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Mineralization of Goethite-Adsorbed and -Encapsulated Organic Carbon and
Its Priming Effect in Paddy Soil

JIANG Jiabin"?, ZHU Zhenke®', LIN Sen®*, LI Yuhong?, LI Kelin®, WANG Xiaoli'", GE Tida®, WU Jinshui’

(1. Agricultural College of Guizhou University, Guiyang 550025, China; 2. Key Laboratory of Agro Ecological Processes in Subtropical
Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3. School of Environmental Science and
Engineering, Central South Forestry University, Changsha 410004, China)

Abstract: [ Objective] The paddy soil in South China rich in iron oxides has soil organic carbon (OC) stored for a long time in
association with iron oxides. As the iron oxide and organic carbon in the soil exist mainly in adsorbed-, bonded, and encapsulated
forms, the carbon-goethite association vary in stability with the form. Although a large volume of studies have analyzed how OC
and iron oxides associate in the soil and what form they exist in. However, so far little is known about mechanism of the
association, relative to type, between iron oxides and OC affecting mineralization of OC and its priming effects (PE) in paddy soil.
[Method] Glucose was used as the typical low molecular weight exogenous C, and prepared into goethite-adsorbed glucose
(Goe-G) and goethite-encapsulated glucose (Goe*G), which were then incubated in the experiment to explore characteristics of
the mineralization of the two iron oxides-glucose associations and their PE in paddy soil. [Result] Results show that compared
with the pots amended with glucose alone, the pots amended with the two types of carbon-goethite association, separately, had
CO, and *CO, emission increased by 0.39-0.53 times and 0.87-1.07 times, respectively, and CH4 and BCH, emission decreased
by 0.44-0.59 fold and 0.25-0.44 fold, respectively. Relative to amendment of goethite-adsorbed glucose, amendment of
goethite-encapsulated glucose significantly inhibited CH,4 release. What is more, amendment of carbon-goethite association,
regardless of type, promoted the mineralization of SOC into CO, but inhibited the release of native SOC-derived CH,4. The
inhibitory effect of goethite-encapsulated glucose on the release of native SOC-derived CH, was significantly greater than that of
goethite adsorbed glucose. The fast pool of goethite-encapsulated glucose was higher than that of goethite adsorbed glucose, and
its half-life (T,,) was 10.85 times longer than that of goethite adsorbed glucose, and the turnover rate of the fast pool (k;) and
slow pool (k;) was 10.74 and 19 times smaller than that of the goethite adsorbed glucose, respectively. Secondly, the goethite
encapsulated glucose-induced a weak positive PE for CO, emission (6.44 mg-kg '), but a negative PE for CH, emission (—15.49
mgkg ). The findings suggest that the amendment of goethite-encapsulated glucose inhibits mineralization of native SOC(-9.05
mg-kg™") and enhances the potential of C assimilation in the paddy soil. Though the addition of either carbon-goethite association
has the effect inhibiting mineralization of native SOC, the amendment of goethite-encapsulated OC is more beneficial than that of
goethite-adsorbed OC to soil C stabilization and sequestration. [ Conclusion] The findings in the experiment suggest that
iron-oxides-bonded low molecular weight OC is higher in biological stability than soluble OC, but relatively low in
mineralization rate, thus inhibiting mineralization of native SOC and inducing negative priming effect. Therefore, amendment of
OC bonded with iron oxides is beneficial to long-term C sequestration effect in paddy soils.

Key words: Paddy soil; Carbon-goethite association; Carbon isotope labeling; Priming effect; Carbon sequestration

THEA LR (SOC) 2 - Bk 128 ) F 220 AT
g3, Hod ] DU R 3EAE 1 i i, 6 soC &
0 e AT A e R R L
REAEBRG S, HHAYUREZORIE TR AR 00
Yy AEW R LA R A A A HLAL S, I ad £ 0
TR MR 70 -5 5 ALY U E W Bk B W) 2 i R A
TRHeA LR E TR AR TR AR E
A NUBRETHE | Gl T 1 A - R A

S o, AR R AR AR
TE WA HL-TEHL A & W5k 1 A HLBKR A TE -5 B
BREEH,

BACP IR O B A PR B (i, e
PR W26 SRE Do . RS, IS TR
A AR AR S AR AL ), (AR A 5 5 A
HILBA 308 3k 3% T W B R ) 30 2 S5 R LA L ) R
B, MR R B - A LR I R A R

http://pedologica.issas.ac.cn



o

1532 + e

58 %

¥l

HLHN S, B e 1 4 ) 32 B A T S A
T AR . AT E:, ToE B A A
o 4 i B R E R AR R 5 S G TG s R AR Ak
PR HE LA K A 2R TR AR RN R BRHAS7 L 3 % FE W o
[ R b A PR, SR TG R SH Ak 5 T8 ie
PR A, T LA B %G HL R 239 R RS ik 3 - g v
P o Ak, PRI R S A R R S A LB AR
TR BEES o T  h  E AAAR ERAR XA L
T A T A B 0 AR XA 55, HR FLAE PR AR, 5 e Ak
R g A AL R AR D, R R AR R IE
B, 27 5 R W N A SRR AT S B AR A Bk R
TR WA T %) AL, 3 s o 4 B AR AR L L 1
Bk, BOMERL GO PRI, PR AR e PR AR X 45
w7 10 Barral AR R R B 25 VIR O
A RITE AR A A ) [T SR A 1k 1 s i AN [
H AR AR AR e 1 5 B A R A 1 & it B E AR G
KFR, HETELSEGERN TS50V SIE
AL RRE A HLES G, T2 = A MLk i e
£ . Lalonde!""F1 Kleber! 251 5% & A HLER 73 T 5
R Z M ST E— R e iy, e ks
BRLOBRYHURAE T 2RI SRR TR A
SEFY, NI ) T 55 1ol A kA LR A i)
Rt , BF5E I BB AR Y) & i . SRR A il
HE5EHmNE G, SRR LA VRS
faE BAEEE L.

