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Abstract: Despite the increasing interest in applying composts as soil amendments worldwide, there is a lack of 
knowledge on short-term effects of compost amendments on soil structural and hydraulic properties. Our goal was to 
study the effect of compost and vermicompost-based soil amendments on soil structure, soil water retention 
characteristics, aggregate stability and plant water use efficiency compared to that of mineral fertilizers and food-waste 
digestate and examine if these effects are evident within a short time after application. We set up a pot experiment with 
spring wheat using a sandy and a loamy soil receiving either mineral fertilizer (MF); dewatered digestate from anaerobic 
digestion of food waste (DG), vermicomposted digestate (VC_DG); sewage sludge-based compost (C_SS) and sewage 
sludge-based vermicompost (VC_SS). We then monitored and calculated the soil water balance components (irrigation, 
outflow, evaporation, transpiration, and soil water content). At harvest, we measured shoot biomass, soil texture, bulk 
density, water retention characteristics and aggregate stability. The irrigation use efficiency (IE) and the plant water use 
efficiency (WUE) were calculated for each treatment by dividing the transpiration and the dry shoot biomass with the 
amount of water used for irrigation, respectively. For the sandy soil, we used X-Ray computed tomography to visualise 
the pore system after applying organic amendments and to derive metrics of the pore-network such as its fractal 
dimension, imaged macroporosity and critical pore diameter. X-Ray tomography indicated that composting and 
vermicomposting resulted in more complex and diverse porous system and increased soil macroporosity. The increased 
fractal dimensions also indicated that compost and vermicompost can contribute to structure formation and stabilization 
within a short time after their application. Despite the small application rate and short incubation time, the application of 
organic amendments to the two different soil types resulted in improved soil water holding capacity and water use 
efficiency. Composting and vermicomposting appeared to have the best effect at reducing the irrigation demand and 
evaporation losses and increasing the water use efficiency of the plant, likely through their effect on soil structure and the 
pore-size distribution. 
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1 INTRODUCTION 
 
Intensification of soil management due to increased food 

demand has led to degradation of soil resources all over the 
world (Pierzynski and Brajendra, 2017; Stolte et al., 2016), and 
global food demand will probably be an immense challenge for 
humanity in the future (Pravalie, 2021). Smith et al. (2016) 
emphasised cropping practices and livestock management as 
the main causes of soil physical degradation and reduction in 
soil fertility and soil resilience. According to Turpin et al. 
(2017), in many European countries the main soil threats con-
cern soil erosion (Borelli et al., 2020); soil organic matter de-
cline (Obalum et al., 2017), soil structural degradation, loss of 
soil structural stability (Virto et al., 2015) and decline in soil 
biodiversity (Tibbet et al., 2020). This leads to a reduced capac-
ity of the soil to infiltrate and retain water and nutrients, and 
reduced resilience to various forms of erosion in the landscape 
(Holman et al., 2003). Soil compaction and reduced water 
retention of soils leads to the intensification of flash floods 
(Alaoui et al., 2018) and soil loss due to water erosion, as well 
as to increased loads of particles, nutrients, and pollutants to 
watercourses (Waltner et al., 2018; Zhao et al., 2018). Thus, 

maintaining or even restoring soil structure and stability is 
essential for ensuring healthy terrestrial and freshwater ecosys-
tem functioning. 

Traditionally used mineral fertilisers are sources of nutrients, 
but they don’t function as soil conditioners and, in some cases, 
may deteriorate soil structure (Lee et al., 2009; Massah and 
Azadegan, 2016; Roba, 2018). Moreover, mineral fertilizers are 
obtained by mining, processing, and transporting valuable 
natural resources; thus, their application does not meet the 
conditions of circular economy. 

Organic by-products contain valuable raw materials and en-
ergy that constitute wasted natural resources when discarded 
(Unnisa and Rav, 2012). Thus, safe, sustainable use of organic 
waste materials and their valorisation is a global issue. Several 
technologies have been developed to recycle organic waste, like 
composting, biogas and algae production and land treatment of 
sludge/wastewater, each having their own benefits and limita-
tions (Polprasert, 1989; Ruggieri et al., 2008). According to 
Tejada and Gonzalez (2006), composts have a better effect on 
soil quality compared to other organic waste-based soil 
amendments, as they improve soil structural stability (Owen et 
al., 2021), soil fertility and productivity (Jindo et al., 2016), 
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increase soil water retention, infiltration capacity (Maylavarapu 
and Zinati, 2009; Whelan et al., 2013) and crop properties 
(Jiang et al., 2021), and have been successfully applied in soil 
restoration (Beck-Broichsitter, 2018; Tejada et al., 2009). Stud-
ies related to compost application focus, predominantly, on 
seasonal (Leelamanie and Manawardana, 2019) or long-term 
(Adugna, 2016; Gaiotti et al., 2017; Ros et al., 2006) changes in 
soil hydro-physical properties and nutrient dynamics after com-
post application. The concise review of Kranz et al. (2020) on 
the effects of compost incorporation on physical properties of 
urban soils refers to more than 15 studies each having a time-
step from 1 to 12 years. Little attention is given to possible 
short-term changes in soil structure and on how composting 
influences the water regime of the soil-plant system. 

Despite the increasing interest in applying composts as soil 
amendments worldwide (Martinez-Blanco et al., 2013), there is 
a lack of knowledge on the degree to which compost amend-
ments affect soil structural and hydraulic properties (Whelan et 
al., 2013). Most publications on compost application focus on 
nutrient availability, plant development, contaminants, and food 
safety. A search in the scientific literature showed that out of 
600 articles published on these topics during the last 11 years, 
71% was related to nutrient content and their availability in the 
compost. Only some 10% of the studies consider soil structure 
and hydraulic properties of compost-amended soils. Changes 
induced by the application of composted amendments in soil 
water regime are discussed in 3 % of those studies published. 

Soil structure governs the storage and transport of water and 
nutrients and heat regimes (Horel et al., 2019), and thus deter-
mines crop and vegetation performance (Miedema, 1997). 
Composted organic matter has direct and indirect effects on soil 
structure (Cahyono et al., 2020; Ghezzehei, 2012; Kranz et al., 
2020; Or et al., 2021). Composting improves soil structure by 
the binding between organic matter and clay particles via cation 
bridges (direct effect) and through stimulation of microbial 
activity and root growth (Farrell and Jones, 2009; Gao et al., 
2010). Cambardella et al. (2003) found that organic substrates 
that did not degrade during the composting process can readily 
mineralise after incorporation in soil, which underlines the 
importance of studying short term effects of composting on soil 
structure. 

