


Handbook of Plant Palaeoecology
Second revised edition

HPP2.indb   1HPP2.indb   1 14-01-21   11:4014-01-21   11:40



GroninGen 
ArchAeoloGicAl 
StudieS

Volume 19

Editorial board
Prof. dr. P. A. J. Attema
Dr. C. Çakirlar
Prof. dr. R. T. J. Cappers
Prof.dr. P. D. Jordan
Prof. dr. D. C. M. Raemaekers
Prof. dr. S. Voutsaki

Groningen Institute of 
Archaeology
Poststraat 6
9712 ER Groningen
the Netherlands
gia@rug.nl
www.gas.ub.rug.nl

In cooperation with

Deutsches 
Archäologisches Institut
D.A.I.  Zentrale
Podbielskiallee 69–71
D-14195 Berlin
Germany
info@dainst.de
www.dainst.org

Publisher

Barkhuis
Kooiweg 38
9761 GL Eelde
the Netherlands
info@barkhuis.nl 
www.barkhuis.nl

HPP2.indb   2HPP2.indb   2 14-01-21   11:4014-01-21   11:40



Handbook  
of Plant 
Palaeoecology
Second revised edition

R. T. J. Cappers
Groningen Institute of Archaeology
University of Groningen

R. Neef
Deutsches Archäologisches Institut
Berlin

Barkhuis & 
Groningen Institute of Archaeology
Groningen | 2021

HPP2.indb   3HPP2.indb   3 14-01-21   11:4014-01-21   11:40



Photography: René T. J. Cappers and Dirk Fennema 
(plant parts and implements), unless otherwise noted 
in the captions:  
RN = Reinder Neef,  
MO = Muhammer Okur, 
YO = Yasar Okur

Cover photography: René T. J. Cappers

Design & typesetting: Ebel Kuipers grafisch ontwerp, 
Sappemeer

Copy editor: Suzanne Needs-Howarth

Print: KOPA, Kaunas, Lithuania

ISBN 978-94-93194-26-7 

Copyright © 2021 Groningen Institute of Archaeology 
(University of Groningen) and the Deutsches 
Archäologisches Institut (Berlin).

All rights reserved. No part of this publication or the 
information herein may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any 
means, electronic, mechanical, photocopying, recording or 
otherwise, without prior permission from the Groningen 
Institute of Archaeology (University of Groningen) or the 
Deutsches Archäologisches Institut (Berlin).

Although all care has been taken to ensure the integrity 
and quality of this publication and the information herein, 
no responsibility is assumed by the publishers or the 
authors for any damage to property or persons as a result of 
operation or use of this publication and/or the information 
herein.

HPP2.indb   4HPP2.indb   4 14-01-21   11:4014-01-21   11:40



Contents

Preface 9

1 General introduction 13
1.1 Levels of organization and levels of research 13
1.2 Atoms, molecules, and macromolecules 17

1.2.1 Isotopes 17
1.2.2 DNA 18
1.2.3 Residues 20

1.3 Plant micro-remains 21
1.3.1 Spores and pollen 21
1.3.2 Phytoliths 28
1.3.3 Tissues 30

1.4 Plant macro-remains 31
1.4.1 Wood 31
1.4.2 Seeds and fruits 32

2 Seeds and fruits 37
2.1 Propagation, dispersal, and consumption 37
2.2 Seed morphology 40
2.3 Fruit morphology 43
2.4 Diaspores 48

2.4.1 Seed 49
2.4.2 Fruit 50
2.4.3 Multiple fruit 52
2.4.4 Fruitlet 52
2.4.5 Compound fruit 55
2.4.6 Whole plant 56

2.5 Subfossil remains 56

3 Taxonomy and ecology 59
3.1 Plant taxonomy 59

3.1.1 Taxonomy and genetics 59
3.1.2 Taxonomic ranks 64
3.1.3 Abbreviations 65
3.1.4 Accepted names and synonyms 66
3.1.5 Plant names in written sources 67
3.1.6 Vernacular names of common crops 71

3.2 Plant ecology 73
3.2.1 Seed production and seed predation 73
3.2.2 Seed dispersal 75
3.2.3 Environmental conditions 81
3.2.4 Water 82
3.2.5 Minerals 91

HPP2.indb   5HPP2.indb   5 14-01-21   11:4014-01-21   11:40



3.3 Flora and vegetation 93
3.3.1 Landscape, flora, and vegetation 93
3.3.2 Flora 94
3.3.3 Vegetation 96
3.3.4 Palaeoecological model 122

3.4 Community ecology 127
3.4.1 Humans, plants, and animals 127
3.4.2 Microorganisms 129

4 Economic plants 133
4.1 Cereals 133

4.1.1 Morphology and classification 133
4.1.2 Glossary of grass terminology 137
4.1.3 Key to grass genera 139
4.1.4 Hordeum 140
4.1.5 Aegilops 149
4.1.6 Triticum 154
4.1.7 Secale 180
4.1.8 Avena 185
4.1.9 Oryza 195
4.1.10 Millets 198
4.1.11 Key to subfossil remains 208

4.2 Pulses 216
4.2.1 Morphology and classification 216
4.2.2 Cicer 216
4.2.3 Lens 217
4.2.4 Pisum 219
4.2.5 Vicia 220
4.2.6 Lathyrus 221

