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Abstract

Aggregate has been recognized as a key element in the stabilization of soil organic carbon (SOC). Several 
researchers have done outstanding work on identifying and isolating aggregates and their physiochemical 
properties. However, thermal stability of SOC in soil aggregates has not yet been adequately explored. The 
main objective of the study was to clarify the protection of aggregation on SOC from thermal characters, and 
provide evidence on whether thermal analysis could be a potential rapid method to determine SOC stability 
in aggregates. We separated 20-cm surface soil into six fractions (>2, 1-2, 0.5-1, 0.25-0.5, 0.053-0.25 and 
<0.053mm) before and after 23-yr continuous soybean cultivation. The study measured the change of SOC 
and its thermal characteristics across aggregates using thermogravimetry-differential scanning calorimetry 
(TG-DSC), which also showed that the thermal stability mechanism of SOC is protected by aggregates. 
Results showed that 23-yr continuous soybean cultivation led to an SOC increase in 0.053-0.5 mm size 
aggregates, but a decrease in other large-size aggregates. Energy density in the > 0.5 mm fraction was 
decreased by 23-yr continuous soybean cultivation, but increased to < 0.5 mm size fraction. The largest 
energy density was in < 0.053 mm size fractions. In conclusion, long-term continuous soybean cultivation 
led to more energy transferred to micro-aggregates associated with the protection of micro-aggregates on 
soil SOC. 
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Introduction

Soil aggregates are important agents for SOC retention 
and protection [1, 2]. It is generally accepted that the stability 
of SOC in soil aggregates results from the protection of 
aggregate architecture to microbial decomposition. Using 
wet sieving procedures in the laboratory, soil aggregates 
are sub-divided into macro-aggregates (>0.25 mm) and 
micro-aggregates (<0.25 mm). Dominant SOC stored in 
the micro-aggregates more than macro-aggregates [2-
4] and the SOC in micro-aggregates will be more stable 
and resistant to degradation [5, 6]. These results indicate 
that the micro-aggregate fraction has promising potential 
to explain the soil C turnover in corresponding to crop 
cultivation. Furthermore, soil aggregation and SOC 
protection are both long-term processes and less than fi ve 
years fi eld of experiments could not fully present the real 
mechanisms included in them. Studies based on long-term 
experimentation were required to clarify the aggregate 
mechanism and its role in protecting SOC.

The protection of SOC in soil aggregates is linked with 
the quantity and quality of SOC [7, 8]. Researchers have 
to extract SOC from soil aggregates with chemical reagent 
before studying their mechanisms in them. Though 
there is a great amount of literature on SOC stocks and 
sequestration under various management practices based 
on chemical extraction, a lot of time and manpower have 
been wasted. Due to the increasing demands for rapid 
and quantitative assessments of SOC quality, thermal 
analysis techniques are a unique means to assess soil 
organic matter quality in reference to decomposability and 
turnover [9]. Thermal analysis techniques were applied 
to study the soil science since 1935, particularly in clay 
mineralogy components [9-11], but thermal properties 
of soil organic matter have received much less attention. 
This might be because organic components can infl uence 
thermal behavior to a much greater degree than mineral 
components [12]. Only recently have some studies tested 
the thermal properties of soil organic matter, and the link 
between thermal and biological stability of SOC [13-15]. 
This research indicates that energy density and DSC-T50 
were strongly corrected with respiration indices derived 
by incubation, which could be used for forecasting SOM 
stability [15]. Even though some research focused on SOM 
thermal stability, to our knowledge there are no reports on 
thermal characteristics of various soil aggregates.

The objective of this work was to ascertain the 
protection mechanism of aggregates on SOC from thermal 
characteristics, and provide evidence of potential rapid 
analytical tools to determine the turnover and stability 
of SOM in aggregates. For this aim, a 23-yr continuous 
soybean cultivation experiment was used. Samples before 
and after long-term continuous soybean cultivation were 
submitted for thermal analysis. These results together 
with the C concentration and changes in aggregates would 
tell us the thermal stability of SOC in aggregates, and 
indicated a signifi cant advance in rapid and cost-effective 
assessments of SOC stability that are indirectly related to 
chemical composition. 

