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A bstra ct. Seasonal changes of soil carbohydrate
and root weight were studied for the grey forest soil at dif-
ferent phases of the growth of barley. The soil structure
was characterized simultaneously by soil aggregate com-
position, bulk density and water retention capacity. Con-
current changes of the characteristics measured were
observed. Water retention capacity was inversely related
to macroporosity. The role of hydrocarbons in less than 2 mm
soil aggregate formation was analysed by the method of
cluster processing. Surface areas of less than 3 mm aggre-
gate fractions increased with the increase of carbohydrate
content and decreased after oxidation of carbohydrates.
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INTRODUCTION

Natural cycles of drying and wetting cause
changes of aggregate composition and pore
space structure [13,17]. Plant roots and soil
microorganisms, producing organic substan-
ces, contribute to soil aggregate formation
[4,14]. The dependence between the extent of
hydrocarbon oxidation and stability of soil ag-
gregates [3] and soil surface area [11] is well
established. There are, however, only a few
data on the conjugate changes of hydrocarbon
content and soil structure. These studies are
the objective of our paper.

METHODS AND OBJECTS

The experiment was carried out on the
grey forest soil with barley at the field ex-

perimental station of the Puschino Institute.
Soil cores were sampled from two plots: con-
trol (C1) and fertilized (C2: N-120, P-80, K-90
kg ha'!) and two depths: 10-15 and 25-30 cm.
These samples were taken before and at four
phases of barley growth: stem elongation, in-
florescence emergence, milk beginning and
wax stage.

The soil water retention capacity was esti-
mated for a soil water potential range from -1
to -50 kPa according to Varallyay and Mi-
ronenko [19]. The aggregate composition was
determined by wet sieving [18]. The root
weight was measured after washing out the
soil material from undisturbed cores on
2.5x2.5 mm sieve. Carbohydrate content was
determined according to Dubois et al. [7]. The
porosity was determined by the mercury intru-
sion in the pressure range from 0.1 to 190 MPa.
Macroporosity was calculated by the Hall
technique [2]. The seasonal changes of the
carbohydrate content were analysed by the
cluster processing method. The soil surface
area was estimated by the Brunauer, Emmet
and Teller (BET) method as described by Va-
diunina and Korchagina [18]. To estimate stat-
istically reliable discrepancies from a small
data choice the Dmitriev [6] approach was ap-
plied. Soil carbohydrates were oxidized with
0.02 M NaJO, by the Cheshire et al. [3] method.
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RESULTS AND DISCUSSION

The root weight increased by the mid
vegetation period and decreased by the harvest
time. The carbohydrate content increased at
mid vegetation followed by a slight decrease
(Fig. 1a). The obtained relations are similar to
those observed for chemozem under barley [1].

A concurrent seasonal changes of root
weight and the content of 2.5-100 mm aggre-
gates were observed (see Fig. 1b and c). Plant
roots and soil microorganisms spread within
the large pores and produce organic substan-
ces which form and enlarge soil aggregates
[11,16]. When the root weight and macropo-
rosity increased, the bulk density decreased
(Fig. 1b, d and ¢). Macropores (>0.06 rnm) are
responsible for soil water retention at the soil
suction >0.005 MPa [2,10] and the main part
of plant roots occur in these pores [2]. The de-
crease of water retention and bulk density at
harvest was consistent with the changes of the
root weight and macroporosity. A small de-
crease of the macroporosity at the seasonal
minimal soil moisture content occurred pro-
bably because of pores deformation as a result
of the drought (Fig. 1d and f). Seasonal
changes of macroporosity and bulk density
seem to be influenced mainly by plant roots.

The data of the seasonal changes of the
carbohydrate content for aggregate fractions:
>10, 10-7, 7-5, 5-3, 3-2, 2-1, 1-0.5, and 0.5-
0.25 mm were analysed by the cluster proces-
sing method. The seasonal changes in hydro-
carbon content were initially analysed sepa-
rately for different depths and fertilizer levels

and subsequently the same was done for all
the experimental data. All the curves illustrat-
ing data changes were divided into two clus-
ters. The first one consisted of the curves for
aggregate fractions >2-3 mm, and the second
one - for the aggregates <7 mm. The curves
for the aggregate fractions 3-7 mm were found
either in the first or in the second cluster for
the different experimental sets. The content of
aggregate fractions less then 2-3 mm corre-
lates with the carbohydrate content what is in
agreement with the literature [11,14]. Cheshire
et al. [3,5] observed a correlation between the
extent of soil carbohydrate oxidation with so-
dium periodate and the stability of < 2 mm soil
aggregates.

The occurrence of two clusters may be a
result of different mechanisms of carbohydrate
interaction with soil particles having different
sizes. Depending on aggregate sizes carbohy-
drates may either be sorbed on the surface of
small particles or penetrate into the inner
space of swollen soil minerals [9,20]. Carbo-
hydrate-metal complexes are sorbed on aggre-
gate surfaces and the sorbed segments form
hydrophylic coatings on the soil particles
(8,12,15]. This mechanism may be confirmed
by the surface area values. For the mixed sam-
ples and aggregate fractions 3-2, 2-1, 1-0.5,
0.5-0.25 mm of the soils studied, the surface
areas decreased after the oxidation of carbohy-
drates by the Cheshire method (see Table 1).
Statistically reliable differences of the surface
area values for oxidized and non-oxidized
samples were noted for all aggregate fractions less
than 3 mm. The lack of the above dependence

T able 1. Soil surface values of the grey forest soil samples before (I) and after (II) sodium periodate treatment for two

sampling times

Samples 13 May

18 June

Mixed samples 49.26 44.45
Aggregate samples:
3-2mm 49.96 45.30
2-1mm 50.53 46.20
1-0.5 mm 51.10 47.60
05-0.25 mm 49.72 46.20

50.54 48.30
50.65 43.30
50.88 47.20
50.80 45.06
49.10 46.40
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Fig. 1. Changes of: carbohydrate content (a), root weigths (b), 0.2-100 mm aggregate content (c), macroporosity (per-
centage of pore space) (d), bulk density (), field moisture (f) (C, mg/g) for two different treatments C1 (control) and C2;
(fertilized) and two depths h1 (10-15 cm) and h2 (25-30 cm).

Circles: C1h1; x-es: C1h2; triangles: C2h1; squares: C2h2.
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for mixed samples can support the hypothesis
on different mechanisms of the carbohydrates
binding to small and large particles.

CONCLUSION

Plant roots appear to play an important
role in seasonal changes of aggregate compo-
sition, bulk density and macroporosity. Soil
carbohydrates influence particles binding into
small aggregates.
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