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ABSTRACT 
Soil structure deterioration is the most widespread consequence of long-term cultivation of soil. 
The soil susceptibility to this form of soil physical degradation depends on genetic features of 
soil. The aim of this study was to characterize the soil structure and its effect on water retention 
of Haplic Cambisols under long-term potato cultivation and adjacent grassland in the region of 
the Samokov hollow, southwestern Bulgaria. The top soil layers were analyzed for 
determination of soil texture, soil organic carbon, pH, soil bulk density, total porosity, aggregate 
size distribution, water stability of soil aggregates, and soil water retention curve (SWRC). The 
water retentions at low suctions (pF 0.4-2.5) were determined on undisturbed samples in the 
process of draining by suction type apparatus and on disturbed soil samples by TDR/MUX/mpts 
device during air drying. It was found that deterioration of soil structure as result of long-term 
potato cultivation was well expressed by the lower water stability of soil aggregates, field 
capacity and plant available water capacity in comparison to grassland. Another indictor for 
structureless of the cultivated soil was the coincidence of SWRC obtained in case of the intact 
soil cores and of the disturbed soil. The obtained results showed that long-term use of Haplic 
Cambisols for potato cultivation lead to significant soil structure deterioration in this relatively 
cool and humid region. 
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INTRODUCTION 

Soil structure deterioration is the most widespread consequence of long-term cultivation 
of soil (Dilkova, 2014). The soil quality indicators used for assessing land change effects are 
total porosity, aeration capacity, plant available water capacity, water stability of soil 
aggregates, soil organic carbon content, pore size distribution parameters, infiltration rate 

Soil susceptibility to physical degradation depends on genetic features of soil and was assessed 
for some main agricultural soil varieties in low lands of the country (Dilkova et al., 1998; 
Dilkova, 2014). Changes of soil physical properties of Cambisols (Brown forest soils) under 
different vegetation cover in mountainous regions were discussed by Kercheva et al. (2019). 
There are no comparative studies on the long-term effects of cultivation on soil physical 
properties and organic matter of this type of soil in relative high-land territories, such as the 
Samokov hollow (950 m a.s.l.). The region is known as suitable for potato growing in Bulgaria. 

The aim of this study was to characterize soil structure and its effect on water retention 
of Haplic Cambisols under long-term potato cultivation and adjacent grassland in the region of 
the Samokov hollow, southwestern Bulgaria. 
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MATERIAL AND METHODS 

The study was conducted on Brown forest soil (Haplc Cambisols according to WRB 
2015) under grassland and adjacent ploughed area used for potato growing in the Samokov 
hollow (23.535E; 42.336N; altitude 945 m a.s.l.), southwestern Bulgaria. The region is 
relatively cool with mean air temperatures of the coldest month (January) -3.4oC and of the 
hottest one (July) 17.4oC. The annual sum of precipitation is 670 mm with summer maximum 
of 202 mm. 

The laboratory analyses of the soil samples taken from the top soil layers included 
determination of soil particle size distribution, soil organic carbon content, pH in H2O, soil bulk 
density, total porosity, aggregate size distribution, water stability of soil aggregates, and soil 
water retention curve.  

The particle-size distribution was determined by sieving and the pipette method (ISO 
11277, 2009). Fractions of sand (2-0.063 mm), silt (0.063-0.002 mm) and clay (<0.002 mm) 
were determined according to ISO 11277 (2009) for applying the textural classification of IUSS 
Working Group WRB (2015). Total soil organic carbon content (SOC, %) was determined by 

data the resilience of soil structure was assessed by the structural stability index (SI) proposed 
by Pieri (1992): 

       (1)

The acidity of soil was measured by pH meter (ISO 10390: 2011). 

Vertically oriented intact soil cores were sampled in 4 replicates in 100 cm3 metal 
cylinders for determination of bulk density (Db) (ISO 11272:1998) and water retention by the 
suction type apparatus till pF 2.5 (ISO 11274:1998). Particle density (Ds) analysis was carried 
out in water with 100 cm3 pycnometers. Total porosity (Pt) was calculated using the measured 
bulk density (Db) and particle density (Ds): 

Pt=(1-          (2)

The distribution of dry-sieved aggregates between aggregate size classes (>10, 10-5, 5-3, 
3-1, 1-0.25, and <0.25 mm) was determined by manual dry sieving of air dried soil using set of 
sieves arranged from top to bottom with decreasing size of the openings. The proportion of each 
aggregates class (DSA) was calculated relative to the summed total weights of all the aggregate 
size classes. Mean weight diameter (MWD, mm) of the fractions less than 10 mm was 
calculated. 

