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Abstract 
Background and aims  The quantification of plant 
roots from soil represents a pivotal step in many 
studies in plant ecology and soil science. However, 
the substantial time investment required for this pro-
cess often represents a considerable impediment to 
research progress. The objective of this study is to 
evaluate and propose a time-saving method to mini-
mize the time required for collecting roots without 
compromising data integrity compared to traditional 
approaches.
Methods  The proposed Sub-sample Approach (SA) 
requires collecting fine roots from a sub-sample and 

subsequently leading calculations to estimate total 
root traits (mass, length, and length distribution 
among diameters) within the sampled soil core. A 
comparative analysis was carried out on root harvest-
ing time between meticulous sample cleaning (Con-
ventional Approach, CA) and SA. Moreover, these 
methods were assessed across different sites includ-
ing grassland, oak forest, and olive orchard.
Results  The analysis conducted across many sites 
resulted in high heterogeneity of processing time 
when employing the CA (ranging from 2.6 to 27.6 h 
per sample). Conversely, the adoption of SA reduced 
processing time and resulted in less variation between 
samples (ranging from 37 to 112  min per sample). 
Remarkably, root trait data obtained using SA showed 
similarity to those obtained through the CA.
Conclusion  The SA offers a remarkable advantage 
over the CA by significantly reducing the time needed 
for root collection from soil core samples. Moreover, 
SA exhibits lower variability among different collec-
tion sites, while maintaining consistency in qualita-
tive and quantitative data compared to the CA.

Keywords  Fine root traits · Fine root biomass · 
Soil core analysis · Root quantification · Time-saving 
method · City of Bari
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FOF	� Fine organic fraction
r-FOF	� Remaining fine organic fraction
sr-FOF	� Sub-sample remaining fine organic fraction
c-RM	� Coarse root mass
f-RM	� Root fragments mass
sf-RM	� Sub-sample root fragments mass

Introduction

Urban forestry has been considered an impactful 
method for reducing atmospheric CO2 and urban 
heat “island effect”, improving air and water quality 
and providing several social and psychological ben-
efits for inhabitants (McHale et al. 2007; Sanesi et al. 
2018). In addition, plants intercept rainfall, enhance 
soil water infiltration, increase soil organic matter 
content, and mitigate soil erosion (Wang et al. 2022). 
Natural vegetation restoration is also a management 
approach that increases carbon sequestration rates in 
soil (Sun et  al. 2019). In this context, the study and 
deepening of the root systems are indicated as one of 
the most suitable methods to support the objectives 
of this kind of project. However, the comprehensive 
assessment of belowground site changes through the 
investigation of the plant root network is hindered 
by the time-consuming nature of such studies. This 
sheds light on the necessity to develop faster yet sci-
entifically equivalent approaches.

Accounting for 16% to 63% of the total plant bio-
mass (Poorter et al. 2012), root systems are the main 
link between soil and plants. They not only facilitate 
the uptake and transport of nutrients but also improve 
the physical and chemical properties of the soil, pro-
moting the development and stability of soil aggre-
gates, also contributing to soil and water conservation 
(Janssens et al. 2002; Li et al. 2020; Peng et al. 2019; 
Pérès et al. 2013; Zhao et al. 2017).

In almost all root systems, it is possible to dis-
tinguish a fine root system. Fine roots were com-
monly defined as a single pool of roots characterized 
by their ephemeral nature, having a diameter below 
2 mm. In recent years, the robustness of this defini-
tion has diminished as several authors have pointed 
out that the fine root system may encompass vary-
ing dimensional ranges, potentially smaller or even 
larger, depending on plant species (Liu et  al. 2016; 
McCormack et al. 2015; Pregitzer et al. 2002). More 
recently, Montagnoli et al. (2018) introduced a novel 

methodology that categorizes fine roots into new 
diameter sub-classes, closely aligned with their func-
tional roles and/or architectural hierarchy. In consid-
eration of the functional diversity among fine roots, 
numerous studies have implemented a classification 
system that differentiates fine roots into absorptive/
fibrous fine roots and transport/pioneer fine roots 
(Montagnoli et  al. 2021; Polverigiani et  al. 2011; 
Zadworny and Eissenstat 2011). Fibrous fine roots 
represent the most distal roots that extend close to the 
soil surface, involved primarily in the acquisition and 
uptake of soil resources, whereas pioneer fine roots 
occur higher in the branching hierarchy and serve pri-
marily structural and transport functions with some 
additional capacity for storage (McCormack et  al. 
2015).

