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ABSTRACT
Since biochar is considered to be a significant source of carbon, in this work we have evaluated the changes in soil
organic matter (SOM) and soil structure due to application of biochar and biochar with N fertilization, and have
considered the interrelationships between the SOM parameters and the soil structure. The soil samples were collected from Haplic Luvisol at the locality of Dolná Malanta (Slovakia) during 2017. The field experiment included
three rates of biochar application (B0 – no biochar, B10 – biochar at the rate of 10 t ha-1, B20 – biochar at the
rate of 20 t ha-1) and three levels of N fertilization (N0 – no nitrogen, N160 – nitrogen at the rate of 160 kg ha-1,
N240 – nitrogen at the rate of 240 kg ha-1). The rate of biochar at 20 t ha-1 caused an increase in the organic carbon
(Corg) content. The combination of both rates of biochar with 160 and 240 kg N ha-1 also caused an increase in Corg.
In the case of B20 the extractability of humic substances carbon (CHS) was 17.79% lower than at B0. A significant
drop was also observed in the values of the extraction of humic acids carbon (CHA) and fulvic acids carbon (CFA)
after the addition of biochar at a dose of 20 t ha-1 with 160 kg N ha-1. However, both rates of biochar had a significant effect at 240 kg N ha-1. After application of 20 t ha-1 of biochar the content of water-stable macro-aggregates
(WSAma) significantly increased compared to control. This rate of biochar also increased the mean weight diameter
(MWDW) and the index of water-stable aggregates (Sw) and decreased the coefficient of vulnerability (Kv). The
biochar at a rate of 20 t ha-1 with 240 kg N ha-1 the value of MWDW increased and value of Kv decreased significantly. The contents of Corg and CL correlated positively with WSAma, MWDW and Sw and negatively with WSAmi
and Kv. The extraction of CHA and CFA was in negative relationship with MWDW. We conclude that the application
of biochar and biochar combined with N fertilizer had a positive influence on SOM and soil structure.
Keywords: biochar; soil organic matter; soil structure; nitrogen fertilizer

INTRODUCTION
Soil structure is one of the most important
soil properties. It is defined as a spatial arrangement of soil particles with pores among them
[Odes 1993]. According to Blanda et al. [2014]
soil aggregates are basic soil structural units
that control the dynamics of soil organic matter
(SOM) and influence the soil´s ability to sequestrate and stabilize organic carbon. Conceptually,
aggregates are generally classified into macro-

aggregates (>0.25 mm) and micro-aggregates
(<0.25 mm) [Six et al. 2000]. The stability of soil
aggregates is one of the most important elements
of soil protection and conservation of its functions.
Soil resistance to erosive agents and compaction
increases with improvement of aggregate stability [Chaplot and Cooper 2015]. Aggregation is the
result of reorganisation, flocculation and cementation of soil particles. As reported by Bronick and
Lal [2005], aggregation is influenced by a number
of factors. First example is when oxides of iron and
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aluminium can act as inorganic binders and second
is when extracts of roots, fungal hyphae, bacteria
and soil fauna are considered as cementing agents
which connect soil particles into stable macro-aggregates [Odes 1993, Tisdall 1996].
SOM is the most important indicator of soil
quality because of its effects on wide range of soil
particles. It is considered to be a key element in
the stabilization of soil aggregates. The dynamic
of SOM is related to the formation and destruction
of macro-aggregates. Soil aggregates control the
dynamics of SOM [Six et al. 2000] which is the
main source of soil organic carbon (SOC). SOC
improves aggregation by bonding soil particles together and its effect depends on the rate of its decomposition. The intensification of agriculture has
led to a significant decrease of organic matter content in agricultural soils in the last decades of the
twentieth century. It has deteriorated the soil structure and the soil fertility [Bossuyt et al. 2004]. The
ways how to enhance the stock of SOM or SOC in
arable soils, are still being researched [Sainju et al.
2009]. A good option to increase carbon sequestration in the soil is production and application of
biochar. The intentional and unintentional addition of biochar into soils, known as „Terra preta,“
has promoted soil fertility. These soils are among
the most significant examples of biochar enriched
soils by humans [Wang et al. 2016].
Biochar is a solid, C-rich product [Fisher
and Glaser 2012] that arises during the thermal
decomposition of different organic material in
conditions with low or no oxygen. The properties
of biochar mainly depend on the type of material used for its production and on the temperature
of pyrolysis [Ahamd et al. 2014, Zlielinska et al.
2015]. Firstly, the biochar produced from manure
usually has smaller surface area, than biochar produced from wood. Secondly, the higher temperature increases the content of carbon in biochar
while the content of oxygen and hydrogen decreases. Biochar has the potential to enhance the
chemical, physical and biological properties of
soil [Hussian et al. 2016]. The addition of biochar
can increase cation exchange capacity (CEC) and
pH. Biochar can absorb nutrients but also heavy
metals due to its high porosity and the presence
of carboxyl and hydroxyl groups [Glaser et al.
2002, Joseph 2009]. In addition, biochar can increase soil porosity, reduced soil bulk density and
improve soil retention capacity [Abel et al. 2013,
Omondi et al. 2016]. The increase of soil aggregate stability and the content of macro-aggregates
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have been shown in several studies [Zhang et al.
2015, Liu et al. 2014, Sun and Lu 2014].
Since biochar is material rich in C we expected that its application would increase the content
of labile C in soil and the increase will correlate
with the application rate of biochar which would
also improve the condition of soil structure. The
aim of this study was to evaluate: (i) the effects
of different rates of biochar and biochar with N
fertilizer on the parameters of soil organic matter,
(ii) the parameters of the soil structure, (iii) the
inter-relationships between measured parameters
of the soil organic matter and the soil structure affected by biochar and biochar with N.

