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ABSTRACT 

The process of determining the granulometric sludge of soil is represented by the dominant 
method of dry sieving on sieves. The procedural complexity of this method and the inability to 
quickly assess soil structure directly in the field led to the search for alternative methods of 
determination. The article summarizes the features and effectiveness of using three image 
analysis software packages FijiImageJ2, WipFrag v.3.3.14.0 and BASEGRAIN v.2.2.0.4 in the 
procedure for determining the morphological parameters of soil aggregates. In the studies used 
the processing of digital images of both the soil surface and the layer of identified fractions after 
sieving using the publicly available manual of these programs. Individual plugin functions of 
the programs for its application for soil analysis were determined. The possibility of using the 
FijiImageJ2 program to assess the microrelief of the soil layer of the corresponding fractions 
was determined. The effectiveness of WipFrag v.3.3.14.0 and BASEGRAIN v.2.2.0.4 
programs for processing images of a layer of soil aggregates in the interval 2–>10 mm fractions 
was introduced. For the same programs, the possibility of forming additional indicators of the 
size of soil aggregates by such parameters as Feret diameters and the separation length criterion 
(D) was established. 

 
 
INTRODUCTION 

The issue of determining the structural composition 
of the soil is one of the fundamental parameters for 
assessing the formation of its main modes and agronomic 
properties (Rabot et al., 2018; Vogel et al., 2021). Based 
on modern concepts, soil structure is understood as the 
spatial organization of all soil matter, which is 
characterized by a set of morphometric, geometric and 
energy features and is determined by the composition, 
quantitative ratio and interaction of soil components 
(Erktan et al., 2020). Across all types of the soil structure 
and from an agronomic perspective, the most favorable 
soil structure is the crumbly soil structure, i.e. the 
aggregate of 0.25-7 mm and in some cases even up to 10 
mm. But in the drier regions the aggregates of 0.25 to 2-3 
mm are the most favorable from the aspect of soil fertility 
(Jugović et al., 2020: da Luz et al., 2022). 

Soil structure indicators are basic various variations 
of national methodological standards in the field of soil 
science. The dominant methodology for their 
determination involves the use of a system of fractional 

sieves with the subsequent calculation of the percentage of 
the obtained soil particles of a certain size fraction in 
weight terms (Romero-Ruiz et al., 2019; Fomin et al., 
2021). For this block of methods, a number of comments 
have been identified over a rather long period of existence. 
It was not possible to assess the degree of variation in the 
size of soil aggregates for sieve fractions (Yudina et al., 
2018; Fomin et al., 2021). Shortcomings have also been 
noted in terms of assessing the microrelief of the soil 
surface by the placement of soil aggregates of different 
sizes (da Luz et al., 2022). 

Another block of methods for determining the soil 
structure involves the use of visualization approaches based 
on the use of specialized soil surface scanning systems or 
vertical soil profile sections with subsequent digital image 
processing using certain programs (Thomsen et al., 2015; 
Tuchtenhagen et al., 2018; Franco et al., 2019; Lin et al., 
2022). This methodology has now acquired a number of 
technological variations from simple analysis of scanned 
images of the soil surface to sweet 3-4 D visualization of the 
resulting scanned image (Mele et al., 2021; Gerke et al., 2022) 
and the use of tomographic and fluoroscopic technology 
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(Nohara & Mukunoki, 2021). Despite some innovativeness, 
these techniques are quite expensive and complex and require 
the use of special equipment, specific software products, and 
sophisticated skills (Gerke et al., 2022). 

The third group of methods includes the direct 
processing of the obtained photo images of the soil surface 
with the selection of effective programs for their analysis 
(Aitkenhead et al., 2016; Tobiszewski &Vakh, 2023). This 
direction is the least time-consuming and requires only the 
selection of an effective program and the development of 
an appropriate methodological algorithm for processing 
and analyzing the obtained images (Suchan & Azam, 
2021; Tobiszewski &Vakh, 2023). Research in this area is 
quite relevant, since the problem of effective 
morphometric analysis of the soil surface based on 
conventional fluoroscopic images is a controversial issue 
both due to the heterogeneity of opinions on the 
effectiveness of using such classical image processing 
programs as ImageJ (Passoni et al., 2014) and by 
identifying effective tactics for adapting alternative 
programs to improve this process (Hu et al., 2019). 

As a result, it should be noted that the use of the dry 
sieving method to assess the particle size distribution of 
soil limits the application of the method directly in the 
field, which makes it difficult to assess the soil surface for 
structural structure, aggregate looseness, and microprofile. 
These indicators are important for assessing tillage systems, 
the general condition of the soil and its agrophysical 
properties under different technological options. In view of 
this, the purpose of the research was to investigate the 
possibility of programs FijiImageJ2, WipFrag and 
BASEGRAIN in enhancing methods for assessing for 
morphometric and granulometric soil analysis. 

 
MATERIAL AND METHODS 

Study Site. This research was performed in 2023 at 
Vinnytsia National Agrarian University (49°11′ N, 28°22′ 
E) using samples of dark gray forest soils categorized as 
Luvic Greyic Phaeozem soils according to IUSS Working 
Group (2015). Height above sea level: 325 m. The area has 
a temperate continental climate. The maximum and 
minimum temperatures were 18.3 °C in July and 15.8 °C 
in May, respectively. Mean annual relative humidity was 
77% and mean annual precipitation was 480-596 mm. 

Two approaches to possible adaptation of programs 
for studying soil granulometry were used in the research. 
The first one involved obtaining photographic images of 
the soil surface made in 10 repetitions directly in the field. 
The second involved obtaining photographic images of the 
soil surface formed by the output of the sieves of the 
corresponding fractions, including repetitions in accordance 
with the dry sieving technique in the laboratory. 