Soil structure can be characterised directly and indirectly. 
The soil hydraulic functions (soil water retention curve and 
hydraulic conductivity function) are indirect indicators of soil 
structure. Visualisation of the pore system (e.g., X-Ray com-
puted tomography of undisturbed soil samples) is a direct, but 
costly technique to evaluate soil structure (Koestel et al., 2018). 
Among other soil structure characterisation methods, aggregate 
stability measurements facilitate the determination of the ef-
fects of various factors that impact soil structure and its persis-
tence (Horel et al., 2019). The combined sieve-pipette method 
is used routinely to assess micro-aggregate stability (Bie-
ganowski et al., 2010), however, it cannot be used reliably for 
soils with high organic matter content. At present, the laser 
diffraction method (LDM) is not commonly used to determine 
aggregate stability (Amézketa et al., 2003; Kubinova et al., 
2021; Mukherjee and Lal, 2013), therefore the LDM is a rela-
tively new option to investigate soils with organic amendments. 

Although studies have investigated the changes in soil struc-
tural properties as a result of compost and other soil amend-
ments application, most of them are focusing on long-term 
changes in soil structure and on selected soil properties. The 
present study examines many of these characteristics in an 
integrated way, focusing on the rapid, short-term effects of 

organic amendments on soil water balance components and 
plant water use efficiency. 

Given the lack of critical attention paid to the effects of 
composting on soil structure and water regime, the aim of this 
study was to examine the short-term effects of compost and 
vermicompost-based soil amendments on soil structure, soil 
water retention characteristics, aggregate stability and plant 
water use efficiency compared to that of mineral fertilizer and 
food-waste digestate. 

We hypothesise that composts promote soil structure for-
mation more than mineral fertilizers and food-waste digestates 
do, leading to improved soil structural status and water regime, 
and that these effects are evident within a relatively short time 
after compost application. 

 
2 MATERIALS AND METHODS 
2.1 Experimental setup  

 
We used two contrasting soil types in our experiments, a 

light sandy soil (Lamellic Arenosol) and a loamy clay soil 
(Calcic Chernozem; WRB, 2014), collected from the upper 20 
cm layer of agricultural fields near Nyíregyháza (21°24′36.01 
E, 47°57′47.94 N) and Tiszavasvári (21°34′08.57 E, 
47°59′13.71 N) in Hungary, respectively. The soils were air-
dried, crushed, and homogenised to discard plant residues and 
stones. The properties of both soils are given in Table 1 and 
further described in Foereid et al. (2019). 

The pot experiment was set up under controlled conditions 
in a greenhouse (Figure 1). The organic soil amendments were 
carefully mixed with the soil at a rate equivalent to 20 t ha–1 
(i.e., 2% of soil dry weight), which is within the range of com-
mon application rates of organic amendments for crop produc-
tion (ECN, 2017). Both soils received either of the following 
amendments: mineral fertilizer only (MF); dewatered digestate 
from anaerobic digestion of food waste (DG), the digestate of 
the DG treatments subjected to vermicomposting (VC_DG) (for 
details on production, see Jamniczky, 2018); sewage sludge-
based compost (co-composted sewage sludge and green waste 
in a ratio of 3:1 wet weight, C_SS) and sewage sludge-based 
vermicompost (VC_SS) (for details on production, see Rékási 
et al., 2019). 

 
 

 
 

Fig. 1. The experimental set-up in the greenhouse; TR refers for 
treatment, R refers for replicate and the red circles show the treat-
ments without crop. 
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The mixes were placed in 1 L pots. The bulk density of the 
amended soils and their initial water content were determined 
before saturating the soil with water. The soil water content 
corresponding to maximum water holding capacity (WHC) was 
determined as described by Wilke (2005). Spring wheat was 
sown in three replicate pots per treatment (thinned to 10 plants 
after seedling emergence), and a fourth pot without plants was 
included to measure evaporation from bare soil. Depending on 
the water consumption, the pots were watered every second or 
third day to water holding capacity for 30 days. 

 
2.2 Determination of the water balance components and the 
plant water use efficiency 

 
Soil water balance components were monitored and calcu-

lated by i) weighting the pots before watering to record actual 
soil water content; ii) registering the irrigation amount; iii) 
measuring the outflow; iv) weighting the pots without crop to 
quantify the evaporation from the bare soil surface. The transpi-
ration (or root water uptake) was calculated for each pot and 
each irrigation period, using the soil water balance equation: 

 
 TR I O E θ= − − −Δ  

 
where TR is the transpiration (mL); I is the irrigation (mL); O is 
the outflow (mL); E is the evaporation (mL) and Δθ is the 
change in the soil water content between two scheduled irriga-
tion times (mL). 

At the end of the pot experiment, soil samples (disturbed;  
n = 6, meaning two samples per replicate; undisturbed; n = 2) 
were collected for analyses. The shoot biomass was collected, 
dried, and measured. 

We calculated the water use efficiency (WUE, in kg of shoot 
dry weight per m3 of water) as transformation efficiency of  
 

water into dry biomass by dividing the dry shoot biomass with 
the total amount of water used for irrigation, according to the 
formula (De Pascale et al., 2011): 
 

dry biomass 
water used for producing biomass

WUE =  , 

in our case      dry shoot weight 
irrigation water

WUE =  

 
2.2 Determination of soil texture and structural properties 

 
Soil texture and aggregate stability measurements were per-

formed in two repeated measurements per replicate (n = 2 x 3) 
from disturbed soil samples. Micro-aggregate stability (MiAS, 
%) was assessed according to Vageler’s structure factor from 
the rate of the clay fractions determined with dispersion (Cd) 
and without (Cnd) dispersion (Vageler, 1932): 
 

 100* d nd

d

C CMiAS
C
−=  

 
The amount of sand, silt and clay was measured by the laser 

diffraction method. Prior to the particle-size analysis, the dry 
soil samples were moistened by dropwise addition of standard 
Calgon dispersant (solution of sodium hexametaphosphate and 
sodium carbonate) on a watch glass, which was thereafter 
washed into the ~800 cm3 tank of the dispersion unit. Further 
Calgon solution was added to the deionized water + soil  
suspension and the complete disaggregation and dispersion was 
then provided by ultrasound treatment. For the non-dispersed 
treatment used to determine MiAS, we used neither ultrasound 
applications nor chemical compounds; the samples were only  
 

 

Table 1. Chemical and physical characteristics of the soils, measured using standard methods by Eurofins Environment Testing Norway 
AS (Foereid et al., 2019). 
 

