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the caryopses using a digital reflected light microscope at 
200× magnification to obtain an average cell width.

The width values are based on a total of 478 aleurone 
cell measurements (Table 2). Mean aleurone cell width 
values were calculated from the cell measurements of the 
lines of neighbouring cells. The means of the cell widths 
of the caryopses can be grouped into three classes centred 
around 28.9 μm, 34.8 and 41.6 μm. During charring, cary-
opses shrink in length by about 10% or more, but increase in 
width (Hopf 1955; Braadbaart 2008). Accordingly, archaeo-
botanical aleurone cell width values should be more than 
corresponding recent ones.

For uncharred recent material of eight provenances, 
Fritsch et al. (1977) report an aleurone cell width of 29.8 μm 
for tetraploid free-threshing wheats and 36.3 μm for hexa-
ploid T. aestivum, which corresponds to an increase in cell 
width from tetraploid to hexaploid by about 22% (Table 1). 
This is close to the aleurone cell width difference between 
the size classes 34.8 μm (interpreted as tetraploid) and 
41.6 μm (hexaploid) of about 19.6% in the archaeobotanical 
material (Table 2). As expected, the absolute width averages 
for both charred (assumed) ploidy levels are higher than for 
the corresponding recent width values and account for dif-
ferences of 16.9 and 14.6% respectively (Table 3). Hence, 
the morphologically identified T. aestivum/durum/turgidum 
caryopses with aleurone cell widths of around 42 μm are 
here identified as T. aestivum, while widths around 35 μm 
may represent tetraploid wheats like T. durum and T. turgi-
dum. The occurrence of both tetraploid and hexaploid free-
threshing wheats together, as in the Vráble material, has 
already been reported for other Bronze Age sites based on 
rachis remains (Stika and Heiss 2013). The few identifiable 

Charred caryopses (grains) of tetraploid (Triticum durum, T. 
turgidum) and hexaploid (T. aestivum) free-threshing wheats 
cannot be distinguished by morphological characteristics. 
Consequently, they are mostly referred to as T. aestivum/
durum/turgidum in archaeobotanical contexts. Until now, 
only rachis fragments can be assigned to a particular ploidy 
group. For more details and archaeobotanical nomenclature 
used, see Stika and Heiss (2013). In this short contribution, 
we present a suggestion how to identify the ploidy level of 
morphologically identified free-threshing wheat caryopses, 
based on their aleurone cells.

As already published by Fritsch et al. (1977), cells of 
the aleurone layer, the outermost layer of the endosperm, 
which lies beneath the seed coat and the pericarp, show a 
considerable increase of width with ploidy level (Table 1), 
as the sizes of the pollen grains also do (Beug 2004). This 
outer layer of the endosperm was exposed in places on some 
caryopses from the early Bronze Age settlement Fidvár near 
Vráble, Slovakia (Fig. 1; Schlütz and Bittmann 2015, 2016). 
It was possible to measure the aleurone cell width for eleven 
of them. For each caryopsis, the widths of several neigh-
bouring aleurone cells were measured across the width of 
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rachis fragments from Vráble are of tetraploid nature, but 
clear hexaploid rachis fragments were not found.

The caryopses with the smallest aleurone cell widths 
(Table 2, #028, #006), however, are not morphologically 
different from the tetraploid and hexaploid T. aestivum/
durum/turgidum caryopses investigated. In contrast, 
their aleurone cell widths fall within the range of dip-
loid wheat species as represented by cultivated and wild 
glume wheats (Table 1, T. monococcum, T. urartu, T. 
boeoticum). Could this imply that free-threshing diploid 
wheats might have been present in the past, but the dif-
ferences of their rachis fragments to other free-threshing 
wheats are small and not yet recognised? It would be 
worth noting that possibility, especially as recent vari-
ants of free-threshing diploid wheats do exist (Amagai et 
al. 2014; Sood et al. 2009).

