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1 Introduction

Because of its shallow root system, high water needs and drought sensitivity, potatoes often
need irrigation in dry weeks (van Loon, 1981; |Allen et al., |1998)). It is indeed essential to
avoid low tuber yield and loss tuber quality (Steduto et al., 2012). Additional water supply
is even more useful in case of sandy soil, having a high hydraulic conductivity associated with
low water storage capacity (Hartge et al., 2016). Associated with an adequate supply of ni-
trogen, a 40 ton/ha potato yield in Europe can be reached (Pot}, 2015) (For early potato such
as Amora, Sinora, Anosta and Premiére). On the other hand, a ridge plant system is used to
avoid water pounding, aerate the soil (Tisdall and Hodgson, [1990)) (van Loon, [1981), facilitate
harvesting. Co-scheduling and estimation of the water and nitrogen needs is therefore com-
plex, sometimes resulting in over-fertilization and a decrease of water and nitrogen efficiencies
(Errebhi et al., [1998; Grizzetti et al., [2011). A better understanding of the water fluxes within
this micro-topography is therefore essential. Nevertheless, measurement of these fluxes with
classical point sensors is difficult due to the heterogeneity created by the microtopography of
ridges and furrows and the associated processes.

Mathematical models have been developed recently to better understand water and solute
movement, within this specific micro-topography. |Duncan et al. (2018]) recently showed that
solute leaching caused by pounding is reduced when roots are present in ridge plant systems
under rainfall conditions. |[Ebrahimian et al. (2013) calculated that alternate furrow irrigation
(irrigate one furrow in two, a system used in arid and semi-arid regions) could increase water
and fertilizer efficiencies. Nevertheless, studies trying to measure these processes in temperate
regions are contradictory. On one hand, (Saffigna et al., 1976) used dye tracing to show that
stemflow induces a specific infiltration pattern directly in the ridge. On the other hand, Starr
et al. (2005) proved that soil water fluctuation in the middle of the ridge were undetectable
in the case of sprinkler irrigation for an amount of water applied varying ranging from 2.5
to 13mm. They used classical time-domain reflectometry (TDR) sensors for their study. Both
studies were conducted in a loamy sand with sprinkler-irrigated potatoes (Solanum tuberusom).

A solution to overcome the lack of validation of model simulations, the lack of spatial cov-
erage of point sensors and the lack of monitoring capacity in case of dye tracing is the use
of non-invasive geophysical measurement techniques, such as electrical resistivity tomography
(ERT). Electrical resistivity tomography provides spatio-temporal monitoring. This specific
microtopography is typically subject to erosion during the growing season. One issue in the
application of ERT, and more specifically the inversion of ERT data, is the effect of this poorly
known topography on the obtained bulk resistivity distributions (Tong and Yang;, |1990; [Isourlos
et al., [1999; |Garré et al. [2012). Riicker et al.| (2006) compared the geometric factor for increas-
ing electrode spacing without incorporation of the topography in the model. They showed that
this resulted in artefacts in the resistivity distribution and concluded that the topography has
to be incorporated correctly in the forward modelling mesh when the geometric effect is above
10%. Giinther et al. (2006) then developed a method to incorporate arbitrary topography in
the inversion scheme using cells to represent the model domain with topography.

Given the small resolution (i.e. small electrode distance) required to monitor water infiltra-
tion and uptake in ridge-furrow systems for potatoe, the topography effect could have a large
effect. The objective of this study was therefore twofold: (1) to evaluate the effect of changes
in surface microtopography in furrow-ridge potatoe systems on the quality of bulk resistivity
distributions obtained with ERT and (2) to monitor the non-uniform infiltration pattern after
an irrigation event on a sandy soil cropped with potato.