Within the fibrous root network, finer roots signifi-
cantly promote adhesion between soil particles and 
contribute to the stability of soil aggregates (Kohler 
et  al. 2009). For instance, roots with diameters 
between 0.5–1 mm were found to enhance the stabil-
ity of topsoil, whereas roots with a diameter greater 
than 2  mm affect the stability of deeper soil aggre-
gates enhancing shear strength (Kang et al. 2023; Sun 
et  al. 2019). These thicker fibrous roots may have a 
branched architecture that stabilizes the soil to a cer-
tain extent; however, they do not prevent surface ero-
sion (Wang et al. 2018). Fine roots play a crucial role 
in plant’s water and nutrient uptake, and the vertical 
distribution in the soil profile is an essential factor. 
Therefore, the morphological traits and the distribu-
tion of fine roots can effectively reflect the ability of 
plants to use soil resources (Kang et al. 2023). Differ-
ent plant species exhibit varying patterns of fine root 
distribution, influenced by both genetic factors and 
environmental conditions, including soil type, water 
availability, and nutrient distribution. These factors 
have an overall impact on the ability to access water 
and nutrients (Tan et al. 2023). Consequently, plants 
may strategically concentrate their fine roots in spe-
cific soil layers that offer enhanced access to water 
or nutrients, thereby optimizing their absorption effi-
ciency. Typically, root systems of herbaceous plants 
exhibit a greater dispersion, or a more fibrous nature 
compared to those of woody plants. However, bulbs, 
tuberous roots, and storage roots occur frequently in 
herbaceous plants. Overall, fibrous root systems tend 
to have a higher abundance of finer roots than the 
root systems of woody species (Stokes et  al. 2009). 
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An important fine root trait is given by the “root 
turnover” (Brunner et al. 2013), which plays a crucial 
role in nutrient cycling and organic matter dynamics 
within ecosystems, since the nutrients released by 
dead roots during decomposition will then be avail-
able for uptake by other plants and soil organisms 
(Cheng et al. 2023; Saha et al. 2023).

Given their pivotal role in ecosystems, a plethora 
of methods have been developed to estimate both 
the quantitative and qualitative features of fine roots 
in ecological research. These methods encompass 
allometric techniques (e.g., root-to-shoot relation-
ships), soil core sampling, mesh-based techniques, 
and in  situ imaging methods (Addo-Danso et  al. 
2016; Freschet et  al. 2021; Li et  al. 2013; Rahman 
et al. 2020). It is important to acknowledge that each 
of these methods introduces potential sources of 
error that may derive from different factors includ-
ing experimental design, statistical properties of 
the sampled root population, and ecological context 
variations (Berhongaray et al. 2013; Mancuso 2012). 
Among these methods, the sampling of soil cores 
and subsequent root collection through washing and 
hand-sorting is the most employed technique (Brun-
ner et al. 2013; Freschet et al. 2021; McGowan et al. 
1983; Persson and Ahlström 1990; Vogt and Persson 
1991). This preference is attributable to its methodo-
logical simplicity and closer adherence to reality. The 
method allows researchers to assess various fine root 
characteristics, such as root biomass, root distribu-
tion, root length, root morphology, and functional 
traits (McCormack et al. 2015). Typically, the number 
of soil samples taken to characterize the fine root pop-
ulation traits ranged from 6 to 30 (Fahey et al. 2017). 
However, the process of collecting all root fragments 
from a single core sample is time-consuming, often 
requiring as much as 4 to 24 h (Benjamin and Nielsen 
2004; Bernier et  al. 2005; Rodrigues de Sousa and 
Gehring 2010; Persson and Ahlström 1990; Vogt and 
Persson 1991). Therefore, this translates into a sub-
stantial amount of time dedicated to this task delaying 
downstream analyses. Different methodologies were 
explored in attempts to address this issue. The method 
proposed by Schroth and Kolbe (1994) involved the 
combining and homogenizing of several soil cores 
from one plot before sub-sampling for root collec-
tion. This method offers advantages in terms of time-
saving, particularly when dealing with large-scale 
assessments of root parameters. However, it may not 

