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Responses of Soil Organic Carbon Content and Its Chemical Structure of Different

Components to Long-term Nitrogen Input in Meadow Steppe

PEI Zhifu, HONG Mei", WU Zhendan, LU Junyan, ZHANG Yuexian, SHEN Qinguo

(Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resources, College of Grassland, Resources and Environment,
Inner Mongolia Agricultural University, Key Laboratory of Agricultural Ecological Security and Green Development at
Universities of Inner Mongolia Autonomous Region, Hohhot 010018, China)

Abstract: In order to explore the effects of long-term nitrogen (N) input on the content and chemical structure of different
organic carbon fractions in meadow steppe soil, the meadow steppe in northeast Inner Mongolia was taken as the research object,
six N input levels were setup in 2010, i.e., 0 (CK), 30, 50, 100, 150 and 200 kg(/hm2~a), the contents and infrared spectra of
different soil organic carbon fractions were determined. The results showed that: 1) Compared with CK, soil total organic carbon
(SOC) was increased by 0.3%-13.6% under long-term nitrogen input, mainly due to the increase of particulate organic carbon
(POC, 9.22%-16.39%), but light organic carbon (LOC) was decreased. 2) The results of principal component analysis (PCA) of
infrared spectra showed that LOC mainly came from aliphatic carbon, aromatic carbon and phenolic alcohol compounds, POC
came from aromatic carbon and phenolic alcohol compounds, and mineral-bound organic carbon (MOC) was from alkyl carbon
and polysaccharides. 3) Compared with CK, the relative strengths of alkoxy carbon (monosaccharide + polysaccharide) in litter

and LOC functional groups were decreased, the relative strengths of alkyl carbon and aromatic carbon were increased, the relative
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strengths of alkoxy carbon, alkyl carbon and aromatic carbon in POC and MOC functional groups were increased, and the relative
strength of phenolic compounds was decreased under nitrogen treatment. The structural stability of organic carbon (aromatic
carbon/aliphatic carbon) in litter and its different soil carbon fractions under nitrogen treatment was higher than that of CK. 4)
SEM results showed that with the increase of nitrogen application, the formation of POC and MOC was promoted by increasing
soil aboveground biomass (AGB), but the decrease of soil pH caused by nitrogen addition in turn promotes the decomposition of
MOC. These results showed that the increase of SOC under long-term nitrogen input was mainly from the increase of soil POC.
With the increase of nitrogen application, the input of plant carbon increased SOC and improved the chemical structure stability
of different soil organic carbon fractions by promoting the accumulation of aromatic carbon such as lignin in litter residues. In

summary, the results emphasized the importance of soil particulate organic carbon under nitrogen input and the accumulation of

lignin derivatives in litter may be the key processes to mediate soil carbon sequestration under nitrogen input.

Key words: Soil organic carbon; Chemical structure; Carbon component; Infrared spectroscopy
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F1 KEATHAX 0~20 cm HIER L4 RA
Table 1 Effects of long-term nitrogen input on 0-20 c¢m soil physiochemical properties
Eiitn CK N30 N50 N100 N150 N200

pH 6.76 + 0.08 a 6.66 = 0.09 a 6.62+025a 6.07 + 0.46 ab 582+0.81b 561 +£0.36b
FHLik(g/kg)  31.82+£049a  31.91+£349a 32.87+1.94a 36.15+3.01a 34.67+3.81a 35.72+295a
2% (g/ke) 2.80+0.18 2 2.68+0.09 a 292+0.10a 295+021a 2.87+024a 3.01+0.14a
C/N 19.61£096a  20.54+2.89a 19.45+1.80 a 21.19+1.84a 20.78 £0.97 a 2040+ 1.32a

B (mg/kg)  3.15+1.03a 43+054a 3.12+£0.96a 3.88+0.69 a 3.84+0.79 a 3.9+0.33a
WAL (mg/kg)  134.0+4.6ab 1593 +38.7a 128.8 + 17.4 abc 122.3 £ 19 abc 114.2 +20.2 be 89.2+19.8 ¢
S A (mglkg)  2539+2.01c¢  32.02+2.05¢ 46.03+3.26a 50.39+1.63 a 35.02+2.46b 33.73+£3.29b
A A (mg/kg)  3.29+025d 4.45+033d 5.73+0.55d 13.32£0.50 ¢ 40.1+0.98b 53.06+3.05a
RISk (2/kg) 285.0+25.8¢c  307.4+2.49 be 336.3 +20.0 ab 358.0+£24.8a 343.1 + 18.0 ab 345.0 +£20.5 ab
MEY A (g/kg)  1697+095a  17.37+2.55a 1927+1.77a 18.73+3.27a 19.03+1.442a 1627+3.19a
MY C/N 1684+1.78a  17.95+2.52a 17.61£2.50 a 19.70 £5.09 a 18.05+0.66 a 21.60+3.17a
i AR (g/m®) 135.7+253b 175.4+6.2ab 168.3 + 19.4 ab 261.7+131.1a 181.1 1.4 ab 210.9 +20.9 ab
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Fig. 2 Infrared spectra of litters and different organic carbon fractions
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Fig. 3 Principal component analysis of infrared spectra of different organic carbon fractions
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Table 2 Relative intensities of infrared spectral characteristic peaks of different organic carbon fractions in litters and soil

Efsk ab 3

BE Ak

BEHERK FiER i

ErEEfb &

1030~1170cm”" 1397~1444cm™ 1580~1680cm™ 2800~3010cm™ 3200~3400cm™ (FH&EM/NGIiT)

JHEY ¢ CK 32.56 3.77 11.09 21.65 30.92 0.51
N30 32.23 3.60 10.69 23.41 30.07 0.46
N50 32.14 4.19 11.71 22.84 29.12 0.51
N100 28.94 427 12.40 22.93 31.46 0.54
N150 27.42 428 12.26 23.27 32.76 0.53
N200 30.80 4.41 12.17 21.47 31.15 0.57
LOC CK 46.76 2.43 8.18 16.99 25.64 0.48
N30 45.43 2.76 8.99 17.16 25.66 0.52
N50 50.02 2.86 8.52 15.46 23.15 0.55
N100 42.73 3.06 9.45 18.09 26.67 0.52
N150 39.03 3.10 9.63 19.23 29.01 0.50
N200 4391 2.92 9.02 18.81 25.34 0.48
MOC CK 46.05 1.62 9.31 12.60 29.62 0.74
N30 46.33 2.52 13.49 10.41 27.26 1.30
N50 48.97 1.85 9.81 11.54 27.83 0.85
N100 46.26 1.77 10.21 12.12 29.61 0.84
N150 48.05 1.79 9.43 12.63 28.10 0.75
N200 51.52 1.90 9.37 11.08 26.13 0.85
POC CK 60.73 2.35 6.74 11.07 16.11 0.61
N30 61.90 2.51 7.29 12.41 16.09 0.59
N50 63.23 2.79 7.52 11.79 14.68 0.64
N100 63.32 2.79 7.41 11.73 14.75 0.63
N150 66.68 2.58 6.83 10.60 13.31 0.64
N200 66.29 2.79 7.16 10.81 12.95 0.66
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Fig. 4 Functional pathway of nitrogen input on soil carbon
components
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