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Abstract

Aims Theam of this paper isto review examples, taken from New World
and Old World vineyards, for which soil physical, chemical or hiological
propertieshaveinfluenced astesterroir, expressed through the personality
of thewines.

Methodsand results Literature results are presented, together with the
resultsof new research on the control of N uptakeand soil N minerdlization
by Sauvignon Blanc vinesat ahigh fertility site, by withholding irrigation
and using different inter-row cover crops.

Conclusion: Withholding irrigation from pre-fruit set to veraison restricted
N uptake by the vines, leading to better berry quality parameterswithout
significantly affecting Baumé oryield.

Significanceand impact of study: Theresults confirm theimportance of
aregulated supply of water and N at critical stagesof vine phenology for
achieving optimum fruit quality

Keywor ds: grapevines, precision viticulure, oil nitrogen, soil variabilité,
terrair

Résumé

Objectifs L’ objectif decetravail et d examiner desexemplesdevignobles
du Nouveau monde et de |’ Ancien monde, pour lesquels les propriétés
physiques, chimiques et biologiques ont influencé leterrair, exprimeé a
traverslapersonndité desvins.

Méthodeset résultats Desrésultatsdelalittérature sont présentés, aing
que les nouvelles recherches sur le contréle de la consommation d' azote
et laminéraisation d' azote du sol par lesvins de Sauvignon blanc par la
maitrise del’irrigation et I' utilisation de différents enherbementsinter-
rangs.

Conclusion; Maitriser I'irrigation, du stade delanouaison alavéraison
arestreint laconsommation de |’ azote par les vignes, conduisant aune
meilleure quaité de baies sans affecter significativement le degré baumé.

Signification et impact del’ éude Lesrésultats confirment I'importance
d' unedimentation contrélée en eau et en azoteaux stades phénologiques
critiques delavigne pour obtenir une qualité de fruit optimale.

Motsclés vignes, viticulture de précision, azote du sol, varighilité du sol,
terroir
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ISTHERE A SOIL COMPONENT
TO TERROIR?

Terroir is everywhere in the sense that the word
appears on many wine labels and frequently in
promotiona material for wineriesand inwine magazine
articles. However, thereismuch ambiguity about therole
of soil asacomponent of terroir. A Google search for
“viticulture and terroir”, “ wine and terroir or “ soil and
wine’ revealsmany steswith avariety of opinionsabout
terroir and soil. On these websites intended for public
access, soil is often subsumed under the term geology.
For example, Shadow Canyon of York Mountain,
Cdifornia (www.shadowcanyon.com) statesthat terroir
invokes geology, which encompasses “ soil depth,
chemica composition, physica structureand drainage’ .
At the other extreme, the Africus Rex site of Toronto
advocates soil-lessviticulture” inwhich wine grapes
can be grown successfully in confined spaces without
soil.

Thegeologicd focusonterrair, and itsovershadowing
of soil, may well result from geologists having shown
moreinterest in soil and winethan soil scientists. Books
have been written about the geological aspect of terrair,
especially from the perspective of French wineregions
(Pomerol, 1989; Wilson, 1998). The website Terroir
Australia (www.terroir-australia.com) promotes the
mapping of the geology of vineyards, such asin the
Coonawarraregion of South Austraia. However, some
authors(e.g. Elliott-Fisk and Noble, 1992) acknowledged
that geology influenced the soil to create adiversity of
environments (terroirs) in the Napa Valley, California.
Apart from the marketing hyperbole extolling the
unigueness of the relationship between geology or soil
and the character of individual wines, data on specific
s0il effectsonwine character or “ personaity” aresparse,
0 the question arises- how well do weknow the essentials
of the soil effect in terroir?