Digital image preparation. The images were 
captured using a Canon EOS 750D Kit 18-135mm IS STM 
DSLR camera with an additional Canon EF 100mm f/2.8 
Macro lens with a UV filter. The process of photographing 
was carried out in an orthogonal projection to the soil 

surface and soil fractional layer using a standard scale ruler 
under artificial shading according to Gilliot et al. (2017), 
Xingming et al. (2021), Liu et al. (2022). The area of the 
images was 0.25 m2 of soil surface for the field images and 
0.025 m2 of the surface of the corresponding fractional 
yield and sieves for the laboratory images. As a result, the 
ratio of the accounting perimeter for field and laboratory 
conditions was 1:10 (according to Gilliot et al. (2017). To 
avoid possible effects of positional micro-profiling of 
images (Giesko et al., 2007), the camera positioning was 
changed in 4 positions with a shift in relation to different 
sides that formed the perimeter of the image area. The 
focusing distance for all photographic variants was 50 cm 
for field conditions and 25 cm for laboratory conditions. 

Programs used in this study. The following 
programs were used to process the images: FijiImageJ2, 
WipFrag (v.3.3.14.0) and BASEGRAIN (v.2.2.0.4). All 
images generated by the field and laboratory methods were 
processed after its preliminary 8-bit transformation with 
the same contrast level adjusted manually. To identify the 
size of soil structural aggregates within the image, a 
standard mechanism for setting the pixel ratio of the line 
length in accordance with the ruler scale on the image and 
its pixel display was used. The programs used had certain 
differences in these preparatory operations, which are 
detailed in the available manuals (Abramoff et al., 2004; 
Tosun, 2018; Detert & Weitbrecht, 2013; Passoni et al., 
2014; Gogoase Nistoran et al., 2019; Nanda & Pal, 2020; 
Shehu et al., 2022; WipFrag 3.0, 2023). For the 
BASEGRAIN program (v.2.2.0.4), the system for 
processing field and laboratory images used a manual 
option for selecting the optimal configuration of 
parameters in accordance with four consecutive 
standardized steps of image segmentation in the program 
frame (Detert & Weitbrecht, 2013). Its detailed and 
consistent adaptation for images of soil aggregates is 
described in the research results in this article. For image 
processing, the WipFrag program (v.3.3.14.0) used an in-
software segmentation system, which is detailed in the 
available program manual (WipFrag 3.0, 2023). The 
morphoparametric data of image processing were obtained 
from the visualization data of the results generated in the 
form of graphs with data dynamics for the WipFrag 
program (v.3.3.14.0) and an additional in-software file in 
Exel format for the BASEGRAIN program (v.2.2.0.4). The 
principle of individual morphometric identification of soil 
aggregates in the software packages used due to their 
complex shape was based on the automatic determination 
of such parameters as the Feret diameter (synonymous 
with the Fere diameter) (Pabst & Gregorová (2007)). This 
parameter is used to determine the size of particles of a 
complex projection configuration with the formation of 
two diameters: vertical (maximal (b)) and horizontal 
(minimal (c)) and their corresponding ratio, the separation 
length criterion (D) (Figure 1 Equation 1 (according to 
Church et al. (1987)). 
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FIGURE 1. Definition sketch for lengths D, b, and c (According to Stähly et al. (2017)). 

 

𝐷 = 𝑏 ×
√

× 1 +
.

                                (1) 

In which: 

b - vertical (maximal) Feret diameter, mm; 

c - horizontal (minimal) Feret diameter,  mm, 

D - separation length criterion, mm. 
 
Formation of sieve soil fractions. To compare the 

effectiveness of the use of appropriate image processing 
programs in the soil particle size distribution system, we 
processed photographic images of the corresponding sieve 
outputs obtained by the standard method of dry sieve 
sieving (State Standard of Ukraine..., 2005). Samples for 
sieving were selected in a randomized replication from the 
areas of previous photographing in the field conditions for 
its surface from a layer of 5 cm depth. The soil sample was 
sieved using meshes of 10 mm, 7 mm, 5 mm, 3 mm, 2 
mm, 1 mm, 0.5 mm, and 0.25 mm. The sieve set had a tray 
for collecting the fraction < 0.25 mm. The soil was divided 
into fractions: > 10 mm; 10-7 mm; 7-5 mm; 5-3 mm; 3-2 
mm; 2-1 mm; 1-0.5 mm; 0.5-0.25 mm; < 0.25 mm. The 
corresponding single-type software processing was applied 
to the photographic images of the full spectrum of the 
specified grid outputs with the actualization of the most 

statistically appropriate interval for the identification of 
morphoparameters of soil aggregates, taking into account 
the specification of the applied programs. 

Statistical processing. The indicators of variation 
statistics were determined using the generally accepted 
calculation method as outlined in Stoyan & Unland (2022). 
These analyses were performed with the statistical software 
Statistica 10 (StatSoft – Dell Software Company, USA). 

 
RESULTS AND DISCUSSION 

General features and cautions of soil aggregate 
analysis. The complexity of analyzing soil aggregates in 
the images was determined by two components. The first 
of them was black colour with a narrow range of shade 
gradation in a monochrome converted image (Jena et al., 
2013; Holm et al., 2020). The second component is caused 
by surface irregularities of soil aggregates with 
pronounced microrelief, which complicates the application 
of the thresholding function for 8-bit images (Fig. 2). With 
a decrease in the size of the soil aggregate fraction from 
>10 mm to 3-2 mm, the signs of microrelief became less 
noticeable with a decrease in the variation of soil aggregate 
sizes, which was also noted in other publications. (Yudina 
& Kuzyakov, 2019; Gerke et al., 2021; Xingming et al., 
2021; Liu et al., 2022; Yudina et al., 2022).  

