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   Abstract  

 With ever-improving archaeological and scientifi c techniques and methodologies over 
the past half century, our understanding of ancient Roman viniculture has greatly 
advanced. A multidisciplinary holistic approach has proved essential in developing 
working hypotheses and testing them. Th is approach is illustrated by a review of how 
viticulture, winemaking, and the ‘wine culture’ moved from the Near East to the western 
Mediterranean where they were consolidated under the Roman empire. Organic Residue 
Analysis, a representative scientifi c approach, is also reviewed. Technological comparisons 
between East and West (e.g. stomping vats, winepresses, fermentation in pottery jars, 
fi nishing processes and additives) show the conservative character of Roman viniculture, 
which was spread throughout the empire. Rome’s infl uence lasted for centuries until the 
present. Experimental archaeology enables us to reimagine what Roman wine tasted like 
by testing the many variables involved in its production and pointing the way forward 
for future investigation of ancient viniculture.  

   Introduction  

 Before the advent of scientifi c archaeology,  2   our knowledge of Near Eastern and Roman 
viniculture was largely limited to texts written by classical authors.  3   Th ose writers in turn 
depended on Greek and Phoenician sources, especially the agricultural compendium by 
the third to second century  bce  Punic author, Mago the Carthaginian. His twenty-eight 

               CHAPTER 2 
 ANCIENT VINICULTURE: 
A MULTIDISCIPLINARY HOLISTIC 
PERSPECTIVE 
    Patrick E.   McGovern   1                

      1 I thank Emlyn Dodd, Dimitri Van Limbergen and Maria Stella Busana for their invitation to present a keynote 
address at the conference in Rome, as well as the Belgian, British and Dutch institutes for their support. I 
learned much in the process of being brought up-to-speed on ancient Roman viniculture in my quest to 
understand its past and advance its future investigation. I also benefi ted greatly from my colleagues world-
wide, whose knowledge and assistance have been invaluable over the years.   
    2 McGovern 1995, 2019a.   
    3 cf. White 1970a.   
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books in Punic (Phoenician) detailed many Levantine vinicultural techniques, such as 
raisined wine, that were adopted by the Romans. Scholars also culled ancient artwork, 
especially Greek vase paintings (Figure 2.1) and Etruscan and Roman frescos, for 
information on viniculture. Egyptian tomb frescos and reliefs (Figure 2.2) could be 
compared. Because they were produced as much as 3,000 years earlier, they showed how 
Roman viniculture likely was ultimately rooted in Levantine technology, as was the 
earlier Egyptian industry. 

 Artefacts and ecofacts (e.g. grape seeds) might provide other relevant data. Th eir 
usefulness, however, was undermined by their general lack of archaeological context and 
dating. Stratigraphic excavation was not yet practiced, and the art market was not 
regulated. A relic could well have an uncertain history in its use and how it was conserved. 
Traditional Italian winemaking, which had likely resisted change since Roman times, 
provided another avenue for understanding ancient viniculture. Th e drawback was 

   Figure 2.1 Dionysus sailing the Mediterranean, aft er he has miraculously grown a grapevine 
up his ship’s mast and transformed his attackers into dolphins, by Exekias inside a  kylix  of the 
mid-sixth century  bce . Courtesy of the Staatliche Antiksammlungen und Glyptothek, Munich, 
no. 8729.         
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    4 See McGovern and Hall 2015.   

discerning the diff erences between past and present. Together, texts, artwork, artefacts/
ecofacts and ethnography provided a fi rst approximation to ancient Roman viniculture. 
But a more scientifi c methodology was needed to prevent inaccuracies. 

 To start with, it should be appreciated that archaeological science is a historical (‘soft ’) 
science, like geology and cosmology.  4   Unlike the ‘hard’ sciences (e.g. chemistry and 
physics), experiments cannot be repeated in the laboratory. Past events are unique, and 
they are preserved to a limited degree. We infer a working hypothesis from the available 
data, assuming regularities in nature and human culture. Consequences, if the hypothesis 
is true, are then deduced and tested and credibility grows with repeated confi rmation 
and ever-increasing levels of probability. 

 Scientifi c archaeology is extremely multidisciplinary, drawing upon the hard and soft  
sciences as well as the humanities. Attention needs to be given to all the available 
evidence, to interpret it in the most meaningful and holistic way possible. Ancient 
viniculture, so central to so many cultures, off ers the prospect of achieving this goal as 
few other human activities can.  

   Principal scientifi c disciplines  

 Th e following approaches are essential in reconstructing ancient viniculture for a specifi c 
region and time period: 

   1.  Precise dating  of the pertinent archaeological contexts and artefacts/ecofacts, 
especially by radiocarbon determinations.  

   Figure 2.2 Winemaking scene from the Th eban tomb of the scribe Nakht,  c . 1400  bce . Courtesy 
of Th e Metropolitan Museum of Art, Rogers Fund, 1915 [15.5.19e].         
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  2. Comprehensive  surveying  for ancient vineyards and winemaking facilities by 
geophysical prospection (e.g. magnetometry and ground-penetrating radar), 
drones and satellite imagery. Follow-up with test excavations and analyses of 
recovered materials.  

  3. Reconstruction of the  ancient environment ,  climate ,  biome  and  microbiome  by 
excavation and coring, followed by geological, archaeobotanical, 
archaeozoological, and physicochemical analyses (e.g. soil pH). Apply modern 
precipitation levels and temperatures as proxy measurements.  

  4.  Landscape archaeology  to establish relationships between ancient vinicultural 
features within their physical setting throughout the year, including soil composition, 
altitude, sun exposure, water availability, humidity, and wind direction and velocity.  

  5.  Site excavation  by the best stratigraphic archaeological methods available, with 
special attention to geomorphology, pedology and hydrology. Vinicultural 
samples for scientifi c analyses handled with gloves, avoiding contaminants (e.g. 
plasticizers) and properly stored.  

  6.  Taphonomy  of vinicultural remains, inorganic and organic, assessed by analyses 
and known physicochemical properties. Soil samples collected from the same 
contexts are essential as controls. Careful observation of archaeological contexts 
for other sources of degradation and disturbance (e.g. insects).  

  7.  Archaeobotany and archaeozoology , using standard techniques and fl otation of 
macro-remains, ideally coupled with high-power microscopic observations (e.g. 
starch, pollen and phytoliths).  