Materials and Methods

Site Description

The long-term continuous soybean cultivation 
experiment was located at the National Field Research 
Station of Agro-ecosystem of CAS in Hailun County, 
Heilongjiang Province, China. The research area is located 
at 47o26’N and 126o38’E at an altitude of 240 m. The mean 
annual temperature is 2.2ºC, with the highest monthly 
temperature in July (35ºC) and lowest in January (-38ºC). 
The studied soil is Pachic Haploborolls as classifi ed by 
USDA Taxonomy (Soil Survey Staff 2010), with clay 
400 g kg-1 and silt 258 g kg-1. Before establishing the soybean/
maize rotation and continuous cropping experiment, the 
soil contained 29.8 g kg-1 of SOC, 2.2 g kg-1 of total N, 
0.74 g kg-1 of total P, and 20.8 g kg-1 of total K. Soil pH 
in water (1:2.5) was 6.05. The experiment was established 
in 1991 to evaluate the ecological effect of maize-soybean-
wheat rotation and continuous cropping. Randomized 
block design with four replicates was applied. The plot area 
covered around 77 m2. More detailed information could be 
found in a previous report by Qiao et al. [16]. 

Aggregate Preparation 

Soil samples were collected using a sampling shovel 
(20 cm width, 30 cm depth) from three sites in each plot 
after harvesting one-year soybean cultivation in 1992. 
Collected soil samples were air-dried and stored in soil 
samples stored at room temperature (25oC) until analysis 
began. Soil was sampled and treated with the same method 
in 1992 as after 23-yr continuous soybean cultivation in 
2014. Aggregate fractions were separated with the wet-
sieving method using a modifi ed Yoder-type apparatus 
and the method described by Qiao et al. [16]. A 10 g 
subsample of dried samples was submerged in water and 
separated by moving a cascade of sieves with openings of 
5, 2, 1, 0.5, 0.25 mm at a frequency of 32 oscillations per 
min with a stroke length of 3.8 cm for 10 min. Materials 
fl oating on the water were dredged up and discarded. The 
aggregates (<0.25 mm) were then collected and sieved 
through a 0.053 mm mesh so that 0.053-0.25 mm size 
aggregates were obtained. All fractions were collected and 
transferred to pre-weighted 50-ml beakers, oven-dried at 
50oC for 48 h, and weighed. The collected dry aggregates 
were then recombined to generate six aggregate fractions: 
i) >2 mm, ii) 1-2 mm, iii) 0.5-1 mm, iv) 0.25-0.5 mm, v) 
0.053-0.25 mm, and vi) <0.053mm.

Organic Carbon Analysis

Subsamples of differently sized aggregates were used 
for organic carbon (OC) concentration analysis. The OC 
concentration was measured by dry combustion using a 
VarioEL CHN elemental analyzer (Heraeus Elementar 
Vario EL, Hanau, Germany). Total C is equivalent to total 
organic carbon because there is no carbonate present in 
the soil.
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Thermal Analysis

Another subsample of differently sized aggregates was 
analyzed with a Netzsch simultaneous heat fl ux thermal 
analyser (STA 409 PC Luxx) equipped with a type-S 
(Pt/PtRh) TG-DSC sample carrier supporting a PtRh10-
Pt thermocouple (Netzsch-Geratebau GmbH, Selb, 
Germany). Samples were heated from ambient to 700ºC in 
a furnace atmosphere of laboratory-grade CO2-free ‘zero’ 
air at 10ºC min-1 fl owing at 50 mL min-1, plus protective 
gas fl owing at 10 mL min-1. During baseline correction, 
regions <190ºC and >600ºC were defi ned as baseline 
supported by Plante et al. [15, 17]. Total exothermic energy 
content (in J) was determined by integrating the DSC heat 
fl ux (in mW) over the exothermic region at 190-600ºC. 
Mass loss was determined for the same temperature range. 
Energy density (J mg-1 OM) was thus determined by 
dividing energy content by thermogravimetric mass loss 
reported by Rovira et al. [18]. 