 

 

FIGURE 2. Expression of complex microrelief of soil aggregates in the process of skeletonization and morphometry of images 
using an automated image processing system for the same area of the photo (top row for fraction >10 mm, bottom row for 
fraction 3-2 mm: a1,a2 - original image; b1,b2 - processed in FijiImageJ2; c1,c2 - processed in WipFrag v.3.3.14.0; d1,d2 - 
processed in BASEGRAIN v.2.2.0.4). 
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Determination of the granulometric composition of 
the soil by dry sieving of the sample on sieves gave the 
determination of the proportion of different fractions only 
in the ratio of the masses of each of them to the total mass 
of the sample. The use of the FijiImageJ2, WipFrag and 
BASEGRAIN programs in this regard made it possible to 
expand the range of indicators that allowed us to analyze 
the variation in the size of aggregates according to the 
proposed criterion D by the ratio of the corresponding 
Feret diameters. Based on the regularities of the 
morphometry of soil aggregates in the analysis (Vargas-
Ubera et al., 2007; Hussain et al., 2020), it was found that 
their sphericity (proximity of the values of the maximum 
and minimum Feret diameters) gradually increases with a 
decrease in fractional size from the fraction >10 mm to the 
fraction 2.0-3.0 mm. The angularity of the aggregates (the 
complexity of the aggregate outlines in the corresponding 
quarter, which is formed by the axes of Feret diameters 
(Valsangkar, 1992)) also had similar dynamics. The 
identified features prove the need to use Feret diameters by 
processing images of the corresponding soil fraction 
obtained from the results of laboratory sieving. For the 

laboratory practice of granulometric analysis of soils, the 
possibility of incomplete separation and the presence of 
fractions that do not fit the sieve interval were noted. Thus, 
aggregates smaller than 3 mm in size may remain in the 5-
3 mm fraction interval (Yudina et al., 2018). For these 
reasons, criterion D calculated using image processing is 
more useful given the round meshes of the laboratory 
sieves that do not fully correlate with the observed 
angularity of soil aggregates. 

Application of the FijiImageJ2 program. The 
study used the recommended standard image processing 
algorithm for analyzing microscopy parts and objects 
(Abramoff et al., 2004). Among the 9 options for 
processing the transformed 8-bit image (in the 'Auto Local 
Threshold' command option), the one with the most 
complete filling (black on a white background) of the soil 
aggregate profiles with the most complete delineation of 
their tangent boundaries was selected (Figure 3 c1-2). This 
approach made it possible to clearly diffract the elements 
of the image substructure and reduce the already 
mentioned microrelief features of the aggregate structure 
(Figure 3). 

 

 

FIGURE 3. Sequential analysis of soil images using the FijiImageJ2 software frame (top row for fraction >10 mm, bottom row 
for fraction 3-2 mm: a1,a2 - original image; b1,b2, c1,c2 - processed using the Threshold option (8-bit transformation 
sequentially on black and white backgrounds); d1,d2 - processed in the system of manual outlining of soil aggregates ('Color 
picker'/'Paintbrush tool'). 

 
The use of FijiImageJ2 program in assessing the 

morphometry of soil aggregates was showed a number of 
limitations in application. First, the clear skeletonization of 
the image during its thresholding for images of coarse soil 
fractions (mass of separated soil on 10 mm sieves) reduced 
the value of the plane perimeter of soil aggregates. This 
phenomenon is commonly referred to as the plane-
perimeter reduction effect (Jena et al., 2013). For images 
of the soil layer of small fractions (starting with the soil 
mass on sieves with 5 mm holes), this effect became even 
more noticeable, which distorted the reliability of the 
obtained morphometric data of soil aggregates (Figure 
3c2). A possible option to avoid such effects was to use 
manual outlining of the contours of soil aggregates using 
the 'Color picker' (Figure 3d1) and 'Paintbrush tool' options 
(Figure 3d2). However, this variant of image analysis 
required precise copying of the contours of the outline of 
soil aggregates, the elimination gaps and a lot of time. In 
addition, this approach was technically challenging for 
images of small soil fractions - the accuracy of the outline 
was reduced by at least an order of magnitude (Figure 3d2).  

The use of FijiImageJ2 program in soil sieve fractions 
0.25-2 mm was problematic due to the conflict of image 
microstructure resolution. For this interval, a decrease in 
the clarity of identification of aggregate boundaries was 
noted against the background of a decrease in the depth of 
field. This made it impossible to clearly identify the 
boundaries of the aggregates. Similar conclusions were 
drawn in the studies by Jena et al. (2013) and Holm et al. 
(2020) regarding the possibilities of morphological 
resolution in digital image analysis.  In addition, was noted 
that aggregates < ∼20 px hardly detectable at all (Detert & 
Weitbrecht, 2013), which is confirmed by Graham et al. 
(2005) who found a limit of 23 px. Based on the resolution 
of our images (px/mm), fraction identification in 
FijiImageJ2 was possible starting from aggregate sizes of 2 
mm. For fractions smaller than this threshold, it is 
advisable to obtain micrographs with an appropriate level 
of hardware magnification for more efficient use of the 
FijiImageJ2 program. These conclusions was supported by 
the studies of Passoni et al. (2014) and Hussain et al. 
(2020) on the identification of particles and small 
micropores in the scanning microscopy image procedure. 
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It was determined to be expedient to obtain 3D 
diagrams using FijiImageJ2 software to assess the 
microrelief of the soil surface both in field images and in 
images of the layer of the corresponding fraction of sieves 
(Fig. 4a, b).  

These diagrams were built on the basis of graphical 
visualization of the depth of field of the image in the red, 
green, and blue spectra with the appropriate segmentation 
of the photo surface image. This method has been used in 
systemic photogrammetry methods to assess soil surface 

features (Suchan & Azam, 2021; Liu et al., 2022). In this 
case, it was used to visualize the microrelief of the surface 
of a photo image. The use of these graphs was appropriate 
for visualizing the variation of soil aggregates in the image 
plane, taking into account the scattering of the spectrum 
with different aggregate size. Such results are consistent 
with the studies of Hu et al. (2019) and confirm the 
statement that the variation component of the 
morphometric parameters of soil aggregates decreases with 
a decrease in the fractional size of the analyzed soil mass.