be suitable for investigation requiring information 
about small-scale root variability, and in studies with 
a statistical comparison of root data measured at dif-
ferent times in a single plot, for which complemen-
tary techniques or individual core treatments may be 
necessary. In alternative approaches, some authors 
attempted to minimize root collection time by imple-
menting temporal prediction techniques directly in 
the field, without soil particles removal and the col-
lection of visible roots (Metcalfe et  al. 2007; Silva 
et al. 2022), or by estimating root traits (but exclud-
ing root mass data) using image analysis while retain-
ing a significant portion of soil sample debris, pre-
dominantly organic matter fragments (Benjamin and 
Nielsen 2004).

In light of our active role in the establishment of 
an urban forest in the municipality of Bari (Italy) 
aimed at studying its environmental impact in terms 
of biodiversity and ecosystem services through the 
use of native tree and shrub species (Gargano et  al. 
2021; Pardi et al. 2023), this work aims to assess and 
propose a time-saving method of root collection. The 
primary objective is to minimize the time required 
for root trait analysis. Precisely, the study compares 
the time taken for root harvesting between a thor-
ough cleaning of samples and our novel method. Data 
obtained from both approaches were compared in 
terms of quantitative and qualitative values.

Materials and methods

Sample sites

To evaluate the proposed method under heteroge-
neous conditions, root trait characterization was 
carried out across distinct Mediterranean eco-
systems in the Apulia region, South Italy. In par-
ticular, three sampling sites were selected: 1) a 
holm oak forest located in the municipality of 
Monopoli (40°53ʹ46.0″N, 17°16ʹ21.1″E; eleva-
tion 250  m.a.s.l.), which overstory is dominated 
by Quercus ilex L. (canopy cover > 75%) forming 
a high forest stand (hereafter referred to as the oak 
forest); 2) an unmanaged grassland field located in 
the municipality of Bari, characterized by annual 
and perennial herbaceous species (41°05ʹ17.1″N 
16°51ʹ39.0″ E; elevation 40  m.a.s.l) (hereafter 
referred to as the grassland); 3) an olive orchard 
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located in the municipality of Bari (41°05ʹ21.0″N 
16°51ʹ33.4″; elevation 33  m.a.s.l), with 50-years-
old trees spaced with plant-row spacing of 4.0  m 
and 4.5 m and few scattered herbaceous understory 
species (hereafter referred to as the olive orchard).

Root collection

The root samples were harvested by soil coring. 
Twenty 15-cm-deep soil cores (15  cm diameter) 
were randomly collected in each site using a man-
ual core sampler. In the presence of trees, soil cores 
were collected between 0.5–1.5  m from the trunk. 
The grassland was sampled in May 2023 while the 
oak forest in September 2023, and the olive orchard 
in June 2023. Samples were stored in plastic bags at 
4 °C until processed.

Two methods were used to collect root from 
the samples, defined hereafter as Conventional 
Approach (CA, Fig.  1) and Sub-sample Approach 
(SA, Fig. 2). In order to better compare them, both 
qualitatively and quantitatively, during the soil 
cleaning process high attention was addressed to 
collect all the roots, up to fragments of less than 
a few millimetres in length using a stereomicro-
scope. The initial cleaning process of each sample 
was the same for both approaches (Figs. 1A-B and 
2A-B) carried out as follows. The first step for roots 
collection consisted of dividing the organic frac-
tion (OF), composed of roots and litter fragments, 
from the soil mineral fraction. This was achieved 
by taking advantage of the specific weight differ-
ence between the two fractions (Fig. 1A). The soil 
sample was soaked in a tray filled with water and 
OF was removed and collected in a sieve (mesh size 
of 1 mm) by panning-like action (separation of soil 
and/or gravels by washing in a pan with water). OF 
was then soaked back in water in a clean tray and 
all coarse objects were removed from the tray (long, 
big or branched roots, chunks of coal or wood, 
leaves, seeds, etc.). Roots were stored in a 70% 
ethanol solution while the rest of the coarse litter 
was discharged. The removal of coarse objects was 
intended to leave inside the tray a substrate com-
posed of a homogeneous mixture of fine particles 
(FOF—fine litter and root fragments, see Figs.  1B 
and 2B). From this stage, the two methods diverged, 
as described below.