Statistical Analysis

Statistically signifi cant differences were identifi ed 
using analysis of variance (ANOVA) at p < 0.05. Changes 
in aggregation percentage and SOC content across 
aggregates were conducted with SAS (SAS Institute 
Inc., 9.1.3 Portable). The standard errors of means were 
presented in the tables as variability parameter. 

Results 

Aggregation and SOC  

23-yr continuous soybean cultivation had a signifi cant 
effect on aggregate distribution in soil (Fig. 1). In 2014 the 
percentage of 0.25-0.5 mm and 0.053-0.25 mm aggregates 
were increased by 2.94% and 6.21%, respectively, 
compared to 1992. However, the > 2mm and 0.5-1 mm 
fractions were decreased by 3.86% and 3.03%, and the 1-2 
mm and < 0.053 mm fractions were decreased by 1.05% 

and 1.21%, respectively. Correspondingly, we calculated 
the change in C content of aggregate size from 100 g soil 
after 23-yr continuous soybean cultivation. The C content 
in 0.25-0.5 mm and 0.053-0.25 mm aggregate size were 
increased by 171 and 221 mg/100 g soil, while C content 
in other aggregate sized were decreased with the largest 
decrease in >2 mm fraction (Fig. 1).

Feature of TG and Mass Loss 
in Aggregates

TG curves are shown in Fig. 2, in all cases, which 
showed a smooth curve without clear bi-modal shape. 
Almost no weight loss was detected above 600ºC in any 
cases. Thus, we detected the mass loss at 190-600ºC 
periods. In 1992 the mass loss across the >0.053 mm 
fraction was similar and averaged 6.34%, which was 
signifi cantly larger than that of the <0.053 mm fraction, 
which averaged 4.22% (Table 1). After 23-year continuous 
soybean cultivation the lowest mass loss was obtained in 
the <0.053 mm fraction (4.11%) and the highest was in 
the >2 mm fraction (7.18%) (Table 1). In contrast, 23-year 
continuous soybean cultivation led to increased mass loss 
in the >0.053 mm fraction and increased with aggregate 
size increase, while there was almost no mass loss in the 
<0.053 mm fraction (Table 1). 

DSC Feature and Peak Position

Typical DSC curves are shown in Fig. 3. In all cases, 
a bi-modal shape is obtained, with labile and recalcitrant 
peaks. The labile peak is placed at the 342-363ºC 
zone (mean value: 352ºC), and the recalcitrant peak at 
423-438ºC zone (mean value: 434ºC). 

The exact positions of the labile and recalcitrant peaks 
were quite variable (Table 1). The position of the labile 
peak shifted to lower temperature after 23-yr soybean 
continuous cultivation in the > 1 mm fraction, while < 
1 mm fractions tended to be a higher temperature zone. 
Though there was no signifi cant difference among various 
aggregate sizes for labile peaks, the largest peak was shown 

Fig. 1. Changes in: a) various size aggregate percentages to bulk soil and b) organic carbon content (means and standard deviations) for 
each size aggregate after 23-yr long-term continuous soybean cultivation. 

a) b)
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Fig. 2. TG curves of > 2mm, 1-2 mm, 0.5-1 mm, 0.25-0.5 mm, 0.053-0.25 mm, and < 0.053 mm aggregates before (1992) and after 
(2014) 23-yr continuous soybean cultivation.

Fig. 3. Differential scanning calorimetry (DSC) curves of > 2mm, 1-2 mm, 0.5-1 mm, 0.25-0.5 mm, 0.053-0.25 mm, and < 0.0 53 mm 
aggregates before (1992) and after (2014) 23-yr continuous soybean cultivation.
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in the 0.053-0.25 mm fraction. For recalcitrant peaks, the 
peak temperature shifted to the low-temperature zone after 
23-yr continuous soybean cultivation, with the exception 
of the < 0.053 mm fraction. The lowest peak temperature 
was obtained in the < 0.053 mm fraction (Table 1). 

Energetic State

The integrated energy output calculated from DSC 
curves depended on aggregate size and soybean cultivation 
(Table 2). The integrated energy output increased with 
aggregate size decrease to 0.5-1 mm fraction (largest value 
of 32.92 J), then decreased to 22.18 J in the < 0.053 mm 
fraction in 1992. The same trend was obtained in 2014, 
but the largest value of 36.28 J was shown in the 0.25-0.5 
mm fraction. In contrast, the integrated energy output was 
promoted by 23-yr continuous soybean cultivation in all 
aggregate sizes.

