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Abstract

Common buckwheat and Tartary buckwheat are the most extensively cultivated and consumed 
Fagopyrum species worldwide. The evaluation of grain size characteristics and nutritional  
properties of different buckwheat varieties plays an important role in their effective utilisation 
and dissemination. Eleven buckwheat varieties (ten common, one Tartary) were cultivated  
in north-eastern Slovenia, i.e. under the Central European growing conditions, in two consecu-
tive years. Whole grain characterization included various physical properties (TGW – thou-
sand-grain weight, R-width, R-length, L/W ratio), determination of total phenolic compounds 
(TPC) and multi-element analysis. The TGW ranged from 12.3-29.4 g, the grain length from 
4.1-6.8 mm and the grain width from 2.8-5.3 mm, while the mean L/W ratio reached 1.44.  
According to the TGW, buckwheat varieties were divided into four groups, two groups based  
on grain length and three groups based on grain width. Under the given growing conditions,  
the Billy variety developed the largest grains in both years, and La Harpe and Doris had the 
smallest grains. The TPC varied between 4.4 and 15.3 mg GAE g-1, and was significantly higher 
in the Tartary buckwheat variety. The content of macro- (K, Mg, P, Ca, S) and microelements 
(Na, Cr, Mn, Fe, Co, Cu, Zn, Mo) varied considerably between these varieties. The highest coef-
ficients of variation were found for Fe (51.4%), TPC (39.9%), Ca and Co (34.4%) and Cr (32.9%). 
A very strong significant positive Pearson correlation (≥0.80) was observed for eight pairs  
of variables. The present evaluation of buckwheat varieties revealed considerable diversity  
in the traits among this species grown under Central European conditions.
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INTRODUCTION

Buckwheat has aroused great interest in the global scientific community 
due to its nutritional and pharmaceutical properties (Chettry, Chrungoo 
2021, Podolska et al. 2021). Although the genus Fagopyrum (Polygonaceae) 
comprises almost 30 species, only two species, Fagopyrum esculentum  
Moench (common buckwheat) and Fagopyrum tataricum (L.) Gaertn.  
(Tartary buckwheat), are extensively cultivated and used as food (Ohsako,  
Li 2020). An agriculturally important feature of cultivated plants of both  
F. tataricum and F. esculentum is the absence of a constriction with a cleav-
age layer on the flower stalk, which prevents the grains from shedding 
(Sokoloff et al. 2023). Both crops are well adapted to marginal growing con-
ditions, do not require high agricultural inputs, can be grown as intercrops 
or in rotation with other staple crops, and have been designated as “Future 
Smart Foods” by the Food and Agriculture Organization – FAO (Chettry, 
Chrungoo 2021, Li et al. 2023). Buckwheat is a nutrient-rich and well-suited 
pseudocereal for diversifying our future cropping systems and adapting  
to changing environmental conditions (Singh et al. 2020).

Grain size, including grain length, grain width and length-to-width ratio, 
plays a key role in determining grain yield as it influences the thousand- 
-grain weight (Li et al. 2023). Grain weight and size also influence nutritional 
value, appearance and consumer preferences. Currently, data on the physi- 
cal characteristics of grains of different buckwheat varieties grown under the 
same conditions are scarce. The accumulation of valuable nutrients such  
as phenolic compounds and essential elements in buckwheat grains depends 
on a number of factors, including species, varieties and environmental condi-
tions (Huda et al. 2021, Podolska et al. 2021). Buckwheat can be considered 
the best source of phenolic compounds among pseudocereals (275-1290 mg 
GAE 100 g-1), with the content in Tartary buckwheat being higher than  
in common buckwheat (Liu et al. 2019, Rocchetti et al. 2019, Sinkovič et al. 
2021). In the context of nutrition, minerals are inorganic elements that are 
essential nutrients required by organisms, including humans, to fulfil vital 
functions (Godswill et al. 2020). According to current knowledge, seven macro- 
minerals are essential, namely Na, K, Mg, Ca, Cl, P and S. In addition, some 
micro- or trace minerals are defined as essential, namely Mn, Fe, Cu, Zn, Se, 
Co, Mo and I, for plants or animals (Zoroddu et al. 2019). Compared to other 
cereals, buckwheat contains a significantly higher amount of such elements 
as K, Ca, Mg, Zn, Cu, Mn, Se as well as other elements, which are abundant 
in the outer membrane of the seeds and the seed coat (Huda et al. 2021,  
Luthar et al. 2021, Podolska et al. 2021).

