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SOIL ORGANIC CARBON FRACTIONS IN DIFFERENT
LAND USE SYSTEMS OF CHERNOZEM SOIL

ABSTRACT: The relationship between soil carbon fractions in Chernozem soils was
assessed in soil samples of three different environments: arable soil, grassland and oak for-
est. Grassland and oak forest had higher soil organic carbon (SOC), carbon soluble in hot
water (HWC), particulate organic carbon (POC) and mineral-associated carbon (MOC) than
the arable soil. The POC/MOC ratio was lowest in arable soil, indicating a smaller carbon
pool for microbial turnover. POC increases with higher total SOC, indicating that the pres-
ervation of organic matter depends on the renewal of labile fractions. Our results showed
that fertilization had active role in soil carbon stabilization, while crop rotation had less
effect on a soil carbon turnover. Our result could contribute to the better understanding of
SOC fractions composition and relevance in Chernozem soil, thus could help in selection of
cropping management systems for SOC preservation.

KEYWORDS: land use systems, soil organic carbon, mineral-associated carbon,
particulate organic carbon

INTRODUCTION

Different qualitative fractions of SOC derived from the formation path-
ways could be evaluated to better understand carbon cycling of the specific
cropping systems. Soil organic carbon fractions are identified according to their
role in the carbon turnover and relationship with the microbiological and soil
properties (Cookson et al., 2005). In recent decades, increased number of physical
and chemical fractionation approaches has been proposed for separation and
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the identification of the different labile and stable fractions as proxies for the
SOC pool and their role in soil quality (Baldock and Nelson, 2000). Each of the
fractions contains specific information relevant to estimate effects of land use
on SOC pool turnover and stabilization. Changes in management practices in
the long-term experiment over time could induce problems in quantification of
SOC pool due to the large background amounts already present and the spatial
variation (Haynes, 2000). Therefore, a current perspective in SOC interpreta-
tion based on total carbon pool lacks clarity and precision in explaining the
relationship between SOC content and related soil properties. Moreover, soils
can vary in the potential for organic matter mineralization (Najvirt et al., 2019).
The turnover of the labile SOC fraction is relatively rapid and responds quickly
to the land use changes and soil management, and therefore it could be antici-
pated as the early and sensitive indicator of the total SOC change (Hynes and
Beare, 1996). Concentration and fluxes of the SOC fractions obtained with
fractionation approaches results with the similar conceptual SOC pool but with
the different perception on the factor causing their occurrence in soil. Decom-
position studies by Gregorich et al. (2003) provided evidence that the hot water
extractable carbon (HWC) fraction of soil C is highly labile and estimated that
the HWC accounted for about 70% of the total water-soluble matter. Ghani et al.
(2003) found that HWC reflected the changes in SOC caused by different soil
management practices compared with stabile SOC pool. Particular organic
carbon (POC) is considered as intermediary available SOC pool sensitive to
the management practice and the grown crops (Cambardella and Elliott, 1993).
Therefore, POC acts as a binding agent in soil, responsible in stabilization of
the macro-aggregates and intra-aggregate structure (Six et al., 2002). Bayer et
al. (2004) explained that organic matter in the POC is more sensitive to a
management practices than C obtained in the total SOC pool. Martinez-Mena
et al. (2012) emphasized the interaction between POC and mineral-associated
carbon (MOC) to better understand the role of labile C in SOC dynamic. Due to
pronounced decreasing trend in SOC, there is a need to explain how it reflects
changes in the content of SOC fractions and to what extent it can affect soil
productivity. The aim of this study was to determine the change in the SOC as
a consequence of an interrelation of the different SOC fractions with different
land use systems.

