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T E: CRENGE ARG AR AR AR AR, 1Lt AR A AN LU M R AR AR AR 1 1, B 46560 5 5 PCR ORI G E b e B A,
PR T FAHS FRAR 1 98 v AR WA S5 M A AR S A LR R R 38 S5 TR BIRRGIE: 90 Alpha ZREES LR LR
TR MG R ARV A AR T LU M AR LA b s R0 At T bR 4 398 [T B S A= W D3 1T R ISR L 7T 1] (Pseudomonadota, 44.28% ~
70.60%)FIZL T [ (Actinomycetota, 11.95% ~ 33.73%), ME3AEHJE 18 AE MR 0 & (Bradyrhizobium, 11.53% ~ 31.06%). i < KIHE
(Nocardia, 4.97% ~17.07%). 1% 5 9% B R (Mesorhizobium, 4.44% ~ 12.97%) . 43 SAT 1 & (Mycobacterium, 2.62% ~ 9.20%) . 4
B )& (Blastochloris, 4.34% ~ 10.12%). [E&INE & (Aromatoleum, 1.97% ~ 5.39%). 4 ERFIE B & (Mycolicibacterium, 1.71% ~
3.78%) . [FE A& (Azospirillum, 1.97% ~ 2.65%). Methylibium (1.22% ~ 3.77%), H.UFPEEFEHE £, PCoA 5 LEfSe /MHrHT,
PR 3 AR A E A MRS A2 5, HARE YA B BN . IR . o TE AN BRI BN, RDA 4341
W, R 2. Bk, SR UK Sh A IS ST AR B R s 22 R g m N
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Soil Carbon Sequestering Microbial Communities in Jianfengling Tropical Rainforests of

Hainan Island
CHEN Hongli, ZHAO Zhizhong, WU Dan", YU Yuying, HAN Zhixu, HUO Hongyi
(School of Geography and Environmental Sciences, Hainan Normal University, Haikou 571158, China)

Abstract: Soil samples were collected from the lowland rainforest secondary forests, montane rainforest secondary forests, and
montane rainforest primary forests in the Jianfengling of Hainan Island, absolute quantification PCR and high-throughput
sequencing technology were used to explore the diversity and composition of carbon sequestering microbial community structure
in soil and its influencing factors. The results showed that both a diversity and gene quantity of carbon-fixing microorganisms
were higher in lowland rainforest secondary forest than in montane rainforest primary forest. The dominant phyla of soil
carbon-fixing microorganisms in the Jianfengling rainforest were Actinomycetota (11.95%-33.73%) and Pseudomonadota
(44.28%—-70.60%), the dominant genera were Bradyrhizobium (11.53%—-31.06%), Nocardia (4.97%—17.07%), Mesorhizobium (4.44%—
12.97%), Mycobacterium (2.62%-9.20%), Blastochloris (4.34%—-10.12%), Aromatoleum (1.97%—-5.39%), Mycolicibacterium
(1.71%-3.78%), Azospirillum (1.97%-2.65%) and Methylibium (1.22%-3.77%), and facultative autotrophs were predominant.
PCoA and LEfSe analyses revealed the differences in soil carbon sequestration microbial communities among the three forest
types of tropical rainforest, with marker species belonging to Actinomycetes, y-Proteobacteria, o-Proteobacteria and
B-Proteobacteria, respectively. RDA analysis showed that total nitrogen, total phosphorus, organic carbon and readily oxidizable
carbon were important soil factors for the differences.

Key words: Tropical rainforest; Carbon sequestration microorganisms; High-throughput sequencing; chbL gene
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A=y [T e 2 Bl M AR S R G i EEEA AL CO,
e, Hoh g #MAEY R Co, AL
T ) HL B M 2 g, E - AT AL i )RR R e A O A
YERPY, AR A RSN fE S, T2
Mo E A RS R G, I RRAEARYIME DL AEFE 01 45
P L T 4T COy B B 22 , AR & 5k B4R 42
W R AEVKEREIA R, kTR A PEE
g%, AEREGHL A HE B SR RUE Y R AE AT R IR R R
0.5% ~4.1% 1) CO,, HiHik C0.6~4.9Gt!",

