
ROCZNIKI GLEBOZNAW CZE TOM LVIII NR 3/4 WARSZAWA 2007: 119-125

ALVYRA SLEPETIENÉ, INGA LIAUDANSKIENE, 
ALEKSANDRAS VELYKIS, ANTANAS SATKUS

SOIL ORGANIC CARBON IN GRANULODENSIMETRIC 
AND CHEMICAL FRACTIONS OF SOIL 

IN SUSTAINABLE AGRICULTURE

Lithuanian Institute of Agriculture, Instituto al. 1, Akademija,
LT 58344, Kedainiai distr., Lithuania

A bstract: Laboratory tests were done at the Lithuanian Institute o f  Agriculture’s Chemical 
Research Laboratory. The field experiment was set up at LIA’s Joniskelis Research Station on a 
glacial lacustrine clay loam on a silty clay Endocalcari-Endohypogleyic Cambisol. The aim o f  
this work was to investigate organic carbon distribution in the whole soil and its fractions, 
having separated them by granulodensimetric and chemical fractionation methods in conven
tional and sustainable soil tillage systems. Experimental design was as follows: primary soil 
tillage systems: conventional (mouldboard ploughing for all crops) and sustainable (mould- 
board ploughing for wheat after grasses and ploughless soil loosening for crops grown after 
cereals); rotations with a different structure o f  winter and spring crops (0, 25, 50, 75 and 100% 
o f winter crops), growing annual and perennial grasses, spring and winter wheat, triticale and 
barley. Soil organic matter (SOC) was separated into fractions according to particle size and 
density after complete dispersion o f  the aggregates by ultrasonication. The clay related SOM  
pool was isolated by fractionation according to particle size (< 2 mm). Light fraction o f  SOM  
was separated using 1.8 g • m L '1 sodium iodide solution. Concentrations o f С in clay and light 
fractions and in bulk soils at 0 -15  cm and 15-25 cm depths were measured to evaluate the role 
o f  aggregation in SOC under conventional and sustainable tillage. Our results suggest that 
sustainable soil tillage system affected carbon accumulation in the soil, particularly in light 
fraction. Irrespective o f the soil tillage system, the content o f clay fraction was higher in the 
lower soil layer, whereas that o f light fraction was higher in the top layer. The clay fraction was 
found to be higher in carbon content (by on average 1.6-fold) compared with bulk soil, and the 
light fraction had 10-fold more carbon compared with the clay fraction. It was found that 
increasing the area o f longer vegetation wintering crops and applying sustainable tillage in the 
heavy soil had a positive influence on the chemical composition o f  humus.

K ey w ords’, carbon, clay fraction, light fraction, granulodensimetric fractionation, ultrasound, 
humus composition.



120 A . Slepetiené, I. Liaudanskiene, A. Velykis, A. Satkus

INTRODUCTION
Changes in soil organic carbon with change in soil management can be explained 

by the carbon accumulation in different soil organic matter fractions. These fractions 
exhibit different rates of biochemical and microbial degradation [Stevenson 1994]. 
One of the main soil quality indexes, which shows its resistance to physical and biological 
degradation, is the amount of organic matter in the soil [Loveland, Webb 2003]. Clayey 
soil becomes resistant to compaction and suitable for reduced tillage, when the amount 
of humus exceeds 5% in the topsoil [Balesdent et al. 2000]. The amount of humus in 
most heavy soils in Lithuania does not reach 3%, consequently there is a tendency of 
degradation [Lithuanian soils 2001]. Soil tillage and the other complex agricultural 
practices have to promote organic carbon, humic substances accumulation in the soil 
and to increase its biological activity, to fit biological requirements of plants and soil 
protection requirements [Balesdent 2000; Slepetiené, Slepetys 2005]. Mass distributions 
of different soil organic carbon (SOC) fractions are influenced by land use and 
management [Tan et al. 2007]. Soils under forest and NT preserved, respectively, 
167% and 94% more light fraction than those under CT. The mass of light fraction 
decreased with an increase in soil depth. С concentrations of light fraction were 
significantly higher under NT and forest than under CT. These data suggest that there 
is a greater protection of SOC by aggregates in the light fraction of minimally disturbed 
soils than that of disturbed soil. Organic matter fractions (e.g., macro-organic matter, 
light fraction, microbial biomass, and mineralizable C) describe the quality of SOM. 
These fractions have biological significance for several soil functions and processes 
and are sensitive indicators of changes in total SOM [Carter M.R. 2000]. Winter crops 
growing for a longer period of time and having a stronger system of roots, much better 
use potential fertility of heavy soils and suffer less from extreme climate, than spring 
crops [Golub 1996; Rasmussen 1999; Dabney et al. 2001]. After their growing in the 
soil there are left more vegetative remains, than after the spring ones. Admittedly, that 
winter crops are improving biological, chemical, and physical soil properties when they 
are cultivated like catch crops.

The indexes of soil carbon and organic matter are very important factors in 
investigating the systems of rational agriculture, which could secure higher productivity 
of cultivated crops.

