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INTRODUCTION

Soil structure is an important aspect of agricultu-
ral soil quality. Favourable soil structure is characte-
rised by a high content of stable macroaggregates with
sizes of 0.25�10 mm, and especially 1�10 mm, with
a low share of clods with sizes >10 mm and microag-
gregates <0.25 mm (Lenart, 2002; Bronick and Lal,
2005; Guimaräes et al., 2011). Under field conditions,
a stable aggregate structure protects against excessi-
ve compaction of soil, ensures a favourable content
of capillary pores in the soil (with equivalent diame-
ter of 0.2�20 mm), for the retention of water availa-
ble to plants, and a suitable content of macropores,
with diameters >20 mm, that ensure hydraulic con-
ductivity as well as air capacity and permeability (Rz¹-
sa and Owczarzak, 2004; Lipiec et al., 2007; S³awiñ-
ski et al., 2011; Pranagal, 2011). Due to that plant
roots have free access both to water and to oxygen
contained in the soil air. The stability of aggregates
has an effect on the growth of soil microorganisms,
enhances the biological activity of soil, creates suita-
ble conditions for the germination, emergence and
growth of plants, affects the length of their roots and
density in the canopy. In addition, water stable ag-

gregate structure protects the soil against surface cru-
sting, increases the infiltration of rainwater, reduces
the rate of surface runoff and water erosion (Le Bis-
sonnais, 1996; Owczarzak and Rz¹sa, 2006; Paluszek,
2010).

Cultivation treatments have a strong effect on the
formation of a stable aggregate structure of soil, thro-
ugh organic and mineral fertilisation, crop rotation,
and the stabilising effect of the roots of legumes and
grasses (Lenart, 2002; Ball et al., 2005, Bronick and
Lal, 2005; Suwara and Szulc, 2011). At the same time,
intensive tillage, excessive crumbling of the soil mass,
use of monoculture of cereal plants and insufficient
fertilisation cause a deterioration of the quality of soil
structure (Pagliai et al., 2004; Pranagal 2011).

The classification of the agricultural suitability of
Polish soils include the types of soils, texture, mor-
phologic features, some physical, physicochemical
and chemical properties, relief, intensity of erosion
and moisture conditions. Depending on the classifi-
cation of soils in the particular agricultural suitabili-
ty complexes, they can be characterised by various
physical properties, including diverse quality of the
structure (Paluszek, 2011a, 2013). The objective of
the study presented here was the comparison and es-
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timation of the aggregate size distribution and the
water stability of aggregates in Luvisols developed
from loess, classified in various agricultural suitabi-
lity complexes used in Poland. The Luvisols cover
an area of 50% of Poland. As a result of intensive
agricultural use, soils situated on loess slopes are pro-
ne to water and tillage erosion. According to the Po-
lish classification slight intensity of the processes of
erosion on inclined slopes determines the inclusion
of soils in good wheat complex of agricultural suita-
bility, however moderate and strong intensity of soil
erosion � in deficient wheat complex.

MATERIALS AND METHODS

The field works on Luvisols developed from lo-
ess were conducted in the years 2008�2011, on 4 se-
lected pedons, each classified in three complexes of
agricultural suitability of arable soils. In total, the stu-
dy comprised 12 Luvisols under winter wheat culti-
vation, situated in various mesoregions of the Lublin
Region (Kondracki, 2011):
a) non eroded Luvisols classified into very good whe-

at (1) complex of agricultural suitability and II va-
luation class, No.: 1 � Piotrawin 51°19�39�N,
22°26�4�E, 2 � Jastków Kolonia 51°19�40�N,
22°26�28�E, 3 � Tomaszowice 51°17�9�N,
22°26�10�E, 4 � £ugów 51°19�25�N, 22°18�33�E,
(Na³êczów Plateau);

b) slightly eroded Luvisols (�witoniak, 2010) classi-
fied into good wheat (2) complex of agricultural
suitability and IIIa�IIIb valuation class, No.: 5 �
Gutanów 51°20�45�N, 22°17�42�E, 6 � Ludwinów
51°20�15�N, 22°16�55�E, (Na³êczów Plateau), 7 �
Wólka Kra�niczyñska 50°55�19�N, 23°22�19�E, 8
� Drewniki 50°54�26�N, 23°22�53�E, (Grabowiec
Plateau);