The < 0.053 mm fraction had the largest energy 
densities, which were 16.89 J mg-1 OM in 1992 and 
18.33 J mg-1 OM in 2014 (Table 2). For other aggregates, 
the energy density increased as aggregate size decreased, 

to the point where the 0.25-0.5 mm fractions showed the 
second largest value, then decreased again for both years. 
Overall, the energy densities were generally greater for 
the > 0.5 mm fraction in 2014 compared to 1992, and 
lower for the < 0.5 mm fraction in 2014 compared to 1992 
(Table 2).

Discussion

Physical Protection of SOC Across Aggregates 

23-yr continuous soybean cultivation signifi cantly 
decreased the percentage of > 0.5 mm fraction aggregate 
to total aggregates, which is typical of long-term cropping 
disturbance macro-aggregates [4, 6]. During cultivation, 
machines integrated with anthropogenic disturbance will 
signifi cantly affect soil macro-aggregate stability and 
distribution [19, 20]. Thus, after 23-yr continuous soybean 
cultivation leading to a larger aggregate breakdown into 
smaller aggregates, with the percentage of 0.25-0.5 mm 
and 0.053-0.25 mm fractions increased by 2.94% and 
6.21%, respectively. However, the silt+clay-size aggregate 

>2 1-2 0.5-1 0.25-0.5 0.053-0.25 <0.053

Mass loss

1992 6.31±0.35 6.43±0.42 6.39±0.41 6.35±0.26 6.24±0.23 4.22±0.12

2014 7.18±0.12 6.97±0.21 6.89±0.11 6.78±0.10 6.47±0.08 4.11±0.12

Labile peak

1992 354.9±0.3 346.7±0.2 346.1±0.5 344.0±0.2 363.0±0.4 343.7±0.3

2014 353.0±0.2 342.3±0.1 363.1±0.7 357.6±0.3 363.3±0.6 347.9±0.3

Recalcitrant peak

1992 437.6±0.2 438.0±0.3 437.4±0.4 437.3±0.4 438.2±0.5 423.7±0.1

2014 436.7±0.3 432.4±0.1 436.1±0.3 433.2±0.2 436.6±0.4 427.0±0.1

Table 1. Mass loss (%) in TG analysis and position of the peaks in ºC with DSC analysis. Data are means ± standard deviations.

Table 2. Integrated energy output (J) and energy density (J mg-1 OM) of before (1992) and after (2014) long-term soybean cultivation. 
Energy density is the integral of the differential scanning calorimetry (DSC) signal (in J) divided by the thermogravimetric (TG) mass 
loss of organic matter (in mg) – both determined over the exothermic region 190-600ºC. 
Data are means ± standard deviations.

>2 1-2 0.5-1 0.25-0.5 0.053-0.25 <0.053

Integrated energy output

1992 29.51±0.6 32.14±0.7 32.92±0.5 32.01±0.7 29.96±0.5 22.18±0.3

2014 32.34±0.8 34.10±0.9 34.11±0.8 36.28±0.9 33.99±0.5 23.44±0.4

Energy density

1992 14.98±0.4 14.97±0.2 15.41±0.3 15.91±0.4 14.88±0.3 16.89±0.5

2014 14.43±0.2 14.65±0.3 14.80±0.2 16.89±0.6 16.29±0.5 18.33±0.6
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fraction (<0.053 mm) did not increase after long-term 
cultivation, which is not consistent with a continuous 
maize cropping system [4]. This should be attributed to 
soybean and its relatively smaller root mass compared 
to maize, which promotes primary mineral particles into 
micro-aggregate [21]. 