MATERIALS AND METHODS

The arable plots were selected from a long—term stationary experimental
rotation-crop field “Plodoredi” (Seremesi¢ et al., 2011) of the Institute of Field
and Vegetable Crops (N 45° 32° 517, W 19° 84’ 77” 84 m above sea) in Novi
Sad, Serbia and adjacent grassland and forest. The trial was set up on Calcic
Chernozem (Aric, Loamic, Pachic) (abbreviated CH-cc-ai.lo.ph) (IUSS Working
Group WRB, 2014) in 1946/1947, and the fertilized crop rotation systems were
redesigned in 1969/70, while the unfertilized systems remained unchanged.
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Experiment performance involved applications of organic and mineral fertiliz-
ers and plowing of the crop residue according to the following layout:
1. Maize monoculture (MO): mineral N — 120 kg/ha, P and K according to
soil analyses, established in 1969/70.
2. Unfertilized 2-year rotation (maize-winter wheat) (N2): established in 1946/47
without any fertilizers and with plowing the crop residue since 1987.
3. Fertlhzed 2-year rotation (maize-winter wheat) (D2): mineral N — 120 kg
ha!, P and K according to soil analyses, established in 1969/70.
4, Fertlhzed 3-year rotatlon (maize-soybean-winter wheat) (S3): mineral N
—120 kg ha'', 25 t ha™ farmyard manure after winter wheat. P and K accord-
ing to soil analyses established 1969/70.
5. Grassland (UG): 45° 20,549’, (E) 19° 51,492, at 81 m elevation
6. Oak forest (OF): 45° 20,591°, (E) 19° 51,374’, at 83 m elevation
Soil samples were taken at the beglnnlng of maize growing period (5™ of
May, 2012) and after maize harvest (5™ of October, 2012) with auger corer. The
average soil sample consisted of 5 drillings. The disturbed soil samples (approxi-
mately 1 kg) were transferred to carton boxes and stored as air-dry samples at
room temperature subsequent to analyses. The samples were ground in a mill
and sieved (2 mm diameter). Soil organic carbon in the soil samples was de-
termined with the Tyrin’s titrimetric wet combustion method using dichromate
(K,Cr,07) with external heating, followed by titration with ferrous ammonium
sulphate (Mohr's salt). In our study the 0-30 cm layer of soil was analyzed
divided into 3 sub-layers (0—10 cm, 10—20 cm and 20-30 cm). Hot-water ex-
tractable C (HWC) was determined by adapting the procedures of Ghani et al.
(2003). A previously published protocol (Cambardella and Elliott, 1993; Mar-
tinez-Mena et al., 2012) was used to obtain particulate organic matter (POC).
The data on the SOC, HWC, POC and MOC were statistically assessed using
the ANOVA on a significance level of o= 0.05, and the LSD test was used for
individual comparisons of the treatments’ means. The data were statistically
processed by using the program STATISTICA series 12.6.

RESULTS AND DISCUSSION

Comparison of different land use systems reveals that the highest content
of SOC was in the grassland and the lowest in the unfertilized 2-year rotation.
Significantly higher SOC content was obtained in samples taken in May (Table 1).
Lowest SOC values obtained in the arable soils could be related to mineralization,
which is faster on arable soils, whereas non-agricultural soil favors the accu-
mulation of OM (McLauchan et al., 2006). Molnar et al. (2003) presented
analyses from 1991 where 12.12 g kg " of SOC was found in N2, which suggests
that continuous SOC decline, as a lack of the external inputs, is not sufficient
to provide biomass for C stabilization. With the increasing soil depth, SOC
decrease was more pronounced in grassland and oak forest where C accumu-
lated in the top soil. The opposite distribution of SOC in the soil profile was
found at the S3 where manure was applied. Many studies confirmed that the
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amount of crop residues and farmyard manure are responsible for SOC content
change (Van Wesemael et al., 2010).

Table 1. Soil organic carbon content in different land use systems (g kg™)

Sam- Depth Land use (Lu) Average Average
pling (cm)

time  (De) MO N2 D2 s3 UG OF De St
0-10  15.34£0.1 11.10£0.1 14.30+0.0 15.94+0.1 30.34+0.43 28.37+0.3 19.23
May  10-20 14.48£0.2 11.06+0.0 14.01£0.1 17.38+0.2 25.75+0.53 19.88+0.1 17.04 17.09*
20-30 14.08+0.2 11.06+£0.0 13.83+0.0 17.79+0.2 21.33+£0.58 19.30+0.6 16.23
Average Lu/St 14.63 11.07 14.04 17.03 25.80 22.51
0-10 14.42+0.1 8.84+0.0 13.37+0.0 15.05+0.1 29.36+0.32 25.99+0.4 17.83
October 10-20 11.92+0.1 8.78+0.1 13.35+0.0 14.76£0.2 22.15£0.36 21.45£0.4 1540  15.92°
20-30 12.62+0.3 8.37+0.1 12.62+0.0 14.47£0.0 22.42+0.12 16.74+0.3 14.54
Average Lu/St 12.98 8.66 13.18 14.76 24.64 21.39
14.88 9.97 13.83 15.49 29.85 27.18 18.55°
Average Lu/De 13.20 9.92 13.68 16.07 23.95 20.66 16.27°
13.35 9.71 13.22 21.87 21.87 18.02 15.34°
Average Lu 13.80° 9.86" 13.57D 17.81€ 25.22° 21.95°
Lu — land use; De — Depth (cm); St — Sampling time; “B€ Data followed by the same capital

