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Abstract: A root detector is a non-destructive technology developed to indicate the radial distribution of tree roots,
which are not often visible on the surface. This study aims to assess the accuracy of the root detector in estimating the
radial distribution of both exposed and buried tree roots. Six Agathis loranthifolia Salisb. trees were selected, three with
exposed roots and three with buried roots. The Fakopp® root detector, an acoustic-based tool, was used in this study.
Root estimation was based on a combination of threshold values (> 400 m-s™!), average values, and the peak of the sound
wave velocity. Soil excavation was manually conducted at a depth of 30 cm within a 100 cm radius of the tree trunk.
The results showed that under similar soil conditions, the root detector achieved an accuracy of over 80% in detecting
the actual radial root distribution, as validated by the excavation method. Root diameter exhibited the strongest correla-
tion with sound velocity in detecting lateral roots. However, root depth and inclination angle contributed to detection
inaccuracies in estimating the radial distribution of lateral roots.
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Trees play a crucial role in solving environmen-
tal problems, offering better air purification, heat
reduction, shade, biodiversity, and thermal com-
fort than other vegetation types (Currie, Bass 2008;
Abuseif, Gou 2018; Mughal, Corrao 2018; Mu-
hammad et al. 2020; Abuseif et al. 2021). The root
system, an often-overlooked component of a tree,
plays a vital role in tree metabolism and stability
(Buza, Divés 2016). In Smiley (2008), approximate-

ly 35% of tree failures are attributed to root-related
issues according to the International Tree Failure
Database (ITFD). Root distribution is critical for
nutrient and water absorption as well as for me-
chanical anchorage, determining the tree's stabil-
ity (Proto et al. 2020). Uneven root distribution
(i.e. large sections without roots) can compromise
a tree's ability to withstand wind forces and exter-
nal loads (Watson et al. 2014).
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Despite their importance, studies on tree root
systems remain scarce and are often less thor-
oughly analysed than aboveground tree structures
due to the challenges of in-situ observations and
methodological constraints (Brunner et al. 2015).
Roots are a form of woody biomass with inherent
material density, which allows them to be detected
based on sound wave velocity. Sound wave veloc-
ity refers to a mechanical longitudinal wave that
requires a medium to propagate (Bucur 2006).
Non-destructive techniques provide a viable solu-
tion, allowing root examination without damage,
ensuring long-term safety and sustainability (Buza,
Divés 2016).

Root detector is a technology designed to iden-
tify and map tree roots non-destructively. It op-
erates based on sound wave velocity principles,
specifically the time-of-flight difference between
wave propagation through roots and soil (Rahman
et al. 2021). Validation is a critical step in assessing
the accuracy of the root detector. Previous stud-
ies by Rahman et al. (2021) and Taufiqurrachman
et al. (2023) have verified a root detector using
photogrammetry on exposed roots. However, the
research of Rahman et al. (2021) remains an esti-
mation method, as it is limited to visible surface
roots. Excavation-based validation was conduct-
ed by Proto et al. (2020), revealing that a depth
of 30 cm marks the detection limit, and a detec-
tion radius of 80 cm from the tree centre exhibits
the highest correlation with root biomass. How-
ever, the accuracy value of the root detector has
not been determined, limiting the validation of the
root distribution. The primary objective of this re-
search is to assess the accuracy of the radial distri-
bution, including both buried and exposed roots,
as obtained from the root detector tool using the
excavation method.

MATERIAL AND METHODS

Sampling and site description. This research was
conducted in the Gunung Walat Educational Forest
(HPGW), Sukabumi Regency, West Java, Indonesia.
Geographically, it is located at 6°54'23"S-6°55'35"S
and 106°48'27"E-106°50'29"E (Nandi 2013). The tree
used as a sample in this study was Agathis loranthi-
folia Salisb., which grows in flat terrain (0-5%) areas.
Six trees growing close together were selected, con-
sisting of three trees with buried roots (AG01, AG02,
AGO03) and three trees with exposed roots (AG04,

AGO5, AGO06) (Figure 1). Morphometric parameters
were live crown ratio (LCR) and mean crown di-
ameter (DCR), measured as referred by Karlinasari
et al. (2021). LCR is an indirect measure of a tree's
ability to photosynthesise and a key indicator of its
competitive position within the stand, while DCR,
related to open spaces, enhances light availability,
promoting greater crown expansion.