TEAEK CO, THH Y, Pl Mtk ih T E KAw)
GrEre), EBRIG MR EE IR S . SRR I
MAE HRORE T R —AE, $k I AR 0 i i 38
7.65x10" t LB 5 sk A AR A% T LT-A 2
RN, PO X ek XHEE R CO, W
AR A AEEREY G Hp T PR - SRR P X IR AR Ak
AR, R RS R, X
AR 3 (I 5 L o EE

QWU [ SR DR AP IX 2 TR B - A7 5 o 58 B A
JRUR BRI 22—, SR ALY, R 2Rk
WFFE PGS HIX AR U E Y Z T, CAHZ AR X n gt
TR VR A 9 A A UV R D AR SR T T 3R 2 O F
5%, AB G T - 58 R T A WD E T S5 A R AR R I v R
DLRAE o MR RE R VR PG B SR P 5 R oEE A 3R
A SR A FRECEY, BETHRIA R B FRCE
BRI 6 45, H, RIRSUIFAEERER ik BE
A SR EE CO, Y EZLRRE B ERAE-1,5- 1%
1% F2 Ak /i 4 i (Rubis CO) 2 1% 116 B Hh il G 4 1l
RubisCO I KW HEH IS IEE chbL FF EA &)
PRSPEN Y PR A N R RR AN B A e 0 T AR TR A=
B ARG IR FE R YRR R BB 50T T
Phb, ASHHGE LA UG PR RRPR T P Hb W AR U A= 4K

Ll AR AR ORI LU R AR B LG AR 3 bk AR 3180
RS, UL cbbL FEH AR, FIHLXE &
PCR 1 iy 8 0 o A X A - 49 [ e ol A 400 10
TR A5 5 ZREPEEA T 20T, TR M SR U0 AR T AR
+ SEFE G YRR AR L R BT I R T, DAY
kg v AT TR PR - 198 TR VS )RR P R A S A
HERS AR 55 B S A

1 MRS

1.1 HREEER

F 5T XA T R 44 PG R R AR U4 ] 8 4 I AR AR
11X (18°20'N ~ 18°57'N, 108°41'E ~ 109°12'E) , J& ik
2 BE R B0 XU, AEBIR Y 197 °C, AEHIRE
K2 651.6 mm, FKEHTE 5—10 A, TiRMZHE
A, RIS RIS T, MR s, 7
K 800 m LAN M B o A B AR ML R AR, DL AR | 1
RN A B DL K v B L JEE R ARR WL, FE TR 800 ~
1200 m M BL /A5 2 LM AR, DARESAAMR | 1 R 45
FAARLA SRR W, IR Dt v g | s 4,
1.2 #H@m*E

2023 4F 5 H TG IRHIFRARAEAR(DC) | 1L
AR (SC)LABILIHFRARIF AR (SY) 3 ARt
FrEsEre i R A . BN E 3 k(20 mx 20 m),
BHHNIE 6 NEE, BAEE LA LRIRY
5 om JERYHERA A SEYE, HER 7 om Y HAE
6 B HHEREA M, BHEREE RN 0~ 20 cm, 3 FppfAldt
REE 54 N(3x3x6)THE, Bt R LBRIEYR R A
SHRAMK, 12 mm A2 07, — KRB
BT HOAVKRRH PS8, 3T 70 'C BRI
For T, S— I EHREEN ARRTEHT
AR . AEHEARTE LA 1 R .

F1 FHEKRER

Table 1 Basic information of sampling sites

R MR IR (m) BOE(CC) hIEA

Lo

SYL Il ARE Gk 1 144 11 i

SY2 il ARE LG AR 1097 17 i
SY3 Il ARELG AR 1066 15 i
SC1 iRk AR 969 28 IR
SC2 LTI AR 900 16 B
SC3 It FIpkUc AR 828 5 g
DCL {RIbFEMR AR 787 28 fk T

DC2 Rk A bk 640 14 pbikh
DC3 fiLHumi MRk A pk 498 22

KRN (Dacrydium pectinatum) . 403¥% (Castanopsis tonkinensis) .

