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One of the soil structure features is aggregation and the factor 
causing its changes is the mechanical cultivation of soil [3, 5]. The soil 
aggregation is changing in time the direction and rate of its changes 
being dependent on environmental factors, among which the most 
significant role play moisture and tem perature [1, 2]. The aim of the 
present work was to determine the effect of soil moisture changes on 
its aggregation. The knowledge of this effect makes, namely, possible 
to predict stabilization of the aggregation of soil under natural conditions 
after carrying out agronomy measures as well as enables to determine 
the preparation way of aggregated soil samples for determination of 
hydrophysical characteristics under laboratory conditions.

MATERIAL AND METHODS OF INVESTIGATIONS

The object of investigations was chernozem developed from loess, 
the samples of which were taken from the arable layer. Upon drying 
up soil at the laboratory to the air-dry state, its aggregation was 
determined by the standard sieve method (Table 1). Then cylinders with 
the capacity of 100 cm8 were filled up with aggregates of the fractions 
separated of 0.25-0.5, 0.5-1, 1-3, 3-5 and 5-10 cm, condensing them at 
use of a vibrator, to ensure a unifor density. Upon filling up cylinders 
with aggregates, they were weighed up and subject to subsequent wet
ting-drying cycles. The samples were wetted capillarly w ith water for 
24 hours in a thermostatic room with the tem perature of 20±1°C and 
then dried up at the tem perature of 40°C in a drier w ith the air 
exchange to the air-dry state. The humidity of samples after wetting 
with water amounted to 0.25-0.5 — 59.7°/o пЛп“ 8, to 0.5-1 mm — 58.9% 
п Л п “*, to 1-3 mm — 59.5% m8m “ 3, to 3-5 mm — 55.7% m3m~3 and to
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5-10 mm — 56.0% m3m~8. The investigations were carried out during 
the subsequent 15 wetting-drying cycles, whereas after every cycle 
5 samples were chosen at random and their aggregation and density 
were determined (Fig. 1—6).

INVESTIGATION RESULTS

The investigation method assumed enables to determine amounts 
of waterproof aggregates of the fractions investigated as well as amounts 
of decomposition products of initial aggregates, and thus the aggregation 
of soil samples and their density after the subsequent wetting-drying 
cycle.

Under the effect of water 55% of aggregates of the fraction of
0.25-0.5 mm disintegrated as early as during the first wetting-drying 
cycle (Fig. 1). During the second cycle a further disintegration of about

Rys. 1. A ggregation after subsequent w ettin g-d ryin g  cycles n of an initial sam ple 
w ith  aggregates of 0.25-0.5 mm in dia
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5% of aggregates of this fraction took place, whereas in further cycles 
no destructive action of water was observed. Beginning from the 3rd 
cycle waterproof aggregates of the fraction investigated amounted to 
40% and the aggregates of >0.5 mm in dia — to 2°/o. Such state main
tained till the end of the experiment.

Much more resistant to the water action were aggregates of 0.5-1 mm 
in dia (Fig. 2). The water action resulted in a gradual disintegration

Fig. 2. A ggregation after subsequent w etting-drying  cycles n  of an in itia l sam ple 
w ith  aggregates of 0.5-1 mm in dia

of a certain per cent of the aggregates investigated between the 1st and 
the 5th wetting-drying cycle. Beginning from the 5th cycle the amount 
of waterproof aggregates of the initial fraction did not undergo any 
changes and amounted to 71'%>. Destruction and structure-form ing 
processes caused by the water action resulted in this case in the formation 
of about 1% of aggregates of 1-3 mm, 10% — of 0.25-0.5 mm and about 
19% — of <0.25 mm in dia. The changes of the aggregation of soil 
samples were observed between the 1st and the 10th wetting-drying 
cycle.

In case of aggregates of the fraction of 1-3 mm in dia destructive 
action of water was observed between the 1st and the 12th wetting- 
dying cycle. It caused a gradual decrease of the amount of aggregates 
of the initial fraction down to 55% (Fig. 3). The water effect on aggre
gates of the fraction of 1-3 mm in dia resulted in the formation of 
1-3% of aggregates of > 3  mm, of 18% of those 0.5-1 mm and of 19% 
of those of <0.25 mm in dia. Formation of aggreates of the diameter 
higher than 3 mm took place druing the 1st and the 2nd wetting-drying 
cycle, of remaining ones — between the 1st and the 12th cycle.

