weather, etc.). The seeds analyzed in this 
study are unique in that they had been harvested only in Poland which has a temperate climate ranging 
from a maritime climate in the west to a continental climate in the east. An analysis of the physical 
parameters of seeds of the evaluated dogwood species revealed that the width of Cornus officinalis seeds 
was 14 - 42 % lower than that reported by Bai et al. [24] in a study of seeds from China and the USA 
where growing conditions for the analyzed species are more favorable than in Poland. The width and 
length of Cornus mas seeds were within the range reported in Bosnia and Herzegovina [25] and Turkey 
[26]. The average length of Cornus officinalis seeds was around 10 % higher than that reported in US-
grown seeds and around 25 % lower than that noted in China-grown seeds [24]. The mean mass of 
Cornus mas seeds was similar to that given by Demir and Kalyoncu [26], whereas the mass of Cornus 
officinalis seeds was 45 - 75 % lower than that reported by Bai et al. [24]. The above differences were 
correlated with the observed variations in seed dimensions. 

The indicators of the analyzed seeds are presented in Table 1. Cornus mas was characterized by the 
largest (geometric mean diameter of 6.78 mm) and the Cornus macrophylla - by the smallest (geometric 
mean diameter of 4.12 mm) seeds. Significant differences in the geometric mean diameter of seeds were 
not observed between Cornus alba, Cornus amonum, Cornus kousa and Cornus obliqua, between Cornus 
controversa and Cornus walteri, or between Cornus sanguinea and Cornus walteri. The following 
dogwood species formed homogeneous groups in terms of seed shape (aspect ratio and sphericity index): 
Cornus alba, Cornus amonum and Cornus obliqua, as well as Cornus controversa and Cornus sanguinea. 

 
 

Table 1 Statistical distribution of the physical properties (mean value ± standard deviation) of seeds and 
significant differences between species. 
 

Dogwood species 
Indicator 

Geometric mean 
diameter (mm) 

Aspect ratio 
(%) 

Sphericity index 
(%) 

Cornus alba 4.28 ± 0.30b 85.29 ± 9.68e 86.84 ± 6.22e 

Cornus amonum 4.37 ± 0.44b 85.37 ± 8.36e 86.82 ± 5.31e 

Cornus controversa 4.51 ± 0.37c 91.90 ± 5.12fg 91.57 ± 3.02f 

Cornus florida 5.38 ± 0.45e 59.08 ± 5.94c 69.20 ± 4.48c 

Cornus kousa 4.38 ± 0.37b 73.84 ± 11.37d 74.36 ± 6.71d 

Cornus macrophylla 4.12 ± 0.40a 96.28 ± 2.90h 95.29 ± 2.22h 

Cornus mas 6.78 ± 0.67g 46.92 ± 4.56b 58.94 ± 3.85b 

Cornus obliqua 4.38 ± 0.28b 85.20 ± 9.24e 85.89 ± 5.23e 

Cornus officinalis 5.57 ± 0.45f 38.57 ± 3.93a 51.75 ± 3.31a 

Cornus sanguinea 4.68 ± 0.36d 90.80 ± 5.98f 91.01 ± 3.68f 

Cornus walteri 4.58 ± 0.29cd 92.73 ± 5.23g 93.80 ± 3.82g 

a, b, c, d, e, f, g, h - various superscript letters denote significant differences at p < 0.05 (Duncan’s test). 
 