2 Material and method

2.1 Electrical resistivity tomography: measurement principle and data
processing

In this study, we used 2.5D electrical resistivity tomography in a virtual and a real experiment.
For such measurements, electrodes are inserted in the soil surface along a transect with a
regular spacing. Direct current (DC) is injected between two electrodes and then the voltage
is measured between two other electrodes. This is repeated for many different current and
potential dipole combinations. The geometry of these combinations can vary and the different
combinations have specific names (e.g. Wenner, dipole-dipole, ...) and properties (sensitivity
and resolution). The selected combinations of dipoles in the measurement is called the electrode
array.

In the virtual experiment, we tested the performance of various electrode arrays. To do
this, we conducted a forward modelling step in which the total potential is computed with the
different Poisson equations and mixed-boundary conditions (Dey and Morrison, [1979; Ricker
et al., 2006; Ronczka et al.l 2015) :

V x (6V(u)) = —=V.j in Q (1)
a(% + pu) = j.n on 09 (2)

Equations and govern the potential u(r) at a given location r with a conductivity
distribution o(r), as a consequence of the current density j in the domain 2 and in its boundary
0. The point electrode model (PEM) is then used to represent electrodes ry with a singular
current density function : j = §(r —ry). |[Riicker and Giinther (2011)) and Ronczka et al.| (2015)
have shown that this approximation should be handled with care in case of small electrode
spacing. Evaluating the electrode effect is not part of the scope of this study, but is relevant
for future work.. A finite-element method using unstructured triangle cells is used to solve
equations and (Riicker et al.l 2006).

Both the virtual as real ERT were inverted using a Gauss-Newton scheme with global reg-
ularization (Giinther et al. 2006) to retrieve the resistivity distribution from the measured
resistances using a regularization parameter A, determining the smoothness level (Tikhonov
and Arsenin, 1977).

® =D || (d— f(m)) |5+ [| C(m —m") [[5— min (3)

where D is the data weighting matrix, d is the vector containing the data, f(m) is the model
response, A is the regularization parameter, C' is the constraint matrix, m the model and m° a
homogeneous reference model.

We used the fitted petrophysical relation for sand from |Werban et al. (2008) to transform
the resistivity (p) into a volumetric water content (6).

In(p) = —1.2xIn(0) + 3.35 (4)



2.2 Evaluation of performance and robustness of different electrode
arrays in case of changing microtopography

After obtaining the soil moisture distribution using HYDRUS 2D /3D (Simunek et al., 2018)
converted it to a bulk resistivity distribution using a pedophysical relationship obtained from
the literature (Cf. equation (). We performed virtual ERT measurement in this resistivity
distribution using different arrays with the open-source library pyGIMLI (Riicker et al., 2017).
After applying a random error, we inverted our apparent resistivity without incorporation of
the micro-topography change using BERT (Giinther et al., 2006). This procedure allowed us
to evaluation to which extent uncertainty about the microtopography may induce errors in the
ERT inversion result, knowing that they superpose to other known error sources of ERT such
as smoothing due to the regularization and the ill-posedness of the inversion problem.

2.2.1 Hydrological model simulations

The soil-plant system in the soil hydraulic model Hydrus2D was designed to represent a typical
field on a sandy soil in Flanders, Belgium. The soil had two main horizons : a loamy sand
in the first 50 centimeter above 1.50 meter of pure sand. The ridge plant system (Cfr. figure
was composed of ridges with 20 cm height, repeated every 70 cm. The simulated domain
contained six series of ridge-furrows computed for a total width of 4.05m with a depth of 2m.
The soil hydraulic properties were based on a water retention curve from a field (Nearby Ten
Aard) to compute Van Genuchten parameters using RETC for the loamy sand horizon. For
the sand horizon, we used the ROSETTA database to predict the Van Genuchten parameters.

Table 1: Soil hydraulic parameters for van Genuchten relationship for both soil horizons.

Loamy sand (0 to -0.5m) | Sand (-0.5m to -2m)
Or[—] 0.01982 0.045
0s[—] 0.5 0.43
afl/cm] 0.0173 0.145
n[—] 1.56 2.68
I[—] 0.5 0.5
K s[cm /hour] 106 712

The imposed surface water flux during the spin-up (0 to 59 DAP) period was composed of
rainfall and ETO data obtained from the IRM meteorological station in Deurne (01/04/2017 -
29/05/2017). We applied a uniform atmospheric BC all over the surface. No root growth or
root distribution is taken into account.

