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Abstract: [Objective] This study investigated the mechanism of different organic carbon (C) sources to control fertilizer
nitrogen (N) transformation and its induced soil acidification. [Method] Four types of organic C sources (glucose, sodium
benzoate, cellulose, and lignin) with different availability for microorganisms were selected for a 45-day indoor incubation
experiment. It was conducted under the condition that the C/N ratio of C source and fertilizer (urea) was 40. The effects were
analyzed for the combined application of organic C source and urea on N transformation and soil acidity in Ultisol.

[Result] The results showed that intensive nitrification occurred when urea was used solely in Ultisol, resulting in a soil
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pH decrease of 1.17 pH units at the end of the incubation. Compared with the sole application of urea, the combined
application of organic C sources and urea significantly enhanced soil respiration, and decreased soil inorganic N by 17.1%-
99.4% and soil NO3™-N by 46.1%-99.9%. However, these organic treatments increased soil microbial biomass N and solid
organic N (non-extractable N) by 3.0%-14.8%, and increased soil pH by 0.67-3.11 pH units. These findings suggest that the
combined application of organic C sources and N fertilizer promoted the immobilization of fertilizer N by soil
microorganisms and soil N sequestration, thereby significantly reducing nitrification and soil acidification induced by N
fertilizer. Specifically, as a labile organic C source, glucose facilitated the rapid immobilization of fertilizer N by
microorganisms in the early stage and the mineralization of organic N in the later stage. It indicated that glucose could play a
role in temporary storage and slow release of fertilizer N in the soil. Cellulose was less easily utilized by microorganisms and
also promoted microbial immobilization of fertilizer N. Although cellulose was not as fast as glucose, it had strong
immobilization capacity and high C use efficiency, which was conducive to the long-term immobilization of fertilizer N in
the soil. Lignin, a resistant organic C source, weakly promoted microbial immobilization of fertilizer N but directly inhibited
nitrification. The mentioned C sources regulated the N transformation process and increased the soil pH by approximately 0.6
pH units. Sodium benzoate, as a labile organic acid salt, reduced nitrification directly by inhibiting nitrification and indirectly
by promoting microbial N immobilization, although the microbial immobilization of fertilizer N was significantly lower than
that of glucose and cellulose. Decarboxylation of sodium benzoate rapidly consumed a substantial amount of H* and
significantly increased the soil pH by approximately 3.0 pH units. [Conclusion] The chemical properties of organic C
sources, including the complexity of their chemical structure, microbial availability, microbial C use efficiency, and microbial
toxicity, are the main factors affecting the transformation process of soil C and N, and consequent soil acidification. The
findings obtained in this study provide significant theoretical support for the effective and sustainable management of soil
nutrients and acidity in cropland.

Key words: Organic carbon source availability; Microbial nitrogen immobilization; Nitrification, Carbon and nitrogen
mineralization; Soil acidification
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Fig. 1 Dynamic changes of the release rates (a) and total fluxes (b) of soil respiration CO2-C during the 45-day incubation
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Fig. 2 Dynamic changes of soil inorganic N (a), NH4 -N (b), and NO3 -N (c) during the 45-day incubation
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Fig. 3 Dynamic changes of soil microbial biomass N (a) and solid organic N (b) during the 45-day incubation
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Fig. 4 Dynamic changes of soil pH during the 45-day incubation

15 45 dRET IS L. 2R, SRELEIZUKRLTIE ApH HEHN H=HE
Table 1 The H content calculated by net N mineralization, net nitrification, net N immobilization and soil ApH after the 45-
day incubation

Qb H'm) H'm H') HY(N cyeling) Haph)
Treatment (mmolc-kg™)
CK -2.17+0.01 5.61+0.01 - 3.444+0.02 1.66+0.41
18] -7.6+0.03 14.12+0.02 - 6.52+0.01 3.83+0.10

GU -2.85+0.05 2.56+0.03 - -0.29+0.07 -1.66+0.21
SBU -4.840.32 3.1440.03 - -1.67+0.45 -43.70+0.21
CU - - 0.47+0.01 0.47+0.01 -1.04+0.00
LU -6.17+0.12 7.42+0.38 - 1.26+£0.26 -6.52+0.10

W Hiw: SRV ATER S E:; He: $#HEATHER VS E:; He: $ERRWTER P& Ha
cycling): :tigﬁﬁﬁﬂ_ﬂ—ﬁﬂ/] H+E 5, @jﬁ H* (m)~ (n)ﬂ:l H" [6H H* (ApH): j:iﬁ pH QE(EF’/G\'EE pH E'ﬂ:{ﬁ (ApH) %
THEI HY . IEEN HP AR, FUEN HEFE, “Ronk HP-EBNERE. CK, A U, K& GU, i
BRERZ: SBU, KHMMNHIKEK: CU, F4ERHKER: LU, KREHRHREK. RPEIA=ADELENFAME 4R
% . Note: H'm: H' fluxes of net N mineralization; H'm: H* fluxes of net nitrification; H*@: H" fluxes of net N
immobilization; H (N cyeling): H™ fluxes resulting from soil N cycling including H*m), H ), and H*). H"(apn) was obtained by
the product of pH buffer capacity and soil pH change (ApH). The positive and negative values of H* fluxes indicated net H*
production and consumption, respectively. "-" meaning that no H" was produced or consumed. CK, control; U, urea; GU,
glucoseturea; SBU, sodium benzoateturea; CU, celluloseturea; LU, ligninturea. Data in the table are the mean of three
replicates + standard error.
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