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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 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 NO,-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. 4 Dynamic changes of soil pH during the 45-day incubation

F1 EFSIREFTLIRERT K. WL, 2RARKEEURTIE ApHIHEN H=HEE

Table 1 The H' content calculated by net N mineralization, net nitrification, net N immobilization and soil ApH after the 45-day incubation

ik Him) Heny H) HN eyeling) Hap)
Treatment (mmolkg )

CK 22.17+0.01 5.6140.01 — 3.4420.02 1.66:0.41
U 7.6+0.03 14.1240.02 — 6.52+0.01 3.83%0.10

GU 2.85+0.05 2.5620.03 — 20.290.07 21.66+0.21

SBU ~4.8+0.32 3.14+0.03 — ~1.67£0.45 ~43.70£0.21
cuU — — 0.47+0.01 0.47+0.01 ~1.040.00
LU ~6.17+0.12 7.42+0.38 — 1.26+0.26 ~6.52+0.10

e Ml o SRS GESTR HOSR WY - AT B

+ A~

St HG o SRR H SR Hiy g ¢« AR

R R, B HGy L HG FUHG 5 Higm « k0 pH s Aeit 5 pH AR (ApH) RBUHHAY H'. AR B AR, S
W R, FORE W PESNRE . CK, 2R U, JRE; GU, WAMHIRE; SBU, RMMEIRE; CU, 4k

REF; LU, RBREHRE. OB =AEE MV MEArMER . Note: He, : H' fluxes of net N mineralization; H, : H' fluxes
of net nitrification; Ha) : H' fluxes of net N immobilization; H(+N cycling) * H" fluxes resulting from soil N cycling including H(+m) , H(J;) ,

and HE}) . HzApH) 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, glucose+urea; SBU, sodium benzoate+urea; CU, celluloseturea; LU, lignin+urea. Data in the table are the mean of three replicates
+ standard error.
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HR I ) 5 A S T AL SR A B 4 A X1 ([ 2a F1
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X LA A R AR ) 22 R K, Hi g
I 5 0577 25 0 O 0 - S Bl A A X TSI R0 [T 4
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Yy IR Ak [ R AL A e ) 0 A AR 55.2%
(El 2a) . BMEFI ML HERAERT IR 7 d B 4860
A NG A B O A B RS, AH R A A A R 5
45 d EEAREA TR, RIS RF AR A
[ 5 5 R 08 AR B 28 U R 30 o 1 L5 559 1 6L
FFEEACY (K 2a) o {HAE, MBN BAIIE A K/
TP 3 AN 5 i R W ik 3 e SR B P it R/ A — 3K
(B 1A 3a), X 2= R RA HLEIE 0 ik A
RORAFAE 22 00 PRI YA R L, B
A AR AW LR — Y, k. AR

FERAFR AR, B A b R MBI R 1T
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2, (HFLRR I R B NG A A BT 56.6% (&l 1b Al
K 2a), FHALT4ER MRk R ALR0R B3 & T 4 b,
R MRS E I, ETERAENBRIE, 5
SR LD B8 IBCRS TR 17 3 B0 G W]k ML B 1 0%
AR 1o T LA 2 0 4 ) R PR T E A At 0 24
) HE, AR RN 1 SR AR WG o B 4 A 1
RA S A2 3 R R R ) S 22 9 1k CO, $243t
il DA A i A BTG B (R T AR
i), AR A A A AR RE T AR AN
PR A 0 it it U TR A VE A5 225 e
I FH B BB R A 5T 2 B A i R AICR A, DT =
e AR Y3t A AR VE g 5 2 (& 1b
FE 2a),

(CERYE-RI P btz L7 S LEL N9
AHF5E K BA WL IR 55 PR 2R it $4 412 16 AT R 2200 B
AP, BRI S AR TR Ak A 38 R AE A HL
A e eHLE" P (| 2 fE 3) o RFEADL
fic E AL HE ) AR ) IRV AL R A e A P B 25 5%, i
B A RS e fR A B R 22 5
ARHIFFE Ko B0 0 1 A0 A R ik 2 Bl A 4 5 ) e
/R B < D I o D N R O i e L A
THFEAMAHAIE, —HT LA, XIERFA
AN E S FERIER; AR TP
FIA, HRMEE R ERE, ARES, B
TR R R A S R IR AR A HLA, AR T IEREA
TE IR EFS (] 2 K 3b) . XAl Chen %129
MIBFFEEs T —30, ULBHAT ALY R 27 2 38 5 it i 1
s e 1k - St AR My TEHLAR B TRk o R A A
R R AR IR HE Y AR, DL R A A
LA SRR A (B 3) .

H1 T WLBS YR A [v) AL B iR 0F 1 PR K st
M NH,-N B[R4k, TR A4 . 45 48 20 AE
B3 1d, 7d428ET 93%LA E NH,-N #y[R1L, b
THREARAE AR, B A HLRR VR 35 K [R) it g
Al T RIEREE AR (& 2b AT 2¢ ). k4,
AR . RN 5 PR K Ak B 4 3 NH,-N
B &R ITE 14 d. 30 d JEm TIREARE, (HH
NO,-N FHERF 45 d 5B &R TIRZE M, £
HH AR I3 2 R R iR 1T 6 HL A B B0 o s AR AR FH 1Y)
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