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IMPROVED STOCK UNEARTHING METHOD (ISUM) ALLOW TO ASSESS
SOIL EROSION PROCESSES IN GRAFTED PLANTS USING IN SITU
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Abstract:
Policymakers, stakeholders and rural inhabitants must be aware of the relevance of soil erosion as an irreversible land
degradation process. This is key to achieve the land degradation neutrality challenge and the sustainability of humankind
and natural ecosystems. Agricultural areas are being affected by soil erosion threatening soil quality and, subsequently,
food security. Therefore, it is necessary to develop new techniques and methods visually friendly and easy to be accessed
to survey and assess the soil erosion concerns. ISUM (Improve Stock Unearthing Method) is a well-contrasted procedure
to estimate and map soil mobilisation and erosion rates. To achieve this goal, using the plant graft union as a biomarker
conducting in situ topographical measurements along perpendicular transects allow us to i) explain key factors related to
the activation of soil erosion processes such as tillage, the age of plantation, parent material or hillslope positions; ii)
complete other well-contrasted methods such as RUSLE (Revised Soil Loss Equation), IC (Index of connectivity) or
Structure from Motion; and, iii) identify hotspot areas affected by soil depletion, accumulation or mobilisation. In this
conference, we will show how we developed a new improvement of this method in different crops (vineyards, citrus,
persimmons or almonds), under different environmental conditions (parent material, vine ages, soil management, or slope
angle) with diverse geomatic procedures (interpolation methods and geostatistical analysis, topographical measurements
and models) using GIS techniques.
Key words: soil surface, cartography, mapping techniques, agriculture, soil geography
Resumen:
Los encargados de diseñar políticas, los trabajadores y los habitantes rurales deben ser conscientes de la relevancia de
la erosión del suelo como un proceso irreversible de degradación de la tierra. Esto es clave para lograr la neutralidad en
la degradación de la tierra y lograr la sostenibilidad para la humanidad y los ecosistemas naturales. Especialmente, las
áreas agrícolas se ven afectadas por la erosión del suelo que amenaza la calidad del suelo y, posteriormente, la seguridad
alimentaria. Por tanto, es necesario el desarrollo de nuevas técnicas atractivas visualmente, de fácil manejo y eficientes
en la divulgación de los resultados. ISUM (Improve Stock Unearthing Method) es un procedimiento contrastado para
estimar y cartografiar las tasas de movilización del suelo y los procesos de erosión. Para lograr este objetivo, el uso del
injerto como biomarcador realizando mediciones topográficas in situ (cada 10 cm) a lo largo de transectos perpendiculares
permite: i) explicar los factores de la activación de los procesos de erosión del suelo como la labranza, la edad de la
plantación, material parental o posición en laderas; ii) complementar otros métodos bien contrastados como la RUSLE
(Revised Universal Soil Loss Equation), IC (Índice de conectividad) o parcelas de erosión; y, iii) detectar áreas críticas
afectadas por el agotamiento, acumulación o movilización del suelo. En esta conferencia, queremos mostrar cómo
desarrollamos una nueva mejora de este método en diferentes cultivos (viñedos, cítricos, caquis, y almendros), bajo
diferentes condiciones ambientales (roca madre, edades de la vid, manejo del suelo o pendiente) con diversos
procedimientos geomáticos (métodos de interpolación y análisis geoestadístico, mediciones y modelos topográficos)
mediante técnicas SIG.
Palabras clave: superficie del suelo, cartografía, técnicas cartográficas, agricultura, geografía del suelo
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assessment of the spatiotemporal evolution of the soil
surface level from pluri-annual to pluri-decennial time
scales. ISUM is an improved technique based on the first
procedures applied in vineyards (Brenot et al. 2006;
Casalí et al. 2009) and olives orchards (Vanwalleghem et
al. 2010), which was called SUM (Stock Unearthing
Method). The pioneer method was similar to other
dendro-geomorphology ones (Schnabel 1994) as it
considers the distance from the surface soil to the grafted
part of the plant, which was confirmed as a passive
biomarker of soil surface-level changes since the initial
plantation took place (Paroissien et al. 2010).

1. Introduction
A powerful agricultural sector being conservative with the
soil fertility and its associated ecosystem services is key
to sustainable rural development and do not compromise
food security (Godfray et al. 2010; Abu Hatab et al. 2019).
However, non-sustainable soil management systems in
agriculture fields are widespread in many regions of the
world because of the use of chemicals, heavy machinery
to the soil surface and the intensification of the production
(Bijanzadeh and Ghadiri 2006; Bagherzadeh et al. 2018;
Bongiorno et al. 2019). Land degradation processes,
especially due to the high soil erosion rates are
threatening soil fertility, damage soil quality and induce
dramatic economic losses after obtaining the final
incomes (Niu et al. 2020; Telak and Bogunovic 2020). The
lack of sustainable agricultural practices can generate soil
erosion processes characterized to be irreversible at
medium- and long-term periods.