 
An analysis of the seeds of 11 dogwood species did not reveal any species pairs characterized by 

significant similarities in all of the evaluated parameters. The highest number of similarities was noted in 
the seeds of Cornus alba, Cornus amonum and Cornus obliqua, and in the seeds of the Cornus 
controversa and Cornus sanguinea, whereas Cornus mas seeds were least similar to the seeds of the 
remaining dogwood species. 
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Relationships between properties 
Knowledge of variations in and interactions between seed properties is required for designing and 

modeling seed processing operations [27]. Strong correlations between seed properties could suggest that 
seeds of a given species have a characteristic shape, and these proportions have to be taken into account 
when designing seed sorting equipment. In the current study (Table 2), the absolute value of the 
correlation coefficient ranged from 0.009 (angle of external friction and thickness of Cornus sanguinea 
seeds) to 0.951 (width and length of Cornus macrophylla seeds), and the angle of external friction was 
least correlated with the remaining seed properties. The linear correlation analysis of the physical 
parameters of seeds revealed the highest number of significant correlations between seed mass and the 
remaining properties of dogwood seeds (48 out of 55 comparisons). The angle of external friction was 
least correlated with the remaining seed properties. The correlation coefficient was practically significant 
(higher than 0.4) in only 1 case (the relationship between the angle of external friction and the terminal 
velocity of Cornus kousa seeds). Our findings and the results reported by Tylek [28] in a study of 
European beech seeds suggest that the frictional properties of seeds of forest trees and shrubs could be 
used as secondary rather than primary distinguishing features in seed separation processes. In 5 dogwood 
species (Cornus amonum, Cornus florida, Cornus mas, Cornus obliqua and Cornus officinalis), the 
highest values of the correlation coefficient were noted for seed thickness and seed width, and in 3 
dogwood species (Cornus alba, Cornus controversa and Cornus kousa) - for seed thickness and seed 
mass. Seed mass and seed width were most highly correlated in Cornus sanguinea and Cornus walteri, 
and seed width and seed length - in Cornus macrophylla. 

 
 

Table 2 Coefficients of linear correlation between the physical properties of seeds. 
 

Dogwood species  Properties 
v T W L γ 

Cornus alba 

T 0.251 1    
W -0.098 0.599 1   
L 0.163 0.292 0.213 1  
γ -0.291 -0.183 0.058 -0.035 1 
m 0.449 0.631 0.436 0.489 -0.197 

Cornus amonum 

T 0.161 1    
W 0.117 0.761 1   
L 0.230 0.631 0.580 1  
γ -0.148 -0.255 -0.182 0.025 1 
m 0.588 0.708 0.639 0.750 -0.193 

Cornus controversa 

T 0.392 1    
W 0.383 0.783 1   
L 0.395 0.778 0.790 1  
γ -0.116 -0.296 0.068 -0.046 1 
m 0.476 0.904 0.855 0.879 -0.170 

Cornus florida 

T 0.468 1    
W 0.386 0.934 1   
L 0.212 0.555 0.504 1  
γ -0.214 -0.191 -0.147 -0.041 1 
m 0.490 0.875 0.831 0.806 -0.175 

Cornus kousa 

T 0.587 1    
W 0.211 0.220 1   
L 0.041 0.161 0.215 1  
γ -0.454 -0.398 0.143 0.098 1 
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Dogwood species  Properties 
v T W L γ 

m 0.515 0.668 0.611 0.578 -0.150 

Cornus 
macrophylla 

T 0.549 1    
W 0.518 0.839 1   
L 0.513 0.848 0.951 1  
γ -0.058 -0.058 0.286 0.280 1 
m 0.598 0.598 0.918 0.923 0.251 

Cornus mas 

T 0.425 1    
W 0.391 0.928 1   
L 0.179 0.600 0.637 1  
γ -0.217 -0.344 -0.166 -0.187 1 
m 0.455 0.889 0.822 0.815 -0.285 

Cornus obliqua 

T -0.134 1    
W -0.392 0.578 1   
L 0.119 0.279 0.196 1  
γ -0.183 0.053 0.191 0.117 1 
m 0.356 0.440 0.257 0.721 -0.033 

Cornus officinalis 

T 0.047 1    
W 0.011 0.915 1   
L 0.012 0.495 0.445 1  
γ 0.009 -0.377 -0.276 -0.189 1 
m 0.168 0.839 0.812 0.781 -0.262 