Soil properties Unit Sandy soil Loamy soil
Physical and chemical properties 

Dry matter % 99.4 96.9
pHH2O 7.0 6.4
EC mS m-1 2.5 5.4
Loss of ignition % 1.2 5.7

Elements for plant growth, total
Total carbon % 0.22 1.90
Total nitrogen % 0.04 0.21
Phosphorus % 0.023 0.071
Potassium % 0.07 0.31
Calcium % 0.09 0.36
Magnesium % 0.12 0.36
Sulfur mg kg-1 49 210

Available nutrients
Ammonium-N % 0.0008 0.0019
Nitrate-N % 0.0003 0.0032
Phosphorus % 0.0047 0.0100
Potassium % 0.010 0.036
Calcium % 0.11 0.3100
Magnesium % 0.008 0.033  
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shaken in water prior to determining the amount of water-stable 
aggregates. We measured the amount of the clay fraction by 
LDM using a Malvern Mastersizer 2000 device (Malvern Pana-
lytical Ltd, Malvern, UK) with a HydroG dispersion unit (re-
fraction index: 1.52; absorption index of 0.1 for the dispersed 
phase, and a refraction index of 1.33 for water as the dispersing 
phase) as described by Horel et al. (2019). The obscuration 
values were between 10 and 20%, as recommended in the man-
ual of the Mastersizer 2000. Macro-aggregate stability (MaAS, 
%) was first measured using a traditional wet sieving apparatus 
(Eijkelkamp, Soil and Water, Giesbeek, The Netherlands), 
using 4 g of soil per sample of 1–2 mm size aggregates (Kem-
per and Rosenau, 1986). 

However, our preliminary experiments showed that this 
method is not suitable for measuring the macroaggregate  
stability of sandy soils, as a large amount of soil would be 
needed to extract representative amount of 1–2 mm large ag-
gregates. The small amount of extracted aggregates was not 
representative for the whole soil sample, because the organic 
and non-organic colloids concentrated in the aggregates. There-
fore, the MaAS was determined from the records of the above-
described laser diffraction method using the following equa-
tion:  

 

MaAS = 100* 
F250nd  F250d

100 – F250d
 

 
where F250nd and F250d  (in vol%) stand for fraction of  
particles larger than 250 micrometers of non-dispersed and 
dispersed soil samples, respectively. 
 
2.3 Determination of soil water retention characteristics 
 

We collected duplicate undisturbed soil cores (100 cm3 in 
volume and 37 mm in height) from each treatment and deter-
mined their bulk density (BD) and soil water retention charac-
teristics (WRC). Soil water retention was determined at five 
matric potentials. We used the 100 cm3 soil cores covered by a 
porous cloth at the bottom to measure WRC at matric potentials 
of –10, –50 and –100 hPa, using a sandbox apparatus 
(Eijkelkamp, 2019). The samples were subsequently placed in a 
pressure plate apparatus (Klute, 1986) and equilibrated at ma-
tric potentials of –300 and –1000 hPa for 34 and 42 days, re-
spectively. The unusually long equilibration time was advised 
by Angyal (2019). We left the porous cloth on the samples for 
the pressure plate measurements and did not use any other 
material to enhance contact between the samples and the ce-
ramic plate. 

 
2.4 X-Ray computed tomography imaging of undisturbed 
soil cores from treatments with sandy soil 

 
X-Ray computed tomography (from here on X-CT) imaging 

of undisturbed soil columns is the most advanced direct, non-
destructive, and non-invasive method today to help visualize 
soil structure and pore-size distribution (Schneider et al., 2012; 
Taina et al., 2007). From indirect analyses of soil structure 
(e.g., aggregate stability, water retention curve etc.) it is 
difficult to decide, whether the detected changes, compared to 
the control (MF), occur only because we mix the soil with 
structured materials of high organic matter content that behave 
as a separate medium, or partly also because some structural 
development occurred within short time after amendment 
application. Hence, X-CT imaging is a direct useful tool for 
testing our original hypothesis. 

Since X-CT scanning is a highly expensive technology, it 
was carried out for the poorly structured sandy soil only, 
separately from the pot experiments. The soil was mixed with 
the different amendments according to the chosen application 
rate (2% of soil dry weight). After mixing, we watered the 
treatments to WHC twice and let them dry until equilibrated. 
After two weeks of watering-drying cycles, we collected 
undisturbed soil samples. Soil samples were taken in 
aluminium cylinders of 6.53 cm diameter and 6.00 cm height, 
yielding a volume of about 200 cm3. The samples were scanned 
in a high-end tool for 3D industrial and scientific X-CT analysis 
(GE Phoenix v|tome|x m) at the Swedish University of 
Agricultural Sciences (SLU) in Uppsala, with a voxel size of 40 
μm. The technical details are described in Koestel et al. (2018). 
Two thousand radiographs were obtained for each soil sample. 
These radiographs were reconstructed using the software 
package GE datos|x (GE, 2014). Further image processing was 
achieved using the SoilJ plugin (Koestel, 2017) of ImageJ/FIJI 
free software (Shindelin et al., 2012), the BoneJ plugin for 
PoreSpazeAnalyzer (Daube et al., 2010) and a high-end image-
processing computer at NIBIO, Norway. This approach allows 
image processing and analyses of 3-D images of cylindrical soil 
columns in a semi-automatized way. Thus, the soil column 
outlines are automatically detected, and the column is moved 
into the centre of the image canvas. As a next step, unused 
canvas is cut away as well as image slides depicting the air and 
the Styrofoam above and below the soil column, respectively. 
Next, the gray scale of all the five 16-bit images were calibrated 
to values of 5,000 for air and 20,000 for aluminium layer-by-
layer. The value for the column wall was used as the reference 
for aluminium and the 0.1 percentile of the grayscale value 
sampled inside the soil column was employed as the reference 
value for air. Joint histograms were calculated for the five 
calibrated 3-D images and a joint-threshold grayscale value of 
10,171 was determined by the minimum method (Tsai, 1987) 
and used to obtain binary images depicting the X-ray resolvable 
pores as described by Hellner et al. (2018). 

After the samples had been scanned, saturated hydraulic 
conductivity was measured for each sample at the same facility 
(SLU) using the constant head method. 

The macro-porosity, critical pore diameter and fractal di-
mension were determined, after image acquisition, thresholding 
and image post-processing as described by Koestel et al. 
(2018). The macro-porosity was defined as the total porosity 
visible at the applied resolution of 0.04 mm. The critical pore 
diameter is the smallest diameter of the most extensive pore 
cluster connecting from top to bottom of the sample. The fractal 
dimension was the key property for analysing structural devel-
opment, as the higher it is, the more variable and complex the 
soil structure is. 

