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contributor to the “terroir” effect. The assessment of soil water in field conditions is a difficult 

encompasses the vineyard’s root system. We compare the results from individual 3D ERT and 
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final product. This link between the characteristics of a wine and its origin is called the “terroir” 





The first train arrived in one of Montalcino’s hamlets, Torrenieri, in mid

Montalcino’s wealthy gentlemen farmers, most of whom alread



Figure 3.1. Montalcino’s imposing 14







Montalcino’s wine from 19 century that can be helpful in order to know Montalcino’s wine rich 









In the next step, we’ll start with an analysis and also a description of the territory of Montalcino 







Figure 3.5 view of the municipality of Montalcino from Sant’ Angelo in Colle
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River, including the area of Castelnuovo dell’Abate 







common temperature in Montalcino’s vineyards, speciall





Figure 3.10. Air temperature and soil temperature, Poggione vineyard, Sant’ Angelo in Colle, Montalcino

al, hydrological and chemical parameters of the vineyard’s soils of 

●

● Analysis of soil characteristics in a specific vineyard which is located in Sant’ Angelo in 



Figure 3.11. Poggione vineyard, Sant’ Angelo in Colle, Montalcino

According to the available information of the characteristics of the soil in the Montalcino’s 



that 50% of the soil’s present problems with water transmis



The structural stability of the soils in the Montalcino’s vineyards is overall medium

solution. On average, the Montalcino’s vineyards soils have a negligible level of salinity (0.14 ds 

The soils of the Montalcino’s vineyards are rich in total limestone, a parameter through which 





particular vineyard. This specific vineyard is located in Sant’ Angelo i





Figure 3.12. vineyard’s soil, Poggione 



Vin Santo Sant’ Antimo
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Figure 3.13. Sangiovese grape, Poggione vineyard, Sant’ Angelo in Colle, Montalcino



providing valuable insights into the subsurface’s resistance. T



∆𝑉 = 𝐼𝑅
where ∆V is the electric potential difference [V], I is the injected current [A], and R is the 

resistance [Ω] given by the soil to the current flow. This last parameter is related not only to 

flow through a cylindrical conductor with length L [m] and area A [m2], for the second Ohm’s law 



𝜌 = 𝑅×𝐴𝐿

where ρ is the electrical resistivity [Ωm]. Electrical resistivity can also be defined as 1/σ, where σ 

n Ω⋅



counterparts, ranging from 10 to about 10000 Ω⋅
values, ranging from about 10 to less than 1000 Ω⋅

ϕ

𝜌 = 𝐹𝜌𝑤 = 𝑎𝜙𝑚 ×𝑆𝑛 𝜌𝑤 (Archie’s law)                                    (5.3)

where ρ and ρ ϕ

≅ ≅
>1; S the water saturation Vwater/Vpores (0 ≤ S ≤ 1).

Groundwater resistivity varies from 10 to 100 Ω⋅
Notably, seawater has a low resistivity (about 0.2 Ω⋅

than 1 Ω⋅



water to less than 1 Ω⋅



∆𝐼 = ∆𝑆∆𝐿 ∙ −∆𝑉𝜌 ∆𝐼∆𝑆 = −∆𝑉∆𝐿 ∙ 1𝜌 𝐽 = 𝐸𝜌

𝐽 = 𝜎𝐸



𝐸 = −𝛻𝑉
and replacing this into the equation (5.5), we get the Ohm’s law (5.1) in differential way:𝐽 = −𝜎𝛻𝑉

𝛻 ∙ 𝐽 = 0∇ = ∂/∂x, ∂/∂y, ∂/∂z indicates the divergence of the vector.

𝛻 ∙ (−𝜎𝛻𝑉) = 0
                   𝜕𝜕𝑥 (𝜎𝑥(𝑥, 𝑦, 𝑧) 𝜕𝑉𝜕𝑥) + 𝜕𝜕𝑦 (𝜎𝑦(𝑥, 𝑦, 𝑧) 𝜕𝑉𝜕𝑦) + 𝜕𝜕𝑧 (𝜎𝑧(𝑥, 𝑦, 𝑧) 𝜕𝑉𝜕𝑧) = 0

This latter full form expression shows the possible heterogeneity and anisotropy of σ.

Given a homogeneous system, the partial derivatives of σ cancel each other:

                                                    𝜎𝑥(𝜕2𝑉𝜕𝑥2)   𝜎𝑦(𝜕2𝑉𝜕𝑦2)  𝜎𝑧 (𝜕2𝑉𝜕𝑧2 ) = 0
and assuming it even isotropic (σ=σx=σy=σz), we can write:

𝜎 (𝜕2𝑉𝜕𝑥2 + 𝜕2𝑉𝜕𝑦2 + 𝜕2𝑉𝜕𝑧2) = 0
That is equivalent to the Laplace’s equation:

𝛻2𝑉 = 0



Laplace’s equation generally represents the diffusion by potential gradient through a 

(𝜕2𝑉𝜕𝑟2 + 2𝑟 ∙ 𝜕𝑉𝜕𝑟) = 0
resistivity ρ.