c) moderately eroded Luvisols (�witoniak, 2010) clas-
sified into deficient wheat (3) complex of agricultu-
ral suitability and IVa�IVb valuation class, No.: 9 �
Kolonia £ugów 51°19�31�N, 22°18�37�E, 10 � Ko-
lonia Gutanów 51°21�4�N, 22°18�37�E, (Na³êczów
Plateau), 11 � Poturzyn 50°33�56�N, 23°54�55�E
(Sokal Plateau), 12 � Majdan Skierbieszowski
50°53�20�N, 23°23�16�E (Grabowiec Plateau).
The Luvisols selected for the study were situated on

private farms, where the share of cereals in crop rota-
tion was most often 75%. The soils were characterised
by a low level of organic fertilisation, consisting mainly
in ploughing-over of straw. The level of mineral fertili-
sation applied was varied, with a dominance of nitrogen
fertilisers, while liming was applied only rarely.

Soil samples for laboratory analyses were taken
in August, when wheat was in the phase of full ripe-

ness or shortly after its harvest. These soil samples
were taken in the weight of 1.5�2 kg, from four dep-
ths: 0�25 cm (from horizon Ap), 25�50 cm (horizons
Et, EB, Bt1 or Bt2), 50�75 cm (horizons Bt1, Bt2 or
BC) and 75�100 cm (horizons Bt2, BC or C).

The texture of the soils was determined with the
areometric method of Casagrande as modified by Pró-
szyñski, separating the sand fraction on sieves with
mesh sizes of 1, 0.5, 0.25 and 0.1 mm. The particle
size groups were determined in accordance with the
classification of the Polish Society of Soil Science of
2008 (PTG, 2009; Komisja V Genezy, Klasyfikacji i
Kartografii Gleb PTG, 2011). The content of organic
carbon (Corg) was assayed using the analyser Vario
Max CNS Elementar, at the Central Laboratory of
Chemical Analyses, IUNG, in Pu³awy. Soil pH in 1
mol KCl·dm�3 was measured potentiometrically using
a combined electrode.

The aggregate size distribution of the soils (kg·kg�1)
was determined with the method of screening in air-
dry state, using a set of sieves with mesh sizes of 10,
7, 5, 3, 1, 0.5 and 0.25 mm, for soil weighed portions
of 500 g, in two replications. The content of water
stable soil aggregates (kg·kg�1) was determined with
the method of screening in water, with the use of the
modified Baksheiev apparatus made at the Institute
of Agrophysics, Polish Academy of Sciences in Lu-
blin. Weighed portions of soil with mass of 25 g were
used (in 4 replications), composed of air-dry aggrega-
tes proportionally to their distribution according to size.
The weighed portions of soil were placed in a set of
sieves with mesh size of 7, 5, 3, 1, 0.5 and 0.25 mm.
The aggregates were wetted through capillary rise,
and then they were immersed in water. The time of
the water screening resulting from movement of the
sieves was 12 minutes. Next, the particular fractions
of water stable aggregates were moved onto filter
paper, dried and weighed. The results obtained for
the content of the particular fractions of dry and wa-
ter stable aggregates were summed up and compiled
in Tables 2 and 3. On the basis of the screening, the
mean weight diameters of air-dry (MWDdry) and wa-
ter stable (MWDwet) aggregates were calculated
(Kemper and Rosenau, 1986).