  8.  Molecular Archaeology :  

   a.  Organic Residue Analysis (ORA)  of putative wine vessels and installations 
by applying many chemical techniques to identify biomarkers (‘fi nger-print’ 
compounds) that derive from the original natural products.  

  b.  DNA analyses  to determine the genetic sequences of the wild Eurasian 
species ( Vitis vinifera  ssp.  sylvestris ) and its domesticated varietals ( Vitis 
vinifera  ssp.  vinifera ). Also sequence and identify other microorganisms in 
the soil that are important in wine fermentation (e.g. yeast) along with any 
additives (other fruits, herbs and natural products) mixed with the wine.  

  c.  Inorganic analyses  of putative wine vessels and artefacts made of pottery, 
metal, glass/faience, etc. by microscopic examination, chemical analyses (e.g. 
instrumental neutron activation analysis (NAA), petrography, etc.), to 
determine their contributions to the detection of grape/wine and vinicultural 
processes within the archaeological and environmental context (including soil).   

  9.  Experimental archaeology  employed as proxy for laboratory replication of 
results to support a hypothesis, based on the available archaeological, botanical, 
textual, artistic, ethnographic and other scientifi c evidence. Numerous interacting 
variables are tested for their eff ects on ancient vineyard design, winemaking 
process and wine fl avour.   
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    5 Dodd 2022a.   

 Many of these approaches are applied to specifi c case studies in the following chapters of 
this book. When taken together, a holistic, albeit still partial, picture of the beginnings 
and subsequent development of Roman viniculture can be seen to be emerging. In no 
small measure, the integration of multidisciplinary techniques accounts for this signal 
achievement. Much is still left  to do, and many more scientifi cally excavated sites are 
needed to fi rm up working hypotheses and round out the picture. Because of the limited 
archaeological and scientifi c database that is available to work from, controversies about 
interpretations and the best methods to use will continue to persist.  

   Organic residue analysis  

 One key example of how the application of any scientifi c technique to ancient vinicultural 
hypotheses needs to be constantly assessed and refi ned is provided by an evaluation of 
recent developments in my principal area of expertise: ORA. 

 ORA is one of the most promising tools in our scientifi c repertoire, with great 
potential in reconstructing ancient viniculture across regions. Th is discipline has played 
a pivotal role in the larger fi eld of biomolecular archaeology to identify ancient grape 
and wine remains. Great strides forward have been made in the use of chemical 
biomarkers to identify wine, additives and preservatives, as well as methods to elucidate 
how wine was processed and aged, perhaps even whether it went through gradual 
fermentation or was intentionally heated and smoked to speed up this process. 

 Progress over the past several decades has been especially impressive for the Italian 
peninsula and the emergence and consolidation of Rome and its empire. Pompeii and 
Herculaneum, whose inorganic remains were preserved  in situ  under volcanic debris, 
were informative but only up to a point. Organic compounds of archaeobotanical 
remains were incinerated, but the physical forms of fruits (e.g. grapes) were retained. 
Artistic evidence, such as frescos, showed how wine was served in home and tavern, and 
how it was important and integrated into the social, religious and economic life of the 
city. Th ere are few archaeological sites that have contributed so much from so many 
perspectives to a detailed understanding of ancient Roman vinicultural expertise and 
wine culture. Yet, there was much more to know that only better-preserved organic 
materials from other archaeological sites, together with modern surveying and excavation 
methods, could reveal. Archaeologists in collaboration with scientifi c specialists have 
shown just how much information can be gleaned to illuminate how vineyards were laid 
out, what specifi c types of winepresses were employed, what grape cultivars might have 
been cultivated, and how the grape must was vinifi ed in  dolia defossa  and specially 
designed cellaring facilities.  5   
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 As part of a holistic multidisciplinary approach, ORA has been increasingly used to 
analyse contemporaneous organic remains from excavated sites in the central and 
western Mediterranean.  6   However, the results are only as good as the samples to be 
tested, which are ideally well-provenanced, well-dated, well-preserved, and were not 
contaminated aft er their deposition (e.g. by ground water) or post-excavation in the lab 
or storage facility (e.g. by human handling without gloves or conservation materials). 
Specifi c chemical extraction and analytical methods must also be scrutinized for their 
data precision and accuracy and overall eff ectiveness in solving important archaeological 
and historical questions. 

 Findings should not be accepted at face value and presented as assured results until 
they have been critically evaluated. For example, chemical evidence has been used to 
bolster theories of Bronze Age cultivation of the native wild Eurasian grape vine in the 
western Mediterranean, advocating its possible domestication at that time in contrast to 
traditionally dominant ‘East to West’ diff usionist models in which the Eurasian grape 
was domesticated in a unique event in the mountainous Near East at an earlier period. 
While there is increasing evidence that the grape was exploited in pre-Roman Italy 
(especially, in native ‘grogs’), there is yet insuffi  cient evidence to argue for extensive 
cultivation in the Italian peninsula, let alone domestication (i.e. planting and exploitation 
of the hermaphroditic vine cloned by vegetative horticultural methods) before the 
arrival of the Iron Age Phoenicians and Greeks. Late Bronze Age interactions with 
Canaanites and Mycenaeans also appear to have had a comparatively minimal impact, at 
least as regards the introduction of the domesticated vine. Th e much earlier domestication 
in the Near East represents a truly revolutionary process, yet unparalleled for the 
Eurasian grapevine across its broad geographic range from the Iberian Peninsula to 
central Asia or among the many other species of  Vitis  worldwide. 

 Very recently, the chemical evidence for ancient Mediterranean and Near Eastern 
viniculture, including ancient Italian and Roman investigations, has come under serious 
scrutiny and scepticism.  7   Th e critics are generally tied to what might be denoted as the 
‘Gas Chromatographic-Mass Spectrometric (GC-MS) lipid school’ of ORA, based on 
the primary use of one chemical technique.  8   As already pointed out, however, the very 
limited archaeological evidence for ancient grape or wine should be assessed from a 
broader scientifi c and historical perspective, otherwise we run the risk of becoming 
overly dismissive of data that are crucial to developing plausible working hypotheses. 
Such scepticism might then be extended out into the secondary literature, as has already 
begun to occur in this instance,  9   which might impede the long-term development of the 
fi eld.  10   It is useful here, therefore, to contrast a variety of ORA techniques to judge how 
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the discipline might best proceed into the future in carrying out analyses of ancient wine 
and grape remains. 

 First and foremost, absolute chemical certainty should not – and cannot – be the goal, 
especially when based on a single chemical technique. Th e shortcomings of such an 
approach have been laid out previously.  11   Th e upshot of this critique is that a careful 
weighing of the available evidence from multiple disciplines is required, combining and 
balancing natural scientifi c and socio-cultural approaches. Working hypotheses can then 
be induced and tested deductively. 

