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Abstract 

Soil is a complex habitat where microarthropods, such as mites (Acari) and springtails (Collembola) species occur in high number and 

species diversity. Microarthropods play an essential role in organic matter decomposition and provide an important ecosystem service 

in soil. The soil-dwelling microarthropods are sensitive to environmental changes; therefore, their ecological characteristics are used 

to evaluate soil conditions. In modern environmental ecology, several species are involved in assessing the ecological consequences of 

drought periods. The growth rate is a standard sublethal parameter by which the body size of individuals is measured. Extracting 

microarthropods from the soil is difficult and time-consuming, requiring a high amount of human resources. Only a few samples can 

be processed due to laboratory limitations and high costs. However, nowadays the rapidly developing artificial intelligence (AI) 

technologies promise new opportunities in many research areas. 

Data on soil-dwelling microarthropods could be collected quickly and automatically using our new digital soil extractor device, 

the Edapholog, equipped with image analysis based on AI. This device recognizes living individuals, classifies them, and measures 

their body length automatically. Using this system, the growth and reproductive success of various species in the same experimental 

culture could be rapidly and simultaneously monitored. In this study, we aimed to analyse the applicability of the Edapholog for 

measuring the body size of Collembola species and Folsomia candida through a set of drought tolerance tests with three soil moisture 

treatment levels. Moisture content was set based on the maximum water holding capacity (Wmax) of the soil applied. The three levels 

were set to Wmax:35%, 40%, and 50%. Furthermore, we aimed to test the reliability of the detection and recognition of the species and 

the accuracy and reliability of the automatic body size measurement of individuals. 

Significant correlation (r= 0.94) exists between the automatically and manually measured body sizes. Although the different soil 

moisture treatments did not show marked differences in the collembolan body sizes between the moisture treatments, we found a 

significant difference in the reproduction rates between W50 and the other two (W35 and W40) treated groups. The Edapholog can greatly 

contribute to quick and precise data extraction and can have vast applicability in environmental ecology. 
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INTRODUCTION 

The more is known about the ecological processes of the 

soil, its vulnerability becomes more apparent. Soil 

provides clean air, food, and water; therefore, the 

importance of its protection is evident (Pereira et al. 

2018). The soil-dwelling mesofauna (mainly 

microarthropods) plays an essential role in the 

decomposition of plant organic matter and nutrient 

cycling in the upper layer of the soil (Briones 2014). 

Microarthropods (mainly mites and springtails) feed on 

soil-dwelling fungi and other microbes and play a top-

down regulatory role in the decomposing food chains 

(Coleman et al. 2017). The mesofauna is present with a 

huge number of individuals (~105/m2) and species in 

many types of habitats. They also influence the nutrient 

exchange processes of the soil. So they can indirectly play 

a significant role in the quantitative regulation of the 

sequestration of atmospheric carbon dioxide (Filser 

2002). 

Soil-dwelling microarthropods react sensitively to 

various soil conditions and pollution; therefore, they are 

potential bioindicators (Brussaard et al. 2007, Briones 

2014). Generally, the more intensive the soil life, the 

healthier the soil is (Menta et al. 2018). Extreme weather 

events resulting from global climate change have become 

one of the most significant problems recently (Steffen et 

al. 2007). Adapting to these events and mitigating their 

effects is necessary (Kardol et al. 2011, Makkonen et al. 

2011, Meehan et al. 2020). The biodiversity and organic 

matter of soil are highly dependent on the soil moisture 

level. Drought periods seriously impact the diversity of 

species living in the soil and threaten essential ecosystem 

services. Without soil-dwelling microarthropods, organic 

matter formation may decrease, atmospheric carbon 

dioxide sequestration levels may slow down, and the 

water retention capacity of soils may also deteriorate 

(Bardgett 2005, Briones 2014). Therefore, there is an 

increasing need to study the influence of drought on soil-

dwelling mesofauna. 

https://doi.org/10.14232/jengeo-2023-44683
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However, examining soil-dwelling micro-

arthropods is quite complicated and labour-intensive. 

