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Abstract: [Objective] To explore the landward distribution and association of the soil stable organic
carbon (SOC) fractions and dominant bacterial phyla. [Methods] Along the gradient from the long-term
flow with no plant (Np) or Juncellus serotinus (Js), seasonal flow with Juncus effusus (Je) and
Potentilla anserina (Pa) to long-term no-flow with Leymus chinensis (Lc) and Stipa grandis (Sg), we
collected soil samples in wetland and dryland from Xilin River Basin. We detected the content of SOC
fractions [fulvic acid (FA), humic acid (HA), and humin (HM)] in different vegetation zones with the
method recommended by International Humic Substances Society (IHSS). Meanwhile, we checked the
relative abundance of dominant bacterial phyla by high-throughput sequencing of 16S rRNA gene.
Furthermore, we analyzed the association between SOC fractions and dominant bacterial phyla based on
Pearson’s correlation analysis, redundancy analysis (RDA), variation partitioning analysis (VPA), and
structural equation modeling (SEM). [Results] The SOC fractions (FA, HA, HM), Acidobacteria,
Actinobacteria, and Gemmatimonadetes demonstrated the landward distribution with an increasing trend,
and peaked in the dryland zone from the long-term no-flow area, whereas Bacteroidetes showed the
landward distribution with a decreasing trend. As the dominant bacterial phyla in dryland zone from the
long-term no-flow area, Gemmatimonadetes, Acidobacteria, and Actinobacteria showed significantly
(P<0.05 or P<0.01) positive correlation with HA and HM. As the dominant bacterial phyla in wetland
zone from long-term flow and seasonal flow areas, Bacteroidetes had a significantly (P<0.01) negative
correlation with FA, HA, and HM. SEM revealed the direct and indirect links between SOC fractions and
dominant bacterial phyla. [Conclusion] SOC fractions and dominant bacterial phyla exhibit obvious
landward distribution in Xilin River Basin. The increase of soil SOC fractions is associated with the

increase of Gemmatimonadetes, Acidobacteria, and Actinobacteria, and the decrease of Bacteroidetes.
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Information of soil samples from different vegetation zones in Xilin River Basin

Soil code Vegetation type

Hydrographic features Habitat features Soil texture Latitude (N)

Longitude (E) Altitude/(m)

Np No plant Long-term flow Wetland
Is Juncellus serotinus

Je Juncus effusus Seasonal flow Wetland
Pa Potentilla anserina

Lc Leymus chinensis  Long-term no-flow Dryland
Sg Stipa grandis

Sand 43°36'36"  116°4108" 1164
43°45'32"  116°41'19" 1167
Silt loam  43°37'33”  116°41'08" 1163
43037370 116°41'19" 1166
Sand 43°36'36"  116°4106" 1169
43°37'31"  116°4107" 1174
Silt loam ~ 43°36'35"  116°3925" 1178
43°37'40"  116°41'12" 1185
Loam  43°334" 116°4022" 1186
43°37°41"  116°4122" 1188
Silt loam  43°32'33"  116°33'30" 1195
43°35'56"  116°44'20" 1201

http://journals.im.ac.cn/actamicrocn



2392

Wang Runbo et al. | Acta Microbiologica Sinica, 2022, 62(6)

RAE 3 Hy 0-10 cm RIZ IS, 6 MEBA
I 18 0y T BESL A TCR M S UK R A2
[ISEG 2, FEH I CRAE S A PRI R 225 SR [14]
W, FoFE S IR T 5 F SOC 441y
R, B4R -80 °C ¥ v s H T H i 4
TR T
1.2 BEMHE KA SRS

ARICEPEE Y s R FA . SR
HA. 83 HM 3 Ff{3R SOC 44, HiZH
W 2 2% [ bR J§ 5 Y 5 PP 2 (International
Humic Substances Society, THSS)EF7) i,
HAREREL R INT .
1.2.1 1IE SOC BFiskhiE

FREX 5.00 g 3 0.25 mm i ) +4EF 100 mL
SRLEOE Y, A 30 mL ZEKOK LR
6:1), 1E 70 °C fHiE/KinIRZ#r F4Z 1 h, M
L 3500 r/min B0 15 min 5575 R, ¥
TivE
1.2.2 =# SOC 5 HIREL

