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INTRODUCTION

Although it would be attractive to offer a survef agriculture throughout the
ancient Mediterranean, the Near East, and thosen®gf temperate Europe, which were
eventually incorporated into the Roman empire,ténd to concentrate primarily upon
the best attested and most productive farming regihat of Augustan ltalywhich was
broadly comparable in its high level of intensifioa and agronomic sophistication with
that of Greece, Western Asia Minor, North AfricaadBica and Eastern Tarraconensis.
Within the highly urbanized and affluent heartlasfdhe Roman empire, our sources and
archaeological evidence present a coherent piciimaarket-oriented intensive mixed
farming, viticulture, arboriculture and market gamnthg, comparable, and often superior,
in its productivity and agronomic expertise to thesst agricultural practice of England,
the Low Countries, France (wine), and Northernyltal the mid 19th century. Greco-
Roman farmers supplied a large urban populatioralety if not significantly greater
than, that of early 19th century Italy and Greeud a diet rich, not just in cereals, but
in meat, wine, olive oil, fish, condiments, fregiif and vegetables. Anthropometric
evidence of mean heights, derived from skeletalaies) reveal that protein and calorie
malnutrition, caused by an insufficient diet basegrwhelmingly on cereals, was very
acute throughout 18th and 19th century Western figjrand drove the mean heights of
the Spaniards, Italians, and Austro-Hungarian®wasds 158-162 cm, comparable to the
heights of poor peasants in the Egyptian Old Kimgdadl'he evidence from Roman lItaly,
on the other hand, allows us to estimate a meaghtef 168cm, equal to that of Italian
males just after World War II, and the few figufesm Hellenistic Greece suggests a
mean height of 172cm, a level not reached in modereece until the late 1970s,
providing ample confirmation of the success of Gr&oman agriculture in feeding a
large, highly urbanized population to a very higgmslard’

Such high productivity can present a challengddoners, however, the problem
of possible overproduction. As the Roman agrontsngere acutely aware, low prices
and insufficient demand were always a potentialst@mt on the profitability of
intensive farming, and many farmers, particulanymountainous regions isolated from
lucrative urban markets, although fully capablediieving high yields, wisely chose to

1| do not propose to offer a descriptive accountGeéco-Roman farming here. We have excellent
syntheses of the ancient literary evidence in Wh@&0; Flach 1990; Sirago 1995; Marcone 1997; and i
Marcone and Forni 2002, and of the archaeozoolbgaral literary evidence in Peters 1998 and
MacKinnon 2004. Instead, | follow Pleket 1990 atdising on productivity and the relationship betwee

Greco-Roman and early Modern farming systems.

2 Kron 2005a. [For a different reading of the Roreaitence, see Chapter 15. (Ed.)]

© Geoffrey Kron 2012 1



use more extensive methods, or specialized inecadtiching’ or in those crops, which
were easily transported to distant markets. Emehe Mediterranean core of the empire,
therefore, extensive farming will have been rekdiivcommon, although advances in
Hellenistic, Carthaginian and Roman agronomy wéll/é helped boost the productivity
and lower the costs of extensive farming and ranghas well, by introducing new
cultivars of grapevine, olive, fruit and nut trees, discussed below, as well as better
forage and green manure crdpsnd improved grazing managemant.Moreover,
although we cannot discuss the issue in detail, hielig likely that the provinces of
Britain, Gaul, Germany, Moesia, Pannonia, and etagypt and Palestine, lagged
somewhat in incorporating the model of intensiveedifarming we find in Roman lItaly,
more as a result of low levels of urbanizationtunal conservatism or the effects of
persistent social inequality and low demand, howerather than an unwillingness to
learn new agronomic techniqus.

TECHNIQUES, AGRONOMIC EXPERTISE, AND PRODUCTIVITY

The most important and informative sources foriartcagriculture, despite the
objections raised, mistakenly in my viéwgbout their applicability to the farming of
ordinary owner-occupiers, are the great Roman agnists, Cato, Varro, Columella, and
Palladius. Their rich storehouse of agriculturgbertise, and that of many lost works,
was kept alive by the Arab agronomists of al-Andakulminating in the work of lbn al-
Awwam? In the rest of Europe, they were constantly repd, admired, and studied
from the moment urban life and intensive agric@tidegan to revive in 13th century
ltaly, as reflected in Palladius' influence on Rier Crescenzi,until the middle of the
19th century, when Liebig's systematic applicatafnthe science of chemistry, and
Lawes' experiments at Rothamsted farm inspired & s@entific agronomy® The
soundness of their advice is constantly emphasiyatiose with comparable experience
in organic farming! most notably, perhaps, in the comprehensive asigtitful two
volume study of Adam Dickson, arguing for the sigrély of Roman practice to that of

% See Pasquinucci 2002.

* Kron 2004b: 275-304.

® Kron 2004b: 311-6.

® For the agriculture of the Roman provinces, seeebkcellent overview in Marcone 1997: 175-203. For
Romano-British and Gallo-Roman farming, see Reyadlfl79; 1995; Jones 1981; 1989; Ferdiére 2006;
Margaritis and Jones 2008. For Palestine, seeciedigeSafrai 1994; and for Egypt, see Schnebel5192
Rathbone 1991; Kehoe 1992; Rowlandson 1996; BowamahRogan 1999; Banaji 2001; Manning 2003;
Brun 2004b: 143-50; 169-83; Moreno Garcia 2005hBahe 2007: 700-5; Bowman 2009.

" For the high productivity and continued vitalitypeasant farming in Roman Italy, with ample disios

of the unfairness of the stereotype of the ignommtonservative peasant, see Kron 2008b. Seeg falso
example, Lo Cascio 2009a: 91-135; Cifani 2009; Gairsd 2009. For Greece, see Hanson 1999.

8 Ibn al-'Awwam 2000.Compare Marcone 1997: 206.

°® Ambrosoli 1983.

10 White 1970: 14-43; Martin 1971; Amouretti 1981; tdane 1997, 206-17; Fussell 1972; Ambrosoli
1997; Santini 2002. For the first attempts atrstifie studies of plant nutrition, manuring and g, and
the controversies engendered, see Hall 1908; RUss2; Werner and Holmes 2002.

1 See Fussell 1972 and Ambrosoli 1997 for references
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England in the midst of its agricultural revolutifnand in many of the best recent
accounts?

The loss of the extensive agronomic literaturéhef Greeks and Carthaginias,
so admired by the Roman agronomiStsyhich was specialized enough to boast entire
books devoted to alfalfa and the meditsy the radist/ is a profound problem for our
understanding of Greek agriculture, although ountditey work has been done by scholars
such as Hodkinson and Amigues to extract infornmaftiom scientific works, particularly
Theophrastus® We will therefore concentrate our attention ug@oman farming,
although it is likely that Classical and HellermisGreek farming was at least as intensive
and productive as that of Augustan Italy, leavisida the Romans' development of
mariculture in hydraulic concrete fishtanks, or ithetroduction of new fruits,
vegetables, or grapevine cultivars as the resudbofjuest and expanded trade.

The absence of agronomic sources, and insuffieigahtion to the extant Roman
agronomists, helps to explain the persistence gaide more realistic assessmehitsf a
still influential primitivist school of Greek aguitture?’ but an even more significant
problem comes from the use of deceptive ethnoaatbgieal parallels from modern
Greece! The extreme poverty and low productivity of modésreek agriculture is
often assumed to be the inevitable result of emvitental constraints, rather than the
result of social and historical factors which umdered agriculture, including rural
depopulatiorf® poor access to urban mark&tsand competition from more intensive
agricultural regime&> For the few isolated villages of peasant farnier&reece under
the Venetians, Ottomans, and into the modern bBeagtwas little incentive to increase
productivity, and only the simplest cost- and laksaving methods of farming were
used. Much of the arable land was simply abandonbdthe 19th and early 20th
century, the plain of Troezen was "uncultivated &t of scrub except for the lemon

12 Dickson 1788. For the importance of Dickson'slgsis and comparative perspective, see Carandini
1982; Marcone 1997: 217-8.

13 Note in particular Billiard 1913; White 1970; Petd998. See also Magerstedt 1859; Magerstedt; 1862
Gummerus 1906; Forni and Marcone 2002; Diederid¥2Q0-105.

14 Oder 1890-93 is still the most comprehensive meat. For Carthaginian agronomy see van Dommelen
and Gomez Bellard, eds. 2008: 22-8. Krings' treatns unduly skeptical, however.

15 Despite his notorious anti-Greek bias and theeratnaditional approach evident in his work on
agriculture, even Cato betrays a strong influertséee Boscherini 1970: 22-91.

®Pliny, NH 13.130.

7 Pliny, NH 19.87.

18 See, for example, Hodkinson 1988; Amigues 2007.

9 Amouretti 1986; Osborne 1987; Hodkinson 1988; £99®92b; 2000; Lohmann 1992; 1993; Burford
1993; Hanson 1999; Garnsey 1998; Roy 1999; Chamd2@03; Howe 2008.

2 Jardé 1925; Gallant 1991; Isager and Skydsgaa#@; Fbxhall 2007; Foxhall et al. 2007; Moreno 2007:
37-76. See also Davies 2007: 339-52 for a detadlednt discussion.

L See the judicious cautionary remarks of Forbe®199

22 See Semple 1922; Pepelasis and Thompson 1960th&aveakness of this explanation of the under-
development of the Italian Mezzogiorno, see Kro420

% See in particular Forbes 2007, and contrast HaR68A. Note Bintliff 2007 for a corrective agairtise
impression of unrelieved collapse, however.

4 Despite energetic attempts of the peasants in ma@8eeek villages to find any possible niche tawall
them to market their agricultural produce or rarafts. See Lee 2001; Forbes 2000: 47-8.

% Doukas 1945; Margaropoulos 1952; May 1953; Maclbrand Rapp 1972: 47-80; Renfrew and
Wagstaff 1982; Mee and Forbes 1997; Wagstaff 2002.
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orchards and other crops near the village of Tno#ézid the gardens around the estates of
villa owners.?® Olive trees were planted in large numbers, whadet outlets opened
up?’ but in the Southern Argolid under Venetian ruleréhwere barely 1.3% as many
olive trees as one finds toddyor, in all likelihood, in antiquity® and they received
relatively little of the trenching, manuring, origatiorn’® recommended by Theophrastus
and the Roman agronomists to boost their yitldAs late as 1960, only 10% of
agricultural land in Greece received any artifideaftilizer whatsoever, and only 3.7%
received any manurg,a stark contrast from the intensive manuring desdrby the
ancient texts and confirmed by survey archaeofég@nimal husbandry was restricted
to rough grazing of sheep and go#tsyith mules or donkeys used to pull ploughs and
thresh grairi’ rather than the oxen still used in the Byzantire®® In the Classical and
Hellenistic period, however, Greece, Sicily and tBetn Italy was renowned for its
intensive animal husbandry, and livestock renowfadtheir size, fertility, and fine
wool, were bred on a large scéle.