CHEMISTRY OF THE SOIL

The relationship between soil chemistry and terroir
isespecially confusing. Bramley and Hamilton (2006)
arguethat this could be dueto the coarseresolution (small
scale) at which most soil observations have been made,
atopic| returntoin thelast section of thispaper. Johnson
and Robinson (2001) repeatedly refer to the soils of the
wineregionsthey review, but usudly in Smple descriptive
terms (such as gravelly, sandy or heavy clay), linked to
the rock types on which the soils areinferred to have
formed. There are afew referencesto the chemistry of
the soil, such asfor Moulin-a&Vent in Beaujolais, where
thesoil issaidtobe* richiniron and manganesg’ , which
“probably” influences the wine character. Tablas Creek
of Paso Robles, Cdifornia (www.tabl ascreek.com) sates
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that “cal careous soil lends minerals and structure to the
grapes’. Tomakealink between cacium (Ca) and terroir
is superficialy tempting because so many of the great
vineyards of theworld occur on cal careous soilsformed
ingtuonlimestoneor chalk, or ontrangported materids
derived from these rocks. Saxton (20023, b) stated that
0il Cacreated “afavourable medium for root exploration,
uptake of minerals and growing aheadthy ving’ - one
could hardly have amore non-specific statement than
that. Saxton also argued that the greater root growth of
vigorousvinesmaximized Cauptake and thiswoul d result
in amore pronounced expression of terroir. By contradt,
Smart (2002) interpreting the work of Seguin (1986) and
othersin Bordeauix, concluded that the best Bordeaux
crus occurred on acidic gravelly soils deficient in most
nutrients, and that soil chemistry had no specific influence
onwinequality. However, Mackenzie and Christy (2005)
reported thet for Rieding grapes produced inthe northern
Addaide Hills, South Augtralia, the juice sugar content
(Baumé) and titratable acidity (TA) were correlated with
severa plant-available trace elements (sic.) in the sail,
notably Ca, strontium, barium, lead and silicon. Thelatter
confirmsthe view that correl ation anayses can sometimes
produce nonsensical results and do not explain
mechanisms, apoint madeby Moran (2001) inhisarticle
on terroir when he wrote “ nobody has yet been ableto
demonstrate the processes (my emphasis) by which
dementsof thesoilsaretrandferred to theflavours, colours
and other quaitiesof wines’.

Reviewing Australian viticultural soils, Halliday
(1993) conddered therewas no link between soil minerd
composition and grape quaity or wine character, with the
exception of nitrogen (N) discussed below, and potassum
(K). Potassum tendsto be plentiful in soilsderived from
micaceous parent materials (e.g. schists, shales) and
transported materias, asin the Murray-Murrumbidgee
region of southeastern Austraia. Potassum and Caare
comptitivein uptake, which may explainwhy K uptake
issubstantia in many Austrdian soilsthat are naturally
low in plant-available Ca. Irrigation, which isamost
universd for vineyardsininland Austrdia, also enhances
K uptake by vines (Sipioraet al., 2005). Potassumiis
involved in sugar trand ocation to the ripening fruit and
too much K inthe berriesincreasesthe mdic:tartaric acid
ratio (Goldspink and Frayne, 2001). Following malo-
lactic conversion during fermentation, thewine pH can
beraised |eading to colour instability in red wines, which
is detrimental to quality (Freeman and Kliewer, 1983).
Congstent with other authors, van Lesuwen et al. (2004)
found no significant correlation between petiole K
concentration, measured at veraison, and berry total
acidity.

Inasemind review drawing ontheresultsof research
in Bordeaux and other French regions, Seguin (1986),
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subsequently supported by van Leeuwen et al. (2004),
concluded there was no correlation between quality of
wineand the soil content of any nutritive e ement. Clearly,
thereismuch yet to be doneto unravel any relationships
between soil nutrient supply and wine quality and
character.

PHYSICAL PROPERTIES OF SOIL

Seguin (1986) and others (e.g. Pomeral, 1989; van
Leeuwen et al., 2004) concluded that soil physical
properties- structure (in particular macroporosity, which
influencesinterna drainage and ease of root penetration)
and the amount and rate of release of available water -
together with microrelief which influences external
drainage, were predominant in determining wine quality
and character. Seguin argued that the main influence of
Caon wine quality wasthrough its beneficia effect on
soil structure, particularly in clay soils. The good soil
gructurewith adequate mecroporosity of the pebble-sands
in the dryland vineyards of the Médoc, Sauternes and
Gravesregions enabled rootsto penetrateto 5-7 m depth
(Seguin, 1986). However, vines grown in soilson hard
limestone, asin parts of the Cote d'Or, Saint-Emilion and
the upper dopes of McLaren Vale, South Australia, or
over acalcrete capping asin the Coonawarra, have a
regtricted roating depth: Smilarly for vinesgrown on clay
soilswith poor internal drainage asin Pomeral, and on
many duplex soilswith compacted B horizonsin Audrdia
and South Africa. Poor subsoil drainageis correctedin
parts of Saint-Emilion and Pomerol by under-drainage
with “ aggi€” pipe. South African soil scientists are
especidly concerned about subsoil impedimentsto root
growth (dueto hard pans or compacted B horizons) and
have developed a*“ finger mixed plough” thet ripsthrough
adense subsoil to 1.5 m depth, without any inversion of
soil material, and allows the incorporation of lime and
phosphate fertilizer if required.