 
2.5 Data analyses 

 
Data normality was assessed using the Shapiro-Wilk test  

(p < 0.05). Data on soil texture, water retention characteristics, 
macro- and micro-aggregate stability, water balance compo-
nents and plant properties were analysed for treatment effects 
with one-way analysis of variance (ANOVA) using the 
Minitab® Statistical Software (Minitab, 2019). Means were 
compared using Tukey’s mean separation test at p < 0.05. As 
the soil water retention curves were measured in two replicates, 
the comparison of the means was performed for the treatments  
with and without compost application. The variance was calcu-
lated for all the treatments separately for samples of sandy and 
loamy soils. 
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3 RESULTS  
3.1 Soil texture and the amount of macro-aggregates 

 
We found significant differences in the textural composition 

of the soil samples with different amendments in both soil types 
(Figure 2). Compared to the small amount of amendments 
applied, the DG, C and VC treatments caused up to a 7% in-
crease and a 5% decrease in the silt content of the sandy and 
loamy soils, respectively. 

Probability density functions (PDF) of soil particles are 
shown in Figure 3. The sand and loamy soil samples presented 
a main peak at around 125–210 and 15–35 μm, respectively. 
Mixing the soil with different amendments in a small quantity 
did not cause any shifts in the mean particle size, but slightly 
modified the PDFs. In case of sand, the slight shift in PDF was  
 

visible towards both, smaller (10–40 μm) and larger (400–1800 
μm) particles. For samples with loamy soil, there was an  
increase in the relative amount of particles in the 200–500 μm 
range. 

The textural composition and amount of macro-aggregates 
(>250 μm) of the studied soils with compost or vermicompost 
applications as compared to MF are given in Figure 4. With the 
exception of the clay content of the loamy soil, differences in 
clay, silt, and sand contents between the MF and (ver-
mi)composted treatments were statistically significant, showing 
slight increase and decrease in the silt content for sandy and 
loamy soil, respectively. We found opposite tendencies in the 
sand content in the two soil types. The amount of large aggre-
gates increased by 4 and 1.6% after applying compost or ver-
micompost to the sandy and loamy soils, respectively. 

 
 

 
 
Fig. 2. Textural composition of sandy (left) and the loamy (right) soil with different amendments. MF: mineral fertilizer; DG: digestate; 
VC_DG: vermicomposted DG; C_SS – composted sewage sludge; VS_SS: vermicomposted sewage sludge. Different lowercase letters 
indicate significant differences between treatments (Tukey’s test, p < 0.05, n = 6). 
 

 
 
Fig. 3. Probability density functions of soil particles for derived for sandy (left) and loamy (right) soil with different amendments. MF: 
mineral fertilizer; DG: digestate; VC_DG: vermicomposted DG; C_SS – composted sewage sludge; VS_SS: vermicomposted sewage 
sludge. 
 

-    

Fig. 4. Textural composition and amount of large aggregates in the sandy (left) and loamy (right) soil with compost (C_SS; VC_DG; 
VC_SS) as compared to the control treatment (MF). Different lowercase letters indicate significant differences between treatments (Tuk-
ey’s test, p < 0.05, n = 3 (MF) or 9 (C, VC)). 
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3.2. Soil aggregate stability 

We observed a substantial increase in the micro-aggregate 
stability in the sandy soil when amended with any of the treat-
ments (Figure 5). There were markable differences between the 
MF and the all the other treatments, ranging from 5%  
(VC_DG) to about 10% (C_SS and VC_SS). The differences 
appeared to be statistically significant between the MF and the 
C_SS and VC_SS treatments. We observed no statistically 
significant differences either between the digestate and ver-
micomposted digestate (DG and VC_DG) or between the com-
posted and vermicomposted sewage sludge (C_SS and 
VC_SS). 

Smaller changes in MiAS were found in the loamy soil, 
where we observed reduced aggregate stability compared to the 
control (MF) by at least 2.9% (C_SS) and up to 4.1% 
(VC_DG). The MiAS was significantly lower between MF and 
the other treatments and no statistically significant differences 
were found between the various treatments with organic 
amendments. 

 
 

 
 
Fig. 5. Micro-aggregate stability of the sandy and loamy soils with 
various amendments. MF: mineral fertilizer; DG: digestate; 
VC_DG: vermicomposted DG; C_SS – composted sewage sludge; 
VS_SS: vermicomposted sewage sludge. Different lowercase 
letters indicate significant differences between treatments (Tukey’s 
test, p < 0.05, n = 6). 
 

Concerning the macro-aggregate stability, the overall picture 
differed from that found during the micro-aggregate stability 
analyses. In the sandy soil, we found a significant increase in 
MaAS in all the treatments compared to MF (Figure 6). The 
greatest, up to 9% increase was found for the DG treatments,  
 

 
 
Fig. 6. Macro-aggregate stability of the sandy and loamy soils with 
various amendments. MF: mineral fertilizer; DG: digestate; 
VC_DG: vermicomposted DG; C_SS – composted sewage sludge; 
VS_SS: vermicomposted sewage sludge. Different lowercase 
letters indicate significant differences between treatments (Tukey’s 
test, p < 0.05, n = 6). 
 
followed by an up to 4% increase in the vermicomposted treat-
ments (VC_DG and VC_SS). Concerning the loamy (Cherno-
zem) soil, there were no statistically significant differences 
between the treatments, with the DG treatment being the only 
exception. The MaAS in the DG treatment was the lowest 
(0.3%), and it varied from 1.21 to 1.86% in the other treat-
ments. 

 
3.3 Bulk density and soil water retention curves 

 
The water retention curves measured in the different treat-

ments of the sandy and loamy soils are given in Figures 7 and 
8. The saturated water content varied from 0.31 to 0.40 m3 m–3 
in the treatments with sandy, and between 0.39 and 0.45 m3 m–3 
in the loamy soil and was the highest in the sewage sludge 
(SS)-based vermicompost and compost, respectively. More 
marked differences were observed in the field capacity, which 
varied from 0.12 to 0.19 m3 m–3 in the samples with sandy, and 
from 0.31 to 0.34 m3 m–3 in the samples with loamy soil. 

Generally, compost addition increased the water holding ca-
pacity and reduced the bulk density of both soil types. For the 
sandy soil, we found that composting and vermicomposting 
caused significant differences between the characteristic points 
of the water retention curve in the whole examined water poten-
tial range, except for –10 hPa (Figure 9). Up to 0.04 m3 m–3 
differences between the water contents corresponding to differ-
ent water potentials were found for the loamy soil, which were 
not statistically significant, however (Figure 10). 

