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Effects of different vegetation restoration measures on soil carbon sequestration
functional bacteria in eroded areas of South China
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(1.Jinshan Soil and Water Conservation Science and Education Park, Fujian Agriculture and Forestry University,

Fuzhou 350000, China; 2.Soil and Water Conservation Station of Changting County, Longyan, Fujian 361000, China)

Abstract: [Objective] This study aims to explore the patterns of change in soil carbon sequestration functional
bacteria during vegetation restoration in eroded areas, providing a scientific basis for accurately estimating the
microbial carbon sequestration potential of global terrestrial ecosystems. [ Methods] Sample plots were selected in
severely eroded areas of Changting County, with three vegetation restoration measures (small-hole grass sowing,
contour grass-shrub strips, and grass-shrub-tree mixed planting) as experimental treatments, and untreated sample
plots as the control. Fluorescent quantitative PCR and cbbl. high-throughput sequencing were used to analyze the
effects of vegetation restoration on soil carbon sequestration bacterial communities. [ Results] Compared with the
untreated plots, the vegetation restoration plots exhibited a higher abundance of carbon sequestration functional
bacteria and a greater diversity of carbon sequestration bacterial communities. Specifically, in the small-hole grass
sowing and the contour grass-shrub strips, the abundance of carbon sequestration bacteria increased significantly

by 149.71 times and 225.61 times, respectively, compared to the untreated plots. The Shannon index of carbon
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sequestration bacteria in the small-hole grass sowing, contour grass-shrub strips, and grass-shrub-tree mixed

planting plots increased significantly by 33.52%, 26.61% , and 54.18% , respectively, compared to the untreated

plots. Vegetation restoration measures also changed the composition of the carbon sequestration bacterial

communities by increasing the total soil organic carbon content (48.30% , p=0.002). In addition, all three

vegetation restoration measures shifted the dominant carbon sequestration bacteria in the eroded areas from

Rhodovastum to Nocardia. [ Conclusion ] Vegetation restoration significantly improves soil fertility in eroded areas

and has a positive impact on the soil carbon sequestration functional bacterial communities.

Keywords: degraded soil; microbial carbon sequestration; cbbl. gene; total organic carbon
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Fig. 1 Geographical location of the study area

1.2 RIS

R 35 117 I3 16 L 5% HL 307 P R 3 22 A B 3 48k A7
X HE T A 5 AE K TT B Al F A 3R B3 el S A8 Ak
SR C/N 7CRR B A B Tt L 45 v R E A IR SR

B T IR A I6 B D I RE VR S B SN S, 3FIR
FHLA Jil JF s ) [8] 5 2 2000 4F , S S B A A ()36
PRAT R T R ZU A FE b E BT LR 1, KT R
O o T i T IRl R 37 = = - 3 /N I
FR AR R o AR IA B H (CKD (25°39'54.7"N,
116728 22.5"E) M R ARG M 2>, & B 23 (Dicran-
opteris dichotoma) K /b 5 (I #EAR R £ o /N FR
FRAE I (VR (25°40737.5"N, 116°22" 20.5"E) iy 56
FeAR & ZEAE I TUALE 19 5 B A (Pinus massoniana)
Z B 12 86 Fp o AR B 2R T8 M 4 B (Paspalum
wettsteinii) WAF AN GIE E W LS5 B
T b, DUIK B P R RRE 5G o AF R A IR 2R
5 (VR,) (25°40728.3"N, 116°27 ' 33.3"E) Y & i 44
AR AR, W55 B 22KV 1 it A AL 5 IEAE
SRy FHERE s FE 18 P FIAE S8 28 B (Paspalum wettsteinii) Fl
AT (Lespedeza bicolor) s ITHZE 7OMAE TR A, QN A
(Liquidambar formosana) K faf (Schima superbad A%
Mg (Myrica rubra) [ 845 (Tsoongiodendron odorum)
4o REHETR IR IR P IE (VR (257407 28.3"N, 116°
27" 33.3"ED R SCHEEA 453 T 327l AT LA
B NEAE R FEAE 5 7 N FlORE TR R I R, 7% R DLR fif
(Schima superba) Mg (Myrica rubra) T (Liquid -
ambar formosana) K F , #E K H K F (Lespedeza
bicolor) s TEILE A ESHZK PRI AL . 3FAEBIR I 15
Jita 5% D Rh A B A TIEIE , E SL3E i 3 aOJRE 75 kg/
hm?) , BRAM B i 547 B AR I

x1 BEMER

Table 1 Sample plot information
Fe s 54 /m _— - : *E?%%%EE‘/% %ﬂf‘”ﬁﬂ%%&/(t . mz‘- al)
LI gl gL g
CK 350 22° Rt 15 18 8580 9000
VR, 345 13° Rk 16 95 8580 980
VR, 360 15° ER 15 93 8580 980
VR, 330 19° (L] 18 92 8580 980