In Slovenia, the long tradition of buckwheat cultivation is documented 
by several local populations or traditional varieties. These are mainly grown 
on small farms as part of low-input production systems. In 2022, buckwheat 
was grown in Slovenia as a main crop on 418 ha with a yield of 337 t, and  
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as a second crop on 4.012 ha with a yield of 2.746 t (SI-STAT 2023).  
The breeding of buckwheat at the Agricultural Institute of Slovenia has  
a long tradition and is supported by a national breeding program. In addi-
tion to the autochthonous buckwheat variety Čebelica, the conservation  
varieties Eva and Doris have recently been registered or are in the process  
of registration (National List of Varieties 2023). The aim of the present study 
was to investigate the variation in grain size characteristics and some nutri-
tional properties (total phenolic compounds, elements) of eleven buckwheat 
varieties grown in two consecutive years under Central European growing 
conditions.

MATERIALS AND METHODS

A range of eleven representative commercially available buckwheat  
varieties (Fagopyrum spp.) were used in this study. Ten varieties belong  
to common buckwheat (Fagopyrum esculentum Moench) originating from  
the Czech Republic (Zita and Zoe), the Russian Federation (Panda), France 
(La Harpe), Poland (Kora and Hruszowska), Austria (Bamby and Billy) and 
Slovenia (Eva and Čebelica), and one to Tartary buckwheat (Fagopyrum  
tataricum (L.) Gaertn.) originating from Slovenia (Doris). The seeds were 
obtained from seed companies in various countries as part of the European 
Horizon 2020 project ECOBREED (Figure 1). All varieties were grown  

Fig. 1. Seeds of the buckwheat varieties studied
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at the experimental site Rakičan (46°37′23.7″ N, 16°11′11.4″ E; 183 m a.s.l.) 
in north-eastern Slovenia as a second crop in two consecutive growing  
seasons in 2019 (I) and 2020 (II). The previous crop in both years was winter 
wheat. The field trial was conducted using the randomised complete block 
method with four replicates. The sowing density was 400 seeds m-2 and the 
size of the individual plots was 15 m2. The sowing dates were 26 July 2019 
and 28 July 2020, and the harvest dates were 25 October 2019 and 2 Novem-
ber 2020. Soil analysis prior to sowing revealed an average NO2

--N content  
of 6.60 mg kg-1 and NH4

+-N content of 1.20 mg kg-1, with no mineral  
fertilisers or pesticides used during cultivation. Sowing was performed with 
a plot seeder for small grains (Plotseed TC, Wintersteiger, Austria), and  
harvesting was carried out at full maturity with a plot harvester (Nursery 
Master, Wintersteiger, Austria). Representative 10 g cleaned and air-dried 
whole grains with a moisture content below 12% from each of the four indi-
vidual plots were collected as bulk samples (40 g) for further analysis.  
The thousand-grain weight (TGW), grain length (R-length) and grain width 
(R-width) were determined using the Marvin system (MarviTech GmbH, 
Germany).

The buckwheat grains for the determination of the elements and total 
phenolic compounds were homogenised and pulverised in a laboratory ball 
mill (Retsch MM 400) at a frequency of 30 Hz for 2 min directly before ana- 
lysis. Inductively coupled plasma mass spectrometry (ICP-MS) was used  
for the multi-element analysis. Each sample was digested and diluted in the 
microwave before determination with the Agilent 7900 ICP-MS. The calibra-
tion curve was prepared using the standard solution IV-STOCK-50, and  
individual standard solutions of P and S (Inorganic Ventures, USA) were 
added separately to the mixture. The accuracy of the results was verified 
with two certified reference materials: NIST SRM 1573a tomato leaves and 
NIST SRM 1547 peach leaves (Gaithersburg, MD, USA). All results are  
reported on a dry weight basis and expressed as g kg-1 for macroelements or 
mg kg-1 for microelements. Total phenolic compounds (TPC) were determined 
using the Folin-Ciocalteu (FC) assay first described by Singleton and Rossi 
(1965). The samples were first extracted with 70% ethanol in an ultrasonic 
bath and thoroughly vortex-mixed several times. After 1 h extraction at room 
temperature, the sample solutions were centrifuged (15.000×g; 5 min) and 
filtered through 0.45 μm PTFE syringe filters. A reagent mixture was pre-
pared by mixing diluted FC reagent and sample extract and then adding 
20% Na2CO3. The TPC were determined in triplicate and expressed as mg 
gallic acid equivalent (GAE) g-1. Differences between varieties and growing 
years were analysed using least-squares mean tests. The statistics included 
mean, minimum (Min), maximum (Max), standard error (SE) and coefficient 
of variation (CV). Analysis of variance (ANOVA; p>0.05) and principal com-
ponent analysis (PCA) were performed to identify significant differences and 
the most influential variables in Statgraphics Centurion XVI (2009).
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RESULTS AND DISCUSSION

