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Introduction SOIL FUNCTIONS:

Population and economic growth increase the <P o R
demand for goods and services produced by ecosys- remreyre { E )‘ @ &3\
tems such as food, water, fibre and energy (Fu et al., - -

2015). Projections show that feeding a global popu- ! i ? ' ?
lation of 9.1 billion people in 2050 would require an Biomass Nutrient Water Habitat Garbon
increase in food production by about 70% between
2005 and 2050. Agricultural production in developing
countries, such as in South America, is expected to
almost double (FAO, 2009). This fact brings the risk ECOSYSTEM SERVICES:
of increasing pressures on natural systems if greater
efficiency and sustainability are not achieved in pro- C@ @ @ @
duction methods (Barral et al., 2020). S U

In recent decades, socio-environmental pro- ? ? ! ! ?
e o e S o o
“the benefits that humans obtain from ecosystems”
(Millennium Ecosystem Assessment, 2003). Global
e.lgendas have expanded the discussion of the poten- HUMAN WELL-BEING:
tial of agriculture to generate not only food but also
contribute to several other ES provisions for society.
In this context, the concept of sustainable intensifica-
tion (SI) arises, which is defined as a system whe-
re agricultural yields are increased without adverse
environmental impact and expansion of agriculture to
new areas (Pretty; Bharucha, 2014). Figure 1 illustra-
tes the relationship between ecosystem functions and Figure 1. lllustration of the relationship between soil func-
services and their implications for human well-being. tions, ecosystem services, and human well-being.

Source: Adapted from Millennium Ecosystem Assessment (2003).




Soail is the basis for developing agriculture and
providing multiple ES. It depends on environmen-
tal characteristics, but above all on agricultural ma-
nagement. Soil Ecosystem Services (SES) can be
understood as flows of natural capital stocks in soil
which are beneficial to humans and can be classi-
fied into regulation, provision, and cultural (Domina-
ti et al., 2010). In this work, the following SES are
highlighted: food provision, water regulation, ero-
sion control, carbon storage, and soil biodiversity
maintenance.

Soil fertility forms the foundation of agricultural
productivity, underpinning the provision of food, fi-
bre, and other ecosystem goods. Key soil proces-
ses, including nutrient cycling, microbial activity, and
structural integrity, are essential determinants of
plant health and crop yield. In addition, soil plays a
fundamental role in the hydrological cycle by regula-
ting the infiltration, storage, and redistribution of wa-
ter, thereby ensuring its availability for agricultural,
ecological, and domestic uses (Bronick; Lal, 2005).

Soils also function as a major global carbon sink,
storing significant quantities of organic carbon. The
depletion of soil organic carbon (SOC) reserves
contributes to elevated atmospheric CO, concentra-
tions. Conversely, the adoption of soil conservation
and carbon storage management practices can miti-
gate climate change by reducing the net flux of CO,
to the atmosphere, and simultaneously offer co-be-
nefits for food security, water quality, agro-industrial
productivity, and broader environmental sustainabi-
lity (Lal, 2004).

Furthermore, well-structured soils enhance wa-
ter infiltration and reduce surface runoff, thereby mi-
nimizing erosion and lowering the risk of flooding.
Effective erosion control is critical to maintaining soil
fertility and preventing sedimentation in aquatic sys-
tems. Soil also provides habitat for a diverse array of
organisms, playing a crucial role in the maintenance
of soil biodiversity. Soil biota significantly influences
fundamental soil properties, including hydrological
regulation, gaseous exchange, and aeration, which
are vital for primary productivity, nutrient cycling, and
decomposing organic residues and waste materials
(Brussaard, 1997).

Despite the growing interest in the role of sail
and recognition of its functions in providing ES, it is
still under-evaluated, and little considered in policy
decisions, particularly in tropical countries (Hewitt
et al., 2015; Adhikari; Hartemink, 2016; Prado et al.,
2016; Rodrigues et al., 2021). One of the key chal-
lenges is identifying and standardizing comprehen-
sive indicators (EJP Soil, 2026).
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Thus, this publication presents a set of SES, in-
dicators and assessment methods at the local (farm)
scale, which were selected and validated by a team
of experts on the subject and with experience from
Brazil and Argentina. The classification of ecosystem
services adopted was that of the Millennium Ecosys-
tem Assessment (2003). The aim was to standar-
dize and facilitate their application, also taking into
account their low cost and ease of application. The
methods are generally similar among Brazil and
Argentina, however they are presented separately
where differences occur. This publication contribu-
tes to the following Sustainable Development Goals
(SDGs): 6 — Clean Water and Sanitation, 11 — Sus-
tainable Cities and Communities, and 12 — Respon-
sible Consumption and Production.

Protocol for assessing soil
ecosystem services

Figure 2 presents all the evaluation methods of
the indicators in an integrated manner, composing
the tool for assessing soil ecosystem services in in-
tensive agriculture areas in Argentina and Brazil.

This figure illustrates the indicators selected to
quantify SES. To determine these indicators four
virtual workshops were conducted during the first
year of the project with the participation of all invol-
ved countries. Each workshop focused on a specific
ecosystem service, which researchers presented
the methodologies employed to quantify the indica-
tors representing each SES considering the edapho-
climatic conditions of each country.

The participants agreed adopt a common me-
asurement protocol in instances where identical or
harmonized approaches were feasible. Conversely,
it was agreed that alternative protocols could be
employed when methodological differences were
required due to intrinsic soil characteristics, pre-es-
tablished national protocols, or available analytical
instruments, provided that the resulting data remai-
ned comparable across countries.

The importance of including an assessment of
soil structural stability was discussed during these
workshops, as this indicator is directly or indirectly
related to all SES. Consequently, it was agreed to
include field-based protocols for assessing soil
structure to meet the necessary criteria for a suitable
indicator (simplicity, cost-effectiveness, and sensiti-
vity). All indicators selected to represent the SES are
explained in detail in the following section.
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Figure 2. Tool for assessing soil ecosystem services in intensive agriculture areas in South America.