𝜕𝜕𝑟 (𝑟2 𝜕𝑉𝜕𝑟) = 0
→ (𝑟2 𝜕𝑉𝜕𝑟) = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝐶1

→ 𝑐2 − 𝐶1𝑟 = 𝑉

𝑉(𝑟 → ∞)  → 𝐶2 = 0
𝐼 = 4𝜋𝑟2𝐽 → 𝐼 = −4𝜋𝑟2𝜎 𝜕𝑉𝜕𝑟  → 𝐼 = −4𝜋𝑟2𝜎 𝐶1𝑟2  → 𝐶1 = − 𝐼𝜌4𝜋𝑉(𝑟) = 𝐼𝜌4𝜋𝑟



                                                                        𝑉(𝑟) = 𝐼𝜌2𝜋𝑟𝐽 = 𝜎𝐸 = −𝑑𝑉𝑑𝑟 . 1𝜌 = 𝐼2𝜋𝑟2

'r' and a surface area of 2πr



𝑉𝑃1 = 𝐼𝜌2𝜋𝑟1 + −𝐼𝜌2𝜋𝑟2 𝑉𝑃2 = 𝐼𝜌2𝜋𝑟3 + −𝐼𝜌2𝜋𝑟4
∆𝑉

∆𝑉 = 𝐼𝜌2𝜋 + [( 1𝑟1 − 1𝑟2) − ( 1𝑟3 − 1𝑟4)]





to find an apparent resistivity (ρ

𝜌𝑎 = 𝐾∆𝑉𝐼

described later. Consider that ρ

impedance Z = ΔV/I and a geometric factor K that depends only on the chosen electrodes 



𝑍 = ∆𝑉𝐼𝐾 = 2𝜋 [( 1𝑟1 − 1𝑟2) − ( 1𝑟3 − 1𝑟4)] − 1















                                                              𝑦 = 𝑐𝑜𝑙(𝑦1, 𝑦2, … . , 𝑦𝑚)
𝑓 = 𝑐𝑜𝑙(𝑓1, 𝑓2, … . , 𝑓𝑚)

𝑞 = 𝑐𝑜𝑙(𝑞1, 𝑞2, … . , 𝑞𝑛)
𝑦 = 𝑞 − 𝑓



𝐸 = 𝑔𝑇𝑔 = ∑𝑛𝑖=1 𝑔𝑖2
𝐽𝑇𝐽∆𝑞𝑖 = 𝐽𝑇𝑔

where ∆q is the model parameter change vector, and J is the Jacobian matrix (of size m by n) of 

                                                                           𝐽𝑖𝑗 = 𝜕𝑓𝑖𝜕𝑞𝑗
𝑞𝑘 + 1 = 𝑞𝑘 + ∆𝑞𝑘

equation does not have a solution for ∆q.

(𝐽𝑇𝐽 + 𝜆𝐼) ∆𝑞𝑘 = 𝐽𝑇𝑔



the identity matrix. The factor λ is known as the Marquardt or damping factor, and this 

an ∆q take. While the 

(𝐽𝑇𝐽 + 𝜆𝐹) ∆𝑞𝑘 = 𝐽𝑇𝑔 − 𝜆𝐹𝑞𝑘
𝐹 = 𝛼𝑥𝐶𝑥𝑇𝐶𝑥 + 𝛼𝑦𝐶𝑦𝑇𝐶𝑦 + 𝛼𝑧𝐶𝑧𝑇𝐶𝑧

directions. α , α and α



(𝐽𝑇𝐽 + 𝜆𝐹𝑅)∆𝑞𝑘 = 𝐽𝑇𝑅𝑑 𝑔 − 𝜆 𝐹𝑅 𝑞𝑘
𝐹𝑅 = 𝛼𝑥𝑅𝑚𝐶𝑥𝑇𝐶𝑥 + 𝛼𝑦𝑅𝑚𝐶𝑦𝑇𝐶𝑦 + 𝛼𝑧𝑅𝑚𝐶𝑧𝑇𝐶𝑧





×



























resistivity values now ranged mostly from 10Ω to approximately 100Ω 





30Ω (blue data point). 





Figure 7.5. Window that opens by selecting the “Plot resistivity map” command: the geometry of the instrument configuration f

According to MagMap, the potential difference measurements (ΔV) can be displayed in a graph 

as a function of the acquisition instant using the “Plot OhmMapper readings” command 



Figure 7.6. graph representing the ΔV values measured as a function of time; sudden spikes often represent signal disturbance

After using some filters such as despike and smoothing, it’s time to display 2D Pseudosection for each 







measurements, however, the “inverse problem” needs to be solved. Given some measured 

























horizontal sections z=0, z = −1.5m and z =−2.5m were chosen as representative examples for both 

–

35 Ω) in surface and subsurface at the 1m

–



more than 100Ω, it is important to highlight the discordance of high resistivity (>100) and low 

–

it’s clear to see more discordance of high resistivity (>100) and low moisture values observed 

–

resistivity (35Ω–70Ω) along the central part of the profile (4m–

–

showing the same parts with high resistivities (up to 140 Ω) which were shown in ohm mapper 

values (10Ω–35Ω) with increased moisture values 

–

observed for depth from2m to 5m, because maybe it’s a clue to determine the status of the water 

it’s clear to see 

–





Moisture content primarily influenced resistivity values, with resistivities > 70Ω associated with 

moisture contents ranging from 10% to 40%, resistivities between 35Ω–70Ω linked to moisture 

contents of 20% to 60%, and resistivities <35Ω associated with mo



⁎



–

–

imentale per l’Enologia, Gaiole in Chianti 
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