 

 

FIGURE 4. The surface of morphometric irregularities of the image of the soil layer of different fractional sieve output at the 
lower threshold level of image processing of 255 units (a - fraction >10 mm, b - fraction 3-2 mm). 

 
This variant of the FijiImageJ2 program was 

deepened by the 'View5D' plug-in (Fig. 5). This plugin 
allowed us to obtain a profilogram of the soil surface 
image based on the principles of analyzing the spectral 
composition of the image. Due to artificial shading during 
the formation of photo images and the use of the 

orthogonality method when placing the photographic lens, 
the height position of the aggregates in the image plane 
coincided with the spectral segmentation of the image. As 
a result, a clear plot of the height difference of               
soil aggregates in the vertical and horizontal directions   
was obtained. 

 

 

FIGURE 5 Application of the 'View5D' plugin for visualization of the micro-profile of soil layer of different fractional sieve 
output (a, b - fraction >10 mm (for a - visualization point in the highest aggregate position, for b - point in the lowest height 
position, c - fraction 3-2 mm). 

 
This method simplified the analysis of surface 

microrelief based on the use of special laser and X-ray 
scanning systems (Gilliot et al., 2017; Xingming et al., 
2021). However, the plugin is limited in terms of forming 
a database of micro-profile curves with the ability to 
import them. 

Application of the WipFrag program. The study 
of the effectiveness of the program for fine image 
segmentation has already been carried out previously in 

the application to the fractional composition of seeds based 
on their image in the format of a densely placed layer 
(Tsytsiura, 2021), where it was concluded that it could be 
further adapted to agronomic practice. This program was 
used for the first time to study soil structure from images 
in accordance with a publicly available manual (WipFrag 
3.0, 2023). The digital results of Application of the 
WipFrag program to analyze the soil structure are shown 
in Figure 6. 
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FIGURE 6. The results of using the WipFrag program to analyze the image of the soil layer of the 3-2 mm fractional sieve output. 
 

The program is focused mainly on the fractional 
analysis of rocks obtained as a result of blasting, crushing 
and weight separation (Tosun, 2018; Nanda & Pal, 2020). 
Given that the formation of segmentation of stony 
materials is characterized by the formation of a simpler 
micro-profile compared to clay and soil substrates, one 
should expect high-quality outline segmentation of 
structural aggregates with a complex amorphous micro-
profile structure (Shehu et al., 2022). The fine-grained 
structure, which approximates the corresponding 
geometric shapes, is better identified by the size of the 
aggregates (Yudina et al., 2022). These generalizations 
were confirmed in the course of applying this program. It 
was found that the segmentation of morphometric 
structures of the soil layer in the image had a minimal 
coincidence effect on samples of fractions with maximum 
size variation (output from a fractional sieve of 10 mm). 
The quality of segmentation and the reliability of 
measurements increased as the fraction of the soil sample 
decreased to the level of 3-2 mm. The subsequent decrease 
in the fractional size of 2-1 mm again negatively affected 
the quality of segmentation. For fractions <1 mm, the 
process of image segmentation based on the low resolution 
of the photo image again turned into a contour-chaotic 
character. Based on this, it is methodologically expedient 
to use the WipFrag program to assess the variation in soil 
morphometry for soil aggregates of 2-7 mm in size. These 

conclusions was confirmed by the data of Figure 6 and 
studies on the granulometric analysis of media of different 
fractional sizes (Valsangkar, 1992; Fredlund et al., 2011; 
Ciric et al., 2012; Gerke et al., 2021), including changes in 
the geometry of soil aggregates with a decrease in their 
size (Yudina et al., 2022). 

To increase the reliability of the measurement 
results, it is necessary to ensure sufficient image clarity to 
guarantee the identification of the contour boundaries of 
soil aggregates without the formation of double structures 
(brown-red structures Fig. 7b). 

These inaccuracies in image skeletonization for the 
soil layer of the >10 mm fraction had a higher frequency 
than for the 3-2 mm fraction. That is, the process itself for 
the latter fraction was an order of magnitude higher in 
terms of the reliability of the results obtained. 

Application of the BASEGRAIN program. The 
program is widely used for the identification and 
morphometry of deluvial and colluvial pebble deposits in 
the riverbeds (Gogoase Nistoran et al., 2019) and in 
general for the morphometry of river sediments, 
sedimentary rocks of different fractional sizes in geology 
and geomorphology (Chen et al., 2022). The study of this 
program concerning soil fractional variation is carried out 
for the first time. There were some peculiarities in the 
process of its experimental adaptation to the analysis of the 
particle size distribution of the soil. 

  



Possibilities of using FijiImageJ2, WipFrag and BASEGRAIN programs for morphometric and granulometric soil analysis
 

 
Engenharia Agrícola, Jaboticabal, v.43, n.6, e20230101, 2023 

 

FIGURE 7. Application of the WipFrag program to analyze the image of the soil layer of different fractional sieve yields (a, b - 
fraction >10 mm, c, d - fraction 3-2 mm). Positions a, c - skeletonized image of the respective fractions, b, d - color filling of 
skeletonized contours). 

 
For factions sieve output of 10-7 mm and >10 mm, 

where there is a high variability in the morphometry of soil 
aggregates and the presence of microrelief on large 
aggregates, the analysis can be carried out in two 
successive variants. The first one involves adjusting the 
parameter of steps 1-5 of the program plugins (according 
to the step-by-step program manual Detert & Weitbrecht 
(2013)). This maintains the same level of the smallest soil 
particle size and increasing the level of the maximum 
particle size in the image. This is regulated by the size     
of the analyzed segmentation in Step 1 and Step 4 with the  

maximum increase in the percentage of curvature (Step 1) 
of the analyzed image plane coverage (up to 30º (Step 4)). 
As a result, we will have the analyzed coverage as shown 
in Figure 8 (position a-b).  