Analysis of site conditions. Soil physical prop-
erties were analysed to understand the growing
conditions of the sampled trees. The sample to de-
termine physical properties of the soil was taken
out by the gravimetric method using a ring sam-
ple with a distance from the centre of the trunk
of 80 cm and 150 cm at two depths (10-20 cm and
20-30 ¢cm) and in two directions (north and south).
The parameters used in the test of soil physical
properties are bulk density (BD), porosity (Po),
and soil moisture content (SMC), referring to Kur-
nia et al. (2022). The soil sample in the ring was
weighed to determine the weight of fresh soil and
ring (Wj). The soil was baked for 24 hours at 105 °C
and then weighed again to determine the weight
of oven-dried soil (W,). The calculation of soil
physical properties based on Kurnia et al. (2006)
is shown in Equations (1-3):

Bp=Ya (1)
VS

Poz(l— BD }100% 2)
2.65
We-W.|-W,

e =B Was oo (3)

Was

where:

BD - bulk density (g-cm™);

W,  — weight of oven-dried soil (g);

V, — volume of the soil sample (cm®);

Po — porosity (%);

2.65 - soil particle density (g-cm™3);

SMC - soil moisture content (%);
Wy — weight of fresh soil + ring (g);
W,  — weight of the ring (g).

Analysis of radial root distribution using
a root detector. Detection of the root presence
using a root detector was conducted at a position
of 80 cm from the centre of the trunk outward.
Meanwhile, a distance of 100 cm outward from the
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Figure 1. Tree samples of Agathis with (A—C) buried roots, and (D-F) exhibited roots

lvisualisation of the lower part of the tree using KIRI engine; 2lower part of the tree in the field

trunk was used as the boundary for the excavation
area. Previous studies found that the optimal dis-
tance for detecting the radial distribution of tree
roots is 80 cm from the tree trunk centre (Proto
et al. 2020). A marker point at a distance of 150 cm
was created as a guideline to ensure that the testing
boundary aligns accurately with the testing rota-
tion direction (Figure 2).

The Fakopp® root detector (Fakopp, Hungary)
used in this study consists of two primary sensors:
the receiver sensor (soil sensor) and the trans-
mitter sensor (start sensor). The receiver sensor
is embedded in the soil, while the transmitter sen-
sor is positioned at the root collar. The receiver
sensor is placed at a distance of 80 cm from the

(A) (B)
{2\ detection point
f_)O\> of root detector
boundary
for excavation
marking
& points
&
I

trunk centre, ensuring that the actual separation
between the receiver sensor and the root collar
is 80 cm minus the root collar radius (Figure 2A).
Both sensors are arranged at an approximate angle
of 45° - the receiver sensor relative to the soil sur-
face and the transmitter sensor relative to the tree
trunk. The sensor arrangement adheres to the spec-
ifications outlined in the Root Detector Manual 2.7
(Fakopp Enterprise 2019).

The root detection system operates by generating
sound waves through a hammer strike on the trans-
mitter sensor, with the receiver sensor capturing the
propagated waves. This hammering process is per-
formed three times to ensure consistent travel time
propagation measurements. The assessment begins

receiver
sensor

(C) dual

amplifier box

10° measuring
point
transmitter
sensor  ggcm
battery root
0X root

collar

trunk

soil

Figure 2. (A) Schematic illustration of the root detection and excavation boundaries, (B) field setup with marking points

and measurement distances, and (C) root detector tool installation
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from the north side of the tree at a zero-degree
point and continues clockwise around the trunk,
with measurements taken every 10° (approximately
14 cm), leading to a total of 36 detection points (Pro-
to et al. 2020) (Figure 2). The results are expressed
in terms of sound velocity (V). The method of esti-
mating the root presence based on sound velocity
characteristics was based on Rahman et al. (2023)
and Taufiqurrachman et al. (2023); it included val-
ues exceeding the 400 m-s™' threshold, average ve-
locities, and peak velocity measurements.

