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INTRODUCTION

Soil structure is a key factor of soil quality, which
plays an important role in forming favourable physi-
cal conditions for vine growing. It affects the provi-
sion of sufficient moisture physiologically available
to plants, aeration and continuous release of nutrients
in available forms. From point of view of soil struc-
ture, the aggregation processes and aggregate stabili-
ty are very important (aggregate = based of soil struc-
ture). Macro-aggregates are formed and stabilized by
biological factors, such as roots and fungal hyphae
and by products of microbial synthesis and decay
[Tisdall and Oades 1982, Lado et al. 2004], on the
other hand, micro-aggregates are more often formed
and stabilized by chemical factors, such as clay mi-
neralogy [Tisdall and Oades 1982, Six et al. 2004,
Tobia�ová and Horvátová 2010]. In topsoil, the ideal
soil structure is formed by predominantly crumb-like
aggregates, best formed when organic matter is natu-
rally high (>2% organic carbon content) and well
humified [Greenland et al. 1975]. The role of organic
matter is less significant in the subsoil where the type
of clay mineral and the exchangeable cations are more
important [Bronick and Lal 2005]. Soil structure can
be significantly regulated by soil management and
environmental changes, especially in vineyards. Es-
tablishment of a vineyard is a complicated process.
There is significant reshaping the natural soil envi-
ronment. This process is reflected in the structure of
soil and its stability.

The objective of this study was to evaluate the
long-term impact of vine growing on the soil structu-
re stability.

MATERIAL AND METHODS

During the years from 2006 to 2009, soil samples
were collected from the top soils (to a depth of 0.3
m) before grape-vine harvest in rows and between
rows. Soil samples were taken from 4 localities in 3
wine growing areas (1. Dvory nad �itavou, 2.
�oporòa, 3. Vinièky, 4. Dra�ovce). Before sampling,
on each locality were revived two pits (1. in rows of
vine, 2. between rows of vine). Soils were classified
according to WRB (FAO 2006) basing on whole-pro-
file morphology (Dvory nad �itavou � Haplic Cher-
mozems, �oporòa � Eutric Fluvisols,  Vinièky � Eu-
tric Cambisols, Dra�ovce � Rendzic Leptosols). Some
chemical characteristics and particle size distribution
of the soil profiles (0�0.3 m) are given in Table 1.

Soil samples were taken with the aid of a spade to
maintain the soil in their natural aggregates. Soil sam-
ples were also air-dried at laboratory temperature, pre-
sieved over a series of sieves, and then bulked into
seven size fractions. These size fractions (dry sieve)
were used for determination of water-stable aggrega-
tes (WSA) [Hra�ko et al. 1962]. In size fractions of
WSA, was determined organic carbon content (Corg)
according to Tyurin method [Dziadowiec and Gonet
1999]. There were also calculated the structure coef-
ficient (K), vulnerability coefficient (Kv) by Valla et
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al. [2000] as well as the stability index of water-stable
aggregates (Sw) by Henin [Zaujec and �imanský 2006]
and values of sum of mean weight diameters (MWD)
in fractions of aggregates. Multifactor analysis of va-
riance (ANOVA) was used to determine differences
between soil types and human activity (rows and be-
tween rows of vines). LSD test was used for evalu-
ation of means when ANOVA results were significant
at P values <0.05. Correlation analysis to determine
the relationships between chemical properties, soil or-
ganic matter (SOM), soil structure stability and quan-
tity of SOM in size fractions of WSA were used.

RESULTS AND DISCUSSION

Content of water-stable macro-aggregates
(WSAm) by sieving the soil sample over a set sieves
(in distilled water) were determined. Portion of
WSAm varied with dependence on soil type. Accor-
ding to the classification Dolgova and Bachtin [Si-
sak 1994], the favourable state means, water-stable
macro-aggregates content in the range 40�55%. Con-
tent of WSAm according to the criteria was higher
than the upper limit of this range and varied in the
range of 65.72 to 82.68 (79.21±9.47)%. Karlen et al.

