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Advancement and innovation in ancient wine research
Emlyn Dodd1 and Dimitri Van Limbergen2,3

This article reviews how recent advances in archaeological and 
scientific methodologies have introduced a new era of research 
into ancient wine production and grape cultivation. Our 
understanding has progressed enormously since early studies 
in the 19th and early 20th centuries. Analytical tools can now 
detect and interpret the presence of wine at increasingly 
granular levels, while collaboration between archaeologists and 
scientists has explored links between ancient and modern 
viticulture. We discuss the development and application of 
ancient DNA, archaeobotany and palynology, organic residue 
analysis, aerial photography, and geophysical prospection in 
relation to the cutting-edge exploration of key debates around 
ancient wine: the evolution of grapevine domestication; 
identification of production facilities and wine drinking, storage, 
and transport vessels; characterization of wine properties; and 
the archaeology of vineyards. In doing so, we also explore 
future possibilities for the field, including current challenges and 
limitations in data and method.
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Introduction
Recent decades have witnessed a surge in research on an-
cient wine. Rapidly expanding archaeological data sets and 
the application of a range of modern scientific techniques 
have moved us well beyond the text-based insights of the 

19th and 20th centuries (Figure 1) [1,2]. These develop-
ments extend our knowledge beyond the infamous wine 
cultures of Greece and Rome, reaching much earlier into 
prehistory and allowing us to engage with more ambitious 
questions and increasingly complex issues. For example, 
analytical tools are increasingly able to detect and interpret 
ephemeral material residues, illuminating the earliest events 
related to fermentation and grapevine domestication. 
Meanwhile, collaboration between scientists and archae-
ologists has begun to explore links between ancient and 
modern viticulture, including the persistence of grape var-
ietals and impacts of past climate on cultivation and pro-
duction. Research into ancient wine is now profoundly 
interdisciplinary, combining methods from the humanities 
and hard sciences to (re)investigate evidence in an increas-
ingly holistic fashion.

Such methodological progress has led to significant in-
tellectual advancement. More robust hypotheses have 
been formed around the origin(s) of wine and sub-
sequent diffusion of knowledge, which, based on current 
evidence, point to the mountainous regions of Lebanon/ 
anti-Lebanon, the Taurus, Caucasus, and Zagros during 
the Early Neolithic, ca. 6000 BCE [3]. Improved scien-
tific techniques have also illustrated how Neolithic 
grapevine exploitation and management might have led 
to early wine production elsewhere (e.g. Greece and the 
Aegean) [4,5]. Cultures of wine consumption, and 
eventual production, also developed from a relatively 
early point in areas where the wild grapevine originally 
did not grow. One example comes from Old Kingdom 
Egypt, where vintners successfully navigated challen-
ging arid climates and watery river delta settings as 
shown in royal tomb imagery, ca. 2500 BCE.

This article highlights how recent advances in methodology 
have ushered in a new era of ancient wine research (Figure 
1). Approaches we discuss include ancient DNA (aDNA), 
archaeobotany (in particular seed morphology) and paly-
nology, organic residue analysis (ORA), aerial photography, 
and geophysical prospection. We illustrate the development, 
refinement, and application of these techniques according to 
key themes in current debates: the evolution of grapevine 
domestication; identification of production facilities and 
wine drinking, storage, and transport vessels; characteriza-
tion of wine properties; and the archaeology of vineyards. By 
reviewing innovative approaches as applied to these themes, 
we also explore future possibilities for the field, including 
current challenges and limitations in data and method.
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Ancient DNA: grapevine domestication 
histories and the persistence of ancient 
varietals 
In recent years, paleogenomics (the analysis of aDNA) 
has developed into one of the most promising ap-
proaches to investigate the earliest histories of grapevine 
domestication, dissemination, and diversification. Along 
with other advances, next-generation sequencing tech-
nologies allow for much more rapid sequencing and 
enable regular, cost-effective, and reliable study of 
aDNA. This has been profitably applied to well-pre-
served archaeological remains of grape seeds, most often 
from waterlogged contexts. 