The results were subjected to analysis of variance
(ANOVA) with the use of the double classification in
the completely random system, using the program
Statistica 7. The significance of the differences obta-
ined was verified with the Tukey test (least signifi-
cant differences � LSD � were calculated). Also, cal-
culation was made of the coefficients of simple cor-
relation (r) between the content of air-dry and water
stable aggregates and the content of the particular
particle size fractions and Corg.
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RESULTS

The studied Luvisols developed from loess, classi-
fied in the very good wheat complex, contained in the-
ir Ap horizons (0�25 cm) 12�16% of sand fraction
(2�0.05 mm), 78�79% of silt fraction (0.05�0.002 mm)
and 7�8% of clay (<0.002 mm). The Bt horizons (in
the depth of 50�100 cm) had a higher content of clay
(14�24%) and lower of silt (63�71%). Soils belon-
ging to the good wheat complex and the deficient
wheat complex contained in their Ap horizons more
of the clay fraction and less silt. In addition, soil No.
7 contained, in the whole pedon, more of the sand
fraction (29�30%) and less of the silt fraction than
the remaining soils (Table 1). In terms of their partic-

le size distribution, the soils studied were most often
loamy silt or clayey silt.

The content of Corg. in the Ap horizons of the soils
was, on average, 4.68�9.48 g·kg�1, and in the sub-sur-
face horizons it decreased to 0.72�3.36 g·kg�1 (Table
1). The reaction of the studied soils was most frequen-
tly strongly acidic, acidic or weakly acidic (pH 4.12�
6.24), and only in horizon C, containing calcium car-
bonate, was an alkaline reaction noted (pH 7.34).

In the aggregate composition of the Ap horizons
(0�25 cm) of the studied Luvisols, the average con-
tent of air-dry aggregates with sizes of 0.25�10 mm
was 0.576 kg·kg�1 and it was higher than the content
of clods with dimensions >10 mm (0.363 kg·kg�1) and
of micro-aggregates with sizes <0.25 mm (Table 2).

TABLE 1. Soil texture, Corg
content and pH (range of va-
lues from 4 pedons)

xelpmoC htpeD
)mc(

noziroH mmniretemaidhtiwnoitcarf% groC
gk·g( 1� )