After this, we implemented root water uptake (P2) during 9 days (60 to 69 DAP) with a
root distribution using the Vrugt equation (Vrugt and Hopmans, [2001)), with transpiration val-
ues computed using Aquacrop (Steduto et al. 2009) and meteorological data from the Deurne
station (31/05/2017 - 01/06/2017. We used values from Ahmadi et al.| (2011) to have an estima-
tion about a possible root distribution (Maximum root depth and depth of maximum intensity
were taken at 50cm and 15c¢cm below ridge surface). We implemented the Feddes model (Fed-
des et al., |1978) to modify the RWU regarding the available water content with the following
parameters : PO = -10cm, Popt = -25cm, P2H = -320cm, P2L. = -600cm, P3 = -16000, r2H =
0.5 cm/day, r2L = 0.1 cm/day, values coming from (Wesseling, 1991)).



Finally, we simulated a non-uniform infiltration pattern after an irrigation event. We as-
sumed a canopy interception of 36% with 2.5 cm of water irrigated during one hour correspond-
ing to an irrigation event as described by Saffigna et al. (1976). In our model, we simulated
a crop stage corresponding to tuberization, i.e. 70 DAP. This is because water stress is par-
ticularly problematic during this period and therefore irrigation is relevant at this growing
stage.(Miller and Martin), [1987; [MacKerron and Jefferies, [1986)).

We represented three different fluxes : F (9.9cm) representing stemflow, in other words,
the water intercepted by canopy and flowing to the main stem, as showed by (Saffigna et al.|
1976). The canopy interception (C;) was set to 36% with an interception length (L;) on the
entire ridge (55cm). We also decided a 5cm width for stemflow (Lg) at the top of the ridge
(Cfr. figure|1] c).

L

The water not intercepted but flowing trough the canopy and reaching the soil at the end,
was assumed as uniformly distributed. This flux is named F2 (1.76cm) in the model and de-
scribed below.

L.
Fy=1xCijx —— 6
2 * Ly * L.— L, (6)

Finally, F; (2.5cm) worth the water irrigated ([).
Fy=1 (7)
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Figure 1: Soil horizons and low boundary conditions for P1,P2,P3 (a). Top BC for P1 and
P2 (b). Top BC for P3 (c).

2.2.2 Virtual ERT measurements and inversion

After computing the hydrological model, we conductefjrtual ERT measures using different
arrays based on different sensitivity distributions (G et al.l 2011) : Wenner-alpha (W-
A), Dipole-dipole (DD), Pole-dipole (PD), and Dipdle-dipole associated with a Wenner-alpha
(WA+DD) i } }

W § . We eonsideredysmall
electrodes of 13crn length represented wrt—h—pefrrtslocated at 60% of the1r lengtll 7.8cm (Rucker
and Gunther 2011). Fw e =

T rward modelhng was computed with a 1% noise level
having an absolute value of 1.107¢B=IThe inversion was conducted with the initial mesh and

Since the microtopography is changing and the location of the electrodes stays the same, some electrodes are in areas where soil is disappearing and
others in areas where soil is added. We therefore recalculated the 60 % of burried length for each electrode and each microtopography scenario for
the forward modeling.
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From the 2-D water content (WC) distribution, we extracted points representing the average
of a 2cm by 2cm square to have a water profile in the furrow and in the ridge from 0 to -0.6m
(Cfr. figure {4). We compared with the RMSE, line values from the model and from the
inverted WC distribution to represent the error caused by the inversion, the array and the
micro-topography change.

RMSE _ \/2?21(W01n’uerted,i — WCModel,i)2

n

(8)

where n is the number of points compared between the model and the result of the inversion.