Cornus sanguinea 

T 0.439 1    
W 0.405 0.811 1   
L 0.377 0.685 0.683 1  
γ 0.091 0.009 0.045 0.201 1 
m 0.499 0.849 0.892 0.829 0.058 

Cornus walteri 

T 0.436 1    
W 0.322 0.764 1   
L 0.283 0.542 0.685 1  
γ -0.209 0.064 0.098 0.046 1 
m 0.448 0.745 0.829 0.640 -0.019 

 
v - terminal velocity, T - thickness, W - width, L - length, γ - angle of external friction, m - mass. 
Values in bold indicate statistically significant correlations. 
 

 
Seed mass is usually most highly correlated with other seed traits. According to many authors [29-

33], seed mass significantly influences germination, but heavy seeds do not always germinate faster than 
light seeds. In general, heavy seeds are characterized by higher germination success because they are 
more abundant in nutrients essential for seedling emergence. Germination uniformity and the productivity 
of tree nurseries could be substantially improved by dividing seed batches into fractions with similar seed 
mass. However, seeds are difficult to sort based on their mass, therefore, other traits correlated with seed 
mass should be identified. 

The results of linear regression analysis (Table 3) also indicate that the angle of external friction 
had a minor influence on seed mass. The presence of relationships with the angle of external friction with 
a minimum coefficient of determination of 0.5 was not noted in any of the examined dogwood species. 
The equation with the highest coefficient of determination in relation to seed mass was obtained in 
Cornus macrophylla where seed mass was correlated with seed length (0.853). The highest value of the 
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coefficient of determination was most frequently noted in equations describing the correlation between 
seed mass and seed thickness (4 out of 9 cases), which indicates that dogwood seeds can be effectively 
separated with the use of mesh sieves with longitudinal openings. 
 
 
Table 3 Relationships between seed mass and the remaining physical properties of seeds. 
 

Dogwood species Equation Coefficient of 
determination R2 

Standard error 
of estimate 

Cornus amonum m = 16.351 T − 25.719 0.501 7.514 
m = 13.239 L − 29.324 0.562 7.038 

Cornus controversa 
m = 27.734 T − 64.731 0.818 5.197 
m = 25.569 W − 66.092 0.731 6.309 
m = 25.658 L − 76.869 0.772 5.810 

Cornus florida 
m = 51.965 T − 137.970 0.766 11.573 
m = 50.421 W − 141.922 0.690 13.336 

m = 22.091 L − 83.577 0.649 14.184 

Cornus macrophylla 
m = 29.874 T − 72.387 0.838 5.047 
m = 27.400 W − 70.376 0.834 4.966 
m = 25.132 L − 65.089 0.853 4.817 

Cornus mas 
m = 89.884 T − 275.982 0.790 24.448 
m = 85.866 W − 286.739 0.778 25.103 
m = 30.266 L − 174.194 0.664 30.908 

Cornus obliqua m = 10.224 L − 19.201 0.520 3.650 

Cornus officinalis 
m = 37.082 T − 57.686 0.704 8.903 
m = 34.172 W − 55.535 0.659 9.547 
m = 12.387 L − 47.722 0.611 10.208 

Cornus sanguinea 
m = 33.909 T − 82.373 0.720 8.163 
m = 33.049 W − 91.652 0.796 6.972 
m = 32.990 L − 107.145 0.669 8.640 

Cornus walter m = 25.100 T − 51.982 0.555 7.233 
m = 31.450 W − 85.128 0.687 6.071 

 
T - thickness, W - width, L - length, m - mass. 