Aswithinternd soil drainage, good externd drainage
dueto aslope or dight elevation favours wine quality.
For example, in the northern Haut-Médoc (e.g. Saint-
Estéphe) where the soilsare deeper and contain moresilt
and clay than the gravelly soils of the southern Haut-
Médoc (e.g. Margaux), topography iscrucid. Mogt of the
Premier Grand Cru Classt winesare produced on thetops
of the gravelly mounds (croupes) and upper opesthat
face towardsthe Gironde (Johnson and Robinson, 2001).
Smilaly, inthe NgpaValey the bes wineswith didinctive
character are produced on the “benches’, such as
Rutherford, Oakville, St Helenaand Stag's Leap, which
arecolluvid fansformed at the valley footd opes where
the soilsare stony, often deep, but well drained (Lambert
and Kashiwagi, 1978). Good soil water drainage and cold
ar drainage on dopesin cool climateregions (Gladstones,
1992) providethe potentid for the production of top class
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wines, as evidenced by the Rheingau, Germany, Barolo
and Barbaresco regions in Piedmont, and the newly
emerged Central Otago region of New Zeadland.

_ Whether on shallow soils on limestone in Saint-
Emilion or deep gravel-sandsin the Haut-Médoc, therate
of water supply to the vine between flowering and harvest
isavery important soil factor affecting wine quality
(Seguin, 1986; van Leauwen et al., 2004). The samefactor
probably appliesfor the Grand Cru and Premier Cru
vineyards on Rendzinas and shallow Ca careous Brown
Soilson limestone in the Cote d'Or, athough the latter
have not been asintensively studied asin Bordeaux. The
regulation of water supply may be a key factor
determining the undoubted qudity of red wines produced
onthe TerraRossaof Coonawarrain South Audtralia, or
the deep gravelly loams of the Margaret River, Western
Australia, but the interpretation of water relationsin
Augtralian vineyards, asin Cdifornia, Chile and South
Africa, iscomplicated by the use of irrigation. In many
of the best quaity vineyardsin these regions, regulated
deficit irrigation (RDI) or in some cases partia root zone
drying (PRD) is practised to redtrict the water supply to
thevines (Kéeller, 2005), primarily between fruit set and
veraison when excessively vigorous shoot growth can
compromisetheripening of thefruit and devel opment of
maximum flavoursand colour (epecidly for red grapes).
Wherevinesrey heavily onirrigation, asinthehot inland
regionsaong the Murray and Murrumbidgee Riversand
on many duplex soilsin southeastern Audirdia, theroating
depthisamost entirely confined to the top 40-60 cm of
soil (Pudney et al., 2001). Thus, deep exploration of the
subsoil and parent materia, where the concentration of
westhering minerdsishigher than in the upper sail profile,
doesnot occur. Seguin (1986) argued that one benefit of
avine's deep rooting on the gravel-sands of the Médoc
was access to large quantities of cationsand anionsin
soilsthat are poor in terms of nutrient concentrations.
Consgtent withthe* geological factor” , severa authors
have suggested that minerals derived by vines from
wegthering parent material confer distinctive character
to thewines (Wilson, 1998; Darlington, 1999), athough
the evidenceto support thisdirect link isanecdotal.

CAN SOIL MANAGEMENT
INFLUENCE TERROIR?

Thereisaview amongst some winemakersin the
New World that any problemsdueto soil imbalancescan
be solved in thewinery. For example, awinemaker for a
large wine company in South Australia once told a
workshop on nutrient management “| don't care what
kind of grapesyou bring me, aslong asthey do not have
too much nitrogen” . His attitude was that he could fix
any problemsof the grapesin thewinery, except for high
N, which induced too rapid afermentation (“it boiled”).
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More commonly, however, grapes are deficient in yeast
assmilable nitrogen (<200-300 mg/L of juice), which
can lead to * stuck fermentations’ , and the addition of
diammonium phosphate to the fermentation must isa
common practice to avoid this problem.

