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Effects of High CO, Concentration on Soil Organic Carbon Mineralization

WANG Ruoyao', LI Yuanyuan®, XIA Bin*, GAO Zihui', ZHAO Yunge' ?, XU Mingxiang'-*!
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Sciences and Ministry of Water Resource, Yangling, Shaanxi 712100, China)

Abstract: [ Objective ] Soil CO, concentration is often higher than that of the atmosphere. Current studies on soil organic carbon
mineralization are mostly conducted under conditions of increasing atmospheric or simulated atmospheric CO, concentration.
This may lead to deviation of the results from the actual organic carbon mineralization process in the soil profile or impose some
bias on indoor mineralization incubation experiments towards the “mineralization potential” rather than the actual mineralization

rate. How and to what extent soil organic carbon mineralization is affected by high CO, concentrations in the soil profile? The
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lack of a clear answer to this question limits the comprehensive understanding of soil organic carbon stability. [ Method ]In this
paper, an indoor mineralization incubation test was conducted with six CO, concentration gradients of CK (400 pmol-mol”,
atmospheric level), 800, 2 000, 4 000, 6 000, and 8 000 umolmol’l, and three replicates were set for each treatment. The effects
of different concentrations of CO, on the rate of soil organic carbon mineralization, cumulative mineralization, and active organic
carbon fractions were investigated, and the extent to which CO, concentration and other influencing factors explained the
cumulative mineralization was analyzed| Result JThe results showed that: 1) High concentration of CO, (2 000-8 000 pmol-mol™")
in soil significantly inhibited the mineralization of soil organic carbon, with the mineralization rate decreasing by 6.27%-45.61%,
and the cumulative amount of mineralization decreased by 1.72%-40.82%; 2) Lower concentration of CO, (800 pmol'mol™') in
soil significantly promoted the mineralization of soil organic carbon, the mineralization rate increased by 4.38%-12.65%, and the
cumulative mineralized amount increased by 17.37%-48.43%; 3) The CO, concentration in the soil effected the content of active
organic carbon fractions. At a range of CO, concentrations, soil microbial biomass carbon (MBC) content increased significantly
and dissolved organic carbon (DOC) content decreased significantly compared to CK. However, the content of easily oxidizable
organic carbon (EOC) was not significantly changed; 4) The mineralization characteristics of organic carbon showed a significant
negative correlation with CO, concentration, a significant positive correlation with DOC, a negative correlation with EOC, and no
significant correlation with MBC; 5) Under the appropriate conditions of temperature and humidity, the contribution of CO,
concentration to the cumulative mineralization of soil organic carbon reached 22.93%. [ Conclusion ] High CO, concentration
significantly inhibited soil organic carbon mineralization by affecting the soil organic carbon readily available carbon source,
which may be one of the important factors to maintain soil organic carbon stability.

Key words: High CO, concentration; Soil organic carbon; Organic carbon mineralization; Active organic carbon components;

Organic carbon stability
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M

TERFFE IR HLAR & B 1Y 40 AF I 1 301
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20m ). AR RS, FIHERS em i+
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Table 1 Basic physicochemical properties of experimental soils

SL/ BD/
pH Clay/ Silt/ Sand/
cm (grem™)
(gkg") (gkg!) (gkg!)
0~5 8.56+0.02 37.14+1.39 59.17+£0.15 3.69+0.47 1.33+£0.04
5~20 8.65+£0.02 26.49+0.77 58.33+1.03 15.18+0.26 1.42+0.02
SL/ TN/ SOC/ MBC/ DOC/ EOC/
cm (gkg') (gkg') (mgkg!) (mgkg!) (mgkg™)
0~5 0.65+0.01 7.35+0.17 149.22+6.15 98.26+0.02 616.28+4.77
5~20 0.434+0.01 5.23+0.14 61.89+2.73 70.28+4.21 374.28+21.6

[E: SL, LJ2; BD, LA ®E; TN, £%; SOC, LA lEk; MBC, MUEY EYREK; DOC, IVAMAHLEK; EOC, HH
LA LK. FIH. Note: SL, Soil layer; BD, Bulk density; TN, Total nitrogen; SOC, Soil organic carbon; MBC, Microbial biomass

carbon; DOC, Dissolved organic carbon; EOC, Easily oxidized organic carbon. The same as below.