4.3 Oil and fibre crops 228
4.3.1 Linum 228
4.3.2 Sesamum 228
4.3.3 Camelina 229
4.3.4 Cannabis 230

5 Traditional agricultural practices 237
5.1 Pre-harvesting 237

5.1.1 Tillage 237
5.1.2 Water management 241
5.1.3 Manuring 247
5.1.4 Sowing and planting 252
5.1.5 Weed control and crop protection 254

5.2 Harvesting 260

6 Traditional food processing 273
6.1 Basic principles 273

6.1.1 Classification 273
6.1.2 Fragmentation and separation 274
6.1.3 Mixing and shaping 301
6.1.4 Heating and cooling 301

HPP2.indb   6HPP2.indb   6 14-01-21   11:4014-01-21   11:40



6.1.5 Germination 304
6.1.6 Fermentation 304
6.1.7 Improving edibility and digestibility 304
6.1.8 Improving shelf-life 307
6.1.9 Storage 311

6.2 Traditional foods 314
6.2.1 Classification 314
6.2.2 Cereal-based foods 317
6.2.3 Milk products 324
6.2.4 Cereal–milk-based foods 326

7 The former food economy 329
7.1 Crops 329

7.1.1 The origins of farming 329
7.1.2 Crop domestication 335
7.1.3 Crop selection 340
7.1.4 Crop ratios 347
7.1.5 Use of by-products 356
7.1.6 Case studies 361

7.2 Fuel 370
7.2.1 Fuel sources 371
7.2.2 Heating installations 380

8 The archaeobotanical archive 383
8.1 Formation processes 383

8.1.1 Origin of plant material 383
8.1.2 Dispersal and deposition 384
8.1.3 Mixing and contamination 387
8.1.4 Preservation and reduction 396

8.2 Sampling 403
8.2.1 Research questions 403
8.2.2 Archaeological contexts 404
8.2.3 Sampling strategies 414
8.2.4 Off-site reconstruction 418
8.2.5 Concentrating the plant material 434

