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Introduction 
In 2015, archaeologists from Museum Skanderborg excavated two block samples from an 
equestrian burial at the site of SBM 1366, Fregerslev II, to investigate the site’s preservation 
conditions. Based on the state of the material and the substantial risk of degradation, it was 
decided to excavate the grave in 2017. In those parts of the grave that contained many fragile 
object remains, block samples were collected. These block samples were excavated indoors 
by the department of Archaeological Science and Conservation, Moesgaard Museum, by 
means of stereomicroscopy in the period 2017-2019. 
The grave consisted of burial chamber measuring 9.4 m2 that contained amongst others a 
person, a horse and grave goods including a quiver with arrows, a saddle and a horse harness 
including a bridle. The luxurious ornamentation of the bridle, decorated with gold and silver, 
indicated that the buried person had a high social status. The objects in the grave indicated 
that the grave dates to ca. 950 CE. 
Block sample X974, lifted in 2015, contained remains of a horse bridle, remains of leather 
that may represent a nosebag and additionally a substantial quantity of unidentified material. 
Close cooperation between the conservators and archaeobotanists at Moesgaard Museum 
allowed the identification of the unknown material as dendritic phytoliths of chaff of grass. 
Phytoliths are microscopic plants parts of hydrated silica SiO2•nH2O. They often represent 
the infill of plants cells, while it also may represent parts of the cell walls or the space in 
between cell walls. Since phytoliths are inorganic, they can provide information about the 
presence of plant remains independent of the preservation of organic remains. They can 
provide taxonomic identifications on various levels. Sometimes it is only possible to 
differentiate between monocotyledons (a group of plants including grasses and sedges, 
amongst others) and dicotyledons (a group of plants including most European herbs and 
woody plants), while other times it is possible to make identifications on family, genus or 
species level. A strength of phytoliths is that they, depending on the taxon and find material, 
allow to identify plant parts such as culms, leaves and chaff. Some plant taxa, such as grasses, 
tend to produce many phytoliths, while others, such as woody taxa, tend to produce only 
few and/or hardly diagnostic phytoliths (Piperno 2006 and references therein). 
A preliminary observation by Prof. A. Rosen from the University of Texas at Austin in 2016 
suggested that the dendritic phytoliths of chaff of grass found nearby the nosebag could 
concern chaff of oat. Based on the context, the material is interpreted as fodder for the horse. 
Specific questions related to this find were: 
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-which taxon does the phytoliths from nearby the nosebag represent; is oat indeed present 
and are there also other taxa present? 
-is the plant material present at one location in the grave only or is the plant material present 
all over the grave? 
In relation to the second question, samples from elsewhere in the grave have been analysed 
to serve as a comparison with the apparent concentration nearby the nosebag. 
 
Table 1 shows the context of the phytolith samples, while figure 1 shows the location of the 
samples. Two types of phytolith samples were collected: samples from nearby the nosebag 
and samples from elsewhere in the grave. Some of the samples from all over the grave where 
collected during excavation in the field while others were collected during excavation of the 
block samples in doors. The sediment of the samples from all over the grave consisted of 
sandy clay. 
Two of the samples from all over the grave were collected from the upper part of the blocks 
were collected with the intention to use these as control samples, to investigate whether the 
phytoliths on the bottom of the grave were related to this specific context. Comparison with 
results of chemical analyses (T. Ljungberg and V. Orfanou, pers. comm. 2019) suggested, 
however, that these intended control samples came from the same context as the samples 
from the bottom of the grave. Instead, sample 128, collected from clayey moraine sediment 
from outside the grave at the same level as the bottom of the grave, has been included as a 
control sample. 
All samples from the bottom of the grave apart from the later added control sample were 
screened to evaluate whether they were suitable for analysis and which samples were most 
suitable for analysis (Out 2019). Sample 261 was rejected because of the low phytolith 
content while analysis of sample 298-1 was considered as suitable for analysis but not 
necessary. The control sample was not screened before analysis because it was essential for 
the analysis. The samples from nearby the nosebag were not screened because the first 
observations had immediately made it clear that these samples were suitable for analysis. 
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Table 1. SBM 1366, Fregerslev II, context of the samples. X-nr. and P-nr.= sample number. A=feature 
number. In the column Control sample, + = control sample and *= initially selected as control 
sample. 

Sampl
e 

X-nr. P-nr. A Niveau T Context 
Control  
sample 

Analysis 

140 140         From block sample: nearby the nosebag.   + 
974 974 AB       From block sample: nearby the nosebag.   + 
974 974 AQ       From block sample: nearby the nosebag.   + 
974 974 E       From block sample: nearby the nosebag.   + 
974 974 Y       From block sample: nearby the nosebag.   + 

128   128       
From excavation: from outside the grave, 

at the same level as the bottom of the 
grave. 