1.2 K&t
J T WA CO, He X SOC # L1y $2 i, 32k

B LR CO, HeJE( 400 wmol-mol ' ) %t BE( CK ),
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H: CK KSR CO, e FE AR (400 pmol-mol ™" ). F[H], Note: CK, atmospheric levels of CO, concentration ( 400 pmol-mol™") .

The same as below.

K 2

AIF] CO, #RBET L IEA DL s A 3 2542 1k

Fig.2 Changes of mineralization rate for soil organic carbon in response to different CO, concentrations

RAENT 3 RIHPEAL, M523 N, RIZ5TE
HKEW AL EEK Bk 137~ 1888 Fl 0.89 ~
16.33 mgkg -d'o B (30~90 d) B LR
EARBTRE, ALESNBEE 023~5.80.
0.15~3.12 mg'kg "-d"',

CO, HeJEE i 50 SOC SEH 7 kR (& 3).
HASBE IR ) LR 2.17~4.81 mgkg '-d!
(K 3c). 800 pumol-mol ' ZbHF, ZFKJZFI )2
Vo b # R A CK 454 M 16.75% 1 4.26%,
2 000~8 000 pmol-mol ' CO, HkJE T, XEHWEZE
SOC “F-¥ - fb i 4% CK #H4 NIRRT, 4
HIFEAR 16.26%~34.47% . 6.27%~45.61%., 2 T+
JETH], CO, W BEXT 3 2131 1k 3 8 Ay 52 1 4010 3R
EKR
2.2 CO,iRE SOC 2T BN
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B, SsoC RBw fbi B E N (P<0.05), HF
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B B 40.82% . 38.84% ., 2 A~ JE A, Y
800 pmol-mol ' 514 F 2R kit £ F B &, WEE
BMRZWAT 31.06%;
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GBI N . ABFRAFAIET, 5P SOC
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COREMT 2R EE (P<0.05). T, Note: Fig. a. PhaseI, 0to 30 days; Fig. b. Phase I, 30 to 60 days; Fig. c. Throughout the

incubation period, 0~90 days. Different lowercase letters mean there is a significant difference( P<0.05 )between different CO, concentration
treatments at the same soil layer. The same as below.

El 3 KR CO, W BT 3 WL 37 fh i

Fig. 3 Average mineralization rate of soil organic carbon in response to different CO, concentrations

240 * CK = 800 pmol-mol™ 4 2000 pmol-mol ™
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. BMa 1 CK. 800, 2000, 4000, 6000, 8000 umol-mol™ CO, ¥k T 13 MLk B 1L R 43510 92.71%. 87.18%.
92.55%. 93.74%. 93.55%. 91.77%; & b. # CK. 800, 2 000, 4 000. 6 000. 8 000 umol-mol™ CO, ¥k & T + He A Hltx REG ke
R*3 919 93.91%., 93.40% ., 94.01% ., 94.22% ., 94.44% . 93.36%. Note: Fig. a. The cumulative soil organic carbon mineralization R> at CK,
800, 2 000, 4 000, 6 000 and 8 000 umol'mol’1 CO, concentrations were 92.71%, 87.18%, 92.55%, 93.74%, 93.55% and 91.77%,
respectively; Fig. b. The cumulative soil organic carbon mineralization R* at CK, 800, 2 000, 4 000, 6 000 and 8 000 umol-mol' CO,
concentrations were 93.91%, 93.40%, 94.01%, 94.22%, 94.44% and 93.36 %, respectively.