Accuracy analysis of root distribution based
on the excavation method. The next stage af-
ter root detection through the root detector
is to identify the actual root distribution through
soil excavation around the roots. The excavation
is conducted manually with traditional equip-
ment of a hoe, shovel, and garden fork ata 100 cm
radius from the centre of the trunk and at a depth
of 30 cm. The soil excavation is carried out grad-
ually across four tree areas to minimise the root
damage (Sun et al. 2023). After excavating the
tree roots to a depth of 30 cm below the sur-
face, some root parameters were measured, in-
cluding diameter, inclination angle, and depth.
Measurements were conducted at a distance
of 80 cm from the centre of the trunk (at the de-
tection point) using a calliper and tape measure
for diameter and depth, and a digital inclinom-
eter (ATuMan, China) for the inclination angle.
The roots that have been measured are classified
according to Table 1.

In this study, root samples were collected from
the lateral roots of trees for the analysis of physi-
cal properties, including root moisture content
and root density. The samples of an approximate
size of + (2 x 2 x 1) cm were cut manually using
a machete. Sampling was conducted in triplicate
from different lateral roots. The selection of later-
al roots was based on different cardinal directions
or non-adjacent positions, following a modifica-
tion of the method described by Taufiqurrach-
man et al. (2023). The fresh weight of the root

samples (W) was recorded, and their volume (V)
was determined using Archimedes' principle.
The root samples were then oven-dried at 105 °C
for 24 hours until a constant weight was achieved,
representing the dry weight (W,). The physi-
cal properties of the roots were calculated using
Equations (4) and (5):

w

= F 4

= (4)
W -W,
RMC =—F 29 100% (5)
Wdr

where:
P — root biomass density (g-cm3);
W, — fresh weight of the root samples ;
v, — volume of the root samples;
RMC - root moisture content (%);
W, - dry weight.

The accuracy was evaluated using a binary clas-
sification approach. The accuracy of the root distri-
bution detection by a root detector was quantified
using the overall accuracy (OA) percentage, calcu-
lated based on four evaluation metrics: true posi-
tive (TP), true negative (TN), false positive (FP), and
false negative (FN), following the method described
by Farhadpour et al. (2024), see Equation (6):

Ao TP +TN
TP+TN +FP+FN

jxlOO% (©)

where:

OA - overall accuracy (%);

TP - true positive (number of root objects correctly
identified as roots);

TN — true negative (number of non-root objects cor-
rectly identified as non-roots);

FP - false positive (number of non-root objects incor-
rectly identified as roots);

FN - false negative (number of root objects incorrectly
identified as non-roots).

Table 1. Classification of roots based on diameter, angle of inclination and depth

Parameter Diameter Inclination Root depth
large (= 5 cm) horizontal (< 30°)
Classification medium (2-5 c¢m) oblique (30-50°) Shzlizw ((jgz)zc(znc)m)
small (< 2 cm) vertical (> 50°) P
Source - Danjon et al. (1999) modified from Danjon et al. (1999)
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Three-dimensional visualisation of root dis-
tribution. This study employed 3D Gaussian
Splatting (3DGS) to reconstruct the three-dimen-
sional (3D) distribution of tree roots. Gaussian
splatting is a technology used in 3D image gen-
eration and modelling that enables the real-time
rendering of 3D objects or scenes (Do et al. 2024).
A 12 MP smartphone camera (f/1.6) (Apple Inc.,
USA) and the KIRI Engine application (Ver-
sion 3.12.1, 2024) (KIRI Engine 2023) were used
as the primary tools. The input data consisted
of a 2-minute video capturing the tree root sys-
tem. Video recording was conducted at a distance
of 20-50 cm from the roots, following an orbit-
al path around the base of the tree. The result-
ing 3D image was then overlaid with graphical
data representing the root distribution based
on acoustic wave velocity measurements obtained
from the root detector.

Data analysis. Analysis of variance (ANO-
VA) and the Kruskal-Wallis test were employed
to assess differences in the mean values of the
parameters. Linear regression and Pearson cor-
relation analyses were conducted to examine
the relationships between sound velocity (V)
and root parameters. The chi-square test was
performed to evaluate the accuracy of the root
detector in correctly identifying the number
of detected roots.