MATERIAL AND METHODS
The characteristics of the territory
The study was carried out at the experimental site of Slovak University of Agriculture in
the Nitra region of Slovakia (Dolná Malanta,
lat.48°10‘00“, lon.18°19‘00“). The area is located about 4 km from Nitra and it has flat terrain
properties with a slight southwestern slope. From
a geological point of view, the territory is located
on the geological boundary of the mountain range
of Tribeč and Danubian Lowland with an altitude
175–180 m a.s.l. The soil is classified as Haplic
Luvisol and it has neutral pH (6.69). The territory
is located in a warm agro-climatic zone with a
mean annual air temperature of 10.2°C. The mean
total annual rainfall is 539 mm.
The description of the experiment
The experiment was established in March
2014. The crop rotation consisted of spring barley (2014), corn (2015), spring wheat (2016)
and corn (2017). In 2017 following treatments
were used: 1. B0 – without biochar, 2. B10 –10
t ha-1 of biochar, 3. B20 – 20 t ha-1 of biochar, 4.
B0N160 – without biochar but with 160 kg N ha-1,
5. B10N160 – 10 t ha-1 of biochar and 160 kg N
ha-1, 6. B20N160 – 20 t ha-1 of biochar and 160
kg N ha-1, 7. B0N240 – without biochar but with
240 kg N ha-1, 8. B10N240 – 10 t ha-1 of biochar
and 240 kg N ha-1, 9. B20N240 – 20 t ha-1 of biochar and 240 kg N ha-1. The LAD 27 was used as
N fertilizer. The used biochar was made of grain
husks and paper sludge at a ratio of 1:1 at the temperature of 500 °C. The composition of the biochar and its properties are shown in Table 1.
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Table 1. Basic composition and properties of applied
biochar
Ca

57 g kg-1

Mg

3,9 g kg-1

K

15 g kg-1

N

0.7 g kg-1

Total C

53.1%

Total N

1.4%

Ash

38.3%

pH

8.8

Size of biochar

1 – 5 mm

Surface area

21.7 m-2 g-1

•• coefficient of vulnerability (Kv) [Valla et al.
2000] according to the equation:

Kv 

The soil samples were collected in 2017 at
monthly intervals from the beginning (April) to the
end (September) of the corn growing season (from
38th to 43rd month since biochar application). The
soil samples were collected from the depth 0–30
cm. Subsequently, roots and other large parts of
plants were removed from the samples, they were
transferred to the laboratory and air dried at room
temperature. The fallowing parameters of soil organic matter and soil structure were evaluated:
•• content of water-stable macro- (WSAma) and
micro-aggregates (WSAmi) (fractions: >5 mm,
5–3 mm, 3–2 mm, 2–1 mm, 1–0.5 mm,
0,5–0.25 mm a <0.25 mm) by Bachsayev´s
method [Hraško et al. 1962],
•• mean weight diameter of macro-aggregates
(MWDd), which was calculated from the percentage representation of individual fractions
of structural macro-aggregates obtained by
sifting through a set of sieves:
n

ii 
=1
1

(1)

where:
i – 1, 2, 3 ....n – corresponds to each determined fraction
xi – weighted average of the size fraction
wi – percentage of sample on sieve,

