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Abstract: [ Objective ] Soil profile is a model system for deciphering the formation and maturation of organic matter-centric
fertility. However, the physiological metabolic potential of the soil profile microbial community and the mechanism of its
transformation of labile carbon are not clear[ Method ]JThe metabolic mechanisms of soil microbial communities under exogenous
carbon and nitrogen input scenarios were investigated by using '*C-labeled glucose and ammonium nitrate to cultivate soils in the
surface(0-10 cm), middle(30-40 cm), and deep(90-100 cm)layers of a typical thin-layered black soil. The insoluble organic
carbon("*C-SOC)synthesized by microbial growth and reproduction, '*CO, produced by heterogeneous metabolism, the priming
effect, the efficiency of '>C-carbon utilization, and their nitrogen limitation features were determined.[ Result ]JThe increase in soil
respiration intensity after exogenous '*C-glucose addition was in the order of surface(3.2-fold), middle(11.3-fold), and deep
soil(14.5-fold)compared to the control water treatment; the relative priming effect was 43.5%, 150.5%, and 267.0%; carbon
utilization efficiency was 34.9%, 37.3%, and 32.9%, respectively. Approximately 45%-50% of glucose was isomerized and
metabolized to '*CO,. Also, the number of soil microorganisms increased by about 85.0% in the surface and middle layers and 1.9
times in the deep layer while the *C-SOC of insoluble cellular biomass synthesized by microorganisms using glucose was(111.6
+ 11.7)mg-kg ' (surface soil), (119.5 + 3.4)mg-kg ™' (middle soil), and(105.2 + 21.6)mg-kg' (deep soil). However, the proportion of
the total soil organic carbon, in descending order was 0.98%(surface layer), 1.70%(middle layer), 4.76%(deep layer). Interestingly,
the '*C-SOC tended to increase after nitrogen addition although it was not statistically differentiated, however, it significantly
suppressed the relative priming effect. High-throughput sequencing revealed that surface, middle, and deep soil microbial
communities clustered independently regardless of carbon and nitrogen treatments under glucose addition conditions.
Micrococcaceae were significantly increased in the surface soil and were probably the main contributor of organic carbon from
insoluble microbial sources whereas Nocardioides were the main contributors of organic carbon from microbial sources in the
middle and deep soil. [ Conclusion ] These results suggest that the deep soil, despite its lower diversity and abundance, can utilize
exogenous and readily decomposable organic carbon to rapidly colonize and produce insoluble organic carbon of microbial origin
and its total new carbon inputs were almost identical to those of the surface soil. Soil microbial communities in black soil profiles
developed strong functional plasticity during long-term adaptation to geo-climatic variability, which provides an important basis
for the stability of soil ecosystem structures and functions.

Key words: Organic carbon synthesis from microbial sources; Organic carbon conversion; Carbon and nitrogen input; Microbial

community changes
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Table 1 Characteristics of soil from different layers

+2 + e MLk LA AL
Soil layer P SOC/ (gkg") TN/ (gkg!) CN
SL 5.18+0.03c¢ 13.97+0.50a 1.27+0.04a 11.010.68b
ML 5.41+0.07b 8.81+0.70b 0.77+0.04b 11.46+0.38b
DL 6.16+0.05a 3.90£0.51¢ 0.28+0.03¢ 14.78+0.22a

T RPBE P ERER . SL: )25 ML: H)2; DL: W2, FFIFHAREKRERRE ( P<0.05), TR, Note:
Data in the table are mean + SD. SL: Surface layer; ML: Middle layer; DL: Deep layer. Different letters in the same column indicated

significant differences at 0.05 level. The same below.

http://pedologica.issas.ac.cn



1140 + %

62 4

=

ShR: 99%FFE ), HINE 0.8 mgg's NH,NO; # i
#0501 mgg',

FAZEB/KECE A A (0.36 mol-L ') FIAYMREL
(0.1 mol-L™") ¥, HAEER A 100 pL X0 %
W, A RS R R TR A BUE AN Bk S .
IsERUE, PR FE RS s B B, hEAS 3
WIRFANT A WA S(79% N, fl 21% 0, ), 28 C
Kigi 14 do 5 3. 5. 7. 14 d W CO, #
JEAR . T EUI IS, 5 7 RiE COWIES,
B U EBRIRHBLRN COo,, SREFTANTAMK
R BT KREH 14 KRAYSREEAR R I T 2
CO, il PC X, WA AR A TR MR
B, WA IR T R R AT -

1.3 TEEAERNE

+ 4509 pH /K WIRSE (1 K=1:5), pH
HIE . CO, &l AR AN E . H IR
B, WHE 100 B, H CNS JtE o
( Thermo Fisher Scientific, fZE ) & + 3G L%,
fift FH o0 R 43— IRl 2 R B2 3 43 #7156 AL ( Thermo
Fisher Scientific, [ ) M52 +HEA HLEK “C JiFE
JE (BC-atom% ), fii F R W) 07 L AH T 3% A
( Thermo Fisher Scientific, fZ[E ) W% *CO, i °C
JRFFE
14 TEDNAREEXIHEXEE

% F| FastDNA® Spin Kit for Soil 7] & #LH 1
BAEY) B DNA, HEAERAE L RS0 G Ul ]
P o R 540406 EE i ( NanoDrop ND-1000 )
ME DNA ¥ M4, DNA 7 T-20 CHF R
53T
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Fig. 1 Cumulative CO, emissions and emission rates in different soil layers
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Fig. 2 Mineralization and fixation of exogenous organic carbon in soil under exogenous carbon and nitrogen input
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