Kl 4 RIA COp BT L3 Pl R b it i sl 25781k

Fig.4 Changes of cumulative organic carbon mineralization for soil organic carbon in response to different CO, concentrations
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Fig. 5 Cumulative organic carbon mineralization in 2 soil layers
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Fig. 6 Changes of MBC (a), DOC (b), EOC (c¢) content in response to different CO, concentrations
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Fig. 7 Correlation between organic carbon mineralization characteristics, CO, concentration and soil organic carbon fractions
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Fig. 8 Ranking of importance of influencing factors of soil organic
carbon mineralization

fit B¢ 3 Explanation rate/%

3 3 ®

AL AR T e R R CO, B EBRAE,

FEAE K CO, T R HE e B R4, &
AR CO WREEFTIE R ILAE 55", mThE
i SOC B4k o SR ERAT B 5 14 AS A2 L) A f £ 38 v
R BE CO, AT LA Je 22 KRR BE 520 SOC #fk , iX
FEUERRFAT SOC Fau P K H R ma PR 2R AU A
3.1 BiRE CO X TEFH®RY LT

A ST S A A SR EE CO, IR AT ZE N
Bk, 25 RRW] CO, Mk B i F ) SOC ik
2 CO, MPETL 6 000 pmol-mol™ K LA i, EFE
KT £ soc Rkt ( B 5).iX 5 Santriickova
1 Simek!® K He Z1"%E 40 000~50 000 pmol-mol ™
ST AT R R 4518 —8 [, ABF5
LERR KW, Y CO, WEEATHE (<2 000 pmol-mol ')
B, ok fE A R (B 5). R S5 A7E+
Y RENVIEE CO, W5 (500~
1200 pmol-mol™ ) X SOC #™ 4k i i L i PO A
{H¥X} SOC H™ b HA IE B & EH . 511 ABFFEAH
o, ASBFFREREIT 30k H 3 E SR CO, MR B XS
soC ks r X 5 BE . Aikskd, F8 socC
WA 3Z BN ) CO, Wk BERHT AR TEAR (K 5),
FEAE AR S D A B A - A B A T LA 22
SAb, WA LUF M RE . — O, AR R E
W AbHR A A, AT BEHR B P A IR FH ) CO,
WREPI s 5 —Jrn, AR AE AT A BT 75 ZE R I

http://pedologica.issas.ac.cn



492 + b1

=

62 4

XAk 5 35 A — e, A R PR I R
b, BRIREE IR R CO, MRk

16 “WUR” HET, SCOREHmRIC . 5
I B L B A 30T AT A R J55 408 ) IR 58 PR A5, TS i A
SOC W™ LA AIE K s i BRI 28 . Rk F50 00 e HE 3% 442
- HERRIC D RE AT A P AR 45 R AR
PIETE RS T R = N1 771056 7T i —
ERPEALAS T SOC b3, Himik i CO, nl RE &4
Fr SOC REMMEENFEZ —, IR
SOC bR fit T4kl . —Memi s, Taefim 15~
20 cm Ak, CO, ¥EJE T 3K 2 000 umol-mol ', H A
WoEFes, HHEHIE 50 cm &b, CO,WkEHE Ak
10 000 pmol-mol™", #h2x%F SOC H k7= 4 il 1
FAR3 AL, EANE SOC Wikt T, Aok % &
P E R EE CO, X SOC WAk By 52 , W ] GEARAL
- e e St SE I AT R — TR T E TR B
K™ B4,

32 BiRE CO, X T EFEHTHERA S W

ALY R D E R E YT R,
ZOKSAE . WHARIRY) . WA MY E 2R
P, AR IT 45 SRR, 76 818 5 58 B A4k
T, CO, #JE 5 SOC B ik EENE (K 8),
TR L 22.93%, H CO, W I F 5 m 1 - i
PA PR S (B 7). 4 CO, MR IN =
800 umol-mol™' i}, MBC & &A1 (& 6a).
AWFGEIE H CO, MR B A5 1 25 52 4N B, I o vk
JE CO, XM BRI T, 5Pk 34 TR K 2 4 40
BRI R TR Y, bR T T 0 i SR AR B R AR
WS, AT SRR E PR A R T
HLBR 2020 AT REZ 800 pmol-mol! 55144 F, ZHE
PR 53 itk 3t 2 v kS 3 A FH T4 5 )R s U5 fie
BRI ERY SR RS, SEAEERUE Y AR R
W, ffiR3ER MBC S, T A SN
T, SOC REH fh ik i F 3o, peah, AW
FEFF TREFAMEE SR AR, IS 3R)Z +- 4 CO, MR X
#1089 pmol-mol™, 53K 800 pmol-mol ™
CO, VR EEAbBRHEIT , AT g AN A + R W 7 5
A4, 2T SOC W fk.