The second involves a gradual reduction of the 
smallest soil particle size (step 4) while maximizing the 
fragmentation of the minimum selected area (step 1). In 
this case, gradual segmentation of aggregates by Feret 
diameters should be applied. This ensures the formation of 
two levels of identification of their sizes. 
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FIGURE 8. Various options for using the BASEGRAIN program to analyze the image of a soil layer with a fractional sieve 
yield of >10 mm (see text for explanation) (a, b - maximum increase of aggregates curvature (for Step 1) and up to 30º 
analyzed image plane coverage (for Step 4); c - reduction of the smallest soil particle size (for Step 4) and maximizing the 
fragmentation of the minimum selected area (for Step 1); d-f - intensification of segmentation in Steps 1, 3, and 4). 

 
As a result, the structural and substructural 

dimensions for one soil aggregate are identified (due to the 
axes of Frett diameters b and c) (Figure 8c). The gradual 
intensification of segmentation in steps 1, 3, and 4 led to 
an increase in the substructural analysis of soil aggregates 
and the maximum possible coverage of the image plane 
(Figure 8d-f). 

In the first approach of the program settings to the 
stage of the actual analysis in the image plane, soil 
aggregates that were not taken into account in                 
the assessment remained unaccounted for (Figure            
8a (aggregates are colored blue)). Taking into account the  

established features of the formation of the morphometry 
of soil aggregates while reducing the size of the sieve 
output fraction, the use of the BASEGRAIN program was 
methodologically more effective. The main task of the 
program settings was to clearly identify the selected 
smallest soil aggregate and to adjust the program in steps 
1-5 so that the discreteness of the selected zone of the 
smallest aggregate forms a coherent and clear structure by 
Feret diameters. For example, the application of the 
program for the analysis of the soil fraction of 3-2 mm is 
shown in Figure 9 (positions a-f). 
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FIGURE 9. Various options for using the BASEGRAIN program to analyze the image of the soil layer of the 3-2 mm 
fractional sieve output (a - general view of the program window after analysis; b-f - sequential window of results at steps 1-5 
of setting the analysis parameters). 

 
The mentioned variability of analysis paths is not 

noted in the basic publications on the practical application 
of the BASEGRAIN program (Detert & Weitbrecht, 2013) 
because it is focused primarily on polished smooth stony 
structures of sedimentary riverbed rocks. However, by 
combining the adjustment of the items of program Steps 1-
5 with a certain disregard for the marked optima, given the 
primary specificity of the program. It can be adapted to 
analyze the structural properties of soil and other materials 
of more complex indicators, as confirmed in the studies of 
Harvey et al. (2022) and Garefalakis et al. (2023). The 
possibility of its application to assess the structural 

loosening of the soil after different periods of post-harvest 
green manure using oilseed radish (Raphanus sativus L. 
var. oleiformis Pers. as a valuable phytomeliorant and 
phytoremediant (Tsytsiura, 2020)) was investigated (Fig. 
10). As in the case of FijiImageJ2 and WipFrag 
programs, BASEGRAIN program was used for the 
analysis of soil layer with a sieve yield of 2-1 mm and 
<1.0 mm. There were methodological difficulties 
associated with the clarity of aggregate segmentation in 
the image plane due to the fine dispersion, image 
resolution, and the presence of impurities of the dust 
fraction (0.25-0.50 mm). 

 

 

FIGURE 10. Different variants of direct field application of BASEGRAIN program for soil surface image analysis (a - soil 
after sunflower without green manure; b-f - after corn without green manure; c - variant with post-harvest green manure with 
oil radish (Raphanus sativus L. var. oleiformis Pers.) for 3 years; d - variant with post-harvest green manure with oilseed radish 
for 5 years). 
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These factors make it impossible to achieve effective 
identification of soil particles with an area less than 20-23 px 
(Graham et al. 2005: Detert & Weitbrecht, 2013). This 
character of the permissible methodological interval of 
fractions in the analysis of meso- and microstructure of soil 
based on the analysis of photo images had been noted in other 
studies (Yudina et al., 2018; van der Meer & van Mourik,  

2019; Fomin et al., 2021, 2023; Garefalakis et al., 2023). 
The effectiveness of the BASEGRAIN program 

was tested by calculating individual indicators for soil 
samples obtained by dry sieving with a mesh diameter of 
2, 3 mm (Figure 11). Due to the use of this program, the 
formation of an additional mathematical and statistical 
base of indicators was achieved. 

 

 

FIGURE 11. Distribution of soil aggregates according to the separation criterion (D) based on the results of the generated data 
block when processing the photo image of the soil layer of the fractional sieve output of 3-2 mm by the BASEGRAIN program  
(summary data set for 3075 (N) soil aggregates for 10 fields of processed images). 

 
The results also indicate certain disadvantages of 

using sieves with classical round holes for particle size 
analysis of soil. This is mentioned in the studies of Stähly 
et al. (2017) and Garefalakis et al. (2023). Thus, in the 
output of the 3-2 mm sieve, soil aggregates larger than 3 
mm and smaller than 2 mm were detected using the 
BASEGRAIN program. A negative asymmetry was found 
with a shift in the distribution to the interval >3.0 mm 
while maintaining the average value of D (2.856 mm) 
(Table 1). This confirmed the conclusions about the 
complex morphological configuration of soil aggregates 
with a complex formation of vertical and horizontal Ferret 

diameters. Due to the presence of shapes with a 
pronounced asymmetry of the b and c axes (according to 
Equation 1), soil particles with a diameter of more than 3.0 
mm can, under intensive separation of the sieve system, 
fall into the output of the 3-2 mm fraction. 