2.3 Monitoring non-uniform infiltration pattern in a potato field us-
ing ERT

Field measures were realised in the Campine region of Belgium, in Ten Aard ( N 51°12.242", E
4°57.522"). The potato crop was Solanum tuberusom, Zorba variety, planted the 15/04/2018.
The sandy soil contained two main horizons : a first sandy horizon enriched in organic matter
on the first 50 cm (from the top of the ridge) followed by a pure white sand ho.

Figure 3: Soil horizons composed of a first sandy enriched in OM with a second white pure
sand horizon.


Admin
Cross-Out

Admin
Inserted Text
 geometry

Admin
Cross-Out

Admin
Inserted Text
electrode and point electrode

Admin
Cross-Out

Admin
Inserted Text
rectangles in ridge and furrow are the locations where we extracted the 

Admin
Inserted Text
 for comparison.

Admin
Sticky Note
<This section is not well written. I do not understand what you did exactly from the text. It seems you did 3 things
1) what do you mean with points representing the average of a 2x2 cm² ?
2) the RMSE of all mesh cells finally? If not, explain how exactly.
3) comparison of 1D vertical profiles in ridge and furrow



Admin
Sticky Note
this is not a good picture.  you should make a new one when you measure the RLD with a soil meter. 

Admin
Sticky Note
you need a soil classification. Is this a plaggen soil? Get necessary info from Pieter for a profile description. Is this a plaggic anthrosol? 

Admin
Sticky Note
can you add an arrow between two electrodes and indicate spacing on this graph?

Admin
Sticky Note
it is a bit a pity that you decided not to put an electrod on top of the ridge in the middle (see image coverage). I guess it was because of the plants present? I would mention this somewhere.


JERT hnre-was composed of 32 electrodes distributed—ameong—4—sertes—of ridges-furrows -as
fﬁ—ﬁhe—ERqLées%thee}eeahzed—W%h—bhe—R—}@—GPS—ﬁﬂﬂqb}e ERT weasures;(Wenner-alpha)
havebeen—achieved with the MPT-DAS {Eaech—measuretast—trminy: We also measured with

5FE temperature, conductivity and volumetric water content at 3 depths beneath one ridge
(-20 40 and -60cm) and at 2 depths beneath one furrow (-10 and -30 cm), One measurg was

tak efore the 1rr1gat10n (13/06/2018 at 7h10 = t0), another wreasure—was—taker just after @
the irrigation (13/06/2018 at 19h20 = t1) and finally atast-measure-was-taken—just—taken one

day after the irrigation (14/06/32018 at 16h10 = t2) . In-additien—te-the-in-situ—measuregof
the-seilwater-systemyjwe alse put 8 small rain gauges with a half-meter gap regarding the ERT

line in the furrow and the ridge, to estimate Canop@terceptlon in the furrow/ridge during an
irrigation event.

—0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

-1.0 0.020 1.1 21 31

Coverage @

Figure 4: ERT transect with electrodes represented by blue dots. 5TE probes are represented
by the red stars. Coverage is displayed on the 2-D transect.


Admin
Inserted Text
THe 

Admin
Cross-Out

Admin
Inserted Text
transect


Admin
Cross-Out

Admin
Inserted Text
comprising four

Admin
Cross-Out

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
measurements

Admin
Cross-Out

Admin
Inserted Text
were conducted

Admin
Inserted Text
-1 (company, city, country) and took 17 min.

Admin
Cross-Out

Admin
Inserted Text
 These sensors were located at xxx m N/S/W/E from the ERT transect.

Admin
Inserted Text
ment

Admin
Cross-Out

Admin
Inserted Text
one

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
ments

Admin
Cross-Out

Admin
Inserted Text
In addition, 

Admin
Cross-Out

Admin
Inserted Text
eight

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
spacing

Admin
Cross-Out

Admin
Inserted Text
along

Admin
Sticky Note
to estimate canopy interception? So they were placed on the ground under the leafs? Specify this!

Admin
Inserted Text
The topography shown in Fig. 4 represents the field reality and is determined using a R10 GPS of trimble, xxx, xxx with xx cm precision on xx/xx/2018.