U WAE DA A5 T CAn s L il
G . SRAR ST . SRARON ) A FIRERBFET IR, )
CO, e B2 3 i 1 1 555 1] e 5 BURL A W 3 M A2 2
HE peAh, HHFFEEM, 2 000 pmol-mol ' CO, ¥k

FERMET, RIEMA Y T & BB AR 8 B8N,
FEVE ZREERITE MRS BT BEAREY . AR IR
M CO, W ETHZ 2 000 pmol'mol ' DA B, Erifk s
CO, TREALA T HER A Yyt 508, s ma ek
SERY Km b, R E CO, 2414 F MBC #1 DOC i
FIHAR TR, 2P0 %S CK Ab B2 i 31 s iy a4 ( &
6a, [ 6b), VEMiHE T SOC B4k, 1AM, DOC
BUOR AMZEM AR | RS, Iz L
WG, A 3 i — e AR b n T
DOC & ([ 6b), A#5Eh, EOC &FipH CO,
W W25 (K 6c), nRESEM AN
EOC KM 33 mmol- L' &4k MR AN A AL TE I 2
LA S i 1] TR e EOC 243 vh i s o rp 4846 T
FHLR, (0 CO, M BE3G I G AE Mid PERRAR, FRAIR
T EOC #H 5y MM B ALVEN, S8 EOC & &48
IXNTE N

T B A, ARG B E 4 R RS 3R N
CO, WP B R i —E BB B, HA5A CK
REFRAY 1.6 f5~12.4 1%, A EE M A5 % Rk FE CO,
2 SOC A A — [A] B AY HEAf R o A SRAH SEAFF 5%
AT sk ook, EAS R 37 CO, ¥ 5 SOC
TALR R R AN, AL R R T E IR
5, RHASBE G TR 80, K4S
Fe B 5 B ArfE 22 5, P n] RBYE — 2 R I
BT mHE COyu X SOC H Ak pamRIER . T —2
A I R B AN R A U 5 B A SR HEA T IR, i
— A AL SR FE CO, X SOC B Y 52 I A5 B2
R R SOC § fkish & v A= W 1 F A v ZE AL
il , AKA I SOC WAL XT COy M JIE M b7 [ BIF 5 38 i
S HERA RIS 505 M AR R ARRAE

4 & ik

FVRE CO, B I H A IR ILE . 7
2 000~8 000 umol-mol ' JLFEI, Bl CO, ¥k EH
Jn, SOC BT fLEFEL T 38.34%~40.82%. i
CO, W A (800 wmol-mol™ ) B X 4 HEA HLER ™
A B IEB RSN, SOC B L& T
17.37%~40.82%, TEMRIBEEHAM T, COy WRE
e LA LR T L EER R, sk
22.93%, TIEEWEE CO, M 1 G PEA HLIKEH 4 &
i, fE—E COWEEEVEFIN, MBC &% CK 3%

http://pedologica.issas.ac.cn



2 3

TEATRESE . VR EE COL N -3 HLER W 1L 1 5

493

H#m, DOC &

& CK B E K, EOC & a2k A

BF. LR, W CO, il # e + 3e 5) F I 1k fik
W, % LA LA E TR R A —E BT, Al g
SEYERE LI MR E M RN R Z —

S %3k ( References )

[1]

[ 11 ]

Piao S L, Wang X H, Park T, et al. Characteristics,

drivers and feedbacks of global greening[J]. Nature
2020, 1 (1): 14—27.
Shi F Y, Zhang F B, Yang M Y. Research hotspots and
progress of soil organic carbon mineralization based on
bibliometrics method[J]. Acta Pedologica Sinica, 2022,

59 (2): 381—392. [RJ7#, KME, B L. HT3C

Reviews Earth & Environment,

kT AT I £ A ML A g e 5 O] £
HE£4, 2022, 59 (2): 381—392.]

