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' ’;‘ransformatlon and Distribution of Soil Organic’ Carbon and the Microbial
Characteristics in Response to, Dlﬂ’erent Exogenous Carbon Input Levels in

Paddy Soil

WANG Ji-fei'*, TONG Yao-yao'”, ZHU Zhen-ke’, CHEN Shan®”, DENG Yang-wu'", GE Ti-da*, WU Jin-shui’
(1. School of Resources and Environmental Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. Key Laboratory of Subtropical Agriculture Ecology, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha
410125, China; 3. College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha
410004, China)

Abstract: The turnover of soil organic carbon (SOC) and the activity of soil microbes can be influenced by exogenous carbon.
However, microbial response characteristics of the transformation and distribution of available organic carbon under different levels
remain unclear in paddy soils. "C-labeled glucose was used as a typical available exogenous carbon to simulate indoor culture
experiments added at different levels of soil microbial biomass carbon (MBC) (0 x MBC, 0.5 x MBC, 1 x MBC, 3 x MBC, and 5 x
MBC) to reveal the process of C-transformation and distribution. The characteristics of microbial response in the process of exogenous
carbon turnover was also monitored. The 96-well microplate fluorescence analysis was adopted to determine the activities of cellobiose
hydrolase (CBH) and B-glucosidase (B-Glu). The results showed that, in 2 d of incubation, the ratio of labeled glucose carbon to
dissolved organic carbon (*C-DOC/DOC) or to SOC ( *C-SOC/SOC) was positively correlated with the amount of glucose added. The
incorporation of glucose C (°C) into MBC reached the highest value (18.96 mg-kg™") at 3 x MBC treatment but decreased thereafter.
The “C allocation rate was mainly positively correlated with MBC, Olsen-P, and DOC. At 60 d, “C-DOC, “C-MBC, and “C-SOC
decreased significantly to less than 0.02 mg-kg™', 2 mg-kg™", and 10 mg-kg™" in soil, and it was positively correlated with the
amount of glucose added. Compared with CK, CBH enzyme activity increased significantly after the addition of glucose, and for the 3
x MBC treatment it was increased by 22. 6 times, which was significantly higher than those of other treatments (P <0.05). However,
B-Glu enzyme activity increased only in the 3 x MBC and 5 x MBC treatments, wherein it decreased with increasing amounts of added
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glucose. NH," -N, pH, B-Glu, and CBH were the primary factors affecting the distribution rate of °C. In conclusion, the conversion of

exogenous carbon to SOC increased with increased amounts of added organic carbon. This changed the activity of soil enzymes;

however, microbial utilization of exogenous carbon may have a saturation threshold. Within the saturation threshold, the conversion rate

of organic matter was directly proportional to the amount of added organic matter. When the saturation threshold was exceeded, the

conversion rate of organic matter decreased. Therefore, the appropriate addition of exogenous carbon is beneficial, as it can increase

SOC in rice fields and improve the quality of the crop growth environment.

Key words : paddy soil; carbon conversion; exogenous carbon; microbial response; soil enzyme activity
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Fig. 1 Effects of soil and soil solution '°C under varying amounts of carbon addition



2 44 TF

R - AR KSR AR FH 398 v e A5 0 PE RO i A 00 i oz R A

973

VI, K 7 T BC-DOC 43 Tt 26 32 75 45 W5 s in
EWAREE2(a)]; MEERERNERIE,
+3E"C-DOC F1C-SOC 1y 43 i R E M K e # [ | 2

(b)A12(d) ]; "C-MBCHMHCR S Ik K1 2(c) ],
£ 3 x MBC A B AFTERR KA 35. 2% [ 2(c) ). 5
20 2.0
2 (a)
% 15 | a - \g 1.5
& T
g / % 77 0.5xMBC
S 10 \ BRI 1 xMBC 10
s \ P 3xMBC
§ \ RN 5 xMBC
% 5 4105
=
-
0 / N =4 s 21y
60 60
. (c)
=
=
& 40 a 40
g
o
"g 20 b 120
- b b
€ be .
0 ?7 ib VIt i 0
2 60
~ FEFERF )/
AN 7
.‘. :“.:'J 'Flg 2 Recovery of sml 13¢- DS‘C BL—