] ERLTEH A 30 mL 0.1 mol/L NaOH
55 0.1 mol/L Na,P,0, IR G, 7£ 70 °C fHIRKH
Pe¥es EEw 1 h, L3 500 r/min &0 15 min,
W5 b R o R R R B S0 mL A
., F§ 10 mL 0.1 mol/L NaOH 4 0.1 mol/L
Na,P,0; 1RA I VIR 2 WK, K iF Vel & 9+ 2
50 mL ZFatii, HZRBIKESR . ISRy
FA Tl HA L2 RSB AE R, ARIE RS HM. TR EC
FiRJEFE R 30 mL, ] 0.5 mol/L H,SO, A 4
I pH & 1.0-1.5, 65°C R 1.5h, FiRHE
AR HA S22 000E, F e g4t g5k
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<l actamicro@im.ac.cn, & 010-64807516

Analytik Jena AG)W| & FA . HA WM&
fiie 8 5 o FH EE 4 R A A AL - HM 19 &
i 12t
1.3 HIEAE LN REMERESH

iz B FastDNA Spin Kit for Soil (MP
Biomedicals) i B 5 $& B 1 HEAE & rh 2R 9 5
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variance, ANOVA) L} SOC 414535 5 —4HE 1]
1) Pearson AHCHESMT. il CANOCO 5.0
(Biometris-Plant Research International, Wageningen)
XIS AAE B SOC A o SIS M 12K ik 72
A A ICA 20T (redundancy analysis, RDA),
#Hif CANOCO 5.0 B97F 5 AL 43 # (variation
partitioning analysis, VPA){T3 52 0 AS [F] A 8
SOC ZH 45 i 1) 43413 (1) FAA 20 BRT 11288 ) A R 32
BT RIBET gecor FEFALM corrplot 27 ful'”)
He B Pearson AHOCPERE RS, TR 25 F) A dplyr 727
AT Mantel K538 ; FI ] lavaan 8 77 fu!"* iy
2k ¥ 77 #£ B AU (structural equation modeling ,
SEM).
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TE S AR R ol - ) FA T 22 R R
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TR EIEK X Np 5 Is FTCK 3 X RE
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Figure 1 The landward distribution characteristics of the soil stable organic carbon (SOC) fractions from
different vegetation zones in Xilin River Basin. The same and different lowercase letters respectively
indicated insignificant (P>0.05) and significant (P<0.05) differences of samples which were determined by
one-way analysis of variance (ANOVA) followed by Games-Howell’s test.
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Figure 2 The landward distribution characteristics of the soil dominant bacterial phyla from different
vegetation zones in Xilin River Basin. The same and different lowercase letters respectively indicated
insignificant (P>0.05) and significant (P<0.05) differences of samples which were determined by one-way
analysis of variance (ANOVA) followed by Dunnett’s test.
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HIERREM BN KA S SHBEME TR Pearson HHX

Table 2 Pearson correlation between soil stable organic carbon (SOC) fractions and dominant bacterial

phyla

Stable organic carbon (SOC)

Biotic factors

Fulvic acid (FA) Humic acid (HA) Humin (HM)

Proteobacteria 0.396 0.170 —0.259
Bacteroidetes —0.663** —0.945%* —0.702%*
Firmicutes 0.188 —0.427 —0.484*
Chloroflexi 0.379 -0.157 —-0.340
Acidobacteria 0.100 0.761%* 0.762%*
Actinobacteria —0.041 0.578* 0.757%%*
Gemmatimonadetes 0.591%* 0.825%* 0.806%*
Verrucomicrobia —0.294 0.338 0.611%*

*: correlation was significant at the 0.05 level (2-tailed); **: correlation was significant at the 0.01 level (2-tailed).