The best informed authorities have long acknowdeldthat Roman farming was
both sophisticated and productffayith clear evidence that the ancients had antieipa
the critical innovations most responsible for thedern agricultural revolution: seed
selection; effective tillage; hoeing and harrowiiogdestroy weeds; crop rotations; the
suppression of bare fallow; the rotation of legume&kether for human consumption,
fodder or green manure; irrigation, particularly mieadows and garden vegetables;
artificial leys sown with leguminous fodder cropsopusing of livestock; improved
manure management; careful grazing managemenamgerand pasture land; and, most
decisively, as | have argued in a number of pubbos, ley farming or convertible
husbandry, still the most effective system of istea mixed farming?

% Clark 2000: 174. For the challenges of the Gragiarian economy under Venetian and Ottoman rule,
see the essays in Davis and Davies 2007.

" Forbes 2000: 42.

8 Forbes 2000: 65 table 3.8.

% See Brun 2004a: 84-129; Lohmann 1993: 194-219sbtai999: 33-5; 78-84.

%0 See, for example, MacDonald and Rapp 1972: 53-5.

%1 Brun 2003: 130-5; Foxhall 2007: 97-129.

32 pepelasis and Thopmson 1960: 149.

33 Hodkinson 1988; Bintliff and Snodgrass 1988.

3 Margaropoulos 1952. Devastating erosion occuimettie mid-20th century, once flock sizes began to
increase, although the long-term effect is ofteaggerated. See Rackham 1983; 1996.

% Clark 2000: 176-7.

% Teall 1971; Laiou-Thomadakis 1977. For the rdi¢he Peloponnese as an exporter of cattle in &tle 1
century, see Forbes 2000: 43.

37 Magerstedt 185%assim Rosivach 1994; Hodkinson 1988; Roy 1999: 329G4andezon 2003; Howe
2008: 58-65; Kron 2004a; Kron 2008a: 175-6. As Ido2008: 31 notes, Aristotle describes animal
husbandry as the most profitable branch of farn{irgl. 1258b12-21). Note that cattle were raised for
export in the Peloponnese as late as the 18thrgefifarbes 2000: 43; 57-61).

% See, e.g., Dickson 1788; Daubeny 1857; Magersi889; 1862; Gummerus 1906; Billiard 1913; Day
1932; Ghigi 1939; White 1970a; 1970b; Kolendo 198&pogrossi Colognesi 1982; Carandini 1988;
Pleket 1990; Pleket 1993; Forni 1994; 2006; Marc®&B@87; 2006; Forni and Marcone 2002; Hitchner
2002; 2005.

39 White 1970: 110-40; 202; Carandini 1985; 1988ja8as 1991; Kron 2000; 2005c; 2008a; 2008b: 73-5
with further references. See Grey 2007: 366-7 lier continued role of ley farming in late antiquityWe
have some circumstantial archaeobotanical evidémceonvertible husbandry in the presence of weeds
associated with cereal cultivation in meadow hayrnflPompeii. See Ciaraldi 2007: 84-5; 158-9. Fer t
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Of all these innovations, the most significant evdrose which allowed farmers to
keep more livestock, not only for the great profitsbe made from their saf® but
because, properly managed, their manure was thepebeand most beneficial source of
nitrogen, which is the critical limiting factor ithe yields of most crop¥. Until very
recently, historians of ancient farming have igaotbe most valuable index of the
productivity of Greco-Roman animal husbandry, ahdheir entire regime of intensive
mixed farming. As studies of livestock bones destiate, Classical Greek and Roman
cattle were dramatically larger than those of thenBe and Iron Age, and of the
Medieval period, with cattle standing 20 cm takrthe withers and weighing almost
twice as much, and sheep were bred as large asrmadienals, with wool as fine as the
Merino? As late as the 1880s, cattle of comparable simédde found only in England,
Holland, and in a few scattered regions of advarfaeding®® The nutritional needs of
such large animals are such that their presendarge numbers is probably reliable
evidence of the application of convertible husbgnalr, at the very least, of improved
pastures, meadows, and leguminous fodder cfopsithough the smaller Celtic breeds
remained dominant in Roman Britain, throughout naisGaul and occupied Germany,
improved Greco-Roman cattle had almost entirelypkuyed the older breeds by the
fourth century AD* Of course, some unimproved sheep breeds continugitlespread
use, since they were inexpensive and hardy produmfegeneralized medium wool for
coarse clothing, and some smaller cattle breeds ve¢ained as prime milk producers, so
improved methods of husbandry may well have be@hegpon many sites with smaller
livestock.

Not only did the Romans raise large livestock mooasistently and over a
broader geographical range than 19th century Earapetheir use of fodder crops was
arguably equal, if not superior, even to that ofjland and the Netherlands. Alfalfa,
which the ancients, like modern agronomists, rezsghas the world's single best forage
crop, had almost entirely disappeared from cultbrathrough the Middle Ages, outside
of Arab Spain and Provence, and its culture onheap very gradually into the rest of
Europe when the texts of the Roman agronomistlwioublished from the Renaissance
on, were painstakingly re-intepreted, as detaitea iclassic work by Ambrosdif. In
addition to alfalfa and most of the principal madéodder crops, the ancients added a
number of outstanding, but still little-known, fagtdcrops, such as subterranean clover,
rediscovered in 20th century California and Australs a prime drought-resistant forage
crop for seeding in grasslands, and shrub trefdédicago arborepa hardy drought-

role of such innovations in the English agricultievolution, see Kerridge 1967; Campbell 2000:18)-
Allen 2008.

0 As Caird 1852: 475-6 noted, most of the growth1Bth century British farm incomes came from
livestock rather than cereal prices, which remaistagnant. For the profits of the trade in mea&Raman
Italy, see below.

1 As argued recently, in considerable detail, byeAIR00S.

“2See, e.g., Lepetz 1996; Peters 1998; Kron 20028202008b: 74-6.

*3 See Kron 2008b: 75.

* See Kron 2004a; Ciaraldi 2007: 75-85.

5 See Peters 1998: 56 table 6.

6 Ambrosoli 1997. Pace Ciaraldi 2007: 84, but alfalfa was utilized in tkiest long before the extant
Roman agronomists highlighted its importance. Fament identifications of alfalfa from 4th century
Provence and Metapontum, see Buxd et al. 2003e2006.
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resistant shrub version of alfalfa, ideal for oyidaes, particularly in semi-arid
conditions?’

The thorough integration of livestock into arabi@ming fostered heavy
manuring and high yields. As was recognized logg lay Dicksorf® Roman techniques
for managing compost and manure were sophisti¢atetessing the land more heavily
and protecting the value of manure more carefligntEnglish farmers at the end of the
18th century’® In addition to farmyard manure and compost, weehavidence for the
use, often extensive, of manures imported ontdahma, including nightsoil, potash and
wood ash, bone, and marling with chalk or calciuatbonate® Modern artificial
fertilizers of a sort unknown to the Romans werdyomanufactured in England
beginning in the 1850%,and did not became an important factor in aradteing until
the 20th century, particularly in North America athe Soviet Union, as a result of the
introduction of tractors and combine harvestérdntensive mixed farming is still much
more productive, however, (Holland boasted 542eater square kilometer in the mid
20th century compared to 132 for Europe as a whaid,58.3 for the USA), and the
divorce of arable farming and animal husbandry cawse severe and expensive
environmental problems from pollution or the fadluio replenish organic matter in the
topsoil, and is extremely wasteful of energy andmainure, which is not only rich in
nitrogen, but also phosphorus, potassium, traceesiés, soil-fertilizing bacteria, and
especially humu®

Unlike the high productivity of animal husbandwhich can be demonstrated
archaeologically, direct evidence of ancient yietdgst rely on literary evidence. As
recent analyses by Spurr, Erdkamp, and Goodchildodstrate, comparing ancient
wheat yields with those attested in Medieval andyEllodern Europ&’® the Romans
could match the productivity of the most intensMedieval or Modern agriculture, or
that of Italy as a whole in the 1970sColumella’s claim that four-fold cereal yieldsreve
now common over a "great part" of Italy should beipreted carefully. Columella

*"Kron 2004b; Ciaraldi 2007: 75-85.

“8 Dickson 1788: 1: 253; 273; 281-2; 289-90; 299-3Mickson also notes the use of green manure. See
Dickson 1788: 1: 302.

%9 See White 1970: 125-45, noting especially the Kadge of the relative value of different livestock
species as fertilizer; Billiard 1913: 122; FussBll71: passim Applebaum 1975; Spurr 1986: 128-31;
Favory et al. 1994: 180-99; Marcone 1997: 64-7;ldiand Gleason 2002: 38-9; Kron 2005c: 293-6;
2008b: 76.

0 See references in Dickson 1788, cited above, ariron 2008b: 276 note 30, comparing the Roman
agronomists' recommendations with intensive farniingpe Netherlands and England.

L Pliny, NH 17.50; Col. 2.14.5; Pallad. 10.3.2. The fullestaunt is in Fussell 1971. See also, more
broadly, Hall 1908; Miller and Gleason 2002: 25-42r marling see Russell 1942.

°2Hall 1908; Russell 1942,

3 See Warringer 1939: 117. The productivity gairsevgenerally modest, except for the largest farms.
See Warringer 1939: 7-10. For the devastatingrenmiental effects of the introduction of mechanized
agriculture using extensive management in the AcaerMidwest, see Sylvester 2009.

> See Kron 2004a: 121 table 1.

5 Kron 2008b: 76 note 34; Robertson and Vitousek92(®2. For the environmental advantages of
Roman intensive mixed farming, see Kron 2005c.

5 Spurr 1986: 82-8; Erdkamp 2005: 34-46; Goodchidd72 246-97; 414-8. Note also Pritchard 1972
arguing that yields of 10-fold or greater can Herired from Cicero's testimony for Sicily as a wéol

" As Goodchild 2007: 337 points out, using FAOSTAAtistics, Italy's wheat yields in 1970 were 13:1,
comparable to the 15:1 which Varro asserts forritrdor example.
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regards such yields as derisorily low, but they @ecisely what one would expect in
extensive farming without adequate manuring, failhgvor weeding, and significantly
lower yields were normal from the Medieval periduough the 19th century. Since
Columella’'s claim is part of a less than fair ondid argument for the profitability of
viticulture,* one is tempted to dismiss it, but given the viaidrts of inexpensive wheat
from Sicily, North Africa, and Egypt, it would nbe surprising if many farmers reserved
their labour and manure for more lucrative crops.