Apart fromthequestion of N concentrationin grapes,
there are good reasons for optimizing the N supply to
vinesinthevineyard. Theearly growth of thevine, upto
about flowering, reliesmainly on the mobilization of N
reservesin the woody tissues (Lohnertz, 1991). After
flowering therate of N uptake through therootsincreases
rapidly toamaximum around veraison. If the availability
of N inthe soil istoo greet, and given an adequate water
supply to the vine during this post-flowering period, the
vine can produce too much vegetative growth and be out
of baance - too much photosynthate goesinto producing
shoots and leaves relative to fruit and thereistoo much
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Figure2 - Mineralization potential of the surface il

at thethree experimental stesin Victoria.
The bars show standard errors of the means.

fruit shading, which hindersripening. This problem can
be corrected to some extent by canopy management
(Smart and Robinson, 1991), but is more gppropriately
dedt with by soil and water management in thevineyard.
Thisisan example of managing the soil component of
terrair to enhancefruit quality, and | use our recent ressarch
resultsto illustrate the point.

Preliminary studies were carried out at three sites,
showninfigurel, in cool dimatevineyardson deep fertile
soilsin Victorig, Australia. The growing conditions at
these Stesare summarized in table 1. The soilsare deep
red loam soilsor Krasnozems (Ferrosolsinthe Audrdian
Sail Classification of Isbell (2002)) derived from basic
volcanic rocks, and aretypical of the soils supporting a
number of cool climate vineyards in Victoria and
Tasmania. Based on records of vine performance, high
vigour siteswere identified at the Whitlands, Hoddles

Table 1- Latitudeand climatic conditionsfor thethree experimental sitesin Victoria

| Site Latitude Altitude Mean annual | Mean Heat degree
rainfall January days (>10°C
temperature from budburst)
(m) (mm) ("0
Whitlands. 36°21'S 800 1410 18.5 1100
King Valley
| Hoddles 37°45'S 400 910 194 1490
Creek.
Yarra
Valley
T'Gallant. 38°20'S 250 740 19.9 1570
Mornington
Peninsula
J. Int. &ci. Vigne Vin, 2007, 41, n°1, 9-18
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Figure4 - Cumulative uptake of 15N from Whitlands
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Table 2 - Some properties of the Krasnozems (0-20 cm depth) at thethree experimental sites

Vineyard Depth pH C content N content C/N ratio
(1:5mn 0.01IM (%o oven-dry | (% oven-dry
(ecm) CaCl,) soil) soil)
Whitlands 0-10 5.20 944 0.64 14.8
10-20 5.36 7.87 0.45 157
Hoddles Creek | 0-10 5.09 9.12 0.62 14.7
10-20 4.83 7.89 0.49 16.1
T'Gallant 0-10 6.27 7.59 0.55 13.8
10-20 5.55 6.88 0.41 16.8

Creek and T'Gallant vineyards. When the soils were
sampled to 1 m depth to measure mineral N (NH,* and
NOj3’), wefound that mineral N was consistently greatest
inthetop 20 cm, and decreased with depth. Table 2 shows
thet the Cand N contents of the A horizonswereadso high,
and C/N ratiosin the range where net N minerdization
would be expected (White, 2003). Thiswas confirmed
by the mineralization potential (N,), measured by the
anaerobic incubation method of Waring and Bremner
(1964) (figure 2), which trandated into a potentia rate
(under optimum conditions for mineralization) of 24 kg
N per haper day for the top 10 cm of soil a Whitlands,
the most fertile site. These rates are at the top end of
mineralization rates reported for soils under broad-acre
agriculture (White, 2006).