By analogy, the same features were noted for the 3-
5 and 5-7 mm fractions. This confirmed the conclusions   
of Valsangkar (1992), Ciric et al. (2012), Yudina               
et al. (2018), Hussain et al. (2020) and Fomin et al.    
(2023) regarding the preservation of the polymorphometry 
of soil aggregates during their sequential fractional 
crushing. 

 
TABLE 1. Statistical evaluation of the interval identification of soil aggregates for the output of the 3-2 mm sieve in the 
BASEGRAIN program frame (average for 10 repetitions at 4 image acquisition positions). 

Interval of  
criterion D 

Number of soil 
aggregates  

Statistical evaluation within an interval 

average st. dev. coefficient of variation Cv (%) dispesion 

1.6-1.8 14 1.698 0.218 12.839 0.095 

1.8-2.0 29 1.851 0.205 11.075 0.115 

2.0-2.2 84 2.155 0.287 13.318 0.109 

2.2-2.4 281 2.307 0.309 13.394 0.118 

2.4-2.6 409 2.518 0.407 16.164 0.156 

2.6-2.8 532 2.684 0.402 14.978 0.148 

2.8-3.0 585 2.907 0.425 14.620 0.135 

3.0-3.2 548 3.095 0.417 13.473 0.124 

3.2-3.4 508 3.309 0.384 11.605 0.112 

3.4-3.6 83 3.510 0.311 8.860 0.091 

3.6-3.8 3 3.704 0.095 2.565 0.104 

For array 3075 2.856 0.345 12.080 0.119 
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CONCLUSIONS 

The use of software packages FijiImageJ2, 
WipFrag (v.3.3.14.0) and BASEGRAIN (v.2.2.0.4) 
significantly expands the possible base of morphometric 
and granulometric data that can be obtained using the 
standard method by obtaining an interval of soil aggregate 
fractions by sieving on sieves of different hole diameters. 
The use of the 'View5D' plug-in of the FijiImageJ2 
software package made it possible to determine the 
microrelief of the soil surface in the photo image in a 
given direction, which from an instrumental point of view 
would have required the use of a soil profiler or other 
special devices and the additional costs associated with it. 
The use of WipFrag (v.3.3.14.0) and BASEGRAIN 
(v.2.2.0.4) software allowed to identify soil aggregates by 
individual morphometric parameters (ratio of certain 
boundary fractions with graphical representation, Feret 
diameter, separation length criterion (D)), which ensured 
the formation of an individualized data set that 
significantly expands the possibilities of their statistical 
analysis and subsequent scientific interpretation in the 
practice of soil science. 
 
REFERENCES 

Abramoff MD, Magalhães PJ, Ram SJ (2004) Image 
processing with ImageJ Biophotonics international 
11 (7):36-42. 

Aitkenhead M, Coull M, Gwatkin R, Donnelly D (2016) 
Automated Soil Physical Parameter Assessment Using 
Smartphone and Digital Camera Imagery. Journal of 
Imaging 2(4):35. https://doi.org/10.3390/jimaging2040035 

Chen X, Hassan MA, Fu X (2022) Convolutional neural 
networks for image-based sediment detection applied to a 
large terrestrial and airborne dataset. Earth Surface 
Dynamics 10:349-366. https://doi.org/10.5194/esurf-10-
349-2022 

Church MA, McLean DG, Wolcott JF (1987) River bed 
gravels: Sampling and analysis. Sediment transport in 
gravel-bed rivers, CR Thorne, JC Bathurst, RD Hey, eds., 
Wiley, Chichester, U.K., p43-88.  

Ciric V, Manojlovic M, Nesic Lj, Belic M (2012) Soil dry 
aggregate size distribution: effects of soil type and land 
use. Journal of Soil Science and Plant Nutrition 12 (4): 
689-703.  

da Luz FB, Carvalho ML, Castioni GAF, Bordonal R, 
CooperM, Carvalho JLN, Cherubin MR (2022) Soil 
structure changes induced by tillage and reduction of 
machinery traffic on sugarcane – A diversity of assessment 
scales. Soil & tillage research 223:105469. 
https://doi.org/10.1016/j.still.2022.105469 

Detert M, Weitbrecht V (2013) User guide to 
gravelometric image analysis by BASEGRAIN. In: 
Advances in Science and Research, S. Fukuoka, H. 
Nakagawa, T. Sumi, H. Zhang (Eds.), Taylor & Francis 
Group, London, p1789-1795. 

Erktan A, Or D, Scheu S (2020) The physical structure of 
soil: Determinant and consequence of trophic interactions. 
Soil Biology and Biochemistry 148: 107876.  
https://doi.org/10.1016/j.soilbio 

Fomin D, Timofeeva M, Ovchinnikova O, Valdes-
Korovkin I, Holub A, Yudina A (2021) Energy-based 
indicators of soil structure by automatic dry sieving. Soil 
Tillage Research 214:105183. 
https://doi.org/10.1016/j.still.2021.105183 

Fomin DS, Yudina AV, Romanenko KA, Abrosimov KN, 
Karsanina MV, Gerke KM (2023) Soil pore structure 
dynamics under steady-state wetting-drying cycle. 
Geoderma 432: 116401. 
https://doi.org/10.1016/j.geoderma.2023.116401 

Franco HHS, Guimarães RML, Tormena CA, Cherubin 
MR, Favilla HS (2019) Global applications of the visual 
evaluation of soil structure method: a systematic review 
and meta-analysis. Soil and Tillage Research 190: 61-69. 
https://doi.org/10.1016/j.still.2019.01.002 

Fredlund MD, Fredlund DG, Wilson GW (2011) An 
equation to represent grain-size distribution. Canadian 
Geotechnical Journal 37: 817–827. 
https://doi.org/10.1139/t00-015 