8.3 Documentation 441
8.3.1 Plant description 441

References 449

Glossary 467

Index of organisms 475

Index of subjects 487

HPP2.indb   7HPP2.indb   7 14-01-21   11:4014-01-21   11:40



HPP2.indb   8HPP2.indb   8 14-01-21   11:4014-01-21   11:40



Preface

Plant palaeoecologists use data from plant fossils and plant subfossils to 
reconstruct ecosystems and food economies of the past. This book deals with 
the study of subfossil plant material retrieved from archaeological excava-
tions and cores dated to the Late Glacial and the Holocene.
 Subfossil plant remains offer us great opportunities for the reconstruc-
tion of former landscapes and the ways in which humans exploited and even 
transformed vegetation. However, to improve our knowledge of the past, we 
need to employ sampling procedures that will provide us with samples that 
contain the relevant kinds of plant material. This, in turn, means we need to 
have solid knowledge of the processes that act upon plant material. By model-
ling the transport of plant material from outside the place of human habita-
tion towards the settlement and its final destination in specific archaeological 
contexts, we can design an optimal sampling strategy to be used during exca-
vation.
 Most archaeological contexts contain plant remains that originate from 
more than one source and that entered that context by more than one path-
way. Recognizing these pathways—which is a real challenge—may facilitate 
the identification of the different depositional origins within the archaeo-
logical context. It also may help to improve the typology of archaeological 
contexts. This approach benefits from a multidisciplinary approach, in which 
archaeology (including ethno-archaeobotany), biology, and anthropology can 
each make their own relevant contribution.
 One of the main objectives of this book is to describe the processes that 
underlie the formation of the archaeobotanical archive and the ultimate com-
position of the archaeobotanical record—being the data that are sampled and 
identified from this immense archive. Our understanding of these processes 
benefits from a knowledge of plant ecology and traditional agricultural prac-
tices and food processing. This handbook summarizes the basic ecological 
principles that relate to the reconstruction of former vegetation and of the 
agricultural practices in particular. This ethno-archaeobotanical research 
offers us the opportunity to document processes that assist us in interpreting 
subfossil records.
 Research on subfossil plant remains can be carried out at different levels. 
The smallest organizational level on which the research can focus is atoms, 
such as research on isotopes. And one of the most complex organizational 
 levels is an ecosystem as part of the biosphere, in which the interdependence 
among organisms and their dependence on the abiotic environment is stud-
ied.
 Research on subfossil plant remains has a long tradition at both micro and 
macro levels. This mainly concerns research on pollen, diaspores (seeds and 
fruits), and wood. In addition, new specialisms are being developed that focus 
on atoms, molecules, macromolecules, and tissues. The research field is there-
fore in a state of flux. It offers the opportunity to answer a wide spectrum of 
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research questions, but it also calls for a definition of niches within which 
each research discipline can make its specific contribution.
 As the title indicates, this handbook focuses on research into the mutual 
relationship between organisms and their environment. For such a palae-
oecological perspective, plant remains that allow identification up to the tax-
onomic level of  species, or even sub species or variety, have clear added value. 
After all, the requirements that a plant demands from its environment are 
 species- or even sub species-/variety-specific. Interactions among organisms 
are usually also  species-specific. This also applies to the ways in which humans 
exploit their environment, from the collection of wild plants and fuel, to crop 
selection—all of which occur at the (sub) species level. Analyzing the archaeo-
botanical archive on a (sub) species level thus offers a detailed reconstruction 
of the vegetation and the ways people exploited their environment.
 This handbook is a completely revised version of the first edition, which 
was published in 2012. An important adaptation relates to new developments 
in the research on diaspores (seeds and fruits). This mainly concerns mor-
phology, taxonomy, and ecology. We reduced the treatment of research on 
pollen somewhat, and we now present it in an equivalent manner to the other 
research disciplines.
 This edition of the handbook presents an updated description of fruit mor-
phology and of the morphology of plant parts produced during the various 
stages of post-harvest fragmentation. A simple but correct description of both 
the processes and the plant parts that are thereby produced is relevant for, 
among other things, modelling crop selection and reconstructing traditional 
forms of food preservation and food preparation. We have extended the cere-
als with millets, a variable group of grains that play an important role in the 
agricultural development of both Eurasia and northern Africa.
 The taxonomy is largely in line with new insights based on combined 
morpho logical and genetic research, as published by the Angiosperm Phylo-
geny Group. For the accepted scientific plant names, we mostly used the online 
database of the Catalogue of Life (Roskov et al. 2020). We deviated from it for 
certain cultivated plants when synonyms are relevant for reconstructing crop 
selection or when they better illustrate the plant’s domestication history.
 The palaeoecological perspective relates to the environmental conditions 
of plants, to the role that plants and animals play in agriculture, and to the 
material culture used in traditional agricultural practices and food process-
ing. A palaeoecological perspective benefits from the further integration of 
archaeobotany with other relevant research disciplines within archaeology. 
This handbook contributes to this integration by paying attention to the role 
that all kinds of organisms play in traditional forms of agriculture and to the 
opportunities offered by technological developments. We illustrate this inte-
gration by relating the production of various forms of traditional foods made 
from grain and/or milk to the use of stone, clay and metal, among other things.
 We were fortunate to have many opportunities to observe traditional agri-
cultural practices and food processing during our research stays in south-west 
Asia, India, and northern Africa. Although there, too, the modernization of 
agriculture is an ongoing process, some small-scale, traditional agriculture 
still exists. This offered us the opportunity to document traditional forms of 
crop growing, crop processing and storage, and food processing that in other 
parts of the world have long since been lost because of the transformation 
to large-scale modern agriculture. Although we recognize that, as with any 
ethnographic analogy, agricultural practices and food processing will have dif-
fered in the past because they were adapted to local conditions and traditions, 
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we argue that our observations are nevertheless a valuable source of informa-
tion that can be used to interpret subfossil records.
 The findings of our ethno-archaeobotanical fieldwork have been exten-
sively documented in the Digital atlas of traditional agricultural practices and food 
processing (Cappers et al., 2016) and the Digital atlas of traditional food made from 
cereals and milk (Cappers 2018). We have incorporated part of this information 
in a condensed format in this version of the handbook, including the typolo-
gies of fuel, harvesting implements, ovens, and traditional food. The website 
of the Digital Plant Atlas project (www.plantatlas.eu) offers the opportunity to 
examine photographs of plant parts and of processes related to agricultural 
practices and food processing in more detail, using extensive search tools.
 We grew up and were educated in the Netherlands, so because of this back-
ground, we have provided information on wild and crop plant ecology and his-
tory—and on vegetation ecology and history in general—from the Netherlands 
as well, as a means of verifying of our work in the afore mentioned regions.
 We hope this book will help palaeobotanists, environmental archaeologists, 
and colleagues from related disciplines optimize inferences based on what we 
could term ‘traditional-style  archaeobotany. And we hope that our observa-
tions will serve as an eye-opener and improve future research, not only as it is 
practiced in our laboratories, but also as it is practiced in the field.
 We would like to thank all those who supported our research and studies. 
In the first place, we want to express our gratitude to the people (too many to 
name) of the countries where we documented traditional agriculture—espe-
cially in Turkey, Syria, Egypt, and India—for their hospitality and sincerity. 
We also extend many thanks to the archaeologists (again, too many to name 
individually) with whom we collaborated, and of course to the institutions 
that have supported our work, the Groningen Institute of Archaeology (GIA) 
of the Rijksuniversiteit Groningen and the Deutsches Archäologisches Institut 
(DAI) in Berlin. We thank Suzanne Needs-Howarth (copy editor), Ebel Kuipers 
(designer and typesetter), and Roelf Barkhuis (publisher) for giving a ‘face’ to 
the book. We are grateful to Renée Bekker, Merit Hondelink, Benjamin Kilian, 
Mans Schepers, and the late Jan Frits Veldkamp for their critical remarks on 
some of the chapters.