The most striking evidence of high yields comeasfrviticulture, a particularly
demanding branch of intensive farming. Tchern@mparison of the productivity of
recent and historical vineyards with the yields entpd by the Roman agronomists for
well-managed vineyards, show that the Romans weleeta match the performance of
their counterparts in 19th or even 20th centuryn€ea Columella's benchmark for the
minimum production of a well-cultivated vineyardl, 8l/ha, is almost exactly the same
as the average productivity of 19th century Fraaoel, his estimate of a normal yield of
31.5 to 42 hl/ha matches French figures for théyek950s®° Some scholars question
whether ancient vintners could match modern yiebdg, many modern vineyards using
traditional techniques are very competitive, anel Roman agronomists reflected a long
tradition of competence and expertise, as Billdethonstrates in detail in a classic work,
based on a deep knowledge of the best French agnatahe turn of the 20th centuty.

In fact, as Billiard notef the Romans kept sheep or other livestock on taeins,
allowing them to manure their vineyards, wherea# thrench counterparts generally had
to purchase manure, or, as Lachiver points®dudeclined to fertilize their vines
altogether. It is therefore not surprising thagrtah yields did not match the benchmarks
of the Roman agronomists until after World Warwhen winemakers began fertilizing
their vineyards in earneSt.

THE INFLUENCE OF COMMERCIALIZATION, URBAN MARKETS, AND
TRADE

The intensification of Greco-Roman agriculture elgged upon the existence of
prosperous urban mass markets for agricultural ymedintegrated by vigorous trade
networks. As Pleket's magisterial comparative symeminds u§> in ancien régime
Europe, a system of intensive agriculture spedrizin the production of more

%8 In addition to the work of Spurr, Erdkamp and Gadtti cited above, note Campbell 2000: 320-2, which
noted that five-fold yields were expected by opsitici Medieval English agronomists, but that yiedd®ve

3 or 4:1 were uncommon in actual farming.

%9 See especially Billiard 1913: 112-47, and Dumdi@@with bibliography.

8 Tchernia 1986: 359-60; cf. Lachiver 1988: 393@blumella’s estimate of a good yield, at 63 hlfhpst
short of contemporary French yields, which hoveyuad 70 hl/ha. Estimates of the yields of Egyptian
vineyards based on papyrological evidence are mdtheer than those suggested for Roman lItaly, as on
would expect, ranging from 12-25 hi/ha up to 387ohl/ha (Brun 2004b: 148), but these figures sigitch

or exceed the average yield for France at the &tiebd 9th century, which averaged 20 hl/ha.

®1 Billiard 1913:passim

®2 Billiard 1913: 122.

%% | achiver 1988: 178; 184.

% | achiver 1988: 393-4; 516-7; 556-9.

% pleket 1990.
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expensive and profitable crops such as meat, chéesé fruits and vegetables, wine,
was well established in the highly urbanized trgditates of Northern Italy and the Low
Countries over the course of the later Middle Agesth important pockets of
development around Paris and Lond®mut much lower standards of farming were
normal where the bulk of the population remaine@ratnelmingly rural and poor:
landless labourers, as in much of England or Sonthealy in the 18th and 19th century,
or peasants struggling under the burden of heamisrd¢axes, feudal dues, bans, and
corvées, as in pre-revolutionary Frafite.

The city-state cultures of Greece, Roman Italy &aifthage were as highly
urbanized as the Dutch or Northern Italian cityestabut the level of urbanization was
more consisterf® and combined with a much more vigorous traditidndemocratic
politics, and consequently, a higher level of sbeguality®® The effect on agricultural
productivity was powerful. The affluence of ordipaitizens’® and the policies of their
broadly democratic governments, encouraging thgelacale import and distribution of
cheap staple foods to the populatidriteed up income among ordinary people for the
purchase of what in many other cultures would besittered luxury food& This
encouraged the sort of agricultural intensificatare can see in 16th century Holland,
permitting greater livestock production and the sbintensive mixed farming critical to
improved agricultural productivitf® The Greek and Roman diet was therefore much
richer and more diverse, not just in cereals amgrtees’* but in meat, fish, shellfish,

% Further references in Kron 2008b: 98.

7 For the low living standards of the working pagtion of Western Europe over the course of the 18th
and early 19th century, see the essays in AllengBson and Dribe 2005. The low levels of urbaiona
outside of London, Paris, the Low Countries, andth&rn Italy before 1800 is very clear from de ‘grie
1984. For the critical impact of low levels of arization and demand, and of poverty, as brakes on
agricultural intensification, see Slicher Van Ba#63,passim Campbell 2000: 424-440.

8 See, e.g., Pohimann 1884; Jongman 1988: 65-71208intliff 1997; Hansen 2006: 18-21, estimating
that nearly 50% of the Greek population lived itiesi or towns; Bintliff 2006: 22, offering an eveigher
estimate of 75 or 80%; and Lo Cascio 2009b. Evem#&h Egypt, traditionally a rural agrarian society,
and still unevenly urbanized in the Ptolemaic priseems to have achieved a fairly high urbaninatibe

of 20-30%. See Tacoma 2006; Rathbone 2010: Fonegirecing analysis of the powerful dampening effect
of low levels of urban development on intensiverfeng in Medieval England, even in the region of
London, see Campbell 2000: 424-30. See Provos3:1799-37; Woolf 1998: 135-40; Bintliff 2008 foreh
contrast between the high urban density in Gre#tedy and Southern Spain and the very different
development in Gaul and Germany.

| plan to discuss this in greater detail elsewhémat see Kron 2005a; 2008b: 79-86 with further
references.

% Note, most recently, Woolf 1998: 181-205; Wardiites 2005; Rauh 2005; Wilson 2008b; Wallace-
Hadrill 2008; Silver 2009, for the widespread cangtion of mass-produced goods, traded through much
of the Roman empire.

" See, most recently, Erdkamp 2005: 258-316, witreaces.

2 see Kron forthcoming and the remarks in Kron 20@8a; 2008b. The varied diet and presence of
meat, fish, fruit, nuts and vegetables of the quamrkers sketched by Van der Veen 1998a is pdatilyu
important, since the population consisted solelyabburers, legionaries, and a single centurione dAh
therefore rule out the habitual claim regardingdf@emains at legionary camps, that the expensigdsfo
were the officers'.

’® See Kron 2000; 2002; 2008b: 79-86.

™ Spurr 1986: 103-17; Garcia Soler 2001: 66-99; Trand 2006: 170-3.
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wine, olive oil, condiments, fruit, nuts and vedeés’> than that of the rural poor and
working classes of 18th and 19th century EurSpaNine, which we shall discuss in
some depth, was the object of a true mass mafketd there is even less doubt that the
same was true for olive oil. The unique dump dfiamis of Baetican Dressel 20 olive oil
amphoras at Monte TestacBishows that the state distribution of olive oiltire city of
Rome, which is unlikely to have represented the levtod the market, would imply per
capita consumption at twice the level of early 2€htury Italy’® Yet, although ancient
historians often assume that olive oil has alwagsnba staple of the Mediterranean diet,
production on the scale so well attested in théeaevorld is largely a phenomenon of
the 20th centur§f!

Rome was the wealthiest and most important urbarken in the pre-industrial
world, and the demand it created for agricultunadoice is evident not just from the
annona but from Rome'suburbium packed with a dense network of villas dmaiti,®
famous for many distinct specialties of prodfite.But Rome was hardly the only
megalopolis of the empire, and would have represeohly a modest proportion of the
overall market for agricultural produce. Tradeltanal contact, and conquest linked the
Mediterraneankoine of Greek, Etruscan, Roman, and Carthaginian csdtwith the
civilizations of the Celts and Germans, the NeastFAfrica, India, and even Chiffa.
As Pliny declared:

"For who would not admit, that now that intercomnuation has been

established throughout the world by the majestyhef Roman Empire, life has

been advanced by the interchange of commodities gngartnership in the
blessings of peace, and that even things thatdiactbncealed have all now been
established in general usg."

> For the Greco-Roman diet: André 1961; Brothwed &mothwell 1969; Dalby 1996; Garcia Soler 2001;
Dalby 2003; Cool 2006.

% See, for example, Kron 2008b: 81-5; Oddy 197018tir1979.

" Tchernia 1986: 21-7; 58-60; 172-9.

8 Rodriguez Almeida 1984; Blazquez 1992; Remesalrigodz 1998; Remesal Rodriguez 1999; Remesal
Rodriguez 2001; Panella 2001: 178-9; Etienne anyge¥2004.

9 See Kron 2008b: 86 comparing Hesnard's estimatemadern consumption.

80 Brun 1996; 2003; 2004a; 2004b; 2005; Bonifay 20047-86.

8 See, e.g., Halstead 1997: 243-4 and Forbes 2@eate 3.8, which shows only 8,950 olive trees in
region of the Southern Argolid in the late 17thtoey compared to 658,000 in late 20th century.

8 For the agricultural wealth of theuburbium see Quilici-Gigli 1979; 1994; Carandini 1988: 33B,
Kolendo 1993; Purcell 1987; 1995; Rossi 1994; Mpid&96; Goodchild 2007; Wilson 2009a; Carandini
2009. For the density of settlement, see the eafars in Quilici-Gigli 1994; with Pergola et al.(&)
Santillo Frizell and Klynne 2005; Witcher 2005; §8a2006: 163-73; 205-356; Witcher 2006; 2008; &bliv
et al. 2009. For the Tiber valley survey projeete also Patterson and Millett 1998; Pattersoh 2080.

8 Dalby 2000apassim

8 For trade, the bibliography is too great to listéy but see, e.g., Rougé 1966; Begley and de R@81k
Horden and Purcell 2000; Young 2001; Cappers 20@ison 2009b. For the extensive literature on
Greco-Roman 'luxury' foods, see Papathomas 20(Bnate 3. For the widespread consumption of mass-
produced goods distributed through much of the RoBmpire as a result of trade, see Raepsaet 1987;
Woolf 1998: 181-205; Ward-Perkins 2005; Wilson 2008/allace-Hadrill 2008; Silver 2009.

% Pliny, NH 14.3. Compare AristidOr. 26.9-13.
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The trade in condiments and spices, many of whathto be imported from the
Near East, Arabia, India and East Aaonfirms Pliny's boast. Despite the fragmentary
nature of our sources, 142 different spices andlicoents are listed in ancient texts, 84
of which can now be identifietf. Miller argues convincingly that ordinary Romaneres
eager to incorporate new condiments and spicesti@io diets from a relatively early
stage, noting the fake spice names incorporated Ritutus' comedi€d, and the
discovery of the monsoon winds led to a dramatipaesion of these imports and a
reduction in their codf The House of Hercules' Wedding at Pompeii pravigeoof
that pepper, oregano, rosemary, bay leaves, ferwmiander, and capers were
consumed? and the desert climate of Mons Claudianus offars\en longer list, which
is notable because, with the exception of a singtgurion, it was populated entirely by
common labourers and a small detachment of legesiaand all of the food had to be
grown on site or hauled into the mountaihs.

