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Halocnemum strobilaceum in Ebinur Lake wetland
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Abstract: [Background] The Ebinur Lake wetland national nature reserve in Xinjiang is one of the most
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representative temperate arid regions wetland desert ecosystems in China, and plays an important role in
maintaining regional ecological balance. At present, there has not been any report on the structure and
abundance of nitrogen-fixing microorganisms in rhizosphere and non-rhizosphere soil at Ebinur Lake
wetland. [Objective] To explore the characteristics of environmental heterogeneity of community structure
and abundance of nitrogen fixation gene (nifH) in the soil rhizosphere and non-rhizosphere soil
nitrogen-fixing microbial of Halocnemum strobilaceum in Ebinur Lake wetland in Xinjiang. Based on this,
the potential forces of the microbial communities in the desertification and continuous salinization of the
Ebinur Lake wetland ecosystem in the temperate arid regions are explored, providing the theoretical and
data basis for the degradation and restoration of lake wetlands. [Methods] The correlations among soil
physicochemical properties, microbial community structure and microbe abundance were investigated by
using the methods of constructing clone library, g-PCR and redundant analysis (RDA). [Results] The
results showed that the diversity of nifH gene in non-rhizosphere soil were higher than that in rhizosphere
soil. The dominant species of nifH sequence were Azorhizobium and Desulfovibrio in the rhizosphere soil,
Azoarcus, Heliobacterium modesticaldum and Desulfovibrio in non-rhizosphere soil. The number of nifH
gene was 4.08x10* copies/g in rhizosphere soil and 5.52x10° copies/g in non-rhizosphere soil. The
abundance of nifH in rhizosphere soil is higher than that in non-rhizosphere soil. Correlation analysis
showed that the dominant groups and abundance of containing nifH bacteria in rhizosphere soil were
significantly related with nitrate nitrogen (NOs; -N), available nitrogen (AN), total potassium (TK), soil
moisture (SM) and other factors, and with nitrate nitrogen (NO3; -N), available nitrogen (AN), total
phosphorus (TP), total potassium (TK) and total nitrogen (TN) in non-rhizosphere soil. [Conclusion]
These results indicated that the abundance of nifH bacteria in rhizosphere soil was higher than that in
non-rhizosphere soil, while the diversity was lower than that in non-rhizosphere soil. Nitrate nitrogen
(NO3 -N), available nitrogen (AN), total phosphorus (TP) may affect the community structure and
abundance of nitrogen-fixing microorganisms. These characteristics provide the theoretical and data basis
for the degradation and restoration of lake wetlands.

Keywords: Ebinur Lake wetland, Nitrogen-fixing bacteria, Diversity, Abundance, Rhizosphere and
non-rhizosphere soil
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1 MRETE
1.1 HHN4E

SCELIE A TR R RIS RIS AEM, A
SRR X YL A 44°30'—45°09'N | 82°36'-83°50°E,
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TS H I M ) A2 25 D RE A b BR BRI SR, R
HA % Z2 hF 1 A 45 R 5 TR 68 38 o Y AR AP
A RFSL R
1.2 FERAFFLIE

Power Soil DNA Isolation Kit, Jt&t Mo Bio 7
FRZNH]; pMD19-T kA . Hha T 1 Hae TIIRR il 44 4
YIli, TaKaRa AR/AF]; SYBR Green Real-Time
PCR Master Mix, i A tt22 23] . PCR X, Barloworld
Scientific 2] .
13 H@mBEE. HLEBES5KEF

TEICE LU R 1 AR RV AR PR A AR R £
BEATRAE . ER TR AR PR A AR - 380K
FEAAFR IR 1, TEZCRFE X B & 10 mx10 m
IRETT, B ICE 5 AR, BRI RIE
BCEER AR BN TEAR R R T AARPR 138 (H) . 7EER
AR AAERRPR R HEIX, BGER)Z 5 cm=20 cm
(1) 1BV E A ARXT A EAR PR L BE(HN) . K 4580 TR
SladifE . (1) M HIER SRS (2) e T4
IR AR (3) $RHCEHEM DNAPL,
1.4 HIEEIHERATNE