Details of the soil ecosystem
service indicators and methods

Water regulation SES

The “water regulation service” was agreed to be
represented by an estimate of surface runoff, cal-
culated as rainfall intensity minus water infiltration
into the soil, as it is closely to soil functions such
as water-holding capacity, water movement throu-
gh the soil, soil structure, soil pore system, and the
presence of compactation layers. The rate of water
entry into the soil profile determines the volume of
surface runoff. The protocol selected to assess soil
water infiltration was the single ring method adapted
to local conditions of the study regions, as well as
the estimation of rainfall intensity, as detailed below.

Brazil

Measurements were taken at three points spaced
20 m apart, in homogeneous plots of up to 2 ha, in
each land-use system, with two replication per point.
A single ring (15 cm in height x 10 cm in diameter)
(Figure 3A) was inserted 2 cm into the soil. A510 mL
water layer (equivalent to a standard mineral water
bottle) was applied, and the time required for comple-
te infiltration was recorded. A second application of
the same volume was then performed, and the infil-
tration time was recorded at one-centimetre intervals
until the full volume was absorbed. After this step, a
pit was excavated with a shovel to remove the soil
beneath the ring, exposing a vertical face at the infil-
tration site to visualize the wetting front. The wetting

Figure 3. lllustration of methods to evaluate indicators
of SES Water Regulation. A) Simple pvc ring of 100 mm,
15 cm x 10 cm; B) Simple ring equipment (developed by
Soil Institute, INTA, Argentina) composed of metal ring or
cylinder (a), support disc (b), a graduated or Mariotte bott-
le (c) and steel plate (d).

Photo: Guilherme Kangussu Donagemma



front was photographed, and its maximum depth and
width were determined using software. Infiltration
rates were then corrected based on these measure-
ments according to Roose et al. (1993).

Soil samples were subsequently collected to de-
termine soil water content. One sample was taken
from the centre of the ring, corresponding to the
infiltration site, and another from an adjacent area
without water application. Soil water content was
determined using the gravimetric method (Teixeira
et al.,, 2017). After calculating the basic infiltration
rate, the mean value of the two replication was ob-
tained, followed by calculation of the average across
the three sampling points.

Soil erosion depends on several factors such
as land slope, climatic conditions and parameters
inherent to the soil genetics such as soil texture, soil
profile and horizon depths, soil structure, and others
related to soil management such as soil coverage,
among others. These parameters related to soil can
be represented by the water entering into the soil
by “Water infiltration” (description included in section
Water regulation SES). However, the climate condi-
tions of each region are additionally key factors for
soil erosion estimation. Rainfall intensity is conside-
red as the main climate factor related to soil erosion.

Figure 4 summarizes the impact of rainfall and
soil parameters on soil water erosion. Nonetheless,
it is important to consider that not all water enters the
soil profile during heavy rainfall, resulting in surface
runoff. The rain intensity and the rate at which water
enters the profile determines the amount of runoff,
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which can be used to detect the risk of erosion du-
ring flooding or very heavy rainfall.

The erosion control service was estimated by cal-
culating the difference between the maximum 1-hour
rainfall intensity (Im) and soil water infiltration. The
maximum 1-hour rainfall intensity with a return pe-
riod of one year was determined using the methodo-
logy proposed by Tucci (2004), based on the INMET
Database, and the geographic coordinates of each
land-use system. Mean values were first calculated
from the evaluation points within each land-use sys-
tem and then averaged across the three sampling
points. Erosion control was obtained by subtracting
the infiltration value from the maximum 1-hour rain-
fall intensity. Results are expressed in mm h™, with
optional conversion to cm h™. Positive values indica-
te the occurrence of surface runoff and consequently
erosion, suggesting that the management practices
adopted are not effective for erosion control and may
require improvement. Negative values indicate that
the land-use systems and their management practi-
ces are effective in controlling erosion.

Argentina

The Soil Institute of the National Institute of Agri-
cultural Technology (INTA) in Argentina developed
a simple ring apparatus to perform and standardize
soil infiltration measurements. These devices are of
simple construction and consist of the following com-
ponents: a metal cylinder measuring 21 cm in diame-
ter, 12 cm in height, and 4.1 mm in thickness (Figure
3B-a); a plastic support disc with a diameter slightly
larger than the metal cylinder and a rim that allows it to

P

TWO PATHS OF
WATER ON THE SOIL

Greater
infiltration

Less
erosion
Greater
percolation

Greater aquifer recharge Y,

Figure 4. Diagram of the paths that water can follow in the case of: A) lower infiltration capacity of the soil and B) greater

infiltration, at the same rain intensity.
Source: Adapted from Escobar Betancourt (2021).
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fit over the cylinder (Figure 3B-b), featuring a central
perforation that allows the bottle to be inserted upside
down; a graduated or Mariotte bottle made in transpa-
rent acrylic with a scale printed in mm of water depth
(Figure 3B-c); and a solid steel plate which allows the
infiltrometer to be embedded evenly in the soil (Fi-
gure 3B-d), avoiding cracks that could cause errors
in the readings. Infiltration tests are characterized by
frequency, repetitions, and measurement time, para-
meters described below. The number of replicates pri-
marily depends on the size of the experimental units
or farmer’s field and the spatial heterogeneity within
the area being evaluated. The protocol is commonly
applied in relatively homogeneous areas, often larger
than 10 ha; however, additional replicates should be
included when soil, vegetation, topography, or mana-
gement conditions are spatially variable. A minimum
of four replicates per treatment is recommended and
is generally considered adequate for relatively ho-
mogeneous areas between 10 and 50 ha. Additional
replicates should be included when evaluating larger
areas or when substantial variability in soil properties,
vegetation, topography, or management practices is
present. It is also important to select a uniform site
for measurements, avoiding areas affected by vehicle
traffic, animal trampling, or concentrated water flow.