For example, in vineyards, after the Phylloxera crisis, all
the Vitis vinifera were grafted with American scions of
controlled species. Other plants are simply grafted to
obtain different fruit varieties. However, it is key during
this process to understand that the initial distance
measured, the day of the plant plantation, between these
frontal marks on the graft union and the soil surface
remains at the same position if no interventions of
external factors such as machinery or extreme rainfall
events occur during the first days (Rodrigo-Comino et al.
2016). The current distance between the frontal marks on
the graft union (visible by the researcher) and the soil
surface can be measured, which can have either an
unearthing or buried signal. During the last decade,
several scholars stated this main hypothesis based on
this relative stable distance at initial conditions (Brenot et
al. 2006; Casalí et al. 2009). The main weakness of the
previous method (SUM) is that it was established on the
assumption that the topsoil surface remains almost planar
without considering the generation of uncertainties
because of the own soil surface roughness, rills, footpaths
or wheel tracks signals. Therefore, the most important
premise was to include new improvements to consider the
diverse changes between each paired-plant or inter-row
areas. Therefore, new extra topographical measurements
were performed and validated, from each 0.1 to 0.5 m
(Fig. 1). It is necessary that the same trained expert/s
perform the topographical measurements to avoid any
bias.

Nowadays, numerous studies have highlighted the
elevated soil erosion rates in traditional plantations such
as olives (Beniaich et al. 2020), vineyards (RodrigoComino 2018), cereals (López-Vicente et al. 2015), citrus
(Duan et al. 2020), persimmons (Bayat et al. 2019) or
apricots (Keesstra et al. 2016). To obtain these results,
scholars have used rainfall simulation experiments
(Cerdà et al. 2020), modelling techniques (Panagos et al.
2015) or erosion plots (Biddoccu et al. 2020) among other
relevant methods. The development of new techniques
and methodologies visually friendly and easy to be
accessed to survey and assess the soil erosion concerns
are necessary and could increase farmers, society and
policymakers´ awareness.
ISUM (Improve Stock Unearthing Method) is a wellcontrasted procedure to estimate and map soil
mobilisation and erosion rates (Rodrigo-Comino and
Cerdà 2018). It takes the plant graft union as a biomarker
to allow us recognizing soil surface changes and detect
hotspots of soil erosion processes. In this communication,
we want to introduce ISUM as an in situ topographical tool
conducted along perpendicular transects to i) explain key
factors related to the activation of soil erosion processes
such as tillage, the age of plantation, parent material or
hillslope positions; ii) complete other well-contrasted
methods such as RUSLE (Revised Soil Loss Equation),
IC (Index of connectivity) or erosion plots; and, iii) identify
hotspot areas affected by soil depletion, accumulation or
mobilisation. In this conference paper, we will show how
we developed a new improvement of this method in
different crops (vineyards, citrus, persimmons or
almonds), under different environmental conditions
(parent material, plant ages, soil management, or slope
angle) with diverse geomatic procedures (interpolation
methods and geostatistical analysis, topographical
measurements and models) using GIS techniques.

2.2.

To achieve our goal, we consider each opposite paired
plant along each selected inter-row. Then, we first identify
where the graft union is and then stretch a measuring tape
between these paired points (a meter stick to estimate the
vertical distance between the horizontally stretched
measuring tape and the current soil surface). We
recommend performing measurements at least at 10 cm
intervals. To reduce complications during our field
campaign when the graft union is buried, the measuring
tape was situated 30 cm above the graft union. So, for
example, if the original soil surface level was levelled up
to 2 cm below the graft union, and thus 32 cm below the
mearing tape level, the difference between 32 cm and the
current measurement at the graft union gives an
indication of unburied (negative) or buried (positive)
values (Rodrigo-Comino and Cerdà 2018). It is worthy to
highlight that the soil roughness under the plants can
generate little steps or holes or the grass cover made
difficult the visibility of the graft union. Therefore, the
grasses were carefully eliminated, or soil softly levelled,
not affecting our final sampling collection.