To test the physical protection of soil aggregate 
on SOC, 100 g soil was used to calculate the C content 
change in various sized aggregates. Higher C content in 
the micro-aggregates (0.053-0.5 mm fraction) compared 
to the macro-aggregates (>0.5 mm fraction) in our results 
were similar to previous studies [2, 4]. All these suggested 
that a loss of C-rich large-sized aggregate by long-term 
cultivation, and a gain of C-rich small size aggregate. In 
the long-term continuous soybean cultivation plots the role 
of macro-aggregate in protecting SOC showed short-term 
storage, with much more C stored in the smaller aggregate 
(0.053-0.5 mm fraction). Several previous studies had 
found that the SOC turnover is more rapid in macro-
aggregates compared with micro-aggregates [22, 23]. This 
can be explained by macro-aggregates being formed with 
plant root, oxidation, and dead material, which is easily 
broken down by cropping practices. 

Thermal Properties and SOC Protection Across 
Years and Aggregates

Thermal analysis showed signifi cant differences in the 
exothermic reactions in the region 190-600ºC. In 1992 
all aggregates were mainly characterized by two peaks 
of around 350ºC and 435ºC. Corresponding values were 
around 355ºC and 434ºC in 2014. According to several 
studies [10, 24], the peak of < 400ºC has typically been 
attributed to labile SOC, and that of > 400ºC is attributed 
to more stable SOC. Thus, the present results indicate that 
23 years of continuous soybean cultivation led to more 
stable carbon storage in soil. This could be attributed 
to special intensive crop cultivation with N application 
favoring easily available C turnover in soil, which further 
delayed more complex and recalcitrant organic compound 
availability [25, 26]. 

The peak position of thermal labile fraction in 
0.25-1 mm aggregate size showed the largest increase 
after 23-yr continuous soybean cultivation. The transfer 
to a higher temperature zone indicated a lower thermal 
stability and easily decomposed SOC stored in the macro-
aggregate fractions. This is in line with other studies 
showing more labile C in macro- than micro-aggregates 
[27]. However, the recalcitrant peak temperature in the 
> 0.053 mm fraction tended to lower after 23-yr continuous 
soybean cultivation, and only the < 0.053 mm size tended 
to increase. These results could be explained by long-
term cultivation management resulting in intensive soil 
disturbances exposing micro-aggregates and the SOC 
included in them with more rapid decomposition [2, 19, 
22, 28]. In the end, more stable SOC is stored in clay-
organic carbon complex [29]. All these indicated that 
organic-mineral complexes might be the key attributes 
determining the turnover of SOM. 

Energy content is inherently a function of SOC quantity 
[15]. The present study showed higher integrated energy 
output after 23 years of continuous soybean cultivation. 
This told us again that SOC tends to be more stable 
after long-term cropping. However, the highest energy 
content appeared in the 0.5-1 mm fraction in 1992 and the 
0.25-0.5 mm fraction in 2014, according to Plante et al. 
[15], who reported that high energy content represents 
high SOC stability. The present result was inconsistent 
with the more stable C stored in a < 0.053 mm fraction 
[15]. 

In the present study, energy content might be not 
a good parameter to describe SOC stability across 
aggregates. The highest energy density value was shown 
in the < 0.053 mm fraction both in 1992 and 2014. This 
could be explained by mineral-associated organic matter 
has higher thermal stability [30], which supports the SOC 
adsorbed on the < 0.053 mm fraction that had a lower 
mineralization rate [31]. This is associated with the energy 
density increasing in a > 0.5 mm fraction and decreasing 
in a < 0.5 mm fraction after 23 years of cultivation. The 
present results showed that long-term cropping led to 
more energy stored in micro-aggregates. All these were 
consistent with the protection mechanisms in aggregates 
from physiochemical and biochemical properties [6, 32]. 

Conclusions

Our fi ndings suggest that micro-aggregates play key 
roles in protecting SOC based on more recalcitrant SOC 
stored in micro-aggregates. The turnover mechanisms 
included in aggregates were associated with the dynamics 
of thermal reaction, such as mass loss, peak position, and 
energy density. All these suggested that thermal analysis 
could be a potential rapid analytical tool to determine the 
turnover and stability of SOM in aggregates. However, 
it is necessary to test the thermal characteristics and C 
turnover across aggregates with 13C labeled technology to 
fully understand the relationship between thermal stability 
and biological stability. 