 René Cappers and Reinder Neef
 Groningen and Berlin,  
 January 2021
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1  
General 
introduction

1.1  Levels of organization and levels of research

Organisms have different levels of organization, and each level can be either 
the object of study or a proxy for another dimension. The number of levels is 
determined by the complexity of the organism, and it is maximized in multi-
cellular organisms. Mature multicellular plants mostly become fragmented, 
for example as a result of crop and food processing, and the identification 
of such subfossil remains usually takes place on a (sub)organ level. Atoms 
and molecules represent the simplest levels, whereas ecosystems represent 
the most complex levels of organization, dealing with interactions between 
organisms themselves as well as with interactions between organisms and 
abiotic conditions (figure 1). Ecosystems are united on the level of the bio-
sphere, which involves interactions on a global level, such as the chemical 
composition of soil and atmosphere, sea currents and wind currents, sea level, 
and migration of organisms.
 Archaeobotanical research deals with each level of organization. Research 
based on the cell level up to the multicellular organisms has a rather long tra-
dition and becomes a discipline in its own right in the middle of the nine-
teenth century (figure 2; for a detailed overview, see Jacomet & Kreuz, 1999). 
More recently, studies dealing with the level of atoms, molecules, and macro-
molecules have become incorporated in archaeobotanical research as well. 
The main focus of this handbook will be the study of diaspores (seeds and 
fruits) and the contribution of the plant taxa concerned to the ecosystem 
level. Other research levels are only briefly discussed, primarily with respect 
to their research potential.
 Each of the research levels is determined by its own research method(s) 
and interpretation of the data, and each is defined by the size of the plant 
material and the development of technology. A subdivision of research  levels 
can be made with respect to the size of the plant material (and level of orga-
nization): atomic research, molecular research, micro-level research, and 
 macro-level research.
 The research methods are characterized by specific sampling strategies 
and treatments of the samples, which are aimed at isolating, concentrat-
ing, and visualizing the desired material. A top-down approach, in which 

OppOsite page: Display of 
commodities in a shop 
(Calcutta, India; September 
2014).

131.1  Levels of organization and levels of research

HPP2.indb   13HPP2.indb   13 14-01-21   11:4014-01-21   11:40



research problems determine the research method, in cooperation with other 
research disciplines (such as chemistry and physics), may further widen the 
scope of research methods. Study at the molecular level is already applied to 
food  residues in containers, but can be done with any kind of plant material. 
For example, chemo-taxonomic research has a tradition in pharmacology 
(Hegnauer, 1966) and ecology (Van Genderen et al., 1996; Langenheim, 2003), 
and this research on secondary metabolites can contribute to ethno-archaeo-
botanical and palaeoecological studies.
 The relationship between research level and level of organization is vari-
able. Some research levels are limited to a single organization level, such as 
isotope analysis, ancient DNA analysis, and wood analysis. Other research 
levels are related to different organizational levels, such as phytolith analysis 
(macromolecular level up to tissue level) and the study of non-woody macro 
remains (organ level and organism level).
 Phytolith analysis deals with solid hydrated silica macromolecules. Three 
classes of phytoliths can be distinguished: phytoliths that are smaller than 
a cell (viz. lumen phytoliths and hair phytoliths), phytoliths that match the 
size of singe cell (single cell wall phytoliths), and phytoliths that show the cell 
pattern of a tissue, such as that of the epidermis (tissue phytoliths; see sec-
tion 1.3.2). The study of tissue phytoliths can be considered as a subdivision 
of tissue analysis, which is a research level that is in the process of develop-
ing a stronger profile (see section 1.3.3). Tissue research, in the broad sense, 

Levels of
organi-
zation

Size Examples

Ecosystem several km2
– several m2

Species interactions
Climatic conditions
Soil conditions

Research levels

Ato-
mic

Isoto-
pes

dna Resi-
dues

Palyn-
ology

Phyto-
liths

Tissues Wood Non-
wood

Molecular Micro Macro

Organism
(multi-
cellular)

several cm
– 0.2 mm

Mosses
Fruits
Seeds

Organ several cm
– 1.0 mm

Flowers
Leaves
Stems
Roots

Tissue 5 mm –
0.5 mm

Vascular tissue
Parenchyma
Collenchyma
Sclerenchyma
Epidermis

Cell 250 μm –
10 μm

Seed plants (unicellar)
Pollen
Spores
Algea
Fungi
Bacteria

Macro-
molecule

175 μm –
2 μm

Phytoliths (lp & hp)
Starch

Molecule 2.5 nm –
0.5 nm

Carbohydrates
Lipids
Proteins
Nucleic acids

Atom 0.5 nm –
0.05 nm

Stable isotopes
Unstable isotopes

Figure 1: Relationship 
between levels of 
organization of organisms 
and levels of research in 
archaeobotany. The most 
obvious relationships are 
indicated with green 
rectangles. The dark green 
rectangles indicate that the 
research level contributes to 
the reconstruction of 
ecosystems (Lp: lumen 
phytolith; Hp: hair phytolith; 
see section 1.3.2).
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Figure 2: A compilation of subfossil plant remains that were retrieved from several archaeological sites around 
Lake Constance (Bodensee), including Robenhausen, Wangen, Montelier, St. Peter’s Island, and Moossedorf. 
The ecological dimension is represented by the fruits of hazel (Corylus avellana) that are infected by a nut weevil 
(no. 57) or gnawed by a mouse (no. 60); by 6-row barley (Hordeum vulgare ssp. vulgare) that is depicted on old 
Italian coins; by a grasshopper (no. 11); and by a mouse (no. 12). Crop processing is illustrated by a piece of a 
linseed press cake (no. 76) (Heer, 1865).