2. From SUM to ISUM (improved stock
unearthing method)
2.1.

In situ topographical measurements

Definition and procedures

The Improved Stock Unearthing method (ISUM) has been
demonstrated to be a reliable method to assess soil
mobilisation rates and understand how soil erosion can
affect cultivated areas with grafted plants (RodrigoComino et al. 2019). The results show an accurate

This work is licensed under a Creative Commons 4.0 International License (CC BY-NC-ND 4.0)
EDITORIAL UNIVERSITAT POLITÈCNICA DE VALÈNCIA

187

IMPROVED STOCK UNEARTHING METHOD (ISUM) ALLOW TO ASSESS SOIL EROSION PROCESSES IN GRAFTED PLANTS
USING IN SITU TOPOGRAPHICAL MEASUREMENTS

Figure 1: ISUM procedure: 1) sampling strategy; 2) and 3) Graft union examples (8 and 2-years old vineyards in Valencia -Spain- and
Trier -Germany-, respectively); 4) Field campaign in Tierra de Barros (Spain).

2.3.
Geostatistic tools: ISUM maps and
interpolation methods
The expected final results must be thematic maps
confirmed by warm and cold colours to show the soil
surface level changes at the moment when the field
campaign took place. First, all the points were organized
in an database and then converted into a grid of points
using the function “fishnet” of ArcMap 10.5 (ESRI, USA)
software. Second, different geostatistical methods most
commonly used in soil sciences were tested to generate
the best ISUM maps reflecting the topographical changes
on the cultivated surface. All data were cross-validated by
varying the model parameter values and using different
kernel functions. All of these methods should be firstly
checked to obtain the best result.


Inverse distance weighting (IDW).



Ordinary kriging.



Empirical Bayesian Kriging (EBK).



Radial Basis Functions (RBFs).



Completely regularized spline: spline with
tension; multi-quadric; inverse multi-quadric;
and thin-plate spline.

R2 Δ = ((R2ref-R2z)/R2ref)*100

(1)

RMSEΔ = ((RMSEref-RMSEz)/RMSEref)*100

(2)

where R2ref and RMESEref are the reference performance
statistics using all of the measuring points of the inter-row
pair-plant values, and R2z and RMSEZ are the
corresponding values for a reduction in the number of
measuring points.

2.4.

Estimations: soil mobilisation rates

The total soil mobilized in the study area can be estimated
in Mg ha-1 yr-1 using the point measurements obtained
from the volume difference between the current soil
surface level and the initial soil surface topography at the
moment of the plantation. We have to delineate an
imaginary polygon whose horizontal sides are defined as
the distances between the measuring points used (10 cm
each one). For example, if the inter-row distance is 190
cm, and it will mean the first and last of the 17 measuring
points are 10 cm from the graft unions. The height of the
polygon´s side will be the distance between the graft
union and the inter-row surface levels, taking into account
the visible current passive biomark on the plant (RodrigoComino et al. 2015). Finally, the soil mobilisation can be
estimated from the erosion–deposition (ER) equation
developed by (Paroissien et al. 2010):

Finally, we considered the RMSE (Root-mean-squareerror) and R2 (Coefficient of Determination) to validate the
models’ performance in a cross-validation mode. The
smaller the RMSE and the higher the R2 the better. In the
case that we are not sure how many points must be used
to obtain the highest accuracy of the different methods,
percentage reductions in the performance statistics of R2Δ
and RMSEΔ were calculated (Shiri et al. 2017) as Eqs. (2)
and (3):

ER = V*BD/(S * A)

(3)

where V (m3) represents the volume, S (measured in ha)
means the total area for the considered field unit, A
(years) is the age of the plants and BD is the soil bulk
density (measured in g cm-3). The reference value of the
soil bulk density was taken as the mean soil bulk density

This work is licensed under a Creative Commons 4.0 International License (CC BY-NC-ND 4.0)
EDITORIAL UNIVERSITAT POLITÈCNICA DE VALÈNCIA

188

Rodrigo-Comino, Terol, Cerdà, 2021

tillage were compared, and the results showed 52.6 vs
31.9 Mg ha-1 yr-1, respectively. In persimmon plantations,
Bayat et al. (2019) detected differences in soil
mobilisation rates between inter-row and row areas,
reaching up to more than 20 Mg ha-1 yr-1.

of the different soil samples collected along the row and
inter-row area.

3. Results obtained considering different
crops, methods and factors
3.1.

ISUM also allows measuring other soil parameters.
Moradi et al. 2020) compared the use of bulk density rings
and ISUM to assess differences in soil compaction and
consolidation in 25-years old plantation. The results
showed differences of 2 mm among methods, 12 (ring
core sampling) and 14 mm yr-1 (ISUM). Also, ISUM was
useful to assess specific parameters related to the
RUSLE (Revised Universal Soil Loss Equation) such as L
Factor and soil roughness to observe potential influences
of holes and soil accumulation areas to reduce or
accelerate soil mobilisation rates (da Silva et al. 2019;
Rodrigo-Comino et al. 2020).