•• mean weight diameter of water-resistant macro-aggregates (MWDW), which was calculated
from the percentage of the individual fraction
of water-resistant macro-aggregates obtained
by sifting through a set of sieves in distilled
water:
n

MWDW   xiWSA
ii 
=1
1

MWDd
MWDw

(3)

•• index of water-resistant macro-aggregates
(Sw) was calculated based on the grain composition and the percentage representation of
water-resistant macro-aggregates:

The collection of samples and analytical
methods

MWDd   xi wi

where:
i – 1, 2, 3 ....n a– corresponds to each determined fraction
xi – weighted average fraction size (mm)
WSA – water-resistant aggregates,

(2)

Sw 

WSA  0.09sand
silt  clay

(4)

where:
WSA – % content of water-resistant
aggregates,

•• content of total organic carbon (Corg) was determined oxidometrically [Dzadowiec and
Gonet 1999a],
•• content of labile carbon (CL) [Loginow et al.
1987],
•• group composition of humic substances
[Dzadowiec and Gonet 1999b],
•• colour quotient of humic substances (QHS) and
colour quotient of humic acids (QHA).
Statistical analysis

The individual parameters of organic matter
and soil structure were evaluated by statistical
analysis through the Statgraphic Centurion XV
Program I. (Statpoint Technologies, Inc., USA)
using ANOVA single-factor analysis. LSD test
with a significance level of α=0.05 was used to
compare the effect of biochar and N fertilization.
The dependence between the parameters of soil
structure and soil organic matter was evaluated by
the correlation matrix.

RESULTS AND DISCUSSION
Total organic carbon (Corg) is an important indicator of SOM, which is widely used in the evaluation of the total amount of organic compounds
in soils [Zhang et al. 2005, Visco et al. 2005]. Due
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to its predominantly aromatic structure, biochar is
a relatively stable form of C [Pasakayastha et al.
2015]. Only a small part of biochar can be mineralized in the short time after application, especially if biochar is produced at lower pyrolysis
temperatures [Mukome et al. 2015]. Our results
indicate that the addition of biochar in overall
increased the Corg content in the soil (Fig. 1) but
the increase was statistically significant (28.69%)
only with the higher biochar rate (B20) compared
to the control (B0). When compared to B0N160
treatment, the content of Corg increased by 12.05%
for B10N160 and by 23.59% for B20N160. Furthermore, the higher rate of biochar had stronger
effect on Corg content in the soil than the lower
rate of biochar (12.22% difference in the Corg content). Soil Corg content increased also when the
combination of biochar (both rates) with 240 kg
N ha-1 was used. The obtained value in B10N240
was 19.20% higher, while in B20N240 – 19.51%
higher than in B0N240. The difference between
the rates of biochar was not statistically significant. Similar findings have also been reported by
Mavi et al. [2018] who recorded a significant Corg
increase after the application of biochar and biochar with N, but only at higher doses of N (120
and 150 kg ha-1). The lower rate of N (60 kg ha-1)
did not notably alter the content of Corg. Labile
carbon (CL) is an important component of SOM
and it is considered to be a sensitive indicator of
soil quality [Jiang and Xu 2006]. During pyrolysis, either labile or leached organic carbon is generated. These low-weight molecular organic com-

pounds directly increase the content of CL in soil.
The addition of N into the soil reduces the content
of carbon in organic matter due to a decrease of
C:N ratio [Yan et al. 2007]. In conclusion, the addition of biochar alone or biochar with N did not
have a significant effect on CL content (Fig. 2).
Humic substances (HS) are considered to be
stable fractions of soil organic matter. They represent heterogeneous components consisting of
large macromolecules with functional groups
formed by chemical and biochemical reactions.
HS play an important role not only in soil fertility
but also in the sequestration of C [Spaccini et al.
2002]. There is still lack of information about the
effect of biochar on the chemical composition of
HS. However, recent studies have shown that biochar can play an important role in the formation of
HS [Jindo et al. 2016]. As a result of biochar and
biochar with N application, the reduction in humic substances carbon (CHS), humic acids carbon
(CHA) and fulvic acids carbon (CFA) was observed
(Table 2). Application of the higher rate of biochar resulted in the reduction of CHS content by
17.79%, CHA – by 15.98% and CFA – by 19.69%
compared to the control. After the addition of biochar with 160 kg N ha-1, there was a significant decrease in CHS content by 21.87%, CHA – by 24.46%
and CFA – by 18.66% in B20N160 when compared
to B0N160 treatment. But, when biochar with 240
kg N ha-1 was applied, the high effect was registered for both rates of biochar (B10N240 and
B20N240): CHS decreased by 23.32% and 24.43%,
CHA – by 15.61% and 23.75%, CFA – by 31.77%