WET 12 Wy A= HEF4etn, AHLE
(Organic matter, OM). 4% (Total nitrogen, TN).
i, 5% (Electric conductivity, EC). & /K& (Soil
moisture, SM) . -4 pH . A (Available nitrogen,
AN) A A (NOs -N) . A (NH,"-N) . 2 (Total
phosphorus, TP). #Z{#4(Available phosphorus,
AP). 48 (Tota kalium, TK)FI# 8 (Available

*1 XHERER
Table 1 The basic information of sampling sites

TiH E7=)

Items Informations
TR Vegetation types #2757 Halocnemum strobilaceum

+ 32 Soil types VhHE+ Sandy loam soil
£:J% Longitude (E) 82°48'

Z5J% Latitude (N) 44°50

4k Elevation (m) 186

potassium, AK), bl R H 43585 J oA
PO AR AR HEAT 3 RE A IIE .
1.5 T1IFEE DNA BJRRERFE SR nifH Ay 18

% il PowerSoil DNA lIsolation Kit $2ECY H il
1B b+ HEFREE AL LS DNA, BEAEE nifH JEA -
W45 |2 BESCHR15], FRAI R

nifH-F: 5-AAAGG(C/T)GG(A/T)ATCGG(C/T)
AA(A/G)TCCACCAC-3';

nifH-R: 5-TTGTT(G/C)GC(G/C)GC(A/G)TACAT
(GIC)GCCATCAT-3',

5 AT LA 135 5 DNA i 1531 k24 460 bp
B H B3R B BE . PCR WK Z (25 uL): MgCl,
(25 mmol/L) 3 uL, dNTPs (10 mmol/L) 0.5 uL,
10xPCR buffer 2.5 uL, . TUi#54(10 pmol/L) 5%
1 uL, Tag DNA 475 U/uL) 0.2 pL, #ME ddH,0
% 25 L, PCR JZJW2:f4F: 94 °C 3 min; 94°C 30,
60.7 °C 30 s, 72 °C 1 min, 35 ME¥r; 72 °C 10 min.,
2 1% ek, HIE, SRS FHEIEEE R DNA
[T £ [T PCR 944 7=4)
1.6 BERERE(nifH) =M EMEE

P nifH B9 B S pMD19-T #iAE 8 48 h
5 NRIGAT TR DHSou 82 2820 ML A 7 8 I R
PR BE T 7O AR R BT P B
G R IR B DA T B R %2 . FH Hha T Al
Hae TIT 2 B -4 P DIt % BH 1 ve B 19 PCR 4734
Yy THED) 3T AR 2R BE LR T
FPR BRI R DR A /T
1.7 WHZEE PCR (¢-PCR)

A nifH JER 2 B PCR DLSC HE i1 1 45
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171 @B ESHERRH &

PEHUA] nifH-F A1 nifH-R 514 PCR ¥ 14 % & 1
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F2 10 F5 LR EE R RS, LA 1071107 Mk BB 13 (0 o v
R BRI O G i PCR P73, & ZRIBK
A BT BE
1.7.2 DNAMIEES

nifH LAY =F R F SYBR Green [ J5 ¥:i0
5EB L nifH-F A nifH-R 514, 75 LightCycler 480
EXF nifH JEFE PO E 1 PCR 718, M
3ANER AR E 3 BTN IR, LIS (Y
)W NAE ShRMEZ Y 10 R5E MM, §7 1Rk
K>80%, AL il
1.8 HIELES SR

FIH DOTUR #f4:LA 3%HY 22 SRR 4 —1
1 ~7 #RAE BT (Operational taxonomic unit, OTU),
PR FEFH4: BLAST Hoxt, f#H MEGA 6.0 #fF
PL4B 4% (Neighbor-Joining) ik M R G L& B W . 5E
HIFE5 B HE52 5 GenBank, 5735 ARER nifH 9% 5%
5 MG923896-923909, AEHIPR nifH &R SN
MG923849-923895 , g-PCR iz Jij %% 4% % F & I
LightCycler 480 #{FifA 4k 3 ; FIF DOTUR %k
1145 Chaol #5%i. Simpson #5%(. ACE #5%(#1
Shannon $5%%, SCEE TG C=1-nyN, HH, N K
Jr o3 it salE S B, ny RACH — e R E 2
PANTEL; SR Origin #4221l Rarefaction #h4k . 7
JFH Canoco 4.5 5 [& AU A7 45 F4 A 2 B S PRER IR O
BRHEATTUAR 70T (RDA) o