The objective of the present study was to investigate organic carbon distribution in 
the whole soil and its fractions, having separated them by granulodensimetric and 
chemical fractionation methods in conventional and sustainable soil tillage systems.

MATERIALS AND METHODS

The field experiments were carried out on a drained, clay loam on silty clay with 
deeper lying sandy loam Endocalcari-Endohypogleyic Cambisol (CMg-n-w-can) 
(FAO classification), whose parental material is glacial lacustrine clay Clay 
particles < 0.002 mm in Aa horizon (0-30 cm) made up 27.0%, in horizon (52-76 
cm) -  51.6%, in C 1 horizon (77-105 cm) -  10.7%, in C2 horizon (106-135 cm) -
11.0%. The tests involved the following tillage systems: 1) conventional (primary soil
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tillage is performed by ploughing by a mouldboard plough for all crops), 2 ) sustainable 
(after grasses the soil for wheat is ploughed by a mouldboard plough; after cereals 
ploughless soil tillage is applied for all crops). The experiment was set up using a fully 
expanded crop rotation method.

The following crop rotations with different area of winter and spring crops were 
studied: 1 .Without winter crops (1) annual grasses; 2) spring wheat; 3) spring triticale; 
4) spring barley). 2. 25% winter crops (1) perennial grasses; 2) spring wheat; 3) spring 
triticale; 4) spring barley, undersown crop). 3. 50% winter crops (1) perennial grasses;
2) winter wheat; 3) spring triticale; 4) spring barley, undersown crop). 4. 75% winter 
crops (1) perennial grasses; 2) winter wheat; 3) winter triticale; 4) spring barley, 
undersown crop). 5. 100% winter crops (1) perennial grasses; 2) winter wheat;
3) winter triticale; 4) winter barley, undersown crop).

Soil samples for laboratory tests were taken from the 0-15 cm and 15-25 cm layers 
at the end of the growing season and were dried to an air-dry state. Prior to analysing, all 
visible plant and animal residues were removed, the samples were crushed in a mortar 
and sieved using a 2.0 mm sieve. The part of the sample, intended for carbon determination 
by a Vario EL III analyser, was crushed and sieved through a 0.2 mm sieve.

According to Schulz [2004] modified, Shaymukhametov developed granulodensi- 
metric fractionation methodology, soil organic matter is divided into fractions according 
to particle size and specific weight. SOM share related to clay minerals is separated 
by a granulometric fractionation method by breaking down macroaggregates by 
ultrasound [Schmidt et al. 1999]. Soil organic matter (SOM) was separated into fractions 
according to particle size and density after complete dispersion of the aggregates by 
ultrasonication. For ultrasonic dispergation soil -  water suspension (1 :3.5) is prepared 
in a 80 mL plastic test tube (Nalgene). Titanium probe 19 mm in diameter of an ultrasonic 
homogeniser Sonopuls (Bandelin, Germany) was dipped into the suspension at the 
15 mm depth. During the process the temperature of the suspension was maintained 
below 35°C. Soil-water suspension is exposed to 70 J • mL-1 ultrasonic energy (10 
times, 1 min per time). After each ultrasonic exposure, smaller than 2 \im  clay fraction 
(CF) is separated by centrifuging by a centrifuge Universal 32 (Hettich, Vokietija) 
1000 rpm • min"1. The separated clay fraction is transferred into evaporation plate and 
dried on a water tub. Light fraction (LF) of low specific density not related to mineral 
soil part is separated by a densimetric fractionation method. The soil residue is poured 
with 1.8 g • cm-3 sodium iodide solution and the resulting solution is exposed to ultrasound 
90 J • g-1 for 1 min, then centrifuged, the fraction of <1.8 g • cm-3 specific weight that 
builds up on the surface is collected, washed with distilled water and dried. CF and LF 
contents in the soil are determined by weighing, having dried the fractions to absolutely 
dry state at 60°C temperature. The content of carbon in the soil and its individual 
fractions is determined by a dry combustion method using an automatic analyser Vario 
EL III (Elementar, Germany).

Chemical fractional composition of humic substances was determined according to 
the Tyurin method modified by Ponomareva and Plotnikova [ 1980].

The experimental data were processed by ANOVA and STATENG. Significant 
differences are presented at 95% probability level.
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RESULTS
The data provided in Table 1 show how the content of total carbon in the soil varied 

as influenced by the soil tillage system, winter crops’ area in the crop rotation and soil 
layer. In the sustainable soil tillage systems the 0-15 cm soil layer had the highest 
carbon contents 11.62-14.62 g • kg-1. In the sustainable soil tillage system with winter 
crops occupying 50% of the crop rotation area there was identified the highest carbon 
content 14.62 g • kg-1, i.e. by 26% higher than that in the conventional soil tillage 
system (11.55 g • kg-1).