SOC 443 S LA 125 1) RDA 45 2 (K
3A)EIR, S —HEP R AR R 92.17 %,
VPA 255 (K 3B)on, ZE B 1] CBIUAF BT
BRAFRE 1] . BRI TTXF 3 28 SOC ifi ] A8 5+ 119
Y X HIh 71.8% . 54.0% . 50.3%.
45.9%. SOC 273 H5LH# AR [ 125 1) Mantel £

G2k B (K 4)5 Pearson AH M43 M I —2L,
fil4n 3 25 SOC 44 & ft ST R 1Ay A XS F
FEAFAER B 3 (P<O.OD M E . 28 b,
MIGET] . AR BRATR ). R 2
M 3 28 SOC 2H 41 ili i) 43 A ) B AT 1] 26
(& 3B),

(A)] " (B)
’ Je2 gl
Ai Seasonal flow
Je3 Protegbacteria
£ PalVv 10.0% P>0.05
4.5% P>0.05
Chloroflexi
A B Gemmatimonadetas
:\o‘ L Gemmatimonacetes B Bacteroidetes
= Fiemicyes Acidobacteria
320 W Actinobacteria
9 B Verrucomicrobia
a ! : Firmicutes
= ctmobacrer.'aLg2 M Chioroflexi
: : Proteobacteria
Np3 Verrucomicrobia
Np Bacteroidetes
<] |
Npl Js3 ‘
JSZJ
sl
-1.0
-1.0 1.0

RDATI (92.17%)

3 TEREMENRES SMNEMAREIEHN TR MAQLERNESH(B)
Figure 3 Redundancy analysis (RDA) (A) and variation partitioning analysis (VPA) (B) between the soil
stable organic carbon (SOC) fractions and dominant bacterial phyla.
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Figure 4 Mantel test between the soil stable organic carbon (SOC) fractions and dominant bacterial phyla as
well as Pearson correlation analysis between dominant bacterial phyla.
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Figure 5 Structural equation modeling (SEM) between the soil stable organic carbon (SOC) fractions and

dominant bacterial phyla.

YERTXE 3 28 SOC 2H 4 i [11) 313 5 Joa P 442 ]
EA
3 9tk
31 HTREBAREH T LIEEEESR
M43 2H 53 B Bk 2] 9 4 4iE

FE IR LE W (Tocantins) g #B A [r] 42 9 2 Y +
% SOC A or i AifrAEas A 55 Bk, FA. HA
FIHM A 43 A3 FEAE A FRAR X S X >4 X
B H A B2 b Fp AT K 2 )5 1 458 FA Fil HA 2153 B &
KT X B8 b 4 30T Sk BB 5T 4 IR R AR S
FA. HA I HM i 5 A8 85 i 28 Ak 7™ A= 8 3 i ki
) A A EARALE TR 2RI . 24 Rk, T
14 SOC 414 FA HA F1 HM F ki 1] 43 A B A
WG . AR B ROk LT KPR
ZAT MK . KT TC KR B T RS, FA
HA 1 HM 523K . B . 5k
TG BT v 0 43 A R 3 #0025 MR T 3 Sk Py
FA. HA 1 HM B ] 5345 F1 A K SCRHAE A

<l actamicro@im.ac.cn, 010-64807516

S 11K 6 O S =V T TN R L e 8708
AFITF SOC 53 Bt Af . I K it i) 57 b
T HEFREE A F T SOC 443 BIRBAE

B AR A, 14 SOC 443, HM Bl 5
T HA 5 FA B9 5 &, X AISCHR[21]4E 7 HM
J& 3 SOC FREH R 45 R 2 —2y, 1
B HM 28 ARin] it 350 3 S 52 b+ 358 SOC 1 &
WL Sy PRI A TR AR L Hb A K S X S AR
E HM 53 052 ma A, EXT R e HA Ak
FasE FA 45y msgmig KB, IER HM A B4
N SOC W&t i 24 | Feka g 4L/ AN 2 Bl oy
fie?, i HA 2k FA A B 25/ AR . fa
E MR 25 5 15 53 1 20
32 HAREBAREH T DIERNEWEE
I TZE R B 18 0 T 4 AE

WK IIK L . Z ko . KT
KT B B ) A B, B PR i b A% R - 3
DL TR T 128 5 A B S A i o] o3 A R AIE . A8 TE
W HR A 2R EE . i)