 
 
The seeds of Cornus controversa, Cornus florida, Cornus mas, Cornus officinalis as well as the 

seeds of Cornus alba and Cornus kousa (which are not presented in Table 3 because their coefficients of 
determination are lower than 0.5) should be sorted with the use of mesh sieves with longitudinal openings 
because their mass is most highly correlated with seed thickness. The seeds of Cornus sanguinea and 
Cornus walteri should be sorted with the use of mesh sieves with round openings (seed width as the 
discriminating trait), and the seeds of Cornus alba, Cornus obliqua and Cornus macrophylla - with a 
cylindrical grader (seed length as the discriminating trait). Cornus macrophylla seeds can also be sorted 
with mesh sieves with longitudinal and round openings because all 3 basic seed dimensions are similarly 
correlated with seed mass. 
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Figure 8 Relationships between the physical properties of seeds. 
 
 

In further analysis, the measured parameters of dogwood seeds were pooled into a single 
experimental group. The relationships between the basic physical dimensions of seeds were determined 
by testing various regression functions. Linear, exponential and power functions (Figure 8) best fit 
empirical data (equations with the highest coefficient of determination). An equation with the highest 
coefficient of determination (R2 = 0.89) was obtained for the correlation between geometric mean 
diameter and seed mass. An increase in geometric mean diameter from around 3.2 mm to around 8.4 mm 
was accompanied by a 17.12 % increase in seed mass (from around 17 mg to around 308 mg). Equally 
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high coefficients of determination were noted in the relationship between seed length and seed shape, i.e. 
aspect ratio and sphericity index. The increase in seed length was accompanied by a decrease in aspect 
ratio and sphericity index which reached 33 and 46 %, respectively, in the largest seeds. The mass of 
dogwood seeds was influenced mainly by seed length and, subsequently, by seed thickness. The 
corresponding coefficients of determination were 0.71 and 0.55, respectively. 

Seed mass is most highly influenced by seed length and, subsequently, by seed thickness, which 
implies that an increase in seed length does not induce a proportional increase in the remaining seed 
parameters. The above can be inferred from the curves illustrating the influence of seed length on seed 
shape. Dogwood seeds with an estimated length of 3.5 - 5.5 mm are spherical in shape (aspect ratio and 
sphericity index values approximate 100 %). The shape of longer seeds resembles an ellipsoid of 
revolution (Figure 1), and an increase in seed length contributes to greater disproportions between seed 
length and the remaining parameters. For this reason, aspect ratio and sphericity index values change 
exponentially and are stabilized at around 33 and 46 %, respectively. 

The presented regression equations well fit empirical data and can be effectively used to plan and 
perform processing operations that involve dogwood seeds. 
 
Conclusion 

An analysis of the seeds of 11 dogwood species did not reveal any species pairs characterized by 
significant similarities in all of the evaluated parameters. The highest number of similarities was noted in 
the seeds of Cornus alba, Cornus amonum and Cornus obliqua, and in the seeds of the Cornus 
controversa and Cornus sanguinea, whereas Cornus mas seeds were least similar to the seeds of the 
remaining dogwood species. The seeds of the analyzed dogwood species were arranged in the following 
ascending order in terms of their geometric mean diameter: Cornus macrophylla, Cornus alba, Cornus 
amonum, Cornus kousa, Cornus obliqua, Cornus controversa, Cornus walteri, Cornus sanguinea, Cornus 
florida, Cornus officinalis and Cornus mas. 

The seeds of Cornus sanguinea and Cornus walteri could be separated with the use of mesh sieves 
with round openings; the seeds of Cornus alba, Cornus controversa, Cornus florida, Cornus kousa, 
Cornus mas and Cornus officinalis - with the use of mesh sieves with longitudinal openings, and the 
seeds of Cornus alba and Cornus obliqua - with the use of cylindrical graders. Cornus macrophylla seeds 
can be effectively sorted with the use of all of the above separators. 

The shape of dogwood seeds is highly correlated with seed length and somewhat less correlated 
with seed thickness and seed width. In dogwood species producing seeds with an estimated length of 3.5 - 
5.5 mm, seeds are spherical in shape, whereas in species producing longer seeds, seed shape resembles an 
ellipsoid of revolution. 
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