One of the most expensive of the exotic spiceackpepper, was imported in
massive quantities. Pliny puts the empire's anmaglbrts of pepper at fifty million
sesterce®? clear evidence, despite its cOStof an impressively broad market, as is
Domitian's dedication of an entire warehouse talgiide it in Rome?* The importance
of pepper in Roman cooking is attested by 482ioitatin the ancient literature, rivaled
only by garunt?® and it is has been found in large quantities at Red Sea port of
Berenike®® and, perhaps more surprisingly, at the Germar poet of Straubing, on the
Danube®’ and was consumed by the labourers at Mons Clausifan

A look at the Roman wine trade will illustrate tineportance of the empire-wide
Roman trade in agricultural commodities, as welinm®vation it fostered as consumers
and producers sampled the best produce from arthenencient world. Already by 5th
century Greece, a tradition had developed rankimgsvand other agricultural products
by region®® and the Roman sources reveal a comprehensiveitathmcabulary to
describe the qualities of fine win® an elaborate hierarchy gfands crug®* and a vivid

8 See Miller 1969; Thiiry and Walter 1997; Amigue®20Thurmond 2006: 263-71. For the wide range
of spices and condiments used by the Greeks, mesgdy attested by Classical Greek sources, sedasar
Soler 2001: 341-67.

87 See Thurmond 2006: 263 citing Miller 1969: 28-9248. See also Thiiry and Walter 1997: 33 note 59
for further bibliography.

% Miller 1969: 8-9.

8 Miller 1969: 23-5; 82-3; Thurmond 2006: 263-4. r Flee impact of the discovery of how to exploit the
monsoons and the massive size of many of the matrshéps in this trade, see Casson 1991.

% Ciaraldi 2007: 114. The House of the Vestals lhay oregano, pepper, sesame, mint, thyme or savory
coriander, and fennel. See Ciaraldi 2007: 145-6.

1 van der Veen 1998a: black pepper, capers, chicooyiander, cumin, fennel, rue, mint, mustard,
fenugreek, lotus, and basil.

92 Pliny, NH 12.28 and 58, after Ciaraldi 2007.

% Pliny, NH 12.29.

% Miller 1969: 82-3.

% Thiiry and Walter 1997: 36-9 Table 4.

% Cappers 2006; Ciaraldi 2007: 114-5.

" Bakels and Jacomet 2003: 550.

% van der Veen 1998a; Van der Veen 1998b.

% Dalby 2000b: 137-9.

1% Thurmond 2006: 155, citing Billiard 1913.
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literary and agro-touristic landscape of the coyistfine wine-producing regiort$? By
the time of Pliny, Cato the Elder's advice on thaieties of grape available to a
winemaker served only to show "how great an advandkzation has made in the past
230 years!®® The pace of innovation is clear even from ourrabiated accounts of the
grape varieties available to contemporary vintfi&tsThe constant quest to discover
more productive, and better tasting varieties sgalva significant trade in viné% as
well as new creations like the Gallic AllobrogicadaBiturica’®® which were almost
immediately transplanted into Italian vineyardsthAugh he and Columella only discuss
34 different vine cultivars, Pliny claims that thewere at least 80 ancient grape varieties
known to produce outstanding wine, two thirds arthfrom Italy*®” Hugh Johnson,
writing in the 1970's, argued that only around 58dern grape varieties were of interest
to wine growers® Roman winemakers were so willing to experimentabse of the
profits to be made in such a broad market, shoulel produce a superior prodd@l.
Wines from prestigious regions, like Falerniahcould command four times the price of
ordinary table wine$! although Greco-Roman wine culture was more orirte
making good quality wine in large quantities fobrmad market, rather than catering to
the social snobbery of an elite, asaimcien régiméd-rance, where a Margaux or La Fite
could sell for sixteen times the price of the protdof a lowly peasants' vineyarts.
Several decades of amphora studies provide ampleree that wine was traded
on a massive scale throughout the Mediterranearmayaind. Given that amphoras were
presumably reused as containers, often for yearsken off site for use in drainage

101 For a sketch of these grands crus, already leggiyathe time of Augustus, and their developmergro
the course of the empire, see Tchernia 1986: 182038.

192 5ee, for example, Parker 1990; Leary 1999; Dalif0a: 21-81.

193 pliny, NH 14.45. Note how Columella uses thoroughbred raceehbreeding as a metaphor for the way
winemakers ought to select the best cultivars (88.4-6).

194 Pliny, NH 14.13-99; Col. 3.7.1-9.9; Tchernia 1986: 350-7|bpa2003: 163-7. For further references
from a wider range of sources, see André 1953. aFdiscussion of the principal varieties, see dgelia
1995: 183-91. For Italian wine varieties worthynafte in some of the principal sources, see Billia®13:
70-8; André 1961: 165-76; Tchernia 1986: 322-41Adgelis 1995: 200-2; Dalby 2003: 354-7.

195 Note Columella's boasts about the value of hiskgaits, which were derived from common Italian
grape varieties and sold on the local market. G#e3.3.11. Elsewhere, he claims that the bess/from
throughout the world have been introduced intoiation in Italy. See Col. 3.8.5.

196 Col. Pliny,NH 14.26-8.

197 pliny, NH 14.87. See further Brun 2003: 28. In Medievairfee, by way of contrast, knowledge of
varietals had been almost entirely lost, only taddved in the 15th century. See Jackson 2008: 28

198 30hnson 1971: 22-5.

199 Tchernia 1986: 116-9; Purcell 1985; Carandini 1988rcell 1995. A number of sources suggest fine
wines like Falernian were as much as four timeexa@ensive as ordinary wines (Bouvier 2000: 128) and
even higher prices were paid for exceptional o kantage wines (Tchernia 1986: 36).

110 5ee Dalby 2000a: 48-50.

1 See Tchernia 1986: 36-7; Bouvier 2000: 128.

12| achiver 1988: 361-2. See Tchernia 1986: 37 fer tange of price differentials in 18th and 19th
century France, varying according to region frowr 90:1 up to 26:1 in another. As Dion 1952 poottg
wines were often judged on the social rank of #igreeur of the chateau, which produced them, ashmuc
as on the actual taste of the wine.

13 Carlson 2003: 590; Slane 2005; Monsieur 2007. cifipeamphora types were often manufactured in
many workshops scattered over huge distances, andialy then sold and filled, often in a different
location, and with a variety of contents, making thse of amphora evidence for trade in specific
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works!* or recycled as building materidf and that wine would also have been

transported indolia or barrels, or overland in massive wineskins, il@g@vno
archaeological trac? their quantitative analysis is always likely toden-estimate the
full scale of ancient trade, but does provide angolefirmation of its scop&’ In fact,
despite its biases, the diachronic recovery ratehgiwrecks tends to suggest that by the
early Roman Empire trade in the Mediterranean Yileiceeded that in the Medieval and
early Modern period*® Greek wine producers from the Aegean developetbegan
exporting wines into the Western Mediterranean fribm late 6th and 5th centu'¥),
inviting vigorous competition from the wines of Mag Grecia and Campania and the
creation of a more integrated Mediterranean mafkaih the 4th through the 2nd
centuries BC?® Over the course of the late Republic and Prineipdespite the
continued popularity and prestige of Greek witféshe centre of gravity of the wine
trade shifted to the West, into Spain and Northioaft*? and, most importantly, Itaf{?®
Roman ltaly created a wide rangegoénds crusand inexpensive wines exported in great
quantity into Gaut?* and as far as Britaitf> Egypt®° and India‘?’ The greatest legacy
of Roman agriculture today, however, was the ad@ptaf the vine to regions in France
and Germany long considered too cold for successfitivation, laying the foundation
for one of the world's great wine culturé&. Creating new vines suitable for Northern

commodities very complex. See Laubenheimer 1986gka 2001: 191-2; Rauh 2005; Pons Pujol 2007:
453-4.

114 pensavento Mattioli 1998.

115 peacock and Williams 2005: 146 describe an ehgrbour at Myos Hormos built almost entirely out of
crushed Dressel 2-4 amphoras. See also Etiennslayet 2004: 140-1 and figs. 142-3.

116 Djon 1959: 137; Tchernia 1986: 138-40; Desbat 18 Marliére in Brun and Laubenheimer 2001: 181-
203; Brun 2005: 66-8; De Sena 2005. This consieras critical in Tchernia's refutation of sometbe
rash claims of a crisis in Italian viticulture imet2nd and 3rd centuries B.C.

17 See surveys in Peacock and Williams 1986; Empeaedr Hesnard 1987; Whitbread 1995; Panella
2001; Bonifay 2004; Martin-Kilcher 2005. On theoplems of quantification, see Empereur 1982;
Tchernia 1986: 75-7; Carreras Montfort 2006. Fimidgraphical guides to amphora studies, see the
references in Panella 2001: 212. For the scal®Badtican amphora production facilities, see, e.g.
Tremoleda i Trilla 2007.

118 parker 1992; Juri&i2000; Wilson 2001; Rauh 2003: 103-13; De Calla28p5; Jongman 2007a;
Wilson 2009b. See also Scheidel 2009 and the nsgploy Wilson, however.

119 Whitbread 1995; Cook and Dupont 1998: 142-91; La®@07: 267-9. The importance of the wine
trade to cities such as Thasos and Mende is dlear, £.9., Salviat 1986; Papadopoulos and Paspags;
Garlan 1999. For the archaic trade in the West,\&n der Mersch 1996. For the Hellenistic peraeg,
e.g., Empereur and Hesnard 1987; Lund 1993; Ra@8;Finkielsztejn 2001.

120\ill 1982; Tchernia 1986: 66-74; Empereur and Hedn 987; Van der Mersch 1994; Will 1997; Van
der Mersch 2001; Lawall 2007.

2L Tchernia 1986: 100-7; Brock and Wirties 2000; MakKilcher 2005: 268-9.

'22Brun 2004b: 185-259; 261-302.

123 5ee Peacock and Williams 1986: 25-7; Tchernia 19&8€sim Panella 2001: 187-8; 192-6; Brun 2004a:
159-86; 2004b: 7-60.

24 Tchernia 1986: 74-94.

25 Tchernia 1986: 83-4.

126 Rathbone 1983; Brun 2004b: 143-83.

127 Tchernia 1986: 152-3; 404 carte 9; Will 1991; R2063: 95-103; Tomber 2005a; 2005b; 2008: 81; 149-
50; 154; 156-7; Abraham 2007.