Figure 1. Contents of soil organic carbon. Treatments are stated in Material and methods. Different letters
(a, b, c) between columna indicate that treatment means are significantly different at P<0.05 according to LSD test
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Figure 2. Contents of labile carbon. Treatments are stated in Material and methods. Different letters (a, b, c)
between columns indicate that treatment means are significantly different at P<0.05 according to LSD test
Table 2. Statistic evaluation of the parameters of soil organic matter
Treatment

CHS

CHA

CFA

CHA:CFA

% from Corg

QHS

QHA

B0

36.31±1.98b

19.59±2.01b

16.73±0.87b

1.18±0.14a

4.55±0.20a

3.72±0.17a

B10

36.81±3.82

b

19.41±1.62

b

17.40±2.86

b

1.14±0.17

a

4.37±0.20

a

3.72±0.10a

B20

29.85±2.73

a

16.46±2.49

a

13.39±1.84

a

1.25±0.25

a

4.53±0.29

a

3.78±0.10a

B0N160

39.65±3.45c

21.91±2.71b

17.74±2.67b

1.27±0.27a

4.60±0.27a

3.77±0.03a

B10N160

35.16±3.35b

19.78±2.00ab

15.98±3.22ab

1.25±0.31a

4.51±0.32a

3.80±0.13a

B20N160

30.98±2.11

3.31±0.14a

B0N240

16.55±2.66

a

14.43±1.91

a

1.18±0.36

a

4.45±0.28

a

42.66±3.38

b

22.36±1.70

b

20.30±3.45

b

1.13±0.24

a

4.70±0.30

a

3.87±0.15a

B10N240

32.71±1.47

a

18.87±1.75

a

13.85±1.57

a

1.39±0.27

a

4.52±0.27

a

3.78±0.17a

B20N240

32.24±2.58

a

17.05±2.12

a

15.19±2.57

a

1.16±0.30

a

4.53±0.22

a

3.79±0.15a

a

Treatments are stated in Material and methods. Different letters (a, b, c) between lines indicate that treatment
means are significantly different at P<0.05 according to LSD test.
CHS – content of humic substances carbon, CHA – content of humic acids carbon, CFA – content od fulvic acids
carbon , CHA:CFA – humic acids carbon to fulvic acids carbon ratio, QHS – colour qutient od humic substances,
QHA – colour qoutient od humic acids

and 24.16%, respectively, compared to the control
(B0N240). The significant differences were also
identified between the rates of biochar after the application of biochar alone, where B20 treatment resulted in 18.91% (CHS), 16.03% (CHA) and 23.05%
(CFA) lower concentrations than B10. According
to Zhao et al. [2017], the different effect of biochars on the content of CHA and CFA depended on
the different pyrolysis temperatures during the biochar production (300°C, 400°C, 500°C, 600°C).
All tested types of biochar initially had a beneficial effect on CHA and CFA, however after a short
time a decrease of CHA and CFA was observed in the
case of biochar produced at a lower temperature

(300°C, 400°C). An increase of soil microorganisms was stimulated by biochar application, which
promoted the production of humic (HA) and fulvic
acids (FA). Over time, parts of HA and FA are used
by microorganisms as a result of the decline in the
slightly mineralized sources of carbon. The humic
acids carbon to fulvic acids carbon ratio (CHA:CFA)
is the next of evaluated qualitative parameter of humus. The values greater that 1 characterise fertile
soils [Rudkowska and Pikula 2013]. There was no
any significant changes in CHA:CFA, colour quotient
of humic substances (QHS) and colour quotient of
humic acids (QHA) after the application of biochar
or biochar with N (Table 2).
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The average values of the soil structure parameters for the corn growing season [2017] are shown
in Table 3. When evaluating the soil structure, the
one of the most important parameters is content of
water-stable macro-aggregates (WSAma). It represents the individual size groups of aggregates and
their water resistance [Scott, 2000]. We concluded
that the application of biochar and biochar in combination with N fertilizer had a positive effect on the
WSAma content. It increased with the application of
biochar in the order B0<B10<B20. The application
of biochar alone at a dose of 20 t ha-1 (B20) significantly increased the content of WSAma by 10.41%
compared to the control (B0). The content of macro-aggregates increased, while at the same time the
content of water-stable micro-aggregates (WSAmi)
decreased with increasing rate of biochar or biochar with N. The significant effect was found only
in the B20 treatment, where the value of WSAmi
was 29% lower than in the control. According to
Lu et al. [2014] the addition of a high rate of biochar increased the content of WSAma by 31% compared to the control. On the other hand, Zhang et
al. [2015] stated that the application of biochar had
no significant effect on the value of WSAma. These
results were obtained in the first year after the application of biochar. As Obia et al. [2016] wrote, a
longer period was needed for the oxidation of applied biochar particles. The positive effect of fertilizer on soil aggregation has been proven in many
studies [e.g. Chen et al. 2015; Wang et al. 2016;
2017]. Wang et al. [2014] found that N fertilization increased the content of macro-aggregates
that were larger than 2 mm by 7% compared to the
control. However, the content of smaller macro-