TABLE 1. Some chemical characteristics and particle size distribution in selected localities (0�0.3 m)

�

��

��

��

��

��

���

���

���

.� .Y� 0:'P� 0:'V� 6Z�

&KHUQR]H

)OXYLVROV�
&DPELVROV

/HSWRVROV

F� F�

D�

E�

D�
D�

DE�

E�

D�

E� E�

E�
DE�

D�

F�

D�
D�

D� D�

[1994] reported WSAm content ranging from 30 to
60%, while a greater percentage of water-stable ag-
gregates means to a more favourable condition of soil
structure. In Leptosols (87.74±5.46 %), the highest
content of WSAm was recorded. Then follows, Cher-
nozems (82.68±7.47 %) > Cambisols (80.7±11.79 %)
and the lowest content of WSAm was recorded in
Fluvisols (65.72±26.76 %).

Further parameters of soil structure with depen-
dence on soil type are in Figure 1. After a compre-
hensive assessment of all evaluated parameters, in
Chernozems the most favourable structural state was
determined. There were the highest stability index
values (2.29) and structure coefficient (6.98). On the
other hand, there were the lowest differences betwe-
en values of MWDs and MWDm and therefore the
most favourable values of the coefficient of vulnera-
bility (1.25). In Fluvisols, the lowest stability (1.46),
but also structure coefficient (0.87) was determined.
The soil type was characterized by the highest value
MWDs (4.97), but on the other hand, the lowest
MWDm (0.39), and therefore had a high vulnerabili-
ty of soil structure (13.78).

Significant effect on the aggregation process
except soil type [Bronick and Lal 2005, Tobia�ová

FIGURE 1. Parameters of soil
structure with dependence on
soil type:MWDs � mean weight
diameter-dried sieved, MWDm
� mean weight diameters of
water-stable aggregates, Sw �
index of stability, K � structure
coefficient, Kv � index of vul-
nerability.
Different letters between co-
lumns of soil structure parame-
ters (a, b) indicate significantly
different at P<0.05 according to
LSD multiple-range test

Explanations: CO3
2- � carbonates, Corg � organic carbon content, CHA:CFA � carbon of humic acids to carbon of fulvic acids, QHS � colour quotient

of humic substances, QHa � colour quotient of humic acids.
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2011] has also soil management [Tobia�ová and
�imanský 2009, Tobia�ová 2010]. Aggregate dyna-
mics depends on the intensity of cultivation, applica-
tion of fertilizers [�imanský and Tobia�ová 2008],
application of farmyard manure [Layton et al. 1993]
crop rotation [Jarecki and Lal 2003], but also other
anthropogenic factors. Parameters of soil structure
with dependence on soil management in productive
vineyards are shown in Table 2. In between rows of
vines (grown grass) compared with intensively culti-
vated rows almost all indicators of soil structure sta-
bility (except structure coefficient) showed a more
favourable structure. One of the most important fac-
tors affecting the formation of aggregates is soil or-
ganic matter (SOM), which is involved in the stabili-
zation of soil structure. In rows of vines due to inten-
sive cultivation the loss of SOM was determined (Ta-
ble 1) and this is reflected in worse structural state of
soils (Table 2).

Aggregates are formed mostly by the action of
humic substances on mineral particles. Increase of
soil organic carbon is associated with increase of ag-
gregation [Schulten and Leinweber 2000]. In soil, or-
ganic carbon content was in negative correlation with
a structure coefficient. Between the stability of orga-
nic matter and soil structure parameters statistically
significant correlation was observed (Table 3). Obta-
ined results showed on fact that higher values of
MWDs are reason increasing of humus stability. All
the same, lower values of humus stability had positi-
ve effect on lower coefficient of vulnerability as well
as on higher values of structure coefficient. It means
that for favourable structural state in soils had except

As mentioned above, a very important factor for
forming of favourable soil structure is soil organic
matter. Several authors are interested in influence of
soil organic matter on aggregate stability [Tisdall and
Oades 1982, Schulten and Leinweber 2000]. Betwe-
en parameters of soil structure and organic carbon in
the WSA, correlation dependences were observed (Ta-
ble 4). Statistically significant correlations were ob-
served between K and Corg in individual size frac-
tions of WSA. The results show that organic matter
content in WSAm size fraction 3�5 mm had the cru-

TABLE 2. Parameters of soil structure stability with dependence
on soil management in productive vineyards
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mASW swor
sworneewteb

08.64
04.77

06.19
40.98

86.47
47.38

73.02
08.4

sDWM swor
sworneewteb

22.1
94.1

85.4
63.5

28.2
80.3

83.1
86.1

mDWM swor
sworneewteb

82.0
94.0

84.1
71.2

90.1
13.1

55.0
27.0

wS swor
sworneewteb

03.1
26.1

54.2
93.2

57.1
99.1

85.0
43.0

K swor
sworneewteb

31.1
06.0

10.8
82.6

90.5
52.4

33.3
75.2

vK swor
sworneewteb

99.0
44.1

66.61
58.01

83.5
28.3

45.7
96.4

Explanations: WSAm � water-stable macro-aggregates, MWDs � mean
weight diameter-dried sieved, MWDm � mean weight diameters of wa-
ter-stable aggregates, Sw � index of stability, K � structure coefficient,
Kv � index of vulnerability.

