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Report prepared bg€arolina Perna with contributions Bgefano Campanand Daniele Sarri

TheEstate and théarmer/landowner

This case study focussed on a vineyard whiglarsof the Banfi estatéhttps://www.banfi.it/it/) , near
azyidltftOAYy23 Ay =!I fEstklisheddiOinis oday theBénBeEtatakenzanpassse
2830 ha, 800 of which are vineyartbsproduceBrunello di Montalcino wine and othevell-known
products, including the Rosso of Montalcino and SupBuscan winesThe rest is covered in
woodlands,olive and plum groovesyheat, and other opesiield crops Thanks tothese American
investors,the Banfi estate and branddeveloped quickly enablingthe revaluation of the area of
Brunello and Poggio alle Mura, the castle that is the headquadkthe estatetoday. Today, Banfi

plays a vital role in the worldf wine makingand is considered an important part of the local
community. It is owned by théMarianifamilyx GG KS al YS FFYAfe& (GKFG ONBFGS)
company, Banfi Vinteres, a company that has exported wine from Italy to the US sincdi&fgyh

the Banfi Foundation (https://fondazionebanfi.it/en/), multiple projects are financed and carried out,
like the Sanguis JowsSchool for Sangiovese (a project to spread knowledge and raise awareness on
Sangiovese vine) and Balena Brunella,aggot focussed on the fossil of a whale founded near Poggio
alle Mura castle.

While the USinvestmentand subsequent succesaved the area from abandonmentadespread

problemthe countryside of Tuscarig the $Y0sand®0s, andLJr NIi A Odzf  NX @ LINRof SYI (A
and while current activities deliver value in the communiibg exploitation of the landscape for wine
productionhascaused multiple problemsliscussed below

Figure 1: TheBanfi Estatenanages thevineyardsurveyed in this case study.

Further stakeholders land management &oggio Casalini

Poggio Casalims part of the municipality of Montalcino,aty well-known forwine production

locatednearSiena, ITinthe+ | £ 5 Qh NBdgglo Casalihi &8 SEWAARS 2yS 2F (KS ¢
seven UNESCO world heritageag. G KS + | f  Beftagbldieé |y I G dzNJ f
(https://whc.unesco.org/en/list/1026), andtherefore protectedd € | b 9pfesehvaian policies.



https://whc.unesco.org/en/list/1026/

TheTuscany Region

(https://www.regione.toscana.it/documents/10180/12604324/17 Val d_Orcia Val _d_Asso.pdf/b0
23b4b7968f-4372ab4d-6eb8b4862acPand Sopraintendenza Archeologica e delle Belle Arti della
Provincia di Siena, Arezzo e Grossgetip://www.sabap-
siena.beniculturalit/index.php?it/235/tutela-paesagaisticeare the two main policy stakeholders

These organisationsooperateto createpreservation plasand schemesvhich are fundamental to

land management in tharea In particularthe ¢ dza O y & wS ARighydiici&Ee 4§ Sa |«
territoriale ¢ P1Ta Territorial planning)for each notable sulbegion. Thisystemdefinesmultiples

objectives for landscape preservatidor examplein preservationof the CreteSenesif( A Sy I Q& Of I & 2
a particular kind of soil, or the promotion of project for the maintenance and valorisafitime
landscapeThe Consorzio del Brunello di MontalciD®P(Brunello of Montalcino Consortium
https://www.consorziobrunellodimontalcino.it/itthome/homgis another important stakeholder

Being part of this consortium and of tiiEsciplinare di Produziorifroductionspecification) othe

Brunello of Montalcino winglimits the kind of vines that @ossible to grow, the number @lants

per hectare and other elements that influenttee character and use of tHandscape

Current land use:

Figure 2 Thecase studyarea:A ving/ard set in a landscapeanagedor its natuml heritage

This case stuglfocussed on a fielcurrently managed as a vineyakdnes are cultivateavith aspacing
of 0.8*2.5 m,usingcordon spurcanopy managemenimechanicalinter-row weedingin alternate
rows, and chemicalweedkillersapplieddirectly under the plantsThe vineyard produces red grapes
used in theBrunello di Montalcino DOP wine productiddefore2019the field wasused forarable
cultivation (wheatand other cereals To establishthe new vineyarddeep tillage (>1 m) wasarried
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out. Thisprocess disturbeérchaeological deposiia the field,evidenced bythe sherds present on
the surfacetoday. Thisprocessmayhave shifted the position of deposits and redistributed artefacts

What we know about archaeology on the farm:

From 1999 to 2003, the Department of Archaeology and History of Arts of the University of Siena
surveyed the district of Montalcino withiabroader initiativeto developthe archaeological map of
the Povince of Sienalntensivesurvey started in 1999 whetine teamrecogniseda large artefact
scatter (Figure 3, red polygon on the bottom of the pictuMhen this survey was carried quhe
field wasnot under cultivation The archaeological finddentified on the surface were distributed
over a rather large area (approx. 1 hectare) amdudedfragments of tiles, stones and coarse ware,
table ware, kitchen ware, jars and amphorae. Any architectigatiure wasidentified basedon the
presenceof mosaic tiles, architectural terracottand other building materialsThe artefacts were all
medium size and were in a good state of conservatBatause the field wasot being tilled, visibility
was very low preventingthe team fromdistinguishingdifferent functional areas within thaite. The
dimensions, the association of the surface artefaatsl the overall characteristics of the assemblage
suggest arinterpretation of a midsize productive settlement site complgprobably next toa villa
dated to the earlyRoman finperialPeriod, with evidence of reuse ibate Antiquity.