However, while recent genetic studies incorporate vast 
assemblages of material, they have often led to contra-
dictory hypotheses. Some genomic studies promote very 
early dual domestication events, ca. 9000 BCE in the 
Levant and Caucasus, based on estimated historical di-
vergence trajectories between wild and cultivated spe-
cimens, and interconnected with societal evolution 
toward sedentary Neolithic agricultural settlements [6]. 
These chronologies are much earlier than the oldest 
current evidence for wine, ca. 6000 BCE (above), though 
depend upon a series of estimations, assumptions, and 

comparative calculations in their modeling and without 
firm archaeological evidence remain hypothetical [7]. 
Other research integrates genetic and archaeobotanical 
analyses, with results that challenge some of the do-
mestication trends revealed by strictly genomic studies  
[8]. Integrative approaches using waterlogged grape pips 
from the Bronze Age cave site of Grotta di Pertosa (Italy) 
illustrate the possible transfer of domesticated grape-
vines from the Aegean and hybridization with local wild 
forms through mild selective pressure in the second 
millennium BCE [9]. Secondary domestication centers 
have also been proposed by recognizing accumulations 
of ‘foreign’ germplasm, for example, in the Albegna 
Valley, Italy [10]. 

While researchers had long assumed that grape domes-
tication only occurred in one region and at one point in 
time — ca. 8000 years ago in the Caucasus — these re-
cent genetic analyses suggest a more complex domes-
tication pathway around the Mediterranean. Potentially 
independent events are now suggested for Bronze Age 
Sardinia and the Iberian Peninsula, with a sharp turning 
point toward advanced viticulture and domestication in 
Late Bronze Age Italy [11–13]. Some of these results 
remain controversial. We therefore stress the importance 

Figure 1  
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Schematic overview of data sources and methods used to study ancient viticulture and wine production, showing where cutting-edge topics covered 
in the current article fit within the broader research context (diagram by D. Van Limbergen).   
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of methodological rigor, including analyzing material 
from secure stratigraphic contexts with scientific dating 
conducted directly on samples rather than associated 
material. Methods that integrate aDNA with other evi-
dence are likely the most reliable approach to unraveling 
historical grapevine and wine trajectories. 

Grapevine ancestries have long been of interest to ar-
chaeologists, scientists, and modern vintners. 
Comparative DNA assessment and kinship analyses are 
uniquely placed to investigate the origins of modern 
cultivars, as they contribute empirical data that bridges 
ancient and modern viticulture. A substantial amount of 
this work has focused on Italy and France, regions with 
renowned modern viniculture and deep wine histories. 
Some studies reveal close genetic relationships between 
ancient and modern grape varietals [14], spanning even 
only a few generations [15]. One Medieval sample (ca. 
1050–1200 CE) from an archaeological site in northern 
France was identified as a genetic match to modern-day 
Savagnin Blanc, indicating 900 years of uninterrupted 
vegetative propagation [14]. However, there is not yet 
decisive evidence for the continual growth of ancient 
(pre-Medieval) grape varietals today. 

Despite these and other results [16], we remain unable 
to convincingly move beyond speculative links be-
tween modern varietals and grape descriptions in 
Roman texts. Ancient lineages and grape histories are 
powerful marketing forces in today’s wine industry, 
but we simply do not have an evidentiary thread 
joining ancient literary, archaeological and modern 
data, and misinformation tends to dominate in pro-
motion. Communicating paleogenetic results accu-
rately and ethically is a prime responsibility of those 
undertaking research of this nature to avoid misleading 
the everyday consumer. 

Archaeobotany: detecting the pace and place 
of domestication and cultivation 
Developments in the scientific study of grape pips, 
skins, grapevine wood, and Vitis pollen, especially ad-
vances in computational modeling, morphometric and 
biometric analyses, have considerably improved our 
ability to distinguish between wild and domesticated 
samples (Figure 2) [17]. We now have a better grasp on 
the ways in which different taphonomic processes im-
pact waterlogged and charred grape seeds — a crucial 
aspect that aids archaeological interpretation [18–20]. 
Analysis of uncharred, waterlogged grape pips from 
various archaeological contexts in France (ca. 50 
BCE–500 CE) has suggested, through comparisons with 
modern wild grapevines and cultivars, that Roman 
farmers exploited a mix of morphotypes comprising wild, 
intermediate, and domesticated forms, while also pur-
posefully selecting varieties with desirable qualities and 

undertaking hybridization [21]. Similar conclusions have 
recently been drawn for Roman Italy [12]. This illus-
trates the pace of historical domestication processes, 
highlighting blurred lines between exploiting wild vines 
and growing adapted varieties. 