lCKHp

50.0�2 200.0�50.0 200.0<

1 52�0
05�52
57�05

001�57

pA
BE,tE

1tB
2tB

41�31
61�31
61�21
61�21

97�87
67�66
66�36
17�86

8�7
91�11
42�81
02�41

84.9�63.6
63.3�09.0
89.1�48.0
68.1�09.0

41.6�72.4
08.5�45.4
52.5�94.4
24.5�36.4

2 52�0
05�52
57�05

001�57

pA
1tB,BE
CB,2tB
CB,2tB

03�41
03�21
92�31
92�41

57�26
17�35
17�15
37�15

61�8
72�41
52�61
42�31

09.6�21.6
25.2�44.1
23.1�27.0
09.0�27.0

42.6�84.4
93.5�00.5
48.5�62.4
60.6�02.4

3 52�0
05�52
57�05

001�57

pA
2tB,1tB
CB,2tB

C,CB

41�11
61�31
71�21
61�11

17�86
17�66
17�07
47-96

91�51
12�41
71�31
61�11

05.7�86.4
25.2�02.1
61.2�23.1
04.2�27.0

97.5�21.4
08.5�52.4
01.6�63.4
43.7�05.4

xelpmoC
)C(

htpeD
)mc(

)D(

gk·gk(mmniretemaidfotnetnocetagerggayrd-riA 1� ) yrdDWM
)mm(

01> 01�5 5�1 1�52,0 52,0< S 01�52,0 S 01�1

1 52�0
05�52
57�05

001�57

182.0
453.0
354.0
465.0

071.0
871.0
281.0
731.0

692.0
452.0
522.0
951.0

371.0
831.0
101.0
590.0

080.0
670.0
930.0
540.0

936.0
075.0
805.0
193.0

664.0
234.0
704.0
692.0

4.8
4.11
8.31
4.61

2 52�0
05�52
57�05

001�57

823.0
964.0
406.0
865.0

571.0
581.0
131.0
841.0

462.0
312.0
831.0
061.0

551.0
190.0
680.0
880.0

870.0
240.0
140.0
630.0

495.0
984.0
553.0
693.0

934.0
893.0
962.0
803.0

3.9
2.31
6.61
5.61

3 52�0
05�52
57�05

001�57

184.0
174.0
444.0
474.0

771.0
081.0
841.0
631.0

632.0
502.0
502.0
871.0

280.0
001.0
901.0
121.0

420.0
440.0
490.0
190.0

594.0
584.0
264.0
534.0

314.0
583.0
353.0
413.0

2.31
3.41
4.21
2.21

naeM 52�0
05�52
57�05

001�57

363.0
134.0
005.0
535.0

471.0
181.0
451.0
041.0

562.0
422.0
981.0
661.0

731.0
011.0
990.0
201.0

160.0
450.0
850.0
750.0

675.0
515.0
244.0
804.0

934.0
504.0
343.0
603.0

3.01
0.31
2.41
0.51

1
2
3

naem 314.0
294.0
864.0

761.0
061.0
061.0

332.0
491.0
602.0

721.0
501.0
301.0

060.0
940.0
360.0

725.0
954.0
964.0

004.0
453.0
663.0

5.21
9.31
0.31

DSL
(a :)50.0=

Dshtped
Csexelpmoc
Dnoitcaretni ×C

170.0
650.0
211.0

520.0
.s.n
.s.n

630.0
820.0
650.0

820.0
220.0
340.0

.s.n

.s.n
740.0

660.0
250.0
401.0

450.0
340.0

.s.n

0.2
.s.n

1.3

Explanations: LSD � Tukey�s least significant difference, n. s. � non significant differences.

TABLE 2. Air-dry soil aggregate distribution (mean values from 4 pedons)
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The Ap horizons were characterised by a significan-
tly greater content of aggregates of 0.25�10 mm (by
an average of 0.134�0.168 kg·kg�1) compared to the
sub-surface horizons (in the depth of 50�100 cm),
including a higher content of aggregates of 1�10 mm,
1�5 mm and 0.25�1 mm. Whereas, the sub-surface
horizons in the depth of 50�100 cm (especially Bt1
and Bt2 horizons) had a significantly higher content
of clods with sizes >10 mm (by 0,137�0,172 kg·kg�1).
As a result, the MWDdry in the Ap horizons was
8.4�13.2 mm and it was significantly smaller than in
horizons Bt (13.8�16.6 mm).

The Luvisols classified in very good wheat complex
were characterised by a significantly higher content of
air-dry aggregates with dimensions of 0.25�10 mm (by
an average of 0.068 kg·kg�1) compared to the soils of
the good wheat complex, including a greater content
of aggregates of 1�10 mm, 1�5 mm and 0.25�1 mm,
and a smaller content of clods >10 mm (by 0.079
kg·kg�1) (Table 2). The soils from the very good whe-
at complex had also a significantly higher content, com-
pared to the soils from the deficient wheat complex, of
aggregates with sizes of 0.25�10 mm (by an average
of 0.058 kg·kg�1), including aggregates of 0.25�1 mm.

During the water screening, the air-dry soil aggre-
gates disintegrated into finer fractions, mainly mi-

croaggregates with sizes <0.25 mm and aggregates
of 0.25�1 mm (Table 3). The average content of wa-
ter stable aggregates with sizes of 0.25�10 mm in the
Ap horizons of the soils was 0.532 kg·kg�1 and it was
significantly higher than in the sub-surface horizons
(0.161�0.273 kg·kg�1). Significantly higher in the Ap
horizons than in the depth of 25�100 cm was, espe-
cially, the content of stable aggregates with dimensions
of 1�10 mm (by 0.223-0.248 kg·kg-1), i.e. 5�10 mm,
1�5 mm and 0.25�1 mm. In horizons Et, EB, Bt BC
and C, microaggregates with dimensions <0.25 mm,
as products of disintegration of larger fractions, con-
stituted as much as 0.703�0.892 kg·kg�1. As a result,
the WMDwet in the Ap horizons was, on average, 1.37
mm and it was significantly greater than in the sub-
soil (0.23�0.32 mm).