JU5 (Psychotria hainanensis)

REEIRA | ARIRE . JUY
REEIRA . A% . JUY

XY EHN(Dacrycarpus imbricatus). JUT . KM FAB(Gironniera subaequalis)

PR/ NP RTINS
B LT K HB

T (Vatica mangachapoi). 7% (Koilodepas hainanensis)

41F Je(Amesiodendron chinensis)
HHE. AR, TR

T WM (Heritiera parvifolia) . J& W (Lannea coromandelica)
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1.3 SHAE
1.3.1 5 Ak il 2 K FH R BE 1T 2

+4 pH, KLV m)l 2.5 118, L HES K
H(SWO)TE 105 °C HEAE b & % % 1H 5 5 I
SE, R R U A A (TN YLK
FERIEM 2 4 e A8k (TP) R FH B ks — 80 46 bt
FU g vk 2 U - A HLAR (SOC) R FH HE 4% iR 47—
Vi B R i AR s U+ 1 B | AR HLEK (ROC)
SR e A PR A0 AR AR T 0 s U005 4 R AR R T IO
S0 i 0,

132 S DNA 28t RH Powersoil DNA
Isolation Kit(MOBIO.USA)I{ 7| &2 H + 15 DNA,
PR R e B & U] B 1T . DNA $RHUSE R
J& , B2 uL DNA 3R 0 R (e 55 A0 T I 2 o e
11 (Nanodrop ND1000, USA)K Ik BEF&4f g, I
1% BHEWHEER o Uk Al DNA SE 881

1.3.3  HEEEBRIIGESRE chbL Y HE 5T
W oh fie 3£ cbbL P HE By LW 51 W N Kof
(ACCAYCAAGCCSAAGCTSGG), FiEgl¥k vor
(GCCTTCSAGCTTGCCSACCRC), HEKE R 492 ~
495 bp, PCR [ WiKZ (25 pL): 5xReaction Buffer
MR 5 uL, 5xHigh GC Buffer ZZi 5 L, 2.5 mmol/L
dNTPs 2 L, iE. 5144 1 L, Q5 DNA R4
0.25 uL, #i4 DNA 2 uL, ddH,0 8.75 uL. PCR JZ )i
Ak 9O8CHIAEYE 30 s, it DNA FosrAste, 4%
JEHEAY HEIEIR(O8 CLARF 15 s fBHR A, 5 FE IR
%50 C 730 silek, 78 72 C fRHF 30 s flig]
YITEASH IR A8 DNA, 52 1 AMEFR), EEE
27 AEY 341 DNA Bkt B, |5 7E 72 C
A% 5 min =P Efses, 4 CIRAF. PCR ¥4
AL A ABI 2720,

PCR 7= 4lifk 5 % & Ll IR 2% 45 A 7 R
Ilumina 5 X HE% DNA F Bk A7 30w . i
Vsearch J7 % i an S E e dE 1 T PFEE | i L Ak,
AT R EIFH, 7 97% P AL KPR X = o
FEHNHATIRAS, Hn tARR TS AR 3 2 A0T(0TU)
F, it X NT %% % (Nucleotide Sequence
Database), % OTU {RR/FHNSHITYM IR, 15
£ et SNEE A
1.3.4 - 398 [ A 200 B B0 0 K 4 0 o
PCR(AQ-PCR) J7 ¥ A5 1l [ ik 1 4= ¥ cbbL 3&H 3=
B, RARFE K2V2r 51¥). RBARZR: 2xSYBR
real-time PCR premixture 10 pL, 10 pmol/L ' Ji#FIT
W14 0.4 Lo SO 5F: 95 °C T8 5 min,

JE AP HIEAOS C B 15 s, JEREEZE 60 C
PREFR K 30s, SE 1 AMAER), EE 40 MEH, 5L
M3 EER PCR {: LightCycler4801.384, Roche.
1.4 HIESESSH

fd1 i Excel 2010 F1 SPSS 19.0 %k {4 % 5 #4740
M55 a0, FAHREZE G 2Z5P (one-way
ANOVA) 5 f5e /N i 35 M 22 5 (LSD) 7k X 45 R b 0] A7 5
AT 2 H#K (0=0.05); fdifH Origin 2021 il [ B
BEDAE B ] QIIME2(2019.4) 2 Fy HEA T 1tk
AT TR REIE AL 0T SR R 4.3.0 F2
JPHY “ape” LT EALFRHT(PCoA), “Vegan” £
HATICRST(RDA), FFH#H “rdaccahp” MIEFIT
RONTIIREIE R® S5 UE 172K o B 52 B R AR
XIS S 25 S sTEkeR P [FIRHAE B “ggplot2”
TN 2