A field experiment was conducted a Whitlands from
2001 to 2004 on nineyear old Sauvignon Blanc vines, on
Schwartzman rootstocks, to examine optionsfor managing
theN supply inthissoil. Giventhat minera N availahility
was greatest in the top 20 cm, it was hypothesized that
if the soil in this zone could be kept as dry as possible
during the period of most rapid N uptake, between
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flowering and veraison, the uptake of N by thevinewould
be decreased. Two treatments were therefore imposed -
one of full irrigation to maintain the soil at or near fidld
capacity (FC) throughout the growing season, and the
other todlow alarge soil water deficit (SWD) to develop
in the top 60 cm of soil. The main treatment plotswere
subdivided to imposefour inter-row trestments- acontrol
(theexisting sward mix of naturalized grassesand white
clover (Trifolium repens), aryegrass (Lolium perenne)
only sward, aclover only sward and adead grassmulch.
In addition, a1°N |abelling experiment was carried out
onirrigated and non-irrigated vines between flowering
and veraison in 2002-03 to determine the proportion of
soil N that was taken up from different soil depths.
Accordingly, 98%-enriched (NH,),S0, was placed, with
thenitrification inhibitor N-serve, at depths of 15, 45 and
75 cm around individual vines 10 days after flowering
(figure 3). Each vinereceived only 0.176 g N, so the
“carrier” (NH,4),S0, made aninsignificant contribution
totheresdent soil N and the 15N waseffectively labdling
the pool of soil minerd N availableto thevine.

J. Int. &ci. Vigne Vin, 2007, 41, n°1, 9-18
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The bars show standard errors of the means.

Leaves from the treated vines were sampled for
analysisat regular intervalsfor 60 days after labelling,
andthe berrieswere andysed at harvest. Therate of 15N
uptake wasinitialy dow asthe vines recovered froma
hail slorm thet occurred threeweeks beforeN gpplication,
but theresultsin figure 4 show alarge difference between
15N uptake by theirrigated and the non-irrigated vines at
the end of 60 days. Further, graphs of cumulative 15N
uptake from each depth showed thet N uptake was grestest
for both vinetrestmentsfrom the 15 cm depth, but uptake
by theirrigated vineswas 4.5 times gregter than the non-
irrigated vines from this depth (figure 5). Berry 15N
concentrations supported these results.

In the Whitlands experiment, soil water content was
measured continuoudy within the 0-60 cm soil depth and

J. Int. &ci. Vigne Vin, 2007, 41, n°1, 9-18
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the SWD rdativeto the FC (attained a amatric potentiad
of -10 kPaat the surface) was calculated. The graphsin
figure 6 show the SWD and rainfall plotted againgt time
for theyear 2003-04. There waslittle difference between
theirrigated and non-irrigated trestments up to flowering
(early January) because of substantial rainfal in early
summer. After flowering, however, rainfal ceased and
irrigation was used to maintain a substantia difference
in SWD between theirrigated and non-irrigated vines.
Irrigation was stopped after veraison and the SWD of
both treatments converged, before being steadily
eiminated asthe soil wet up from autumn-winter rain.

The effect of decreased water and N availability on
vine growth and fruit yield can be seenin the resultsfor
the 2003-04 crop (table 3). The effect of withholding

-14 -
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irrigation in decreasing mean bunch weight was highly
significant (P<0.001), but because of alarger number
of bunches per vinein the non-irrigated treatment the
yield per vine and yield per hawere dightly larger than
intheirrigated treatment. However, the yield/pruning
weight ratio, agood indicator of whether the vineswere
in balance or not (Smart and Robinson, 1991) was
sgnificantly higher (P<0.01) in the non-irrigated vines.
Further, there were significant effects (P<0.05) of the
inter-row treatments, with theyield/pruning weight ratio
of the dead mulch plotsbeing 40 percent lessthan for the
control plots, irrespective of irrigation treatment. With
respect to fruit quality factors, in two years out of three,
Bauméfor the non-irrigated vineswas significantly higher
(P<0.05) thanfor theirrigated vines, whilejuice pH was
higher and TA lower, asshowninfigure 7. Thesetrends
are cong stent with those reported by Rodriguez-Lovelle
et al. (20008) for the effect of decreased soil water and N
availability, induced by competition from inter-row grass,
on the properties of Merlot noir fruit in a Bordeaux
vineyard.