Similarly to genomic research, archaeobotanical studies 
have explored longue durée grapevine histories linked to 
cultural developments in wine production and grape 
consumption. One recent study analyzed over 19 000 
grape pips covering the last 10 000 years in France to 
show that significant shifts toward grapevine domes-
tication did not occur until the Iron Age on the coast (ca. 
600–500 BCE) and Roman period inland [20]. These 
trends are almost certainly linked to an upsurge in local 
wine production and evolutions in wine culture within 
indigenous and migrant people groups. Another study 
evaluated several million grape pips and charcoal frag-
ments from 330 archaeological sites to elucidate the 
history of grapevine cultivation in southwest Asia [22]. 
In tandem with data from aDNA and ORA (below), this 
is now painting a much more granular and diverse pic-
ture of the exploitation and dispersal of the grapevine 
and its interrelationship to the history of winemaking by 
early cultures. 

Another promising line of research is palynology. While 
earlier efforts struggled to interpret the typically low 
concentrations of Vitis pollen — mainly because of poor 
insight into its dispersal patterns — more recent work 
has clarified its weak pollination and limited atmospheric 
transport. Thresholds for Vitis percentages in pollen 
spectra have since been established, and any count over 
ca. 0.1% of the total land pollen suggests the presence of 
a vineyard very close to the sampling location [23]. 
Notably high, outlier counts are thus extremely useful 
tools in demonstrating the location of past vineyards. 
However, good results often depend upon local en-
vironmental conditions, and some areas are not suited to 
this approach. The recent excavation of a vineyard near 
Pompeii (Italy) only delivered a single Vitis pollen grain 
from 16 samples taken within and immediately outside 
the trench (Figure 3) due to the poor state of pollen 
preservation in this area, which causes difficulties in 
identification [24]. 

Palynology can also help to ascertain the contents of 
ancient storage jars. A sealed amphora from the Albenga 
shipwreck (100–90 BCE) was investigated using paly-
nological, chemical, and physical testing, which revealed 
that wine was its primary contents and that the high 
proportion of Vitis pollen (12.7%) might indicate that the 
liquid was must or wine subject to limited decantation or 
filtering [25]. While speculative, this highlights the po-
tential for palynology when used on liquid samples to 
characterize the nature and production of an ancient 
wine with remarkable detail. 
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Organic residue analysis: identifying ancient 
wine properties and production facilities 
Although ORA has been in use for almost half a century, 
only in the last few decades have more robust protocols 
been developed and applied to the study of ancient 
wine. Initially used to detect specific biomarkers or 
chemical signatures for wine on ceramic storage jars 
(e.g. amphorae), it is now increasingly deployed to assess 
production surfaces [26,27]. When used in this manner, 
ORA is crucial to address the persistent challenge of 
discerning between wine or olive oil production 

facilities, which in antiquity used very similar production 
equipment and architecture and are therefore difficult to 
distinguish solely through standard archaeological ap-
proaches [1,2]. ORA can also detect other chemical sig-
natures, revealing the variety of nongrape additives that 
were mixed into wines in antiquity (e.g. herbs, spices, 
resin, seawater, honey) [28]. 

The scientific study of residues holds great potential to 
reveal information about ancient wine that was pre-
viously inaccessible or understood only through often 

Figure 2  
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Archaeological examples of grape seeds classified as wild, Vitis vinifera L. spp. Sylvestris (1) and domesticated, Vitis vinifera L. spp. Sativa (2), 
recovered from Negrar, Valpolicella, Italy (photographs by D. Bellin and G. Bolognesi; courtesy P. Basso, FaW Project, University of Verona).   
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biased descriptions in ancient literature. Systematic ap-
plications have, for example, detected the use of various 
tree resins at different stages of vinification in Bronze 
Age Levantine cultures. At Tel Kabri, storax resin may 
have been used to arrest the fermentation process (per-
haps added relatively quickly to must following grape 
treading in nearby vineyards), while Pistacia resin was 
added later to act as a preservative along with other 
additives during bottling and storage [29]. Sulfur has also 
been chemically detected in ceramic jars at several 
Roman sites [26], perhaps acting as a preservative in a 
similar manner to modern winemaking. There is, how-
ever, little supporting evidence for this practice with no 
mention in the otherwise detailed ancient literary de-
scriptions of winemaking. The role of sulfur remains an 
important avenue of future investigation. 