2 HEREHN

2.1 BWMBLTEBAMER
I U A AT TR AN [ AR TR - 9 38 b 1 o A7 7 22

, W FIAR R BA AR 4 pH & TN, SOC. ROC &
SR EE T HAARE, H TP, Clay &#KT HAb
MRAL IR AR AR Clay | Silt 7 5 T AR
U, {0 TN AT HARARA (L F AR Ak SWC
T AR, HATE bR B I T HAB PR
Z I3 2).
22 BWRETIEEBRMEYSHY

Xof 45 WY A 9 [ d Bl A 9 A 7 v A I
B, 1L M W AR S AR AR 3 B b 2 3 45 E 61 007,
54305, 71 572 A RUFH), 1L HEET AR AR AR 3 B
FEHE S 1755 62 289, 654 112, 617 689 547 ZUF
1), ARHBRRARUAEAR 3 Bt 471551 55 801,56 152,
71950 AT 5. ATLAE H, BEE T O EE B
R, BEVE Y Chaol F & FEAL 1145 % A ) Shannon £
FEETE 05 7 B8 7, FRBHI P45 5 2 0% I By
IREA BT AL & O 2 RE b, CLEARE 3 L T g
Prh (& 1),

- M [ e AR R IR 2 R R R R B
7% ZFEPER Shannon $8 41, Simpson $8 % LA K KA
HE75F M Chaol F5%KL. Observed species #5410k
FR (K 3)03 MY L HEE WA W REVE o 24
PEHE HIOE R S AR M R AR A AR L b R AR AE AR
> LR AR R AR AR Ea #e . BR Simpson F5 44N, 11
TR PR R A bR 5 Al 19 4 P RS ) 22 B 1 R S O
EER,

=)
I
=X
H

=
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F2 BEWMETEEXBEHSY

Table 2 Soil basic physicochemical parameters under different forest types

Kb TN (g/kg) TP (g/kg) SOC (g/kg) ROC (g/kg) pH
SY1 1.85+£0.06 a 0.04+£0.00 g 25.38+0.92b 10.74 £ 0.36 b 438+0.22b
SY2 1.69 £0.06 b 0.06 £0.00 f 18.08 +£0.43 ¢ 6.90£0.30¢ 490+0.18a
SY3 1.87+0.06 a 0.06 +0.01 f 26.73+1.51a 1470 £0.57 a 3.78+0.12¢
SC1 1.00£0.03 f 0.12+0.00 b 11.99+0.16 f 5.08+0.09 f 4.12+0.08d
SC2 1.50+£0.03d 0.09+0.01d 19.55+0.14d 7.61+£047d 4.17+0.06 cd
SC3 1.23+£0.03 ¢ 0.11£0.00 ¢ 17.55+0.18 ¢ 544+£0.18f 4.1+0.08d
DC1 1.61 £0.09 ¢ 0.10+0.00 cd 22.09+0.52 ¢ 9.61 £0.69 ¢ 377+0.30¢
DC2 0.79+0.03 g 0.07+0.01e 10.47+£0.85¢g 2.88+0.38h 4.23 £0.09 bc
DC3 0.99+0.03 f 0.19+£0.02a 1244 £0.49 f 3.53+£034¢ 4.35+0.09 bc
FE b SWC (%) Clay (%, VIV) Silt (%, V/IV) Find sand (%, V/V)  Coarse sand (%, V/V)
SY1 13.50 £ 1.00 ef 1.79+0.04 g 19.27+0.15¢g 17.08+0.2d 61.65+0.26b
SY2 18.88+0.85¢ 1.68+0.11¢g 19.18+248 g 13.34+1.33 ¢ 66.89 +3.60 a
SY3 16.85+1.39d 547+0.23 ¢ 56.98 £3.00 b 269+1.32a 1136+2.75¢
SCl 13.32+1.27f 4.15+0.09d 2472 +£0.51 e 22.79+0.33b 48.48+1.10d
SC2 20.17+0.89b 5.64£0.36 bc 39.50+1.25¢ 11.45+0.18 f 43.39 £ 1.69 cd
SC3 16.94 +1.09d 374+0.1¢ 40.56 +1.52¢ 13.53+1.13 ¢ 42.7+2.84d
DC1 2472+1.29a 6.26+£0.11a 7391+ 1.6a 20.33+1.33 ¢ 0.18+0.21 ¢
DC2 1462+ 1.15¢ 3.4+0.09f 2242+091f 22.53+09b 52.12 +£2.08 be
DC3 9.02+043 ¢ 5.77+0.13b 31.57+1.24d 20.5+0.81 ¢ 42,44 £2.14 be