 As regards ORA’s role in this process, special note should be given to how tartaric 
acid (TarA) is analysed, since it is the characteristic organic acid of wine, occurring in 
large amounts only in the Eurasian grapes of the Near East and Mediterranean regions. 
Of course, it cannot be used exclusively as a biomarker to detect wine, since it occurs to 
a limited extent in other natural products of the region such as the pomegranate 
( c.  eighteen times less than the Eurasian grape) and is also produced in small amounts by 
soil microorganisms. Due regard also needs to be given to whether a specifi c natural 
product with higher amounts of the acid, such as baobab fruit from Africa,  Viburnum  
fruit from the Russian plain  12   or hawthorn fruit from east Asia, might have been imported 
into the region in the period under investigation. 

 Th e possibility has been raised recently that small organic acids, such as TarA, are 
particularly susceptible to being degraded or contaminated by environmental factors as 
opposed to small lipid compounds, such as palmitic and stearic fatty acids.  13   In fact, the 
latter are less soluble in water than small organic acids. But what might be gained by less 
groundwater leaching and contamination of fatty acids is negatively off set by the weaker 
binding properties of palmitic and stearic acids (pKa’s of 4.75) in a pottery matrix, the 
usual material of the vessels being tested by ORA, as compared to the enhanced ionic 
binding to the aluminosilicate structure of clay by a stronger acid like tartaric (pKa 2.98 
at 25°C for its fi rst acidic function; note that pKa is a measure of the dissociation of a 
proton from an acid compound in aqueous solution). Th e amphiphilic nature of fatty 
acids also subjects them to movement in both hydrophilic and lipophilic materials, such 
as soils and especially in poorly provenanced and mixed archaeological contexts. 

 It should also be noted that the analysis of precipitated tartrate salts, including 
potassium bitartrate and calcium tartrate, at the bottom interiors of pottery vessels off ers 
excellent prospects of detecting TarA as they are better protected from environmental 
factors and usually comprise larger amounts of the acid.  14   If the ancient pottery vessel 
being tested once contained a liquid, this eff ect will be further enhanced by the absorption 
of TarA into the pottery matrix where conversion to the insoluble salt can also occur. 
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Especially in dry climates and in well-defi ned and protected archaeological contexts 
such as a tomb or well-sealed fl oor of a building, TarA in a wine vessel will then be better 
absorbed, bound by ionic forces to the pottery matrix, retained, and preserved over time 
than will palmitic and stearic acids. A similar argument can be made for the accumulation 
and preservation of malate and other organic acid salts. 

 Moreover, if the sample to be tested comes from a narrow-mouthed pottery vessel or, 
even better, one that was stoppered at some time during its history – as was almost 
always the case for storage and transport containers like  amphorae  – then the prospects 
of retention of TarA are further improved.  15   Note, however, that associated archaeological 
evidence is usually required to make the case for this working hypothesis, such as the 
excavation of the stoppers in the immediate vicinity of the tested whole vessels and 
ascertaining that the stoppers have identical diameters to the mouths of the vessels. If 
possible, it is also advisable to test any visible deposits on the interiors of vessels that 
might represent wine residues. Careful visual inspection and low-power microscopic 
examination should be standard practice. 

 Since the goal of any ORA investigation is to obtain reliable results that bear 
meaningfully on important cultural, technological and/or historical developments, the 
all-important starting point should be a careful assessment of the archaeological context 
of the proposed samples to be tested for their potential in developing and testing working 
hypotheses.  16   Th e specifi c archaeological contexts that the samples came from – whether 
intact tomb,  in situ  primary settlement feature, or a secondary or tertiary disturbed 
context such as a refuse pit or building refurbishing – need to be fully detailed and 
published. Non-primary archaeological contexts are especially problematic, and they 
should be excluded from any ORA study. 

 Unfortunately, many GC-MS lipid studies come up short by either not providing such 
information or not clearly articulating their archaeological rationale for their choice of 
samples.  17   Because these studies can be based on poorly provenanced sherds and rarely 
include whole vessels, one cannot independently judge how meaningful the samples are 
and to what extent supposed biomarkers have been contaminated and/or degraded by 
groundwater, soil chemistry, microbial activity and other factors. Although most of these 
studies involve large assemblages of samples, it is then diffi  cult to evaluate the statistical 
signifi cance of the data in testing and corroborating a working hypothesis. 

 Soil samples collected near the pottery vessels to be tested, which are contemporaneous 
with the latter, are the most eff ective way to monitor the loss and/or gain by groundwater 
movement, contamination, and/or degradation of the biomarker compounds, especially 
for longer time spans. Instead of contemporaneous soil samples as the most eff ective 
proxy, one study opts for an absolute amount of extracted residue – 5  μ g lipid per gram 
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potsherd – ‘for a valid interpretation’.  18   But such a relatively small amount is no guarantee 
of this, as already discussed.  19   Much higher amounts, combined with contemporaneous 
soil controls, are best and should be emphasized. 

 As our recent critique has also made clear,  20   Drieu et al. (2020) wrongly assumed that 
the ancient samples extracted by the Lamuela-Ravent ó s group were done with potassium 
hydroxide (KOH) before testing for TarA/tartrate.  21   In fact, the Lamuela-Ravent ó s group 
used only 0.1 per cent formic acid in water/methanol (80:20 vol/vol) in their extractions, 
which was adequate for detecting TarA/tartrate if well-preserved in suffi  cient amounts. 
If KOH had been part of their extraction, it would certainly precipitate out the nearly 
insoluble potassium bitartrate, which explains the < 0.1 per cent recovery yield when a 
pure tartaric acid standard was run.  22   Secondarily and separately, the Lamuela-Ravent ó s 
group did extract their samples using an alkaline KOH fusion reaction, to analyse for 
syringic acid derived from the red pigment, malvidin. Th e mistake of using KOH in the 
initial extraction has been made elsewhere and continues to be employed.  23   

 Previous studies give the misleading impression that the full range of published 
extraction methods were evaluated by Drieu et al. (2020), and only that of Garnier and 
Valamoti proved to be adequate.  24   Whelton et al. state that ‘the diffi  culties and pitfalls in 
attempting the detection of wine through ORA of specifi c “biomarkers” have recently 
been comprehensively reviewed and discussed in Drieu et al.’ (p. 4). Th ey have, however, 
overstated their case, since the latter study did not evaluate the specifi c extraction 
method used in conjunction with the now state-of-the-art method employing liquid 
chromatography high resolution Orbitrap mass spectrometry (LC-HRMS) or tandem 
LC-MS/MS.  25   Th e best extraction method for detecting TarA by this technique was 
determined to be an ammonium hydroxide solution in water/methanol, followed by 
ultra-purifi cation protocols. Associated control soils from the specifi ed archaeological 
contexts went through the same procedure. Th is approach, which was apparently not 
available for testing by the GC-MS lipid group, is currently the most sensitive and 
accurate chemical method for the detection of TarA/tartrate. 