Acknowledgements

This work was supported by the National Natural 
Science Foundation of China (Nos. 41371297 and 
41471240) and the Nanjing University of Information 
Science and Technology Talent Start-up Fund (Nos. 
2015r021 and 2015r020). Thermal characteristics were 
analyzed at the Department of Land, Air, and Water 
Resources at the University of California–Davis.

References 

1. HAILE S.G., NAIR P.K.R., NAIR V.D. Carbon storage of 
different soil-size fractions in Florida silvopastoral systems. 
J. Environ. Qual. 37, 1789, 2008.



1221How 23-year Continuous Soybean...

2. SIX J., PAUSTIAN K., ELLIOTT E.T., COMBRINK C. Soil 
structure and soil organic matter: I. Distribution of aggregate 
size classes and aggregate associated carbon. Soil Sci. Soc. 
Am. J. 64, 681, 2000.

3. CHRISTENSEN B.T. Physical fractionation of soil and 
structural and functional complexity in organic matter 
turnover. Eur. J. Soil Sci. 52, 345, 2001.

4. KOU T.J., ZHU P., HUANG S., PENG X.X., SONG Z.W., 
DENG A.X., GAO H.J., PENG C., ZHANG W.J. Effects 
of long-term cropping regimes on soil carbon sequestration 
and aggregate composition in rainfed farmland of Northeast 
China. Soil Till. Res. 118, 132, 2012.

5. FAZLE RABBI S.M., WILSON B.R., LOCKWOOD 
P.V., DANIEL H., YOUNG I.M. Soil organic carbon 
mineralization rates in aggregates under contrasting land 
uses. Geoderma 216, 10, 2014.

6. SIX J., PAUSTIAN K. Aggregate-associated soil organic 
matter as an ecosystem property and a measurement tool. 
Soil Biolo. Biochem. 68, A4, 2014.

7. NOVARA A., GRISTINA L., MANTIA T.L., RUHL 
J. Carbon dynamics of soil organic matter in bulk soil 
and aggregate fraction during secondary succession in a 
Mediterranean environment. Geoderma, 193-194, 213, 2013.

8. BOSÁK M., HAJDUOVÁ Z., MAJERNÍK M., 
ANDREJOVSKY P. Experimental-energy combustion of 
biomass combined with coal in thermal power plants. Pol. J. 
Environ. Stud. 24, 1517, 2015.

9. PLANTE A.F., FERNANDEZ J.M., LEIFELD J. Application 
of thermal analysis techniques in soil science. Geoderma 
153, 1, 2009.

10. PLANTE A.F., PERNES C., CHENU C. Changes in clay-
associated organic matter quality in a C depletion sequence 
as measured by differential thermal analyses. Geoderma 129, 
186, 2005.

11. ARAB P.B., ARAÚJO T.P., PEJON O.J. Identifi cation of clay 
minerals in mixtures subjected to differential thermal and 
thermogravimetry analyses and methylene blue adsorption 
tests. Appl. Clay Sci. 114, 133, 2015.

12. LANGIER-KUZNIAROWA W. Thermal analysis of organo-
clay complexes. Yariv, S.; Cross, H., Marcel-Dekker, New 
York. 2002.

13. DORODNIKOV M., FANGMEIER A., KUZYAKOV Y. 
Thermal stability of soil organic matter pools and their δ13C 
values after C3-C4 vegetation change. Soil Biol. Biochem. 
39, 1173, 2007.

14. DUGUY B., ROVIRA P. Differential thermogravimetry 
and differential scanning calorimetry of soil organic matter 
in mineral horizons: Effect of wildfi res and land use. Org. 
Geochem. 41, 742. 2010.

15. PLANTE A.F., FERNÁNDEZ J.M., HADDIX M.L., 
MEGAN STEINWEG J., CONANT R.T. Biological, 
chemical and thermal indices of soil organic matter stability 
in four grassland soils. Soil Biol. Biochem. 43, 1051, 2011.

16. QIAO Y.F., MIAO S.J., LI N., HAN X.X., ZHANG B. Crop 
species affect soil organic carbon turnover in soil profi le 
and among aggregate sizes in a Mollisol as estimated from 
natural 13C abundance. Plant Soil 349, 306, 2015.