The water stable aggregates were determined by the method of Savinov, modification of 
Vershinin and Revut (Revut, 1969). Four soil samples (20 g each) were prepared for wet 
sieving: one composite sample (F0.25-10) by taking equal quantity (5 g) of air dried aggregates 
from four fractions: 10 5, 5 3, 3 1, and 1-0.25 mm; three replicate samples (20 g each) with 
air dried aggregates from a single fraction 3 1 mm (F1-3).  The wet sieving was done by the 
device of Savinov an hour after direct immersion of the air dried soil aggregates sample into 
water (slaked pretreatment). The correction for aggregate-sized sand content (skeleton) was 
done according to Six et al. (2000):  

WSAi=Pi-Si          (3)

where WSAi  is the proportion of water stable aggregate of size class i (i=10-5, 5-3, 3-1, 1-
0.25 mm), Pi is the proportion of the aggregates remaining on the sieve (5, 3, 1, and 0.25 mm) 
after wet sieving to the weight of the sample prior to the wet sieving, Si is the proportion of 
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sand with size i in aggregates of size i after disruption. The proportion of water unstable 
aggregates (P<0.25) was calculated as 100%-the total sum of Pi. Mean weight diameter of water 
stable aggregates (MWDwet) was also calculated. 

The water stability of aggregates is expressed by the ratio (MWDR) of mean weight 
diameters of aggregates after (MWDwet, mm) and before wet sieving and by the percent of 
water stable macro aggregates >0.25 mm (WSA>0.25, %) (Dilkova, 2014). 

Soil water retention at suctions less than pF 2.5 (-33 kPa) was determined using two 
laboratory methods. The first one (M1) was a suction plate method similar to ISO11274:1998 
using Shot filters G5 connected to hanging column for measuring soil water content at pF 1, 
1.7 and 2, and to a vacuum chamber for pF 2.5 as described by Kercheva et al. (2017, 2019). 
The second method (M2) used TDR/MUX/mpts measurement device (Time Domain 
Reflectometry meter with a multiplexer for measurement of moisture, matric pressure, 
temperature and salinity of soils) for measuring soil volumetric water content and soil matric 
potential.  

Soil water retention at suction 1500 kPa (pF 4.2) was determined using fine (<2 mm) 
earth samples by pressure membrane apparatus (Soilmoisture equipment Corp.). The 
hygroscopic water content at pF 5.6 at water adsorption part of the soil water retention curve 
(SWRC) was determined using vapor pressure method with controlled relative humidity 75% 
in desiccators containing saturated solution of NaCl.  

The field capacity was estimated by the water content retained at suction 10 kPa (pF 2.0). 
The plant available water capacity (PAWC) was determined as the difference between water 
retained at pF2.0 and pF4.2: 

PAWC=WpF2.0-WpF4.2          (4)

Air capacity, AC was calculated as difference between total porosity (Pt) and volumetric 
water content corresponding to FC ( pF2.0): 

AC=Pt- pF2.0          (5)

Relative FC was calculated as pF2.0/Pt. 

More details on these and other soil physical indicators and their optimal limits can be 
found in Reynolds et al (2009).  

RESULTS AND DISCUSSION 

Soil texture was classified as loam in the top 0-10 cm soil layers under both arable and 
grassland (Table 1). Soil organic carbon content (SOC) was nearly two times lower in the arable 
layer than under grassland. It was classified as high (1.8-3%) under grassland and low (0.6-
1.2%) under the arable according to the proposed criteria of Filcheva (2014). According to 
Greenland (1981) tillage-induced loss of soil structure may occur when SOC<2.3%wt. These 
results corresponded to the values of the structural index (SI), calculated by the silt and clay 