Admin
Cross-Out

Admin
Inserted Text

Admin
Inserted Text
with 5TE sensors (METER group)

Admin
Sticky Note
From the M& M it is not clear yet which timestep you used exactly to represent your RWU and your infiltration scenario. Clarify that at a suitable location in the M&M

Admin
Sticky Note
you can call this image the background image. (Question: do you have 2 measurements before irrigation and if yes, can you quantify the variation present in these two background images?)

Admin
Sticky Note
what are the units of this coverage? Maybe put the formula either here or in the M&M...

Admin
Sticky Note
Use a coverage minimum of 1 to clip the rest of your inversion results. Everything below is too low in your case.

Admin
Sticky Note
Great, so you were able to get the exact time or is it an estimation?


3 Results and discussion

Flgure |§| and |§| show the @ D hy @1 gical model with the inverted WC distribution of the fouy
arrays chosen (Wenner-a, Dipold&2<pole, Pole-dipole and Wenner-a + Dipole-dipole). Figure

[] corresponds to the timeframe =69 days, whereas—theroot—wateruptake—wassetted—during
thetast—ten—days—without—+atn; Figure [6] corresponds to the timeframe = 70 dayg, just after

an non-uniform irrigation of 25mm. For HODI models, we distinguish the clear transition of

mice

WC between the two soil horizons (at -0.5m). Furtherpaase-despite-the-spin-up-and-the-miere

b
Y
i)

-0.6 T T T T T
8 8 2.0 25 3.0 35
x [m]

0.020 0.045 0.10 0.22 0.50

WC [cm?/cm?]

( - ~ - - o
Wl A AL el
-

~ - - w ™ :
2 T8t i o | “t’n; ,!::""',‘ i ®
—tll T - e

Figure 5: Root Wattake model associated with inverted resistivity of four arrays : Wenner-
a (W-A), Dipole-dipole (DD), Péle-dipole (P-D) and Wenner-a + Dipéle-dipole (W-A + DD)

In the case of the infiltration scenario (fig 6) the four arrays

For-thefignre fl-inroverallthe fowrarravsseem—to-better reproduce the 1nt1a1 mode]. $h1s



Admin
Cross-Out

Admin
Cross-Out

Admin
Cross-Out

Admin
Typewritten Text
Recovery of the initial soil moisture pattern with different electrode arrays

Admin
Sticky Note
IMPORTANT Do not cut your inversion plots artificially with straight lines.
Use a coverage minimum of 1 to clip the rest of your inversion results. Everything below is too low in your case. You can either remove the cells with lower coverage or make them transparent so it is evident. In pybert there are even python scripts to do this automatically...

Admin
Inserted Text
together

Admin
Sticky Note
put exact DAS of your scenario in the simulation in the legend.

Admin
Inserted Text
two selected scenarios of the 

Admin
Sticky Note
remove accent circonflexe


Admin
Inserted Text

Admin
Inserted Text
 tested

Admin
Inserted Text
DAP

Admin
Cross-Out

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
what is your point here? whereas implies a contradiction, but I think you just want to say that 69 DAS corresponds to the spin-up + 10 days RWU without rainfall?

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
DAP

Admin
Typewritten Text
RWU

Admin
Pencil

Admin
Sticky Note
what do you mean with that? I would leave out this sentence. 

Admin
Sticky Note
Here I would rather say: in both model scenarios, we see a clear distinction between the two soil layers at z=-0.5m. The bottom sandy layer is barely affected by rainfall, irrigation or RWU and remains quite stable throughout the whole simuled period.

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
RWU

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
best

Admin
Inserted Text
n artefact of 

Admin
Sticky Note
I would rather write the following. From fig 5 we can conclude that non of the electrode arrays is really satisfactory to retrieve patterns of root water uptake in potatoe furrow-ridge systems along a transect perpendicular to the ridges. The W-A array performs best to retrieve the water uptake bulbs, but produces 3 systematic artefacts of very high WC below the furrows which are compensated by regions of low water content just above. In addition, the W-A array does not represent the dry zone at the top of the ridge very close to the surface. The other arrays do not create such arteficial systematic structures, but are in general very noisy and do not manage to capture the RWU area correctly. None of the arrays manages to locate the transition to the next soil layer. 