For measurements, cylinders are driven into the
ground using the steel plate, placing it on the infiltro-
meter and then tapping it with a hammer up to the
mark indicated on the cylinder, leaving it buried 5 cm
deep. This mark is a wide line and must be driven all
the way to the bottom of said line, allowing a uniform
water load to be generated inside the infiltrometer.
Once all the infiltrometers are in place, the plastic
support discs are placed in position. Using a stopwa-
tch and in an order that will be followed throughout
the test, the graduated bottles are inverted onto each
support to begin the test. The first reading is taken
after 5 minutes, recording all the information on a
spreadsheet. The readings on each bottle must be
taken in the order in which they were placed. Rea-
dings are repeated every 5 minutes or according to a
pre-established time. It is vitally important to achieve
the basic, final, or stabilized infiltration to complete
an infiltration test. In this regard, three consecutive
similar measures should be recorded (the rate of
water entry into the soil is constant) and the basic
infiltration or infiltration rate in mm h' calculated.
As a general rule, this time is set at 1 hour, although
stabilized infiltration is not easily achieved in some
very sandy soils with more than 80% sand, which
requires extending the reading time. It is advisable
to sample the initial moisture content of the soil pro-
file at the beginning of each infiltration test. This will
enable better interpretation of the results.

Climate regulation SES

Carbon storage in soil plays a major role in cli-
mate change mitigation, and also in climate regula-
tion. Moreover, soil organic carbon is widely known
as a key indicator of soil health due to the multiple soil
functions in which it is involved. Soil organic carbon
is central for water retention, nutrient availability, mi-
crobial activity, pollutant retention and reduction, and
improvements in soil structure stability which is a key
factor to decrease the risk by water and wind erosion,
among others benefits for resilience of the agricultural
systems and human well-being (Figure 1).

This protocol summarizes the steps for site se-
lection, soil sampling, and the calculations required
to obtain soil carbon storage. The protocol presen-
ted by Alves (2021) has been used as a reference.

For site selection it is important to consider that
soil sampling can be performed in long-term expe-
riments (with plots and experimental designs) or in
field production situations, where it is important to
consult with producers about the management of
the study area and its usage history. Satellite images
over the years are excellent tools for reconstructing
the history of the selected plots. The existence of an
undisturbed area representing the original condition
is also highly desirable and valuable for these stu-
dies. Evaluating uniformity between areas in terms
of soil type, horizon thickness, density below 40 cm,
and horizon texture are very important for determi-
ning the homogeneity of the sites to be compared.

Next, test pits in each sampling unit to be studied
are opened (Figure 5A), the number of which will be
decided based on the degree of areal heterogeneity.
Three test pits are generally considered sufficient for
relatively homogeneous sampling units, which are
often larger than 10 ha. However, the number of test
pits should be increased in areas with greater spa-
tial heterogeneity to adequately capture soil variabi-
lity. Then, soil samples are taken from the pits at a
depth of at least 0—10, 10-20, 20-30 cm, as this is
the minimum sampling depth indicated by the Inter-
governmental Panel on Climate Change (IPCC). It
is desirable to continue sampling to a greater depth
if possible, including the 30-50, 50-70, 70-100 cm
strata (Figure 5B), or until the water table or other
impediment is encountered.

Deformed soil samples are taken from three
walls of the pit and are composed into a single sam-
ple by depth. Four other sampling points within a
radius of 5 to 10 m around the pits should be inclu-
ded, but only using the auger at 0-10, 10-20 and
20-30 cm, where the most significant changes are
expected.



Other undisturbed samples that require preserva-
tion of the natural soil structure are also obtained using
metal rings with known internal volume (volumetric
cylinder, Figure 5C), to determine the soil bulk density
(SBD) (Burke et al., 1986) by the following equation:

SBD (g cm-3 = Mg m-3) = dry soil mass/ cylinder volume

Disturbed soil samples for carbon content deter-
mination were collected using an auger, while un-
disturbed samples for soil bulk density were taken
using volumetric cylinders, both at the bottom soil
depth (Figure 5D).

After collecting and identifying the samples, soil
must be air-dried and sieved through a 2-mm mesh.
Sieved samples are analyzed for texture and C con-
tent. It is essential that all samples be analyzed using
the dry oxidation method by automatic total C analy-
sis equipment to accurately determine total soil C and
for methodological consistency. The samples must be
finely ground to facilitate and increase the quality of the

Photos: Romina Romaniuk (a and b); Jodo Henrique Zonta (c and d).
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analysis, which is achieved using a roller mill, accor-
ding to the requirements of the analytical equipment.
The different management practices adopted
within each sampling situation can result in diffe-
rences in soil bulk densities. However, compari-
sons between treatment areas under study within
a given experimental site should be based on the
same soil mass of the reference treatment profi-
le; this means the entire comparison is made with
respect to the same soil mass. This procedure as-
sumes that compaction resulting from mechanical
operations most significantly affects the surface
layers of the soil profile. Thus, the C contents in
the soil profiles are calculated to adjust to the soil
profile of the reference system by subtracting the
total C contents accumulated in the extra soil mass
at this depth from the deepest layer (70—-100 cm).
The soil profile selected as the reference will be the
soil profile with the lowest total soil mass among
the compared soil profiles. This correction was

Figure 5. lllustration of methods to evaluate climate regulation SES indicators. A) Pit at 1 m soil
depth; B) Depths delimited within the pit for soil sampling, the red arrows indicate that samples must
be taken from three sides of the pit; C) Soil bulk density measurement by simple metallic ring at the
first soil layer; D) Auger used to collect disturbed samples, and volumetric cylinders to collect undis-

turbed samples at the bottom soil depth.