e [FSRRING FRE R R R R 2 0] 22 5% 1 3 (P<0.05); TN: @%(; TP: £8f; SOC: THEAMLEK; ROC: HIESAILAN
s SWC.: T3S /KE; Clay: %5ki; Silt: #pPki; Findsand: 40#F; Coarse sand: ##; T

12 000 r
- SY] 10 = 9 SYI
= 10 000 = O SY2 = 0 SY2
gz = 0 SY3 ™ o] == @ SY3
£ 8000F 0 SCI == 0 SCI
o = 0 SC2 = @ SC2
= == @ SC3 # 6} == @ SC3
2 6000F == @ DCI "\;g == @ DCI
e == @ DC2 T == @ DC2
B 4000F == ® DC3 g 4+ == ® DC3
E 5
£ 2000F B 2
&
or o
5000 10000 1500020 00025 00030 000 0 5000 100001500020 00025 00030 000
DR DR
B 1 U AT AL R E R MR
Fig. 1 Rarefaction curves of soil CO,-fixing microorganisms in Jianfengling tropical rainforests
#3 BMELBEERHEDS HEEL
Table 3  Diversity indexes of soil CO,-fixing microorganisms in different forest types
FEHb Chaol F8%( Observed species 5 %X Simpson F5 %% Shannon 8 %%
SY1 7984.87 +387.52 ab 4 545.88 +£228.72 ab 0.98 £ 0.00 b 8.72+0.11b
SY2 5836.12+764.70 b 3849.12+£519.48 b 0.99 £ 0.00 ab 8.97+0.29 ab
SY3 7 732.00 £317.25 ab 4 605.38 = 182.78 ab 0.98+£0.00b 8.79 £0.06 b
SC1 7 469.56 £ 1148.11 ab 4 473.38 £ 654.14 ab 0.99 +0.00 ab 9.30£0.29 ab
SC2 7 884.16 £274.61 ab 5065.17 £ 175.34 ab 0.99 £0.00 a 9.81+0.07 ab
SC3 7 575.55 £ 1008.81 ab 4594.02 + 592.92 ab 0.99 +0.00 ab 9.33+0.33 ab
DC1 10 980.09 + 524.81 a 6 146.40 + 340.06 a 0.99 +0.00 a 9.98+0.15a
DC2 9316.99+1189.71 a 5781.80+711.47 ab 0.99 £ 0.00 a 10.11+0.33 a
DC3 10 349.47 +£356.72 a 6178.80 £261.46 a 0.99 £ 0.00 ab 9.85+0.14 ab
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23 EMNBLTEERMEVEREE

X E s PCR ArHrgi R R UI(E 2), LLHbFRAR
JE i A A B8 T 13 A 0 0 B TR BE A 1.06%10° ~
2.91x10° copies/g T4, LB FRARI A ARIE H =F B 7E
2.91x10° ~ 4.76x10° copies/g T+, {HHhFIARI 4=k
FEREFETE 2.21x10° ~ 3.70x10° copies/g T+, H:A
P SR S 3L TR AR R A PR (R b T ARV 2B bR L
MR AR LA AR, Hirp SC2, SC3 FEHl LR 3 14 I 3 =
T SY3 HEH(P<0.05), Ao 25
24 BHETIBEEBRMEWETEAR