letter within a row do not differ significantly at the P < 0.05 level; **° Data followed by
the same capital letter within a collumn do not differ significantly at the P <0.05 level.

The average HWC content for different land use systems ranged from
180 mg kg to 1,454 mg kg™ (Table 2). With the increased depth the content
of HWC in all land use systems slightly decreased. Leinweber et al. (1995)
found 430650 mg kg”! HWC in Bad Lauchstidt, while Sparling et al. (1998)
determined HWC content which is comparative with our results. Chen et al.
(2009) reported mean values of HWC in Cambisol, at a depth of 0—15 cm was
375 mg kg, and at a depth of 15-30 cm it amounted to 243 mg kg™'. The highest
average content of HWC was found in samples taken from forest (860 mg kg™),
while the lowest content was measured in N2 (231 mg kg!). We assumed that
in the unfertilized maize rotation with lowest SOC small amount of labile
organic SOC is produced and simultaneously stabilized with clay and CaCO;
that prevent from further decline of SOC. Bouajila and Gallai (2008) also found
less HWC content in soils with a higher content of CaCOs;. Significant variability
was found among cropping systems and depth compared to sampling time.
Leinweber et al. (1995) reported larger amounts HWC measured at the end of the
growing season due to easily decomposable mucilage created by microorganisms
living in the rhizosphere. The increase of labile HWC fractions in maize mono-
culture compared with the arable land use systems is associated with more
efficient utilization of nutrients from fertilizers and transformation of plant
residues. Janzen et al. (1992) also found high content of labile SOC in continuous
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monoculture on Chernozem in Canada. Manure application has influenced the
HWC content compared to maize fertilized and unfertilized 2-year rotation and
by increased microbial activity. According to Simon (2008) single organic
manuring did not increase the HWC significantly as compared to the single
NPK variant but increased the HWC content significantly in comparison with
the control. These findings also support the fact that the manure application is
more efficient with addition of NPK fertilizers (Blair et al., 2006). The highest
distribution of HWC in total SOC was measured in the maize monoculture and
it is attributed to the long-term production of large amounts of crop residues and
presence of a large number of weeds (e.g. Sorghum halepense). Accordingly,
increase or decrease in total biomass of the specific cropping systems, could
contribute to soil carbon allocation through the soil profile.

Table 2. Hot water extractable carbon (HWC) in land use systems (mg kg™

Sampling D(fglt)h Land use (Lu) Average Average
ime e MO N2 D2 S3 UG OF  De St
0-10 528 289 406 497 1121 1454 716
May 1020 441 325 392 582 859 88l 580 598"
20-30 459 282 410 509 707 622 498
Average Lu/St 476" 299 402" 529"  895° 986"
0-10 1256 180 360 451 968 1181 733
October 1020 1160 192 530 447 645 641 602 599
20-30 992 115 424 371 489 383 462
Average Lu/St 1136*  162¢ 438 423 701° 735"
892 234 383 474 1045 1317 724
Average Lu/De 800 258 461 515 752 76l 591
725 199 417 440 598 503 481
Average Lu 806° 231 420 477  800°  860*

— land use; De — Depth (cm); St — Sampling time; *B¢%* Data followed by the same
letter within a row or a column do not differ significantly at the P < 0.05.