Harmonized protocol for assessing soil ecosystem services in intensive agriculture areas in Argentina and Brazil 7

calculated mathematically and expressed through
the following equation (Sisti et al., 2004):

n—1 n n

Co= ) Cri |Myi = ( Mp- ) Mﬁ)l Crn
i=1 i=1 i=1

in which:

Cs is the accumulation (stock) of C (Mg C ha™) in
the soil at a depth where the soil mass is the
same as that observed in the soil profile used as
a reference;

XI5 Cri is the sum of the total C content (Mg ha)
from layer 1 (surface) to layer ‘n™" (penultimate)
in the soil profile under treatment;

Diz1 Mg is the sum of the soil mass (Mg ha') from
layer 1 (surface) to bed ‘n’ (last layer) in the refe-
rence soil profile;

Yi=1 Mr; is the sum of the soil mass (Mg ha') from
layer 1 (surface) to layer ‘n’ (last layer) of the tre-
atment profile; and My,, and Cr,, are respecti-
vely the soil mass and C concentration in the last
layer of the soil profile under the system under
evaluation.

The soil carbon stock in Brazil was assessed
by following the same approach previously descri-
bed, with minor adaptations detailed below. Three
pits were excavated to a depth of 1 m, spaced 20 m
apart for plots of up to 2 ha. Soil bulk density sam-
ples were collected using a 100 cm? volumetric ring
(Figure 5C) (Teixeira et al., 2017), along with sam-
ples for determining elemental carbon content using
an elemental carbon analyser. Sampling depths
were: 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60—
80, and 80-100 cm, collected from two pit walls: the
central wall and the right-hand wall (Figure 5D). For
carbon analysis, a composite sample was prepared
from the two walls, resulting in one sample per depth
per pit. Carbon stock calculations were performed in
the same manner as described previously.

Food provision SES

“Food provision service” represents the capa-
bility of each productive system to provide a deter-
mined food product to society. Livestock production
play a crucial role in satisfying this basic human
need while also impacting ecosystem health and
overall well-being.

Thus, the productivity of grasses in livestock
systems was selected to represent this ecosystem
service based on pasture biomass. The protocols
used were as follows: the quadrat method for pas-
ture biomass assessment (Mannetje, 2000), using a
0.25 m? quadrat (Figure 6A) at five sampling points,

in homogeneous plots of up to 2 ha, according to
the scheme presented in Figure 6B; and an alterna-
tive method for estimating biomass based on pas-
ture height, proposed by Donagemma et al. (2025),
in which pasture height is measured using the ruler
method (Silva; Cunha, 2003) with a PVC tube ru-
ler (Figure 6C), at 50 sampling points, using a rope
marked every 10 m, in homogeneous plots of up to
2 ha, following Donagemma et al. (2025). An equa-
tion with high accuracy using the biomass and height
data was subsequently selected to estimate pasture
biomass as a function of height (i.e. with a high R?
value). It should be noted that this equation is valid
for the forage species used in this study for the same
soil type, and for the season in which the measure-
ments were taken. A new equation must be develo-
ped if any of these factors change.

Nutrient cycling SES

The nutrient cycling service was assessed using
BioAs approach, which is primarily based on the
analysis of the enzymes B-glucosidase and arylsul-
fatase (Mendes et al., 2021), specifically carbon and
sulfur cycling. Composite samples were collected,
each composed of eight simple samples taken with a
Dutch auger at a depth of 0—10 cm (Figure 7Ato D), in
circles around the three pits, totalling three composite
samples in each land use system, in areas up to 2 ha.
Air-dried fine soil was subsequently prepared from
these samples (Teixeira et al., 2017). In turn, B-gluco-
sidase and arylsulfatase activities in the air-dried fine
soil were determined according to Tabatabai (1994).

Complementary SES indicator:
Soil Structural Quality Index

Finally, the Soil Structural Quality Index (SSQI)
is obtained from a rapid diagnosis of soil structure,
was selected as a complementary indicator, as it is
related to all evaluated ecosystem services.

Brazil

The proposed method for determining the quality
of soil structure in Brazil was the Rapid Diagnosis of
Soil Structure (RDSE), which consists of a shovel test
to assess the surface soil structure based on visual
characteristics (Ralisch et al., 2017). A soil block me-
asuring 25 x 20 x 10 cm (Figure 7A) was collected in
an area up to 2 ha, using a straight shovel with the soil
in a friable state. The block was placed in a tray, and
aggregates were gently manually separated, without
applying excessive force, until the smallest aggrega-
te size was reached (Figure 7B). Aggregate size was


https://inia.uy/sistema-de-monitoreo-forrajero-y-ambiental

Photos: Roberson Machado Pimentel (a and c); Claudio Lucas Capeche (d).
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Figure 6. lllustration of methods to evaluate the indicators of food provision and nutrient cy-
cling soil ecosystem services. A) Positioning of the metal quadrat for biomass measurement
(0.25 m?); B) Scheme for pasture biomass assessment; C) PVC ruler for measuring pasture
height; and D) Dutch auger (10 cm).

Source: Donagemma et al. (2025).

Photos: Jodo Henrique Zonta.

Figure 7. lllustration of RDSE methodology protocol for soil structural quality evaluation
in Brazil. A) Soil block for RDSE collected with a flat shovel; B) Aggregates prepared for
the evaluation of structural quality, showing the two layers where the assessment of the
structural quality of the layer is conducted.
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Figure 8. Scheme for aggregate classification for each layer.