+ 
+ 

217 217         

From block sample: from the bottom of 
the block sample, just underneath a 
possible brooch consisting of poorly 

preserved silver and possible leather. 

  

+ 

248 248         
From block sample: sample from the top 

of the block sample, next to a stone. * + 
254 254 78 238     From excavation: originally a lipid sample   - 

261 261   238 4   From excavation: small sample box with 
organic remains. 

  + 

265-1 265-1         From block sample: sample from a mulch 
layer on the bottom of the block sample. 

  + 

265-2 265-2         
From block sample: sample from the top 

of the block sample. 
* + 

298 298-
F1 

        From block sample: from the bottom of 
the block sample. 

  - 

298 
298-
F2         

From block sample: From the bottom of 
the block sample.   + 

303 303   238 4 55 
From excavation: small sample box, 

underneath wood (coffin?).   + 

304 304-F         From block sample: from the bottom of 
the block sample. 

  + 
 

 
Figure 1. SBM 1366, Fregerslev II, location of the phytolith samples, including those samples that were 
screened but not selected for analysis (figure M. Schifter Bagge, Skanderborg Museum). 
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Materials and methods 
The samples from nearby the nosebag were collected from block samples X140 and X974 
that were located close to each other (see figure 1). The sediment in between was not 
collected during the excavation. From block X140, one phytolith sample was collected. From 
block X974, four samples were collected: AB, AQ, E and Y. The resulting five samples were 
first studied by means of stereomicroscopy. At this stage, macroscopic photos were taken 
with an Imaging Source DFK33UX178 camera at a magnification of ca. 40x. Since the material 
consisted primarily of phytoliths, the material was mounted directly on slides with immersion 
oil (Merck Millipore) with a refractive index of 1.515 - 1.517 without any chemical extraction. 
Before mounting the material on the slides, tissue layers were separated from each other 
under a stereomicroscope at a magnification of 20x with forceps and a scalpel to optimize 
the visibility of the phytoliths on the slides. Per (sub)sample, two to six slides were prepared. 
Initially the material from individual samples was randomized per slide, while in a later stage 
only one or two different chaff fragments were mounted on individual slides. The size of the 
chaff fragments and thus the silica skeletons (multicellular interconnected phytoliths in their 
original anatomical position) was mainly resulting from the mounting techniques. 
Two complementary methods have been applied in order to obtain a taxonomic 
identification of the material from nearby the nosebag, one based on morphology and one 
based on morphometry. The first method is based on general morphology, in other words on 
the shape of the protuberances of dendritic cells and characteristics like the size and number 
of pits of hair bases as known from in silica skeletons of modern-day reference material (cf. 
Rosen 1992). For this method, photos of at least 40 different silica skeletons (here: chaff 
fragments) were collected per sample by means of a Nikon Eclipse CI microscope and a Nikon 
DS-Fi1 camera at a magnification of 600x. The photographs were collected from as many 
different slides as time and the quality of the prepared slides allowed to assure optimal 
documentation of as much possible variation within the material as possible within the 
available time frame. Per skeleton one to ten photos were made, depending on the size of 
and observed variation of phytolith shape within a skeleton. Overall, ca. 680 photos of 232 
silica skeletons from one sample from X140 and four samples of X974 were analysed. The 
identifications of the silica skeletons were carried out with kind help from Dr. M. Portillo of 
the Autonomous University of Barcelona, Spain. M. Portillo made use of information 
obtained from the reference collection of UCL (Portillo et al. 2014). 
The second method is based on morphometry of dendritic phytoliths, carried out by means 
of semi-automatic image analysis and with the same microscope and camera as used for the 
first method. Dendritics were selected because their quantity, orientation and visibility made 
them most suited to be subjected to morphometry. Single dendritic phytoliths that formed 
part of a silica skeleton were first captured on photographs and afterwards digitalized by 
using a WACOM Cintiq 21 UX interactive pen display and an ImageJ plugin “PhytolithBatch” 
developed especially for this purpose by the International Committee for Phytolith 
Morphometrics (Ball et al. 2016; figure 2). When it was not possible to take a photograph 
that showed all parts of the dendritic phytolith in focus, multiple photographs were collected. 
While one photo was selected for digitalization, the others were used to study the precise 
shape of the complete phytolith just before digitalization. The use of the specific software 
and macro resulted in automatic measurement of 18 parameters of size and shape, which 
can be compared with published measurements of reference material. Per skeleton, 
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measurements of at least five dendritics were collected, since a morphometric study of 
dendritics of modern-day wheat and barley indicated this number as the recommended 
minimum sample size, based on the variation in size and shape of dendritics in that study 
(Ball et al. 1999). 
Another morphometric method to compare chaff phytoliths from various cereal taxa with 
each other, for which values of multiple parameters of size and shape are published, is based 
on measurement of rondels instead of dendritics (Ball et al. 1999; Portillo et al. 2006). 
Rondels were not selected in this study because they occurred less frequent than dendritics 
and are not always positioned in a way that allows easy and systematic collection of 
comparable morphometric values. 
 