Oishi A C, Palmroth S,
effects of atmospheric CO, and nitrogen availability on
forest soil CO, efflux[J]. Global Change Biology, 2014,
20 (4): 1146—1160.

Morales S E, Holben W E. Functional response of a

Johnsen K H, et al. Sustained

near-surface soil microbial community to a simulated
underground CO, storage leak[J]. PLoS One, 2013, 8
(11): e81742.

Chen F, Yang BD, Mal, etal. Effects of underground
leakage of high concentration CO, on soil microbial
community structure[J]. Acta Pedologica Sinica, 2017,
54 (1): 180—190. [FkiF, A, D, % WIRE
CO, 3 it I % L HERLAE Wy B V& S A A S I 0], 128
242, 2017, 54 (1): 180—190.]

Simek M. Effect of soil CO,
concentration on microbial biomass[J].
Fertility of Soils, 1997, 25 (3): 269—273.

Wang S. Effects of high concentration of CO, on soil

Santrickova H ,

Biology and

microorganisms[D]. Xi’an: Northwest University, 2014.
[EF. RRE COy X LR i R BT 5L (D). 7Y
2. PHAE R, 2014.]

Balan S A, Welsh H, Amundson R. Comparative C, N,
and S
chronosequence[J]. Geoderma, 2023, 439:

Californian  grassland
116682.

Hao W L. Response and modeling of soil CO, emission to

cycling along a

water erosion in Loess hilly areas[D].Beijing: Research
Eco-Environmental Sciences , Chinese
Academy of Sciences, 2022. [#FHEMK. % + Frp X 5%
COz HEJOR 7K ol g o 137 B AL 52D db st hE R
B RF (P EBFEBE T K L RS A SR
FEl ), 2022.]
SunY, Wang CT, YanglJY, etal. Elevated CO; shifts
soil microbial communities from K-to r-strategists[J]. Global
Ecology and Biogeography, 2021, 30 (5): 961—972.
YiZ G, YIWM, Ding MM, et al. Vertical distribution

of soil organic carbon, soil microbial biomass and soil

Center for

[12]

[13]

[ 14 ]

[15]

[ 16 ]

[17 ]

[ 18]

[ 19 ]

[ 20 ]

CO; concentration in Dinghushan Biosphere Reserve[J].
Ecology and Environment, 2006, 15(3): 611—615. [
N, BUERS, TR, S S A RO X A
HLTR B A 0 2 e T A 398 C O, VR BE T 1143 [J]
BB, 2006, 15 (3): 611—615.]

Rong H, Fang H, Jiang Y J, et al. Effects of loose soil
samples, repacked soil columns and compactness on soil
carbon mineralization[J]. Acta
Sinica, 2022, 59 (6): 1551—1560. [R5, G, #
FHSE, A, B AR AT A M BRI AR BEXT A B
WAL [)]. EHE2ER, 2022, 59(6): 1551—1560.]
Yao Y H, Zhang S B, ZhouJ S, et al. Effects of nitrogen

and phosphorus addition on organic carbon mineralization

organic Pedologica

and priming effect in a moso bamboo plantation soil[J].
Acta Pedologica Sinica, 2023, 60(4): 1088—1100. [#k
I8, KW, MR, . %W%Mﬁ%%%i%ﬁ
BB AT f B FOBOR SO0 1 52 [J]. 384K, 2023, 60
(4): 1088—1100.]

Jat S L, Parihar C M, Dey A, et al. Dynamics and
temperature sensitivity of soil organic carbon mineralization
under medium-term conservation agriculture as affected by
residue and nitrogen management options[J]. Soil and
Tillage Research, 2019, 190: 175—185.