Regulated deficit irrigation (RDI) ispromoted asa
quaity-enhancing practicefor red grapesin many irrigated
vineyardsin Australia, Spain, Chile, South Africaand
Cdlifornia. In Austraia, one of theaims of RDI isto
manage the water content of the top 40 cm of sail only,
and pulse gpplications are now advocated to encourage
more lateral flow under the drippersthan occurswith a
continuous application of water. Thisfocus on the top
40 cm of soil may aso reflect thefact that many vineyards
in southeast Australiaare on duplex soilsin which the
B horizon is not a particularly inviting medium for root
growth. Our experiment at Whitlands demonstratesthat,
even in adeep soil of abundant natural N supply andin
an environment where significant summer rainfal can
occur, vine N uptake can be moderated through soil water
management. We a so speculate that one of the reasons
for the success of RDI inirrigated vineyards on fertile
soilsisthe moderation of N uptake, especialy between
fruit set and veraison, not only for red grapes but for white
grapes too. This effect can occur directly through
decreased N demand by the vine due to moderate water
stress, and indirectly through a decrease in N
mineralization rate in the top 20 cm of soil that is kept
drier than under unrestricted irrigation. Evidencefor the
latter mechanism came from our inter-row trestments
whereN uptake under adead grassmulch (whichinhibited
soil evaporation and so conserved soil moisture) was
greater than the control, which was greater than the
ryegrassonly treatment. Rodriguez-Lovelleet al. (2000b)
also found that an inter-row grass crop decreased the
availability of soil N to grapevinesin four Bordeaux
vineyards on sandy soilswith 4 percent organic maiter.
Our resultsfor the effects of inter-row treatment and

-15 -
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on soil mineral N (0-20 cm).
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VR: veraison, HT: harvest
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withholding irrigation on soil N availability are shown
infigure8.

On deep fertile sailsin low rainfal areas, such asin
many vineyard areasin inland southeastern Austraiia
where excess vigour acts againgt the production of high
quality grapes under irrigation, the potential of RDI for
managing N uptakeiseven grester thanin higher rainfall,
cool climate regions. Onthe other hand, in soilsthat are
deficient in N such asthe gravelly soils of the Wairau
Valey, Marlborough and the Gimlett Gravelsof Hawkes
Bay, New Zealand, the soil N supply must be
supplemented by NH,4NO5 or urea dissolved in the
irrigated water. In dryland vineyardson sandy or gravelly
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Table 3 - Vinegrowth and fruit harvest propertiesat Whitlandsfor 2003-04

[ Main Inter-row Mean Yield per | Yield Yield/prun- | “Baumé
treatment treatment bunch vine ing weight
weight (kg) (t/ha) ratio
_ (g)
Tlrrigated | Control 202 36 209 45 1.1
Ryegrass 188 3.4 19.6 3.1 10.6
Clover 202 34 19.8 29 10.8
Mulch 196 3.8 21.8 2.7 10.1
| Mean 197 3.6 203 33 10.7
"Non- Control 172 a7 274 64 10.7
irrigated Ryegrass 174 37 21.2 47 11.5
Clover 165 3.9 22,6 4.7 10.4
Mulch 157 34 20.0 3.8 10.3
Mean 167 3.9 228 49 10.8

s0ils, such asin the Haut-M édoc or the southern Rhone
Valley near Orange and Chéteauneuf-du-Pape, extraN
issupplied through leguminous cover cropsor from solid
N fertilizer.

TERROIR, SOIL CLASSIFICATION
AND PRECISION VITICULTURE

For centuries, wine makersin the Old World have
been aware of aréationship between soil variation, the
performance of individual grape cultivars, and wine
character. Thebest recorded examplesgo back to the early
Middle Ages(fromc. 8th century AD) in Burgundy and
the Rheingau. Successive generationsof monksinthese
regionsidentified, by trid and error, the specific character
of wine madefrom small parcdsof land (go(it deterrair).
Thuswerelaid the foundations for the later concept of
terroir that isthe besis of the French Appdllation dOrigine
Contrdlée system of wine classification. However, asthe
top Appe lation wines of Burgundy and Bordeauix attest,
recognition of digtinctiveterroirsin these regionsrequires
experientia knowledge of soil propertiescrucid to cultivar
performance on ascale of metresrather than kilometres.
Thus, the concept of terroir embodies a de facto soil
clasdfication at avery large scaefor the specific purpose
of growing grape cultivarsto produce digtinctive wines.
Genera-purpose classifications operating at a national
level (small scae) are of no vauefor viticulture except
to provide broad descriptions of soils: for example, the
Great Soil Group classification and itsderivatives (Thorp
and Smith, 1949) provide soil class names such as
Rendzinas, Terra Rossas, Cal careous Brown Soils and
Krasnozemsthat have some currency inviticulturd cirdes.
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In Audrdia, aspecid-purpose classification hasbeen
devel oped that uses non-technical termsto describe soil
propertiesthat areimportant for the growth of vineroots
(Maschmedt et al., 2002). However, thered potential for
identifying the soil component of terroir liesin digital
mapping of soil inagiven mesoclimate (blocksupto 5 ha)
using data obtained by proximal sensing of the soil by
ingrumentslinked to aglobal postioning system (GPS).
When adifferentidly corrected GPSisused in conjunction
with areal-time sensing instrument such asan EM 38,
deta.can berapidly collectedin, say, a2 by 2 mgrid pettern,
which provides 2500 values of asoil property per hectare.
Further, if ared-timekinematic GPSisused (accurateto
2cminthex, y and z directions), together with ground-
truthed EM measurements of sail sdinity, for example,
avery accurate 3-dimensiona map of soil salinity and
elevation can be produced.