aggregates did not increase. In addition, the effect
of fertilization was induced by an increase of root
biomass and fungal hyphae in these size groups
of aggregates. It corresponds to the statement by
Bronick and Lal [2005] that plant roots and fungal
hyphae are very important attributes for macroaggregate formation. The mean weight diameter
of aggregates gained by dry sieving (MWD) is a
commonly used parameter to evaluate the stability
of aggregates. It determines the representation of
individual fractions of macro-aggregates and the
extent of their stability [Amezketa 1999]. MWDd
was not significantly altered by the application of
biochar alone or biochar with N fertilizer in both
rates of biochar and N fertilizer. Conversely, statistically significant changes were observed within
the mean weight diameter of water-stable macroaggregates gained by wet sieving (MWDW). Compared to the controls, the value of this parameter
increased after B20 treatment by 37.11% and after
B20N240 treatment by 41.23%. No significant effect of the B20N160 or B20N240 treatments on
MWDWSA was observed. Next, the coefficient of
vulnerability (Kv) and the index of water-stable
aggregates (Sw) were evaluated. The calculated
values of Kv and Sw also confirmed that application of biochar and biochar with N had a beneficial
effect on soil structure. The results showed that the
fertilized treatments were characterized by a lower value of Kv and a higher value of Sw than the
control. The higher rate of biochar decreased the
value of Kv and increased value of Sw. However
in the case of Kv, the decrease was significant only
with B20N240 treatment (by 43.09%) compared
to the control B0N240. In the case of Sw, a sig-

Table 3. Statistical evaluation of the soil structure parameters
Treatments

WSAma

WSAmi

MWDd

MWDW

(%)

Kv

(mm)