NI

T : CK R R DR Ml 5 VR, 7 /N R B 16 B 5 VR, %67 26 o 7T

1.3 TEHERFEE

AR 4 %t BEARE b CCRO B9 45 5 2% 14 CTRT R T 4
), A R G B R G (GISOE ARG LA
BB 375 ] A 1) 5040 E 3/ 4 0 VK 52 b IX 3 Hh 5L AT A
WA R AT RE L . 2024 4F 1 H , 3R ATT1E B 55 B b 1Y
BEALEE£E 8 10 mX 10 m AL 7 o FEJT I, FHR“S”
KRB RESNH0—20 cm +E M+ IFIR A4,
A0 AN FE S . R HERE S R BR A B RIR R 4R
J&i 3L 2 mm B, I R = AR H T
- IR B I A 5 53— BB A ORAFAE — 4 "CUKAR ,
TR A AL R B A2 5 A AR R AR AE — 70 CUK

T TR BRI 5 VR, 28 7m B 98 7 1R S8R B it o

T 1 e D E T

1.4 $EHRBNEFE

141 X3EmaerFesnl 2 A#F5E R pH it
(BPH-252, Guangdong, China)il| & +3¢ pH, /K + It A
2.5: 1R R 200 7 S0 0 R il 2 £
SR e U B 5 2R NaHC O 382 42— FHBEHT L 120 2
IR R AT NH A i 32— 5 IR e -
B ACER S LR iR AT R 2 A A
(Elementar vario EL. cube, Elementar Analysensys-
teme GmbH, Germany){lE ; AT ¥ A HLIK FH 25 257K
IR RS 2 AR 0.45 pro)ad B8, SRR LB A L



5 43

=

U ¥ 24« N T R AR S G X 0 £ o s X 1 9 (31 e Ty R R 40 52 1) 95

AL (TOC-LCPH,SHIMADZU,China)llE" ',
142 BE#HRBEEGANL  fHHEH & (Omega
Bio-Tek, Norcross, USAIXf 31T DNA $#2£ 8. X
H LR 51 Y47 PCRY 1S 9 B G501 5 AT B e
JBEHLIK , LUK A4 37 e 45 A P 2K . (5149
K2{(5"-ACCAYCAAGCCSAAGCTSGG-3")F1V2r
(5"-GCCTTCSAGCTTGCCSACCRC-3" ) %I cbbL
[ % D RE T rDNA JEATH 88 cbbL [ D RE B 7 18
R 94 “CHUAE M 5 min; 94 “CAE M 30 s, 55 “Cilk 2k
30's,72 ‘CHEAR 30 s, #EAT 304G ; 72 “CHEAH 10 min,
I JF 2R T4 °Co SR HIAR TR Y BN AR 22 70 52 s 254
XA ) Vi BB A6 B (1 KL DN A RE A3 7 1t PCR 4 14
(B P BER0% R>>0.99) , AR 48 b vfi it 28 B2 3155 +
TR [ B I BE TR Y 2T

143 B#mFd HEARGNE KA Mag
Beads Fast DNA Kit for Soil(MP Biomedicals, CA,
USA) 7] & oxf 54T DNA 42 5, x4l 42 56 1 i
DNA #E47 0.8 %0 B s Bl 58 15 L ik 2R A7 73 1 R /N
FIJH Nanodrop % DNA #£47 5 & oY) e 2 K 11 H 1
FEL 490 bp HY cbbL B B #EAT I 7 . i 04 S 519
K2{(5"-ACCAYCAAGCCSAAGCTSGG-3")HIVar
(5"-GCCTTCSAGCTTGCCSACCRC-3MDi#f7PCR
PR PREBRANT : 98 “CHIAS P 5 min, #F A Y1
116 ¥4 3% 35 9K, 43 1k 98 “CAE 4 30 s, 60 “Cil %k 30 s,
72 “CHEAH A5 s, Fr ZAE A 72 “CHE 5 min, (R T 12 C.
PR 25 L 5 200 BRONR A BRI Dk A I L T IRCH 1
BOJR R oy e 2k ik ml il . PCR P18 1 Quant-iT
PicoGreen dsDNA Assay Kit 7£ Microplate reader |-
E T, RS B R I R O AT IR A . T
Ilumina TruSeq Nano DNA LT Library Prep Kit &
JE 45 K& 1Y SO 7E Tllumina NovaSeq 6000 AL &% )