 Tandem LC-MS/MS was the method of choice in analysing early Neolithic wine from 
Georgia in the South Caucasus.  26   It represents a model study of the superior capabilities 
of this method in which a multidisciplinary approach incorporating ORA is integrated 
with other pertinent archaeological, archaeobotanical, climatic and scientifi c data. Th is is 
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not to say that the Garnier-Valamoti extraction method, which avoids using KOH and is 
well-tailored to GC-MS, cannot be equally eff ective in identifying ancient grape products, 
especially wine, at sites throughout Italy and elsewhere, thereby shedding important new 
light on vinicultural development over millennia. 

 A more recent paper additionally claims to have discovered a ‘robust analytical 
approach’ for identifying ancient Eurasian grape ( Vitis vinifera ) products, including 
wine, ‘with a high degree of confi dence’.  27   It argues that if a pottery sherd recovered from 
the soil of an ancient archaeological site has a tartaric acid (TarA) content exceeding 
35 per cent compared to the sum of its malic acid (MA) and TarA, its original vessel 
contents very likely derive from grape; if less than 35 per cent, the likelihood is nil. In 
advance of a more detailed critique, the following points should be considered: 

   1. Th e MA content of fully matured wild  Vitis  species generally exceeds that of 
TarA, oft en by as much as three times.  28   Wild and modern domesticated varietals 
from the 2022 vintage in Georgia are now being analysed to test that likelihood 
for  Vitis vinifera . If true, the cut-off  point for the TarA percentage will be 
considerably decreased, certainly below 35 per cent.  

  2. To enable consumption, humans would have been motivated to lower the MA 
content, a quantitatively variable genetic trait, by clonal selection. Th e 
composition of the wild grape was adapted to birds, which can tolerate higher 
acid contents than humans.  29   Depending upon the historical course of viticultural 
practice, a cut-off  above 35 per cent for the TarA percentage might apply to recent 
European cultivars but not to ancient cultivars on Sicily or elsewhere.  30   Th e latter 
probably have considerably lower MA contents than ancient ones.  

  3. Th e validity of the TarA–MA ratio likely also depends greatly on the specifi c 
grape cultivar, its altitude, whether the grapes were harvested prior to or at full 
maturation, groundwater movement and/or contamination, soil type and pH, the 
microbiome (e.g. MA is generally more susceptible to attack by microorganisms 
than TarA), possible malolactic fermentation whether accidental or intentional, 
dilution eff ects due to an increase in size of the domesticated grape, and the 
relative initial absorption and retention of both acids into the pottery matrix 
over time.   

 Such factors, taken together and especially for the distant past, could result in widely 
varying relative percentages of TarA to MA, essentially invalidating any exact cut-off  
point.  
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   Beginning and spread of viniculture and ‘wine culture’  

 Th e preceding review of ORA, as applied to ancient viniculture, highlights how careful 
appraisals of other archaeological, botanical, historical, textual, artistic, ethnographic 
and scientifi c approaches, following a similarly rigorous approach, are needed to advance 
the fi eld. In what follows, I concentrate on the most basic hypothesis of all: how was 
viniculture as a holistic entity fi rst established on Roman territory? An understanding of 
its beginnings will serve as a reference point from which to judge how conservative 
Roman winemaking might have been or whether it improvised and improved upon the 
technology. An assessment can also be made of its infl uence elsewhere as the empire 
expanded. 

 To answer this fundamental question, we begin in the Near East. Briefl y stated, my 
working hypothesis posits that the wild Eurasian grapevine ( Vitis vinifera  ssp.  sylvestris ) 
was fi rst taken into cultivation and domesticated at a single time and place in the 
mountainous Near East. On current evidence, the general area can be delimited to the 
mountainous South Caucasus and nearby regions of the eastern Taurus and northwestern 
Zagros Mountains.  31   

 We now know that grape domestication occurred at least by  c . 6000  bce  during the 
early Neolithic period. Illustrative of the holistic multidisciplinary approach advocated 
here, an international project arrived at this conclusion by integrating the results from 
multiple scientifi c disciplines, including archaeological excavation, spatial analysis, 
radiocarbon dating, archaeobotany (low-power microscopy, and starch and pollen studies), 
biomolecular archaeology (ORA and DNA analysis), ancient climatic reconstruction 
(from which the Winkler Index for viable winemaking could be calculated) and artefactual 
studies.  32   Because the domesticated grape ( V. vinifera  ssp.  vinifera ) is hermaphroditic (i.e. 
male and female sexual organs occur together in the fl owers of the same plant unlike the 
wild species in which male and female are separate plants), it is more easily pollinated. 
Consequently, it produces more fruit for larger-scale and more effi  cient wine production. 

 From these beginnings, a ‘wine culture’ was eventually consolidated in the mountainous 
Near East. Such a culture, as exemplifi ed by ancient and modern Georgia in the Caucasus 
and Mediterranean Italy, is one in which wine becomes the centre of human activities 
from birth to death, for rites of passage, religious celebrations and off erings, economic 
activity, political negotiations, feasts with song, dance, and other entertainment like the 
Roman  convivium , or simply an everyday meal, possibly accentuated with toasting. Once 
established, wine culture can be hypothesized to have gradually radiated out in time and 
space to become a dominant socio-economic, religious, artistic and medical force 
throughout the Near East and Mediterranean region. Th is development entailed 
transplanting the domesticated grapevine and the adoption of vinicultural techniques by 
other peoples, oft en with the advice of those who were already adept winemakers. 
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 For our purposes in tracking the course of wine culture from ‘East to West’ across the 
Mediterranean, its arrival in the northern Levant represents a crucial point of departure. 
Likely adopted there by at least 5000  bce , it took longer to reach the southern Levant 
where the wild vine did not grow. Beginning around 4000  bce , the Jordan Valley and 
environs were planted with the domesticated vine and began producing wine. Later in 
the fourth millennium  bce , the probable ancestors of the historic Bronze Age Canaanites 
of the southern Levant started exporting wine to nearby Egypt, which was also devoid of 
grapes. Most remarkable is the tomb of the Dynasty 0 pharaoh Scorpion I at Abydos on 
the middle Nile River, which was stocked for eternity with some 700 jars (4,500 litres) of 
wine as early as  c . 3150  bce . Th is fi nding, too, was based on biomolecular archaeological 
and archaeobotanical evidence.  33   