2 HREH

21 NHEARMETARE LR SIERRLIR
HIZRIL IR
Hik 2 AL, ERTTARMRERS AR AR PR - 2

pH 8.0 LI L ifsitk +-308; BRE /KA pH Ak, 575
AR B - A R AR PR 1 A (B4 o T EAR PR 1455
HApifh 3 NOs -N AT NH, -N 22 8 % .
T E YR KT8 R Y A i) 2 5
R AR I EUE AT 12 3 5 THEARPR 45 W]
BF R AR B 5 AR B 800 S K AR, X AT RE
ER AL . RIS B BT B A
A, M R S K R I, R T
TEH A
22 BT ARRBREIFERFETIEEREHEEW
ZHRK
221 HFARRSIERFLIERERMENS HMHE
W) S 25 B | Shannon 5%k . ACE 5%k .
Chaol F5¥UF1F & VAL nifH LR SCE £
e, B 3 ATAL, ERITRIEMRPR LI nifH K
K SCFE R Shannon 5%k, ACE #8%K. Chaol 45
B, E B AR S 8, R KR PR 3 (H)
R AR Br 4 B8 (HN) /9 SC 8 3 55 B 4 5l 3k 3
89.47%7F1 73.83%, Z5G & 1 AN, Frfs [ AU
A AR BRI MG R T I S IR o [ AU
Y Z AR

F2 TIFEBUMRENESER
Table 2 The determination results of soil physical and
chemical properties

FRAL A + 35571 Soil types
Physical and S:hemical B H JEARBE HN

properties
pH 8.53 9.46
E/KE SM (%) 2.97 5.56
HHLIFE OM (g/kg) 5.77 5.13
HL 5% EC (mS/cm) 9.18 5.01
M2 TN (g/kg) 0.62 0.55
HRLA AN (mg/kg) 28.83 23.51
M TP (0/kg) 0.76 0.51
B AP (mglkg) 26.39 20.51
B TK (g/kg) 7.37 6.59
BRLHT AK (mglkg) 284.65 269.27
fiiZ5 % NOs -N (mg/kg) 3.11 0.92
A NH, N (mg/kg) 7.33 5.25
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222 ERFARMRIRS AR IR E B E BRI 4op - [N
MBRFEREDH 23 r
R ARMBRANER W ARAEAR PR T IE A nifH §25
USRI OTU LR 2, 3, flE 2 %1, %k 2 20/
- 15)
F3 ETARFRFIHERFRDIZEERER nifH 2R S0t
Table 3 Diversity characteristics of nifH clone library in 5t
rhizosphere and non-rhizosphere soil of Halocnemum o . v
strobilaceum 0 20 40 ) 60 30 100
— - Number of clones
W H + 3R Soil types
Measuring items BEFRH  AFRFRHN 1 SRR LR nifH R ERRR L
FERERL Number of clone 299 295 Figure 1 Rarefaction curves of nifH clone library in
73144 Sequence number 91 105 rhizosphere and non-rhizosphere of  Halocnemum
=27 ¥ Rechness 14 47 strobilaceum
Shannon #5% Shannon index 1.82 3.56 i R . I N
ACE #4%{ ACE index 41.84 102.78 TTAHRER 1S AT nifH S SCAEIE 5y 14 7
Simpson 5% Simpson index 0.23 0.02 OTU, Hr OTUL 85 KM FR SCE ¥ 51 i)
Chaol 5%k Chaol index 61.00 91.00 40.66%; OTUL3 5 Eh 45 ARMPRSCEE 1Y 25.26%;
2 g B
7H 5% Coverage (%) 89.47 73.83 OTU12 L35 AMBRSCRE RSN 15.38%; HEhy
H-0TU13-25.26% HLOTU 14-1.11%