NovaSeq 6000 SP Reagent Kit (500 cycles) i 47 2 X
250 bp [ XL T
L5 BEsITSSH

ABIEFEAE FH Excel X 80 2R 47 WAL 3, % £ 4is i
AT IE AR 50 A 5 22 S MR 30 )5, 1 FH SPSS 19.0 %k
i B PR 3R 07 22 00 M R A 5 R AR TR AN [ i e 1) 2 75 A
1525 22 57 (p<<0.05) s AH M 3 A7 FH T H 5 6] 2 8
(] P AH DR R AL, b K- Y R p<<0.05, i
Canocob B H TT A HF (RDAD B 43 # = HE o o
TR W e I 0 S 0, IR O 22 43 A 3 Bt (VP AD R 48
IR AN () BRI PR35 G0 A O A 9 204 72 S T R X BERIR o

2 IR0

21 AREEHREEREEI T TSR ZMN

LB K 52 4 it W Sk A o i X A S A5 A
JERETE T ISR (R 2) . Hi, VR, VRl VR #E
M A A T Ay ) L CKORE M 3% P& T 5.11%,
9.56 % F110.05% (p<<0.05) ; - R fit 2 AE VR, FI VR,
FE H A S 1 4 0 b CKORE b I 25 35 i 1 6.06 1% A1
11.054% (p<<0.05) ; A R Wi £ VR, Hl VR FE b i 5 4
A3 1 CKORE M B 2 34 T 51.25% 1 65.08% (p<<
0.05) ; S KCHH 76 VR, BF Ml i) 7 & o CKOFE b 5 35 38 in
T 19915 s VR FI VR AE Hi v i 5 A AL 7% & 43 51l L
CKAEHL R 1IN 1 2.5145%F01 5.94 4% M 7E VR, LAY
Fra Bl e VR AL VR, B b 58 35 8 i 1 136.21 % Al
97.62% (p<<0.05) ; VR, I VR EEHb b i) T i A LA
B B CKORE ML B 35 380 1 1.54 %5 F0 4.16 4%, 1M
TE VR B A & 54050 He VR AT VR, 8 & 34 i 1 1.03
fEH 27245 (p<<0.05) o Zf b Jr ik , N [F] () 4 4% Pk 2
T it ¥ S 25 R v TR bl XA - R A, AN
O RN AR T AR R TR SRR AT

R2 TREHKREHMMLEER

Table 2 Soil properties of different vegetation restoration plots
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Table 3 Abundance and diversity of carbon sequestration
functional bacteria in different vegetation restoration plots
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Fig. 2 Composition of soil carbon sequestration functional bacterial communities in different vegetation restoration

plots at phylum and class levels
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e AT A ALK 2 23 TEAR G (p<<0.05),
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Fig. 3 Composition of soil carbon sequestration functional bacterial communities in different vegetation restoration

plots at order and genus levels
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Fig. 5 Redundancy analysis of soil physicochemical properties and carbon sequestration functional bacteria

ABIFFE A B, 3 el R B IR S 4 it A 42 ok i XY
& % T 68 B Bf 7% i LA Rhodovastum & 32 %% 48 4 D)
Nocardia 4 ¥ . Rhodovastum J& g % 76 & 15 i i
b R A LY AR R i 5, [R) B0 BB 7E B = O B Y
Wb S ALY s ALY i 7R AR
Nocardia 75 F #8 P55 th AT 43 it A DL 09 f €, BRIk
TEESRG WY G b B SCHEAEI] o Wl
UL AE PR S, R B R R R A W 0BG Ry
Nocardia #& it 15 2 () 57 40k U, 3 T+ 17 HAEHE L rp
B e, IR, Nocardia 1% 3 B @9 42 7F B A 458
TN Ty 3 A R X

FE B R 52T SO AR o3 A8 A% [# ik D) R 181 %) A 7% )
RO AL T E A, KRR e AT R R TS [ AR B Y
7% W) ELAT AN [R) ) BRAR AR PR, O BLAE FL o0 i ok 72 vh B
Y 53 W) AT REAR E T A W A BT S B i
[P B D) RE B R TR B AR AR . Wu BB 9T R B, o 9E
Ff) R JURT AR ARG 3 R B S U A 45 1 MR e
Wi E MRV, o A I 9E 3R WY - 8 pH itk & LU R HLAR
S R G R e [ Rk DD RE B VR A5 A S AR
S BRI Bl D3 B TR A Vs 4 A 2 52 B S A PLIk Y B
oM HA AR o PR RO A A A B SR AR TR W)
Ji, [ 4 A A K AR R T R