This manuscript describes grain size properties (TGW, R-length, 
R-width, L/W ratio) and nutritional characteristics (TPC, macro- and micro-
elements) of several buckwheat varieties grown for the first time under  
Central European cultivation conditions. A total of 18 parameters were  
determined in the grains of eleven buckwheat varieties from two years  
of cultivation, and the results showed high variability between samples.  
The results of grain size characteristics and TPC for the studied varieties are 
summarised in Table 1.

Table 1
Grain size characteristics and total phenolic content of buckwheat varieties grown  

in two consecutive years

Year Variety TGW  
(g)

R-length  
(mm)

R-width  
(mm)

L/W  
ratio

TPC  
(mg GAE g-1)

I

Zita 21.45 bc 5.74 bc 4.06 b 1.41 g 5.43 c-e
Zoe 22.16 b 5.96 b 4.03 b 1.48 d 5.93 bc
Panda 22.21 b 5.78 bc 4.11 b 1.41 g 4.76 fg
La Harpe 15.72 e 4.28 e 3.27 d 1.31 h 6.28 b
Kora 22.23 b 5.78 bc 4.11 b 1.41 g 5.58 cd
Hruszowska 20.71 b-d 5.79 bc 3.99 b 1.45 e 5.31 de
Bamby 19.50 d 5.47 c 3.64 c 1.50 b 4.63 g
Billy 28.01 a 6.47 a 5.03 a 1.29 i 4.96 e-g
Eva 21.59 bc 5.59 bc 3.92 bc 1.43 f 5.25 d-f
Čebelica 20.02 cd 5.73 bc 3.84 bc 1.49 c 4.91 e-g
Doris 16.40 e 4.90 d 3.08 d 1.59 a 11.98 a
Mean 20.91±3.27 5.59±0.60 3.92±0.52 1.43±0.08 5.91±2.02

II

Zita 22.14 b-d 5.75 b 4.09 bc 1.41 f 5.14 d
Zoe 22.91 b 5.96 ab 4.07 bc 1.47 d 4.80 d
Panda 22.53 bc 5.76 b 4.20 b 1.37 h 5.35 cd
La Harpe 17.07 g 4.33 e 3.27 e 1.33 i 7.42 b
Kora 21.23 b-e 5.74 b 4.11 bc 1.39 g 5.08 d
Hruszowska 20.90 c-e 5.79 b 3.98 bc 1.45 e 5.30 cd
Bamby 18.53 fg 5.21 cd 3.53 de 1.48 c 5.84 c
Billy 25.50 a 6.41 a 4.94 a 1.30 j 5.07 d
Eva 20.50 de 5.56 bc 3.96 bc 1.41 f 5.27 cd
Čebelica 20.09 ef 5.79 b 3.83 cd 1.51 b 4.79 d
Doris 13.02 h 4.86 d 2.89 f 1.68 a 14.60 a
Mean 20.40±3.32 5.56±0.60 3.90±0.54 1.44±0.10 6.24±2.79
Range 12.32–29.41 4.07–6.79 2.75–5.28 1.29–1.68 4.40–15.33
CV (%) 15.90 10.64 13.44 6.32 39.89