Admin
Cross-Out

Admin
Sticky Note
just to be sure, are you not overfitting your data in the inversion. What is your lambda for regularization? You can see whether you are overfitting when you look at the chi2 output after inversion. That should be close to 1.


Admin
Typewritten Text
In the case of the infiltration scenario (fig 6) the four arrays

Admin
Cross-Out

Admin
Inserted Text
 better

Admin
Cross-Out

Admin
Inserted Text
This probably due to two reasons: (i) the background model WC distribution is smoother and (ii) the soil surface is more conductive which has and impact of the sensistivity of the measurement.

Admin
Sticky Note
This makes me wonder: what if you plot the sensitivity distribution of both cases. Are they very different? Or maybe rather the resolution matrix? You can calculate the resolution matrix with bert (see manual).

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
Also in this case, the W-A array performs best. It manages to get the right WC values near the surface and the transition to the second horizon appears at the right depth (even though it is smoothed). Nevertheless, the dryer zones under the ridges are not entirely captured. The PD array also gives reasonable results, whereas DD and WA+DD give very noisy distributions. 

Admin
Sticky Note
subtitle in bold here ' water content distributions '


T T T T T
1.0 15 2.0 25 3.0 35
x [m]

0.020 0.045 0.10 0.22 0.50
WC [cm?/cm?]

Figure 6: Infiltration model associated with inverted resistivity of four arrays : Wenner-a
(W-A), Dipole-dipole (DD), PC)ipC)le (P-D) and Wenner-a + Dipole-dipole (W-A + DD).

=

or the R%VV\{JU bulb. qlhis—g%ap%rrs—a%se—&se%ui—%e—bet—ber—d&sﬁmgm&hﬂﬁéer—pfe—

uced by the PD. D-D and
W-A + DD are quiet similar with a wrong WC decrease at -0.3m. As seey in the figure [

we—distingtish-a harsh-artefact fergthe W-A at -0.4m. The 1-D in the ridge of the Rwu of
the W-A, despite a wrong small ondulation between -0.1 and -0.5 and a deeper RWu bulb, is

the best array to retrieve the Rwu pattern Fhe—resti—ofthethreeotherarrarsofthe Ry

This shows the strong impact of the presence of microtopography and related error propagation in the inversion results.

10


Admin
Typewritten Text
25mm irrigation

Admin
Pencil

Admin
Sticky Note
je trouve très bizarre que WA + DD donne ceci en regardant WA et DD. Serait il possible de regarder tes outputs dans bert ensemble?

Admin
Sticky Note
remove ^

Admin
Sticky Note
subtitle in bold here '1-D WC profiles in ridge and furrow'

Admin
Cross-Out

Admin
Pencil

Admin
Typewritten Text
RWU

Admin
Cross-Out

Admin
Inserted Text
Comparing the profiles produces by different arrays allows to better distinguish the ability to represent real structures related to water transport processes and to recognize artefacts.

Admin
Cross-Out

Admin
Inserted Text
array

Admin
Sticky Note
you should quantify this with numbers. RMSE also on the 1D curves? Or some other indicator?

Admin
Cross-Out

Admin
Inserted Text
already identified

Admin
Cross-Out

Admin
Cross-Out

Admin
Cross-Out

Admin
Inserted Text
strong

Admin
Cross-Out

Admin
Inserted Text
is produced by

Admin
Cross-Out

Admin
Inserted Text
THe other three inversions fail to represent the initial model distribution.

Admin
Cross-Out

Admin
Inserted Text
This basically says that the WA is the best amongst worst solutions and most probably other transect orientations would be more suitable to retrieve information on RWU, such as transects entirely on the ridge or entirely in the furrow. Nevertheless, such transect orientation makes it impossible to integrate the WC distribution over the entire microtopography. 