S TR B RE TR TE 42 0l 25 M A B R &2 b R ¥R
22 T 1 TH 52 A, AN AN B 4 3 o AR ) I e £ A AR b
P 28 fift 30 () 2238 3 2l 38+ S A IR AR A IR 2 L T
BT — A AHE AR SR B PETE R . X — i RO T
A=W SRR g R S kT R A B AR B .

4 & w

(1D 3 AR B I S2 45 12 B X8 203 1 4 o 3 X 1Y
AR JFRTE T R SR o Hoh BT IR ACKE
Hiy P S AT LA 3 i LA Y BHURE b S RGN T 5.944%

(2) 3R Bl P S 41 it 2 42 v A o e DX ]
TIRE T £ A Z A1 . Horh, B0 7 TR S A b A A
Y1 68 W 1Y = B Fl Shannon 45 %43 51 LK 16 FEFE L &
FEEIN T 225.61 5 54.18%6 5

(3D /N A e 1 A5 e e A R b 1) 3 S Tk 2
AE T 44 72 Pseudomonadota,, T 2 i 7 R 22+ Hb 7Y 0
7& Actinomycetota;

C4) AN [F) AL W 0k 52425 it % 1 38 8 A7 HIL B 4 42 T

RO 22 5, 2 5 SOk B B8 11 R U 2H s 1)

SINER BT A 48.30 %

2 % 3K ( References) :

(1] iR, 79) M AR BE , 5 B J V048 5 5F W /R 1 B
A7 it 2t 2 T A2 Al A R [ e v g AR 5 [T by o i i
2024,43(9):1470-1484.

Zhan Z D, Xi G Y, Ren B Z, et al. The spatial changes

of carbon storage and carbon fixation potential in five

counties of Qiqihar, Heilongjiang Province[J]. Geologcal

Bulletin of China, 2024,43(9): 1470-1484.

(2] J g, AR, A0 KR, 45 | 202 DXOPF b b 0 HL Ok A%
58 5 T e s 3 A3 A [T ). il R 2 4R - A AR BRI,
2024,63(3):12-20.

Zhou M, Liang Z P, Zou T X, et al. Estimation of organic

carbon storage and carbon sequestration potential of culti-



Al U ¥ 24« N T R AR S G X 0 £ o s X 1 9 (31 e Ty R R 40 52 1) 99

(3]

[6]

[7]

[9]

[10]

[11]

vated soil in red beds area[J]. Acta Scientiarum Natura-
lium Universitatis Sunyatseni, 2024,63(3):12-20.
Bohnke S, Perner M. Unraveling Rubisco form I and
form II regulation in an uncultured organism from a deep-
sea hydrothermal vent via metagenomic and mutagenesis
studies[ J]. Frontiers in Microbiology, 2017,8:1303.
RS FEW A, MR [, A5 B T SOk T g I T AR
WS OS5 3 B [T ] 3T b 3t 5T K 4% % 4, 2024, 47
(2):102-109.
Qu Q S, Jian S H, Chen A G, et al. Analysis of hot
spots and trends in ocean carbon sink research based on
bibliometrics [J]. Journal of Hebei GEO University,
2024,47(2):102-109.
S BE 0 AR A L A T e SR R I I R 2 LR Y
Z: 5 R IR SCAR I 04 [ ik DR 22 R P e s e PR 3R .
HbERFF 2 ,2018,43(S1) :19-30.
Tang Y, LiuY C, YangJ, et al. Gene diversity involved
in kalvin pathway of carbon fixation and its response to
environmental variables in surface sediments of the north-
ern Qinghai-Tibetan Plateau Lakes [J]. Earth Science,
2018,43(S1):19-30.
JSCE B E T WAL A LT IR S O PPN 1 3
M HB R PO SR ()] AR A 5 L, 2017,13(4) : 8- 11.
Zhou W C, Shi Y H, Pan L, et al. Conservation strate-
gies for Honghu Lake wetland ecosystem based on
carbon sequestration service valuation [J]. Wetland Sci-
ence & Management, 2017,13(4):8-11.
X, T, X, A5 TR R T RE R R R S
PR [T PR R, 2024, 42(2) : 358-369.
Liu D H, Dong T, Liu C, et al. Exploration and con-
struction of methodological system for ocean carbon sink
classification[J]. Advances in Marine Science, 2024, 42
(2):358-369.
S e R D S A K S SR B T R LT
65 [ E FRAE KR W E PRI (D ] Jb st . th R
B K27, 2019.
Xiao H B. Soil organic carbon mineralization and seques-
tration and its microbial influencing mechanisms under
the driving of water erosion and vegetation restoration on
the Loess Plateau[ D ]. Beijing: Chinese Academy of Sci-
ences, 2019.
Pl U, S0 BE RO A 1 T Hh CO, [ 19 L
A FEE R [T] YR, 2022,47(7) : 89-91.
Jiang T T, Yue F F, Nie . W. On several main ways of
CO, fixation in photosynthesis [J]. Biology Teaching,
2022,47(7):89-91.
Xu H H, Tabita F R. Ribulose-1, 5-bisphosphate car-
boxylase/oxygenase gene expression and diversity of
Lake Erie planktonic microorganisms [J]. Applied and
Environmental Microbiology, 1996,62(6):1913-1921.
FER =, WL, Uk, % MiBRZEKS S5 REX
TR IR 1) [ Btk Ak R 22 REAEOF 5T [T ] SRR A 27 2 41, 2016,
36(11):4037-4043.