 

 
 

Fig. 7. Water retention capacity of the sandy soil in different treatments. MF: mineral fertilizer; DG: food waste digestate; VC_DG: ver-
micomposted DG; C_SS: composted sewage sludge; VS_SS: vermicomposted sewage sludge.  
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Fig. 8. Water retention capacity of the loamy soil in different treatments. MF: mineral fertilizer; DG: digestate; VC_DG: vermicomposted 
DG; C_SS – composted sewage sludge; VS_SS: vermicomposted sewage sludge. 

 

 
 
Fig. 9. Water retention capacity and bulk density (mean values and standard deviations) of the sandy soil measured in treatments with 
(C_SS, VC_DG, VC_SS) and without (MF, DG) (vermi)compost amendments. Different lowercase letters indicate significant differences 
between treatments (Tukey’s test, p < 0.05, n = 4 (MF, DG) 6 (C, VC)). 
 

 
 
Fig. 10. Water retention capacity and bulk density (mean values and standard deviations) of the loamy soil measured in treatments with 
(C_SS, VC_DG, VC_SS) and without (MF, DG) (vermi)compost amendments. Different lowercase letters indicate significant differences 
between treatments (Tukey’s test, p < 0.05, n = 4 (MF, DG) 6 (C, VC)). 

 
3.4 Soil water regime 

 
The soil water balance components, evaluated as an average 

of the three replicates for the whole experimental period, except 
soil evaporation, are given in Figure 11. Evaporation from the 
soil surface was measured in one replicate, therefore those data 
are presented without statistical evaluation. Transpiration (TR) 
shows the amount of water consumed by the plant during the 
experimental period, and the ratio between TR and the amount 
of water used for irrigation (I) is a measure of the irrigation 
efficiency (IE). 

In the sandy soil, all the treatments had a beneficial effect on 
reducing the outflow. We registered 238 ml loss of water from 

the control pots (MF) on average, whereas only 45 ml from the 
DG treatment, and basically no outflow was registered from the 
other treatments. Differences between MF, DG and the treat-
ments with composting were statistically significant. Reduced 
evaporation from the soil surface was the other favourable 
outcome of soil composting. A total 1235 ml water evaporated 
from the surface of the sandy soil with mineral fertilizer (MF), 
the evaporation from the other treatments varied from 910 to 
945 ml. Transpiration varied from 754 (DG) to 906 (VC_DG) 
ml between the treatments compared to the 667 mL calculated 
for the control (MF). Differences in TR were statistically signif-
icant in all cases. 
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Fig. 11. Cumulative soil water balance components (average of 3 replicates) of the sandy (left) and loamy (right) soil during the total period 
of the experiment (O – outflow; TR – transpiration; E – evaporation). MF: mineral fertilizer; DG: digestate; VC_DG: vermicomposted DG; 
C_SS – composted sewage sludge; VS_SS: vermicomposted sewage sludge. Different lowercase letters indicate significant differences 
between treatments (Tukey’s test, p < 0.05, n = 3). 

 

 

Fig. 12. Relative use of water in the different treatments (average of 3 replicates). The total amount of water used for irrigation is indicated 
in millilitres. (O – outflow; TR – transpiration; E – evaporation). MF: mineral fertilizer; DG: digestate; VC_DG: vermicomposted DG; 
C_SS – composted sewage sludge; VS_SS: vermicomposted sewage sludge. 

 
Compared to the sandy soil, lower evaporation and higher 

transpiration values and minimal outflow were registered from 
the treatments with loamy soil (Figure 11, right). The evapora-
tion was the highest in the MF (1126 mL) and DG (1110 mL) 
treatments, whilst much lower and rather similar values – vary-
ing between 851 and 888 – were recorded in the VC_SS, 
VC_DG and C_SS treatments. Regarding transpiration, the 
lowest and highest values of 781 and 930 mL were detected in 
the MF and VC_DG treatments, respectively, and this differ-
ence was statistically significant. TR values, varying from 824 
to 878 mL in the DG, C_SS and VC_SS treatments did not 
differ significantly from either the MF or the VC_DG treat-
ments. 

We evaluated the apportionment of the water used for 
irrigation in the different treatments during the whole period of 
the experiment (Figure 12). According to the irrigation 
schedule, the pots received different amounts of water 
depending on the water loss between the irrigation events, as 
pots were watered individually to maximum water holding 
capacity. In that sense, the MF treatments performed poorest 
for both soil types, but especially for the sandy soil, where only 
31% of the irrigation water was used by the plants (cf. 
transpiration, TR in the figures). The rest of the water was lost 
to gravity (12%) or evaporated from the soil surface (57%) 
(Figure 12, left). We used 1935 mL of water for irrigation in the 
same MF treatment of the loamy soil (Figure 12, right) and 
40%, 2% and 58% of that was used for transpiration, outflow, 
and evaporation, respectively. 

The IE (being equal to TR in Figure 12) was the best in the 
VC_DG and VC_SS treatments (50 and 48%, respectively) for 

the sandy soil, while around 41–46% of the irrigation water was 
transpired by the plants in the other treatments with soil 
amendments. In the loamy soil, the highest ratio of irrigation 
water was similarly used by the plants in the VC_DG and 
VC_SS treatments, i.e. 52% and 51% respectively (Figure 12, 
right), followed by C_SS (48%). In both soil types, the MF was 
the most water demanding soil amendment with the lowest IE, 
whilst the IE was the highest in the pots treated with ver-
micompost (VC_DG and VC_SS). 

Plant water use efficiency (WUE, Figure 13) was signifi-
cantly lower for treatments with high irrigation demand (MF 
and DG), and somewhat higher in the loamy soil than in the 
sand. For both soil types, the production of 1 kg dry shoot 
biomass required the greatest amount of water in the MF and 
DG treatments, respectively. The lowest and the highest WUE 
was detected in pots receiving DG and VC_DG, respectively, 
and vermicomposting improved WUE relative to that of food 
digestate by 0.9 and 1.1 kg m–3 in the sand and loam, corre-
spondingly. Concerning the sewage sludge-based compost 
materials, the WUE appeared to be slightly better in the  
vermicomposted treatments (VC_SS) than in the composted 
treatments (C_SS), but these differences were not statistically 
significant. 