An EM 38 measures by eectromagnetic induction the
eectrica conductivity (EC) of thebulk soil, whichinturn
is related to the soil's texture, water content and
concentration of soluble salts. Depending on the distance
between the transmitting and receiving coils and the
instrument's orientation, the effective depth of
measurement rangesfrom 0.75to 1.5 m (McNeill, 1980).
Wherethe EM 38 isused on ashallow soil and thereisa
marked changein EC at the soil-parent materid boundary
(eg. the TerraRossaover limestonein the Coonawarra)
it ispossible by careful ground-truthing to measure soil
depth very accurately, as shown in figure 6 of Bramley
(2003). A number of sensing instruments that operate
closeto the soil or more remotely are now available or
being developed - for example, for sensing pH, soil water
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content, EC, penetrometer resistance, texture changesand
visual properties such as colour (including mottling),
cracking, and the deposition of clay filmsdueto transport
by water through the profile (ssewww.earthit.com). More
comprehengiveinformation can often be obtained with a
multi-sensor, such a cone penetrometer to measure soil
resistance (related to texture and bulk dendity), combined
with an imaging penetrometer that registers soil colour.
Electromagnetic techniques can aso be gpplied remotely,
asfromaircraft, but the resolutionismuch lower than for
proximal sensing and of lessrelevance to soil survey
for viticulture. Gamma-ray spectroscopy can be used a
close range or remotely and measures gammaradiation
that isemitted from thetop 30-45 cm of soil by naturally
occurring radioactive e ements, such aspotassum-40 and
its daughter products uranium-238 and thorium-232
(www.terrair-austraia.com). Other methods make use of
ground-penetrating radar (long wavelength) and laser-
imagingintheultraviolet, visbleand near-infrared regions
of the EM spectrum.

Indl cases, the sensor instrument must becalibrated
using measured values of the soil property, observed at
specificlocationsin theareaof sudy - for example, actud
soil depth, or clay content and EC measured in a
laboratory, or by usng amodd of soil chemicd reactions,
asinthe case of edimating asoil'slimerequirement. Once
thisisdone, alarge amount of spatially referenced data
can be collected, stored and used directly without the need
for filtering through asoil classification. Thisknowledge
of soil variation expressad through properties of relevance
to viticulture can be used to guide amore detailed survey
based on soil pitsat alow resolution (e.g. ona75mgrid,
asrequired for purchasers of new water entitlementsin
theirrigation areas of Victoria(Brown Brothers, persona
communication). Also, high resolution digital soil maps
can be used asthe basisfor precison viticulture (PV) in
which vineyard layouts are planned using knowledge
of soil variation - depth to rock, clay content, adequacy
of drainage, slinity levelsand so on. Smilarly, irrigation
infrastructure can be planned efficiently, and cultural
operations such as pruning, shoot thinning and mulching
organized on azonal basis, where azoneisan area of
uniform soil that may or may not coincide with avineyard
block. Since soil variation is often reflected in yield and
fruit quality (Bramley, 2005), it isoften to thewinemaker's
advantage for these zones to be individudly harvested.
Thus, the application of modern technology leading to
PV potentially closes the circle that began with the
identification of particular terroirsin monagtic vineyards
on the dopes of the Céte d'Or centuries ago.
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