Still, today's rapidly developing information technology 

(IT) solutions promise new possibilities to solve these 

difficulties. Artificial intelligence (AI) is increasingly 

popular in various research fields, thus it became popular 

among scientists, and it could facilitate data collection 

even by involving lay citizens (Silvertown 2009, Bilyk et 

al. 2020). The most popular AI applications in ecology are 

based on sound and image processing (Mallard et al. 2013, 

Liu et al. 2018, Christin et al. 2019, Flórián et al. 2020, 

Høye et al. 2021, Laursen et al. 2021, Sys et al. 2022). 

A new device has been developed by the soil 

zoological research group at the Centre for Agricultural 

Research – Institute for Soil Sciences (ELKH) and 

Edaphone Ltd, using image recognition and AI-based 

image analysis methods. This device substantially differs 

from those previous Edapholog models that used an opto-

electronic ring and CCD camera and functioned as a 

traditional pitfall trap. Those prototypes measured soil-

dwelling mesofauna's activity under field conditions 

(Dombos et al. 2017, Gedeon et al. 2017, Balla et al. 

2020). The new Edapholog2022 model is an automatic 

measuring device that detects microarthropods, takes 

photos, and measures their body sizes. After that process, 

it blows the detected individuals off. Therefore, 

Edapholog can also be suitable for the measurements of 

eco-toxicological tests. For eco-toxicological tests, some 

ISO standards exist (ISO, 1999; ISO, 2006; ISO 2011), 

and some innovative tools and programs have been 

developed. For example, the CollScope developed for 

eco-toxicological testing, which measures the body sizes 

of springtails (Bánszegi et al. 2014). The digital soil 

extractor based on AI image processing may help replace 

human manual work. In addition, the exact detection time 

can be used as a new dimension, which can play an 

important role in drought tolerance studies of mesofauna. 

We performed a laboratory microcosm experiment 

in which Folsomia candida Willem 1902 individuals were 

kept under different soil moisture conditions. The 

Edapholog digital soil extractor examined their sublethal 

parameters like body size. F. candida is a popular 

springtail species used in eco-toxicological tests. 

Edapholog is produced by Edaphone Ltd., and we tested 

its usability for eco-toxicological tests. 

The following research questions were answered: 1) 

Is there a difference between the body sizes of animals 

kept under different soil moisture conditions? 2) Can the 

difference in body sizes be detected with the new device 

Edapholog? and 3) What is the accuracy of the 

measurement? 

MATERIALS AND METHODS 

Test animal and materials 

The drought tolerance test was conducted on a 

synchronized population of F. candida Willem 1902 

(Collembola) individuals, often used in eco-toxicological 

tests (Bayley et al. 2001, Lock and Janssen 2002, 

Hilligsøe and Holmstrup 2003, Sørensen and Holmstrup 

2005). The culture was kept in continuous darkness at 

20±°C in a 15 cm diameter plastic tube with a closed lid. 

At the bottom of the tube was a 1.5 cm thick moistened 

plaster of Paris mixed with activated carbon. The gypsum 

to activated carbon ratio was 1:8 by volume. The culture 

was fed once a week ad libitum. The moisture content of 

the plaster was also adjusted once a week based on the 

initial weight of the sample holders. According to the 

plaster's maximum water absorption capacity, it was 

always restored to 100% hydration every week. 

Synchronization of populations was carried out in a 

cylindrical box (diameter of 20 cm) with 2 cm of 1:8 mass 

volume carbon plaster on the bottom. The maximum 

saturation of the charcoal plaster was achieved by the 

following: after drying, water was added to the plaster and 

incubated for 10 minutes. Then, water was poured off, and 

the weight of the container was measured. This weight 

was always set back with a flask with a spray head. The 

synchronization was performed by keeping 200-300 adult 

individuals taken from Folsomia candida culture together 

in this cylindrical box for three days. The Collembola laid 

enough eggs during this time to start the experiment 

(OECD, 2009). 

The experimental medium was commercially 

available general potting soil. The potting soil was sieved 

according to soil aggregate sizes, then the aggregates 

within the size range of 2-5 mm were selected to ensure 

undisturbed extraction of the animals. Since potting soils 

often contain soil-dwelling microarthropods, defaunation 

had to be carried out, thus, the sieved soil was heat-treated 

at 108°C for 72 hours. 

Experimental design 

The experiment was carried out at a constant temperature 

(20±1°C) with 12-hour-long dark and light periods. The 

lighting was ensured with cold white LED lamps, 

producing a light intensity of 580-600 Lux. The dried soil 

(20 g) was measured into a 120 ml plastic sample holder 

(diameter: 5 cm). The moisture content of the samples was 

set according to the soil's maximum water-holding 

capacity (Wmax). 