https://doi.org/10.17221/27/2025-JES

RESULTS AND DISCUSSION

Tree morphometry and site conditions. The sta-
tistical analysis showed that tree height, DCR, LCR,
root physical properties, soil bulk density, and soil
porosity did not differ significantly at a 5% signifi-
cance level between the sample trees. However, DBH
and soil moisture content exhibited significant dif-
ferences, with P-values < 0.05 (Table 2). Trees with
buried roots exhibited lower DBH and total height
compared to those with exposed roots (Table 2).
According to Hammond (2023), root emergence
on the soil surface is primarily due to the low soil
oxygen availability. Research by Gilman et al. (1987)
indicates that trees experiencing oxygen depletion
tend to develop shallower root systems compared
to those growing in well-oxygenated conditions.
Under similar soil porosity conditions, trees with
exposed roots have greater access to oxygen com-
pared to those with buried roots, which may result
in better growth performance. Based on morpho-
metric parameters, trees with exposed roots had
a larger mean crown diameter (DCR) of 6.17 m,
compared to 5.83 m in trees with buried roots. This
further supports the relation that trees with ex-
posed roots exhibit better growth than those with
buried roots. There was a correlation between the
tree DBH and the DCR, as reported by Karlinasa-
ri et al. (2021) on the rain tree (Samanea saman).

Table 2. Summary of the growth and morphometric characteristics of Agathis trees

Morphometric parameters

Root physical properties Soil physical properties

Tree Root :

i IR N
AGO1 buried  35.03 18.00 475  0.56 0.81 114.66 0.78 7051  54.71°
AGO02 buried  30.25 17.90 775 0.78 0.83 110.86 0.74 7198  57.80%
AGO03 buried  33.44 22.70 500  0.65 0.82 91.03 0.75 71.80  62.47%
AGO4  exposed  40.76 31.80 8.00  0.87 0.80 113.34 0.72 72.80  64.42°
AGO5  exposed  38.22 22.00 525 059 0.84 103.53 0.71 7319  65.87°
AGO6  exposed  47.13 20.00 525 0.0 0.92 84.11 0.78 7066 64.61°
Average buried  32.91°  19.53 583  0.66 0.82 105.51 0.76 7143  58.33b

exposed  42.04°  24.60 617  0.62 0.86 100.33 0.74 7222 64.97°

individual .m

o 042 0427 042 042"  0.96™ 0.53™  0.62% 0.62%  0.01*
P-value

appg;‘r’;nce 0.04* 0.27% 081 079"  0.40™ 0.67% 047 0.44™  0.05*

*significant at the 5% level; *Pstatistically significant differences; "not significant; DBH — diameter at breast height; DCR —

mean crown diameter; LCR — live crown ratio; p — root biomass density; RMC — root moisture content; BD — bulk density;

Po — soil porosity; SMC - soil moisture content
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Meanwhile, the difference in average LCR values
between the two groups was minimal (Table 2).
ANOVA revealed no significant differences in the
root moisture content (RMC) and root biomass
density (p) between the sampled trees (Table 2).
This suggests that the root physical properties
across the studied trees are relatively uniform, lead-
ing to a consistent effect on sound velocity propa-
gation through the roots. Tree AGO1 exhibited the
lowest soil moisture content (Table 2) among all
samples. Although AGO1 was located on flat ter-
rain, it was situated between sloping areas, allowing
water to drain more easily. The surface water flow
on sloping land tends to move faster due to grav-
ity, resulting in the lower water infiltration capacity
in the surrounding soil (Aryanto, Hardiman 2017;
Banjarnahor et al. 2018). Conversely, soil moisture
in exposed tree roots was higher than in buried
roots (Table 2). According to Torreano and Mor-
ris (1998), roots generally tend to grow closer
to the soil surface in moist soil conditions, whereas
in dry soil, the root growth tends to shift deeper
due to limited surface moisture. Meanwhile, BD
and SMC did not show any significant differences.
Root distribution by root detector. The results
of the study indicated that there were no statistically
significant differences in overall sound wave veloc-
ity (V) between individual trees or in root visibility.
However, a significant difference was observed in V
suspected to propagate through roots (V) (Ta-
ble 3). The mean and minimum values of V,  were
higher in trees with exposed roots compared to bur-
ied roots (Table 3). The elevated V,, values in ex-