151.1 Levels of organization and levels of research 
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2  
Seeds and fruits 

2.1  Propagation, dispersal, and consumption

Depending on its own lifespan, it is important for the plant to have a stock 
of offspring waiting to colonize the proven suitable habitat of the mother 
plant (dispersal in time) or to colonize new habitat farther away (dispersal in 
space). One possibility is the production of seeds (for mechanisms and ecolog-
ical implications of seed dispersal, see section 2.2.2).
 A seed develops from an ovule, which consists of an egg cell that is sur-
rounded by an integument. An ovule develops into a seed after fertilization, in 
which a pollen grain becomes fused with an egg cell. The integument develops 
into a seedcoat (testa).
 Seed-producing plants, called spermatophyta, can be classified into 
two main groups with respect to the shape of the fertile leaf that bears the 
ovules: the gymnosperms and the angiosperms. In the gymnosperms, the 
ovule- bearing leaf is not folded and the seeds that evolve from the ovules 
are exposed to the air, hence the name ‘naked-seeded’. In the angiosperms, 
the ovule- bearing leaf is folded and forms a closed cavity in which the ovules 
develop into a seed, hence the name ‘enclosed seed’. The closed ovule-bearing 
(seed-bearing) leaf of the angiosperms is designated as carpel.
 The identity of a fruit is less straightforward. In a traditional morphologi cal 
approach, the fruit is considered as the mature part (ovary) of the ovule-bear-
ing leaf (the pistil in angiosperms). This pistillate fruit concept is characteristic 
for the angiosperms, and the defining disciplines are ontogeny (development 
after fertilization) and phylogeny (evolutionary history). In an alternative, 
functional approach, the defining principle is the dispersal of the seed (seed 
ecology) and the identity of the fruit is primarily defined by a set of plant parts 
that facilitate seed dispersal.
 Spjut (1994) offered a renewed framework for fruit identity and typol-
ogy that takes into account seed dispersal irrespective of the folding of the 
ovule-bearing structure, which is the diagnostic feature of the angiosperms. 
As a consequence, this alternative fruit identity also includes seed-supporting 
structures that evolved in the gymnosperms.
 In Spjut’s approach, fruits of gymnosperms and angiosperms are classi-
fied into distinct groups. His naming (spermatocarpia for gymnosperm fruits 
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and eucarpia for angiosperm fruits) is based on the fruit classification of Beck 
von Mannagetta (1913). Here, we adopt this broadened fruit identity, and we 
base our definition of the fruit on Spjut (1994) and Stuppy & Kesseler (2008): 
a seed-bearing structure from which seeds are released or that functions as 
a diaspore, including seedless fruits. Seedless fruits are known from sterile 
hybrids and some domesticated plants. This definition of the fruit highlights 
two basic functions: supporting the seed on the plant proper, in which the 
fruit can also contribute to the protection of the seed, and facilitating the seed 
dispersal in many different ways. This definition also implies that the fruit 
either remains attached to the plant or is dispersed as part of the diaspore (see 
section 2.4).
 For the sake of simplicity, we designate gymnosperm fruits as non- 
carpellate fruits (carpels, being closed, ovule-bearing leaves, are, after all, 
not involved in fruit development within this group) and angiosperm fruits 
as carpellate fruits (because one or more carpels, being closed, ovule-bearing 
leaves, are involved in fruit development). However, seeds of gymnosperms 
can be covered during seed ripening, such as in the cone of a pine (Pinus) or 
even remain covered by fused cone scales during seed dispersal, such as in the 
cone of juniper (Juniperus).
 When adopting a functional approach of the fruit concept, it is desirable 
that a fruit typology can be unequivocally linked with a typology of diaspores 
(see figure 31, section 2.4). Special attention should be paid to plant parts that 
do not evolve from the ovary (these plants parts are designated as exocarp; 
see section 2.3). Their presence in a diaspore may differ among plants, even 
in   species of the same genus, such as in oat (Avena). This kind of variability 
easily results in a hybrid fruit typology. See, for example, the treatment of the 
anthecocarpi (fruits covered by chaff) as compound fruits by Spjut (1994).
 The arrangement of fruits on a plant is designated as infructescence, and 
the term infructescence is thus applicable to both gymnosperms and angio-
sperms. In angiosperms, where fruits develop in flowers, the arrangement of 
fruits and flowers is similar. Hence, the typology of the infructescence is sim-
ilar to that of the inflorescence in angiosperms.
 The demarcation of seed, fruit, and infructescence is illustrated with a 
member of the gymnosperms and two members of the angiosperms (figure 
18). The seed-bearing structure of the umbrella pine (Pinus pinea), from which 
seeds are released, is a cone scale. Each cone scale bears two seeds that are 
animal-dispersed. The cone scales are not closed, and the seeds are therefore 
also not enclosed. Cone scales are arranged in a cone, which is considered to 
be the infructescence (here our definition of the identity of fruit and in fructes-
cence differs from that of Spjut [1994]). The compact arrangement of the cone 
scales in a cone protects the uncovered seeds during their development, com-
parable to the closed, seed-bearing leaf (carpel) of the angiosperms. The cone 
is dehiscent and remains on the plant. Examples of angiosperm seed- bearing 
structures are the fruits of european alder (Alnus glutinosa) and the cocklebur 
(Xanthium strumarium). Each fruit of European alder contains a single seed, 
which is hidden from view. The fruits are supported by scales and arranged in 
an infructescence that is designated as a catkin. It should be realized that a 
catkin scale is not comparable to a cone scale of the Umbrella pine, as the 
 latter is, after all, a fruit. When seeds are ripe, the catkin becomes dehiscent 
and the 1-seeded fruits are released and dispersed individually by wind and 
water. The fruit of Cocklebur also contains a single seed, and in this angio-
sperm the diaspore consists of the entire infructescence, which consists of 
two fruits surrounded by scales with hooked spines. These scales facilitate dis-