Source: Adapted from Ralisch et al. (2017).

then assessed, and a visual evaluation was perfor-
med to determine quality (Figure 8). Aggregates were
classified as high quality if they were porous and ea-
sily penetrated by roots, or low quality if they exhibited
compaction, hindering root penetration and causing
lateralization. Aggregates between 1 and 4 cm were
considered high quality, whereas aggregates smaller
than 1 cm were classified as low quality due to frag-
mentation and loss of original shape. Aggregates lar-
ger than 7 cm showing signs of compaction were also
considered of low quality.

An aggregate classification scheme (Figure 8)
following Ralisch et al. (2017) was used to determi-
ne the structural quality of each layer. Finally, a wei-
ghted average of structural quality values from the
two layers was calculated to obtain the Soil Structure
Quality Index for each land-use system.

High-quality aggregates generally range from 1
to 4 cm in size, exhibiting good porosity with roots
growing through them. They do not show compac-
tion features such as planar faces and slickensides,
nor do they exhibit roots growing laterally. Further-
more, biological activity is often observed, indicated
by the presence of earthworms and biopores (pores
formed by biological activity) (Figure 9). Conversely,
poor-quality aggregates are smaller than 1 cm or
pulverized, typically resulting from the breakdown of

Soil aggregates by size(%) =

larger aggregates due to anthropogenic practices,
such as plowing and harrowing. In the larger poor-
-quality aggregates, low porosity, planar faces, and
slickensides are noticeable (Figure 10).

Argentina

Due to the particular soil management (No till sys-
tems) and texture classes to be assessed in Argentina,
it was decided to use a protocol developed for these
conditions called the “Field guide for visual evaluation
of structural quality” (Peralta et al., 2019). This protocol
includes a description of how to select homogeneous
areas, a field evaluation of soil moisture and texture,
and the detailed explanation to perform the “Burst tes-
ting” and the “Laminar structure evaluation”.

The “Burst test” enables analysing the current sur-
face stability condition by quantifying the proportions
of aggregates of different sizes observed after the me-
chanical rupture of the first 20 cm of soil by dropping an
undisturbed soil sample (20 cm deep x 20 cm long x 15
cm wide) from a height of 1.5 meters into a plastic reci-
pient (Figure 11A). The structural types are expected to
break along their natural cracks, planes of weakness,
and fissures into smaller units (soil aggregates <5 cm,
5-10 cm, and >10 cm) (Figure 11B). Then each soil
aggregate size fraction is weighed (Figure 11C) to cal-
culate the percentage of the total as follows:

weight of soil aggregates by size *

Total weight ++

* corresponding to each size fraction (<5 cm, 5-10 cm, >10 cm)

** sum of all size fractions weights
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Photos: Alba Leonor da Silva Martins.

Photos: Alba Leonor da Silva Martins.

Figure 9. High-quality aggregates. A) Aggregate showing porosity and a root growing normally through it without
impedance. B) High-quality aggregates without planar faces or slickensides, displaying roots growing vertically.
C) Aggregates showing earthworm biological activity. D) Aggregates with biological activity evidenced by biopores
(pores formed by biological activity), highlighting two biopores of approximately 1-2 cm.

F,
.

Figure 10. Poor-quality aggregates. A) High proportion of pulverized aggregates (<1 cm), and below the ruler, larger
aggregates (>4 cm) showing planar faces and low porosity. B) Large aggregate (>4 cm) with pores parallel to the surfa-
ce and fine roots growing horizontally without penetrating the aggregate. C,D) Aggregates displaying low porosity and

lateral root growth due to soil compaction, which created physical impedance to root penetration.

Comunicado Técnico 90
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Figure 11. lllustration of the steps for the Field Visual Evaluation of Soil Structural Quality (VESS) in Argentina. A) “Burst

[

testing”; B) Sorting soil fragments into size categories; C) Weighing each soil aggregate size fraction; D) Measuring the
thickness of representative soil structural units; E) Evaluation of laminar soil structure.

Source: Peralta et al. (2019).

The “Laminar structures evaluation” is important
in Argentinean soils under no-till systems, because
the passage of heavy tractors, combined with some
crop rotations that contribute with low residue and/
or root biomass, predisposes the soil to form laminar
structures. This type of structure affects water and
air movement, as well as root growth. Larger laminar
structures located closer to the soil surface generally
indicate a more advanced state of soil degradation.
A shovel of 20 cm wide x 20 cm is used examine

the presence of laminar structures in 10 points of the
plot by gently striking the shovel containing the un-
disturbed soil sample against the ground to promote
the natural breakdown of soil clods. If there are lami-
nar structures, measure the approximate thickness
(Figura 11E) and record each observation. Then cal-
culate the frequency (Equation 1), the average thi-
ckness (Equation 2) and the weighted thickness of
the laminar structures (Equation 3).

number of observations with laminar structure

Laminar structure frequency =

Total observations

(1)

. . Y laminar thickness
Z thickness of laminar structures = - - (2)
Number of laminar presence observations
Thickness weighted laminar structures = Frequency * Thickness (3)

Next, rate the structural quality according to
the results of the burst test (Figure 12A) and the
evaluation of laminar structures (Figure 12B) using
the score classifications graphs. Once scores are

calculated, apply the following equation. With the
final score, the integrated diagnostic of the quality
structure can be performed by the table presented
in Figure 12C.

(Burst Test Score + Weighted Thickness Score)

Final score =

2
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condition <5%

Intermediate
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degradation 20-25%
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degradation

>25%

O 6 10 15 20 25 30 36 40 45 SO &5 @0 65 1O

Soil aggregates>10cm

Average score
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Optimal L <2cm

condition

Intermediate 2-4cm
condition

Score

Moderate 4-5cm
degradation

Severe

degradation >5cm

0 1 2 3 4 56 6 7 8 9 1011213141

Weighted thikness of
laminar structure (cm)

Soil quality structure classification

255 Moderate degradation
5-75 Intermedial condition
>7.5 Optimal condition

Figure 12. Scoring graphs for: A) Burst test evaluation; B) Laminar structure evaluation; and C) Table for soil quality struc-
ture classification.
Source: Adapted from Peralta et al. (2019).