To calculate the Wmax, air-dried potting soil samples 

were taken into three special metal sample tubes. At the 

bottom of the sample tubes, a moisture-permeable nylon 

fibre screen fabric was attached. These samples were 

gradually saturated with water for a week. The weight of 

the three sample holders containing potting soil saturated 

with water was measured and then placed on a 6 cm thick 

layer of sand for one hour. The unnecessary, unbound 

water leaked out. The samples were dried in a drying oven 

at 108 °C for 48 hours, and then the weight of each sample 

holder was re-recorded. The difference in the mass of the 

potting soil saturated with water and the dried potting soil 

was the Wmax. The three figures obtained this way were 

used during the subsequent moisture adjustment (OECD, 

2009). 

F. candida is a so-called edaphic species, thus, it 

lives in the deeper soil layers, in the cracks and pore 

spaces of the soil, so it is not advisable to set a moisture 

value higher than 60% of the Wmax. For this reason, 50% 

of Wmax was set as the highest soil moisture value. The 

soils received three moisture treatments, 35% (W35), 40% 

(W40), and 50% (W50) of the Wmax. W35 corresponds to 
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14.95 V/V%. Similar conditions evolved during the 

drought of 2022, as the average soil moisture in August at 

a depth of 10 cm was 15.16 V/V% according to the 

measurement station near Kiskunfélegyháza in Hungary 

(“Aszálymonitoring” 2023). 

The soil moisture levels were set in every plastic 

sample holder one week before the experiment started. 

Ten individuals of 9-12-day-old F. candida were 

placed in each plastic sample holder. The duration of the 

experiment was four weeks. The response variables were 

the body length of the individuals measured manually and 

automatically. The moisture contents were adjusted in a 

newly equipped extractable sample holder with three 

repetitions. The sample holder tube was closed with a 

screw cap at the top and a rubber cap at the bottom to 

increase the sealing effectiveness. The rim of the rubber 

cap was further secured with insulating tape. Even so, an 

average of 0.12 g of water evaporated weekly, 

continuously replenished during the inspections. The 

plastic sample holder was also equipped with a 2x2 mm 

mesh at the bottom, to which a sealing rubber cap was 

attached. The moisture content of the samples was 

checked three times a week. The necessary moisture 

replenishment was based on regular weighing. The test 

animals were fed with baker's yeast ad libitum three times 

a week. The samples were placed in a 3x3 grid, and the 

placement was randomly changed at each check to reduce 

possible distorting effects. 

Extraction of animals from the sample holder tube 

was done with a Berlese-Tullgren funnel. By removing 

the caps from the bottom, the animals left the samples 

without disturbance along the vertical gradient of soil 

drying. The extraction time was two days because of the 

small amount of soil, which dried quickly. 

Automatic detection of soil microarthropods 

In this experiment, the new equipment prototyped by 

Edaphone Ltd. (Esztergom, Hungary) was used to extract 

collembolan individuals from the microcosms. This soil 

extractor follows the operating principle of the traditional 

Berlese-Tullgren funnel (Crossley and Blair, 1991). A soil 

sample ‒ without the plastic cap ‒ was placed on a sieve 

box, and a vertical moisture gradient triggered 

microarthropods to escape. They fall through a mosquito 

mesh (2x2mm) and entered the sample holder through a 

funnel (Fig. 1). During soil extraction, soil particles also 

tend to fall into the sample container. To prevent this, we 

used a 3 cm layer of gravel. 

Contrary to the traditional soil extractors where 

microarthropods were captured and killed in a sample 

container, in this new equipment, microarthropods 

entered into a plate where they were video recorded. 

For video recording, the device houses a high-resolution 

camera (IMX477R stacked, back-illuminated sensor, 12.3 

megapixels) and a lens (Machine vision FA lens, 10 MP, 

51.5 mm 1/ 1 /8", C-mount). An image analysis procedure 

occured on each picture in real-time during video 

recording. A detailed description of this prototype will be 

 

 
Fig.1 The new Edapholog device is based on the conventional 

soil extractor. The soil invertebrates, triggered by drought, 

move downwards and fall through the sieve box and the funnel. 