 However, since an Egyptian winemaking industry was yet to be established, 
from where did the jars and their wine come? Clues to their origin were their unusual 
shapes, decorations and manufacturing details, which were not local to Egypt. Th e best 
parallels came from sites in the Jordan Valley, near the Dead Sea, and in the vicinity of 
Gaza along the Mediterranean, the closest settled area in the southern Levant to Egypt. 
Since stylistic comparisons can be misleading, an inorganic chemical technique was 
applied: NAA. By measuring as many as thirty-fi ve chemical elements, especially the rare 
earths, and applying powerful statistical techniques, it was shown to a 99 per cent 
probability that the wine jars from the Scorpion I tomb were made of the same clays as 
those found in the Jordan Valley, the Hill Country of the West Bank and Transjordan, and 
the Gaza region.  34   

 Correspondence between the stylistic and chemical fi ndings could hardly be 
coincidental. At this time – the Early Bronze Age I in the southern Levant – most pottery 
is argued to have been locally produced in small workshops, as was further corroborated 
by the NAA evidence for the exploitation of local Levantine clay beds. Th e most 
parsimonious and straight-forward conclusion was suggested: where the pottery was 
made was most likely near where the wine inside the jars was made. 

 With the pharaohs perhaps setting the precedent of importing wine from Canaan, a 
native Egyptian industry was established in the Nile Delta  de novo  by Dynasty 1,  c . 3000 
 bce . Canaanite winemakers thus likely played a major role in overseeing and advising 
on vinicultural decisions and techniques. Th e advanced stage of Canaanite technology is 
evident from Egyptian tomb frescos and reliefs (Figure 2.2), the earliest known depictions 
in the world, which began to be produced in the third millennium  bce . We see how the 
vines were deliberately trained on trellises and pergolas, to protect the grapes from the 
potentially damaging sun and for easier cultivation and harvesting. Small treading 
facilities, well attested throughout the Levant,  35   are shown with red grape must gushing 
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from spouts. Stoppered  amphorae , which evolved from the Canaanite Jar  36   to become the 
container  par excellence  for ageing and transporting wine, are also illustrated. Th ey bear 
detailed hieroglyphic wine labels noting the year of the pharaoh and the winery’s 
location, akin to the information provided by the later  dipinti  on Roman  amphorae . 

 With this success behind them, the Canaanites from their city-states along the 
Levantine coast – Byblos, Tyre and Sidon – became superb shipbuilders and seafaring 
entrepreneurs. In their state-of-the-art ‘Byblos ships’ made of cedar of Lebanon, they 
ventured ever farther out into the Mediterranean. According to my working hypothesis, 
they applied a similar formula wherever they went: import wine and other luxury goods, 
entice the rulers with the wine culture by presenting them with specialty wine sets, and 
establish a native vinicultural industry by transplanting the domesticated Eurasian 
grapevine and establishing a wine industry. 

 Canaanite seafaring prowess is exemplifi ed by the fourteenth century  bce  Uluburun 
shipwreck, which thus far is the earliest one found in the Mediterranean and has been 
convincingly argued by its excavators to be a Canaanite ship.  37   Scientifi c testing 
demonstrated that the vast majority of the approximately 150  amphorae  on board 
contained a terebinth-tree resinated wine.  38   Several jars were fi lled only with the resin, to 
use as a sealant or for adding more to the wine as a preservative on its journey. Similar 
ships were probably already travelling to the nearest island, Cyprus, by the mid-third 
millennium  bce , moving on to Crete by around 2200  bce , and to the Greek Mainland 
probably shortly thereaft er.  39   

 During the early fi rst millennium  bce , the Phoenicians ventured farther into the 
western Mediterranean where they founded colonies in Africa, on strategic islands 
including Malta, Sicily and Sardinia, and along the Spanish coast, even out into the 
Atlantic to Huelva, near C á diz.  40   Archaeological remains illustrate that they likely 
promoted wine culture to local cultures, as they did in Egypt, and fostered the production 
of wine locally. Widespread Phoenician, and later Greek, activity gave rise to new 
domesticated grape varietals due to the secondary crossing of the Near Eastern grapevine 
with local wild grapevines. In the wake of Phoenician trade and colonization, native 
fermented beverages, especially mixed fermented beverages (‘grogs’), such as the Greek 
 kykeon , with their numerous ingredients, were marginalized, modifi ed, and displaced by 
grape wine.  41   

 Probably by the tenth to ninth centuries  bce , when their infl uence was already felt in 
Spain,  42   the Phoenicians might well have made contact with people in Etruria in central 
Italy. Archaeology shows the adoption of many eastern Mediterranean technologies, 
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including glassmaking, metalworking, shipbuilding, ivory carving, Royal Purple dyeing, 
and preeminently wine consumption in special drinking sets and production.  43   Th ese 
developments followed probable native exploitation of wild grapevines already growing 
on the peninsula and making a fermented beverage perhaps as early as the Bronze Age 
( c.  1500–1400  bce ), possibly stimulated by contacts with traders from the Aegean 
region.  44   Th e Etruscans can be hypothesized to have carried this tradition a step further 
by drawing upon Phoenician expertise in viniculture. 

 A prime piece of evidence for this working hypothesis, in my opinion, is that the 
Etruscan  amphora , which was eventually adapted by the Etruscans as their container for 
exporting wine to southern France,  45   is more closely modelled aft er the Phoenician 
 amphora  than the Greek one, represented by Massiote and Greek types of the same 
period (Figure 2.3). While problematic to confi rm, similarities in container styles, 
especially in the early stages of their adoption, might well imply similar contents – in this 
instance, wine. A comparable case can be made for the Phoenician  amphora  and its 
culture having infl uenced the development of the  amphora  and winemaking in their 
Iberian colonies. Th e pivotal role of Mago the Carthaginian in providing a foundation 
for later Roman texts might provide further evidence of this infl uence. 

 From Etruria, wine culture passed over into the Roman world, with added Greek 
elements which increasingly penetrated northwards from  Oenotria  (and Magna Graecia 
more broadly) at the southern tip of the Italian peninsula.  