TS | UeE YR, 2022, 62(6)

2399

T 128 2 —P2 ) X S5 ARHF ST AT 1
[T AR 2 B2 B s T A A B 128 Bz 4y
AT B MR A 35 4% A M Y i g R —
# . Filippidou ZPF Trivedi % W5 IESL R
BE T 1134 W08 W10 2 46 BB T 52 1 W A2 %5 36
B, XAARMRARLE] . JERER IRt S
I )2 85 PR 37 4 2 M A TR X e A B R 1 2
P45 RAER AL T B R Rl AR AR e . AT
5 TR S R PR BT T X 4 R O P R
FEA 1 15 B ROV (legacy  effect)POVF 56 o LA R
I 1 BT 3 S 0 e A IX 5 R O - s ep
ALHEAMTE 12, X SRR s T Ep R
PSRBT R A S R FT 45 S A AR UPER Y,
LTI, PRAFETT . ZEMRT] . Pl
25 PAIAT I K 0T T K R X2 B A S
P ROLARMET TS X SR &
AT TR A BT B T Vb 1 R A AR ST 45 SR AR P
WA BT ZFRMETT . e
AT 32 B0 A1 T A1 3% 11 B i 52 b, - SR A F 5 45
AR, PERaE, ZFRME T IE K & B
(NISEZS A i SR 1" I k= I 2 3
PR BRI T ER 7K B Bt 7 o] 22 B 288 T v 1
ATFFIEFR AL TR 22 3
33 HNAREBARER T LIREEHSE
MixtA o SHEME ) FEB9HE KM

A MLAR 2 4355 20 B REVR 1A AR EE R
B EEREY BRI E L. Kulikova ZEAF5T
WESCASTE T |2 S 5 ) S5 55 SOC 21 4311 3= 2Lk
T, MASTERR ], BT, P TAE
BERR I HA (9 2R pa bl K bl 52
TCARASIE R T] . BIAFRTT . BT, Pefdos
15 T 0 5 1) A it 3 WA DR S AR 5T
FA. HA . HM F& A WA 4L 2035 53R IE 1)
I R (P<0.0 A ML) & HA. HM 5L
R4 B2 2 (P<0.05) . # B35 (P<0.01)4H

RVER 2 AR 7R 2 S8, I AR It
PUFFBR 1] B 1 1715 13 SOC iy 55 Ak % U
Ko MR, BRATETTHZEY 7w iEsh £
2 JE 0 S I R R AR ), ] U W R AT
W 1S5 EEYITE SOC MIEAA 5o BN AIFSY
HA . HM FSE YA PR 02 SERFF I8 T S B
T2 (P<0.0 AT A S5 AL T 0] K3

AH G T J 8 ) Joa v 2 1 o RN B R R S N
FeE VA B4 43, FEFEY 55 SOC 4 5 241
PRI TRV AR AR R DG R A 2510 3 AT
LR T R (E S)BIA 1 B R 5 a2
YEFT . IEM R (SR 55 5 Tt e (e gk
50) S AR R r (B R/IMRAL T b2 S N,
ZEPA I T XF FA (7=0.58), $UFF 1 [ 1% FA HA .
HM (7=0.52. —0.72., —0.41), W ® X HM
(r=0.65)5F SOC 21431 Fifi ] 43 A1 57 o 1 35 B 4%
BEEER (K 5) o X FN BT K B 38 T AL i A= 9
TR 5 UK 2 5 A e R P i 9 4%
REAMHEMINE . AR R ZFRMIE] . BFTF
T BRFFRITT . ARZR TR T T mT 38 1o 4 7 2 1]
A AR FIXT 3 28 SOC 243 1 Il 1] 43 A1 S o Ve
REREEVE o & T BRI i s pL 4 d v 1128
AR AR 5 SOC 4 43 Z IR 7E B 3% sl Al 454
AT T 5 BeAH I 58 IESE