Photographing of the individuals (detection and identification) 

occurs in real-time under the funnel where individuals fall. 

 

published in a forthcoming paper. After detection, the 

microarthropod individuals were removed by an 

automatic blow-off pump into a sample container 

containing a preservation liquid (70% ethanol + Nonit: 

60% dioctyl sulfosuccinate Na-salt). Thereby, the 

biological sample could be used for further analysis. 

Automatic measurement of body length 

The software developed by Edaphone Ltd. recognizes the 

animal by pixel extraction calculated by deviation from 

the background. In the body size estimation process, the 

first step is to detect the animal. Then, the program frames 

and defines the boundaries of the animal. Contour 

creation is a multi-step process. First, the image is 

grayscaled, then by setting a threshold value, it is divided 

into only black and white pixels, and finally, the contour 

of the detected animal is highlighted. The body size will 

be the length of the segment connecting the x and y 

maximum of the contour (Fig. 2). 

Twenty automatically measured body size data were 

obtained for every detected collembolan individual. 

Based on preliminary test measurements, we used the 

largest measured body length data for Folsomia candida. 

The reason for using the longest body length data is that 

during their movement, the animals can adopt body 

positions (turning, taking a defensive position), leading to 

smaller body lengths measured (Fig. 3). Registering the 

time of each measurement was also assigned to each 

animal as a unique identifier. 

Animals were also measured manually by using the 

image obtained from the Edapholog device (Fig. 4). The 

body lengths were measured with the ImageJ software by 

drawing a straight line between the top of the insect's head 

and the end of its abdomen (Ninon et al. 2019).  

At the beginning of the experiment, ten animals were 

placed in each sample holder, from which we calculated 

the reproduction rate (offspring/adult individual). 
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Statistical analysis 

Body length values and the reproduction rates of the three 

different moisture treatments were analyzed using the 

one-way ANOVA. The dependent variable was the 

animal’s body size (mm), and moisture treatment was the 

factor having three levels (W35, W40, W50). Data are 

presented as mean ± standard deviation (SD). 

Collembolan body length values of the two measurement 

methods (manual and automatic) were analyzed with a 

Pearson correlation model.  The large sample sizes 

(N>30) and the similarity of the variances justify the 

method’s validity. Finally, a Bland-Altman plot was used 

to represent the differences between the two measurement 

methods and the mean values of the measured body 

length. The IBM SPSS v.27 (IBPM SPSS Statistics for 

Windows 2020) statistical program was used for all data 

analyses. 

 

 
 
Fig.3 Body positions that cause outliers during automatic body 

length measurements. 

 

 

 

 

 

Fig.4 Manual and mechanical measurement of Folsomia 

candida individuals. The red line shows the result of the 

automatic measurement, while the yellow segmented line 

shows the manual observation. 

 
 

Fig.2 Photo transformations for body size estimation. 

1: animal framing and clipping, 2: turning the photo into grayscale, 3: splitting the image into black and white pixels, 

4: drawing contours, 5: determining the animal's body length, based on maxima in the x and y directions. 
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RESULTS 

Drought tolerance experiment 

The body lengths of 729 individuals were manually 

measured and analyzed in the drought tolerance 

experiment (Fig. 5). The mean body length (using the 

manually measured data) in treatment W35 (0.83±0.19 

mm; N=139) was similar to the treatment W40 (0.84±0.20 

mm; N= 85). In the W50 treatment, the mean body length 

(0.87±0.22, N=505) was slightly higher than in the lower 

soil moisture treatments. However, according to the 

results of the one-way ANOVA, the different soil 

moisture treatments have no significant effect on the body 

size of F. candida individuals (F (2;726)=1.681; p>0.05). 

Reproductive success 

We found a considerable difference in reproduction 

success based on the number of sample elements of the 

treatment groups measured during moisture treatments, 

especially at W50 (Fig. 6). While there is no significant 

difference between W35 and W40, W50 significantly differs 

from these groups (Table 1). 

Comparison of the manual and automatic measurement 

methods 

A close correlation was found between the results obtained 

by the manual and automatic measurement methods of 

individual body lengths. Analysing the data pairs of the 

manual measurement and the new automatic measurement, 

we got a strong relationship and a significant regression 

(Pearson correlation: r = 0.94; n = 730; p< 0.001). The 

average difference between the two measurement methods 

was 0.13±0.07 mm, which shows a systematic 

overestimation of body lengths by manual screening. 