 
The soil reaction was very strongly acidic as pH in H2O was less than 4 (Table 1).
The higher SOC and finer texture under grassland leaded to lower particle density (Ds) 

and higher hygroscopic water content (WpF5.6) (Table 1) and wilting point (WpF4.2) (Table 2). 
The coarser texture of the arable soil was accompanied with the higher content of skeleton as it 
was determined after wet sieving (Fig. 2). The higher bulk density (Db) of the arable soil than 
under grass confirmed the instability of soil structure and it proneness to compaction. 
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Table 1. Soil texture fractions and class, soil organic carbon content (SOC), pH, soil bulk (Db) 
and particle (Ds) density and hygroscopic soil water content at pF 5.6 (WpF5.6) of the studied 
topsoil layers of the arable and grassland Cambisols. 
Land use Sand 

% 
Silt 
 % 

Clay 
% 

Texture 
class 

SOC, 
% 

SI, 
% 

pH in 
H2O 

Db, 
g cm-3 

Ds,  
g cm-3 

WpF5.6, 
%wt  

Arable 46 32 22 Loam 1.10 3.5 3.8 1.15 2.65 2.8
Grassland 39 36 25 Loam 1.97 5.6 3.8 1.04 2.59 3.8

 

tillage leaded to two times higher AC of the arable soil. This was on the account of less retention 
capacity of the arable soil at pF 2.0 (used in this study as the measure of FC) and at pF 2.5 (also 
used in other studies as a measure of FC). The relative field capacity ( pF2.0/Pt) was below the 
optimal range (0.6-0.7) (Reynolds et al., 2009) for microbial production of nitrate in the arable 
soil and above it in g

suggested high water permeability and no risk for waterlogging which is beneficial for potato 
growing. 

The formation of clods (>10 mm aggregates) was better expressed in the arable soil (Fig. 1). 
The mean weight diameter was almost the same  around 3 mm, but the agronomical valuable 
aggregates between 0.25-10 mm prevailed under grassland (79%), while they were 56% in the 
arable soil (Fig. 1). The water stable aggregates >0.25 mm of fraction F1-3 was more than two 
times higher under grassland than in the arable soil. 

Table 2 Soil quality indicators. Water content (W) by mass retained at potentials pF 2.0, 2.5 
and 4.2. PAWC plant available water content, AC air capacity, WSA  waster stable 
aggregates in fraction F1-3 mm. pF2.0/Pt  relative field capacity 

Land use Pt, 
%vol 

W2.0, 
% 
wt 

W2.5, 
% wt 

W4.2, 
% wt 

PAWC, 
% vol 

pF2.0/Pt  AC, 
%vol  

WSAF1-3 

>0.25 mm, 
% 

Arable 56.5 25.1 21.4 9.0 18.5 0.51 27.6  
Grassland 59.8 46.7 39.0 13.2 32.9 0.78 13.1  

 

The composite sample F0.25-10 showed instability of aggregates greater than 3 mm in the arable 
soil. When expressed as MWDR (ratio of mean weight diameter after and before wet sieving) 
the water stability of the arable soil was assessed as medium (MWDR=0.25) while the water 
stability of the aggregates under grassland was high (MWDR=0.84) (Fig. 2). 
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Fig. 1. Aggregates size distribution and mean weight diameter of dry aggregates (MWD). 

 

Fig. 2 Size distribution of water-stable aggregates in the composite sample (F0.25-10) and mean 
weight diameter ratio after and before wet sieving (MWDR). 

The soil water retention curves were presented in Fig. 3. The similarity between SWRC 
obtained on the intact soil cores and on the disturbed soil at lower suctions (less than pF 2.5) is 
another indication for structureless of the cultivated soil. Under grassland the SWRC of the 
intact cores was higher suggesting presence of macro pores. Even disturbed soil under grass 
showed higher water retention capacity than cultivated soil. This can be explained with presence 
of greater amount of structure pores in water stable soil macro-aggregates. 
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Fig. 3. Water retention measured on undisturbed soil cores (M1) and disturbed sample (M2)

CONCLUSIONS 

Several indicators of soil structure related to solid phase and soil porous system of Haplic 
Cambisols under grassland and cultivation were determined. The use of TDR/MUX/mpts 
device during air drying provided detailed information of soil water retention curve of the 
studied soil in the range of pF 0 to 2.7.  The obtained characteristics of soil structure proved the 
significance of water stability of soil aggregates for improving the water retention capacity of 
Haplic Cambisols. The long-term use of Haplic Cambisols for potato cultivation leaded to 
significant soil structure deterioration in this relatively cool and humid region. The high air 
capacity and low retention properties of the till soil suggested high water permeability and no 
risk for waterlogging which is beneficial for potato growing. 
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