Table 3. The average, minimum, and maximum values of V and V,

posed tree roots are attributed to the generally higher
overall sound wave velocity (V) in these trees, which
consequently increases the threshold value used
in root detection estimation (Rahman et al. 2023).
Radial distribution accuracy. The root detec-
tion results obtained from the root detector showed
a lower number of detected roots compared to the
actual root count based on soil excavation (Fig-
ure 3A). Trees AG02 and AGO6 exhibited the great-
est discrepancies in root count compared to other
trees (Figure 3A). In tree AGO02, all large-diameter
roots (= 5 cm) were successfully detected; however,
the number of the detected medium (2-5 cm) and
small (< 2 cm) diameter roots was considerably low-
er (Table 4). According to Buza and Divés (2016),
the detection threshold of the root detector is typi-
cally around 4 c¢m in diameter. Nevertheless, in this
study, roots with diameters below 4 cm were de-
tected, although the detection rate for small and
medium roots remained lower than for large roots.
In contrast, tree AG06 had no small or medium
roots present based on ground truth data, and the
low detection rate was observed for large-diameter
roots (Table 4). The limited detection frequency
in this case is likely due to the root detection esti-
mation method, which filters out non-peak veloc-
ity (V) values, thereby limiting the ability of the tool
to detect closely spaced roots. In AG06, large roots
were distributed in close proximity to one another
(Figure 4F). Other sample trees also had closely
spaced roots, but primarily of small to medium di-
ameter, which were not detected using the acoustic
wave velocity-based estimation (Figure 4A—E).

oot

V (m-s7!) Vigor (m-s71)
Tree Root appearance - :
average min. max. average min. max.
AGO1 buried 477.58 198.00 1517.00 802.29 485.00 1517.00
AGO02 buried 483.92 128.00 1 091.00 701.00 517.00 1 091.00
AGO03 buried 437.11 127.00 1361.00 949.80 470.00 1391.00
AGO04 exposed 535.17 160.00 1 054.00 913.88 607.00 1 054.00
AGO5 exposed 499.31 118.00 1 450.00 1166.33 698.00 1 450.00
AGO6 exposed 595.22 137.00 1303.00 915.56 616.00 1 303.00
A buried 466.20 151.00 1 323.00 817.70° 490.67° 1 323.00
verage
& exposed 543.23 138.33 1269.00 998.59° 640.33° 1269.00
individual tree 0.38" 0.42"s 0.42ms 0.09"s 0.42"s 0.42"s
P-value
root appearance 0.07" 0.66™ 0.77" 0.04* 0.01* 0.77"

*significant at the 5% level; *Pstatistically significant differences; ™not significant; V - overall sound wave velocity in 36-point

detection (m-s1); V,,,, — sound wave velocity suspected to propagate through roots (m-s)
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Figure 3. (A) Detection frequency of roots of the sample trees, (B) detection frequency of roots of other trees, and (C) de-

tection frequency of soil as roots, based on excavation method (EM) and root detector (RD)

The roots detected by the root detector included
not only those belonging to the sample trees them-
selves but also roots from neighbouring trees. How-
ever, the presence of roots from other trees was only
detected in the group of trees with buried roots
(Figure 3B). This phenomenon is likely due to the
higher average V in trees with visible roots, result-
ing in a higher threshold for root detection based
on mean V values. Roots from other trees, par-
ticularly those of small to medium diameter, tend
to exhibit lower V values and thus they remained
undetected. False positive detections, where the
soil was mistakenly identified as root material, oc-
curred across all sample trees. However, the rate
of such misclassification was higher in trees AG04
and AGO06 compared to the others (Figure 3C).

The regression analysis revealed that root di-
ameter had the highest R? value compared to root
depth and inclination. This indicates that 20.8%
of the variation in root diameter can be explained
by V (Table 5). The correlation test results dem-

onstrated a positive relationship between all three
variables and V. Among them, root diameter ex-
hibited the highest correlation coefficient (0.456),
followed by root inclination (0.320) and root
depth (0.247) (Table 5).

Chi-square analysis revealed a significant rela-
tionship (P-value < 0.05) between the root detection
results from the root detector and the excava-
tion method, both in aggregate and when catego-
rised by root appearance (Table 5). The accuracy
of the root detector, regardless of the root visibil-
ity conditions, was 82.87%. When classified based
on root visibility, the accuracy was slightly higher
in trees with non-visible surface roots (83.33%)
compared to those with visible roots (82.41%) (Ta-
ble 6). However, both groups exhibited the accuracy
values higher than 80%, with only a small difference
between them. An accuracy rate of = 80% for a non-
destructive method like this is considered highly
reliable and suitable for use under field conditions
(Guo et al. 2013; Cristini et al. 2021).