[13]

[14]

[16]

[17]

[18]

[20]

[21]

JIF Y, Ming H X, Li H B, et al. Diversity of CO, fixa-
tion gene in the surface waters of northern South China
Sea in the Calvin cycle[J]. Acta Scientiae Circumstan-
tiae, 2016,36(11):4037-4043.

Qin J, Li M, Zhang H F, et al. Nitrogen deposition
reduces the diversity and abundance of ¢6bL gene-con-
taining CO,-fixing microorganisms in the soil of the
Stipa baicalensis steppe[J]. Frontiers in Microbiology,
2021,12:570908.

FALW), RLL R XSy e, A5 AT A X A - 2 [ e
Ly B VAR V& 45 k0 AR RS2 e L], A= 824, 2012, 32
(1):183-189.

Yuan HZ, Qin H L, Liu S L, et al. Abundance and
composition of CO, fixating bacteria in relation to long-
term fertilization of paddy soils [J]. Acta Ecologica
Sinica, 2012,32(1):183-189.

Yuan H Z, Ge T D, Wu X H, et al. Long-term field
fertilization alters the diversity of autotrophic bacteria
based on the ribulose-1, 5-biphosphate carboxylase/oxy-
genase (RubisCO) large-subunit genes in paddy soil[J].
Applied Microbiology and Biotechnology, 2012,95(4) :
1061-1071.

LiJJ, Zhou X M, Yan J X, et al. Effects of regenerat-
ing vegetation on soil enzyme activity and microbial
structure in reclaimed soils on a surface coal mine site
[J]. Applied Soil Ecology, 2015,87:56-62.

Wang Z G, Hoffmann T, Six J, et al. Human-induced
erosion has offset one-third of carbon emissions from
land cover change[J]. Nature Climate Change, 2017,7:
345-349.

Wang X P, Zhou M, Yue H, et al. Effects of different
artificial vegetation restoration modes on soil microbial
community structuree in the soil erosion area of South-
ern Chinal J]. Catena, 2024,237:107803.

Wang X P, Zhou M, Wang H, et al. Depth-dependent
responses of the soil bacterial community under vegetation
restoration in soil erosion areas of Southern ChinalJ]. Land
Degradation &. Development, 2024,35(3):1142-1154.
Zhang S L, Zhang X Y, Liu X B, et al. Spatial distribu-
tion of soil nutrient at depth in black soil of NorthEast
China: A case study of soil available potassium[J]. Nutri-
ent Cycling in Agroecosystems, 2013,95(3):319-331.
Zheng F L. Effect of vegetation changes on soil erosion
on the Loess Plateau [J]. Pedosphere, 2006, 16 (4) :
420-427.

Cai X W, Zhang D, Wang Y Q, et al. Shift in soil
microbial communities along ~160 years of natural veg-
etation restoration on the Loess Plateau of China [J].
Applied Soil Ecology, 2022,173:104394.

WulQ, MaW W, LiG, etal. Vegetation degradation
along water gradient leads to soil active organic carbon
loss in Gahai wetland [J]. Ecological Engineering,
2020,145:105666.