The aleurone cell width measurement technique pre-
sented here seems to open a way to directly determine 
the ploidy level of wheat caryopses identified as free-
threshing from archaeobotanical contexts and might also 
be applicable to other polyploid plant groups. Because the 
amount of data is still quite limited, further measurements 
and tests of the method are needed on material from other 
sites with well preserved rachis fragments as a control. 
Therefore, any feedback (especially confirmation) would 
be welcome.

The authors strongly appreciate the comments of two 
reviewers which have been very helpful and the finan-
cial support by the Deutsche Forschungsgemeinschaft 
(DFG) for the project BI 783/5 “The rise and decline of 
the central settlement of Fidvár near Vráble (Southwest-
ern Slovakia) - Studies on the economy, social structure 
and political organization of a social unit within its wider 
surroundings”.

Table 1 Widths of aleurone cells of wheats after Fritsch et al. (1977) 
with calculated means and difference to the next lower ploidy level. 
The diploid wheats (2x) are not free-threshing
Species Ploidy 

level
No. of 
origins

Width 
(µm)

Mean 
width of 
ploidy level 
(µm)

Increase 
(%)

Triticum urartu 2x 2 25.8
T. boeoticum 2x 4 25.4
T. monococcum 2x 4 26.9 26.0
T. durum 4x 4 29.6
T. turgidum 4x 4 29.9 29.8 + 14.3
T. aestivum 6x 4 36.3 36.3 + 22.0

Fig. 1 Exposed aleurone layer of a wheat caryopsis (sample #253) ori-
entated with apex to the top. Arrows show the direction of lines along 
which the widths of a line of cells were measured to determine the 
mean aleurone cell widths. To the left the aleurone layer is covered by 
transverse cells, lower down also by longitudinal cells, both belonging 
to the pericarp (according to Körber-Grohne and Piening 1980). Scale 
bar 500 μm
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Table 2 Widths of 478 aleurone cells of charred free-threshing wheat caryopses from early Bronze Age Fidvár, assigned by their cell 
widths to ploidy levels. In most cases only one out of several caryopses morphologically identified as free-threshing wheat had parts of the 
aleurone layer exposed, but two grains did, in samples #129 and #112
Sample ID Cells per line (n) Length of line (µm) Mean cell width (µm) per Cell width increase (%) Assumed ploidy level

Line Caryopsis Class
#028 12 372.0 31.0

15 358.9 23.9
13 378.4 29.1
12 295.6 24.6
9 278.1 30.9
9 278.8 31.0 28.4

#006 8 237.9 29.7
8 232.5 29.1 29.4 28.9 diploid

#129-1 10 344.0 34.4 34.4
#129-2 12 441.0 36.8

12 412.0 34.3
12 418.0 34.8 35.3

#112-1 14 411.0 29.4
13 422.0 32.5
10 422.0 42.2 34.7

#236 15 494.7 33.0
16 493.6 30.9
14 511.0 36.5
22 776.5 35.3
8 272.5 34.1

25 984.1 39.4 34.8
#274 7 225.6 32.2

9 305.1 33.9
8 245.8 30.7
7 292.7 41.8 34.7 34.8 + 20.3 tetraploid

#112-2 16 705.0 44.1
19 723.0 38.1
27 1,077.0 39.9
15 578.0 38.5
15 667.0 44.5 41.0

#036 14 587.0 41.9
15 543.1 36.2
9 466.6 51.8 43.3

#227 17 722.0 42.5
8 353.9 44.2

11 358.5 32.6 39.8
#253 12 507.4 42.3 42.3 41.6 + 19.6 hexaploid

Table 3 Relative aleurone cell width differences between recent uncharred wheat caryopses of known ploidy level (Table 1) compared to charred 
archaeobotanical specimens of inferred ploidy from early Bronze Age Fidvár (Table 2). The calculated width increase assumed from the charring 
of the tetraploid caryopses is about 16.9%, that of hexaploid ones 14.6%
Recent Charred (archaeobotanical remains) Increase (%)
Ploidy level Cell width (µm) Assumed level Cell width (µm)
2x 26.0 2x 28.9 + 11.1
4x 29.8 4x 34.8 + 16.9
6x 36.3 6x 41.6 + 14.6
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