Table 4. Root frequency of sample trees and other trees through the excavation method (EM) and detected by the

root detector (RD), categorised by root diameter

Root frequency — sample trees

Root frequency — other trees

Tree excavation method (EM) root detector (RD) excavation method (EM) root detector (RD)
S M L S M L S M L S M L
AGO1 2 0 3 1 0 2 1 4 1 0 1 1
AGO02 5 4 2 3 1 2 1 2 1 0 1 0
AGO03 0 0 3 0 0 2 1 0 3 0 0 1
AGO4 0 1 6 0 0 4 0 0 2 0 0 0
AGO05 0 1 5 0 1 3 0 3 0 0 0 0
AGO6 0 0 11 0 0 6 2 4 3 0 0 0

S — small-diameter roots (< 2 cm); M — medium-diameter roots (2—5 cm); L — large-diameter roots (> 5 cm)
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Figure 4. Overlaid image of root distribution by the root detector (RD) compared to excavation method (EM) on (A) AGO1,

(B) AG02, (C) AG03, (D) AGO4, (E) AG05, and (F) AG06

Coloured points in the RD image represent root detector outputs identified as potential roots; colour differences indicate

the type of object detected (yellow — sample tree roots; blue — other tree roots; red — soil); the EM image shows root iden-

tification results from the excavation method (yellow — sample tree roots; blue — other tree roots)

The accuracy of root detection as roots (true pos-
itive) was higher in trees with exposed roots (61%)
compared to those with buried roots (52%) (Fig-
ure 5A, B). In contrast, the accuracy of non-root
detection as non-roots (true negative) was higher

in trees with buried roots (91%) than in those with
exposed roots (88%). These findings indicate that
root detection is more accurate in trees with ex-
posed root systems compared to trees with covered
or buried roots. The presence of the soil covering

Table 5. Regression analysis results of the sound wave velocity V, diameter, depth, and root inclination

Regression Depgndent Indep‘endent Intercept  Coefficient 2 Multiple ,R Significance

No. model variable variable (B,) ®,) R (Pearson's (P-value)
) (x) 0 ! correlation)

1 y-06153x-39229 " sound wave 45,9 0615  0.208 0.456 0.000

diameter velocity (V)

root sound wave

2 y =0.0237x — 0.1191 depth velocity (V) -0.119 0.024 0.061 0.247 0.008

3 y=0.0431x — 3.1692 root soundwave 4, g 0.043  0.103 0.320 0.001

inclination velocity (V)
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Table 6. The chi-square test value of the root detector
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Chi-square test Number of points Chi-square (Pearson) df  Accuracy rate P-value
All trees (1 = 6) 216 47.215 1 82.87% 0.000*
Trees with buried roots (n = 3) 108 21.762 1 83.33% 0.000*
Trees with exposed roots (1 = 3) 108 25.254 1 82.41% 0.000*
*significance at the 5% level (P < 0.05); df — degree of freedom; # — number of trees
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Figure 5. Graphs of the root detector accuracy values for (A) trees with buried roots, (B) trees with exhibited roots, and

(C) overall root detector accuracy

the roots may reduce the accuracy of root detec-
tion, while improving the accuracy of soil detection
as non-root. When viewed as a whole, regardless
of the root appearance, the overall accuracy of de-
tecting roots as roots was 57%, while detecting soil
as soil reached 90% (Figure 5C). This shows that the
accuracy of soil classification as non-root is sub-
stantially higher than that of root classification.

CONCLUSION

The Fakopp® root detector demonstrated reli-
able performance in estimating the tree root dis-
tribution, with an overall accuracy of 82.87%.
The accuracy of detecting roots as roots in trees
with exposed roots was higher (61.00%) compared
to buried roots (52.00%). Conversely, the accuracy
of detecting non-roots as non-roots was higher
in exposed tree roots (91.00%) than in buried
roots (88.00%). The study found that root diam-
eter had the strongest correlation with sound ve-
locity (R* = 20.8%). The root detector was capable
of detecting roots belonging to the sample tree it-
self, including those with small (< 2 cm), medium
(2-5 c¢m), and large (= 5 cm) diameters. However,
in trees with buried root systems, roots from other
trees were also detected by the device, particularly
those of medium and large diameters.
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