   Figure 2.3 Early  amphora  types from the western Mediterranean: (A) Phoenician type 
A-PUN,  c . 700–600  bce ; (B) Etruscan type A-ETR 4,  c . 626–575  bce ; (C) Massaliote type A-MAS 
1,  c . 550–475  bce . Drawings courtesy of B. P. Luley.         
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   Technological comparisons between the East and West  

 Specifi c technological features of the Roman winemaking industry support this general 
hypothesis that viniculture fl owed from ‘East to West’. If we examine the Roman 
vinicultural  cha î ne op é ratoire , it is remarkable how similar some treading vats, trellising 
methods, vinifi cation techniques, and wine additives are to those in the East at much 
earlier periods (cf. Figure 2.4). Th e Levant had hillside stomping platforms with settling 
basins perhaps from prehistoric times; Rome had  palmenti , which span a long prior 
history.  46   Th e Near East had buried vinifi cation jars at Chalcolithic Areni in Armenia  47   
and Bronze Age Byblos in Lebanon;  48   Rome had similarly subterranean  dolia defossa . In 
both regions, again beginning earlier in the East, grapevines were variously grown up 
trees as was their natural habit, supported on linear trellises and pergolas above ground 
(Figure 2.4), trained to run along the ground, or pruned into low bushes.  49   Tools that 
originated in the East (e.g. the pruning hook) were likely carried on ships as trade goods  50   
and adopted in Etruria and Rome.  51   Herbal and tree resin ingredients, which were 

   Figure 2.4 Black-fi gured vase by the Athenian Amasis Painter (sixth century  bce ), recovered 
from the Etruscan site of Vulci, Italy. It is the earliest depiction in the Greek world of the vinicultural 
 cha î ne op é ratoire . Photograph by P. Neckermann, courtesy of the Martin von Wagner Museum, 
University of W ü rzburg (redrawn by B. P. Luley).         
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chemically identifi ed in wine vessels throughout the Near East beginning in the Neolithic 
period, were also regularly added by vintners to later Roman and Greek wines (cf. Pliny, 
 HN  14.19, Columella,  Rust.  12.27; Palladius,  Op. Agr.  11.14–19). 

 By contrast, the diff erences that exist between the vinicultural technologies, East and 
West, are relatively minor. For example, while the archaeological remains of facilities 
show that Roman winemakers, especially in Italy, perhaps carried out their primary 
fermentation in open-air collection vats, probably followed soon aft er by continuing the 
process in partially or fully underground  dolia  so as to free up the collection vat,  52   the 
Levantine custom was generally to do these operations sequentially in multiple tanks 
and smaller  amphorae  and jars, such as  pithoi , fully above ground (Figure 2.2). Both 
regions, however, completed their secondary fermentations and ageing in above-ground 
pottery vessels or those slightly embedded into a surface. Th e minor diff erences remain 
to be explained. Th e Roman (Italian) method was rarely adopted in the Levant, except at 
King Herod’s winter palace whose  dolia  were probably imported from a pottery workshop 
in Italy.  53   

 Additives that went into the wine, which were very important in pharmacopoeias 
both East and West, also varied only slightly, depending mainly on access to local and 
imported herbs, spices and tree resins. Diluting wine with water, however, was less 
common in the East where peoples preferred it neat.  54   Adding seawater to wine, as a 
form of ‘amelioration’, was the mark of the best Greek imported sweet whites from the 
Aegean, especially from Kos (Pliny,  HN  14.9). Th e practice probably came via Greek 
colonization in Italy, since the sweet Levantine wines, which were accorded high praise 
by classical authors (e.g. Bybline: Hes.,  Op . 589; Euripides,  Ion  1177; Th eoc.,  Id.  14.15; 
Archestratus of Gela, fr. 59.5; Ath.,  Deip.  1.29B), were not described by them as having 
been similarly treated. 

 While the origins and diachronic distribution patterns of mechanical winepresses 
remain diffi  cult to untangle, they may again point to the Near East; for example, the 
lever-and-fulcrum concept was already used in Egypt as early as the third millennium 
 bce  for an irrigation device, the  shaduf , as depicted in Old Kingdom artwork. Th e 
ancient Egyptians, and presumably the Canaanites, also had sack winepresses for 
extracting the maximum amount of juice from the grapes from an early time. Textile 
sacks were stretched between two poles by teams of as many as eight men and a more 
mechanical version was constructed within wooden frames, which was operated by 
several men rotating a stick to twist the sack.  55   It is likely depicted in one of the earliest 
hieroglyphs of the First Dynasty, appropriately designating a vine, vineyard, or wine.  56   

 Th e earliest winepress that combined the lever-and-fulcrum and the sack concepts 
was the lever-and-weights type, numerous examples of which were excavated at third 
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millennium  bce  Ugarit in the northern Levantine. Based on current evidence, Brun 
argues for their exclusive use for olive oil extraction, but Zamora makes a reasonable 
case for concomitant extraction of grape juice.  57   Th e lever-and-weights winepress was 
defi nitely well established by the second millennium  bce  throughout the Levant, and 
this type continued in use for millennia until the present.  58   

 Such advances provided a foundation for other winepress types described by the 
Roman authors and whose features are corroborated by excavated archaeological 
remains and artwork. Th ey included the lever-and-drum (or winch), lever-and-screw, 
and the single and double direct-screw sub-types, among others.  59   Although their origins 
are uncertain,  60   they might well have been developed in the central or western 
Mediterranean where they are best represented. Th e increasing use of the lever-and-
screw and the direct-screw types in the East from the fourth century  ce  might also 
suggest that these types were fi rst developed in the West and later adopted in the East.  61   

 Many other steps in the  cha î ne op é ratoire  might be similarly explored from the 
perspective of the East–West hypothesis. Among many topics worthy of investigation are 
the specifi c origins of wine grapes across regions with a focus on white varietals which 
are said to have been especially appreciated by the Romans,  62   vineyard layouts, irrigation 
methods, pruning and graft ing of the vines, plant rotation and fertilizing, tools such as 
large funnels and hoes, and the inception and development of  passito  wine ( passum  in 
Latin) made from raisins for which Mago the Carthaginian fi rst provided a recipe. One’s 
success in pursuing other relevant topics is sometimes limited by the available evidence. 
For example, ancient vineyards in the Near East surprisingly have yet to be located for 
any period. Even where Roman imperial activity is well-documented (e.g. Herodium), 
the location of the vineyards associated with the winemaking facility are unknown. 
Surveys and mapping by satellite and aerial reconnaissance, geophysical prospection and 
excavation are needed, along the lines of model studies carried out in Sicily, the Crimea 
and around Pompeii.  63    