Sw

B0

71.9±4.38a

28.1±4.38b

3.04±0.88a

0.61±0.09a

4.94±1.24a

0.83±0.05a

B10

78.3±7.33

21.8±7.33

0.86±0.20

0.91±0.09ab

B20

80.3±6.34

B0N160

71.3±9.11

ab

3.02±0.76

a

a

2.77±0.97

a

a

2.67±0.46

a

ab

b

19.7±6.34

a

28.7±9.11

3.71±1.85

a

0.97±0.34

b

3.24±1.64

a

0.93±0.07b

0.69±0.25

a

4.31±1.72

a

0.83±0.11a

ab

B10N160

73.6±5.34a

26.3±5.34a

2.45±0.30a

0.76±0.22a

3.56±1.57a

0.85±0.06a

B20N160

79.3±10.94a

20.7±10.94a

2.74±0.47a

0.93±0.35a

3.47±1.75a

0.92±0.13a

B0N240

73.5±9.28

a

26.5±9.28

a

3.09±0.68

a

0.67±0.20

a

5.06±2.20

b

0.85±0.11a

B10N240

75.3±9.43

a

24.7±9.43

a

2.77±0.38

a

0.80±0.31

ab

3.96±1.61

ab

0.87±0.11a

B20N240

83.1±6.12

a

16.9±6.12

a

2.93±0.47

a

1.14±0.35

b

2.88±1.30

a

0.96±0.07a

Treatments are stated in Material and methods. Different letters (a, b, c) between lines indicate that treatment
means are significantly different at P<0.05 according to LSD test.
WSAma – water-stable macro-aggregates, WSAmi – water-stable micro-aggregates, MWDd – mean weight diameter,
MWDW – mean weight dimeter of water-stable aggregates, Kv – coefficient of vulnerability, Sw – index of waterstable aggregates.
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nificant increase was observed in B20 (by 10.75%)
compared to B0. The positive effect of biochar on
soil aggregation has been demonstrated by several
studies [Lu et al. 2014; Germida 2015; Obia et al.
2016; Sing and Cowie 2014]. Biochar can affect
aggregation via many mechanisms. First, Glaser et
al. [2002] pointed at the bonding of applied particles of biochar with soil particles by the carboxyl
and hydroxyl groups that are present on the surface of biochar. Next, the biochar also increases
the hydrophobicity of soil particles that results in
the increase of aggregate stability [Lu et al. 2014].
Biochar promotes the development of soil microorganisms via various mechanisms, thereby; it also
contributes to the increased formation and the stability of aggregates [Lehmann et al. 2011].
The correlations between the evaluated parameters of soil structure and soil organic matter
are shown in Table 4. The organic matter is a key
element in stabilizing soil aggregates. The dynamics of SOM is related to the formation and disintigration of macro-aggregates [Six et al. 2000]. The
beneficial effect of SOM on the formation and stabilization of aggregates has been demonstrated in
studies by several authors [Six et al. 2002; Chaney
and Swift, 1984; Spaccini et al., 2002]. In our
study it was shown that Corg and CL had a strong
relationship with the majority of soil structure parameters (WSAma, WSAmi, MWDW, Kv and Sw).
Both of these quantitative parameters of SOM correlated positively with WSAma and negatively with
WSAmi. For example, Burreto et al. [2009] found
a positive relationship between the content of organic carbon and the shares of macro-aggregates.
Next, the relationship between CL and WSAma has
confirmed the results of other studies [Polláková
et al. 2017; Šimanský et al. 2016]. An increase of
macro-aggregate stability and a higher content Corg
and CL was also confirmed by their positive correlation with MWDW and Sw but it had a negative
correlation with Kv. At the same time, we con-

cluded that the humic substances did not participate in the stabilization of macro-aggregates. The
negative correlation of CHS with WSAma and positive correlation of WSAmi were found. In addition,
significant negative correlations of MWDW with
CHA and CFA were demonstrated. When it comes to
the CHA:CFA, no significant relationship with any
parameters of soil structure was shown. QHA was in
a negative correlation with Kv.

CONCLUSION
Biochar improved the quantitative parameters
of SOM. The content of Corg increased with the
rate of biochar, after the application of biochar
alone or in combination with a lower rate of N.
The values of CL, CHA:CFA, QHS and QHA were not
significantly altered by the addition of either biochar or N fertilizer. The values of CHS, CHA and
CFA were simultaneously reduced with biochar in
rate of 20 t·ha-1 with 160 kg N·ha-1 and biochar in
both rates with 240 kg N·ha-1.
The results of our study confirmed the positive
effect of biochar application on all evaluated parameters of soil structure, except MWDd. The higher
dose of biochar, the better the soil structure was. It
resulted in the higher values of WSAma, MWDW and
Sw and in the lower values of WSAmi and Kv. None
of the rates of biochar with 160 kg N·ha-1 had a significant effect on the parameters of soil structure.
Biochar application with higher rate of N resulted
in higher values of WSAma and MWDW and lower
value of vulnerability of soil structure.
The results showed that Corg and CL positively
correlated with WSAma, MWDW, Sw and negatively
with WSAmi and Kv. CHS had a significantly positive
relationship with WSAmi and a negative relationship
with WSAma, MWDW and Sw. CHA and CFA negatively correlated with MWDW and at the same time
the QHA negatively correlated with MWDd and Kv.

Table 4. The values of correlation coefficients between the parameters of soil organic matter and soil structure
Parameters

WSAma

WSAmi

MWD

MWDW

Kv

Sw

Corg

0.295*

-0.295*

n.s.

0.353**

-0.377**

0.298*

CL

0.396**

-0.396**

n.s.

0.432***

-0.433***

0.395**

CHS

-0.276*

0.276*

n.s.

-0.374**

n.s.

-0.276*

CHA

n.s.

n.s.

n.s.

-0.288*

n.s.

n.s.

CFA

n.s.

n.s.

n.s.

-0.314*

n.s.

n.s.

CHA:CFA

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

QHS

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

QHA

n.s.

n.s.

-0.463***

n.s.

-0.359**

n.s.

n = 54; *** = P≤0.001; ** = P≤0.01; * = P≤0.05; n.s. = P˃0.05.
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