 
Figure 2. SBM 1366, Fregerslev II, collection of morphometric data of dendritic long cells based on 
the ImageJ plugin developed by Ball et al. (2016) (photo W. Out). 
 
Descriptive statistics of the dendritics, including the mean, minima, maxima and standard 
deviation, were calculated per sample. Minimum samples sizes were calculated following the 
formula of Ball et al. (2016), assuring a 90% confidence level that the sample means are 
within 5% of the actual population means: Nmin  =  Z2

/2  X  S2/(ME)2, where Nmin is the 
minimum sample size, Z2

/2 = 1.64, which is the square of the two-tailed value at  = 0.10, S2 
= the variance, and (ME) 2 = the square of the desired margin of error, which is here 0.05 x 
the sample mean. 
The phytolith assemblages from nearby the nosebag were not subjected to quantitative 
analysis consisting of counting phytolith morphotypes since it was clear from the beginning 
that it concerned primarily grass chaff and since quantification would not have contributed 
towards the aim of obtaining a taxonomic identification of this material. 
The phytolith samples from areas of the grave other than nearby the nosebag were prepared 
by A.L. Philip of the Institute for Biodiversity & Ecosystem Dynamics, University of Amsterdam 
in the Netherlands. The samples were prepared with H2O2 (33%), HCl (10%) and KMnO4 to 
remove calcium carbonates and organic material. Afterwards, the samples were sieved on a 
212 µm sieve. Subsequently, the samples were treated with Na4P2O7 (10%) to separate clay 
particles from each other. Finally, the various mineral fractions (sand, clay and silt) were 
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separated by means of a heavy liquid separation using bromoform (special gravity 2.3 g/cm3), 
based on differences of the density of the various fractions. The centrifuge rotation speed 
was maximum 1500 rpm. The samples were mounted on slides in Naphrax. As part of the 
analysis, at least 300 phytoliths were counted with a Nikon Eclipse CI microscope at a 
magnification of 600x. The phytoliths have been classified according to the International 
Code for Phytolith Nomenclature Madella et al. (2005). 
 

Results 
 
Phytoliths from nearby the nosebag 
The chaff material observed in the block samples X140 and X974 was attested in an area of 
229 cm2 in X140 and 248 cm2 in X974, implying an area of ca. 33 x 37 cm when assuming that 
similar material was also present in the space in between the blocks. The material consisted 
of multiple very fine layers of very concentrated greyish to brownish material (see figure 3), 
sometimes at least 0.5 cm thick, distinguished as unidentified material during to the 
excavation by means of binoculars. Macroscopic remains of cereal grains, culms or leaves 
were not observed, and as a result the material was initially not recognized as plant material. 
Further inspection under a high-magnification microscope showed that the material 
represented a concentration of silica skeletons dominated by dendritic phytoliths, 
demonstrating the presence of grass chaff. After the recognition of chaff phytoliths, decayed 
remains of grass spikelet forks could macroscopically be recognized. Arrangement of the 
chaff as complete ears has not been observed. The chaff was very concentrated and hardly 
contained any sediment. The presence of the fine layers of chaff, exceptionally well 
preserved and not fallen apart, indicates that the material was taphonomically undisturbed 
and had not been trampled on or replaced since deposition. Study by means of high-
magnification microscopy showed that the phytoliths were embedded in decayed organic 
material, looking clearly yellowish/brownish under high magnification. The chaff occasionally 
contained pollen and regularly fungal spores, matching the presence of decaying organic 
material. 
The chaff phytolith assemblage primarily shows dendritic cells and besides echinate long 
cells, rondels, cork cells, papilla, trichomes (hairs) and trichome bases, as expected in case of 
cereal chaff. In addition, the photographs show a minor quantity of psilate long cells, which 
may represent fragments of the rachis and rachilla, the small culm-like fragments of (oat) 
ears, or leaf/culm fragments of the larger plants (cf. Portillo et al. 2017). Further, some 
sinuate long cells were attested. These have also been observed in modern-day chaff 
reference material of oat by Portillo et al. (2006). 
Dendritic phytoliths associated with rondels can directly be related to chaff of the grass 
subfamily Pooideae, but can generally not morphologically be assigned to wild or domestic 
grasses. The large quantity of dendritic cells suggests that it concerns a domestic grass. Also 
the archaeological context suggests that it concerns a domesticated cereal, since the grave 
is an elite grave and since it can be assumed that in agricultural societies, domesticated 
grasses were more easily accessible to people in large quantities than wild grasses. 
 