Mineral-associated organic carbon (MOC) is considered an organic mate-
rial difficult for microbial decomposition and represents the part of SOC which
is commonly related to particle dimension composition (Table 3). Due to this,
highest SOC in samples resulted with the highest MOC. Content of MOC 1is
more stable C fraction than POC and positively correlated with clay content
as clay minerals have a certain capacity to make complex with SOC (Mikutta
et al., 2006). Comparing the different land use systems, non-agricultural soil
samples were significantly higher in MOC content compared to arable land
use (Table 3). Accordingly, changes in SOC contents induced by the land use
are primarily caused by changes in the mineral associated SOC pool (John et al.,
2005). Samples taken in May had a lower content of MOC compared to soil
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samples from October. This increase derived from non agricultural samples
and can be attributed to soil organic matter chemical composition and straight
of connection with the clay (Leifeld and Kogel-Knabner, 2005). Content of
MOC had no clear pattern of change with the increasing soil depth. The dif-
ferences are related to soil bulk density and content of the total SOC and tillage.
The application of manure in S3 was significantly higher in MOC content than
in 2-year rotations but not higher than MO, indicating that C from manure was
mineralized and enriched POC fraction.

Table 3. Content of mineral-associated organic carbon (MOC) and particulate organic
carbon (POC) in the soil of different land use systems (g kg™)

C-frac- ;ﬁ?}lg' D(;I;t)h Land use systems (Lu) Ave- Ave.
tions . De MO N2 D2 S3 UG OF  rageDe rage St

0-10 1670£03 15.81+0.3 13.71x0.1 20.21+0.8 24.31+0.1 25.41£0.2 19.36
May 10-20 18.48+0.2 16.54+0.3 15.83+0.3 17.88+0.5 22.37+0.1 14.99+0.1 17.68 18.69%
20-30 19.00+0.3 16.67+0.2 14.47+0.2 21.62+0.4 20.87+0.7 21.56+0.5 19.03
St/De 18.06 1634 1467 1991 2251  20.65
0-10 23.3240.4 12.65£0.1 17.30£0.2 18.32+0.5 29.48+0.2 35.87+0.1 22.82
10-20 17.46+0.3 1545+0.2 1646+02 19.74+0.2 33.48+0.1 2691+0.3 21.58 2149
20-30 19.26+0.2 14.67+0.2 15.21£0.4 18.330.3 27.94+0.1 24.89+0.3 20.05
St/De 2001 1426 1632 18.80  30.30  29.22
MOC (Average) Lu  19.03"  15.30°  15.49°  19.35°  26.40°  24.93°
0-10 2.55£07 1.29+0.1 237+02 247+0.5 9.82+14 891+07 4.57
May 10-20 2.58+02 LI740.3 220403 3.37+0.6 5.8242.8 7.27+#2.5 374 377
20-30 3.16+0.6 1.17+0.2 195+03 3.3:07 593437 2.62+03 2.99
St/De 276 1.21 2.17 2.99 7.19 6.27
0-10 3.3940.8 121£0.2 240+0.8 3.3241.0 9.44+12 11.84+0.0 5.27
10-20 2.40+0.6 123+0.1 249+0.6 2.54+0.1 6.73+0.8 77611 3.86 3.93*
20-30 2.36£0.1 131%0.2 237+03 2.83£02 350401 3.51+03 2.65
St/De 272 1.25 2.42 2.89 2.90 6.56
POC (Average) Lu 274"  2.23° 229" 294  504°  6.41°

MOC

Octo-
ber

Octo-
ber

Lu — land use; De — Depth (cm); St — Sampling time; ~B“** Data followed by the same
letter within a row or a column do not differ significantly at the P < 0.05

The highest content of POC was found in the non—agricultural land use
systems, while the lowest contents were measured in N2 soil samples (Table
3). In our study statistical differences of the soil POC among two sampling
periods were not observed. Crop rotation had no effect on POC, however fer-
tilization significantly affected the content of POC. The plot where mineral N
was ommited had the lowest content of POC which indicates a positive role of
N addition to the formation of POC. The surface layer in grassland and oak
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forest were highest in POC due to the presence of fresh OM associated with
soil particles and slower decomposition. According to Seremesic¢ et al. (2013)
non-agricultural soils are composed of >30% macroaggregates compared to
the <5% macroaggregates in arable soils. Given that the content of POC is
related to the macroaggregates, we attributed highest POC content in forest and
grassland samples to the better structural properties and better conditions for
the soil aggregation. Likewise, the presence of hydrophobic substances in the
non-agricultural soils coats the aggregates and slows the entry of water into
solum and prevents their impairment (Blair et al., 2006). Changes in organic
C by land use occurred mainly in the fraction of POM, however differences
in MOC could be SOC background coupled with long-term soil tillage (De
Figueiredo et al., 2010). The non-agricultural soil showed highest ratio of POC
in SOC >20%, followed with the fertilized plots, and lower ratio was observed
at unfertilized plots (6.58—7.66%). Besides, POC concentration was lower in
arable soil compared with forest and grassland, reflecting the tillage activities
that resulted with fast decomposition of easily available organic matter (Sandén
etal., 2017).