TACE R LIEAREET, YRR 451
(7S AL BT 2 A2 A MLB 1) 50 i B CO, (R HERR P,
TE PN Bl Il K B 58 Y0 AL L 3a) 1 X R K VR AT HILAs
HAFTEZZSTERRE LT, AS IR 40 B A g 1o AR
I REAEAE 22 5 0, BN, ARTE BT i A
PR TR (Sphingomonas) ¥, 53 VE S A it 1] 7K it 58
AN (TR BRI R EME EES S H
BILRS () Rk i AR DS 3 A AR 3 B 2k 7k
it DX b+ AR TR 1] A B AR # 2R B (H SOC
O AR BT 5 R AR AL T (R AR . B
TR Bili S A T 54 JB1 55 SOC 2H 43 e 175

http://journals.im.ac.cn/actamicrocn



2400

Wang Runbo et al. | Acta Microbiologica Sinica, 2022, 62(6)

TS 5 R B, (RO S am i 2 A
125 SOC FIAEAR E 1A HLAR 1) AL % 1L A
BT, A1 T IRSEIE

4 i

B PRI I R AR M LA
FA . HA #l HM {55 KHEAPE K . 2= MK
I TC K It 14 i 1) A B 4 531 2 B OR BT
BT R TR T R R A A A, FE
A3 A FEA A TE K G DX 2 B e R 5 5 b, -
vy ARTETETT. JERERTT. ST TR T
e i WA AR B ol ) o0 A s JUUAF BT 22 B
AR B Bl oA K #he s BRATIAT ] . IR TA T AN
PR T ]R3 BLAS REAR IS T v 1% fili v 3 A1
B TERREE T2 KBTS 0B R A
ZERMEE ] . BRAT R T TR 1] 5 13 SoC
oA AE A B A e s BUFFE TS
13 SOC 7 F£ 78 H 3 A Ta) £z 1) SR SC o
PRGN RR R P m B 2R RN 43 M i A AL
WiANBHT, AR 2L IESE .

S

[1] Lal R. Soil carbon sequestration impacts on global
climate change and food security. Science, 2004,
304(5677): 1623-1627.

[2] Dou S, Shan J, Song XY, Cao R, Wu M, Li CL, Guan S.

Are humic substances soil microbial residues or unique
synthesized compounds? A perspective on their
distinctiveness. Pedosphere, 2020, 30(2): 159-167.

[3] Tang H, Li C, Xu Y, Cheng K, Shi L, Wen L, Li W,
Xiao X. Effects of fertilizer practice on fungal and
actinobacterial cellulolytic community with different
humified particle-size fractions in double-cropping
field. Scientific Reports, 2021, 11: 18441.

[4] Witzgall K, Vidal A, Schubert DI, Hdoschen C,
Schweizer SA, Buegger F, Pouteau V, Chenu C,

Mueller CW. Particulate organic matter as a functional

<l actamicro@im.ac.cn, & 010-64807516

soil component for persistent soil organic carbon.
Nature Communications, 2021, 12: 4115.

Mielnik L, Hewelke E, Weber J, Oktaba L, Jonczak J,
Podlasinski M. Changes in the soil hydrophobicity and
structure of humic substances in sandy soil taken out of
cultivation. Agriculture, Ecosystems & Environment,
2021, 319: 107554.

Yamashita Y, Nishioka J, Obata H, Ogawa H. Shelf
humic substances as carriers for basin-scale iron
transport in the North Pacific. Scientific Reports, 2020,
10: 4505.

Hertkorn N, Claus H, Schmitt-Kopplin P, Perdue EM,
Filip Z. Utilization and transformation of aquatic
humic substances by autochthonous microorganisms.
Environmental Science & Technology, 2002, 36(20):
4334-4345.

Fan BL, Tang ML, Yao LY, Zhang AB, Yin HQ, Yang
WL, Ma ZZ, Xiang W, Bao ZY. Germanium fractions
in typical paddy soil and its interaction with humic
substances. Environmental Science and Pollution
Research International, 2021, 28(8): 9670-9681.

Yang F, Sui L, Tang CY, Li JS, Cheng K, Xue Q.
Sustainable advances on phosphorus utilization in soil
via addition of biochar and humic substances. Science
of the Total Environment, 2021, 768: 145106.