Conventional approach

According to the CA method, all the root fragments 
inside the FOF were collected by hand using a ster-
eomicroscope and stored in a 70% ethanol solution 
until processed (within 30  days from collection) 
(Fig.  1C). The remaining litter was discharged. 
All roots (coarse roots and root fragments) were 
scanned submerged in water at a resolution of 800 
dpi with a calibrated flatbed scanner coupled to a 
transparency unit for image acquisition (Epson 
Expression 10,000 XL) and analyzed by using 
WinRhizo Pro V. 2007d (Regent Instruments Inc., 
Quebec, Canada) by micrometric image analysis as 
described in Montagnoli et al. (2018). This method 
analyses each image with a progressive root diam-
eter increment of 50 μm. Samples were then oven-
dried at 80 °C until constant weight to obtain mass 
data (coarse root mass, c-RM; root fragments mass, 
f-RM, Fig. 1D).

Sub‑sample approach

According to the SA method, the FOF was grouped 
in a sieve and transferred into a Petri dish. FOF was 
mixed by hand to homogenize its composition. The 
homogenization is crucial to avoid any kind of bias 
in the next sub-sampling. Indeed, inside the sieve 
some stratification may occur (e.g. sand on the bot-
tom and roots on the top), as well as in the Petri dish 
if sub-sampling is delayed (e.g. free water tends to 
move to the bottom). Then, a small portion of the 
FOF (around 1 cm2) was cut with scissors and col-
lected. It is extremely important to cut the border of 
the sub-sample in order to prevent collecting longer 
root fragments outside the 1 cm2 selected. After 
oven-drying at 80 °C, the dry weight of the remain-
ing FOF (r-FOF) was measured (Fig.  2C) and then 
the FOF was discharged. Thereafter, the sub-sample 
was placed under a stereomicroscope and all the root 
fragments inside were collected. The remaining litter 
was then oven-dried at 80 °C, weighed (sr-FOF) and 
discharged (Fig. 2D). All roots (coarse roots and sub-
sample root fragments) were scanned and analyzed 
as already described for CA. Samples were then 
oven-dried at 80  °C until constant weight to obtain 
mass data (coarse root mass, c-RM; sub-sample root 
fragments mass, sf-RM, Fig. 2E).
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Fig. 1   Conventional approach (CA): root collection steps
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Fig. 2   Sub-sample approach (SA): root collection steps
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In order to obtain the total root fragments traits 
(i.e. total root mass and length in the FOF), a multi-
plicative factor (c) was calculated to be applied to the 
sub-sample data, as follows:

Then, c was used to calculate the root trait of all 
root fragments inside the FOF, as follows:

As example, Total fragment root mass = c * sf-RM. 
Similarly to biomass, the multiplicative factor was 
used to transform the root length data obtained from 
sub-sample roots analyzed with WinRhizo.

Statistical analysis

Root data were square-rooted or log-transformed 
to ensure normal distributions and equal variances 
to allow the use of parametric statistics. A one-way 
ANOVA was carried out to compare the timing 
across different sampling sites (oak forest, grassland, 
olive orchard) and root collection approaches (CA, 
SA). Subsequently, post hoc Bonferroni test was used 
to discern overall differences between data obtained 
with the two approaches or among sampling sites. 
Mann Whitney U test was applied to compare SA 
and CA root length data of the micrometric diameter 
increments. Analyses were applied to a 95% signifi-
cance level. Statistical analysis was carried out using 
statistical software package SPSS 17.0 (SPSS Inc., 
Chicago, IL).

Results

Processing time

The sub-sample approach (SA) showed a substantial 
reduction in root collection time when compared to 
the conventional approach (CA), as illustrated in 
Fig. 3. In particular, the processing time of CA var-
ied depending on the site: the grassland and the olive 
orchard showed much longer time than the oak for-
est (570 ± 93  min, 635 ± 67  min and 227 ± 14  min, 
respectively). Regarding SA, the grassland process-
ing time (56 ± 5  min) was lower than the other two 

c = (FOF dry mass)∕(sub − sample dry mass)

= (r − FOF + sr − FOF + sf − RM)∕(sr − FOF + sf − RM)