The data are mean values (n=3). Mean values with different letters (a-i) in a column are signifi-
cantly different (p≤0.05, differences between varieties), TGW – thousand-grain weight,  
TPC – total phenolic compounds, GAE – gallic acid equivalents, CV – coefficient of variation
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The TGW ranged considerably from 12.32 to 29.41 g, and the average 
dimensions of these grains were 5.58 mm in length and 3.91 mm in width. 
Based on the average two-year TGW, buckwheat varieties can be divided 
into four groups: very high grain weight (≥ 26.0 g; Billy) > high grain weight 
(22.1-25.9 g; Zoe, Panda) > medium grain weight (18.1-22.0 g; Zita, Kora, 
Eva, Hruszowska, Čebelica, Bamby) > low grain weight (14.1-18.0 g;  
La Harpe, Doris). In general, the TGW of Tartary buckwheat is lower than 
that of common buckwheat (Mazahir et al. 2023), which was also shown  
in our study. Buckwheat varieties can also be divided into two groups based 
on grain length: high grain length (5.6-6.5 mm; Billy, Zoe, Panda, Zita, Kora, 
Eva, Hruszowska, Čebelica) > medium grain length (4.6-5.5 mm; Bamby,  
La Harpe, Doris); and in three groups according to grain width: high grain 
width (4.2-4.9 mm; Billy, Zoe, Panda) > medium grain width (3.4-4.1 mm; 
Zita, Kora, Eva, Hruszowska, Čebelica, Bamby) > low grain width (2.6-3.3 g; 
La Harpe, Doris). The results showed that the Billy variety developed signifi-
cantly larger grains under the given growing conditions in both years.  
In comparison, the varieties La Harpe and Doris developed significantly 
smaller grains than the other varieties tested (Table 1). The L/W ratio  
of the Tartary buckwheat variety Doris was significantly higher than that of 
the other common buckwheat varieties.

The TPC in the buckwheat grains varied considerably from 4.63 to 
14.60 mg GAE g-1. The mean TPC was slightly higher in 2020 than in 2019 
(6.24 and 5.91 mg GAE g-1, respectively), but these differences were not sig-
nificant. The Tartary buckwheat variety Doris had a significantly higher 
TPC in both years and contained over twice as much TPC as the common 
buckwheat varieties. Among the common buckwheat varieties, La Harpe had 
a significantly higher TPC compared to the other varieties. Liu et al. (2019) 
reported a similar range for the TPC of common buckwheat from China, 
while it was lower in Tartary buckwheat compared to our data. ANOVA 
showed significant differences in physical properties of grain size and TPC 
among varieties, but not between the growing years (Table 1). The highest 
coefficient of variation was calculated for the parameter TPC (39.89%) and 
the lowest for the L/W ratio (6.32%).

A total of 13 elements were determined in the 22 buckwheat samples, 
which can be subdivided into macroelements (>0.5 g kg-1) Mg, P, S, K and Ca 
(Table 2), and microelements (>0.01 mg kg-1) Cr, Mn, Fe, Co, Cu, Zn and Mo 
(Table 3). The highest coefficient of variation among the macroelements was 
calculated for Ca (33.43%) and the lowest for Mg (6.23%), and among the 
microelements for Fe (51.40%) and Mn (7.49%), respectively. Significantly 
higher levels of K and Zn were found in both growing seasons in the Tartary 
buckwheat variety Doris and in Ca, Mn and Mo in the common buckwheat 
variety La Harpe. ANOVA showed significant differences in the multi- 
-element composition of grains between varieties, except for P in the first 
year (I), and between growing years for the macroelements P, S, K and Ca 
(Table 2) and the microelements Co, Cu, Zn and Mo (Table 3). Domingos and 
Bilsborrow (2021) studied Bamby and Čebelica varieties grown in three con-
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secutive years at two sowing dates in the UK. They reported similar Zn con-
tents and higher Fe contents; however, no significant interactions were found 
for any of the study treatments. Podolska et al. (2021) reported lower Mg, 
Mn and Zn contents and higher Zn contents in the Kora and Panda varieties 
grown in Poland, suggesting a significant influence of the environment on 
the elemental composition of the grains.

Table 2
Macroelement composition of the grains of buckwheat varieties grown in two consecutive years

Year Variety
Macroelement (g kg-1)

Mg P S K Ca

I

Zita 2.47 a 4.22 2.06 ab 5.87 bc 0.68 e
Zoe 2.39 a 4.16 1.98 ab 5.85 bc 0.70 de
Panda 2.45 a 4.19 1.99 ab 5.76 c 0.60 f
La Harpe 2.53 a 4.24 2.06 ab 6.27 b 1.08 a
Kora 2.49 a 4.29 2.07 ab 5.79 bc 0.75 cd
Hruszowska 2.41 a 4.19 2.10 a 5.77 bc 0.59 f
Bamby 2.40 a 4.17 1.92 b 5.61 c 0.81 bc
Billy 2.43 a 4.23 1.97 ab 5.97 bc 0.82 b
Eva 2.37 a 4.20 1.99 ab 5.69 c 0.70 de
Čebelica 2.47 a 4.41 2.05 ab 5.93 bc 0.76 b-d
Doris 2.01 b 4.16 1.65 c 6.83 a 1.09 a
Mean 2.40±0.17 4.22±0.19 A 1.99±0.15 A 5.94±0.41 A 0.78±0.17 B