TABLE 3. Correlations between soil organic matter, particle size
distribution, carbonate content and parameters of soil structure
stability
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OC 3
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873.0
454.0
121.0-
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514.0-
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468.0- **

959.0- ***

713.0-
985.0
651.0
213.0-
397.0 *

161.0-

026.0
106.0
184.0-
862.0-
418.0- *

768.0 **

437.0 *

480.0

540.0
342.0
944.0
331.0
405.0
734.0-
500.0
423.0

758.0- **

178.0- **

621.0-
*857.0-

534.0-
495.0
069.0- ***

991.0-

258.0 **

688.0 **

930.0
334.0
335.0
156.0-
258.0 **

991.0-

Explanations: CO3
2- - carbonates, Corg � organic carbon content, CHA:CFA

� carbon of humic acids to carbon of fulvic acids, QHS � colour quotient
of humic substances, QHa � colour quotient of humic acids, WSAm �
water-stable macro-aggregates, MWDs � mean weight diameter-dried
sieved, MWDm � mean weight diameters of water-stable aggregates, Sw
� index of stability, K � structure coefficient, Kv � index of vulnerability
*P<0.05; **P<0.01; ***P<0.001.

organic carbon content important role also humus sta-
bility. Very important factor influences of soil struc-
ture are soil texture fractions [Kay 1998], which was
confirmed (Table 3). Between MWD, structure coef-
ficient, coefficient of vulnerability and individual
grain-size fractions statistically significant correla-
tions were observed.  Carbonate content in soils can
increase aggregate stability in arid environment [Boix-
Fayos et al. 2001. Between carbonate content and
parameters of structure stability any correlations were
observed (Table 3).

TABLE 4. Correlations between organic carbon contents in size
fractions of water-stable aggregates and parameters of soil struc-
ture stability

mmnisetagerggaelbats-retawfosnoitcarfeziS
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sDWM
mDWM

wS
K

vK

836,0
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946,0
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451,0
245,0-

214,0
887,0 *

027,0 *

420,0-
327,0 *

658,0- **

768,0- **

805,0
757,0- *

194,0-
285,0-
197,0 *

146,0-
847,0- *

719,0- **

270,0-
158,0- **

829,0 ***

913,0-
106,0
666,0-
131,0
648,0- **

656,0

452,0-
363,0
594,0-
750,0
537,0- *

844,0

801,0-
801,0-
524,0-
031,0
009,0- **

056,0

Explanations: WSAm � water-stable macro-aggregates, MWDs � mean
weight diameter-dried sieved, MWDm � mean weight diameters of wa-
ter-stable aggregates, Sw � index of stability, K � structure coefficient,
Kv � index of vulnerability; *P<0.05; **P<0.01; ***P<0.001
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cial importance for aggregation processes. On the
other hand, in WSA size fractions < 3 mm soil orga-
nic matter did not have important effect on aggrega-
tion (Table 4), which confirmed the results of Tisdall
and Oades [1982] or Lado et al. [2004] as well as Six
et al. [2004].

CONCLUSION

The obtained results showed on some differences
in soil structure stability with dependence on soil type
and management in productive vineyards. In Lepto-
sols, the highest content of water-stable aggregates
was determined. This soil type had the lowest vulne-
rability of soil structure as well. In Chernozems, the
highest stability of soil structure was determined, on
the other hand in Fluvisols soil structure had the hi-
ghest vulnerability. Between rows of vine (due to
mulch or sown grass) in comparison to rows of vine
(intensive cultivation during vegetation of vine) more
favourable soil structure was determined. In viney-
ards, soil structure state depends on quantity and sta-
bility of soil organic matter as well as particle size
distribution. Organic matter content in WSAm size
fraction 3�5 mm had the crucial importance for ag-
gregation processes. It is therefore very important to
give attention to quantity and quality of organic mat-
ter in productive vineyards.
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