In the soils of the very good wheat and good whe-
at complexes the content of stable aggregates with
sizes of 0.25�10 mm was significantly higher than in
the soils from the deficient wheat complex, specially
in the Ap horizons (by 0.106�0.142 kg·kg�1) (Table
3). In the soils from the very good wheat and good
wheat, a significantly higher content was noted in the
case of stable aggregates of 1�10 mm (on average by
0.022�0.049 kg·kg-1), including especially those of
0.25�1 mm. The MWDwet in the Ap horizons of the

TABLE 3. Water stable soil aggregate distribution  (mean values from 4 pedons)

Explanations: LSD � Tukey�s least significant difference, n. s. � non significant differences.

xelpmoC
)C(

htpeD
)mc(

)D(

mmniretemaidfotnetnocetagerggaelbatsretaW
gk·gk( 1� )

setagerggaorciM
mm52,0<

gk·gk( 1� )

DWM tew
)mm(

01�5 5�1 1�52.0 S 01�52.0 S 01�1

1 52�0
05�52
57�05

001�57

590.0
500.0
200.0
100.0

871.0
330.0
120.0
320.0

282.0
952.0
502.0
561.0

555.0
792.0
822.0
981.0

372.0
830.0
320.0
420.0

544.0
307.0
277.0
118.0

73.1
23.0
52.0
32.0

2 52�0
05�52
57�05

001�57

751.0
200.0
000.0
000.0

022.0
840.0
910.0
710.0

312.0
442.0
522.0
071.0

095.0
492.0
442.0
881.0

773.0
050.0
910.0
810.0

014.0
607.0
657.0
218.0

39.1
33.0
42.0
22.0

3 52�0
05�52
57�05

001�57

040.0
700.0
500.0
300.0

021.0
340.0
720.0
220.0

092.0
471.0
590.0
380.0

944.0
422.0
721.0
801.0

061.0
050.0
230.0
520.0

155.0
677.0
378.0
298.0

18.0
23.0
52.0
32.0

naeM 52�0
05�52
57�05

001�57

790.0
500.0
200.0
100.0

371.0
240.0
320.0
120.0

262.0
622.0
571.0
931.0

235.0
372.0
002.0
161.0

072.0
740.0
520.0
220.0

864.0
727.0
008.0
938.0

73.1
23.0
52.0
32.0

1
2
3

naem 520.0
040.0
410.0

460.0
670.0
350.0

822.0
312.0
061.0

713.0
923.0
722.0

980.0
611.0
760.0

386.0
176.0
377.0

45.0
86.0
04.0

DSL
(a )50.0=

Dshtped
Csexelpmoc

C×Dnoitcaretni

510.0
210.0
420.0

610.0
310.0
520.0

130.0
420.0
940.0

830.0
030.0

.s.n

220.0
810.0
630.0

830.0
030.0

.s.n

31.0
01.0
02.0
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soils from the good wheat complex (1.93 mm) was
significantly larger than in the Ap horizons of the soils
from the good wheat (1.37 mm) and the deficient
wheat complex (0.81 mm).

Statistical analysis revealed that in the studied
population of soils the content of air-dry aggregates
with sizes of 0.25�10 mm was closely and positively
correlated with the content of silt of 0.05�0.002 mm
(r = 0,45) and with the content of Corg (r = 0.52)
(Table 4). A close and positive correlation with the
content of silt was also noted for the content of ag-
gregates of 1�5 mm (r = 0.47) and 0.25�1 mm (0.45),
and a weak correlation � for the content of aggrega-
tes of 1�10 mm (r = 0.34). In addition, a close and
positive correlation with the content of Corg was
found for the content of air-dry aggregates of 1�5 mm
(r = 0.57) and 1�10 mm (r = 0.49), and a weak corre-
lation � for the content of aggregates of 0.25�1 mm
(r = 0.34). Whereas, the content of clods >10 mm
was closely correlated with the content of clay (r =
0.67), as was the MWDdry (r = 0.66).

The content of all water stable aggregate fractions
correlated closely and positively with the content of
Corg. (r = 0.45�0.86) (Table 4). The highest values
of the coefficients of correlation were characteristic
of stable aggregates with sizes of 1�5 mm (r = 0.86)
and 1�10 mm (r = 0.85). Moreover, the content of
water stable aggregates of 1�5 mm and 1�10 mm was
weakly positively correlated with the content of silt

(r = 0.30 and r = 0.31, respectively). Also the MWDwet
was closely and positively correlated with the con-
tent of Corg (r = 0.82) and weakly correlated with the
content of silt (r = 0.29).