II

Zita 2.33 a-c 3.76 bc 1.94 ab 4.40 cd 0.73 f
Zoe 2.33 a-c 3.86 a-c 1.87 ab 4.62 bc 0.86 de
Panda 2.28 bc 3.89 a-c 1.92 ab 4.25 cd 0.73 f
La Harpe 2.52 a 3.74 bc 1.94 ab 4.40 cd 1.80 a
Kora 2.40 a-c 3.87 a-c 1.88 ab 4.56 c-d 0.93 d
Hruszowska 2.35 a-c 3.67 c 1.84 b 4.40 cd 0.76 f
Bamby 2.35 a-c 3.79 bc 1.84 b 4.20 d 1.14 c
Billy 2.48 ab 3.92 a-c 2.03 a 4.87 b 1.07 c
Eva 2.36 a-c 4.01 ab 1.94 ab 4.51 c-d 0.81 ef
Čebelica 2.43 ab 4.01 ab 1.97 ab 4.57 c-d 0.85 de
Doris 2.22 c 4.15 a 1.83 b 5.97 a 1.62 b
Mean 2.37±0.13 3.88±0.21 B 1.91±0.10 B 4.61±0.51 B 1.03±0.36 A

Range 1.91–2.66 3.48–4.63 1.57–2.21 3.99–7.17 0.56–1.89
CV (%) 6.23 6.51 6.68 15.37 33.43

The data are mean values (n=3). Mean values with different letters (a-f) in a column are signifi-
cantly different (p≤0.05, differences between varieties), mean values with different capital  
letters (A,B) are significantly different (p≤0.05, differences between years), CV – coefficient  
of variation
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The Pearson correlation coefficients with a significance of p>0.05  
between the 18 variables examined are listed in Table 4. A very strong signi- 
ficant correlation (≥0.89) was found between TGW, R-length and R-width.  
A moderate correlation between grain length and grain width was reported 
for common buckwheat (Unal et al. 2017). Among the macroelements,  
S showed a very strong significant correlation with Mg (0.90) and a strong 
significant correlation with P (0.66). P showed a very strong significant  
correlation with K (0.81), while Ca showed a strong significant correlation 
with TPC (0.66). Among the microelements, Cu showed a very strong signi- 
ficant correlation with Mg and S (>0.80). Zn showed a very strong significant 
correlation with K (0.81), strong significant correlations with TPC and Co 
(>0.76) and a moderately strong significant correlation with Fe (0.54). Huang 
et al. (2014) also reported a positive relationship between Fe and Zn in their 
study of 123 Tartary buckwheat accessions native to China. In addition,  
correlation coefficients between Zn, Cu and Mn were reported in different 
common buckwheat grains (Ikeda, Yamashita 1994).

Principal component analysis was performed for a data structure study 
on a reduced dimension to extract maximum information from the data.  
The PCA plot (2D) of the component weights for 18 variables is shown  
in Figure 2. The first five principal components accounted for 86.23%  

of the total variation for these grain traits. The relative contribution of com-
ponent 1 to this total variance was 35.71%, with the main contributing  
variables (in descending order) being grain width, TGW, TPC, grain length 
and L/W ratio. The relative contribution of component 2 to the total variance 
was 21.64%, which was mainly due to the content of the elements P, K, Cu, 
Mn and Zn.

Fig. 2. PCA plot of the component weights
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CONCLUSIONS

In this study, the grain size characteristics and nutritional properties  
of eleven buckwheat varieties grown in Central Europe were analysed. Phys-
ical properties, phenolic compounds and multi-element composition of whole 
grains differed significantly between varieties and crop years. Strong correla-
tions were found between certain variables (TGW and grain length and 
width, grain length and width, S and Mg, P and K, Cu and Mg, Cu and S, K 
and Zn). The Billy variety developed the largest grains, while La Harpe and 
Doris had the smallest grains. The buckwheat varieties were divided into 
four groups according to the TGW. Tartary buckwheat had more than twice 
as many phenolic compounds as common buckwheat varieties, with  
La Harpe having the highest total phenolic content. Tartary buckwheat had 
higher levels of K and Zn, while Ca, Mn and Mo were more abundant in the 
common buckwheat variety La Harpe. However, further studies are needed 
to fully understand these complex relationships.
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