 
3.5 Results of X-CT imaging 

 
In Figures 14 and 15 we present images of samples showing 

contrasting pore space structure. Figure 14 refers to horizontal, 
and Figure 15 to the vertical cross-section of the sandy soil  
columns taken from the MF and VC_SS treatments, respectively. 
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Fig. 13. Plant water use efficiency (WUE) in the different treatments. MF: mineral fertilizer; DG: digestate; VC_DG: vermicomposted DG; 
C_SS – composted sewage sludge; VS_SS: vermicomposted sewage sludge. Different lowercase letters indicate significant differences 
between treatments (Tukey’s test, p < 0.05, n = 3). 
 

 
 
Fig. 14. X-rays images of horizontal cross sections through the middle of soil columns MF (left) and VC_SS (right). 
 

 
 
Fig. 15. X-ray images of the vertical cross sections through the middle of soil columns MF (left) and VC_SS (right). 
 

Compared to the control (MF) treatment, the VC_SS treat-
ment showed visible increase in heterogeneity of soil body and 
increase in the number and length of visually detective pores. 
Images from the control treatment gave typical picture for 
poorly structured, rather homogenous sandy soils with small 
number of pores. The images of the VC_SS, C_SS and VC_DG 
treatments (the latter two not presented) showed more diverse 

and less compacted pattern, with several continuous pores in 
both, horizontal and vertical direction. Soil structural character-
istics measured or derived from X-ray images (Table 2) were in 
line with these observations. 

The measured saturated hydraulic conductivity (Ks), imaged 
macro-porosity, critical pore diameter and fractal dimension are 
summarised in Table 2. 
 
 

1.4 1.2 2.1 1.6 1.7
0

1

2

3

MF DG VC_DG C_SS VC_SS

W
UE

 ( 
kg

 m
-3

)
sand a          b            c            d            d

1.5 1.2 2.3 1.9 1.9
0

1

2

3

MF DG VC_DG C_SS VC_SS

W
UE

 ( 
kg

 m
-3

)

loam a          b            c            c            c



Short-term effects of compost amendments to soil on soil structure, hydraulic properties, and water regime  

83 

 

Table 2. Saturated hydraulic conductivity (Ks), macro-porosity, critical pore diameter and fractal dimension determined for the different 
treatments in the sandy soil. 
  

 

 
Fig. 16. Pore-size distribution of the soil samples from different treatments determined by X-CT imaging. 

 
Ks did not correlate with any of the parameters shown in  

able 2, and it did not vary a lot between the treatments. The 
macro-porosity was three-four-fold higher in treatments with 
amendments compared to the control (MF). Imaged pore clus-
ters reaching from top to bottom of the sample were detected in 
two treatments only (DG and VC_SS), whilst no such pore 
cluster was detectable in the other three treatments at the given 
resolution. All treatments with organic amendments resulted in 
higher fractal dimension values than the FM treatment. 

The pore-size distribution (Figure 16) demonstrated that the 
pore volumes corresponding to rather small pores (with pore 
diameter less than 1 mm) are more significant in the composted 
(C_SS) and vermicomposted (VC_DG and VC_SS) treatments. 

The fractal dimension (FD) of the pore size was the highest 
in the VC_DG (2.82) treatment, followed by the C_SS (2.78) 
and VC_SS (2.69). Relatively low FD values of 2.22 and 2.38 
were found in the MF and DG treatments, respectively. The 
higher the FD, the more variable and complex the soil structure 
is, and the better the water holding capacity and water regime 
of the soil become. 

 
4 DISCUSSION 
4.1 Soil texture and the amount of large aggregates 

 
There is very limited information in the scientific literature 

about the effects of organic amendments on soil texture (e.g., 
Duong et al., 2012). Bucka et al. (2019) did not find significant 
differences in soil texture after 30 days of organic matter appli-
cation. Our results, however, indicate that depending on the 
type of the amendments, minor changes in soil textural compo-
sition can occur after organic amendment application (Figures 2 

and 3), but they are only detectable with very precise measure-
ments. The particle size distribution was found to be somewhat 
less uniform after amendments application (Figure 3), showing 
lower peaks around the dominant particle size and increased 
volume in the silt and coarse send fraction (sandy soil) or in the 
coarse sand fraction (loamy soil). It is possible that the sewage 
sludge and digestate were precipitated with dispersing agents 
causing a slight shift between the different textural classes. In 
addition, enrichment of certain size-fractions by solids originat-
ing from the amendments may have occurred – especially in the 
coarse sand size range (Figure 3), and there are also document-
ed imperfections to the internal re-sampling process of the 
LDM method itself (Polakowski et al., 2015; Sochan, 2012). 

The increase in the amount of large aggregates (by 4%) due 
to compost application was larger in the sandy soil and not that 
well expressed, but still significant in the loamy soil, reaching 
1.6% (Figure 4). Bucka et al. (2019) studied the amount and 
texture of the aggregate size fractions of an artificial soil micro-
cosmos, using wet-sieving and sedigraph analysis after 30 days 
of particulate and dissolved organic matter application. They 
found that the largest proportion of the organic amendments 
were bond in the aggregates and that the presence of macro-
aggregates (>200 μm) was predominant. Other studies also 
report accelerated macroaggregation after applying organic 
amendments to soil (Yu et al., 2015). Wortmann and Shapiro 
(2008) reported that compost application resulted in a signifi-
cant increase in water-stable large macro-aggregates within 15 
days after application, most probably due to the consolidation 
of smaller aggregates. Our findings were similar, indicating, 
that composting, and vermicomposting promote the formation 
of macro-aggregates within a short period after their application. 

Treatment Ks 

(cm h-1) 
Macro porosity 

(%) 

Critical pore 
diameter 

(mm) 

Fractal 
dimension 

MF 7.59 1.10 NA 2.22 
DG 9.78 3.13 0.016 2.38 

VC_DG 9.78 4.98 NA 2.82 

C_SS 8.75 3.87 NA 2.78 

VC_SS 8.84 4.40 0.016 2.69 
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4.2 Aggregate stability 
 
We found the most profound changes in aggregate stability 

due to amendment application in the sandy soil in the macro-
aggregate range, where we observed an increase in MaAS in 
almost all the treatments (Figure 6) compared to the control 
(MF). The high MaAS values detected in the digestate may be 
related to its texture. This material contains big clumps that are 
difficult to incorporate into the soil properly; we assume that 
the poorly incorporated clumps could interfere with the meas-
urements. Our data indicate that within the study period, ver-
micomposting contributed to an increase in macro-aggregate 
stability in the sandy soil compared to simple composting, as 
the MaAS of the VC_SS treatments was nearly double (4.2%) 
of that of the C_SS (2.2%). 