Admin
Sticky Note
you mention WA twice here. Error?

Admin
Cross-Out

Admin
Inserted Text
results in a completely biased representation of the initial WC model distribution. This is in strong contrast to the results of Garré et al. (2011) who saw that this combination gave best results on a sloping flat field with intercropping. 

Admin
Cross-Out

Admin
Typewritten Text
This shows the strong impact of the presence of microtopography and related error propagation in the inversion results.


Furrow RWU - Ridge Inf. - Ridge Inf. - Furrow

0.0 0.0 0.0 0.0
Model
W-A
DD -0.1 -0.1 -0.14
PD
WA-DD

-0.11

EREN

-0.21 -0.2 -0.2 -0.21

[m]

-0.31 -0.3 -0.3 -0.31

Y [m]
Y [m]
Y [m]

~0.41 -0.4 -0.4 ~0.41

=0.51 -0.5 -0.5 -0.51

-0.6 T T T -0.6 -0.6 T T T -0.6 T T T
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
WC [cm3/cm?] WC [cm3/cm?] WC [cm?3/cm?] WC [cm3/cm?]

Figure 7: Water profile in the Root water uptake and Infiltration models associated with
inverted resistivity without micro-topography change.

@Table represents the RMSE error between the model and the result of the inversion. We
can firstly confirm that the WA is the best array to reproduce the non-uniform infiltration
pattern (RMSE of 2.76 %). In the case of the Rwu model, the RMSE of the 2-D distribution
is the highest (10.55 %) but because of the huge RMSE in the furrow (20.45 %) caused by the
artefact in the furrow. We also know from figure [5| that patterns of the Rwu in the ridge were
best reproduced with the W-A in the ridge (Confirmed with the low RMSE of the water profile
in the ridge (3.45 %).

RMSE [%)] W-A DD PD W-A+DD

All 10.55 6.85 8.77 7.72

Rwu Ridge 3.45 6.21 5.91 8.40
Furrow | 20.45 3.13 2.20 4.77
All 2.76 5.18 3.01 @ 10.34

Inf. Ridge 2.35 4.12 2.0 8.54
Furrow | 2.41 2.88 /;% 8.92

~—_

Table 2: RMSE between the model and the result of the inversion without micro-topography
change. All = RMSE of the 2-D WC distribution. Ridge = RMSE values between the 1-D line
of the model and the 1-D line the inversion. Furrow = RMSE values between the 1-D line of
the model and the 1-D line the inversion.

32 Effect of the micro-topography change on the Wenner-alpha array

the
Figure [§] represents the result of the inversion of the Rwu model with astimulated eroded

meslffor the W-A array (Cfr. figure . Globally, the micro-topography change does not affect
the location of the Rwu bulb, as with the non-eroded mesh (cfr. figure [5). All Rwu bulbs
have a less important WC, excepted for the 18cm mesh. Also, artefacts beneath ridges are
less important with the 18cm eroded mesh, which is not the case with the 14cm eroded mesh
whereas wrong water increase appear again. We can then conclude that the location of the
RWU bulb in the ridges can be retrieve with a micro-topography change with the W-A array.

11


Admin
Typewritten Text
3.2

Admin
Sticky Note
I would first give both ridge plots and then both furrow plots so they can be easily compared. 

Admin
Sticky Note
Also make the model line a bit more fat than the rest so it clearly stands out


Admin
Sticky Note
insert bold subtitle here 'RMSE values for distributions and 1-D profiles'

Admin
Pencil

Admin
Sticky Note
in the 1-D profiles of Inf, the PD seems to do best. Also mention this in hte text.

Admin
Cross-Out

Admin
Inserted Text
Since the W-A array performed the best of the tested arrays, we continued the analysis on the uncertainty induced by changing microtopography only on this array. 

Admin
Cross-Out

Admin
Cross-Out

Admin
Typewritten Text
the

Admin
Typewritten Text
es


o

Y
. R o] . | , |

10 15 2.0 25 3.0 35

0.020 0.045 0.10 0.22 0.50

N NN N W N
& 4 ¥ L £ et <
Ee—— hthe SR T e
= BTN TS T
s v 8

Figure 8: Infiltration model associated with inverted resistivity with a micro-topography change
with the W-A array.