 

 
Fig.5 Effects of soil moisture treatments on the body lengths of 

Folsomia candida based on manual measurements. W35 is 

35%, W40 is 40%, and W50 is 50% of the Wmax 

(Box depicts means, whiskers: standard errors, SE) 

 

 
Fig.6 Effects of soil moisture treatments on reproduction rates. 

W35 is 35%, W40 is 40%, and W50 is 50% of the Wmax 

(Box depicts means, whiskers: standard errors, SE) 

Table 1 Results of ANOVA between the three moisture treatment levels on the reproduction rates 

(abbreviations: SS= sum of squares, MS= mean of squares) 

 

Effect 

Univariate Results for Each DV (reproduction) Sigma-restricted parameterization Effective hypothesis decomposition 

Degree of Freedom 
Reproduction 

SS  MS F value p value 

Intercept 1 453.69 453.69 53.9679 0.000326 

moisture 2 348.08 174.04 20.7027 0.002028 

Error 6 50.44 8.41   

Total 8 398.52    

 

  
Tukey HSD test; variable reproduction (reproduction) Approximate Probabilities for Post Hoc 

Tests Error: Between MS = 8.4067, df = 6.0000 

Cell No. moisture W35 W40 W50 

  3.6333 1.8333 15.833 

1 W35  0.739079 0.005207 

2 W40 0.73908  0.002684 

3 W50 0.00521 0.002684  
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After transforming the automatic measurement data 

based on a fitted linear regression (y = 1.026x + 0.1181), 

we found no significant difference between the two 

measurement methods (Fig. 7). 

The Bland-Altman plot can be used to compare 

data measured by different methods. It can also show 

whether one measurement method can be substituted for 

another. The two methods show minimal differences 

apart from a few outliers when comparing body length 

data obtained by manual and automatic measurements 

(Fig. 8). Overall, the average of the measurement 

differences depicted on the Bland-Altman plot remained 

in a narrow range. Hence, the difference between the 

results of the measurement methods is low. 

DISCUSSION 

Drought tolerance 

Significant differences were found among the 

reproduction rates of the tested Collembola species, 

especially the W50 setting showed conspicuously higher 

specimen numbers than the other treatments. The 

specimens had proper conditions before the experiment 

started, but then, they were exposed to sudden drought 

stress in the W35 and W40 treatments. The fauna may not 

have enough time to adapt to the low moisture 

conditions. Drastic and sudden drought rarely occurs in 

nature; therefore, the animals normally have time to 

adapt to the circumstances. The survival rate of 

springtails with time to adapt to drought or extreme 

temperatures is much higher than those exposed to 

sudden stress (Sjursen et al. 2001). However, F. candida 

can survive mild drought effects (Hilligsøe and 

Holmstrup 2003b), which may explain the reproductive 

success similarity between the treatments W35 and W40. 

Unlike the reproduction rate, the drought tolerance 

test did not yield any significant changes in body size. In 

the experiment of Szabó et al., (2022; OECD, 2009), body 

sizes of Folsomia candida were also similar between the 

 
 
Fig.7 Effects of soil moisture treatments on the body lengths of 

Folsomia candida based on manual (blue) and automatic 

measurements (red). The green columns depict the automatic 

measurements after transforming the data (by using linear 

regression (y = 1.026x + 0.1181). 

W35 is 35%, W40 is 40%, and W50 is 50% of the Wmax 

(Box depicts means, whiskers: standard errors, SE 
 

lower moisture treatments; however, these Collembolans 

got selenium treatments besides the drought stress. In our 

experiment, the survival and body size of ground-

dwelling springtails were less affected by drought than the 

reproduction rate, similar to what has been shown for the 

dry mass of F. candida in the study of Wang et al. (2022). 

Nowadays, sudden drought events are becoming 

increasingly severe, affecting soil health, and therefore 

some ecological services can be seriously damaged. By 

measuring the microarthropods found in the soil, we can 

infer the current state of each soil, therefore, it is 

important to analyse these organisms. Although no 

significant difference between the body sizes were found 

during the experiment, the reproduction rate showed a 

significant difference in this case, as already shown in a 

previous study (Wang et al. 2022). 