Meng FD, Huang QX, Yuan GD, Cai YB, Han FX. The
beneficial applications of humic substances in
agriculture and soil environments. New Trends in
Removal of Heavy Metals from Industrial Wastewater.
Amsterdam: Elsevier, 2021: 131-160.

Cybulak M, Sokotowska Z, Boguta P. The influence of
biochar on the content of carbon and the chemical
transformations of fallow and grassland humic acids.
Scientific Reports, 2021, 11: 5698.

Thakur MP, Geisen S. Trophic regulations of the soil
microbiome. Trends in Microbiology, 2019, 27(9):
771-780.

Kulikova NA, Perminova IV. Interactions between
substances their

humic and microorganisms and

implications for nature-like bioremediation
technologies. Molecules: Basel, Switzerland, 2021,

26(9): 2706



TS | UeE YR, 2022, 62(6)

2401

[14]

[18]

[19]

(21]

Yang CM, Sun JL, Chen YY, Wu J, Wang YL. Linkage
between water soluble organic matter and bacterial
community in sediment from a shallow, eutrophic lake,
Lake Chaohu, China.
Sciences, 2020, 98: 39-46.

Trap J, Laval K, Akpa-Vinceslas M, Gangneux C,
Aubert M.

Journal of Environmental

Burecau F, Decaéns T, Humus
macro-morphology and soil microbial community
changes along a 130-yr-old Fagus sylvatica
chronosequence. Soil Biology and Biochemistry, 2011,
43(7): 1553-1562.

Yu JL, Xia JJ, Ma QL, Zhang C, Zhao J, Tanggood X,
Yang YF. Soil particle and moisture-related factors
determine  landward  distribution of  bacterial
communities in a lateral riverside continuum of the
Xilin River basin. Soil Ecology Letters, 2021, 3(4):
303-312.

Murdoch DJ, Chow ED. A graphical display of large
correlation matrices. The American Statistician, 1996,
50(2): 178-180.
Rosseel Y. Lavaan: an R package for structural
equation modeling. Journal of Statistical Software,
2012, 48(2): 1-36.

Marinho JL, Piscoya VC, Fernandes MM, Gongalves
SB, Holanda FSR, Cunha Filho M, Gomes Filho RR,
Pedrotti A, Aratjo Filho RN. Carbon dynamics in
humic fractions of soil organic matter under different
vegetation cover in southern Tocantins. Floresta e
Ambiente, 2021, 28(2): €20220002.

Conti ME, Gonzalez MG, Gémez E, Holtz EF, Moreno
G. Soil organic carbon fractions as influenced by
soybean cropping in the humid Pampa of Argentina.
Terra Latinoamericana, 2014, 32(3): 195-200.

Hayes MHB, Mylotte R, Swift RS. Humin: its
composition and importance in soil organic matter.
Advances in Agronomy, 2017, 143: 47-138.

Parsons JW. Humus chemistry—genesis, composition,
reactions. Soil Science, 1983, 135(2): 129-130.
Vazquez C, Iriarte AG, Merlo C, Abril A, Kowaljow E,
Meriles JM. Land use impact on chemical and
spectroscopical characteristics of soil organic matter in

an arid ecosystem. Environmental Earth Sciences,

[24]

(28]

[29]

2016, 75(10): 1-13.

Spain AM, Krumholz LR, Elshahed MS. Abundance,
soil

3(8):

composition, diversity and novelty of

Proteobacteria. The ISME Journal, 2009,
992-1000.

Delmont TO, Quince C, Shaiber A, Esen OC, Lee ST,
Rappé MS, McLellan SL, Liicker S, Eren AM.

Nitrogen-fixing populations of Planctomycetes and

Proteobacteria are abundant in surface ocean
metagenomes. Nature Microbiology, 2018, 3(7):
804-813.

Filippidou S, Wunderlin T, Junier T, Jeanneret N,

Dorador C, Molina V, Johnson DR, Junier P. A
combination of extreme environmental conditions
favor the prevalence of endospore-forming Firmicutes.
Frontiers in Microbiology, 2016, 7: 1707.