38 2 Seeds and fruits
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persed by animals. In the diaspore of Cocklebur, both fruits and seeds are hid-
den from view. Because fruits from different flowers are involved in the 
 diaspore of Cocklebur, the fruit type is designated as a compound fruit (see 
next section).
 From an archaeobotanical perspective, it makes sense to look at units of 
plant parts that are collected from wild plants or harvested from cultivated 
and domesticated plants (figure 19). The morphology of harvesting units can 
be similar to that of dispersal units, but can also differ. Post-harvest processing 
and post-depositional processes may produce characteristic units consisting 
of a combination of plant parts, including seeds and fruits, that are not recog-
nized and described as such in plant biology, where each plant part has its own 
name. Although it can be a challenge for archaeobotanists to find names for 
these combination units of plant parts that do justice to plant morphology, it is 

infructescence seed

infructescence fruit

a

b

c

d

seed

fruit seed

infructescence seedfruit

infructescence
(compound fruit)

fruit
Figure 18: Identity of 
infructescence, fruit, and 
seed in seed plants. The parts 
that remain on the plant have 
a green label and the 
dispersal units have a blue 
label. Plant parts that remain 
hidden from the eye have a 
yellow label. a: Pinus pinea L.; 
b: Capsella bursa-pastoris (L.) 
Medik; C: Alnus glutinosa (L.) 
Gaertner; D: Xanthium 
strumarium L.

392.1 Propagation, dispersal, and consumption 
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Figure 100: Examples of 
arable weeds that are 
adapted to cleaning by 
winnowing and sieving by 
means of special features of 
their dispersal units. In wild 
radish (Raphanus 
raphanistrum; tOp), the 
dispersal unit is a fruitlet and 
each seed is surrounded by a 
thick part of the fruit wall. In 
shepherd’s-needle (Scandix 
pecten-veneris; miDDLe), the 
elongated seed is present in 
the thick, basal part of the 
fruitlet, whereas most of the 
fruitlet consists of a slender, 
sterile beak. In darnel (Lolium 
temulentum; bOttOm), the 
1-seeded fruit is surrounded 
by chaff and the lemma bears 
a long, firm, flexible awn.

lemma. Although this awn looks fragile, it is rather flexible, and florets with 
complete awns are often present in crop samples (Cappers et al., 2016).
 A final obstacle that can prevent seeds of arable weeds from becoming part 
of the seeds for sowing is the cleaning of this seed stock. Especially when the 
volume of the seeds used for sowing is not that large, it makes sense for 
humans to pick out the seeds of wild plants as a form of weed control. This 
kind of seed cleaning could be evidenced, for example, for seeds used for sow-
ing at the Neolithic site of Ilıpınar, in western Turkey (Cappers, 2008).
 Grain kernels from such cereals as pearl millet (Cenchrus americanus), 
 sorghum (Sorghum bicolor), and maize (Zea mays) can be harvested without 
also collecting seeds of field weeds. This is possible because the grain kernels 
are concentrated in large infructescences that can be harvested individually. 
Grain kernels are also relatively large, making it easy to purify the harvest by 
sieving if necessary. The grain kernels used for sowing, therefore, do not con-
tribute to the development of a characteristic arable weed vegetation of these 
crops. Instead, the established weed  species originate from the soil seed bank 
of the particular fields, supplemented with new seeds that are dispersed from 
the surrounding vegetation.
 Examples of weed  species whose seeds are added to both the local seed 
bank and the sowing seeds are beet (Beta vulgaris), oats (Avena spp.), charlock 
(Sinapis arvensis), and hairy tare (Vicia hirsuta). A wild beet plant has several 
prostrate stems and a long, erect main stem, the latter reaching a height of up 
to 80 cm. Both types of stem produce many fruit clusters, which are dispersed 
as compound fruits. Especially in irrigated fields, the large-sized fruit clusters 
may easily become buried in the cracks formed in the soil surface during the 
weeks prior to the harvest (figure 101). Fruit clusters of the erect stems will be 
harvested with the cereal crop, and they will partly end up in the sowing seeds 
and partly in the threshing remains (figure 102).
 Wild oat (Avena fatua) is considered by many farmers to be the most trou-
blesome weed, and considerable effort is put into controlling this plant. The 
fruits are produced in a panicle at the top of the culm, which may reach a 
length of 160 cm. The first maturing fruits will be dispersed before harvest-
ing. They just fall down onto the topsoil, where they burry themselves with 

5 mm

1133.3 Flora and vegetation 

HPP2.indb   113HPP2.indb   113 14-01-21   11:4114-01-21   11:41



Figure 101: Prostrate stems 
of wild beet (Beta vulgaris) in 
a cereal field. Ripe fruit 
clusters will easily become 
buried once they fall into the 
cracks (Fayum, Egypt; May 
2004).

Figure 103: Bread wheat 
(Triticum aestivum ssp. 
aestivum) heavily infected by 
wild oat (Avena fatua), ready 
for threshing (Fayum, Egypt; 
May 2004).

Figure 102: Erect stems of 
wild beet harvested with 
bread wheat (Triticum 
aestivum ssp. aestivum) 
(Ezbet Basili, Egypt; 
September 2009).