 
Fig. 8 Bland-Altman plot for comparison of the automatic and manual measurements 
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The number of samples that can be processed can be 

greatly increased using the new device since the data can 

be processed immediately during extraction we can get. 

On the other hand, currently, sample processing after 

extraction can take weeks. 

Measurement methods 

Our new digital extractor with Edapholog provides a 

novel approach that automatically measures 

microarthropods and estimates their body size. This 

device shows many novelties compared to previous 

automatic measurement methods. One of its advantages is 

that Edapholog registers 20 body-length data for each 

individual. Compared to another body size detecting 

device, e.g. CollScope, which saves only eight body 

length data (Bánszegi et al., 2014), the new device tested 

in our study provides a higher number of measurements 

and hence better reliable because more data is available to 

choose the right body size the animal has a greater chance 

of turning into the ideal body position. 

Scientific studies related to automatic species 

identification and body size estimation have previously 

been published, showing that they can be well applied in 

practical ecology for measuring aquatic and terrestrial 

organisms in both field and laboratory conditions (Finlay 

et al. 2007, Agatz et al. 2015, Duckworth et al. 2019, 

Laursen et al. 2021). CollScope measured every 

individual in 30 seconds, and the measurement was semi-

automatic as one person had to manage the device; the 

Edapholog device is automatic, and an individual's 

measurement lasts just for 2 seconds. Automatic 

measurements are usually performed on preserved 

individuals in a sample (Sys et al. 2022). The other 

advantage of Edapholog is that the animals can be used 

and extracted alive to be suitable for long-term 

ecotoxicological or drought tolerance studies and large 

sample numbers to work. This aspect makes Edapholog 

suitable for setting up long-term experiments with several 

generations of the test species. In addition, our new 

sample holder ("extracting sample holder") allows the 

animals to run out without disturbance, and the run-out 

time gives reliable results about the extracting process. 

A minor systematic difference was found between 

the automatically and manually measured body length 

data. Fine-tuning the device can potentially overcome 

systematic differences in the future. However, the 

standard deviation of this difference was relatively large 

due to some outlier body size data. These outliers were 

mostly shorter but also longer than the normal body length 

values. The reason for these large deviations (> 0.3 mm) 

might be (1) that the AI could not adapt to recognize the 

unusual body positions of the collembolan individuals 

(Fig. 3/2.,3/4.). In these cases, the device largely 

underestimated the body sizes compared to the manual 

measurement. (2) In two cases, the animals fell into the 

cover of the blow-off opening, and the machine measured 

only part of their body (Fig. 3/3). Finally (3), the animals 

climbed up the funnel wall, so the device detected them 

as shorter than the normal body position (Fig. 3/1). In the 

future, these outliers might be corrected by a built-in filter 

that uses the body length-body width ratio of F. candida, 

and extreme deviations from normal ratios can be sorted 

out. 

Finally, the outlier body lengths were sometimes 

higher than the mean values. Although the artificial 

intelligence follows the movement of the animals and can 

separate the falling F. candida individuals, in the case of 

two or more animals falling on top of each other, the AI 

program could not distinguish them and measured the two 

specimens as one. The simultaneous fall of several 

animals might be another reason for misdetection, which 

the further development of individual identification can 

solve. 

This new Edapholog device allows us to follow the 

progress of soil-microarthropods' extraction by time 

stamps for every detection. There are many other possible 

experiments with the Edapholog, even with several 

species simultaneously, in which the dynamics of the 

extraction can also be tested. By further development, the 

use of Edapholog can greatly contribute to determining 

the species diversity and density of soil-dwelling 

invertebrates. Edapholog is a tool that can also be used in 

environmental ecology, which can greatly contribute to 

quick and precise data extraction. 

CONCLUSION 

Although the applied drought treatments did not cause 

significant differences between the body sizes of treated 

F. candida groups, greater differences in drought levels 

might cause greater changes in body sizes and in species 

abundance, which might cause local extinction under 

natural conditions. Microarthropods play a significant 

role in soil carbon sequestration, so their decreasing 

presence in the soil may increase atmospheric carbon 

dioxide. The accuracy of the automatic body size 

estimation was high enough, making it suitable for 

automatic body size estimations. We measured only a 

small systematic error between the manual and automatic 

measurements, which can be corrected by further 

calibration. 
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