Total fragment root trait = c ∗ sub − sample trait.

sites (oak forest 68 ± 2 min, olive orchard 74 ± 3 min) 
(Fig. 3). Table 1 shows the temporal requirements for 
the processing steps associated with each approach. 
The total fine root collection was the most time-
demanding step of the CA, irrespective of the study 
site (81–85% of the total processing time), with the 
oak forest showing the lowest value compared to the 
other two sites. In the SA, the fine root collection time 
was lower for the olive orchard than the oak forest, 
while coarse root digitization took longer in the olive 
orchard than in the other two sites. Furthermore, both 
fine root collection time and fine root digitization 
time were significantly higher in the CA compared to 
the SA.

Quantitative root trait comparisons

Figure  4 provides a comparison of the quantitative 
root traits between CA and SA. In terms of total root 
biomass, length, and volume, the two approaches 
reveal similar results. However, the SA multiplica-
tive factor shows a tendency to overestimate the CA 
data of all parameters by 8.8 ± 3.6% (mean ± standard 
deviation).

Biomass data showed higher mean val-
ues for the olive orchard (CA 560 ± 48  g  m−2; 
SA 598 ± 52  g  m−2) than the oak forest (CA 
285 ± 24 g m−2; SA 314 ± 25 g m−2) and the grassland 
(CA 119 ± 29  g  m−2; SA 129 ± 30  g  m−2). In terms 
of length, the olive orchard showed higher mean val-
ues (CA 13.9 ± 1.3  km  m−2; SA 14.9 ± 1.4  km  m−2) 
than the grassland (CA 8.3 ± 1.3  km  m−2; 
SA 9.1 ± 1.4  km  m−2) and the oak forest (CA 
2.2 ± 0.1  km  m−2; SA 2.4 ± 0.1  km  m−2). Finally, 
the volume showed higher mean values for the olive 
orchard (CA 2124 ± 185 cm3  m−2; SA 2271 ± 197 
cm3  m−2) compared to the oak forest (CA 683 ± 51 
cm3  m−2; SA 756 ± 57 cm3  m−2) and the grassland 
(CA 647 ± 168 cm3 m−2; SA 698 ± 174 cm3 m−2).

Qualitative root traits comparison

The distribution of the root length among the diam-
eter classes provided qualitative insights into the root 
data. The comparison between CA and SA (Fig.  5) 
showed similar patterns in root length distributions, 
irrespective of the origin of the sample site. No sig-
nificant differences were found.
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In the grassland site, more than 80% of the root 
length was observed in diameter classes ranging from 
0 to 0.25 mm. In the same diameter range, the olive 
orchard and the oak forest showed respectively 19 and 
38% of the total root length. In order to reach at least 
80% of the total root length, for the oak forest and 
the olive orchard all roots with a diameter lower than 
0.55 mm should be considered.

Total soil core root length and processing time

The relationship between the total root length and 
the processing time of each sample is illustrated in 
Fig. 6. Both methods showed an increase in the pro-
cessing time related to the increase of the total root 
length. However, whereas for the CA the intra- and 
inter-site diversity entailed highly variable processing 

Fig. 3   Total sample 
processing time required by 
both methods for each study 
site. a-d indicate significant 
differences among sites and 
applied approach. Post hoc 
Bonferroni test (p < 0.05). 
Error bars are standard 
deviations
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time (from 2.6 to 27.6 h for one sample), for the SA 
differences in terms of tens of minutes were observed 
(from 37 to 112  min for one sample). Furthermore, 
even if a small amount of roots were found, SA still 
takes less time than CA. In addition, regardless the 
approach applied, when a similar amount of roots 
were detected, the oak forest showed higher process-
ing time than the grassland and the olive orchard 
sites.

Discussion

The substantial time needed for the collection process 
of all roots from a single soil core sample is a well-
known issue (Rodrigues de Sousa and Gehring 2010; 
Metcalfe et  al. 2007; Persson and Ahlström 1990; 
Vogt and Persson 1991). The study aimed to intro-
duce an innovative approach in fine root research to 
accelerate the labor-intensive process of selecting and 
processing fine roots from a soil sample. This time-
saving method, named Sub-sample Approach (SA), 
succeeded in reducing fine-root collection time while 
maintaining similar results, in terms of qualitative 
and quantitative data, compared to the Conventional 
Approach (CA).

