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Abstract:  Objective Acetate is an important substrate for methane production, and its mineralization and transformation are
key to the carbon cycle, carbon sequestration, and greenhouse gas mitigation in paddy soils. In long-term flooded paddy soils,
iron, an important valence-variable metal, may influence the mineralization and transformation of acetate. =~ Method  Therefore,
BC-acetate, ferrihydrite and goethite were added into paddy soil and the CO, and CH, emissions were monitored. Also, the
changes in paddy soil properties during anaerobic incubation (100 days) were analyzed. Additionally, we analyzed the
characteristics of mineralization and transformation of acetate and its priming effect on CO, and CH,4 to reveal the roles of
different types of iron oxides. ~Result The results showed that in the acetate treatment after incubation, 33% and 36% of acetate
was mineralized to CH4 and CO,, respectively, while 0.12%, 2% and 28% were transformed to dissolved organic carbon (DOC),
microbial biomass carbon (MBC) and soil organic carbon (SOC), respectively. Acetate caused a negative CO, priming effect and
a positive CH, priming effect. The ratio of CO, to CH, sourced from soil organic carbon was changed from 3.46 © 1to 1.83 1 by
acetate addition. Goethite addition significantly increased acetate derived cumulative CO, emission, while ferrihydrite showed no
significant effect. Ferrihydrite and goethite significantly decreased SOC derived CO, emission and strengthened the negative CO,
priming effect of acetate. Also, ferrihydrite and goethite significantly decreased acetate derived CH4 emission and showed no
significant effect on SOC derived CH, emission. The proportions of acetate transformed to MBC and SOC were significantly
increased in the presence of ferrihydrite and goethite. ~ Conclusion The mineralization and transformation of acetate influenced
CO, and CH,; emission from native SOC. Ferrihydrite and goethite, different in crystallinity, have different effects on
mineralization, transformation and priming effect of acetate. Thus, this study can provide theoretical and technical support for

carbon sequestration and greenhouse gas mitigation in paddy soils.

Key words: Paddy soil; Acetate; Methane; Carbon dioxides; Iron oxides; Priming effect
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T FA/NG FRERFERRES 100 RARAL IR B 3EF 25 (P<0.05, n=3). AC, ZM; ACF, ZR+/K¥# ; ACG, ZM+
R ; Control, XFHE, Note: Lowercase letters in the figure represent significant differences between treatments on day 100 ( P<0.05,
n=3) .AC, acetate; ACF, acetate+ferrihydrite; ACG, acetate+goethite.

K1 AFACER CO, F1 CH, Z2FHE =

Fig. 1 Cumulative CO, and CH,4 emissions of different treatments
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Fig. 2 Cumulative CO, and CH, emissions derived from acetate and soil organic carbon ( SOC )
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Table 1 Labile C pool size, decomposition rate, and half-life of added acetate

b B 5 53 ft B BE K/ Wiy S ES3
Treatment Labile C pool size/% Decomposition rate/ ( %:-d™") Half-life/d
AC 69.92a 0.11a 6.21b
ACF 65.61b 0.10b 6.95a
ACG 70.00a 0.10b 7.04a

1 ANF/NG R R AR AL B AT B 3% 25 5 ( P<0.05 ), Note: lowercase letters represent significant differences between treatments

(P<0.05) .
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significant differences between treatments on day 100 ( P<0.05, n=3) .
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Fig. 3 Cumulative CO, and CH, priming effect of acetate in different treatments
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Fig. 4 The percentages of acetate being mineralized or transformed to CO,, CHs, MBC, DOC and SOC at the end of the 100-day incubation
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Fig. 5 Soil DOC, MBC, NH,-N contents and pH of different treatments on days 6, 40 and 100
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in the figure represent significant differences between treatments ( P<0.05, n=3) . Unlabeled means there are no significant differences.
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Fig. 6 Soil Fe*" and Fe**contents of different treatments on days 6, 40 and 100
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Fig. 7 Soil B-1, 4-glucosidase ( BG), B-1, 4-N-acetylglucosaminidase ( NAG ) and peroxidase ( PER ) activities on days 6, 40 and 100
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*R2 CTEKIERI CO,. CH, EFNHME. DOC. MBC. SOC £ &5 Hi1EIH L FNEgFI5FrAVAE 14

Table 2 Pearson correlation analysis between acetate derived cumulative CO, and CH, emissions, DOC, MBC and SOC contents and soil
physicochemical and enzymatic properties

izt
DOC MBC Fe** Fe** NH,"-N pH BG NAG PER
Parameter
ZR-DOC
0.968** 0.857** 0.626** 0.678** 0.062 —0.620** 0.007 -0.074 0.863**
Acetate-DOC
ZTR-MBC
0.812%** 0.920%** 0.575%* 0.593** 0.134 —0.776** -0.214 -0.286 0.781%**
Acetate-MBC
Z.R-SOC
0.776** 0.917** 0.592%* 0.664** -0.204 —0.883** -0.318 -0.431* 0.788%*%*
Acetate-SOC
ZTR-CO,
—0.769** —0.923** —0.581** —0.692** 0.209 0.879** 0.311 0.437* —0.784**
Acetate-CO,
ZTR-CH,
—0.784** —0.896** —0.600** —0.599** 0.147 0.861** 0.309 0.393* —0.786**

Acetate- CHy

He R B R A 56 R KA B P<0.05 A1 P<0.01. Note: * and ** in the table represent significant correlations

between parameters with levels of P<0.05 and P<0.01, respectively.

3 ¥
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B A3 ] B8 TR 2 i Sk W R A AR A
Az AR 7= P AT T AR AR T2k e 2 Uk A ) S A
TERHY o 25K, FEIX 2 U SAE R AR e e ft v
WY W T 3Lk 5 43 B 5 7R 1) DOC, — 28 2 iR sk
R BAR = P8k [ AR AE 5 MR MBC

SOC KR CO, Fl CH, Heflly 1.83 1, =T
CTRATR I L), 156 BH - 198 PO [R] i Y 76 R AU 5% 1
THRE DR R R e AR TR . R 2
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