128 See Dion 1959: 77-166; Lachiver 1988: 19-55; Band Laubenheimer 2001; Brun 20@&ssim
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France was challenging enoutfibut the Romans were ambitious and confident enough
to create vineyards in Germany° and even in Britaiftf® Ausonius and Fortunatus
lauded the fine wines of the Moself& and recent excavations have uncovered twenty
villas, each furnished with two large wine pressdsng a 20 km stretch of the river.

As Brun argues plausibly’ cauldrons excavated at several wine-making villese
used to boil dowsapato trigger adequate fermentation of grapes, whath not ripened
fully in this cold climate.

Large scale wine production, most of it producggbasants on small plots,is
also well attested foancien régimed-rance, and wine represented one of the few high-
value cash crops in what was otherwise an undegldegd agrarian reginté® but the
poverty of the 18th and 19th century working classkered little scope for a mass trade.
Even in the 19th century, when France was the veoddminant wine producer, with
40% of the world's vineyards, a remarkably smadiporrtion of her wine production was
exported, only around 2.6% in 1828, for example.t would be hard to conceive that
the great Greco-Roman wine producers, island stdtesThasos, Chios, Cnidus or
Rhodes, or even Baetica, Campania, or Southern, @gpbrted such a small proportion
of their production.

The production and trade of wine and olive oihighly visible archaeologically,
and therefore well known, but the economic imparéaaf the trade in livestock, cheese,
meat and fish products, fruits, nuts and vegetaltesay nothing of cereals, will have
been just as impressive. | have dealt elsewhetie the scale of the market for meat,
which included not just domestic animals, but fogdme, fresh fish, and shellfish, often
farmed!® to which one must add a massive trade, secondtortlyat in wine and olive
oil, in garum and salted or cured fish or meat.It is worth re-iterating, though, how

129 Djon 1959: 148-51. As Dion 1959: 91 suggests etkgerience of Hellenistic vintners in the Cimmeria
Bosporus or Kertsch penninsula, where the vines waepposedly buried in soil to protect them froastiin

the winter, will have been helpful in extending tpeographical reach of the grapevine. See alsokBiec
1970a; 1970b; Saprykin 1995; Brun 2004a: 118-21.

%0 Kreuz 2001; Gilles 2001; Brun 2005: 131-52.

31 Brun 2005: 129-30.

132 Brun 2005: 148.

133 Kithnen 2003. For the wines of the Moselle, sesB005: 134-51.

1% Brun 2005: 142-6.

%5 achiver 1988: 244-7.

136 See Dion 1959; Lachiver 1988 for extensive disomss.avergne 1855 frequently alludes to some of
the limitations of the French agrarian economy fme tmid-19th century, in his comparison with
contemporary English farming.

%7 See Lachiver 1988: 393-4; 582.

%8 Kron 2002; Kron 2004a; Kron 2008a; Kron 2008b:88-

139 For increasing evidence for the ubiquity of garamd salsamenta of Spanish mackerel, even outgide th
Mediterranean, in the Roman era, see Ervynk &fl3: 437, and note Etienne and Mayet 2002: 181-210
2004: 1: 197-204. The recent analysis of depaitXanten show almost 19% of amphoras held fish
products, compared to 29% for wine and 41% foreotl (Berni Millet 2007: 20 fig. 1). For the tradie
fish sauce, see Curtis 1984; Etienne and Mayetd:99898b. For remains of fish found intact in sport
amphoras, see, e.g. Bruschi and Wilkens 1996, ansbfted or cured meat, even game-birds like Hesis
see Lauwerier 1993; Bruni 2000: 38; 329-41; Carl26a3: 589-90 and note 32; Thurmond 2006: 210-9;
Leguilloux 2006; Fercoq du Leslay and Lepetz 2008.
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effec}%ely livestock can be transported greatatises by sea, and by land, on the
hoof.

Regarding the other major products, we will cohtarselves with one example.
Fruit consumption, like that of meat, fish and freggetables, tends to be highly elastic,
and is therefore dependent upon prosperous urbamaimns for much of their market,
but fruit orchards, unlike market gardens, needoedbcated in the immediate suburbs of
substantial towns or citi€d® Fruit trees are generally less labour intensivant
vegetables, require less manure, are more tolefapoor soil and arid conditions, and
require only periodic watering rather than continsi@rigation*?

Even leaving aside the olive, fruit and nuts wise object of a highly developed
trade over great distances in the Greco-Roman wdtldit trees, vines, and olives were
planted in such numbers that Varro could desctiflg Bs one vast orchatéf figs were
sometimes cheap enough to be fed to fish, or tsegee even pigs raised for their 'fig-
forced' liverst** and the fruit of Italy, Greece, Spain, Syria armtN Africa was shipped
by river and sea through much of the Roman wtrdCato the Elder helped seal the fate
of Rome's old enemy, when he held out a fig hellmdyht in a Roman market, picked
just a couple of days before in Carthaffe.A number of shipwrecks have preserved
amphoras packed with fruit! particularly dates, which the Greeks and Romanveme
succeeded in cultivating domesticalf§. Moreover, the Roman provinces reveal many
fruit imported from the Mediterranedff and finds at the Red sea ports show that
coconuts were brought from Indi® Both Pliny and Columella give detailed
instructions for the packing and storage of fttitwhich are scientifically sound? and
both practical and economically viable for tranggormarket, as is clear from the use of
similar methods in 19th century Califorrif&. It is instructive to contrast the elaborate
precautions taken by Roman growers, careful togmtegnblemished fruit to demanding

140 Bruni 2000: 330; 337; Kron 2008b: 107 and note.2Y#o 1946 and Yeo 1948 still provide the fullest
overview of the literary evidence, but his theo@b®ut environmental degradation should be dismdjsae

he discounts the role of intensive mixed farmingh® quality of Roman range management. See Kron
2004a; Kron 2004b, now with Ciaraldi 2007: 75-8%pK 2005c.

1411t was advantageous to fruit growers to cultivaéar a town, but hardly essential. Even beforgite

of railroads, few fruit orchards were located irr8y, close to the London market (Marshall 18172)40
but were largely spread through Kent, Sussex, hadNestcountry, and also carried by sea from Devon,
Cornwall, and Wales. See Webber 1972: 50-3.

142 Many Callifornia fruit growers eventually rejecteshyular irrigation in favour of trenching and wargi

the soil well and keeping down weeds (Wickson 18B3-80), although for certain trees and in certain
conditions it is helpful, if not essential. Seeckson 1891: 207-29 for the methods used.

“3varro,R.R 1.2.6.

144 Cappers 2006: 165.

145 Pliny, NH 15.105: "in one kind of food the aid of India isvoked, in another that of Egypt, Crete,
Cyrene, and every land in turn.”

145 pliny, NH 15.75.

147 peacock and Williams 1986: 96; 106; 109; Sado&leR009: 47. For imported dates at Pompeii, see
Ciaraldi 2007: 146.

148 Amigues 2007: 99-100.

149 see, for example, Bakels and Jacomet 2003: 54% B005: 205-9 with further references.

150 Cappers 2006: 162-3; 166-7; Abraham 2007: 289-90.

31 pliny, NH 15.59-67; Col. 12.10.1-16.5. Further referenoedei Angelis 1995passim

1525ee Thurmond 2006: 174-86; Cappers 2006: 147-51.

153 5ee, e.g. Wickson 1891: 237-8; 285.
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customers, with the casual packing of up to 72fdsuit in simple wicker baskets in late
19th century England, until imports of North Ameuic apples carefully packed in
wooden boxes inspired some merchants to try nevagdst®® A sealed amphora with
the pits of 162 peaches, recovered at Aquit€iamot only attests to the careful packing,
transport and sale of what is a very delicate avispable fruit:>® but the fact that all of
the peaches, once analyzed, came from the sameacuftuggests an orchard carefully
selected and propagated from slips for uniformspneably high-quality fruit>’

Although tolerable yields of mediocre fruit can lervested with minimal inputs
of labour, the competitiveness of the market deradnal much more professional and
labour-intensive approach. Theophrastus' workg] #me advice of the Roman
agronomists, demonstrate a thorough mastery ofciptes of budding, grafting, and
training fruit trees in order to breed new varigtallone the best trees in nurseries, and
maximize their yield®® One Romarmpomariuswas so eager to show off his virtuosity,
that he grafted a tree at Tivoli so that it "hadsman one branch, berries on another, while
in other places hung grapes, pears, figs, pomegsuaad various sorts of appléd’” In
addition to introducing new fruit trees from Africand the Near East, including
pomegranates, peaches, nectarines, quinces, sheries, jujube, carob, damson, and
citrus fruit!®® new species were created, like the apple-pumpaig to be a cross
between the melon and the quiék,or the apple-plum and almond-pluff, and
innumerable new cultivars were bred or selecteth Rliny listing 41 pear varieties, 28
fig cultivars, 22 types of apple, 8 of the cheffyof the quince, and 5 varieties of peach
and plum™®® The lists preserved for us are naturally ratieéective, for, as Pliny points
out: "The rest of the fruits produced by trees caarcely be enumerated by their
appearance or shape, let alone by their flavouwlguwoes, which have been so frequently
modified by crossing and grafting® Although he claims that the art of grafting and
cross-breeding has long since been perfected bgod®eman growers, so that little

** See Webber 1972: 111-2.

15 See Sadori et al. 2009: 47.

1% pliny, NH 15.40; Amigues 2007:

157 Of course, many Romans also grew fruit trees &irthome gardens. See Jashemski 1974; 1979a;
1979b:passim Jashemski 1987.

138 pliny, NH 15.35-117; Col. 5.10.1-11.15. The literary sosrfir Roman arboriculture are discussed in
depth by de Angelis 1995, but could repay evenhérrtstudy, using archaeobotanical evidence and
incorporating comparative analysis. See also WIBE): 228-9; 247-61; Flach 1990: 258-274; De Aisgel
1997; Farrar 1998: 67-71; Amigues 2007: 95-8. Msxrholarly attention has been paid to the ancients'
methods of grafting and pruning vines. See Billid®13:passim Brun 2003: 29-44. Compare Wickson
1891 for the rapid growth of fruit orchards in tia¢her similar climatic conditions of California.

159 Farrar 1998: 168. See further the even more edébd@elebration of Roman virtuousity in graftimg i
Virgil, G. 2.78-82, ably defended against modersuaptions that such methods were seen as 'unrdatural
by Lowe 2010. For Roman grafting, see Pease 18@8Fwather references in Lowe 2010. For a broader
history of grafting, see Mudge et al. 2009.

10 Thurmond 2006: 173; PlinyNH 15.39; 42. It has also been suggested recentlythieme is some
possible evidence for the introduction of the ppya (pers. comm. A. Touwaide).

161 5ee PlinyNH 19.65; Ciaraldi 2007: 138.

2 pliny, NH 15.42.