ARHFFE T, 3 AP -3 T A5 7 51 e e 30 [ e
eEYIEE 9 AN, 15449, 27 4H, 557, 95
AETTKFE F(F 3A) R0 ] (Pseudomonadota)
FZE H ] (Actinomycetota) A4S PRAY A F BT, I
KT IFE L TR AR AR ARAY 3 B 2 & E Ry
70.6% . 11.95%, 7 L AR A bR S35 5 o
50.76% . 19.28%, TEARMLMIARUK AL MR35 5 b
44.28%. 33.73%. TEJ@/AKF- (& 3B), XJHi 30 &
AT, 18 A AR R 8 (Bradyrhizobium, 11.53% ~
31.06%) . it K K8 Wocardia, 4.97% ~ 17.07%).
rhig 2 AR B (Mesorhizobium, 4.44% ~ 12.97%) .
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2r b
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T
(R B 05 AN [l /NG 5 B 37 254 Ml i) 22 53 1L 35 (P<0.05))

B2 JWREILIE chbL ERFE
Fig.2 Abundances of chbL genes in soils of different forest types

chbLIERFJE (10° copies/g T 1)

SRR J& (Mycobacterium,  2.62% ~ 9.20%) . %4k
i J& (Blastochloris, 4.34% ~ 10.12%). [#%INEE
(Aromatoleum, 1.97% ~ 5.39%). ki PRFFIE g
(Mycolicibacterium, 1.71% ~ 3.78%). &R IR &
(Azospirillum, 1.97% ~ 2.65%) . Methylibium (1.22% ~
3.77%)9 N JEFE A ARBAE - P A E B R T 1%,

M Pseudomonadota

M Actinomycetota

M Candidatus Eremiobacterota
W Chloroflexota

M Planctomycetota

W Bacillota

B Cyanobacteriota

W Verrucomicrobiota
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DC2 DC3
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Fig. 3 Community structure compositions of CO,-fixing microorganisms at phylum(A) and genus(B) levels in soil of different forest types
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KAREEEE . Horp, 7 L AR R AR AR 3R A B
BB M08 A AR T B (31.06%) FI ZE 4% T 8 (10.12%) 5
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J& (17.15%) FH e 18 A= AR TR & (12.97%) 5 A6 I Hh R Ak
AR FZ LA TR E i R IR 8 (17.07%) Al
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25 BEMBLEERMEVEEENESR
ARG AT H) 113 496 4~ OTU HiH  #E4 DC1
DC2.DC3 #4719 OTU 7354 10 478,10 866,16 294
A, FEHL SC1., SC2., SC3 JA ) OTU 4351l k 6 783,
9038, 7912, £EHL SY1. SY2. SY3 A OTU
35K 7588, 7786, 8046 4>, HAVA 2324 OTU
AT A MBI (B 4). Aoty =G0, BT
ANFEMAEI S OTU EEHAIT PCoA 43H1(E 5),
RIS T A AR R AR SR v 1 b R A B A bR
) [ e T A D e 5 5 5 5 A0 S PR ) P s
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Fig. 4 OTU flower of soil CO,-fixing microorganisms in different
forest types
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Fig.5 PCoA analysis based on OTU abundance

Ry 3 — 2P AN ] AR ] | 22 S ) R A i
fift, FETFHMAIR DT LEfSe 7341 (LDA>4), 45
RAR, TEAFEMAL RG] 38 22 Fhnk ) (B
6A). FEJEIKT I, ARHE AR AR AR b (bR 2 4 Ay
LN T i R EJE  (Nocardia) . 43 B B &
(Mycobacterium) . 43 ¥ & IR T ¥ & J& (Mycoliciba-
cterium) . 85 R & (Pseudonocardia) . Phaeovulum
- AN T WG ERLTIR R E  (Halorhodospira),
Ly b /R ARV A AR BR AR TR y-RIE A0 T B )
WJE (Thiodictyon). o-“SIE AT 1) AL ML T4 &
(Sinorhizobium) M IS A ARIEEJE  (Mesorhizobium),
L M W9 AR dn AR H h o- A8 B B A9 R ) 2E SR R R
(Blastochloris). 124 HIEH (Bradyrhizobium) . R
J8i T8 J& (Pseudorhizobium) Ml B-ZZTE H AN T I L0 K fiy
HE (Rubrivivax). [EFEINEEAromatoleum)(K] 6B).
2.6 INGE[E TR E R W BRI
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Fig. 6 LDA scores (A) and evolutionary branches of different species (B) in different forest types
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