CONCLUSION

The present study illustrates differences in SOC fractions concentration
of the investigated land use systems. The highest values of carbon soluble in
hot water were obtained on samples from non-agricultural soil and lowest level
was found in the unfertilized soil. Arable soils had lower POC/MOC ration than
grassland and forest indicating lower amount of labile carbon and potential for
significant loss of OM in arable soils. This demonstrated substantial inflow and
stabilization of the fresh OM in non-agricultural soils. Accordingly, management
practices have a significant role in carbon transformation and fertilization has
a significant role in maintenance and preservation of soil organic carbon.
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@OPAKIIMIE OPTAHCKOI" YIJBEHUKA Y PASJIMUUTUM
HAUMHHNMA KOPUIITREHBA 3EMJ/BUIITA HA YEPHO3EMY

Cphaun . LIEPEMEIIWR!, Jbumana M. HELLIUR',
Bragumup U. RUPUR', JoBuua P. BACI/IH2 Wsumna I T)A.HOBI/Ile,
Jenena b. MAPI/IHKOBI/ITl2 Bojar B. BOJHOB!

! Vuusepsurer y Hopom Cany, [lossonpuBpennu hpakynrer,
Tpr J1. O6panosuha 8, Hosu Can 21000, Cpouja
2VIHCTUTYT 3a PaTapcTBO U TIOBPTAPCTBO,
Maxcuma I'opkor 30, Hosu Cazn 21000, Cpbuja

PE3UME: Onnoc usmely ¢hpakumja yribeHUKa y 3eMJBUIITY HCIIUTHBAH j& y
y30pIHMa 3eMJBUIITA MTOPEKJIOM ca Pa3IMYUTUX HaurHa Kopuinhema: 00panuBo 3e-
MJBUIITE, TPAaBHAaK U XpacToBa IIyMa. TpaBmak M XpacToBa IIyMa UMaju cy Behu
caapkaj opranckor yribeauka (SOC), yribeHnka pactBopspuBor y Tomioj Boau (HWC),
yecTu4HOT oprackor yribeanka (POC) y oqHocy Ha opanuity. Onnoc POC/MOC je 6uo
HajMarbu y 00pafiBOM 3EMJBHILTY, IITO YKa3yje HA Makby KOIMYHMHY JIAOUIIHOT yIJbe-
HHUKa yClle[ MHTeH3UBHUJHUX Ipoueca pasrpajme. Bpennoctn POC pacry ca Behum
ykynHuM SOC, WwTo yxasyje Aa 04yBarmbe OPraHcKe MaTepHje 3aBUCH 0/ O0HABIbabA
TaOMITHAX Q)paKuI/IJa Hawy pesynratu cy nokasanu 1a je hyOpeme umano sHaqajHy
YIIOTY y CTaOMIIN3AIHj1 YTIBEHUKA Y 3EMJBHIIITY, IOK j€ IIOJI0PE MMAa0 MAbH YTHIIA].
JoOujeHu pe3ynraTu MOTY JOIPUHETH 00JbeM pa3yMeBarby yJIore JIAOMITHE OpraHcKe
MaTepHje y UepHO3eMy, T¢ Ha Taj HAYMH MOMOhH y 01abupy cucTema parapema 3a
ynpasJbame U ouyBame SOC.

KJbYUHE PEYMU: cucremu kopunrhema 3eMJbUIITA, OPTaHCKH YIJBEHHK Y 3€-
MJBUIITY, YIJb€HUK BE3aH Y MHHEPAIUMa, YeCTHYHU OPTaHCKHU YTJbEHUK
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