Final Remarks

Ecosystem service assessment methods in
each country are based on similar principles
and enable correlating results, provided they
are conducted on the same soils and land
uses. There are minor differences for carbon
storage: in Brazil, an additional soil layer is
sampled with varying thicknesses; in Argenti-
na, bulk density sampling is performed on an
additional trench wall, and carbon is collected
from three walls (instead of two), resulting in
greater precision, albeit with increased labour.
However, carbon stock calculations are identi-
cal in both countries.

The enzyme assessment method using BioAS
technology, applicable to pastures. It can also be
applied to compare different land-use systems,
highlighting the ecosystem service associated
with nutrient cycling, particularly the cycling of
carbon (C) and sulfur (S). Regarding BioAs,
their application in Argentina will require calibra-
tion based on soil fertility status and crop pro-
ductivity, using a network of field experiments.

»  Soil structure assessment in both methods is ba-
sed on visual observation and aggregate size. The
Argentine protocol includes a structural feature
analogous to compaction recognized in the Bra-
zilian method, but without specific quantification.

+ These methodologies are important tools to
support technicians and producers in deci-
sion-making for sustainable soil management,
aiming to improve or maintain ecosystem ser-
vices. The Brazilian and Argentine methods for
the provision of grains or pasture biomass follow
equivalent principles and procedures.

Acknowledgements

We thank the European Joint Programme (EJP)
for the institutional support and for fostering scienti-
fic collaboration, and Brazilian Agricultural Research
Corporation (Embrapa - Brazil) for the financial su-
pport of the Project: Soil ecosystem services under
sustainable intensification of agriculture - looking
for innovative mapping and monitoring at multiple
scales (SOIL-ES), under the number at Embra-
pa—20.23.04.001.00.01.00.


https://sistemas.sede.embrapa.br/ideare/pages/submissao/acompanhamentoatividade/inicial.jsf

Harmonized protocol for assessing soil ecosystem services in intensive agriculture areas in Argentina and Brazil 13

References

ADHIKARI, K.; HARTEMINK, A. E. Linking soils to
ecosystem services: a global review. Geoderma, v. 262,
p. 101-111, Jan. 2016. DOI: https://doi.org/10.1016/j.
geoderma.2015.08.009.

ALVES, B. J. R. Evaluacion del stock de carbono del
suelo. In: COSTANTINI, A.; BUSTO, M.; GONZALEZ,
F. A. (comp.). Evaluacion de la fijacion biologica de
nitréogeno, gases de efecto invernadero, stock de
carbono del suelo e impacto de la incorporaciéon de
leguminosas en la produccion animal. Washington,
DC: Fontagro, 2021. p. 18-23. Available at: https://

old.fontagro.org/new/uploads/productos/16926_-
Producto_7_compilado.pdf. Accessed: 20 Jul. 2026.

BARRAL, M. P; VILLARINO, S.; LEVERS, C.;
BAUMANN, M.; KUEMMERLE, T.; MASTRANGELO,
M. Widespread and major losses in multiple ecosystem
services as a result of agricultural expansion in the
Argentine Chaco. Journal of Applied Ecology, v.
57,n. 12, p. 2485-2498, Dec. 2020. DOI: https://doi.
org/10.1111/1365-2664.13740.

BRONICK, C. J.; LAL, R. Soil structure and management:

areview. Geoderma, v. 124, n. 1/2, p. 3-22, Jan. 2005.
DOI: https://doi.org/10.1016/j.geoderma.2004.03.005.

BRUSSAARD, L. Biodiversity and ecosystem functioning
in soil. Ambio, v. 26, n. 8, p. 563-570, Dec. 1997.

BURKE, W.; GABRIELS, D.; BOUMA, J. (ed.). Soil
structure assessment. Rotterdam: Balkema, 1986. 92
p. DOI: https://doi.org/10.1201/9781003763116.

DOMINATI, E.; PATTERSON, M.; MACKAY, A.

A framework for classifying and quantifying the natural
capital and ecosystem services of soils. Ecological
Economics, v. 69, n. 9, p. 1858-1868, Jul. 2010.

DOI: https://doi.org/10.1016/j.ecolecon.2010.05.002.

DONAGEMMA, G. K.; FONTANA, A.; BALIEIRO, F. de
C.; VALLE, T. R. de S.; LINHARES, T.; BRIGHENTI, A.
M.; MARTINS, C. E.; MACHADO, R. P. Métodos de
diagnéstico dos niveis de degradagio de pastagens
em areas de mar de morros do Médio Vale do Paraiba
do Sul em Valenga, RJ. Rio de Janeiro: Embrapa Solos,
2025. 17 p. (Embrapa Solos. Comunicado técnico, 86).
Available at: https://www.infoteca.cnptia.embrapa.br/
infoteca/bitstream/doc/1175771/1/CNPS-CT-86-2025.pdf.

escobar191/photos/a.1635838093094855/5538726
689472623/?type=3. Accessed: 21 jul. 2026.

FAO. How to feed the world in 2050. Rome, 2009.
Available at: https://www.fao.org/4/ak542e/ak542e00.htm.
Accessed: 20 Jul. 2026.

FU, B.; ZHANG, L.; XU, Z.; ZHAO, Y.; WEI, Y.; SKINNER,
D. Ecosystem services in changing land use. Journal of
Soils and Sediments, v. 15, n. 4, p. 833-843, 2015. DOI:
https://doi.org/10.1007/s11368-015-1082-x.

HEWITT, A.; DOMINATI, E.; WEBB, T.; CUTHILL, T.
Soil natural capital quantification by the stock adequacy
method. Geoderma, v. 241/242, p. 107-114, Mar. 2015.
DOI: https://doi.org/10.1016/j.geoderma.2014.11.014.