The distribution of carbon concentration in the soil and fractions was as follows: 
Clf  > CCF > С . In the clay fraction was found higher carbon content (by on 
average 1.6 -fold) compared with bulk soil, and in the light fraction 10-fold more 
carbon compared with the clay fraction (Tables 1-3). Significantly higher (>10 
times) carbon accumulation in the light soil fraction agree with the results obtained 
by other researchers [Schulz 2004]. The effect of soil tillage systems on soil clay 
fraction content (CF) in the soil and carbon (C) content in this fraction is shown in 
Table 2. Irrespective of soil tillage system higher content of clay fraction (CF) was 
identified in the lower soil layer compared with that in the topsoil layer.

TABLE 1. The effects o f tillage systems and area o f winter crops in the rotation on the 
carbon content in the soil

Area o f winter
~  ~ ГО/ 1

Soil tillage system
crops [%J

Conventional Sustainable

0-15 cm 15-25 cm depth 0-15 cm 15-25 cm depth

C, g • kg-1

0 11.25 8.74 12.69 8.41
25 11.73 11.42 13.34 11.49
50 11.55 10.35 14.62 12.98
75 11.68 11.38 12.14 11.64

100 11.31 10.92 11.62 11.13

Min-Max 11.25-11.73 8.74-11.42 11.62-14.62 8.41-12.98

Average ± Sx 11,50± 0 .10 10.56±0.49 12.88±0.52 11.13±0.75

Sustainable soil tillage exerted some effect on carbon distribution in chemical 
fractions. Increasing the area of longer vegetation wintering crops and applying 
sustainable tillage in the heavy soil had a positive influence on the chemical composition 
of humus. Applying the system of sustainable soil tillage HA/FA index had a tendency 
to increase in comparison with the conventional soil tillage system (Fig. 1).
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TABLE 2. The effects o f tillage systems and area o f winter crops in the crop rotation on clay 
fraction (CF) content and carbon (C) content in this fraction

Area 
o f winter 
crops [%]

Soil tillage systems

Conventional Sustainable

0-15 cm 15-25 cm 0-15 cm 15-25 cm

С CF С CF С CF С CF

g * kg-1

0 281.21 18.69 369.58 12.35 277.89 20.78 375.77 11.54
25 278.88 17.86 275.77 19.02 274.63 20.54 286.28 16.80
50 283.52 18.56 361.26 14.63 278.39 20.00 278.14 20.51
75 285.33 18.30 287.38 17.86 275.35 20.04 299.39 17.70

100 285.78 19.49 283.39 19.36 284.79 19.65 290.21 20.06

Min-Max 278.88 17.86 275.77 12.35 274.63 19.65 278.14 11.54
-285.78 -19.49 -369.58 -19.36 -284.79 -20.78 -375.77 -20.51

Average 282.94 18.58 315.48 16.64 278.21 20.20 305.96 17.32
± Sx ±1.30 ±0.27 ±20.52 ±1.36 ±1.79 ±0.20 ±17.78 ±1.60

TABLE 3. The effects o f tillage systems and area o f winter crops in the crop rotation 
on the light fraction (LF) and carbon (C) content in this fraction

Area 
o f winter 
crops [%]

Soil tillage systems (Factor B)

Conventional Sustainable

0-15 cm depth 15-25 cm depth 0-15 cm depth 15-25 cm depth

С LF С LF С LF С LF

g - k g 1

0
25
50
75

100

3.28
4.24
3.22
3.01
2.34

187.2
148.4
169.2 
200.1
249.5

2.69
2.55
2.21
3.81
1.42

133.1
187.5
205.6 
203.9
237.1

3.62
3.74
3.37
4.09
3.06

206.4
235.5 
207.0
222.4
243.4

2.51
2.03
2.75
3.05
3.28

137.4 
206.6 
189.7
209.4 
170.0

Min-Max 2.34
^ .2 4

148.40
-249.5

1.42
-3.81

133.1
-237.1

3.06
- 4 .0 9

206.4
-2 4 3 .4

2.03
-3.28

137.4
-209.4

Average 
± Sx

3.22
±0.31

190.88
±17.04

2.54
±0.39

193.44
±17.09

3.58
±0.17

222.94 
± 7.43

2.72
±0.22

182.62
±13.32

CONCLUSIONS

1. Our study results suggest that sustainable soil tillage system affected carbon accu
mulation in the soil, particularly in light fraction (LF). This regularity was more 
obvious in the topsoil layer (0-15 cm).
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О  1. Conventional CD 2. Sustainable
HA/FA

Area of winter crops %

FIGURE I. The effect o f the area of winter crops in the rotations and soil tillage systems on the ratio of
humic (HA) acids to fulvic (FA) acids (0-15 cm depth)

2. The content of clay fraction was higher in the lower soil layer, whereas that of light 
fraction was higher in the top layer.

3. The clay fraction was found to be higher in carbon content (by on average 1.6 -fold) 
compared with bulk soil, and the light fraction had 10-fold more carbon compared 
with the clay fraction.

4. Applying sustainable soil tillage system, especially combining it with systematic gro
wing of winter crops, in comparison with conventional tillage tended to increase the 
ratio of humic acids to fulvic acids.
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