Comparably little research has been done on the rarely 
preserved liquid remains of ancient wine. One recent 
exception is an ash urn filled with a reddish liquid found 
at a Roman mausoleum in Carmona, southern Spain, 
whose mineral salt profile and the presence of typical 
polyphenols allowed for its identification as wine 
through inductive coupled plasma-mass spectro-
metry and high-performance liquid chromatography- 
mass spectrometry [30]. Although it will only ever be 
possible to assess liquid remains in exceptional circum-
stances, this developed procedure has the potential to 
significantly contribute to our knowledge on the nature 
of ancient wines, especially in terms of how environ-
mental conditions, vine-growing, and winemaking 

procedures contributed to wine sensory profiles. Com-
parative modern analysis can be particularly insightful in 
this regard to describe how ancient wines differed from 
(or were similar to) wines today. 

Despite the importance and frequent use of ORA in 
vinicultural research, methodological challenges remain 
(in part due to the complex nature of wine) and rarely do 
analyses produce indisputable results. Conclusions often 
require deeper and more critical reflection due to this 
ambiguity. For example, how many times or how often 
must a facility be used for sufficient residues be left for 
detection? Or, if wine and oil signatures are both de-
tected, how might we interpret chronologies or phases of 
use (e.g. simultaneously, seasonally, or distinct and over 
longer time spans)? As with any archaeological science, 
samples should be well-provenanced, well-dated, well- 
preserved, and uncontaminated to produce reliable re-
sults [3]. The progressive development of ORA has also 
created disparate schools of work, which often disagree 
due to the use of different scientific approaches and 
theoretical underpinnings, usually in terms of chemical 
extraction and analysis but extending to the reliability of 
detecting ancient wine altogether [3,26,31–33]. 

Limitations also extend to revelations that describe 
characteristics of ancient wine as incontrovertible truths, 
despite requiring further experimentation and deeper 
critical analysis. For example, the purported detection of 
the color of an ancient wine based on analysis of its re-
sidues. While progress is being made regarding the 

Figure 3  
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The excavated Roman vineyard and palaeosol from 79 CE at Via della Resistenza, Scafati, Italy, showing ridging, furrowing, and the location of 
grapevine root and stake pits (courtesy F. Seiler, SALVE project, DAI Berlin).   
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recognition of certain chemical properties that might 
reveal a wine or grape’s color (e.g. syringic acid as a 
marker for red wine), in many cases, it remains incon-
clusive in archaeological materials [27]. This is made 
more problematic by tendencies to apply modern per-
ceptions of wine color (e.g. sharp distinctions between 
red, white, and orange), despite arguments suggesting 
wines in antiquity were understood along a nuanced 
spectrum of shades [34]. Efforts also continue to reliably 
distinguish between chemical signatures for wine, vi-
negar, and other unfermented grape products or deri-
vatives, all of which were produced and used in 
antiquity, including the suggestion of using succinic acid 
as a marker of fermentation [26,35]. 

Vineyard archaeology: understanding the 
place and structure of ancient viticultural 
practice 
Both excavation and noninvasive approaches, such as 
aerial photography and geophysical prospection, have 
revealed ancient vineyards in the Mediterranean and 
northwestern Europe, most of which date to the Greek 
or Roman eras (Figures 3 and 4). A particularly vast and 
well-studied corpus now exists for Roman Gaul, mainly 
generated by rescue excavations. These show examples 
of systematically organized trench and pit planting ar-
rangements specifically adapted to the nature of the soil, 
with structural features to improve drainage and sun 

exposure. They also illustrate the widespread use of 
layering as a propagation technique aimed to quickly 
reproduce plants with desirable traits by partially 
burying their branches in the soil, establishing new roots 
from which a new vine is grown [36]. 