Vineyards

In Table 1, we present the soil mobilisation rates obtained
under different conditions in vineyards located in the
Valencia region including 5 points along the transects.
These values corresponded to the first approaches
conducted to verify the use of extra measurements in the
inter-row area (Fig. 2). The results confirmed for
vineyards the negative impacts of tillage on the soil, the
intensification of the erosion processes due to the
differences of the age of plantation, the differences
among slope positions and influence of the parent
material (Martínez-Casasnovas and Ramos 2009;
Mohammadkhan et al. 2011; Bogunović et al. 2014;
Marques et al. 2020).

3.3.
ISUM combined with other methods to
understand soil mobilisation
In Figure 3, we show how ISUM was used with success
combined with other well-contrasted methods such as
index of connectivity (Borselli et al. 2008), RUSLE
(Renard et al. 1991) or Structure from Motion or SfM
(Westoby et al. 2012). All of these methods allowed us to
complete information about mobile parameters through
maps (Fig. 3.1), new calculations to interpret our obtained
results (Fig. 3.2) and accurate images to detect hotspots
(Fig. 3.3).

Table 1: Soil erosion in vineyards considering different factors
and locations in the Valencia region using 5 points. Soil
mobilisation with negative values represent soil loss and
positive accumulation.
Types

Mg ha-1 yr-1

Reference

Tilled plot

-2.5

Rodrigo-Comino
and Cerdà (2018)

Colluvium (2 years
old)

-4.35

Rodrigo-Comino
et al. (2018a)

Marls (8 years old)

-8.87

Tilled plot (shoulder)

-1.6

Tilled plot (bakcslope)

+2.8

Tilled plot (shoulder)

+13.3

Tilled plot (2 years old)

-8.16

Tilled plot (25 years
old)

-1.61

4. Conclusions and further research
ISUM is an easy-to-apply, rapid and non-expensive tool
to assess soil erosion processes, estimate soil
mobilisation and generate visually friendly maps in areas
cultivated with grafted plants such as vineyards,
persimmons, citrus, etc. Our topographical in situ
measurements along perpendicular transects between
paired plants showed a procedure that can be used over
the world and those data are comparable among research
groups. In this communication, we demonstrated that this
method allows being improved and completed with other
techniques, which can add new information about soil
erosion processes. These tasks are keys to increasing
public awareness among policymakers, stakeholders,
and even farmers involved. Further research can be
developed using drones, testing organic farming plots or
conducting measurements during different months to
observe the variations among seasons, meteorological
and phenological scenarios.

Rodrigo-Comino
et al. (2018b)

Rodrigo-Comino,
et al. (2017)

3.2.
Other grafted plants and soil processes
using ISUM
ISUM was also used to estimate other soil processes
such as soil compaction, roughness and runoff in other
grafted plants (Table 2). For example, considering the
Diospyros kaki species, the uses of flood irrigation vs

Table 2: Soil erosion in other orchards considering different factors and locations in the Valencia region. SM/Factor: soil management
system or factor studied.
Crop

SM/Factor

Age

Results

Reference

Persimmon

Flood irrigation vs tillage

25

52.6 vs 31.9 Mg ha yr
-1

-1

Rodrigo-Comino et al. (2020)

Persimmon

Soil compaction

3

14 mm lowering

Moradi et al. (2020)

Citrus

Transect Length Index (TLI)

8/25

8.3 mm yr-1

Rodrigo-Comino et al. (2020)

Persimmon

Transect Length Index (TLI)
and Soil roughness

18

69% of the total area slightly depressed
and 95% random orientation

da Silva et al. (2019)

Persimmon

Inter-row vs row

25

58.9 vs 37.2 Mg ha-1 yr-1

Bayat et al. (2019)
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Figure 2: Example ISUM map considering different slope positions: 1) GPS sampling points; 2) Localisation; 3) Soil erosion process
(rill); 4) Transects per slope position; 5) Potential flow direction map; 6) ISUM map.

Figure 3: Examples of ISUM applications. 1) Vineyard located in Castilla la Mancha in Spain and Connectivity index map (RodrigoComino et al. 2020); 2) Vineyard in Tierra de Barros, Extremadura and RUSLE+ISUM calculations (Barrena-González et al. 2020); 3)
Image extracted from SfM techniques (Remke et al. 2018).
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