-

2.3 i%¢7ﬂ%¢2@%ﬁﬁ%%

X AS ) 85 35 1 /9 + 3 DOC., MBC, SOC,
“C-DOC ., "C-MBCF1"C-SOCHEAT T A &4 b7 ( 3
2 fIZ3), fERFE 2 d if, “C-DOC 5 C-S0C , DOC
1 SOC Z A 4% & IEAHSE (P <0.01) , “C-SOCH
DOC F1 SOC F:A4k i Z IEAHSC (P <0.01). KiFR60 d
fif, "C-DOC 5"C-SOCEM B FIEMIE(P <0.01),
5 MBC 2 B E MK (R=-0.798, P<0.01),
“C-MBC 5 "C-SOC 2 #f 2 3 IE A & (P < 0.01),
“C-S0CH MBC 2 B EMAHK (R = -0.796, P <
0.01).

F3K i C-DOC/ SO i %

F 43 C-MBC/ O it/ %

BAFROIIA LG, 595 60 d B, &4 HLARAL S C o
Be S AR, “C-DOC [ 43 Bl % JL-F Ry 0, + 1%
“C-MBCHI"C-SOCHY 43 BL %8 5 SN VR i e 5 i 2%
BEEFER (P <0.01), “C-MBC /3l R1K T 4%,
BC-SOCHT BRI AT 10% [ K 2(c) Fi2(d) ].

40 4
a
(b)
2 £
£ sl § |,
% \§ 5
g \ 4
T 20t 2 9
2 N 2
BB\
® o0} \\ !
+H \ H
d \\
Lz ST
60 60
. . (d)
£ 2 S
E st b {45 B
= =
Sl e e 8
o L =
> 30 / \ 30 2
&) iy
i b &
ﬁ 15t % c 15 ﬁ
/ d
7 N
0 0
2 60
K/

& 2 ?FFJ q ﬁsﬂugTiﬁ%”c DOC, “*C- MBC%ﬂ‘f’c SOCH LR

, and 3C-SOC under varying amounts of carbon addition

T8 C W N RN B 55 B )X SOC, MBC,
DOC, "C-DOC ., “C-MBCHI"C-SOC AT AERE I,
it 2§ & B, “C-DOC, “C-MBC,
PC-SOCHT DOC #1531 C B A% 72 1 18] LA K
HAZHAEHAEER B ELR(K).

2.4 AFESNEA LRI INKF T 1 EHEE A L FRIE

AR ) 4 A K OF 5 18 C R B i T
F/NCE3). 5 CK M E, AN IS B A9 7R i i 15 5%
W CBH IEPEREIE T 4.9 ~6.5 nmol- (g-h) "',
BEAERFEM, H CBHIEM KT 0.3 ~5.3
nmol- (g-h) ™' | 7E3 x MBC 4t ¥ 17 7 &% & 1A

F2 %52 dEPC-DOC, BC-MBC, *C-SOC, DOC, MBC #1 SOC Hj Pearson 18 % 7 #7"

Table 2 Pearson correlation analysis of soil *C-DOC, *C-MBC, *C-SOC, DOC, MBC, and SOC after 2 d of incubation
Bc-poc BC-MBC B¢-soc DOC MBC SOC

3¢-pDocC 1 — — — — —
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Table 3 Pearson correlation analysis of soil *C-DOC, *C-MBC, *C-SOC, DOC, MBC, and SOC after 60 d of incubation
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Table 4 Effects of carbon addition and culture time on the SOC, MBC, DOC, *C-DOC, “C-MBC, and *C-SOC in soil
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