- 55 TP ML 5 A R A R e o AR R B A
Y, T EL T (0 3 i 5 A P, il
R E ST — DB NS o 2. R,
1E B 2 G A MUkt 22 5 R AE R
2. Kalbitz % i B R0 pr o R ], IS
AL 53 - e IR B W DOC ik i Y
7N Z— o Rumpel A5V 25 HLRK 5 200 T8 140 22
SEEY, \EHIMA LIEHITI LR, KRAH

2% A HLER B LR, FITLL, AR 45 25 B i gk
SEYAE R AT AL AR R T LR S R R
giai X SRE. Wik, @A ILEILE &
Py AR, mT U T AR R M o8 R RO - o
AL R B 5Tk

Fe [ 1 L e 1w B, I 30 AF R A HLBR A
BRI, WoR TR BRI S R
M ek B, T 0 3 e A A B Y
SE AL - JEUSS R L AR, R SR A LA Lk ) WA T
R A EEAE M R, TR A e
R R FORRCA PR, T AR S R Rk
SR ARG IR . I, Dy BESERE I A
R ALY S A HLBRES & R B E i A, B
X A5 A WL AL OR BO08E, AW iR PC
PR IC A AR O RN oA B, i A R
B g B A aL S AT, BESR R kAT A
AT HLBR B9 B P RRAE B LR R8T, R S8R
B iR B R A W RO RS E PIL) B N A A BLAR AR
1 Tk

1 BRI

ik 1

MR+ R [ 50 RS A BE T R AR AR e AR AR X
(27°51'-28°34' N, 113°10'-114°15' E ) K WIAP K A5
IR e L, SRAE M T2 R A TN A R B UGS &
B AL A LR, 8T 2 KGR A, AR
H B RHL 64 d, AW & 1592 mm, -8R 17.5
Co REBER (0~20 cm) RS, ATHIER
Al UL A RS ) 5 A G is [ SR g = . — 4+
ek S AT )S it 2 mm A1 0.149 mm i, T 35
EPERTRIE (R 1), PR A 2 mm f, 78 25°C
TE . RRRE A T WK I 5% 30 do

1.1

F1 LD REARIBLIER
Table 1 Physiochemical properties of the soil
. THEAHL AR A B . Tl itk A GE XU XS
d e BRA L Yk Bhoki
pH ik SOC  Total N fixk DOC Alkalyzable N Olsen-P Total P Total Fe
Soil type C/N MBC Clay /%
/(gkg?) / (gkg") / (mg'kg™) / (mgkg™) / (mgkg?)/ (gkgt) / (gkg)
/ (mgkg!)
Z1 3 Ultisol 5.5 13.51 1.4 9.0 98.40 531.9 102.2 13.8 20.9 0.2 39.1
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Table 2 Basic properties of the iron oxides and carbon-goethite association used in the experiment

. 0 BeERE C BTt 4 Fe Jii 4341 whnc
JLSL wmy C/Fe BEIK L
Added amount  "*C Atom  C mass fraction Fe mass fraction AddC
Treatment Additives C/Fe molar ratio
/ (gkg ' soil ) 1% 1% % / (gkg ™" soil)
++EH
Goe 6.535 61.2
Soil+Goe
T+
Glu 0.300 3.48 40.1 - 0.120
Soil+Glu
IR B A R
Goe-G 7.148 4.41 1.64 56.0 0.117 0.137
Soil+Goe-G
T HEERH
Goe*G 6.943 3.67 2.15 57.6 0.149 0.174
Soil+ Goe*G
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Fig.2 Cumulative release of glucose-C in carbon-goethite association relative to form
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Table 3 Characteristics of the shift of input glucose-'>C between the two pools

TR 3 fif B K 5 R A3l B K PR T
TR a, M2 e a,
4b ¥ Decomposition rate of Decomposition rate of slow Half life of fast C pool
Fast C pool a, Slow storage a,
Treatment fast C pool K, C pool K, Tin
/% 1%
fa”! /a! /d
T+
38.5+0.9¢ 44.5+4.1b 61.6+1.2a 0.5+0.1c¢ 5.74£0.5¢
Soil+Glu
IR B A R
52.6+0.6b 54.0+6.1a 52.2+0.3b 0.8+0.0b 4.7+0.5¢
Soil+Goe-G
TR
78.1+4.2a 4.6+0.2d 24.6+3.9¢ 0.0+£0.0d 55.7+2.6a
Soil+Goe*G

W RPEHR N T HEARER . FIIARFEERRZREBE (P <0.05), Note: The data in the table are presented as mean+/-

standard deviation. Data with different letters in same column mean significant difference ( P < 0.05) .
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Fig. 4 Cumulative priming effect of carbon-goethite association on CO, (a) and CH, (b ) relative to form of the compound
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