   

8 
 

 
Figure 3. SBM 1366, Fregerslev II, sample X974, AB, chaff primarily consisting of phytoliths from nearby 
the nosebag (photo W. Out). 
 
Table 2 shows a summary of the morphological identifications of the chaff from X140 and 
X974, collected nearby the nosebag. 218 skeletons (94% of the total and 93-100% per 
sample) included phytoliths identified as oat (figure 4), 28 (12%) additionally included 
possible oat, while 26 skeletons (11%) included phytoliths that remained taxonomically 
unidentified. 37 skeletons generated more than one identification while three consisted of 
oat, possible oat and unidentified material. Only the phytoliths on photographs of 18 
skeletons (8%) were not or not predominantly identified as oat. This means that according to 
this identification method, the clear majority of the material consisted of oat. The material 
that could not be identified as oat looked very uniform and probably presents a single other 
category. 
 

Table 2. SBM 1366, Fregerslev II, identification results of morphological identification of the dendritic 
phytoliths from nearby the nosebag. N= number. ?=unidentified. 

  N % 

Sample N_slides N_skeletons Oat Oat? ? Mixed Oat Oat? ? Mixed 

X140 6 67 62 12 9 14 93 18 13 21 

X974, AB 3 40 39 4 4 7 98 10 10 18 

X974, AQ 4 40 37 3 4 4 93 8 10 10 

X974, Y 4 43 38 6 3 4 88 14 7 9 

X974, E 2 42 42 3 6 8 100 7 14 19 

Total 19 232 218 28 26 37     
 



   

9 
 

 
Figure 4. SBM 1366, Fregerslev II, sample X974, Y, dendritic phytoliths of oat chaff from nearby the 
nosebag (photo W. Out). 
 

For the identification method based on morphometry, 100 dendritics of X140 and 100 
dendritics from all four samples of X974 together were digitalized, and 18 parameters of size 
and shape were measured of each dendritic phytolith and compared with data of reference 
material afterwards. 14 dendritics of X140 were excluded from further analysis because a 
part of them showed unrealistic outliers in parameters of size, while the remaining quantity 
was too small to meet the requirement of five dendritics per skeleton. 
Table 3 shows the mean values of the parameters of size and shape for the dendritics of X140 
and X974. While the mean size values of X974 are higher than those of X140, the values of 
both samples are within relatively comparable range of magnitude. The numbers calculated 
as the minimum sample size indicate that for most parameters, except for the parameter 
Inscribed Radius in case of both samples and Convex Area in case of X140, enough phytoliths 
have been measured per sample to obtain representative results (the sample means are 
within 5% of the actual population means). When the results of both samples are combined, 
enough measurements have been collected for all parameters. This indicates that the degree 
of variation within and between the samples is moderate and acceptable. 
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Table 3. SBM 1366, Fregerslev II, results of the morphometric analysis of dendritic cells of X140 and 
X974. Mean=mean value, Min= minimum value (lowest value observed in population), Max=maximum 
value, STD=standard deviation, Min N= minimum sample size. 