Numerous studies have reported favourable effects of com-
post application on soil aggregate stability (Horel et al., 2019; 
Leroy et al., 2008), but not many of them discuss macro- and 
micro-aggregate stability separately. Abiven et al. (2009) car-
ried out a detailed literature analysis of more, than 80 studies on 
the effects of organic inputs on soil aggregate stability. To 
make all the data comparable, they defined the maximum rela-
tive effect (RE) of soil organic amendments on aggregate sta-
bility as the ratio between the aggregate stability of the soil 
with the organic amendment (AS assumed higher) and without 
the amendment. Out of the more, than 100 organic amendments 
there were 16 composts and one vermicompost, most of which 
had moderate (RE between 1 and 1.3) or strong (RE above 1.3) 
relative effect. In our study, the RE for the macro-aggregates in 
the sandy soil was approximately 2 and 4 for the compost 
(C_SS) and vermicomposts (VC_DG and VC_SS), respective-
ly. In the loamy soil, it varied from 1.3 for the compost (C_SS) 
to 0.9 and 1 for the vermicomposts, respectively. Composting 
and vermicomposting did not affect the MaAS of the loamy 
soil. We assert that these soils have a well-developed and stable 
structure that does not respond to the addition of small amounts 
of organic amendments, and likely does not need structural 
stabilization either. 

Our results indicate, that the RE of compost application, 
with respect to MaAS depends on the soil texture, and stronger 
effect can be expected on soils with poor structure and whether 
vermicompost has been applied instead of compost. Similar to 
our findings, Bronick and Lal (2005) argued that soil texture has 
a major influence on aggregation of soil particles. They proposed 
that a greater influence of soil organic carbon on soil structure 
formation can be expected in coarse-textured soils, while with 
increasing clay content the type of the clay, rather than its abun-
dance is more important in determining aggregate formation. 

We observed contradictory effects of organic amendments 
on the micro-aggregate stability of the sandy and loamy soils. 
The RE was above 1 for all the organic amendments in the 
sandy soil but remained below 1 in the loamy soil. A slight 
structural stabilization was seen in the sandy soil with RE val-
ues of 1.1 in the DG and VC_DG, and 1.2 in the C_SS and 
VC_SS treatments. The opposite tendency was observed in the 
loamy soil in which all the treatments reduced micro-aggregate 
stability compared to the control (i.e., RE equalled 0.94–0.96). 
Still, even after this reduction, the micro-aggregate stability was 
comparable or higher in the loamy soil than in the treated sandy 
soil samples. Since the loamy soil involved in this study is 
well-structured and has a favourable water regime, the slight 
reduction in MiAS was not crucial. Therefore, it has to be care-
fully assessed if the application of organic amendments is 
worth the investment if a soil’s relevant structural and function-
al properties are favourable. 

Studies focusing on the relationship between organic 
amendments and aggregate stability of growing media report 
that aggregate stability predominantly increases for all soil 
types (Abiven et al., 2009), although the opposite has also been 
reported by some (Bronick and Lal, 2005; Haynes and Naidu, 
1998). Haiti et al. (2008) asserts that aggregate stability is posi-
tively correlated with soil organic carbon content. Therefore, it 
is expected that the addition of organic fertilizers or materials 
rich in organic carbon such as manure or sludge or composts 
will improve the aggregation status of the soil. However, Bro-
nick and Lal (2005) proposed that certain cations (Na+ and K +) 
can enhance dispersion of soil aggregates. Haiti et al. (2008) 
further explains that, particularly in humid temperate regions, 
the introduction of surplus monovalent cations may decrease 
aggregate stability by replacing bivalent cations (Ca2+ and 
Mg2+) that may eventually leach from the soil. Haynes and 
Naidu (1998) support the finding of soil structural breakdown 
after organic fertilizer application by referring to the high con-
tent of monovalent cations (Na+ and K+) in the waste materials 
and the accumulation of high concentration of NH4+ through 
mineralization of N in organic wastes. Therefore, the observed 
response in aggregate stability is likely the product of a delicate 
balance between such opposite effects, and the positive effect is 
not guaranteed under all circumstances. 

 
4.3 Bulk density and water retention characteristics  

 
The soil water retention curve is an indicator of the soil’s 

pore-size distribution. By theory, soil water retention in the low 
water potential range (high pF values) is influenced mainly by 
textural properties and microporosity. In contrast, in the high 
water potential range (in the 0 – 100 hPa water potential range), 
it is driven by both soil textural and structural properties. 

In our experiment, the effect of soil amendments on the soil 
water retention characteristic was more pronounced for the 
sandy than the loamy soil. Despite the short period of the exper-
iment, the addition of a small amount of compost material 
could increase the saturated water content and field capacity of 
the sandy soil by approx. 4% and 6%, respectively (Figure 9), 
most probably because this soil type has poor structure and any 
improvement to its structural properties can in turn have a 
pronounced effect on its soil water retention characteristic. 
However, we also found statistically significant differences 
between the water contents measured in the lower water poten-
tial range (i.e. at water potentials of –300 and –1000 hPa in this 
study), indicating that the textural and MiAS differences found 
between the different treatments have a more generally visible 
effect on the water retention curves as well. In the loamy soil, 
we did not find statistically significant differences in the soil 
water retention characteristics between treatments. However, 
we note that the (vermi)compost application did result in a less 
expressed but consistent increase in water retention capacity. In 
terms of bulk density, we recorded a limited but consistent 4% 
and 6% decrease of bulk density in the sandy and loamy soils, 
respectively. 

Numerous studies have reported reduced soil bulk density 
and increased soil water retention capacity after compost incor-
poration into soil. Kranz et al. (2020) compared twenty-five 
peer-reviewed studies that evaluated the changes in soil physi-
cal and hydraulic properties after compost incorporation into 
urban soils of various textures. They reported a 6–55% decrease 
in bulk density in different soil types, at different compost 
application rates, at different incorporation depths and with 
different compost feedstocks. The reported change was usually 
more expressed in soils with sandy texture, and it remained 
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below 16% for clay and loamy clay soils. In their review Kranz 
et al. (2020) also reported the effect of compost material on soil 
water retention, based on six studies. All the referred studies 
reported an increase in soil water retention and either an in-
crease or no significant change in the plant-available water 
content. Our results appear to be consistent with this, since we 
have found that adding composted or vermicomposted soil 
amendments increased soil water retention in the entire exam-
ined water potential range. 