Water profile in the ridge and furrow confirm the resilience of the W-A array to the micro-
topography change (Figure E[) Nevertheless, an important point needs to be notified with the
infiltration model : WC at the top subsurface of the ridge and the furrow is under-estimated,
especially in the ridge with high height decrease. The front is in fact moved down, accompanied
with a WC decrease.
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Figure 9: 1-D line in the Root water uptake (Rwu) and Infiltration (Inf.) models associated
with inverted resistivity.

3.2 3 Soil moisture dynamic, after an irrigation, 53,1 The infgation event

. h . - caracterize irrigation rate + heterogeneit:
5TE measureg with correlatipn with ERT 1€ rmgation e genely
i . - make graph of soil moisture and temperatures
- Graph with WC and temperatjre evolution from 5TE during the meas. period using 5TE.
- R?between ERL measures apd 5TE

@\3 This should come after you showed 3.3.2 Resistivity distribution
RT measures

The obtained resistivity distribution at t0 (before the irrigation), t1 (just after the irrigation)
and t2 (one day after the irrigation) are represented in figure Firstly, we distinguish clear
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Rwu bulb (at t0) in the 4 ridge@We also see an important resistivity increase between the
third and fourth ridge that could come from a water uptake directly in this furrow. We do not
distinguish soil moisture change, even smoothed, with the horizon transition at -0.3m. Finally,
beneath -0.40m, the resistivity seems to remain globally constant.
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Figure 10: Resistivity distribution before the irrigation (13/06/2018 at 07h10 = t0), just after
the irrigation (13/06,/2018 at 19h10 = t1) and one day after the irrigation (14,/06,/2018 at 16h20
= t2).

3.2.3 Soil moisture dynamics and distribution from ERT

water-inerease—On—the-etherhand-we do dlstmgulsh a shght increase in the third ridge,
but not reproduced in others whereas the WC seems constant This—is—firstly—duebv—the

explains differences between WC distribution one day after the irrigation and just before the
irrigation (At,). We observe water decrease in furrows (-10%), however it’s difficult to say if
mainly because of evaporation or water uptake. We also see that the water added in the third
ridge is also evapotranspirated.
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Figure 11: Water content variation before and after the irrigation (At;) and one day after the
irrigation minus just after the irrigation (Aty).

3.2.4 1-D soil water profiles in ridge and furrow

The 1-D water profiles (Figure allow us to better distinguish water processes between
furrows and ridges. In the first place, in ridges, we confirm evapo-transpiration until -0.2m
whereas the concavity of the water profile changes at t0 (i.e. in the first 40cm of the subsurface).
We also see this pattern in the furrow but with less significance (only in the first 20cm).
Concerning the VWC variation in ridges, because of the high canopy interception, we only
see = 5% of VWC variation in the third ridge on the first 5 centimeter. We also see a water
increase (from 5 to 10 %) from -0.3 to -0.6m beneath the third ridge, certainly because of water
redistribution from furrows. Indeed, water increase is way more visible in furrows with more
than 10% increase in the first 30 cm for the three furrows At,. Half of this water (& 5%) is then
evapotranspirated the day after, always in the first 30 cm. We can then conclude and confirm
the conclusion of (Starr et al., 2005)), saying that water increase with Sprinkler irrigation was

mainly in furrows without stemflow in ridges.
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Figure 12: Water profiles in 4 ridges (R) and 3 furrows (F) of the intial WC distribution (t0),
associated with timelapse measure (At; and At,). Each point in the line corresponds to a 4cm
length by 2cm width rectangle interpolated from the 2-D WC distribution.

3.2.5 Characterization of potato root system and efficiency of irrigation
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4 Conclusion

- Possible to retrieve soil moisture pattern with a specific micro-topography. - Infiltration front
mainly in furrows.
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