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Abstract: [Objective] To investigate the response of geochemistry and bacterial communities
to water-level rise in the soil and sediment of the coastal zone of Qinghai Lake. [Methods]
Surface samples were collected from the onshore soil (soil: S1, S2), littoral zone (transition:
EO, E6, E17) and deep sediment (sediment: D1, D2) along the direction perpendicular to the
shoreline near the Bird Island of Qinghai Lake. The water depth of the soil and sediment
samples (soil water depths were expressed as negative numbers) was employed to characterize
the transformation of shoreline soil into sediment caused by inundation. Geochemical analysis
and 16S rRNA gene high-throughput sequencing were employed to explore the geochemical
characteristics and microbial community composition in the collected soil and sediment
samples. [Results] (1) The water level rise of Qinghai Lake significantly affects the
geochemical characteristics, nutrient levels, and organic carbon types in the soils and sediments
of the coastal zone. Specifically, the pH and mineral associated organic carbon contents of the
soil and sediment in the shore zone increased significantly while the C/N value and the contents
of dissolved organic carbon (DOC) and particulate organic carbon decreased significantly with
the increase of water level; (2) The water level rise of Qinghai Lake will reduce the diversity of
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bacterial communities and change their community structure in the coastal soils and sediments.
These changes in bacterial communities are closely related to changes in environmental factors
caused by water level rise. Specifically, after the onshore soil was inundated by water level
rise, the bacterial communities inhabiting it exhibited a decrease in the number of operational
taxonomic unit (OTU) and Shannon diversity index; the changes of bacterial community
diversity was closely related to the content of organic carbon bound with active metal; the
important environmental factors that affect bacterial community structure included
physicochemical properties (pH), nutrient level (total organic carbon content), and organic
carbon quality (C/N value, organic carbon pool II, and mineral associated organic carbon
content). Physicochemical properties, nutrient level, and organic carbon quality contributed
equally to the differences in bacterial community structure. [Conclusion] The water level rise
of Qinghai Lake has significantly affected the physiochemical characteristics, nutrient levels,
and organic carbon quality of coastal soil and sediment, and reshaped the bacterial community
structure. This implies that the regional carbon cycle homeostasis of the Qinghai-Tibetan lakes
will change in the context of the extensive expansion of lakes on the Qinghai-Tibet Plateau.
This study provides a data base and theoretical support for the evolution of soil and sediment
microbial communities and the evaluation of ecosystem carbon stability in response to lake
expansion.

Keywords: Qinghai Lake; water level rise; shore soil and sediment; bacterial community;
community characteristics
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Figure 1 Schematic diagram showing the relationship between soil and sediment sampling sites and

corresponding water depth in the coastal zone of Qinghai Lake.
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Table 1 GPS locations of the sampling sites in the coastal zone of Qinghai Lake

Sample groups Sample ID Longitude (°E) Latitude (°N)

Soil zones S1-1 99.837 2 36.996 6
S1-2 99.6111 36.9515
S1-3 99.640 6 36.8915
S2-1 99.839 7 36.994 9
S2-2 99.612 9 36.949 7
S2-3 99.641 0 36.891 7

Transition zones EO0-1 99.842 4 36.992 9
E0-2 99.6159 36.948 1
EO0-3 99.641 3 36.891 8
E6-1 99.851 3 36.985 2
E6-2 99.621 8 36.944 7
E6-3 99.642 3 36.8923
E17-1 99.862 2 36.973 8
E17-2 99.636 2 36.941 9
E17-3 99.643 7 36.892 8

Sediment zones DI1-1 99.875 6 369511
D1-2 99.654 4 36.923 9
D1-3 99.648 7 36.893 2
D2-1 100.069 8 36917 4
D2-2 100.034 4 36.857 5
D2-3 100.160 6 36.814 6

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



GG | EYER, 2023, 63(6)

2317

1.3 HEkLESHNR

KK PR RGP N 4 4 DR
an N ALK AT R, it A 485 =048 B 1 T
(B =452 )R SX 711 B pH % A
TALBUKAEREE | pH #4700 B L TFLBK
Wit 0.7 pm GF/F BEHS 2T 4k € [ (Whatman)id i ,
JUT A U8 A A S A LR 43 BT 1 (Elementar) W 2
H DOC % & . TOC 1A (total nitrogen, TN) 7
i 14 A S A PG R 53T (Elementar) 2
FE S 2 IR AL AL BRS B B AL