LAL, R. Soil carbon sequestration to mitigate climate
change. Geoderma, v. 123, n. 1/2, p. 1-22, Nov. 2004.
DOI: https://doi.org/10.1016/j.geoderma.2004.01.032.

MANNETJE, L. T. Measuring biomass of grassland
vegetation. In: MANNETJE, L. T.; JONES, R.

M. (ed.). Field and laboratory methods for
grassland and animal production research.
Cambridge: CABI, 2000. p. 151-177. DOI: https://doi.
0rg/10.1079/9780851993515.0151.

MENDES, I. de C.; CHAER, G. M.; REIS JUNIOR,
F. B. dos; SOUSA, D. M. G. de; SILVA, O. D. D. da;
OLIVEIRA, M. I.; MALAQUIAS, J. V. Tecnologia
BioAS: uma maneira simples e eficiente de avaliar
a saude do solo. Planaltina, DF: Embrapa Cerrados,
2021. 50 p. (Embrapa Cerrados. Documentos, 369).
Available at: https://www.infoteca.cnptia.embrapa.br/
infoteca/bitstream/doc/1133109/1/Tecnologia-Bioas-
Documentos-369.pdf. Accessed: 20 Jul. 2026.

MILLENNIUM ECOSYSTEM ASSESSMENT.
Ecosystems and human well-being: a framework for
assessment. Washington, DC: Island Press, 2003. 245
p. Available at: http:/pdf.wri.org/ecosystems _human
wellbeing.pdf. Accessed: 20 Jul. 2026.

PERALTA, G. E.; BRESSAN, E. M.; MORTOLA,

N. A.; ROMANIUK, R. I.; ACIAR, M.; AGOSTI,

M. B.; MOUSEGNE, F. J.; GIL, R. C. Guia de
evaluacion a campo: calidad estructural de suelos
bajo siembra directa. Santa Fé: AAPRESID, 2019.
27 p. Available at: https://repositorio.inta.gob.ar/
handle/20.500.12123/13600%locale-attribute=en.

Accessed: 20 Jul. 2026.

EJP SOIL. European Joint Programme Soil. Second
external call — international call. Available at: https://ejp-
soil.ptj.de/call2. Accessed: 20 Jul. 2026.

ESCOBAR BETANCOURT, J. C. Dos caminos
del agua en el suelo [Infografia]. Facebook:
Agricultura Sostenible El Salvador. 16 Mar. 2021.
Available at: https://www.facebook.com/jose.

Accessed: 20 Jul. 2026.

PRADO, R. B.; FIDALGO, E. C. C.; MONTEIRO, J. M.
G.; SCHULER, A. E.; VEZZANI, F. M.; GARCIA, J. R;;
OLIVEIRA, A. P. de; VIANA, J. H. M.; PEDREIRA, B.
da C. C. G.; MENDES, I. de C.; REATTO, A.; PARRON,
L. M.; CLEMENTE, E. de P.; DONAGEMMA, G. K;
TURETTA, A. P. D.; SIMOES, M. Current overview and
potential applications of the soil ecosystem services
approach in Brazil. Pesquisa Agropecuaria Brasileira,


https://www.facebook.com/jose.escobar191/photos/a.1635838093094855/5538726689472623/?type=3
https://www.facebook.com/jose.escobar191/photos/a.1635838093094855/5538726689472623/?type=3
https://www.fao.org/4/ak542e/ak542e00.htm
https://doi.org/10.1007/s11368-015-1082-x
https://doi.org/10.1016/j.geoderma.2014.11.014
https://doi.org/10.1016/j.geoderma.2004.01.032
https://doi.org/10.1079/9780851993515.0151
https://doi.org/10.1079/9780851993515.0151
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1133109/1/Tecnologia-Bioas-Documentos-369.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1133109/1/Tecnologia-Bioas-Documentos-369.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1133109/1/Tecnologia-Bioas-Documentos-369.pdf
http://pdf.wri.org/ecosystems_human_wellbeing.pdf
http://pdf.wri.org/ecosystems_human_wellbeing.pdf
https://repositorio.inta.gob.ar/handle/20.500.12123/13600?locale-attribute=en
https://repositorio.inta.gob.ar/handle/20.500.12123/13600?locale-attribute=en
https://doi.org/10.1016/j.geoderma.2015.08.009
https://doi.org/10.1016/j.geoderma.2015.08.009
https://old.fontagro.org/new/uploads/productos/16926_-_Producto_7_compilado.pdf
https://old.fontagro.org/new/uploads/productos/16926_-_Producto_7_compilado.pdf
https://old.fontagro.org/new/uploads/productos/16926_-_Producto_7_compilado.pdf
https://doi.org/10.1111/1365-2664.13740
https://doi.org/10.1111/1365-2664.13740
https://doi.org/10.1016/j.geoderma.2004.03.005
https://doi.org/10.1201/9781003763116
https://doi.org/10.1016/j.ecolecon.2010.05.002
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1175771/1/CNPS-CT-86-2025.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1175771/1/CNPS-CT-86-2025.pdf
https://ejp-soil.ptj.de/call2
https://ejp-soil.ptj.de/call2
https://www.facebook.com/jose.escobar191/photos/a.1635838093094855/5538726689472623/?type=3

14

v.51,n. 9, p. 1021-1038, set. 2016. DOI: https://doi.
0rg/10.1590/S0100-204X2016000900002.

PRETTY, J.; BHARUCHA, Z. P. Sustainable
intensification in agricultural systems. Annals of Botany,
v. 114, n. 8, p. 1571-1596, Dec. 2014. DOI: https://doi.
org/10.1093/aob/mcu205.