X140 (N=86) Mean Min Max STD Min N 

Area 685,66 168,78 1255,80 249,93 87 

Convex Area 1657,20 530,61 3257,76 622,45 93 

Perimeter 504,84 225,23 890,07 157,30 64 

Convex Perimeter 208,66 101,80 332,57 54,26 44 

Length (Feret) 94,12 44,04 154,72 26,50 52 

Breadth 20,19 11,09 30,00 3,93 25 

Fiber Length 116,32 52,21 189,82 31,63 48 

Width 20,19 11,09 30,00 3,93 25 

Equivalent Diameter (ArEquivD) 29,02 14,66 39,99 5,60 24 

Inscribed Radius (MinR) 1,76 0,08 4,01 0,81 140 

Form Factor (Circ) 0,04 0,02 0,07 0,01 69 

Roundness 0,10 0,05 0,23 0,04 74 

Convexity 0,42 0,30 0,60 0,06 14 

Solidity 0,42 0,31 0,52 0,05 8 

Compactness 0,32 0,23 0,48 0,05 18 

Aspect Ratio 4,77 2,32 9,14 1,45 61 

Elongation 5,87 2,93 10,69 1,66 52 

Curl 0,81 0,73 0,88 0,03 1 

X974 (N=100) Mean Min Max STD Min N 

Area 849,52 340,01 1611,59 244,33 54 

Convex Area 2047,17 964,54 4019,28 586,97 54 

Perimeter 587,76 283,65 916,77 137,55 36 

Convex Perimeter 234,32 128,75 401,75 55,96 37 

Length (Feret) 105,05 52,69 191,96 28,38 48 

Breadth 22,39 14,81 30,34 3,09 12 

Fiber Length 129,97 66,87 223,28 32,91 42 

Width 22,39 14,81 30,34 3,09 12 

Equivalent Diameter (ArEquivD) 32,55 20,81 45,30 4,74 14 

Inscribed Radius (MinR) 1,79 0,08 3,56 0,91 167 

Form Factor (Circ) 0,03 0,02 0,08 0,01 73 

Roundness 0,11 0,04 0,23 0,04 73 

Convexity 0,40 0,31 0,53 0,05 10 

Solidity 0,42 0,27 0,52 0,05 8 

Compactness 0,32 0,20 0,48 0,05 18 

Aspect Ratio 4,82 2,07 10,29 1,59 72 

Elongation 5,94 2,58 12,34 1,83 62 

Curl 0,81 0,71 0,88 0,03 1 
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Table 4 shows the comparison of the mean morphometric values from this study with similar 
values collected from reference material. This reference material comes from populations 
grown from seeds in the US and includes two domesticated oat species, common oat (A. 
sativa) that is hexaploid and bristle oat (A. strigosa) that is diploid and that was in the past 
particularly grown for its leaves and culms (Portillo et al. 2006). In Denmark, the species was 
historically grown for feed and fodder (Weibull et al. 2002). Analysis of the reference material 
showed that all parameters other than Aspect Ratio, Convexity and Curl can be used to 
discriminate between the two oat taxa (Portillo et al. 2006). Comparison of the material from 
this study with the reference material shows that while the values obtained in this study are 
in an order of magnitude that is comparable with the measurements of the reference 
material, the values mostly fall outside the range of the values of the reference material (in 
case of 15 of the 18 parameters). When one would assign the material from this study to one 
of the species of the reference material based on relative similarity (low values or high 
values), the values obtained in this study sometime match those of common oat and 
sometimes those of bristle oat (N=9 and N=6 parameters respectively, after exclusion of 
Aspect Ratio, Convexity and Curl). The applied morphometry thus does not allow making a 
definitive identification. 
 

Table 4. SBM 1366, Fregerslev II, mean values of the morphometric results of samples X140 and X974 
compared with mean values of reference material of two populations of common oat (A. sativa) and 
bristle oat (A. strigosa) (Portillo et al. 2006; descriptions of the morphometries used in this study can 
be found in Table 1 in Portillo et al. (2006)). 

 

 
Phytoliths from elsewhere in the grave 
The phytoliths from the bottom of the grave in areas other than nearby the nosebag were 
moderately well preserved. Figure 5 shows a summary of these phytolith results. Appendix 1 
gives the raw data. Table 5 gives the number of phytoliths per gram of sample sediment. 
Grass phytoliths of the Pooideae subfamily (monocotyledons) dominate, while a minor part 
of the assemblage represents dicotyledons (representing herbs and woody plants) and 
material that is either not assigned to a taxonomic level or that could not be identified due 