Guan S, Dou S. Effect of carbon dioxide concentration to
soil microbial biomass carbon during corn stalk
decomposition[J]. Journal of Jilin Agricultural Sciences,
2006, 31 (3): 44—47 [CHY, K. AR ik
JEEXoF T KA 4 e 400 ) - SRR A 0 A6 ) T A SE R [T,
TR, 2006, 31 (3): 44—47]

Wu J S. Determination method of soil microbial biomass
and its application[M]. Beijing: China Meteorological
Press, 2006. [ 4 7K. T3 A 4 2 W 8 0 5 Ty 1 MG
MM dbmt: KRR, 2006.]

YuY X, PeiJ B, Liu W, etal. Effects of root, stem and
leaf of maize enriched by *C on brown earth’s respiration
and their priming effects under long-term fertilization
conditions[J]. Acta Pedologica Sinica, 2023, 60 (4 ):
1077—1087. [FHERE, FAH, X4, % “CEEE
KA ZE IR RS R AN it IS Rt I A B -

I8 ) S0 e I A i (7). B 3EE IR, 2023, 60( 4 ):
1077—1087.]

Tian A, Wang Y H, Webb A A, et al. Water yield variation
with elevation, tree age and density of larch plantation in
the Liupan Mountains of the Loess Plateau and its forest
management implications[J]. Science of the Total
Environment, 2021, 752: 141752.

He WM, KimY, KoD, etal. Changes in soil N,O and
CH,4 emissions and related microbial functional groups in
an artificial CO, gassing experiment[J]. Science of the
Total Environment, 2019, 690: 40—49.

Mao W Q, Xia Y H, Ma C, et al. Response of organic
carbon addition in

mineralization to  nitrogen

http://pedologica.issas.ac.cn



494

+ i

e 62 4

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

micro-aerobic and anaerobic layers of paddy soil[J].
Environmental Science, 2023, 44( 11 ): 6248—6256. [
WigE, EAAT, Db, R MR FERZ R
BLBR B AL 3T R AR w1 [T]. PRERL2E, 2023, 44
(11): 6248—6256.]

Tong R X, Liang X, Guan Q F, et al. Estimation of soil
carbon storage change from land use and management at
a high spatial resolution in China during 2000-2020([J].
Acta Geographica Sinica, 2023, 78( 9 ): 2209—2222. [#
SR, I, SCPKEE, 4. 2000—2020 4R [E i 1 1
Bt S AT B BRICAZ T (). HERAE AR, 2023, 78
(9): 2209—2222.]

Xu S, Guan L F, Zhang M L, et al. Degassing of
deep-sourced CO, from Xianshuihe-Anninghe fault zones
in the eastern Tibetan Plateau[J]. Science China ( Earth
Sciences ), 2022, 65 (1): 139—155.

Jassal R, Black A, Novak M, et al. Relationship between
soil CO, concentrations and forest-floor CO, effluxes[J].
Agricultural and Forest Meteorology, 2005, 130 (3/4):
176—192.

Wang J Q, Shi X Z, Li L Q, et al. Changes in soil

nematodes in rhizosphere and non-rhizosphere soils

[ 25 ]

[ 27 ]

[ 28 ]

following combined elevated CO, and canopy warming in
a winter wheat field[J]. Geoderma, 2021, 386: 114907
Sokol N W, Bradford M A. Microbial formation of stable
soil carbon is more efficient from belowground than
aboveground input[J]. Nature Geoscience, 2019, 12( 1):
46—53.

Butler O M, Manzoni S, Warren C R. Community
composition and physiological plasticity control
microbial carbon storage across natural and experimental
soil fertility gradients[J]. The ISME Journal, 2023, 17
(12): 2259—2269

Song Z X, Yan D D, Fang W S, et al. Response of
strawberry fruit yield, soil chemical and microbial
properties to anaerobic soil disinfestation with biochar
and rice bran[J]. Agriculture, 2023, 13 (7): 1466.
Zhang WY, Zhang S L, Chen F, et al. Short-term effects
of simulated underground CO, leakage on the soil
microbial community[J]. Journal of Agro-Environment
Science, 2017, 36 (6): 1167—1176. [FKAER, K24
R, BRiE, 45 BT COyp Xt + 3 E W iE
BRI )] R FREERL 24, 2017, 36 (6):
1167—1176.]

(REHE: BRA)

http://pedologica.issas.ac.cn