RALISCH, R.; DEBIASI, H.; FRANCHINI, J. C.; TOMAZI,
M.; HERNANI, L. C.; MELO, A. da S.; SANTI, A;;
MARTINS, A. L. da S.; BONA, F. D. de. Diagnéstico
rapido da estrutura do solo - DRES. Londrina:
Embrapa Soja, 2017. 63 p. (Embrapa Soja. Documentos,
390). Available at: http://ainfo.cnptia.embrapa.br/digital/
bitstream/item/160858/1/Doc-390-OL..pdf. Accessed: 20
Jul. 2026.

RODRIGUES, A. F.; LATAWIEC, A. E.; REID, B. J;;
SOLORZANO, A.; SCHULER, A. E.; LACERDA, C.;
FIDALGO, E. C. C.; SCARANO, F. R.; TUBENCHLAK,
F.; PENA, |.; VICENTE-VICENTE, J. L.; KORYS, K.

A.; COOPER, M.; FERNANDES, N. F.; PRADO, R. B;;
MAIOLI, V,; DIB, V.; TEIXEIRA, W. G. Systematic review
of soil ecosystem services in tropical regions. Royal
Society Open Science, v. 8, n. 3, 201584, Mar. 2021.
DOI: https://doi.org/10.1098/rs0s.201584.

ROOSE, E.; BLANCANEAUX, P.; FREITAS, P. L. de.
Un simple test de terrain pour évaluer la capacité
d’infiltration et le comportement hydrodynamique

des horizons pédologiques superficiels: méthode et
exemples. Cahiers ORSTOM. Série Pédologie, v. 28, n.
2, p. 413-419, 1993.

Embrapa Solos

Rua Jardim Botanico, 1024
Jardim Botanico

22460-000 Rio de Janeiro, RJ
www.embrapa.br/solos

www.embrapa.br/fale-conosco/sac

Comité Local de Publicagdes

Presidente: Claudia Pozzi Jantalia
Secretario-executivo: Marcos Anténio Nakayama

Membros: Bernadete da Conceigao Carvalho Gomes Pedreira, David Vilas

Comunicado Técnico 90

SILVA, S. C. da; CUNHA, W. F. da. Métodos indiretos
para estimar a massa de forragem em pastos de
Cynodon spp. Pesquisa Agropecuaria Brasileira, v. 38,
n. 8, p. 981-989, ago. 2003. DOI: https://doi.org/10.1590/
S0100-204X2003000800011.

SISTI, C. P. J.; SANTOS, H. P. dos; KOHHANN, R.;
ALVES, B. J. R,; URQUIAGA, S.; BODDEY, R. M.
Change in carbon and nitrogen stocks in soil under
13 years of conventional or zero tillage in southern
Brazil. Soil and Tillage Research, v. 76, n. 1, p.
39-58, Mar. 2004. DOI: https://doi.org/10.1016/.
still.2003.08.007.

TABATABAI, M. A. Soil enzymes. In: WEAVER, R.

W.; ANGLE, S.; BOTTOMLEY, P.; BEZEDICEK,

D.; SMITH, S.; TABATABAI, A.; WOLLUM, A. R. W.
(ed.). Methods of soil analysis: microbiological and
biochemical properties. Madison: Soil Science Society
of America, 1994. p. 775-833. (Soil Science Society of
America Book Series, v. 5). DOI: https://doi.org/10.2136/
sssabookser5.2.c37.

TEIXEIRA, P. C.; DONAGEMMA, G. K.; FONTANA,

A.; TEIXEIRA, W. G. (ed.). Manual de métodos de
analise de solo. 3. ed. rev. e ampl. Brasilia, DF:
Embrapa, 2017. 574 p. Available at: https://www.infoteca.
cnptia.embrapa.br/infoteca/bitstream/doc/1085209/1/
ManualdeMetodosdeAnalisedeSolo2017.pdf. Accessed:
20 Jul. 2026.

TUCCI, C. E. M. (org.). Hidrologia: ciéncia e aplicagéo.
3. ed. Porto Alegre: UFRGS: ABRH, 2004. 943 p.
(Colegao ABRH de recursos hidricos, v. 4).

Comunicado Técnico 90

ISSN 1517-5685 / e-ISSN 2966-2486
Agosto, 2026

Edigéo executiva: Marcos Anténio Nakayama

Normalizagéo bibliografica: Luciana Sampaio de
Araujo (CRB-7/5165)

Projeto grafico: Leandro Sousa Fazio
Diagramagéo: Alexandre Abrantes Cotta de Mello

Publicacao digital: PDF

Boas de Campos, Evaldo de Paiva Lima, Helga Restum Hissa, José Francisco
Lumbreras, Joyce Maria Guimardes Monteiro, Lucia Raquel Queiroz Pereira da

Luz, Mauricio Rizzato Coelho e Wenceslau Geraldes Teixeira

Ministério da
Agricultura e Pecuaria

En@;a

Todos os direitos reservados a Embrapa.

CGPE 19699


https://doi.org/10.1590/S0100-204X2003000800011
https://doi.org/10.1590/S0100-204X2003000800011
https://doi.org/10.1016/j.still.2003.08.007
https://doi.org/10.1016/j.still.2003.08.007
https://doi.org/10.2136/sssabookser5.2.c37
https://doi.org/10.2136/sssabookser5.2.c37
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1085209/1/ManualdeMetodosdeAnalisedeSolo2017.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1085209/1/ManualdeMetodosdeAnalisedeSolo2017.pdf
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/1085209/1/ManualdeMetodosdeAnalisedeSolo2017.pdf
https://doi.org/10.1590/S0100-204X2016000900002
https://doi.org/10.1590/S0100-204X2016000900002
https://doi.org/10.1093/aob/mcu205
https://doi.org/10.1093/aob/mcu205
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/160858/1/Doc-390-OL.pdf
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/160858/1/Doc-390-OL.pdf
https://doi.org/10.1098/rsos.201584