114 3 Taxonomy and ecology
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2 mm

Triticum (diploid; hulled): rachillate spikelets

Figure 151: Adaxial view of 
rachillate spikelets of Triticum 
urartu (LeFt), Triticum 
monococcum ssp. aegilopoides 
(miDDLe), and Triticum 
monococcum ssp. 
monococcum (rigHt).

1614.1 Cereals 1614.1 Cereals 

plate section
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2 mm

Triticum (diploid; hulled): fruits

Figure 152: Lateral view of 
fruits of Triticum urartu 
(LeFt), Triticum monococcum 
ssp. aegilopoides (miDDLe), 
and Triticum monococcum ssp. 
monococcum (rigHt).

162 4 Economic plants162 4 Economic plants
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5 mm

Triticum (tetraploid; hulled): rachillate spikelets

Figure 153: tOp rOw: apical 
rachillate spikelet of Triticum 
turgidum ssp. dicoccum 
(LeFt: adaxial–abaxial view; 
rigHt: lateral view). 
bOttOm rOw: adaxial view 
of lateral rachillate spikelets 
of Triticum turgidum ssp. 
dicoccoides (LeFt), Triticum 
turgidum ssp. dicoccum 
(miDDLe), and Triticum 
timopheevii ssp. timopheevii 
(rigHt).

1634.1 Cereals 1634.1 Cereals 

plate section
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Figure 273: Billhook 
(provenance: Siegerland, 
Germany; first half twentieth 
century).

Figure 278: Crescent-bladed sickle 
(Aleppo, Syria; May 1997).

Figure 274: Strap-fixed 
harvesting knife (eastern 
Guizhou, China; September 
2004).

Figure 275: Grip-fixed 
harvesting knife (China; 
October 2005).

Figure 279: Scythette (provenance: 
East Frisia, Germany; twentieth 
century).

Figure 277: Crescent-armed 
sickle (provenance: 
Cambodia; twentieth 
century).

Figure 280: Scythe (provenance: 
Province of Friesland, the Nether-
lands; first half twentieth century).

Figure 276: Crescent-armed 
harvesting knife (obtained in 
China; October 2005).

Harvesting tools

2675.2 Harvesting 2675.2 Harvesting 
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 Cutting is done with a billhook, a harvesting knife, a sickle, a scythette, or a 
scythe (figures 273–280). For a more detailed description, including some 
remarks on other typologies, see Cappers et al. (2016: 228–240). The following 
text is an abridged version of this description.
 A billhook is used for cutting woody branches. It consists of a blade that is 
straight near the handle and hooked towards the end and that is fitted into a 
short or long handle. A harvesting knife is used for cutting crops and consists 
of a short, straight blade that is fitted to a short handle. Three types of har-
vesting knife are recognized: the strap-fixed harvesting knife, the grip-fixed 
harvesting knife, and the crescent-armed harvesting knife. A strap-fixed har-
vesting knife consists of three parts: blade, handle, and strap, whereas the 
grip-fixed harvesting knife consists of two parts: a blade and a straight grip. 
The crescent-armed harvesting knife consists of three parts: a blade, a handle, 
and a crescent-shaped arm.
 A sickle is used for reaping crops and hay. Reaping is the cutting of plants 
with a short-bladed tool (sickle) with a short, sweeping movement of the hand 
holding the implement. The other hand is used for grasping the culms, result-
ing in a fixed orientation of the infructescences. The reaped harvest is suitable 
for threshing with a flail.
 A sickle consists of a curved blade with a more or less crescent-shaped cut-
ting edge that is fitted to a short handle. Two types of sickles are recognized: 
the crescent-armed sickle, used in Cambodia, and the crescent-bladed sickle, 
used in, for example, south-west Asia. The crescent-armed sickle consists of at 
least four parts: a blade, a tang, an arm, and a handle. The presence of an exten-
sion wand is optional. The blade is slightly curved and rather short because it 
is only used for cutting, whereas the arm consists of a small, crescent-shaped 
branch, which is used for collecting the culms. The crescent-bladed sickle con-
sists of at least three parts: a blade, a tang, and a handle. The curved part of 
the metal blade is flattened and sharpened (smooth or serrated) and used for 
cutting the culms, whereas the straight part of the metal blade (tang) is used 
for fitting the blade to the handle.
 Reaping with a sickle implies that culms are gathered with one hand, and 
this only makes sense if a sufficient number of culms can be collected. To 
increase the number of culms that can be cut in one go, the shape of the sickle 
can be adapted. One possibility is to increase the size of the metal blade, the 
other is to have a crescent-shaped arm, such as the one used in Cambodia. To 
increase the number of culms that are cut simultaneously, it is also possible to 
extend the fingers of the hand with harvesting claws (figure 281). Such finger 
extensions are used in southern Turkey, in the northern part of Syria, and in 
Iraq.
 Both a scythette and a scythe are used for mowing crops and hay. Mowing 
is the cutting of plants with a long-bladed tool (scythette or scythe), using 
a twisting movement of the body. The plants are typically cut close to the 

Figure 281: Curved wooden 
implement with leather 
sleeve, which is placed on a 
finger. Three or four of these 
implements are used to 
extend the reach of the hand. 
Its Turkish name, ellik, means 
‘for the hand’. Total length: 
22 cm (Kahramanmaraş, 
Turkey; May 2009).