Best match
X140

(N=86)
X974

(N=100)
A. sativa 1 A. sativa 2 A. strigosa 1 A. strigosa 2

Area (µm2) 686 850 737 680 343 338 A. sativa

Convex Area (µm2)
1657 2047 1444 1330 846 843 A. sativa

Perimeter (µm) 505 588 365 355 301 295 A. sativa

Convex Perimeter (µm) 209 234 182 174 139 141 A. sativa

Length (Feret) (µm) 94 105 81 78 62 63 A. sativa

Breadth (µm) 20,2 22,4 23,0 22,4 17,9 17,8 A. sativa

Fiber Length (µm) 116,3 130,0 179,0 173,5 148,2 145,1 A. s trigosa

Width (µm) 20,2 22,4 11,2 10,9 6,9 6,8 A. sativa

Equivalent Diameter (ArEquivD) (µm) 29,0 32,5 29,4 28,3 20,0 20,2 A. sativa

Inscribed Radius (MinR) (µm) 1,76 1,79 4,90 4,80 2,95 2,96 A. s trigosa

Form Factor (Circ) 0,04 0,03 0,09 0,09 0,06 0,06 A. s trigosa

Roundness 0,10 0,11 0,16 0,16 0,13 0,13 A. s trigosa

Convexity 0,42 0,40 0,54 0,53 0,49 0,50 A. s trigosa

Solidity 0,42 0,42 0,50 0,52 0,42 0,42 A. s trigosa

Compactness 0,32 0,32 0,39 0,39 0,36 0,35 A. s trigosa

Aspect Ratio 4,77 4,82 3,60 3,49 3,45 3,55 A. sativa

Elongation 5,87 5,94 16,4 16,4 22,0 21,7 A. sativa

Curl 0,81 0,81 0,50 0,48 0,44 0,45 A. sativa

This study Portillo et al. 2006
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to weathering (restricted preservation). Dicotyledons are very often underrepresented in 
phytolith assemblages because they produce relatively few phytoliths compared to grasses 
(Piperno 2006). Figures 6 and 7 show detailed information about the grass short and long 
cells. In all samples apart from control sample 128, grass short cells dominate the 
assemblage, reaching values of ca. 70-80%. Figure 3 shows that the short cells primarily 
concern rondels and polylobate trapeziforms (see also figure 8). Figure 4 shows that the long 
cell assemblage primarily contains psilate long cells (1-19% per sample). Echinate long cells 
also occur in most samples. The combination of psilate and echinate long cells, rondels and 
trapeziforms points to the presence of culms and leaves of Pooid grasses. Samples X217 and 
X248, located in the northern part of the grave at the presumed location of the buried person 
and west of the area with the bridle and nosebag, differ from the other samples because they 
contain few dendritic long cells, indicative of Pooid chaff (1-3 % per sample). This chaff 
material, at least partly also representing oat, may derive from the concentration nearby the 
nosebag, possibly blown aside during the burial or other, separately deposited material. 
Pollen analysis can possibly shed further light on this. 
There is a clear difference between the samples from the bottom of the grave and the control 
sample from outside the grave, sample 128. One the one hand, there is a clear difference in 
the phytolith concentration and preservation (see table 5 and the importance of weathered 
phytoliths as shown in figure 5). On the other hand, grass short cells, which generally 
preserve relatively well, were hardly attested in the control sample. This indicates that the 
phytolith assemblage from the grave differs from the area outside the grave and can be 
interpreted as grass culm and leaf material (hay and/or straw) deposited on the bottom of 
the grave. 
The phytolith results from the bottom of the grave cannot be compared precisely with the 
assemblages from the samples nearby the nosebag quantitively because the latter have not 
been analysed in the same way. One can though make a non-quantitative comparison. The 
samples X140 and X974 are dominated by dendritic long cells, with only a minor component 
of short cells consisting of rondels only (no trapeziforms) and other morphotypes typically 
for Pooid grass chaff (discussed in detail above). The samples do not contain phytoliths from 
dicotyledons. The two types are thus very different of character, meaning that the phytoliths 
from the area nearby the nosebag represent a chaff concentration that is not found 
elsewhere in the grave. 
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Figure 5. SBM 1366, Fregerslev II, summary of the phytolith results of the samples from all over the 
grave. 
 
Table 5. SBM 1366, Fregerslev II, phytolith concentration of the samples from all over the grave. 

Sample Conc. (#/gram) 

128 18345 

X217 99789 

X248 2286857 

X254 4047431 

X265-1 4774762 

X265-2 916980 

X298-2 7704326 

X303 2177889 

X304 12093186 
 

 

Figure 6. SBM 1366, Fregerslev II, phytolith short cells of the samples from all over the grave. 
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Figure 7. SBM 1366, Fregerslev II, phytolith long cells of the samples from all over the grave.  
C= control sample. 
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Figure 8. SBM 1366, Fregerslev II, selection of phytoliths of the samples from all over the grave. 
a=overview image with psilate elongates, an echinate, trapeziforms and rondels, b=dendritic of oat 
chaff, c=prickle, d=trapeziform, e=bilobate, f=rondel (photos W. Out). 