The water effect on aggregates of the fraction of 3-5 mm led to 
a disintegration of about 70% of aggregates, during the first two wetting- 
drying cycles (Fig. 4), whereas in the next cycles a gradual slight decre-



40 R. W alczak, В. W itkowska-W alczak

Fig. 3. A ggregation after subsequent w etting-drying cycles n of an initial sam ple 
w ith  aggregates of 1-3 mm in dia

Fig. 4. A ggregation after subsequent w etting-drying cycles n of an initial sam ple 
w ith  aggregates of 3-5 mm in dia

ase of the amount of aggregates of the initial fraction in soil samples 
took place, which finished after the 10th cycle, when the amount of 
aggregates of 3-5 mm in dia was 14%. The highest amount — 41% of 
aggregates of 1-3 mm in dia was formed in consequence of disintegration 
jof the initial fraction. Between the first and the ninth cycle 20% of 
aggregates of <0.25 mm, 15% of those of 0.5-1 mm and 8% of those 
of 0.25-0.5 mm i dia were formed gradually. The structure-form ing 
effect of water was observed after the first wetting-drying cycle, when 
5% of aggregates of > 5  mm in dia were formed. However, after the 
fourth cycle a decrease of their amount down to 2% took place and 
maintained till the end of the experiment.

80% of aggregates of the fraction of 5-10 mm in dia gradually 
disintegrated under the water effect between the first and the twelfth 
wetting-drying cycle (Fig. 5). During the first six wetting-drying cycles
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Fig. 5. A ggregation after subsequent w etting-drying cycles n of an in itia l sam ple  
w ith  aggregates of 5-10 mm in dia

21% of particles of <0.25 mm, 8% of aggregates of 0.5-1 mm and 12% 
of those of 0.25-0.5 mm in dia were formed. Beginning from the 6th 
cycle their amount did not undergo any changes. Different was the 
percentage of aggregates of 3-5 mm and 1-3 mm in dia. Initially the 
amount of aggregates of 3-5 mm increased to 10% (lst-7 th  cycle) and 
afterwards it decreased down to 6% (llth -12 th  cycle) and maintained 
at that level till the end of the experiment. On the other hand, the 
percentage of fraction of 1-3 mm in dia increased since the 1st cycle 
at a much higher rate than of all remaining fractions of aggregates, 
and only after the 12th wetting-drying cycle no changes in the amount 
of aggregates of that fraction were observed. Aggregates of the fraction 
of 1-3 mm in dia constituted a main product of disintegration of aggre
gated of the fraction of 5-10 mm in dia, as they amounted to 25%. 
During the investigations no fraction of aggregates of >10 mm in dia 
was found.

The results obtained prove that the subjection of mono-aggregate 
soil samples to subsequent wetting-drying cycles affects the aggregation 
changes of the m aterial investigated. These changes occurred only till 
a definite moment — subsequent wetting-drying cycle, after surpassing 
of which an equilibrium between the processes of formation and dis
integration of soil aggregates was established. The intensity and course 
of disintegration processes and the point since which a stabilization of 
soil aggregation occurred, formed also differently for particular fractions 
of the aggregates. The quickest stabilization of the aggregation was 
observed for aggregates of the fraction of 0.25-0.5 mm in dia (the 3rd 
wetting-drying cycle), whereas aggregates of the fraction of 0.5-1 mm 
and 3-5 mm in dia did not show any aggregation changes since the 
10th cycle, and aggregates of the fraction of 1-3 mm and 5-10 mm in 
dia — since the 12th wetting-drying cycle. The strongest effect of water
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on aggregates of all the fractions investigated was observed during the 
1st wetting-drying cycle. The action of water caused, namely, dis
integration of 14% of aggregates of the fraction of 0.5-1 mm, 16% of 
aggregates of the fraction of 1-3 mm, 31% of those of the fraction of 
3-5 mm. The next wetting-drying cycles did not cause such considerable 
disintegration of aggregates ; it could be observed particularly distinctly 
for the fraction of 0.25-0.5 mm and 0.5-1 mm in dia, which after the 
3rd and the 5th wetting-drying cycle showed an unchanged amount of 
waterproof aggregates aof the initial size. The disintegration of the 
remaining fractions investigated occurred gradually during further cycles, 
and only betwen the 10th and the 12th cycle a stabilization of the 
amount of waterproof aggregates of the initial size was observed. The 
results obtained prove also that the fractions of aggregates of < 3  mm 
are more resistant to the water action than those of > 3  mm in dia. 
k\t the same time it is to stress that the disintegration of aggregates 
of < 3  mm led to the formation mainly of aggregates of <0.25 mm in 
dia, whereas the disintegration of aggregates of > 3  mm resulted in 
the formation mainly of aggregates of 1-3 mm in dia. On the other 
hand, products of the disintegration of aggregate fractions investigated, 
except for the fraction of 5-10 mm occurring in the lest amounts, 
constitute aggregates of 0.25-0.5 mm in dia. Such behaviour of the 
aggregates investigated under the action of water can be explained by 
the fact that connections between grains and microaggregates, from 
which small aggregates are built, are much more resistant to the action 
of water than connections between grains, microaggregates and smaller 
aggregates forming aggregates of greater size [4, 6, 7].