183 pliny, NH 15.37-56; 68-74. See further de Angelis 19951%9-for discussion of some of the major
species and varieties. The discussion of the marigties of figs from Greek, Oriental and Itali@gions

is particularly striking. See de Angelis 1995: &0-

154 pliny, NH 15.35.
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technical progress is possible, he notes a numibsuazessful new cultivars developed
within the last thirty or even the last five ye&t3.Significantly, the creators of many of
these fruit varieties, drawn from very diverse abdackgrounds, from freedmen to
senators, became famous for their innovation, Wigir names given to the Scaudian and
Sceptian apples, the Dolabellian pear, and the épguince, to name just a féd. The
diversity of fruit grown in Italy or imported by agis very impressive. In addition to the
fruit already listed, literary sources or archaabatal studies attest to the consumption of
mulberries, blackberries, blueberries, myrtlebstriecornelberries, serviceberries,
rowanberries, strawberries, figs, grapes, sorbsc@p, citrons, bitter oranges, lemons,
medlars, cucumbers, gourds, melons, including weatkms, and such nuts as acorns,
hazelnuts, chestnuts, beechnuts, almonds, pissahanuts, and pine nut¥’

The importance of fresh fruit in the Roman diei ahe skill of Romampomariiis
clear from literary evidence as well as innumeratilélives and garden painting® As
one historian of modern market gardening remarkstHe National Museum at Naples is
a mural from the ruins of Pompeii showing a bowlgadpes, pears and apples equal, it
would seem, in size and quality, to anything than cbe produced today®®
Archaeobotany confirms that growers did indeed peedlarger fruit,’® with many
different species and cultivat§, including several which would disappear from Caitr
Europe for centuries with the decline of the empfife These studies also confirm that
fruit was not a luxury in the Roman diet, but wasnsumed in a wide range of
households’® legionary campd’® and even desert quarries like Mons Claudianus. At
the latter site we find dates, grapes, figs, pomegtes, watermelons, melons, cucumbers,
citrons, sycamore-figs, black mulberries, olivesalfian jujubes, Assyrian plums, Doum
palm fruit, persea fruit, as well as pine nuts,nés, almonds, and hazelndts.

Roman trade networks stimulated agricultural potida for export throughout
the empire, even in under-populated semi-desefigshwvould be abandoned to small-
scale nomadic pastoralism for centuries after #tleof the Empire. The scale of North
African olive oil production is now notorious frothe remains of a dense network of

185 pliny, NH 15.40. The selection and breeding of fruit did develop on any scale in England until the
last half of the 19th century. See Webber 1972958

166 Cato, Agr. 7.2; 143.3; Col. 5.10.11; Plinl\H 15.49-50; 15.102-3; Farrar 1998: 168. Compare
William's Bon Chretien pear, introduced in the 1840 North America by Enoch Bartlett and still vel
known under that name. See Webber 1972: 56-7.

167 André 1961: 42-3; Brothwell and Brothwell 1969:8D; Jacomet et al. 2002; Bakels and Jacomet 2003;
Van der Veen and Wasylikowa 2004: 214; Thurmond62QG4-5; Ciaraldi 2007: 137-9; 144-5. For those
attested to by Classical Greek sources, see Gaodéa 2001 101-25.

%8 De Caro and Boriello 2002; Jashemski, Meyer amdiRidi 2002; Ciaraldi 2007: 143-4.

1% webber 1972: 19.

7% Sadori et al. 2009: 49-53.

1 For references to studies in Italy see the bibéipbies in Ciaraldi 2007; Sadori et al 2009. Fenigal
Europe, see Bakels and Jacomet 2003. A usefubasgaof archaeobotanical studies is online at
http://www.archaeobotany.de.

172 Jacomet et al. 2002; Bakels and Jacomet 2003ntivand Van der Veen 2008.

3 House of the Vestals at Pompeii, these were coedbimith apples, pears, quinces, sorbs, peaches,
plums, the Naples medlar, melons, citrus fruit, imidsely citrons or lemons, almonds, walnuts and
hazelnuts. See Ciaraldi 2007: 137-9.

" Davies 1971: 132; Bakels and Jacomet 2003.

% van der Veen 1998a; Van der Veen 1998b; Van den\2901.
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massive press complex&$,but olive oil was only part of a rich mixed farrgimegime
producing cereals, wine, livestock, wild and dorieefstwl.!”" Less well known, perhaps,
Mauretania built up a significant wine industrythva surprising reputation for qualfif§f
and huge complexes such as that at Kherbet Aghabatgest discovered so far, with 21
wine presses and the capacity to produce up td%Dat one timé’® In the East, Egypt
built its olive oil industry, launched by the Ptoles in the Fayoum, into a major
producer'® and even succeeded in creatinggrand cru centred on Lake Mareotis,
suitable for the first time for significant expatts and managed intensively using up-to-
date equipment and methods, as confirmed by pdfyEven more indicative, perhaps,
of the way trade, in this case the caravan traddng Roman markets with the Near
East'®® quickened the pace of economic development, we leaidence of wine and
olive oil production taking hold in the new Romaroyince of Arabia in the Jordanian
desert®® This remarkable fusion of traditional methodsui-off farming, exploited on
an unprecedented scdfé with Hellenistic and Roman expertise in wine, elieil and
tree fruit production, anticipates by two millenriiee success of modern Israeli farmers
in making the Negev desert bloom, an achievemengictlly inspired by the study of
Nabataean method®’

THE STATE, INFRASTRUCTURE, AND SUBSIDIARY INDUSTRIES:
DRAINAGE, IRRIGATION AND TOOLS

Although the high demand fostered by social etyalirbanization, and trade
played the most important role in permitting Grétmman farmers to exploit the land to
its full potential, the structure of their societyso provided a powerful stimulus to
agriculture in more indirect and subtle ways. @eation, which still marks the modern
countryside of Italy, France, Tunisia, and Spasmthe most visible indication of the
transformative effect of Roman culture upon thed&mapée?’ but it had also had a long
history among the Greeks, as we see at a humbsitesf particularly Metapontum or

176 Mattingly 1988a; 1988b; 1993a; 1993b; 1996; 2a8€chner and Mattingly 1993; Hitchner 2002; Brun
2004b: 185-259.

17 See Marcone 1997: 183-93; Kehoe 1988; Bonifay 28@8-9. For a similar mixed farming regime and
diversified economy in Baetica, another massiveeotiil exporter (Etienne and Mayet 2004), see Rbnsi
1998; Revilla 2007. For the exploitation of presele for arable farming using runoff farming, sesrlger

et al. 1996, and below.

8 Brun 2004b: 232-44.

7% Brun 2004b: 233-8.

180 Evenari, Shanan and Tadmor 1982: 95-147.

81 Brun 2004b: 150-1.

182 Rathbone 1991: 244-60; Brun 2004b: 143-50.

183 young 2001.

184 Brun 2004b: 138-41.

185 Oleson forthcoming, chapter 8.

18 Evenari, Shanan and Tadmor 1982: 179-219.

187 See Dilke 1971; Campbell 1996; Campbell 2000; Gueun and Favory 2001. The bibliography is
immense. See Chouquer et al. 1996-7 for referemeenturiation (3000 titles) and Toneatto 1995
works on the gromatici (1500 titles).
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Heraclea Pontica in the Chersonn¥8e. Many historians have significantly
underestimated the agricultural significance ofteeation. For small farmers, who
could struggle to drain their land and bring theioduce to market otherwis® the
state's organization and mobilization of the caieclabour of the rural population in the
broader public interest would have been invalualltgtensive drainage works typically
preceded centuriation, or the creation of a nevd noetwork, and were then extended
throughout the countryside in the form of drainaifehes flanking the rectilinear road
network dividing up the land intoenturiae’® Such works helped facilitate the full
agricultural exploitation of the countryside, pauarly in low-lying or clay soils, or in
rich river valleys, such as the Pomptine marsfegr the Po valley, which was
transformed into one of Italy's richest agricultuegions, in large part through Aemilius
Scaurus' important land reclamation initiatie.Although lauded in Continental Europe
for its model of large estates and capital intemsagriculture, systematic attention to
drainage seems to have been far less common irafithghs Dickson notéd® where,
even in the high farming period of the mid-19th toey, it was frequently restricted to
the estates of select improving landlords, dedpiteserious effect poor drainage could
have upon yields”® The Roman agronomists explain the techniquesraihage in
detail!®> and archaeological fieldwork provides ample caonéition of what we would
suspect from the practice of centuriation, thairdrge was a constant concern of most
ordinary Roman farmers, not just the agronomis@&.ound-breaking interdisciplinary
studies in Southern France have documented thdutareintenance of elaborate
systems of drainage ditchE€8,and tens of thousands of amphoras, buried to geovi
effective subsoil drainage, have been happened upercavations. Most assemblages
have lg?een found in urban contexts, but some wéedyliintended to drain arable
fields.

The Roman commitment to public infrastructure, t@@s of hydraulic
engineering, and effectiveness in mobilizing labalso boosted agricultural productivity
through irrigation, often on an extremely largels¢® Centuriation allowed a broad
cross-section of the farming population to bensfitce drainage ditches can also be used
to channel water for irrigation, but dedicated darmend aqueducts had to be built for any

188 Yggeri 1969; Adamesteanu and Vatin 1976; Cart@012004; 2006; Yntema 1993: 81-3; Campbell
2000: xlv; Guldager Bilde and Stoba 2006; Karjak@& Collin-Bouffier 2008. See also the articlgs b
Clavel-Leveque, Plana-Mallart, Kolesnikov and J&cemand of Kuznecov in Brunet 1999b.

189 Wordie 1974: 600 note 1 quotes the English agrical writer Arthur Young attacking the advocatés o
small farms, saying: "Who will drain his land atexpense of two to three pounds an acre?"

190 g5ee, for example, Quilici-Gigli 1992.

1 5ee especially Quilici-Gigli 1992; Attema and daad 2005.

192 pall'Aglio 1995. For the success of the Romandriining the Po valley more fully than at any time
before the end of the 19th century, see Kron 20038:82.

193 As noted by White 1970: 190.

194 See, e.g., Caird 1968 [1852]: 256-7; 470-2. Reruse of the ridge and furrow system to ameliciae
effect of yields of poorly drained land, note Kdgé 1992: 9-10.

1% See White 1970: 146-50.

19 See Berger 2008 for a good recent overview. Fsimélar phenomenon in the Romanburbium see
Buccellato et al. 2009: 540-7; Egidi 2009: 502-13.

197 pensavento Mattioli 1998.