i o K AU R AN TR P 2 B T A AL
TR ZH A3 AT 43 B, RIS RV B8 PR Bt R XA it v
A BB T AR, DT 43 2 i rp B S TR R
AR SY o BRAEA TR B Z R AR
T UURRW S T A 2.5 mol/L H,SO4
VW, 105 °CINf# 30 min, YA MG 77 AR 1R
ALY, & SUONIEIRERE 1 (OCPL); F)EK
il A ERIE LT . BEES , mL P InAC 13 mol/L
H,SOL R, IR G R, AR E T IHR
B2 1 mol/L, 105 °CiHf# 3 h, WM ™A
RSy, SCHTEBRIRIE 11 (OCP2); 2 IRIH
fift I B BRI 2 SR 1R P2 (OCP3) . OCP1 Al
OCP2 443 FH A Bk 73 BT X (Elementar) il
HATYUR &5, OCP3 i 4 A shaHleE
M (Elementar) i =2 HAT HLAK 5 & o

K ¥ B IR AL - hr B R R - kR L
(dithionite citrate bicarbonate, DCB)J%!*** 1% i
M4 RS A& A VURA S AT 08 o 1RE L
Hg: OREBRFRI 2 33 0.2 mm 7 BATARRIFEE 5 1
HTRERL, A3 SR AL RN HRAE i) S A
Xof BECZEL FF 20 T I A T - Al P 0 7 R 4
LA -FERRFR NI IR, IR TESI)E 80 *CKIRINFA
15 min; SR 00 1) SE 56 20 R BEZH A oin A —
AR BRI E B B R, BRIRG SR
80 °C/KIAMFA 15 min; Wi ZWEL, A

FAL BN DRI |, WO SC IR 2 Akt B2 4R U
5k , R ALK 3 S i 4 A S A HLOT R 3BT
(Elementar) il i HA HLAR 5 0, & 22 Gt
SR G BAVIROC) T i

SRR 43 2 1Pl ad 53 pm FLAR G
WORE A DR A 25 A A WL 53 257 T
O3S PR B 5 VR TRE S HOIA
PR BE BRSNS WA M A 8GR 9 & TR B4R
WA B0 PR BV ZE 0 AT, 2% S K nh kb
17, JERET . SR, fTRAR<S3 um (R
SR IE AL 07T IAT 5 43 S SCER 38 A 77 1T (R A2 <53 pm,
MAOC)FI5% B3 LE 7 1 _I (ki 42>53 pm, POC) 149
ki, T BB . AL R4 A APt ER
ST (Elementar) il 2 HAT HLEK % & o
1.4 TIEFTFAY) DNA $ZEX. PCR 140
=EENF

TCHEFRIL0.25 g #Eii, 6 1] ALFA-Soil DNA
Extraction Mini Kit 5 () AR FASFEH R A
BN FDEAT R IERTTRAIRE S0 DNA 21 R
FH41F barcode Aic fi il S P V4 X549
515F (5-GTGYCAGCMGCCGCGGTAA-3')/806R
(5-CCGGACTACHVGGGTWTCTAAT-3") %} 4

F# 16S rRNA FE[H#E1T PCR ¥ 3., PCR = #fifi
FH 1.5%R B BEWHHEA 758 I i Dok 3 L R B B2
e, J{6i ] DNA Gel Extraction Kit &2
O A & (Axygen) #F 17 [\ 0 JF 4 fk . AiF B
NanoDrop 2000 (Axygen)X}Zfifk =4k DNA
W PR, fx S5 7E Hlumina NovaSeq 6000 -5 |
AT Rl Y (AR A SRR PR vl
L5 NEFEIES

Mlumina W 77 7 A= (4 X I 4f 7 9] fif
QIIME2 # {4 (http://www.qiime2.org/)IE1 1 i 155 I
g kIR 16 rRNA FEM R ity
1|, {di ] USEARCH (http://www.drive5.com/usearch/)
X T AR G 2E AT ) Bl 43 25 BB JG (operational

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



2318

LI Xinyi et al. | Acta Microbiologica Sinica, 2023, 63(6)

taxonomic unit, OTU)JZRIEPS K5>97% A0 i
{1 1) 50 A A R — P 43 2 5000, AR MED)
Fidl 433d 5 SILVAVI38 B 22 741 L
XPPR3 o FEHEAT TR AT Z H, %R o Ry
TE 3R AT 9 B A 7 38— AL b B9 L B —
JF5. fE B R ET H A vegan B PITH o £
FEPETE 2L
1.6 it oih