   Conclusion and the future  

 My goal in this review of ancient viniculture from a scientifi c perspective has been 
multifold. I have articulated a working hypothesis of how this highly consequential 
technology and its associated wine culture probably arose in the Near East and spread 



Methods in Ancient Wine Archaeology

30

    64 E.g. Indelicato 2020a, 2020b; Harutyunyan and Malfeito-Ferreira 2022; Harutyunyan et al. 2022. Also see the 
contribution of Harutyunyan et al. in this volume.   
    65 See McGovern 2017a regarding mixed fermented beverage recreations, including grape wine.   

westward across the Mediterranean to Rome. Th ere it blossomed and lay the foundation 
for winemaking, not just elsewhere in the empire but around the world in the centuries 
to come, up until today. I stress that this hypothesis is by no means ‘proven’. Rather, a 
multidisciplinary holistic approach, suitable for resolving and testing important 
questions for a historical science such as archaeology, should lead the way in directing 
future research. Th e challenge is to bring to bear the most appropriate and advanced 
methodologies in the natural and social sciences in concert with those of the humanities.

I believe that the primary ‘East to West’ hypothesis has thus far been borne out. Rome 
received its vinicultural knowledge and expertise, together with the transplanted 
domesticated Eurasian grape, ultimately from the Levant and region of the fertile 
crescent. For ‘Roman’ viniculture specifi cally, the main channel for the adoption of 
related technology was the Phoenicians via the Etruscans who, in turn, passed it on to the 
Romans. Greece played a later auxiliary, albeit crucial, role in the process. Roman farmers, 
winemakers, artisans, engineers, and other craft speople (e.g., potters and metalworkers) 
undoubtedly made their own contributions to various stages in the process (whether 
through irrigation, crop husbandry or mechanical pressing methods), but they do not 
presently appear to have contributed any advance that was revolutionary and might have 
had far-reaching eff ects on the long-standing practice of viniculture.

Any infl uence going from West to East from the empire as it expanded was 
comparatively minimal. Local viticulture and winemaking in the Levant and further east 
continued along the same indigenous lines that it had followed for millennia. Some 
improvements were no doubt made as a result of new developments in the central and 
western Mediterranean, such as better cultivation techniques and more diverse pressing 
operations, but those were at the margins, either too diffi  cult to discern in the 
archaeological record or requiring more investigation. Only when a ruler such as Herod 
the Great deliberately imitated Roman practice and custom by probably importing  dolia  
made in Italy or using preferred botanicals from there or elsewhere can one say that a 
more extensive transfer of technology might have occurred. 

 Much more remains to be done. For example, experimental archaeology, as a proxy 
for laboratory replication of results to support a hypothesis, can be employed to evaluate 
the numerous, interacting variables that might be proposed for an ancient vineyard 
design, winemaking apparatus, or fi nishing process.  64   Depending on the success or 
failure of the replicative experiment, a working hypothesis can be gradually refi ned.  65   
Th e experimental archaeology approach to ancient winemaking can take many forms. 
For example, you might integrate the available archaeological and scientifi c evidence for 
viniculture from a specifi c region and period with an ancient recipe for a specifi c wine 
according to contemporaneous texts and artwork. Th is is what Jean-Pierre Brun and 
Andr é  Tchernia, the archaeologists, and Herv é  Durand, the vintner, did at the Mas des 
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Tourelles winery, along the southern Rhone River at Beaucaire. where a Gallo-Roman 
pottery workshop and winery once stood next to a vineyard.  66   

 Th ey based their approach on their extensive ancient vinicultural knowledge and on 
detailed recipes of the Roman writer Columella (4  bce – c . 70  ce ). A massive wine press 
and Roman cellar were reconstructed following Brun’s recommendations, and Roman 
 dolia  and  amphorae  made according to Tchernia’s specifi cations. Durand chose to grow 
a recently hybridized grape, Villard Blanc, in ancient Roman fashion on pergolas, single-
poles and trees. Th e grapes were stomped and pressed, juice collected in open concrete 
vats, and then transferred to and fermented in pitch-lined  dolia , partly buried in the 
ground. Th e fi nishing touches were to add fenugreek,  defrutum  syrup (grape juice boiled 
down to half its volume), seawater and lime, with quince, iris, lilac, and other ingredients 
experimented with in later vintages. Th e fi nal product, named Turriculae, was aged in 
 amphorae  in the cellar. 

 I did a tasting of Turriculae with Tchernia and Durand in October 2002 and was duly 
impressed by the deep yellow colour and its sherry-like nutty quality, accented by herbs, 
such as the fenugreek with its own sherry-like caramelized character. In addition to their 
later experiments, they might also have tried basil, thyme and/or rosemary which were 
chemically detected in early Etruscan wine.  67   Roman wine, with its many additives, 
represents the apotheosis of this approach. Th e assumption of such experimental re-
creations of an ancient wine is that human senses and the ‘mind-altering’ experience 
caused by alcohol have remained largely constant over thousands of years despite 
changes in individual and societal tastes. Th at’s a reasonable expectation, even for 
Palaeolithic hominins with brain structures probably similar to our own.  68   

 Ideally, any tasting component of a re-created beverage should be coupled with 
scientifi c measurements. Besides compiling the judgements of the best vintners and 
sommeliers, their assessments need to be calibrated with Electronic-Nose GC-MS in 
which the taster provides descriptors of the volatile aromatics as they come off  the 
chromatograph and then go into the spectrometer for chemical identifi cation. Much of 
what we call taste is gleaned from our olfactory sense and similarities and diff erences for 
human and machine may turn out to be quite revealing. For example, knowing a wine’s 
colour ahead of time can severely prejudice your evaluation of it, even for the expert 
taster.  69   Once the diff erent taste variables have been described and identifi ed from one 
another as much as possible, they can be correlated with the available archaeological, 
textual, artistic and other scientifi c data to help in their interpretation and refi ne 
additional experiments. Th us, a holistic multidisciplinary scientifi c approach, again, 
comes to the fore. 