How precision agriculture is being used:
Precision agricultural methods are not yet in use within the estate.

Management Challenges:

Multiple problemsaffect the field and thewider area. Climate change is piaularly problematic in
Tuscany, which is facing desertification and unstable distribuborain during the year, causing
increasing difficultie$or agriculture and wine productioiWhile summer droughts are normal in the
region, inrecentyears this phenomenohasincrea®d in duration andrequency reducing the yield
and causing problems in vinificatidre(,acid and sugar content, unstable polyphend®)ytosanitary
treatmentsand the management of pests are other important probleimshe area: wine is one of
the most pollutingagrarianproducts and a great number gflant protectionproducts are distributed
each year(Roman et al.; 20200ther problemsinclude soil erosion due tgooor surface water
management: intenigying rainfal events with a high probability of intense and destructive rains that
cause the erosion of the dace and the most fertile layersof the soil, withnegative impacts on
productivity and soil management. In Poggio Casalini in particéap furrows andapid water flows
within them which are createdh the inter-row strips causeproblemsfor machineoperation and
2Nl SNEQ al FSideo



Source®f existing data

Figure3: Yellow polygonslelimit the areassurveyel. Light red polygons highlight archaeologi
areas.

In 2003 the Department of Archaeology and History of Arts of the University of Si@méed outa

magnetic gradiometry surveyp collect further data on the sitelentified throughfieldwalking survey.
Theresultsrevealeda concentrationof anomaleswhich correspnded closely withthe area of the
surfacescatter, but which lacked a clear, interpretable shape

Figure4: Magnetic maps (+/10 nT) showing some anomalies (dipoles) possibly associdie
buriedarchaeological depas




New data collected for the casaudy:

Multispectral datad

The OptRx® Crop Sensors (AgLeadehnology, Ames, 10, USA) measure the reflectance in the 630
685 nm (red), 6965750 nm (RE red edge) and 2880 nm (NIR Near InfraRed) wavebands. Using
those wavebands, NDVAnd NDRE indexesme calculated NDVI and NDRE are vegetative indexe
obtained fom the red, rededge and NIR wavebands with formulas 1 and 2:

5000 0 0YYOOQ, oY0 0 OYYO

000Gy Vol 5 'OYYO
The two index values range frorh (bare ground or water) to 1 (highly vigorous vegetation).

To collect data, the sens was mounted ora Kubota B2420 tractor. The sensor was paired with a
GNNS receivethe GPS 6500 from AgLeader Technology (Ames, 10, UsAgnBor and GNSfere
coupled with a data collector(Panasonic ToughPad #&, Panasnic Coe). A metal bracket
positioned on the front of the tractawas usedo install the sensor facing the grountihe sensor was
positioned 1.15 m from the ground, emittingo@am with arectangular footprintof 1.14 min length
and 20cm in widthThe dta were collected every 30 cin alternate rows. 12 rows in total were
surveyed covering a areaof 1.07 ha.The data collectedwere processedn QGIS. Firstpointe
measurementsvereinterpolated usinghe Inverse Distance Weighting (IDW#&thod, with a distance
coefficient P4, 40 rows and 98 column&ubsequently, &aussian filtewith a standard deviation
value of 2 and a rangef 3wasusedto create a representative raste

Drone data

OnMarch 3% a Parrot ANAFP@rrot Drone SASvas used tacarry out aphotographicsurveyto
evaluate the presence of visible crop marks in the fialflying heightof 120 mresultedin a
nominal4 cm/pixel resolutiorin 103 plotos. Pix4d(Pix4D S.A., Prilly, Switzerlamés used to
produce ahighresolutionorthophoto of the field which showsn distinctive area bdarker
coloured soilcorresponding to the location whettbe artefact scatter and magnetometry survey
indicated the presence of buried archaeological deposits

ARP data

OnMarch8" 2023,GeoCartal{ttps://geocarta.net) conduded a new surveyo assess variations in
soil resistivityusing an automatic orhe-go recording resistivity meterthe ARP© (Automatic
Resistivity Profiling of Geocajtd he instrument configuration includes:

1) Four pairs of rolling electrodes arranged kshaped configuration. One pair of rolling ei®des
is used to inject current in the soil and the other three pairs function as receiving electrodes. Those
electrodes are set a@.5, 1 and 2 m from injecting electrode wheets,measure apparensoil
electrical resistivity for a depth of investigation up to 0.5, 1 and 2 m respectively.

2) Resistivimeter, designed for optimized synchronous measurement of three channels with a quick
time response (44 ms) and a high tolerance to contact resistance ataws highspeed
measurements.

3) Doppler radar to trigger the electrical resistivity measurements at 20 cm intervals along each
transect. A computer, to display and store the values of apparent electrical resistivity, which is
equipped with the GIS softwe Geocarta Office (Geocarta, Paris, France), allowing data to be
processed in real time.

4) Positioning system (DGPS) for riale data referencing.


https://geocarta.net/

Data was collectedcrosghe vineyard (1.98 hapetweenvine rows at three depths 0.5 m, 1 m, and
2m. Further technical detail®of the datacollectionand processing were not provided by GeoCarta
Three raster maps werproduced and delivered by GeoCarta which documecsl variations in soil
resistivity and related properties.
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Figure5: NDVI raster mapsom the Optrx data collection
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Figure6: NDRE raster mapsfn the Optrx data collection
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