The oldest traces of systematic vineyards currently date 
from the ninth to eighth centuries BCE found in the 
Iberian Peninsula where they are likely associated with 
cultivation by Phoenician colonists [37]. Together with 
data from France, the Crimean Peninsula [38], Greece  
[39], and Italy [40], we see an expansion through Iron 
Age, Hellenistic, and especially Roman contexts of large, 
structured vineyard arrangements that testify to high 
levels of specialist skill, care and processes of change, 
and innovation and adaptation across the ancient world 
(Figure 4). Rigorous comparative analysis highlights the 
regional diversity of ancient vine-growing systems. For 
example, subdivided enclosures with dry-stone walls 
that protected vines from strong winds were used in the 
Hellenistic Crimea [38], and grapevines were trained as 
bushes or in basket shapes on Aegean islands to protect 
berries from harsh sun and winds [41] or along rows of 
host trees in the flat and humid areas of Roman 
Italy [42]. 

Geophysical prospection is increasingly used to effi-
ciently survey landscapes that might reveal traces of 
ancient vineyards. Fieldwork in Italy, Spain, and the 

Figure 4  
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Reconstruction of the Gallo-Roman vineyard at Gevrey-Chambertin, France (drawing by J.-P. Garcia; DAO: M. Foucher, after Garcia et al., 2010). 
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Crimea shows that this has the potential to revolutionize 
archaeological studies of ancient arboreal fields, in par-
ticular those dedicated to grapevines, olives, and fruit 
trees. In Spain, rows of cultivation pits were detected by 
Ground-Penetrating Radar, linked to tree- and/or vine- 
growing [43], while magnetometry survey at the Roman 
town of Lucus Feroniae in central Italy revealed parallel 
trenches and pits, probably representing filled cuts in 
the underlying bedrock from past agricultural activ-
ities [44]. 

These initial attempts illustrate the promise of geo-
physical applications in the study of ancient viticulture. 
Much remains to be done, however, in terms of devel-
oping and refining detection, analysis, and dating pro-
tocols to ensure that methods are rigorous and data 
robust. The same might be said for the use of aerial 
images to reconstruct ancient arboriculture. For ex-
ample, linear crop marks interpreted as Roman era vi-
neyards across the Tavoliere delle Puglie in southern 
Italy are visible in post-war Royal Air Force photographs 
and more recent aerial and satellite pictures [45], but 
more systematic and integrated analyses are required to 
reliably and effectively exploit this research method. 

Spatial analysis and computational modeling: 
relationships with climate, topography, and 
society 
The introduction of spatial analysis and computational 
modeling is a more recent evolution that aims to simu-
late and interrogate wider territorial aspects of vine- 
growing, such as land suitability, yield, and the impact of 
climate. For example, Agent-Based Modelling has ex-
plored the impact of climate change on vineyard profit-
ability in southern Gaul using dynamic agro-ecosystem 
models based on paleoclimate data to estimate potential 
yields across time and space [46]. The lowest yields were 
found to occur in the sixth century BCE, after which 
they gradually increase, reaching a peak in the Roman 
Republican period. For each epoch, however, there was 
considerable spatial variation in yields, due to differ-
ences in geography and climate. Such models also sug-
gest that in the Iron Age, the areas of highest yield 
potential were located on the coast, spreading further 
north toward the lower Rhone River basin in Roman 
times, probably due to a warming climate. Similar, albeit 
more selective work has been done on Roman Italy, in 
particular for Etruria and the Adriatic region [47]. 

Conclusion 
This article outlined the enormous progress made in 
ancient wine research in recent decades. Alongside the 
range of scientific approaches described above, which are 
both expanding and refining our perspective across a 
range of aspects of viniculture, traditional methods 
continue to play an important role. For example, recent 

research into the large earthenware vessels (e.g. pithoi or 
dolia) that were used to ferment and store wine high-
lights the transfer of artisanal and technical knowledge 
via skilled craftspeople, from the Caucasus to the Iberian 
Peninsula over ca. 6500 years. This enabled the pro-
duction of containers able to produce high-quality and 
healthy wines with the potential for taste profiles not 
dissimilar to some modern wines [34]. Other work il-
lustrates the diverse range of wine production spaces and 
facilities in the ancient world, from rudimentary rock-cut 
installations in the countryside, to wineries that cluster 
in dense urban settings, and opulent villas that featured 
fountains of wine and elegant tasting spaces [48–50]. 
Across all these, we must navigate the challenge of 
modern perspectives that influence assessments of the 
nature and character of ancient wine. Of most im-
portance, therefore, are multi-proxy approaches, which 
integrate several techniques and data sets to more re-
liably detect and understand the nuances of ancient vi-
niculture. 
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