H-OTU12-15.38%

/- H-OTU1-40.66%

b

- -
= . 4
H-OTUT1-1.11% o8
. ox
H-OTUI0-1.11% 278 FOTU-L LT
- 2 32° H-OTU3-4.40%
H-OTU9-1.11% H-OTU4-1,11%

H-OTUS-1.11% \ H-OTUS5-3.30%
H-OTU7-1.11% H-OTU6-1.11%

2 IRPRERE 5o bE S AR R A AL E

Figure 2 The community structure of nitrogen-fixing bacteria in rhizosphere soil
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Figure 3 The community structure of nitrogen-fixing bacteria in non-rhizosphere soil
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Figure 4 Phylogenetic tree of nifH clone library in rhizosphere soil of Halocnemum strobilaceum
TE: RGUKEWIEL Phylip-3.68 AR ISB LML, FrA iS5 Fo3k AT GenBank, 7337 ERYEEFIRZ 1000 Wit5E/E [
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Note: Phylogenetic tree was constructed using the Neighbor-Joining method through the program Phylip-3.68. Reference sequence was
chosen from GenBank database. Numbers at branching points refer to bootstrap values after 1 000 times calculation. H represent rhizosphere

nifH clone sequences in the library.

e 3 O 7 I B~ W i E
(Azorhizobium) A] LA 43y —Ffr, AHAIPE N 85% .
86%; Cluster V. & OTU3, OTU4 S{kE%4Y
= WIF T BT AE KB U e VR AR 2 B 3 50 AR Bl
84% . 87%, MJ& T [ A IR & (Azospirillum) ;

ClusterVI H1OTU11-14 F15E [E b~ 2 R gh K
TR P e A1 A RS AR B 7 41 2y
i i 9K B )& (Desulfomicrobium) A4 Af L 4 A
80%—83%,

R ARAEARPR H IR AR RS L T LA 5,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1604 A - i Microbiol. China

« TIN-OTU20(1} (MG923868)
-] IN-()TU26(2) {M(3923874)
N-OTUI%(1) {(MG923867)
OTL
HN-OTU21(] )(M

/18 EIQ) (MG‘)23866)
1923869)
HN-OTU23(1) (MG923871)
- HN-OTU32( 2%;]\40923880)
HN-OTU3 {1} (MG923
HN-OTU22(] (M0921870)
HN-OTU33(1) (MG923881
Azoarcus olearius strain DQS-4 (EF158389. 12
Azearcus communis strain SVV ub_a (U97116.2)
Azoareus sp. strain CC- YHHSwSk KY860536.1)
Azearcus sp. strain CC-YHH848 (KY860335.1)
HN-OTU27(2) (MG923875
Azetobacter chroococeum stram GMCC 1.178 (ELJ693338.1)
HN-OTU34(3) (MG923882 I
100 Aolobacter chieococcum strain AM12A (AB430882.1)
Ectothiorhodospiva sp. B7-7 (HM149325.1)
« HN-OTU28(1) (MGfm IVR
- HN-OTU24(3) (MG923872)
- HN-OTU25(1) (MGI23873) fir
18 o HIN-OTU29(3} (MG923877)
5 HIN-OTU30(1) (MG923878)

4100{:* HN-OTU17(2) (MG92386 )D)
Skeumme/!u aerolata strain DSM 18479 (HQ322613.1)

HN-O rul4 (MC1923862)
5 —| : TUl I :
99 93 58 Br adtr 7::0 fum bbp( %6_’)8)1 7.1} I¥

69

HN-OTU 16(5 MC92 864
99 T—;‘Eﬁ'(td}’f}'ﬂ: LN 18 (aB079620.1)
T 93 Brachrhizobivm sp. AG48 (KF113072.1)
76 HN-OTUI3([) (MGY923861)