Trivedi P, Delgado-Baquerizo M, Jeftries TC, Trivedi
C, Anderson IC, Lai KT, McNee M, Flower K, Pal
Singh B, Minkey D, Singh BK. Soil aggregation and
associated microbial communities modify the impact of
agricultural carbon  content.
Environmental Microbiology, 2017, 19(8): 3070-3086.

McHugh TA, Schwartz E. A watering manipulation in a

management  on

semiarid grassland induced changes in fungal but not
bacterial community composition. Pedobiologia, 2016,
59(3): 121-127.

Veach AM, Zeglin LH. Historical drought affects
microbial population dynamics and activity during soil
drying and re-wet. Microbial Ecology, 2020, 79(3):
662—-674.

Meisner A, Jacquiod S, Snoek BL, Ten Hooven FC,
Van Der Putten WH. Drought legacy effects on the
composition of soil fungal and prokaryote communities.
Frontiers in Microbiology, 2018, 9: 294,

Wang YY, Liao SL, Gai YB, Liu GL, Jin T, Liu H,
Gram L, Strube ML, Fan GY, Sahu SK, Liu SS, Gan
SH, Xie ZX, Kong LF, Zhang PF, Liu X, Wang DZ.
Metagenomic analysis reveals microbial community
structure and metabolic potential for nitrogen
acquisition in the oligotrophic surface water of the
Indian Ocean. Frontiers in Microbiology, 2021, 12:

518865.

http://journals.im.ac.cn/actamicrocn



2402

Wang Runbo et al. | Acta Microbiologica Sinica, 2022, 62(6)

[32]

[33]

[34]

[35]

Neilson JW, Quade J, Ortiz M, Nelson WM, Legatzki
A, Tian F, LaComb M, Betancourt JL, Wing RA,

Soderlund CA, Maier RM. Life at the hyperarid margin:

novel bacterial diversity in arid soils of the Atacama
Desert, Chile. Extremophiles: Life Under Extreme
Conditions, 2012, 16(3): 553-566.
Kang BT, Bowatte S, Hou FJ. Soil microbial
communities and their relationships to soil properties
at different depths in an alpine meadow and desert
grassland in the Qilian Mountain range of China.
Journal of Arid Environments, 2021, 184: 104316.
Fawaz NM, Revealing the ecological role of
Gemmatimonadetes through cultivation and molecular
analysis of agricultural soils. University of Tennessee
Masters Theses, 2013.

Li Y, Xu C, Zhang WL, Lin L, Wang LF, Niu LH,

Zhang HJ, Wang PF, Wang C. Response of bacterial

P4 actamicro@im.ac.cn, & 010-64807516

[36]

community in composition and function to the various
DOM at river confluences in the urban area. Water
Research, 2020, 169: 115293.

Kielak AM, Barreto CC, Kowalchuk GA, Van Veen JA,
Kuramae EE. The ecology of Acidobacteria: moving
beyond genes and genomes. Frontiers in Microbiology,
2016, 7: 744.

Schimel JP. Life in dry soils: effects of drought on soil
microbial communities and processes. Annual Review
of Ecology, Evolution, and Systematics, 2018, 49:
409-432.

Weise L, Ulrich A, Moreano M, Gessler A, E Kayler Z,
Steger K, Zeller B, Rudolph K, Knezevic-Jaric J,
Premke K. Water level changes affect carbon turnover
community lake
sediments. FEMS Microbiology Ecology, 2016, 92(5):
fiw035.

and microbial composition in

FEW, Ht, ARTRFASLIRRFRIAIIK, ALEFIF, TEHAT A
AR AED Y FTAEFERG%AEMF. 2012 F 11 A-2013 F 11 AELXAE
CSIRO #F % 35 2015 4 12 A 2016 4 10 A £ £ EKLILH B K% [EG i B %
3. AL mE RO RMFEALTE F 2047,
BIFTMENT . REGRAH LA FMAEN RIS KA-LIE-KFE-RF
FUOMANBELBRFRAGAENE.

REXFAORE, £ WART