Discussion 
 
Phytoliths from nearby the nosebag 
The chaff phytoliths found nearby the nosebag represents undisturbed and exceptionally 
well-preserved material. Nevertheless, the material would probably have been overlooked 
under normal excavation conditions because of its extremely fine structure and absence of 
clear macroscopic features. 
The morphological identification method shows the presence of two types of dendritic cells, 
of which one, clearly dominating, can be classified as oat, while the other type remains 
taxonomically unclassified. The variation may represent inter-taxon variation, i.e. the 
presence of another taxon, or intra-taxon variation, i.e. variation of dendritic cells between 
the palea, lemma and glumes of oat, or even variation within single glume parts. A tentative 
indication that it concerns intra-taxon variation is that both the type recognized as oat and 
the other type appeared to be regularly present in different layers individual skeleton 
fragments as well as apparently within the same layer of single skeletons, while the type not 
recognized as oat hardly occurred on its own. Oat is a hulled cereal, which means that the 
palea and lemma are relatively tightly attached to the cereal grains. This can well explain the 
presence of chaff parts in fodder and also the presence of various different parts of chaff. 
Comparison with reference material of different taxa and the glumes, palea and lemma of 
oat may give a definitive conclusion about the variation in shape between the various oat 
chaff parts and thus a taxonomic identification of the second type of dendritic cells. 
The morphometric identification method, based on comparison of measurements of size and 
shape of the archaeological material with modern-day reference oat material, did not result 
in a taxonomic identification. This may be caused by intra-species variation in oat, as also has 
been observed for e.g. phytoliths of sorghum (Out and Madella 2017) or by methodological 
aspects such as the use of differential microscope and visualization techniques (optical versus 
SEM microscopy; use of video recording) in the various studies. Despite the absence of a 
taxonomic identification by means of morphometry, the application of the method is 
nevertheless highly relevant, since this second collection of morphometric data of 
archaeological dendritics of oat worldwide indicates the need and direction of further 
research in phytolith morphometry. A next step could be the study of intra-species variation 
in oat and the collection of morphometric data of oat races found in Europe and grown in 
Europe. 
Apart from comparing the morphometrics of the archaeological material with 
morphometrics of reference material of oat, it is also relevant to compare them with similar 
morphometrics of other taxa. Cereal taxa commonly occurring in Viking Age Denmark are 
hulled barley, oat and rye (Secale sp.), while wheat (Triticum sp.) occurred sporadically 
(Robinson et al. 2009). Morphometrics of dendritics available in literature include Aspect 
Ratio and Largest Width (Ball et al. 1999). It is not clear whether these parameters are most 
diagnostic, and Largest Width is a parameter that is not necessarily the same as the 
parameter Width as measured with the software used to measure the archaeological 
material from Fregerslev (cf. Out et al. 2014). The values of the parameter Aspect Ratio from 
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einkorn (T. monococcum), emmer wheat (T. dicoccon), bread wheat (T. aestivum) and barley 
(H. vulgare) range between 0.1 and 0.2 while the values of the Fregerslev material have 
values between 3 and 5. This does not give a further taxonomic identification. If comparing 
the values of Largest Width from the reference studies with Width measured in this study, 
the comparison points to the presence of wheat rather than barley. This would be in 
contradiction with the morphological identification of the Fregerslev material. The 
limitations of this comparison, however, are the range of taxa included in the comparison 
(oat and rye were not included in the study of reference material mentioned above), the 
methodological aspects mentioned above (for example, are Largest Width and Width 
precisely the same measurement and are the measurements collected in precisely the same 
way?) and the fact that it is only based on a single parameter instead of multiple parameters 
of size and shape. A suggestion for future research is thus to collect morphometric data of 
dendritics of various cereal taxa using the software recommend by the International 
Committee for Phytolith Morphometrics. A first next question would be whether 
morphometry allows making a distinction between oat and other taxa. 
What does the chaff concentration represent? The phytolith analysis indicates that the chaff 
primarily represents oat. The chaff was found close to the bridle and leather interpreted as 
a leather nose bag, resulting in the hypothesis that the chaff represents horse food. That 
implies that cereal grains were originally present, since it would have been the grains rather 
than the chaff functioning as food. The cereal grains’ apparent absence can be explained by 
the fact that the material is not carbonized or waterlogged, thus not resulting in preservation 
of cereal grains, and by the fact that cereal grains do not contain phytoliths. 
The use of oat as horse food in Denmark as well as in other regions in Europe is known from 
both ethnographic, historical and archaeological sources. Oat is very nutritious because it 
contains 15% protein and 8% fat (Brøndegaard 1978; Karg 2007, p. 144; Zohary et al. 2012). 
There are some finds that potentially provide a parallel to the find from Fregerslev II. Firstly, 
the horse burial of Borgvallen II in Sweden (670-790 AD) also revealed a nosebag. There are 
no published archaeobotanical finds known from this burial (Fennö Muyingo et al. 2000). 
Secondly, investigation of the Ladby boat burial, which also contained horses, showed the 
presence of three oat grains (preservation state not mentioned) in the middle of “a yellowish 
or white fine-grained layer” (Sørensen 2001, p. 104; analysis H. Helbæk 1940). This material 
was interpreted as horse food. It is very likely that the yellow-white material consisted of 
chaff phytoliths. 
 