Uncultured bacterium (AY6010 ()
-+ HN- llJ4(l EM 923852)
fobacterium modesticaldum (AB100832.1)
HN- OIUl(S) (MG923849)
HN-CTU2(1) (M(3923850)
HN-OTLI32 SMG‘) 3851)
- HN-OTU47(1) (MGY23895)
HN-OTU3(10) (MG923853)
100 » HN-OTU46(1) (MG923894) ;
Uncultured bacterium clone MDHI: efv | le9éKF846959.1) ¥
Uncullured bacterium clone BNnif7 (HQ190126.1)
HN-OTU&(1) (M(]‘)238:>4)
HN- OlUJS(]]) {MG923
HN-GTUT? 2)(MG()23860)

= HN-OT Ul 1{3) (MG923859)

+ HN-OTU 10 1) (M(3923858)

97 HN-OTU7(] s) SMG92 3835)
69 HN-OTU S)(M(1923856%
66 I[N OTUY(1} (M(G923857)

‘ ‘ % Desuifovibrioafricaius (/\%{MO%SS) SMGQBS%)

HN- OIU4I(6)£M0923889%
« HN-OTU42 3)(M(‘9238 0)
N-OTU43(1) (MG923891)
Uncultured bacterium clone MDE elv 17¢4 (KF847082.1)

= [IN-OTU44( 1) SM(19238922 1

Uncultured bactenum clone MDE amb (KF84663
N-OTU37(1} (M(J927)885)
9] HN-O'TU 38 (2) (MGY923886)
HN- ()[U.)(}(l){M(J()23884
71— Desulfovibric '.u.fj_i’(.'ns 514.1)
N-O [J4()(I)(M(1923888)
26 o + HN-OTU39(3) (MG923887)
. 54 Desulfomicrobium baculatum (AY040513.1}

99

v

0.05

5 EFARIEIRFRLIE nifH TEXERGABR
Figure 5 Phylogenetic tree of nifH clone library in non-rhizosphere soil of Halocnemum strobilaceum
: ARG E WL Phylip-3.68 Bk M4 A, FrA IS5 P83k AT GenBank, 4337 EEEFR4 1000 iH4EE 1Y
E%E{E, SCEE R A ARARBR TSI HN FREE.
Note: Phylogenetic tree was constructed using the Neighbor-Joining method through the program Phylip-3.68. Reference sequence was

chosen from GenBank database. Numbers at branching points refer to bootstrap values after 1 000 times calculation. HN represent
non-rhizosphere nifH clone sequences in the library.
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2.3 ETARERANIERFR LIEE R E nifH BYEE
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M F= R SRR bR LI A nifH 19458
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24 TIEERMENREEMSINERE FHIE
KIS

X 8 5 AR PR AR AR B 4 458 [ 200 i B v 45
My o F RS R OR - HE PR B I A OGPk AT
RDA 43, WK 7 s, EhARHER L 158(H)
(1) PC1 Rl RE T G851 99%, PC2 Y\l it ¢
TEAES 1%, NOg -N. AN SRR nifH A4
EHE Cluster]V, Cluster VIAN 3 & & 2 1) 1EAH
X, M opH SHMEIE E WA, EERTR
MR B 3 (HN)H PCL A Bl B T R AR S 19
93%, PC2 Y Hhf ke 1 BTN 7%, 4R ER,
TP. AN, TN, TK, NOz -N # 5 EMPx nifH )
P HE Cluster I . Cluster V| Cluster VIFIF & &
R IEAE G

1.0E+5
S 1.0E+4
1.OE+3

1.OE+2 |

nifH gene abundance

= 1.OE+1 |
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B 6 ETARBRFIIERIRLIRD nifH (IERKE
Figure 6 Abundance of nifH in the rhizosphere and
non-rhizosphere of Halocnemum strobilaceum
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Figure 7 The analysis of RDA among physicochemical properties and group, abundance of nitrogen-fixing bacteria in

rhizosphere (A) and non-rhizosphere (B) soil
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Note: Black cycles are the different nitrogen-fixing, black arrows are hysicochemical properties, H, HN represent rhizosphere and
non-rhizosphere soil of Halocnemum strobilaceum in Ebinur Lake wetland.
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