 
4.4 Soil water regime 

 
All the organic amendments applied had a favourable effect 

on the soil water regime, compared to the MF treatment, since 
they enhanced soil water retention and reduced evaporation 
from the soil surface. Structural improvement was also visible 
on how cracks formed, since fewer and smaller (or no) cracks 
were visually observed on the soil surface with organic 
amendments compared to the control treatment (data not 
shown). Cracks had an unfavourable effect on the water regime 
as they facilitated preferential flow that allowed some of the 
irrigation water to bypass the root zone, thereby increasing 
outflow, reducing the amount of water available to the plant, 
and increasing irrigation demand. 

Significantly higher WUE was found in the composted and 
vermicomposted treatments for both soil types. Therefore, we 
concluded that adding composted amendments, in general, 
resulted in lower irrigation demand and higher shoot biomass 
per unit of irrigation water. Similar results were found by Ha-
shem et al. (2014) when comparing the irrigation demand and 
water use efficiency of soil treated with organic mulch, agricul-
tural residues, compost and vermicompost. Hashem et al. 
(2014) have also concluded that vermicomposting was the most 
efficient treatment in reducing the irrigation demand and in-
creasing the WUE. 

The examined soil water balance components and the plant 
water use efficiency (WUE) calculated for the two different soil 
types and all the treatments underlined our hypothesis that 
organic soil amendments can improve soil structure and soil 
water retention and, in turn, may facilitate an improved soil 
water regime. 

 
4.5 X-CT imaging 

 
We evaluated the pore system and the soil structural status 

of all the treatments in the sandy soil using X-CT imaging. The 
undisturbed topsoil of the composted and vermicomposted 
treatments (see Figure 14 for VC_SS and the control) showed 
higher soil porosity and larger variability in the size of visual-
ised pores. Compared to the MF treatment, visible increase in 
the number of discontinuous and continuous pores could be 
detected in the treatments with soil amendments in both, hori-
zontal and vertical (Figure 15) directions. As pore morphology 
affects the movement of air and water through the soil as well 
as water retention (Yang et al., 2018), the increased number of 
discontinuous pores could contribute to improved water reten-
tion in the soil, while improved pore continuity may facilitate 
water transport. 

Soil properties, derived from the images were in line with 
our visual observations. We found notable differences between 
the structural properties of soils under the VC_DG, C_SS and 
VC_SS treatments compared to those of the MF and DG. 
Macroporosity was higher in the treatments with amendments 
compared to the control (MF). The pore volume of the visible 
pores was about four times higher in the C_SS and VC_SS, and 

six times higher in the VC_DG treatments than in the untreated 
soil (Table 2 and Figure 16). The fractal dimension (FD) of the 
pore size was higher in the VC_DG, C_SS and VC_SS treat-
ments (varying from 2.69 to 2.82) compared to the MF and DG 
(FD of 2.22 and 2.38, respectively) treatments. Pore size fractal 
dimension is an integrated indicator of the complexity of the 
soil structure, higher values referring to more heterogenous and 
complex pore system. Healthy soil consists of a combination of 
well-aggregated soil matrix and a well-developed soil pores 
system. Results from X-ray CT in our study indicate that com-
posting and vermicomposting induced pore space reallocation 
with a shift from small pores to larger pores thus, promoted soil 
structural development within a short time. 

The application of X-CT imaging is no longer so novel in 
soil science and is mostly used to visualise and analyse the 
structure of pores and aggregates. Yet, we could not find any 
studies focusing specifically on quantifying the effects of add-
ing compost on the soil’s pore system using this technology. 
Yang et al. (2013 and 2018) used X-CT scanning to evaluate 
the individual and combined effects of various non-compost-
based soil organic amendments on soil pore system and soil 
structure, five months after their application. They found, that 
compared to the control, all the treatments led to an increased 
number of macropores and micropores, causing a significant 
improvement in soil structure and porosity. Singh et al. (2021) 
also found that long-term manure application significantly 
enhanced CT-imaged porosity and saturated hydraulic conduc-
tivity compared to mineral fertilization and control treatments. 
From the findings in the literature and our own results we con-
clude that organic amendments can play an important role in 
the improvement of the physical structure of poorly structured 
soils, that may, in turn improve their hydraulic functioning. 

We acknowledge that our results are reported based on a rel-
atively short experiment. However, there appears to be inde-
pendent evidence that aggregate formation may take place in as 
short a time as 30 days in a loamy textured soil in response to 
organic matter input (Bucka et al. 2019). The same study also 
reports that the type/quality of organic matter input may strong-
ly affect the degree of structural development and aggregate 
formation (Bucka et al. 2019). Our results, together with those 
of Bucka et al. (2019) appear to confirm that soil amendment-
induced differences in soil structure and water regime can be 
notable within a few weeks. We assume, however, that the 
short duration of our experiment may have limited the expres-
sion of positive effects on the examined structural and func-
tional soil properties, and in the longer term the compost appli-
cation may have a more significant beneficial effect on those 
properties, especially when the soil to be amended already 
presents somewhat favourable properties. This, however, re-
mains to be experimentally confirmed. While soil structural 
development can be induced by adding organic soil amend-
ments, it is expected to take a longer time till the formation of 
soil aggregates – the binding of soil particles by soil organic 
matter into secondary units – reaches its equilibrium with both 
the prevailing climatic conditions and the land use. 

 
5 CONCLUSIONS 

 
The application of organic amendments to two different soil 

types (sandy and loamy soils) improved soil water holding 
capacity, increased the amount of macro-aggregates and re-
duced soil bulk density even at a small application rate and 
within a relatively short period of 30 days. This in turn had a 
favourable effect on irrigation efficiency and reduced the irriga-
tion demand. In both soil types, the control treatment (MF) 
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proved to have the lowest irrigation use efficiency, while plants 
grown in the vermicompost (VC_DG and VC_SS) treatments 
used irrigation water most efficiently. 

The addition of organic amendments also helped increase 
the micro- and macro-aggregate stability of the sandy soil even 
within this short study period and those changes have proved 
significant for most organic treatments. However, we recom-
mend a follow-up study complete with relevant chemical anal-
yses that helps isolating the reason for the observed slight but 
significant micro-aggregate destabilization in the loamy soil 
after applying organic amendments. 

When testing how potentially improved soil structural and 
water retention properties translate to improved soil conditions 
for plant growth, composting and vermicomposting appeared to 
be the two best treatments in reducing the outflow and evapora-
tion losses and increasing the water use efficiency of the plant. 
X-ray computed tomography imaging of the sandy samples 
have confirmed that adding composted and vermicomposted 
amendments resulted in a more complex and diverse porous 
system and increase in macroporosity compared to the other 
treatments. The obtained fractal dimensions and the visualised 
pore-structure of the sandy soil supported our hypothesis that 
compost and vermicompost can contribute to structure for-
mation within a relatively short time after their application. 
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