 An important investigation still to be done is to compare the olfactory properties of 
wines vinifi ed for long periods on their lees of skins, seeds and stems in underground 
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pottery jars, like the Georgian  qvevri , with those made in oak barrels.  70   Both Old and 
New World winemakers have begun avidly experimenting with fermentation above or 
below ground in pottery replicas of ancient vessels, sometimes importing them from 
Georgia and sometimes producing them out of local clays and in keeping with distinctive 
indigenous styles.  71   

 From a chemical vantage point, wine made and aged in oak, especially toasted barrels, 
can be expected to be more resinous in character. Using oak in winemaking is a kind of 
nod to ancient, resinated wines. Woody fl avours and aromas are imparted by lactones, 
produced from the lipids in oak. Its tannins readily hydrolyse to form acetal, which may 
yield a pleasing but vegetal taste. When heat is applied to the wood, its lignins break 
down into compounds such as vanillin and other phenolic aldehydes, which are oft en 
lamented in over-oaked wine. Oak’s high carbohydrate content is converted into 
caramelization products by heating. By contrast, pottery and other ceramics as inorganic 
materials are relatively neutral chemically. But they can contribute a diff erent range of 
fl avours and aromas from those of oak, owing to the porosity and ionic structure of 
specifi c tempered clays with metal ions that undergo oxidation-reduction, polymerization 
and enzymatic reactions, many of which are yet to be characterized. Stainless steel and 
most other metals have little or no eff ect on the fi nal product. 

 Anyone who has tasted an  amphora  or  qvevri  wine will have been struck by how 
unusual its fl avours and aromas are compared to the standard wines made according to 
Western ‘industrial’ standards. Th ey are worlds apart. You might be captivated by the new 
or nauseated by the old method. Yeast and grape variety can add to your confusion, 
especially if the cultivar is not one of the twenty-fi ve or so varieties, usually of French 
derivation, that are most commonly planted. If the yeast and other microorganisms have 
taken up residence in the pottery pores and cannot be easily washed out between 
fermentations, then they may contribute their own blend of indigenous fl avours (and 
perhaps off  fl avours) to the mix. 

 Because of the millennia-long development of viniculture in the East, which then 
spread westwards, we now have 5,000 or more grape cultivars, with their seemingly 
infi nite varietal range of tastes. Th ey all ultimately derive from the Eurasian species ( Vitis 
vinifera ) of the mountainous Near East transplanted or crossed again and again as the 
wine culture moved from ‘East to West,’ and then spread out to the rest of the world. 
While our understanding of these developments is still limited, our increasing ability to 
deploy archaeological, historical and scientifi c techniques, based on a holistic 
multidisciplinary approach, promises to fi ll in the gaps in our knowledge. Th is volume 
represents a major step forward in that direction.        
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 supply chain 193–4, 198, 214 
 survey 29, 179–89, 208, 225, 230–31 

 fi eld/pedestrian 41, 51, 148, 152 
 geophysical,  see  geophysics 

 syringic acid 21, 74, 85, 102 

 tartaric acid (TarA) 19–22, 72–5, 84–5, 102, 106, 
253 

 temperature 16, 45, 48–50, 202, 216–21 
 tenancy/tenants 194, 207, 209, 212 
 terrace 80, 129, 132, 142 
 terroir 7, 11, 33–42, 49–52 
 Th eophrastus 35, 158, 248 
 tilling, palaeo- 166, 173 
  tituli picti  196 
 topography 35, 50–1, 63, 163, 172–5, 186–7, 

208 
  torcular  94, 97, 109–10, 194, 201, 250–2 

  see also  press 
 trade 6, 25–7, 34, 37, 63, 198 

 overseas 213 
 in wine 10, 60, 68, 90, 100–4, 115, 175, 194–5 

 treading 2, 162, 201–3, 212 
 fl oor 3, 24–7, 37, 41–2, 75, 97, 136, 201 

 trellis 24, 27, 66, 130, 165, 169–70, 174–5, 184 
 T ü rkiye/Turkey 179–89 
 Tuscany 58–69, 74–8, 93 

 United Kingdom (UK),  see  British Isles 
 urban 38, 43, 175, 181, 195, 208, 210, 213, 217, 229, 

233–6, 239–45, 252 

 Var 38, 197, 220, 225 
 Varro,  see  agronomists 
 vat 28, 31, 71, 73–7, 97, 113, 136, 194, 196, 201–4, 

212 
 vegetation 9, 46, 48, 58, 64, 142, 162, 170–2, 175, 

179–89, 219–21 
 composition of 171 

 Vesuvius/Vesuvian 75–6, 91, 161–2, 166, 168, 172–7 

 villa 76, 79–86, 91, 94, 96–101, 109–13, 115–23, 129, 
135, 155–7, 173, 175, 196–7, 229 

 Regina (Boscoreale) 40, 173–4, 176, 197 
  rustica  113, 162–6, 174–5 
 system 194 

  Vinalia  251 
  vindemia  ( vendemmia ) 202–3, 210, 213 

  see also  grape harvest 
 vine,  see  grapevine 
 vinegar 71, 74, 78, 194 
 vineyard 

 cultivation pits/trenches 43–4, 129–37, 147–57, 
161–4, 211 

 equipment/tools 27, 29, 94, 135–6, 166, 195, 250, 
253 

 excavation 29, 43, 129–36, 156–60, 161–77, 252 
 labour 130, 195, 210–11 
 management 2, 4, 9, 33, 46, 51, 93, 135, 143, 

173–6, 194–5, 199, 212 
 size 193–214 
 spectral signature 181–9 

 vintage 22, 31, 196, 201 
 Virgil 35, 58, 93, 97 
 viticulture 

 index 221–3 
 lowland 135–6, 176, 181 
  see also  grape; grapevine; wine 

  vitis  
  compluviata  36, 170, 174–5 
  maritata  93, 99 

 western Mediterranean 9, 12–13, 18, 25, 29, 62–3, 
71–6, 89–90, 216, 225–6, 230 

 wild (grape),  see  grape, wild 
 wind 

 Bora 9, 227, 243–4 
 Mistral 9, 227, 243–4 

 wine 
 cellar 3, 17, 31, 38–41, 80–6, 99, 113, 

117–8, 196, 205–6, 218–9, 251;  see also   cella 
vinaria  

 consumption 4, 10, 22, 26, 37–8, 71–3, 75, 78, 80, 
92, 100, 126–7, 148, 176, 198, 213, 217 

 culture 6, 13, 17, 23–6, 29, 32 
 derivatives 78, 194 
 economy,  see  economy, wine 
 press,  see  press for wine 

 winery 2, 12, 25, 31, 201–7, 224, 246, 250, 253 
 wood 32, 38, 43, 47, 77, 82, 93–9, 107–11, 130, 136, 

170, 174, 205, 207, 211, 212, 219, 252 
  see also  charcoal 

 yeast 16, 32   
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