DISCUSSION

The presented results demonstrate a considerable
variation in the aggregate composition and the content
of water stable aggregates, both among the Luvisols
classified in the particular soil suitability complexes
and among the horizons  within the pedons. The higher
content of air-dry aggregates with sizes of 0.25�10 mm
in the Ap horizons compared to the sub-surface
horizons Et, EB, Bt and BC was a result of higher
content of Corg and lower content of clay fraction
<0.002 mm. Whereas, the higher content of clay in
horizons Bt and BC was conducive to stronger
lumping of the soil mass.

The reason of the deterioration of soil structure in
Luvisols classified in the good wheat and deficient
wheat complexes was accelerated soil erosion. As a
result of slight and moderate erosion classes, when
cultivation reached Bt horizon enriched with clay, the
content of air-dry clods with sizes >10 mm increased,
and the content of air-dry soil aggregates 0.25�10 mm
decreased.

The content of air-dry aggregates with sizes of
1�10 mm was considered to be the best criterion for
the estimation of quality of the aggregate size distri-
bution of the soils of Poland (Paluszek, 2011b). The
following ranges of aggregate sizes were determined
as the limit values: at the content of <0.150 kg·kg�1 �
the aggregate size distribution was assessed as very
unfavourable, in the range of 0.150�0.250 kg·kg�1 �
as an unfavourable, 0.250�0.350 kg·kg�1 � medium
favourable, 0.350�0.450 kg·kg�1 � favourable, and
>0.450 kg·kg�1 � very favourable aggregate size di-
stribution. According to that classification, the aggre-
gate size distribution of the Ap horizons of the soil
classified in the very good wheat complex was esti-
mated as very favourable, and the composition of the
Ap horizons of the soils from the good wheat and the
deficient wheat complexes � as favourable. Also the
sub-surface horizons in the depth of 25�75 cm had a
favourable aggregate size distribution, while in the
depth of 75�100 cm � medium favourable.

The decidedly higher content of water stable ag-
gregates with sizes of 0.25�10 mm in the Ap hori-
zons compared to the sub-surface horizons Et, EB,
Bt, BC and C (in the depth of 25�100 cm) resulted
from the notably higher content of Corg, including
organic compounds stabilising aggregates. These in-

TABLE 4. Correlation coefficients (r) between content of granu-
lometric fractions, Corg and aggregate size distribution and wa-
ter stable aggregate content (n = 48)

Explanations: * significance level a = 0.05, ** significance level a =
0.01.

elbairaV )%(snoitcarffotnetnoC groC
gk·g( 1� )50.0�2

mm
200.0�50.0

mm
200.0<

mm

gk·gk(setagerggayrd-riA 1� )

mm01>
mm01�5

mm5�1
mm1�52.0

mm52.0<
S mm01�52.0
S mm01�1

yrdDWM

41.0
60.0-
42.0-
70.0
60.0-
31.0-
91.0-
61.0

**75.0-
30.0

**74.0
**74.0
**94.0
**54.0

*43.0
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clude microbiological and plant polysaccharides,
plant roots, mycelium hyphae and certain fungi (Bro-
nick and Lal, 2005; Malamoud et al., 2009, Tobia�ová
and Mi�kolczi, 2012). The most persistent binding
organic compounds are composed of aromatic humic
substances, bound within aggregates with polyvalent
cations of metals, and of strongly absorbing polymers
originating from resistant fragments of roots, myce-
lium hyphae and bacterial cells.