Garefalakis P, PradoAriel AH, PradoDavid H, Mair D, 
Schlunegger F, Douillet GA, Nyffenegger F (2023) 
Comparison of three grain size measuring methods applied 
to coarse-grained gravel deposits. Sedimentary Geology 
446 (106340): 22. 
http://dx.doi.org/10.1016/j.sedgeo.2023.106340 

Gerke KM, Korostilev EV, Romanenko KA, Karsanina 
MV (2021) Going submicron in the precise analysis of soil 
structure: a FIB-SEM imaging study at nanoscale. 
Geoderma 383:114739. 
https://doi.org/10.1016/j.geoderma.2020.114739 

Gerke HH, Vogel H-J, Weber TKD, van der Meij WM, 
Scholten T (2022) 3-4D Soil Model as challenge for future 
soil research: Quantitative soil modeling based on the solid 
phase. Journal of Plant Nutrition and Soil Science 185(6): 
720–744. https://doi.org/10.1002/jpln.202200239 

Gilliot JM, Vaudour E, Michelin J (2017) Soil Surface 
Roughness Measurement: a new fully automatic 
photogrammetric approach applied to agricultural bare 
fields. Computers and Electronics in Agriculture. 134: 63–
78. https://doi.org/10.1016/j.compag.2017.01.010 

Gogoase Nistoran DE, Braşovanu L, Ionescu CS, Armaș I, 
Cozma A (2019) Gravelometric image analysis of 
sediments (Prahova River, Romania). GeoPatterns 4: 26-
32. https://doi.org/10.5719/GeoP.4/3 

Graham DJ, Rice SP, Reid I (2005) A transferable method 
for the automated grain sizing of river gravels. Water 
Resources Research 41(W07020). 
https://doi.org/10.1029/2004WR003868 

Giesko T, ZBrowski A, Czajka P (2007) Laser 
profilometers for surface inspection and profile 
measurement. Problemy Eksploatacji 97-108. 

Harvey EL, Hales TC, Hobley DEJ, Liu J, Fan X (2022) 
Measuring the grain-size distributions of mass movement 
deposits. Earth Surface Processes and Landforms 47:1599-
1614. http://dx.doi.org/10.1002/esp.5337 



Yaroslav Tsytsiura
 

 
Engenharia Agrícola, Jaboticabal, v.43, n.6, e20230101, 2023 

Holm EA, Cohn R, Gao N, Kitahara AR, Matson TP, Lei 
B, Yarasi SR (2020) Overview: computer vision and 
machine learning for microstructural characterization and 
analysis. Metallurgical and Materials Transactions A 
51:5985-5999. https://doi.org/10.1007/s11661-020-06008-4 

Hu R, Li F, Yu H, Yang J (2019) Application of ImageJ in 
the rock thin section image analysis: the separation and 
quantitative calculation of crystal-glass two phases SDRP 
Journal of Earth Sciences & Environmental Studies 4(3): 
609-616. http://dx.doi.org/10.25177/JESES.4.3.RA.502 

Hussain R, Alican NM, Woyessa G, Retamal MRR, 
Martinez AP, Mahdi FM, Finazzi V, Hazlehurst TA, 
Hunter TN, Coll T, Stintz M, Muller F, Chalkias G, 
Pruneri V (2020) An ultra-compact particle size analyser 
using a CMOS image sensor and machine learning. Light: 
Science & Applications 9:21. 
https://doi.org/10.1038/s41377-020-0255-6 

IUSS Working Group (2015) WRB: World Reference 
Base for Soil Resources. World Soil Resources Reports 
106. FAO. Rome, p85-90. 

Jena RR, Jagadeeswaran R, Sivasamy R (2013) Analogy 
of soil parameters in particle size analysis through laser 
diffraction techniques.  Indian journal of hill farming 
26(2): 78- 83. 

Jugović M, Ponjičan O, Jakišić T (2020) The effect of 
rotary tiller and other machines for tillage on the soil 
structure aggregates. Agriculture and Forestry 66 (1):251-
260. https://doi.org/10.17707/AgricultForest.66.1.23 

Lin L, Van der Bolt F, Cornelis W (2022) Visual 
assessment of soil structural quality across soil textures 
and compaction levels-Part II: Examination of profile 
walls vs Intact soil cores. Geoderma 426: 116098. 
https://doi.org/10.1016/j.geoderma.2022.116098 

Liu L, Bi Q, Zhang Q, Tang J, Bi D, Chen L (2022) 
Evaluation method of soil surface roughness after ditching 
operation based on wavelet transform. Actuators 11:87. 
https://doi.org/10.3390/act11030087 

Mele G, Buscemi G, Gargiulo L, Terribile F (2021) Soil 
burrow characterization by 3D image analysis: prediction 
of macroinvertebrate groups from biopore size distribution 
parameters. Geoderma 404:115292. 
https://doi.org/10.1016/j.geoderma.2021.115292 

Nanda S, Pal BK (2020) Analysis of blast fragmentation 
using WipFrag. International Journal of Innovative 
Science and Research Technology 5(6):1561-1566. 
https://doi.org/10.38124/IJISRT20JUN1086 

Nohara S, Mukunoki T (2021) Quantitative evaluation of 
soil structure and strain in three dimensions under shear 
using X-ray computed tomography image analysis. Journal 
of Imaging 7(11):230. 
https://doi.org/10.3390/jimaging7110230 

Pabst W, Gregorová E (2007) Characterization of particles 
and particle systems. ICT Prague, 123p. 

Passoni S, Borges FDS, Pires LF, Saab SDC, Cooper M 
(2014) Software Image J to study soil pore distribution. 
Ciência e Agrotecnologia 38:122-128. 