It is interesting to note that the process timing 
of each approach differed according to the specific 
ecological context. In particular, the olive orchard 
showed a very high amount of roots, despite dis-
playing homogeneous root traits that facilitated 
root collection. The grassland not only displayed 

an abundance of roots, but also finer roots that were 
more difficult to separate as a result. On the other 
hand, the oak forest samples were characterized by 
a high amount of organic matter fragments mak-
ing the root collection more challenging. This site 
diversity resulted in increased processing time when 
using the CA for both the grassland and the olive 
orchard sites. On the contrary, the presence of high 
organic matter in the oak forest or the abundance of 
coarse roots in the olive orchard affected the pro-
cessing time when employing the SA method. How-
ever, SA maintained a significantly lower processing 
time when compared to CA, keeping the analysis to 
just a few tens of minutes instead of several hours. 
Thus, the SA method consistently resulted in a more 
stable processing time regardless of the number of 
roots in the sample, demonstrating its methodologi-
cal efficacy across varying root quantities. However, 
it was observed a slight overestimation in the data 
obtained with SA, which is likely to be linked to 
the sub-sampling step. Therefore, for the method to 
be as representative and objective as possible, it is 
essential to adopt a standard area of the fine organic 
fraction sub-sample (1 cm2). It is worth noting that 
the proposed method represents the culmination of 
a preliminary refinement process. This resulted in a 
reduction of overestimation from 31.3 ± 15.0% when 
calculating the multiplication factor using fresh 
weights, to 16.1 ± 5.4% when using dry weights but 
not paying sufficient attention to sub-sample extrac-
tion, thereby including some longer root fragments 
pulled out entirely from the fine organic fraction. 

Table 1   Processing time (min) required for each step of conventional (CA) or sub-sample (SA) approach

Values are the mean of 20 measurements (± standard deviation). The sub-sample preparation step refers only to the SA. Coarse root 
collection and digitalization steps are the same for both methods
*  a,b indicate significant difference among study site within the same method. x,y indicate significant difference between methods 
within the same study site. Post hoc Bonferroni test (p < 0.05)

Study site Method Step

Sub-sample prepara-
tion

Fine root collection Fine root digitalization Coarse root collection Coarse root 
digitaliza-
tion

Grassland CA –- 475.8 ± 78.3 ax 77.3 ± 13.5 ax 7.4 ± 0.6 a 9.2 ± 0.4 b
SA 10.0 ± 0.3 a* 19.4 ± 3.0 aby 9.8 ± 1.7 ay

Oak forest CA –- 180.4 ± 11.7 bx 18.2 ± 1.2 bx 10.7 ± 0.7 a 10.8 ± 0.6 b
SA 10.4 ± 0.4 a 24.6 ± 1.2 ay 12.1 ± 0.2 ay

Olive orchard CA –- 509.7 ± 56.9 ax 92.0 ± 9.4 ax 8.9 ± 0.7 a 25.1 ± 2.4 a
SA 10.2 ± 0.3 a 18.3 ± 1.1 by 11.4 ± 0.2 ay
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Nevertheless, the error encountered (around 8.8%) 
was considered entirely acceptable, given the signif-
icant time saved and the significantly more detailed 
data that SA yields compared to alternative meth-
ods proposed in literature. Previous authors tried 
to reduce the collecting time of roots by applying 
temporal prediction methods directly in the field 
by collecting roots without removing soil parti-
cles (Metcalfe et  al. 2007; Silva et  al. 2022) or 
estimating root traits with image analysis without 
removing soil sample debris (mainly organic mat-
ter fragments, Benjamin and Nielsen 2004). These 
methods were shown to be effective in reducing the 
amount of time needed to estimate fine roots that 
are “bigger” (diameter > 0.3 mm), well visible, not 
fragmented and so easily to collect. However, the 
smallest and most fragmented roots may be highly 
underestimated by these methods. That was evident 
when samples were observed under the stereomicro-
scope. Indeed, regardless of the type of soil sample, 
numerous tiny root fragments (live or dead) within 
the fine organic fraction were found. The loss of 
this highly dynamic component of the root system, 
which is strictly related to plant growth behavior 
and environmental factors (Montagnoli et al. 2012; 
Saha et  al. 2023), may compromise or weaken the 
successful outcome of any scientific study.