The sum of water resistant aggregates with sizes
of 1�10 mm characterises the best the stability of
aggregates of the soils of Poland (Paluszek, 2011b).
Based on that criterion, the limit values for the esti-
mation of water stability of aggregates were adop-
ted as follows: <0.070 kg·kg�1 � very poor water
stability, 0.070�0.150 kg·kg�1 � poor water stabili-
ty, 0.150�0.250 kg·kg�1 � medium water stability, 0.250�
0.400 kg·kg-1 � good water stability, and >0.400 kg·kg�1

� very good water stability. According to that classi-
fication, the water stability of aggregates in Ap hori-
zons of Luvisols developed from loess, classified in
very good wheat and good wheat complexes, was
estimated as good, and in the Ap horizons of soils
from deficient wheat complex � as medium. Where-
as, the water stability of aggregates in the sub-surfa-
ce horizons Et, EB, Bt, BC and C was assessed as
very poor. Le Bissonnais (1996) presented a classifi-
cation of soil aggregate stability studying the rela-
tion between water resistance and soil surface cru-
sting and water erosion. He determined the following
ranges of values: at MWDwet <0.4 mm � aggregates
are highly unstable, 0.4�0.8 mm � unstable aggrega-
tes, 0.8�1.3 mm � medium stable aggregates, 1.3�2.0
mm � stable aggregates, and >2.0 mm � very stable
aggregates. According to that classification, aggre-
gates from the Ap horizons of the studied soils from
very good wheat and good wheat complexes can be
estimated as stable, aggregates from the Ap horizons
of soils from deficient wheat complex � as medium
stable, and aggregates from the sub-surface horizons
as highly unstable. The estimation of the stability of
aggregates on the basis of MWDwet values is in agre-
ement with the estimation on the basis of the content
of water stable aggregates with sizes of 1�10 mm pre-
sented above.

The higher content of water stable aggregates in
the Ap horizons of soils from good wheat complex
than of soils from very good wheat complex may re-
sult from the varied crop rotation and soil fertilisa-
tion over the past several or more years. Under field

conditions, organic and mineral fertilisation and the
inclusion of legumes and grasses in the crop rotation
have a highly favourable effect on the stability of soil
aggregates (Lenart, 2002; Ball et al., 2005; Bronick
and Lal, 2005; Pranagal, 2011). The effect of those
treatments persists in the soil for several years and it
can have a decisive effect on the higher water stabili-
ty of aggregates of the soils classified in good wheat
complex. Whereas, in the Ap horizons of the soils of
deficient wheat complex, formed from the illuvial
horizon as a result of moderate water and tillage ero-
sion on slopes, next to aggregates formed naturally
there are aggregates of the crumb type, formed as a
result of crumbling of coherent soil mass by the wor-
king elements of the plough and other tillage imple-
ments (Dexter and Birkas, 2004). Aggregates of the
crumb type, both clods with sizes of >10 mm and
macro-aggregates of 0.25�10 mm, are not resistant
to the effect of water and disintegrate, in their vast
majority, into microaggregates of <0.25 mm. Mode-
rate and strong erosion of soils developed from lo-
ess, under agricultural use, causes a significant de-
crease of water-stable soil aggregate content with si-
zes 0.25�10 mm (Paluszek, 2010).

The Luvisols developed from loess were charac-
terised by better aggregate structure compared to
Luvisols developed from loamy sands (Rz¹sa and
Owczarzak, 2004). Values of aggregate size distribu-
tion and water stability aggregate content similar to
those of the soils under study were found for Luvi-
sols developed from boulder loams (Otremba, 2011;
Paluszek, 2013). Whereas, compared to Chernozems
developed from loess, Fluvisols (Pranagal, 2011;
�imanský, 2012; Tobia�ová and Mi�kolczi, 2012),
Histosols (Orzechowski et al., 2011) and Phaeozems
developed from silt deposits (Paluszek, 2011a), the
aggregate size distribution and water stability values
of the soils studied were lower. Phaeozems develo-
ped from silt deposits were characterised by the hi-
ghest content of water stable aggregates with sizes
of 0.25�10 mm (>0.800 kg·kg�1) and 1�10 mm
(>0.600 kg·kg�1).

The differences in the soil texture and organic
matter content have the strongest effect on aggrega-
te-size distribution and content of water-stable aggre-
gates 0.25�10 mm. Most favourable aggregation was
found in soils characterized by silt and silt loam te-
xture. However, the highest content of water-stable
aggregates 0.25�10 was observed in soils containing
above 3% organic mater in Ap horizon.
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CONCLUSIONS

1. The aggregate size distribution of the Ap horizons
of Luvisols developed from loess was characteri-
sed by a significantly higher content of air-dry ag-
gregates with sizes of 0.25�10 mm, including ag-
gregates of 1�5 mm, compared to horizons Et, Bt,
BC and C (in the depth of 25�100 cm), and a lower
content of clods >10 mm and smaller MWDdry.