Simultaneously with investigations on the aggregation changes of 
samples and the waterproofness of soil aggregates, investigations on 
sample density changes under the action of water, which can occur in 
consequence of changes in the volume of samples along with changes 
of their aggregation and of leaching of clayey particles, were carried 
out. The data obtained prove that the wetting-drying cycles resulted 
in density changes of the samples analyzed, manifesting themselves in 
a decrease of the density of aggregates of < 3  mm and in an increase 
of those of > 3  mm in dia. The density changes occurred, first of all, 
in the first wetting-drying cycle (Fig. 6). It is to stress that an insigni
ficant swelling up of samples containing aggregates of <1 mm in di-л 
and a decrease of the volume of samples containing aggregates of > 3  mm 
was observed. Moreover, during the subsequent wetting-drying cyclers 
an insignificant leaching of the finest soil particles of samples containing 
all the aggregates investigated. This leaching was the most intensive 
during the 1st and the 2nd wetting-drying cycle, whereas after the 
1 0 th -llth  cycle no soil particles were found on filter paper. The cause 
of reduction the value of samples containing aggregates of > 3  mm in
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Fig. 6. C hanges in  density of soil sam ples under the effect of w ater in particular
w etting-drying  cycles n

dia was probably swelling up of samples and leaching of soil particles, 
whereas in case of samples containing aggregates of <  3 mm in dia, 
a main factor causing the sample density increase was change of the 
sample volume (sedimentation), which could constitute the effect of 
decreasing weight of samples caused by leaching.

RECAPITULATION

Results of the investigations on changes in aggregation of mono
aggregate soil samples, waterproofness of the aggregates investigated 
and changes of density under the effect of water in particular wetting- 
drying cycles allow to state as follows :

— water action in particular wetting-drying cycles results in changes 
of aggregation and density of initially monoaggregate soil samples,

— destructive and structure-form ing action of water manifests itself 
most intensively during the first wetting-drying cycles, whereas the 
next cycles cause less changes of the parameters investigated,

— for every fraction of aggregates there is a characteristic subsequent 
wetting-drying cycle, after which no effect of water on the parameters 
investigated in observed.

Moreover, it seems that the method as presented above could be 
applied in investigations on aggregation of arable layer of soil after 
performed agronomy measures, provided that this layer should have 
a relatively stable aggregation as well as a preparation way of soil with 
stabilized aggregation for investigations of hydrophysical characteristics 
of soil, requiring constant physical parameters of the object during the 
performance of the respective measurements.
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R. WALCZAK, В. WITKOWSKA-WALCZAK

WPŁYW CYKLI NAW ILŻ ANI A -O SU SZ A N IA NA SKŁAD  
AGRECATOW Y GLEBY

Zakład A grofizyki PAN  w  L ublinie  

S t r e s z c z e n i e

Przedstaw iono w ynik i badań dotyczących w pływ u działania w ody w cyklach  
naw ilżan ia-osuszan ia  na skład agregatow y gleby, wodoodporność agregatów  g le 
bow ych i gęstość. Wraz ze spadkiem  lub w zrostem  w ilgotności w szystk ie  badane 
param etry u legają zm ianom , zw łaszcza podczas pierw szych cykli n aw ilżan ia-osu 
szania. W ykazano, iż dla każdej frakcji agregatów  istn ieje charakterystyczny ko
lejny cykl naw ilżan ia-osuszan ia , po którym  nie stw ierdzono w pływ u  działania  
w ody na badane param etry.
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