Regarding the root data obtained, our results were 
coherent with other published values. In particular, 
this study confirmed that grasslands typically exhibit 
higher root length compared to Mediterranean forest 
ecosystems (Montagnoli et  al. 2019; Moreno et  al. 
2005; Kaneda et al. 2022). Moreover, similar values 
in terms of biomass and length were observed for the 
olive orchard (Searles et al. 2009; Soda et al. 2017). 
From a qualitative point of view, roots were classified 
into different classes according to their diameter, and 
the distribution of roots in these classes was analyzed. 
The diameter classes between 0 and 0.25 mm showed 
a predominance for the grassland roots in terms of 
length compared to both the oak forest and the olive 
orchard, meanwhile, larger roots were absent. Grass-
lands are mainly composed of annual herbaceous spe-
cies with ephemeral root systems that do not undergo 
secondary growth. In contrast, in the olive orchard 
or in the oak forest, even when considering only fine 
roots (diameter < 2  mm), it is common to find big-
ger lignified roots (starting from diameters around 
0.30 mm) due to the presence of shrubs and trees.

Fig. 4   Comparison of data obtained by the two methods. Dif-
ferent colors indicate each sample site. The dashed line repre-
sents the 1:1 line
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The proposed method may pose initial challenges, 
particularly for those newly engaging in root studies, 
as identifying root fragments can be tedious, diffi-
cult, and require initial training. For instance, many 
organic fibrous materials, e.g. common in grasslands, 
can easily be mistaken by an inexperienced eye, 
potentially leading to significant overestimations if 
not correctly identified. Moreover, extended periods 
spent at the stereomicroscope may become fatigu-
ing. In addition, operators must exercise great care 

and attention throughout all steps to avoid losing root 
fragments or organic compounds during collection 
or weighing. Lastly, the method has been applied to 
a limited number of ecosystems sampled by soil cor-
ing, and future studies may provide further insights 
into its effectiveness. Although developed for roots 
originating from soil cores, we are confident that the 
method could be applicable in all cases where a sub-
stantial and homogeneous quantity of fine roots needs 
to be characterized, whether they come from pot 

Fig. 5   Percentage of the 
total root length of both 
approaches tested for each 
micrometric diameter class 
analyzed. Different symbols 
indicate each sample site. 
Values are the mean of 
20 samples ± standard 
deviation. No significant 
differences between CA and 
SA were detected (Mann 
Whitney U test, p < 0.05)

Fig. 6   Relationship 
between the total sample 
root length and the process-
ing timing of each tested 
method. Colors indicate 
different sample sites, 
while dot shapes represent 
different methodological 
approaches
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experiments, different substrates, or even hydroponic 
setups.

Conclusion

The method here proposed involves sub-sampling the 
organic matter remaining after washing a soil core 
and the collection of coarse roots. This is followed 
by collecting all root fragments in the sub-sample by 
using a stereomicroscope and leading subsequent cal-
culations to estimate the total root traits (mass, length 
and length distribution among diameters) within the 
sampled soil core. The results obtained using the 
sub-sample method were compared with root traits 
determined through meticulous collection, once again 
under a stereomicroscope, of all roots included in 
the soil sample. Regardless of the magnitude of root 
traits within the soil core, the sub-sampling method 
consistently provided accurate estimates of the root 
population, both quantitatively and qualitatively. 
Moreover, this method required only tens of min-
utes to process each sample instead of several hours 
needed for a complete root collection. Similar results 
are expected for any kind of soil sample, even with 
higher root amounts than those tested, and additional 
studies will be needed to gain supplementary insights 
into the effectiveness of method. All of this will 
result in improvements in all types of fine root stud-
ies, increasing the accuracy of the methodology and 
drastically reducing the amount of time invested, thus 
giving rise to projects that potentially would have not 
been initiated due to the high investment of temporal 
resources. However, it is undeniable that the study of 
fine root and the appropriate skill acquisition neces-
sarily require a period of training for the operator. 
The method we propose, also requires a willingness 
to work for long periods with a stereomicroscope. 
However, by drastically reducing and standardiz-
ing sample processing time, the SA method enables 
improved time management, thus diminishing poten-
tial discouragement.
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