268 5 Traditional agricultural practices

HPP2.indb   268HPP2.indb   268 14-01-21   11:4414-01-21   11:44



ground, without grasping the culms with the hands, resulting in a random 
orientation of the plants on the ground. Threshing the mowed harvest can be 
done on a threshing floor, for example by trampling and the use of a threshing 
sledge.
 A scythette consists of a long, curved blade that is fitted to a medium-sized 
handle with one grip. One hand is used for holding the scythette and the other 
for holding the (mowing) hook. A scythe consists of a long, curved blade that 
is fitted to a long handle having either one or two grips. Both hands are used 
for holding the scythe while mowing.
 The use of a specific harvesting tool has consequences for the use of both 
hands and the working position (figure 282).

Primary harvesting tool Additional tool Use of dominant hand Use of nondo
minant hand

Work ing 
po sition

billhook holding handle

short-handled: 
grasping 
wooden 
branches
long-handled: 
gasping handle

erect

harves-
ting  
knife

strap-
fixed

holding strap and 
handle;
grasping culm and 
pressing it against the 
cutting edge of the 
blade

collecting 
cut-off culms

grip-
fixed

holding grip and handle;
grasping culm and 
pressing it against the 
cutting edge of the 
blade

collecting 
cut-off culms

crescent 
armed

holding arm and handle;
gathering culms with 
arm and pressing them 
against the cutting edge 
of the blade

collecting 
cut-off culms

sickle

crescent- 
armed

holding handle;
gathering and
reaping culms

grasping culms

squatting
or
bending 
over

crescent- 
bladed

fin ger-
ex ten-
ders

holding handle;
gathering and reaping 
culms grasping culms

scythette hook
gripping top of handle;
mowing culms

holding handle 
of the hook;
gathering culms

erect

scythe
gripping middle of 
handle;
mowing culms

gripping top of 
handle

Figure 282: Working position 
and use of the hands in 
relation to harvesting tools. 
After Cappers et al., 2016.

2695.2 Harvesting 
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wheat (no. 3) and another dealing with naked wheat (no. 6). The term ‘seed’ 
refers to the grain kernel from which the bran and germ have been removed.
 The threshing unit of hulled barley is a floret, which consists of a single 
grain kernel and two pieces of hull: the lemma and the palea. The hulls are 
tightly connected with the grain kernel. Removing only the hulls, a process 
that morphologically applies to the term ‘de-hulling’, is therefore difficult. The 
continuous separation of the hulls, the bran, and the germ from the florets 
is, however, easier to perform. This kind of fragmentation, which combines 
de-hulling and polishing, is designated with the term ‘pearling’.
 The threshing unit of hulled wheat is a rachillate spikelet, which consists 
of a spikelet and a rachis segment. The amount of inedible plant parts and 
the rather loose connection between hulls and grain kernel(s) necessitate 
 applying a second, separate fragmentation process to the rachillate spikelet. 
The inedible parts consist of a rachis segment, two firm glumes, and at least 
three lemmas and paleae (figure 305). The number and size of the lemma and 
palea depend on the wheat taxon and the fertility of the florets. Because of 

Glume base

Rachis fragment

Grain kernel Figure 305: Fragmentation 
(de-hulling) of a rachillate 
spikelet of domesticated 
emmer (Triticum turgidum
ssp. dicoccum). The 
fragmentation has been done 
manually.

2896.1 Basic principles 
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5 mm

the weak hull tightness, fragmentation of the rachillate spikelet without first 
removing the chaff would result in a mixture that is difficult to separate with-
out serious loss. De-hulling is applied after threshing, but can be postponed 
and applied to small quantities prior to food processing (see section 6.1.9 for 
the storage of cereals; and section 7.1.4 for the impact on the reconstruction of 
crop ratios). 
 The fragmentation process that is involved in the removal of the rachis seg-
ment and the hulls is usually designated as ‘de-hulling’. A disadvantage of this 
term is that is does not take into account the presence of the rachis segment. 
An alternative term would be ‘de-graining’, in which the focus is on the prin-
cipal product rather than the by-product. The term ‘de-hulling’ is used here as 
a conserved term with respect to the fragmentation of rachillate spikelets.
 Spikelets are produced by threshing of most millets (see figure 127), and flo-
rets are produced by threshing of hulled barley. Especially when the hulls are 
hardened, such as in florets of Echinochloa, Panicum, Brachiaria, and Setaria, it 
makes sense to de-hull before final food preparation. But when hulls are not 
hardened, such as in spikelets of Digitaria, de-hulling can be applied as well 
(figure 306). However, the necessity of removing hulls seems to be optional, 
as is illustrated by commercially available bread that contains small quan-
tities of florets of proso millet (Panicum miliaceum; figure 307). Hulls of rice 
(Oryza sativa) and proso millet are frequently found in cesspits, indicating that 
they were offered for sale as spikelets (Oryza) or florets (Panicum). Obviously, 
if practiced at all, it was the consumer who had to deal with the de-hulling 
process. So far, this process and its technology on a household level remain 
obscure.

Figure 306: From LeFt to 
rigHt: fruits of proso millet 
(Panicum sumatrense), sawa 
millet (Echinochloa 
frumentacea), and fonio 
(Digitaria exilis) that have 
become available after 
de-hulling.

290 6 Traditional food processing
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