Rabot E, Wiesmeier M, Schlüter S, Vogel H-J (2018) Soil 
structure as an indicator of soil functions: a review. 
Geoderma 314:122-137. 
https://doi.org/10.1016/j.geoderma.2017.11.009 

Romero-Ruiz A, Linde N, Keller T, Or D (2019) A review 
of geophysical methods for soil structure characterization. 
Reviews of Geophysics 56:672-697. 
https://doi.org/10.1029/2018RG000611 

Shehu SA, Yusuf KO, Hashim MHM (2022) Comparative 
study of WipFrag image analysis and Kuz-Ram empirical 
model in granite aggregate quarry and their application for 
blast fragmentation rating. Geomechanics and 
Geoengineering 17 (1):197-205. 
http://dx.doi.org/10.1080/17486025.2020.1720830 

Stähly S, Friedrich H, Detert M (2017) Size ratio of fluvial 
grains’ intermediate axes assessed by image processing 
and square-hole sieving. Journal of Hydraulic Engineering 
143:1-6. https://doi.org/10.1061/(ASCE)HY.1943-
7900.0001286 

State Standard of Ukraine ISO 11277:2005 (2005) Soil 
quality. Determination of the particle size distribution of 
soil mineral material. Sieving and sedimentation method 
(ISO 11277:1998, IDT). 

Stoyan D, Unland G (2022) Point process statistics 
improves particle size analysis. Granular Matter 24:115.  
https://doi.org/10.1007/s10035-022-01278-8 

Suchan J, Azam S (2021) Controlled photogrammetry 
system for determination of volume and surface features in 
soils. MethodsX 28(8):101368. 
https://doi.org/10.1016/j.mex.2021.101368 

Thomsen LM, Baartman JEM, Barneveld RJ, Starkloff T, 
Stolte J (2015) Soil surface roughness: comparing old and 
new measuring methods and application in a soil erosion 
model. SOIL 1:399–410. https://doi.org/10.5194/soil-1-
399-2015 

Tobiszewski M, Vakh C (2023) Analytical applications of 
smartphones for agricultural soil analysis. Analytical and 
Bioanalytical Chemistry 415:3703–3715. 
https://doi.org/10.1007/s00216-023-04558-1 

Tosun A (2018) A modified Wipfrag program for 
determining muckpile fragmentation. Journal of The South 
African Institute of Mining and Metallurgy 118:1113-
1199. http://dx.doi.org/10.17159/2411-
9717/2018/v118n10a13 

Tsytsiura YH (2020) Modular-vitality and ideotypical 
approach in evaluating the efficiency of construction of 
oilseed radish agrophytocenosises (Raphanus sativus var. 
oleifera Pers.). Agraarteadus 31(2):219-243. 
https://doi.org/10.15159/jas.20.27 

Tsytsiura YH (2021) Selection of effective software for the 
analysis of the fractional composition of the chaotic seed 
layer using the example of oilseed radish. Engenharia 
Agrícola 41(2):161-170. https://doi.org/10.1590/1809-
4430-eng.agric.v41n2p161-170/2021 

 



Possibilities of using FijiImageJ2, WipFrag and BASEGRAIN programs for morphometric and granulometric soil analysis
 

 
Engenharia Agrícola, Jaboticabal, v.43, n.6, e20230101, 2023 

Tuchtenhagen IK., Lima CL, Bamberg AL, Guimarães RM, 
Pulido-Moncada M (2018) Visual evaluation of the soil 
structure under different management systems in lowlands 
in southern Brazil. Revista Brasileira de Ciência do Solo 42: 
e0170270. https://doi.org/10.1590/18069657rbcs20170270 

Valsangkar AJ (1992) Principles, methods and applications 
of particle size analysis. Canadian Geotechnical Journal 
29:1006. https://doi.org/10.1139/t92-115 

van der Meer JJM, van Mourik JM (2019) Soil 
micromorphology. In: van Mourik JM, van der Meer JJM 
(Eds.). Developments in Quaternary Sciences Vol. 18. 
Elsevier, Amsterdam, p1-30. 

Vargas-Ubera J, Aguilar JF, Gale DM (2007) 
Reconstruction of particle-size distributions from light-
scattering patterns using three inversion methods. Applied 
Optics 46:124-132. https://doi.org/10.1364/ao.46.000124 

Vogel HJ, Balseiro-Romero M, Kravchenko A, Otten W, 
Pot V, Schlüter S, Weller U, Baveye PC (2021) A holistic 
perspective on soil architecture is needed as a key to soil 
functions. European Journal of Soil Science 1-14. 
https://doi.org/10.1111/ejss.13152 

WipFrag 3.0 Operating Manual (with online system user 
interface) (2023). Available: 
https://www.scribd.com/document/441308322/WipFrag-3-
Manual. Accessed July 12, 2023. 

Xingming Z, Lei L, Chunmei W, Leran H, Tao J, Xiaojie 
L, Zhuangzhuang F (2021) Measuring surface roughness 
of agricultural soils: measurement error evaluation and 
random components separation. Geoderma 404:115393. 
https://doi.org/10.1016/j.geoderma.2021.115393 

Yudina AV, Fomin DS, Kotelnikova AD, Milanovskii EY 
(2018) From the notion of elementary soil particle to the 
particle-size and microaggregate-size distribution analyses: 
a review. Eurasian Soil Science 51(11):1326-1347. 
https://doi.org/10.1134/S1064229318110091 

Yudina A, Kuzyakov Y (2019) Saving the face of soil 
aggregates. Global Change Biology 25(11):3574-3577.  
https://doi.org/10.1111/gcb.14779 

Yudina A, Klyueva V, Romanenko K, Fomin D (2022) 
Micro- within macro: how micro-aggregation shapes the 
soil pore space and water-stability. Geoderma 415:115771. 
https://doi.org/10.1016/j.geoderma.2022.115771

 