%8 White 1970: 151-72; Butzer et al. 1985; Hodge 199%6-53; Horden and Purcell 2000: 237-57; 585-8;
Thomas and Wilson 1994; Leveau 1997; Wilson 193%t€s-Stephens 2003; Valenti 2003:; 94-6; Beltran
Lloris 2006; Gualtieri 2008; Bannon 2008: 249-61i)34h 2009a.
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large-scale projects. In the Po valley, an impwvessfrastructure of navigable canals
was created® which were essential for drainage and could alsoekploited for
irrigation, but our best evidence for large scalggation now comes from the canal
system of Roman Spaffl® better understood with the recent discovery ofegaited
inscription regulating access to irrigation in sevesmall rural communities. Decisions
were taken on a democratic basis, by majority vibtghould be noted, with water rights
and labour and maintenance obligations apporticaembrding to the amount of land,
which owners or cultivators must irrigeft®. This inscription also helps to confirm that
the legendary irrigated agriculture of the Medie@glanishhuert€® is a revival of
Roman practice, largely attributable to the resmdcthe Arab conquerors for ancient
Greco-Roman scientific and agronomic traditioHs.

The most intensive irrigation was reserved for keaigardening, but irrigated
meadows were both productive and lucrative, ang #re described in detail by the
agronomist$®* Some arable and tree crops benefit from inteemitirrigation as well,
usually in times of drought or specific seasons mmost of our evidence for such
irrigation, at least on any scale, comes from samai-regions such as Spain, North
Africa, and certain parts of Greece, particular @yeladic islands. Run-off irrigation in
desert and semi-desert conditions is well atteatadng the Nabataeans, and in North
Africa, as we have noted above. Although researchis field has lagged for Classical
or Hellenistic Greece, and some have questionedh&herrigation could have been
practiced on any scafé recent work on Delos has revealed an extensivastficture
designed to capture and store the rainwater resswrfcthis arid islantf® permitting the
market gardening, viticulture, oleiculture, and sudxfarming revealed by epigraphy and
archaeozoological studié¥. Studies of the emergence of irrigated agricultnr&reece
over the past few decades amply attest to the liiaand potential impact of
irrigation?®® and should warn us against under-estimating ies irothe more intensive
ancient regimé?® particularly given the evidence for the importarafeGreek market
gardening’® and the advances in water-lifting technology aebie by Hellenistic
scientists and engineers.

199 Kron 2005b: 475 note 194.

2% See Beltran Lloris 2006: 167-70; Prieto 2008.

201 Beltran Lloris 2006. This Spanish inscription atite long-famous Lamasba inscription (CIL
VI111.18587) are the only such regulations of anpstance to survive (Beltran Lloris 2006: 166 no8 6
but legal and literary sources show that fair affitient regulation of water-rights was standardnf®m
practice (Bannon 2008).

292 5ee Butzer et al. 1985; Horden and Purcell 2022:2 586-7.

203 As first argued by Butzer et al. 1985, based @haeological and topographic evidence of contiesiti
in settlement and systems of irrigation canalsgdrdére 1997 provides striking evidence of theioaity
between Arab and late Roman viticulture in Spain.

24 Col. 2.16-7; Plin. 18.258-63; VarrB,R 1.31.5; Pallad. 10.10; Quilici Gigli 1989; Bann2®08: 258-9.
205 Krasnilkoff 2002.

2% Brunet et al. 2003; Brunet 2008. Also note therdiry evidence in Bruun 2000.

297 Brunet 1999a; Brun 2000; Leguilloux 2000a.

298 |slam, Manos and Kamruzramman 2005.

2% Oshorne 1992b; Hanson 1999: 60-3; Horden and PW060: 244-7; Garcia Soler 2001: 43-72;
Amigues 2005; Amigues 2007; Margaritis and Jone¥82152.

#19 As Crouch 1984: 362 notes.

#10leson 1984.
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Transport infrastructure played a critical roldagilitating the large-scale trade in
the relatively bulky agricultural commodities liggain, wine, and olive oil so important
to the intensification and specialization of agiieral production. Since most large
Greco-Roman cities were on the sea or a navigalk, rharbours were the most
important link in the supply chafit? The great harbours of Carthage, the Peiraeus,
Syracuse, Rhodes, Aegina, Thasos, Cnidos, and Adexawere joined by even more
massive harbour facilities at Puteoli, Ostia, and@s'? all significantly larger than the
crude small harbours, which served the Mediternarieahe 19th centur§* Hydraulic
concrete was used to great effect to build molek laeakwaters for artificial harbours
throughout the Mediterranean, most ambitiously,haps, in creating the harbour of
Caesarea Maritima along a stretch of ocean markedpdwerful and potentially
destructive currents® Rome, with its quays arftbrrea stretching for kilometers along
the Tiber’® was as great as many of these maritime harboutsyther river ports, such
as Londinium, or even Pisa, were highly develoffédind the creation of navigable
canals made for a relatively comprehensive andpeesive system of transp6tt.
Transport was least expensive by water, but laadsport in the Roman era was as
highly developed as in any pre-industrial socféyfacilitated by the superb Roman road
network, which was still a cause of wonder throtigh 19th centurg”® and by the roads
built into the centuriation grid, which, while ungl, were presumably leveled and kept
passable in winter by drainage ditches. They wdade been more than adequate to
transport agricultural products and manure easilgxrart to the paved road network.

In addition to this elaborate infrastructure ofdwurs, canals, roads, and drainage
ditches, we should not neglect the more directstments in rural aquedudts,cisterns,
dams, and agricultural terrac&éwhich helped to prevent erosion, along with thedfi
fences, hedges and plantings of trees, which semseboundary markers, windbreaks,
and sources of fodder, brush and lunfér.

Even more important, though, was the massive Gi€@akthaginian, and Roman
investment in farm buildings, store-rooms, grargrigables, and sheepfofd$as well

%12 5ee Blackman 1982; Rickman 1988; Gallina Zevi Bncthetti 2004; Keay and Millett 2006; Blackman
2008; Hohlfelder 2008.

23 3ee Keay and Millett 2006.

14 See Houston 1988: 560-4.

215 See Oleson 1988; Oleson et al 2004; Oleson e2Gil6; Oleson et al. 2008; Blackman 2008 for
references.

1% Rickman 1971; Rickman 1980: 129-43; France 2088:rbte 1.

27 See, e.g., Pasquinucci and Weski 2004. For thatgmportance of rivers in ancient trade networks,
note also, e.g., PlinNH 3.54-5 on the Tiber, and Ausd@rdo nob. urb 6; 10; 19.12-22 on Tréves, Arles,
and Narbonne.

218 gee, for example, the network of canals in Northealy (Uggeri 1987: 337-47; Kron 2005a: 447-8 and
note 205) as well as Egypt, Gaul and Germany (Gi2008: 333-6).

219 Adams 2007; Raepsaet 2008.

220 gee Chevallier 1997; Quilici 2008 for good ovewse See Dalby 2000b: 14-20 for evocations of the
relative ease of travel in literature.

2L De Franceschini 2005: 305-12; Gualtieri 2008; \8AI2009a.

222 Quilici-Gigli 1989; Brunet 1990; Hitchner 1995; ¥ll 1996; Horden and Purcell 2000: 234-7; Price
and Nixon 2005; Harfouche 2007; Quilici-Gigli 2008.

23 Kron 2005c¢: 297-8.

224 Day 1932; Carrington 1932; Rossiter 1978; FlacB0L®33-45; Leguilloux 2003; Massendari 2007;
Kron 2008a: 183.
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as processing facilities such as wine and oliveges, and wine cellaf$, and expensive
facilities for pastio villaticg including massive maritime fishponds of hydrawlmcrete,
aviaries, game farms, and columb&ffa. As James Caird argued strenuously, 19th
century English landlords and tenant farmers géiyeia@led to invest properly in farm
buildings or stable&’ but this certainly was not the case in the andidediterranean.
The number, size, and standard of construction ah#&h villas and farms, which has
emerged from more than two centuries of excavatinod intensive surveys is truly
staggering for a pre-industrial sociéfy. Archaeologists have generally ignored ordinary
farmhouses, concentrating on luxury villas, whiak,Roman social values demané@d,
were also working farm&® but enougltvillae rusticaé*! have been studied to show that
farmers of all social levels concurred with therhfgrming philosophy of Caird and the
Roman agronomists. The villas and farms excavatedte suggests a tentative typology
for Roman lItaly of the late Republic and Principatensisting of three broad classes:
small farms, very rarely excavated, with a handfuéxamples as small as 55 attested,
but generally ranging from 150 to 25¢,ra middle rank of substantiaillae rusticaeof
between 400 and 600°mand larger villas of 1,000 often well over 2,000 fin
size?** The work of Day and Carrington, and the signsashfort and elegant decoration
in most of the farmhouses, which fall within theotwmaller class€s?® suggests that
these belonged largely to owner-occupiers, occafliohelped by a few slavéd! The
evidence of Greek farmhouses, many of which cacléarly identified, by the careful
study of field divisions, as small family farmsensively working a few hectares of land,
further confirms the prosperity of theaetourgoi and the pride they took, and the money
they invested, in their farm building®.

As we have seen, farmers benefitted from the rgmdith of the ancient building
trades, with access to cheap mass-produced resfditd many skilled contractors with
experience in quickly building solid structuresnud-brick and concrete. Likewise, we

22> Rossiter 1981; Brun 2004a; 2004b; 2008ssim

226 Rinkewitz 1984; Bortuzzo 1990; Giacopini, Marcmésind Rustico 1994; Higginbotham 1997; Kajava
1998-9; Olive and Deschler-Erb 1999; Lafon 20019iK2008a; 2008b; 2008c: 85-6; Marzano and Brizzi
20009.

22 Caird 1852: 77; 89; 135; 152; 222; 430.

228 For recent surveys in Spain and ltaly, for examgée Ponsich 1974-91; Gorges 1979; 1991; Fernandez
Castro 1982; De Franceschini 1998; 2005; Pergok. 2003; Carandini et al. 2006: 559-610; Marzano
2007; Carandini 2009; Cifani 2009. For the densitfarms and villas near Rome, see, e.g., Bedfi71
Goodchild 2007: 80-120; Buccellato et al. 2009: 28®l notes 6-8. A recent survey of Tusculum has
revealed a landscape densely packed with lavidasyirevealed by scatters of pottery and roof tiles
extending over as much as 20-50,000 some just hundreds of meters apart. See V&608: 56-63.

2 gee, e.g., Catd\gr. 3.2; Varro,R.R 3.2.6; Col. 1.4.8; Niquet 2000.

230 Most notably, the great villa of Settefinestre jsthextended over 3,600’ nover 2,000 rhof which was
devoted to the accommodation of the slave workfarue other agricultural uses. See Carandini 1985 a
the remarks in Rathbone 2008: 312.

%1 pay 1932; Carrington 1932; Rossiter 1978; De A&®4; Rathbone 2008.

2% Rathbone 2008: 311-2.