17. MIAO S.J., QIAO Y.F., YOU M.Y., ZHANG F.T. Thermal 
stability of soil organic matter was affected by 23-yr maize 
and soybean continuous cultivation in Northeast of China. 
J. Therm. Anal. Calorim. doi: DOI: 10.1007/s10973-015-
4709-7), 2015.

18. ROVIRA P., KURZ-BESSON C., COUTEAUX M.M., 
VALLEJO V.R. Changes in litter properties during 
decomposition: A study by differential thermogravimetry 
and scanning calorimetry. Soil Biol. Biochem. 40, 172, 
2008.

19. LICHTER K., GOVAERTS B., SIX J., SAYRE K.D., 
DECKERS J., DENDOOVEN L. Aggregation and C and 
N contents of soil organic matter fractions in a permanent 
raised-bed planting system in the Highlands of Central 
Mexico. Plant Soil 305, 237, 2008.

20. PINHEIRO E.F.M., PEREIRA M.G., ANJOS L.H.C. 
Aggregate distribution and soil organic matter under different 
tillage systems for vegetable crops in a Red Latosoil from 
Brazil. Soil Till. Res. 77, 79, 2004.

21. LAGALY G., OGAWA M., DEKANY I. Chapter 10.3- 
Clay mineral-Organic interactions. Developments in Clay 
Science. 5, 435. Handbook of Clay Science, 2013.

22. QIAO Y.F., MIAO S.J., LI N., HAN X.Z., ZHANG B. Spatial 
distribution of rhizodeposit carbon of maize (Zea mays L.) in 
soil aggregates assessed by multiple pulse 13C labeling in the 
fi eld. Plant Soil 375, 317, 2014.

23. SIX J., CONANT R.T., PAUL E.A., PAUSTIAN K. 
Stabilization mechanisms of soil organic matter: implication 
for C-saturation of soils. Plant Soil 241, 155, 2002.

24. MASTROLONARDO G., FRANCIOSO O., DI FOGGIA 
M., BONORA S., RUMPEL C., CERTINI G. Application of 
thermal and spectroscopic techniques to assess fi re-induced 
changes to soil organic matter in a Mediterranean forest. J. 
Geochem. Explor. 143, 174, 2014.  

25. HAGEDORN F., SPINNLER D., SIEGWOLF R. Increased 
N deposition retards mineralisation of old soil organic matter. 
Soil Biol. Biochem. 35, 1683, 2003.

26. THIRUKKUMARAN C.M., PARKINSON D. Microbial 
respiration, biomass, metabolic quotient and litter 
decomposition in a lodgepole pine forest fl oor amended with 
nitrogen and phosphorus fertilizers. Soil Biol. Biochem. 32, 
59, 2000.

27. BLAUD A., LERCH T.Z., CHEVALLIER T., NUNAN 
N., CHENU C., BRAUMAN A. Dynamics of bacterial 
communities in relation to soil aggregate formation during 
the decomposition of 13C labelled rice straw. Appl. Soil Ecol. 
53, 1, 2012.

28. GALE W.J., CAMBARDELLA C.A., BAILEY T.B. Root-
derived carbon and the formation and stabilization of 
aggregates. Soil Sci. Soc. Am. J. 64, 201, 2000.

29. TRIGALET S., VAN OOST K., ROISIN C., VAN 
WESEMAEL B. Carbon associated with clay and fi ne silt 
as an indicator for SOC decadal evolution under different 
residue management practices. Agr. Ecosyst. Environ. 196, 
1, 2014.

30. GREGORICH E.G., GILLESPIE A.W., BEARE M.H., 
CURTIN D., SANEI H., YANNI S.F. Evaluating 
biodegradability of soil organic matter by its thermal 
stability and chemical composition. Soil biol. Biochem. 91, 
182, 2015.

31. RABBI S.M.F., WILSON B.R., LOCKWOOD P.V., DANIEL 
H., YOUNG I.M. Soil organic carbon mineralization rates in 
aggregates under contrasting land uses. Geoderma 216, 10, 
2014.

32. OSTRPWSKA A., POREBSKA G. Assessment of TOC-
SOM and SOM-TOC conversion in forest soil. Pol. J. 
Environ. Stud. 21, 1767, 2012.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