Phytoliths from elsewhere in the grave 
The phytoliths from the bottom of the grave at areas other than the nose bag indicate that 
culms and leaves of a Pooid grass were deposited on the bottom of the grave. The deposited 
material may concern both wild and domesticated grasses. Based on the anthropogenic 
context, it may well concern a crop such as wheat, barley, oat and/or rye. A further taxonomic 
identification is not possible by means of phytoliths since it are particularly chaff phytoliths 
that allow for more precise taxonomic identifications. 
While the relatively poor preservation state of these phytoliths compared to the chaff 
concentration from the nose bag and the scarcity of silica skeletons could be interpreted as 
an indication that the phytoliths represent a background signal of the soil present in the 
grave, the comparison with the control sample from outside the grave indicates that the 
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presence of grass material intentionally deposited in the grave is most probable. The 
differential preservation of the chaff concentration may relate to the quantity of deposited 
material per surface unit and/or differential taphonomic processes, such as preservation of 
the chaff inside the protected environment of the nosebag possibly until the collapse of the 
burial chamber. 
The presence of grass culms and leaves on the bottom of the grave matches the finds of plant 
material and/or grass on the bottom of various other, comparable graves. In case of the 
Grimstrup grave, five samples revealed grass, culms and hay. In one of these samples, 
phytoliths of culms have been recognized (Malmros 2009, p. 292-295). In case of the Årby 
boat grave (Sweden, ca. ca 850-950 AD), the body was resting on grass bedding (Cederlund 
1993, p.23). At the Kokspang carriage-body grave (Denmark, later Viking age), a bedding of 
culms was found (Malmros 2009, p. 319). Also in Viking Age chamber graves at Haithabu and 
Süderbrarup straw was found on the bottom of graves (Eisenschmidt 1994).  
 

Conclusions 
-The phytoliths nearby the nosebag represent a concentration of very well-preserved chaff, 
primarily of oat. The presence of chaff implies the original presence of grains. 
-A minor part of the concentration remains taxonomically unidentified and is tentatively 
interpreted as oat as well. 
-The oat is interpreted as horse food. Probable parallel finds are known from two other Viking 
Age graves. 
-The find of chaff phytoliths sheds new light on unidentified material found at the Ladby boat 
burial and gives methodological directions for research for future finds of Viking Age horse 
burials. 
-The phytolith samples all over the grave indicate that a layer of culm and leaf remains of 
grass was present on the bottom of the grave, which may represent straw and/or hay. 
Potential parallels of the deposition of grass are known from other Viking Age graves. 
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Appendix 1 

 

Find Clade Family Cell type Morphotype 128 217 248 254 265-1265-2 298-2 303 304
Phytoliths, 
single cells

Monocoty-
ledons

Poaceae Short cells Trapeziform 1 154 129 160 136 190 171 145 169

Cf. trapeziform 4
Rondel 2 89 183 147 144 145 137 150 180
Cf. rondel 7
Bilobate 7 9 13 9 14 7 14 16
Bilobate, notched + 1 1 2 1 1
Cf. saddle 1
Short cell, indet./wheathered 1 13 3 4 3 25 9 9 13

Long cells LC elongate, psilate 16 3 36 47 27 66 63 38 49
LC elongate, sinuate 1 2 1 2
LC elongate, colummelate 1
LC elongate, echinate 12 39 12 9 12 23 13 10
LC elongate, dendritic 5 13 + 4 +
LC elongate, wheathered 13 1 8 5 5 11 4 8

Other Bulliform 1 1 + + +
Cf. Bulliform 4
Papilla + + 1 + + 1
Cf. papilla 1

Dicoty-
ledons

Elongate, facetate 4 1 4 3 1 2

Globular 1 1
Globular, irregular 4
Cf. Globular 1
Epidermal cell 3

Blocky 1 1 3 1 1 1
Indet. Prickle 1 4 2 4 2 3 6 2 4

Cf. Prickle 1 1 1
Hairbase 2 3 1 2
Vessel element 1 1 1 3 +
Cf. Vessel element 1
Globular, echinate 1
Globular, wheathered 1
Cf. Stoma 1
Papille/ sedge cone phytolith 1

Indet., wheathered 49 19 8 40 13 51 33 10 43
Indet. 1 2 2 1 1 2 4 1
Indet., cf. dicotyledons 1 1

Total 
phytoliths, 
silica 
skeletons 
excluded

83 348 432 448 360 521 472 393 495

Phytoliths, 
silica 
skeletons

Monocoty-
ledons

Poaceae Long cells Skeleton, LC elongate, psilate (2) 3 + 1

Skeleton, LC elongate, psilate (3) 1 + 1 cf. 1
Skeleton, LC elongate, psilate (5) 1
Skeleton, LC elongate, echinate (2) +
Skeleton, LC elongate, dendritic (3) +

Other Diatom fragments 5 12 11 8 12 11 11 5 15
Spong spicule fragments 55 72 1 3 1 4 5 2 2
Fungal spores + + + +
Marker 231 136 8 5 3 25 4 6 2
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