233 Carrington 1931; Day 1932; Flach 1990: 233-452&0 1994; Ortalli 2006.

234 As Rathbone 2008: 317-8 points out, the small ¢dted)villa rustica of Villa Regina at Boscoreale
published by de Caro 1994 has graffiti suggestirgpresence of three individuals, with names sugges
that they were most likely slaves, at the peaksopiosperity, when it had been expanded to 450 m

% gee, e.g., Pecirka 1970; Jones et al. 1973; J&¥s; Lohmann 1993; Saprykin 1995; Brun 2004a: 118-
21; Carter 2006.
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see a significant improvement in the quality ofiscand the application of machinery and
labour saving devices in agriculture, as has beaguea in depth by a number of
scholars® as part of a broad and wide-ranging critique @&f litng-lived caricature of
Classical technological stagnatiofi. Although the economic importance of such
innovations should not be exaggerat&tthe Roman sources allude to a large range of
ploughs, including the heawarrus with wheels, coulter and mouldboard, designed to
work dense clay soils, and archaeological work shtve widespread introduction of a
wide range of sturdy metal ploughshares and cafftérAgricultural implements seem
to have been made overwhelmingly, if not exclusivedf iron, and, like Roman
carpenters' tool&® were professionally made and well-designed, withstrvirtually
identical to modern implements for gardening, hantiivation, or vine-dressintf* As

we can see from the wide range of such tools fanr@lompeii, even relatively modest
smallholders seem to have bought them from manufarst, as recommended by C4to,
rather than hand-crafting their own tools out ofodpas Tuscalontadiniof the 19th
and early 20th centuries often dfd. Although these fine metal tools will have been
somewhat more efficient, their use is arguably maorportant as an indication of the
prosperity of Roman farms, and their integratioto ithe urban economy, as buyers as
well as sellers.

Most attention has been given to the developmetiteovallus, a type of animal-
powered harvesting machine very similar to an immaet successfully used in modern
Australia®** One probably should not exaggerate the importafithese technologies,
however, as Kolendo properly noted, noting thatitieduction of thevallus and even
the irpex drawn by oxen or equids were of most value foreesive farming or to
compensate for labour shortagés.The wine or oil press was arguably a more importa
machine promoting the intensification of Greco-Ronaaricultural productiof?® The
deserts of North Africa have provided the mostileegnvironment for recovering ancient
presses, but it is now increasingly clear that smelthines were ubiquitous throughout
the Mediterranean, Egypt, the Near East, and thendRoprovinces of temperate
Europe®*” We have already noted the complex at Kherbet Agaith 21 presses.
Another with 17 presses has been uncovered at S&mmana in Tripolitani&’® and

2% \White 1967; Kolendo 1985; Forni 1989; Forni 2082rni 2006.

%37 3ee, e.g. Wilson 2002; Oleson 2008.

2% Brunt 2003.

239 Gow 1914; Frayn 1979: 130-4; Kolendo 1980: 718drni 1989; Forni 2002; Marbach 2004a; 2004b;
2006-7; Forni 2006.

249 Gaitzsch 1980.

241 Kolendo 1985, Amouretti 2000; Forni 2002; 2006;rtme 2006. For the vinitor's knife see Brun and
Laubenheimer 2001: 151-3 and an identical tool fidedieval France illustrated in Lachiver 1988: plat
V.

242 pointedly noted by Gummerus 1906.

3 De Simonis 1982: 506-519. For the literary sosimescribing wicker used for baskets and occagional
for some crude agricultural tools, see Frayn 1932-8.

4 Kolendo 1960; 1980: 155-178; White 1970: 182-3.

%5 Kolendo 1980: 149-54; 175-7.

246 see Drachmann 1932; Mattingly 1993a; Foxhall 199@nkel 1999: 68-75; Curtis 2001: 307-11; Brun
2003: 58-62; 148-56; 208-17; 2004b: 300-2; Ayalerankel and Kloner 2009.

247 Brun 2003; 20044a; 2004b; 20Q%assim

248 Brun 2004b: 190.
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there is also a marked increase in their size aswlep One press at the massive
Lusitanian villa of Torre de Palma has a beam 1lbmg and a 4500 kg counterweight
capable, theoretically at least, of exerting a gues of 29 toné*®

FOOD PROCESSING

The study of Greco-Roman food processing technology received detailed
attention in two excellent recent monograptfsso we can be relatively brief here.
Thurmond has performed an extremely important sengshowing that the advice of the
Roman agronomists, particularly Columella, regagdmod processing and preservation
is generally consistent with the principles in thedern scientific literature.

Food processing and preservation played an inagdgsimportant role as
foodstuffs were traded over large distances. Aitfo livestock, and even fish or
shellfish?! could be transported live, and some fresh andassssed produce could be
traded long distances with appropriate packagirsgwa have seen, perishable foods
could be transported more safely, and preserveddosumption out of season, if dried,
smoked, cured or salted, or packed in wine, sugraips based on honey or boiled must,
vinegar, or briné> Many of these techniques had been developeceiiNgar East, but
in the Greco-Roman period we see innovation, ntt onthe diversity of products and
the repertoire of techniques, but an increaseensttale of production and in the capital
invested in new technologies and equipnféht. Massive water mills, capable of
supplying thousands of people, as at the Barbemaptex®>* were used to mill flour and
even to knead dough, allowing bread to be bakedpimpular distribution on an
unprecedented scale and presumably at a much das€>°

Wine production is arguably the most complex aathanding branch of ancient
food processing, an art as well as a science, aaduhich confirms the expertise of the
Roman agronomists, as Billiard has documented igatgrdetaif®® Moreover,
Thurmond®” addresses most of Billiard's criticisms of Greamsfan practice, noting, to
take just one example, that the addition of satictv so outraged Billiard, is a well-
attested practice among French winemakers téffayln fact, the agronomists were
aware of many of the methods used by modern winkersao protect or stabilize wine
and ensure its quality, to restart a feeble feratéont process, or to restore wine, which
was in danger of spoiling® The acidity of wine, critical to its long-term &l¢h and
stability, flavour, and effective fermentation, wesgulated by adding either gypsum
(calcium sulfate) in order to fine wine, precipitaf its impurities, improve the colour,

249 Brun 2004b: 301.

20 Curtis 2001; Thurmond 2006. See also Curtis 2008.

#lKron 2008a; 211; 213.

252 5ee Thurmond 2006: 165-87; 212-9; Curtis 2008: 384

253 As noted by Wilson 2008b: 409-11.

254 | eveau 1996.

25 \Wikander 2008: 141-52; Thurmond 2006: 37-72; Wil2608b: 406-8; Curtis 2008: 373-9.
26 Billiard 1913: 424-536.

BT Thurmond 2006: 111-64.

28 Thurmond 2006: 151. The same point is also nbyefichernia 1986: 105.
29 Thurmond 2006: 128-55; cf. Ribéreau-Gayon et @D&2 Jackson 2008.
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and reduce acidit§?° or marble dust or chalk (calcium carbonate) ineorth increase
acidity?®* Bentonite was used to clarify wine, and has h@enen by modern research
to be very effective in removing proteins, whicmcareate offensive flavouf§? and
sulfur dioxide was used to fumigate the tankslja, and amphorae, which would come
into contact with wine, destroying potentially hdniyeast cultures and microb&8.The
recent work of Bouvier shows that there is a gdestl more to be learned through careful
interdisciplinary study, and through experimentadhaeology by wine-makers who are
willing to put the recommendations of the ancientthe test®*

The preservation of fish by salting or smokingd dhe production ofarum or
fish sauce is the another Greco-Roman food praegasdustry, which was organized on
a massive scaf@> comparable to the trade in wine and olive oiltingeographical reach,
as we have already notéd. Since fish can be salted and dried on a venelamgle on
crude reed platforms on the seashore, or brinatbiia,?®’ leaving little archaeological
trace, we cannot read too much into the limiteddence discovered so far for the
Classical and Hellenistic salt-fish industry in thastern Mediterranean and the Black
sea, which is very well attested by literary soafé® In the Western Mediterranean,
however, in the Punic, late Republican and earlgdnal periods concrete fish salting
tanks were used, offering direct evidence thatitldsistry was creating salt-fish products
on a scale surely unprecedented at any time beflosnce. At Lixus in Mauretania
Tingitania, a series of 10 factories, capable ofipcing ca. 1,013,000 hof salsamenta
and garum have been excavatéf. Smaller facilities varying from 3-20 hrtapacity
have been found at a wide range of sites, includimgcoasts of Italy, Mediterranean
Gaul and Libya, but the largest fish-salting vaasénbeen found all along the coast of
Southern Spain, Brittany, North Africa, and the dd&ea, with capacities ranging from
30 to over 100,000 fwith factories at Troia I/Il reaching capacities600,000 m.2"°

Other processed animal products such as clkéekam?’? and sausag€ were
likely produced and exported on a comparable, ifexen greater, scale. We know of a
massive export of hams and cheese from Northely itathe region of Parma known to

299 Thurmond 2006: 152-3.

%1 Thyrmond 2006: 153, taking issue with Billiard 39502-3.

222 Thyrmond 2006: 146.

%3 5ee Romano and Suzzi 1993, with discussion ofirtigortance of sulfur dioxide in modern vine
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%8 Curtis 2001: 317-8. See now Bekker-Nielsen 2005.

2%9 Curtis 2001: 411 note 27.

20 ilson 2006, with reference to excavation repoiféer a recently found factory in Brittany, see dbd
2008, with further references and a map (p. 2381f)gof recently discovered fish sauce factorieshia
region.

271 Auberger 2000; Dalby 2000passim Dalby 2003: 80-1; Thurmond 2006: 193-207.

22 Thurmond 2006: 212-7. For offerings of hams ® gods at a French sanctuary, see Fercoq du Leslay
and Lepetz 2008.

273 Frost 1999; Dalby 2000b: 39; 67-8; 218-9; Dalbp20294-5; Thurmond 2006: 220-2.
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this day for the same products, as Thurmond paint$’* and literary sources as well as
papyri make it clear that sausages and cheeseatioydar were prime articles of trade,
available in a wide range of regional specialti@#h cheese from Turkey and the
Cyclades and Lucanian sausages imported into EGypt.

A huge range of agricultural commodities, from aestaples to the most
expensive and exotic, were readily available, frgsleserved, and in many processed
forms, to fill the robust demand for fine food inet markets, restaurants, and inns of
Classical and Hellenistic Greece, and throughoet Roman Empire, in particular.
Although almost all are mere names to us, succdegsbfessional chefs had begun
publishing cook-books to advertise their skill het5th or 4th century B.C., and the
sophisticated and prosperous consumers to whom ¢h&red, ensured that Greco-
Roman food production had a powerful impact weldr the farm, providing value
added for the economy, employment for maritime drad packagers, retailers, food
processors, cooks, and restauranteurs, and ampilésimment and enjoyment for the
public.

#"* Thurmond 2006: 217.
27> papathomas 2006: 196.
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