2. Luvisols from the very good wheat complex, com-
pared to the soils from the good wheat complex,
had a significantly higher content of air-dry aggre-
gates with sizes of 0.25�10 mm, including aggre-
gates of 1�10 mm, 1�5 mm and 0.25�1 mm, and a
lower content of clods of sizes >10 mm. The soils
from the very good wheat complex had also a si-
gnificantly higher content, compared to the soils
from the deficient wheat complex, of aggregates
of sizes of 0.25�10 mm, including aggregates of
0.25�1 mm.

3. The aggregate size distribution of Ap horizons of
soils classified in the very good wheat complex
was estimated to be highly favourable, and that of
Ap horizons of the soils from good wheat and defi-
cient wheat complexes as favourable. The aggre-
gate size distribution in the depth of 25�75 cm
was estimated as favourable, and in the depth l of
75�100 cm � as medium favourable.

4. The content of water stable aggregates with sizes
of 0.25�10 mm, including stable aggregates with
sizes of 1�10 mm, 5�10 mm and 1�5 mm, and the
MWDwet, were significantly higher in the Ap hori-
zons of the soils than in the subsoil.

5. The soils of the very good wheat and good wheat
complexes, especially in the Ap horizons, were
characterised by significantly higher contents of
stable aggregates with dimensions of 0.25�10 mm
than the soils from the deficient wheat complex,
including a significantly higher content of stable
aggregates with sizes of 1�10 mm and 0.25�1 mm.

6. The water stability of aggregates in Ap horizons of
soils classified in very good wheat and good whe-
at complexes was estimated as good, and in the Ap
horizons of the soils from deficient wheat com-
plex as medium. Whereas, the water stability of
aggregates from the Et, Bt, BC and C horizons was
estimated as very poor.
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Streszczenie: Celem pracy by³a ocena sk³adu agregatowego i wodoodporno�ci agregatów w glebach p³owych wytworzonych z
lessu, zaliczanych do trzech kompleksów przydatno�ci rolniczej: pszennego bardzo dobrego (1), pszennego dobrego (2) i pszennego
wadliwego (3). Gleby nale¿¹ce do kompleksu pszennego bardzo dobrego zawiera³y istotnie wiêcej powietrznie suchych agregatów o
wymiarach 0,25�10 mm od gleb kompleksu pszennego dobrego i pszennego wadliwego. Sk³ad agregatowy poziomów Ap gleb
kompleksu pszennego bardzo dobrego oceniono jako bardzo korzystny, a sk³ad poziomów Ap gleb kompleksu pszennego dobrego i
pszennego wadliwego jako korzystny. Sk³ad agregatowy poziomów podpowierzchniowych w warstwie 25�75 cm oceniono jako
korzystny, natomiast w warstwie 75�100 cm jako �rednio korzystny. Gleby kompleksu pszennego bardzo dobrego charakteryzowa³y
siê istotnie wiêksz¹ zawarto�ci¹ trwa³ych agregatów o wymiarach 0,25�10 mm i 1�10 mm ni¿ gleby kompleksu pszennego wadliwe-
go. Wodoodporno�æ agregatów w poziomach Ap gleb zaliczanych do kompleksu pszennego bardzo dobrego i dobrego, oceniono
jako dobr¹, a w poziomach Ap gleb kompleksu pszennego wadliwego jako �redni¹. Natomiast wodoodporno�æ agregatów w pozio-
mach Et, Bt, BC i C oceniono jako bardzo s³ab¹. Przyczyn¹ pogorszenia sk³adu agregatowego i zmniejszenia zawarto�ci wodoodpor-
nych agregatów o wymiarach 0,25�10 mm, zw³aszcza w glebach p³owych zaliczanych do kompleksu pszennego wadliwego, by³a
przyspieszona erozja gleb.