AHIESE o B LV E LG TR T AL AR T 3 B
FER 38 2 3 Microsoft Excel 2019 5281, A
[ A A5 1) PR 05 TR 8 SR 2 M ik B PAST
3.3 SEEPT HA SRl L AR R 4.1.3 K
AR R P AL S, i ] “vegan™ L XA [A] 45K
B B 3 TR 0 A0 R AT VR A T AR R R 2 YR
B 4> M1 (non-metric scale
analysis, NMDS), H JHA R SEA [A) A i 0] PR35
- S A TR R VR Y 25 Sk o R FH I B X6 D A AT
(canonical correlation analysis, CCA){R%T I35
TR E R A 2, il “vegan T2 ¥
£ ) “ordiR 2step” PR LA THT 1) e, 20
5 (P<0.05)1 ¥R 45 DH B e h e D). i 22
1 f#43M(variance partitioning analysis, VPA)R

multidimensional

it A BR 5 IR Ok AN [ A Bl A ) A i 2H R Y
AHXF ok, ELARCR A “veganfi HH ) “varpart” PR
Bt oo MO, TESEAT IR T K o Z2 4%
PEo A . DR RER AL P45 R R 2R 55 40
I, AN EAE S0P A T B A B s S AT 15—
Bihba,
1.7 BERFHS

AR TGURIF 5 7 A iR P Bl 2 22 BAR A
24 J5 46 0P8 V3 £ /2 (genome  sequence  archive,
GSA), ¥4 5 CRA010909,

2 EREQM

21 BFEBEWLIEMARYNEK L E
FES AL E

AR5 R U T S OB R [R) B
S LBk AL 2 S S B AN SR 20 IR
Wy B TS (pH . R )i B Y B 5K AR £k B
o R KOS 8 DURR ) A B i AR e
t, pH (LI E K 8.65-9.09, pH (LT,
N F R AL R ALY 1.34-
3.30 g/L, MEMF.OEEY K R R TR
A TS R 3k B B - RN ORI 1 B 5%

*2 FEMFFIRSTAYTRE NIk FESHER

Table 2 Geochemical properties in the studied soils and sediments of the coastal zone in Qinghai Lake

Sample ID  SI ) EO0 E6 E17 DI D2
pH 8.65+0.40a  8.78+0.30a  8.84+0.16a  8.99+0.1la  9.00£0.1la  9.09+0.03a  8.98+0.0la
Sal (g/L) 3.3042.13a  1.95#0.71a  1.34+0.54a  1.7240.32a  2.00£0.12a  1.42+0.0la  1.62+0.0la
TOC (mg/g) 29.0422.4ab  32.04222ab  50.3+29.1a  34.2+11.7ab  12.1+4.0b 22.5+1.3ab  32.1+2.2ab
TN (mg/g)  2.65t1.60a  2.94+1.89a  4.66+2.67a  3.83+1.32a  1.71+0.57a  2.96+0.23a  3.87+0.40a
CIN 9.95£1.89a  10.11¢1.95a  10.50+1.11ab 8.93+0.17ab  7.05+0.45b  7.59+0.24ab  8.33+0.49ab
DOC (mg/L) 63.2424.0b  36.6+22.5ab  14.0+6.0a 20.4+6.7a 25.4+6.9ab  10.0+2.1a 14.2£0.9ab
OCPI (%)  38.8+19.8a  39.749.5a 32.448.8a 25.146.2a 39.3+154a  33.6+1.9a 24.845.1a
OCP2 (%)  4.7+2.4a 4.8+1.4a 4.4+3.2a 6.243.9a 8.442.4a 4.8+0.8a 8.5+0.9a
OCP3 (%)  56.5£17.9a  55.549.5a 63.249.8a 68.7+7.9a 52.4+154a  61.7+1.8a 66.8+5.6a
0Cq (%) 31.5411.7a  31.6422.7a  32.7#19.la  29.94203a  18.8+15.5a  18.5+4.la 30.6+1.0a
POC (%) 23.6£10.4ab  26.5+15.4ab  36.1+11.2a  35.5+6.4a 22.8+11.1ab  9.9+1.2ab 4.7+1.1b
MAOC (%) 76.4+10.4ab  73.5+15.4ab  63.9+11.2a  64.5+6.4a 772+11.1ab  90.1#1.2ab  95.3+1.1b

The value is mean+standard deviation; Different lowercase letters in the same lines indicate significant differences (P<0.05).
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Figure 2 Chemical composition of organic carbon in the studied soils and sediments of the coastal zone in
Qinghai Lake. A: Composition of different chemically stable components. B: Composition of active
metal-bound organic carbon components. C: Composition of particulate organic carbon and mineral associated
organic carbon components.
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