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Abstract; The purpose of this study is to understand the distribution and seasonal variation of different types of denitrifying
bacteria in the rhizosphere and non-rhizosphere of the saline plant Salicornia europaea in the Ebinur Lake Wetland, so as to

provide data support for the process of soil nitrogen cycling driven by microorganisms in the process of vegetation restoration
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in the Ebinur Lake Wetland, a representative of desert salinization ecosystem in temperate arid area. In this study, the
rhizosphere and non-rhizosphere soil samples of Salicornia europaea were collected from the Ebinur Lake Wetland in
summer, autumn and spring. The diversity and community structure characteristics of nirS-type and nirK-type denitrifying
bacteria were compared and analyzed by high-throughput sequencing. RDA ( redundancy analysis) was used to explore the
effects of soil physical and chemical factors on the diversity and community structure of denitrifying bacteria. Among the soil
samples of Salicornia europaea in the Ebinur Lake Wetland, the highest genotype diversity of denitrifying bacteria in nirS
and nirK was the autumn rhizosphere, and the diversity of denitrifying bacteria in each soil sample showed rhizosphere >
non-rhizosphere. The nirS-type denitrifiers in rhizosphere and non-rhizosphere soil samples of Salicornia europaea belonged
to Proteobacteria, Firmicutes and Actinobacteria, while the classification of nirK-type denitrifying bacteria only includes
Proteobacteria, Firmicutes. Proteobacteria accounted for a higher proportion in each soil sample. Halomonas and
Pseudomonas of gamma-Proteobacteria were the dominant genera of nirS-type denitrifiers shared by all soil samples, but the
relative abundance in each soil sample was different. Rhizobium of alpha-Proteobacteria was a kind of nirK-type denitrifiers
widely existing in the soil samples of Salicornia europaea. There were certain differences in the community structure of
denitrifying bacteria among the soil samples of Salicornia europaea in the Ebinur Lake Wetland. The results of RDA showed
that water content, organic matter, total nitrogen, and ammonium nitrogen had a great influence on the diversity of nirS-type
denitrifying bacteria in soil samples, while water content, organic matter, total nitrogen and alkali hydrolyzed nitrogen were
the main factors affecting the diversity of nirK-type denitrifying bacteria. Soil electrical conductivity, total phosphorus, total
potassium, total nitrogen and alkali-hydrolyzable nitrogen synergistically affected the community structure of nirS-type
denitrifying bacteria, while organic matter, available potassium, available phosphorus, pH and nitrate nitrogen were the
main influencing factors of the community structure of nirK-type denitrifying bacteria. With the change of seasons, the
diversity and community structure of nirS-type and nirK-type denitrifying bacteria in rhizosphere and non-rhizosphere of
Salicornia europaea were changed. The denitrifying bacteria of the two genotypes, with different main genus, jointly
promoted the denitrification of wetland. For the protection of wetland ecosystems, long-term and extensive soil state

assessment and dynamic monitoring of soil denitrifying microbial flora are required.

Key Words: Ebinur Lake Wetland; the rhizosphere and non-rhizosphere; nirS-type and nirK-type denitrifying bacteria;

community composition
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Table 1 Diversity of nirS-type and nirK-type denitrifying bacteria in rhizosphere and non-rhizosphere samples of Salicornia europaea in the

Ebinur Lake Wetland

(S
A2 Gl ¥ OTU Shannon #§41  Simpson 5%k . ACE 5%k HiR
. FeH R . . . Chaol #5%% ) .
Sample Effective ( Operational Shannon Simpson the ACE Goods
Gene . . . Chaol .
name sequences taxonomic index index estimator coverage
units )
S7 nirS 94248 932 5.093 0.805 1096 1092 0.996
nrK 67426 3383 9.967 0.995 3520 3556 0.992
SN7 nirS 81657 485 5.388 0.935 520 533 0.999
nirkK 67201 1000 6.954 0.978 1058 1084 0.997
S10 nirS 87558 512 5.862 0.952 559 536 0.999
nirK 61747 3104 9.984 0.996 3202 3199 0.994
SN10 nirS 84603 463 3.171 0.641 493 506 0.999
nirk 64781 623 6.805 0.973 640 651 0.999
S4 nirS 96266 444 5.375 0.924 471 467 0.999
nirk 55890 1239 7.744 0.978 1317 1296 0.997
SN4 nirS 90139 200 4.383 0.880 224 213 1.000
nirk 60972 976 6.428 0.959 1046 1067 0.997

E:S7.7 AR A ARPREE S Salicornia europaea rhizosphere sample in July;S10:10 H F)3h M B MR PREE S Salicornia europaea rhizosphere sample
in October;S4:4 H Ay Eh 4 B AR PR FE & Salicornia europaea rhizosphere sample in April; SN7.7 H 8k B AE MR PRAE & Salicornia europaea non-
thizosphere sample in July;SN10:10 H AEh M AR PRAE S Salicornia europaea non-rhizosphere sample in October; SN4 .4 H A 3h /1 5 AR MR BREE

Salicornia europaea non-rhizosphere sample in April

2.3 ERAREARER S AR PR A b S T A0 TR PR 2 A

HMEEAREAR OTU %t H B33 Shannon 5% Simpson i %1 Chao 1 $8XUHI ACE 5 X00-A S iF Ak
P EE R 2R E R

F2E 1 ATAL 7234 B AR | nirS-B R AL AH TR Shannon $8%8 , Simpson 883 28 H S10>SN7>
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S4>87>SN4>SN10, nirK-51 [ i 4L 41 B Shannon $5%1 . Simpson 85I I H S10>S7>S4>SN7>SN10>SN4 ; 7E
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FETHE AR BREEAR B XT3 BE R 0.002%, /7 HL 3R AIK, 45 FE AR (1 narK-Y S5 B b 240 B8 A0SR 8 T
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0.400% ,2.983% , WA FEAR PG T, (B HLTE B FEA TP i 5 o AETE B 25 5, Firmicutes {UAAAE T 5 2=
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A4l BTG 89118 Proteobacteria K1 Firmicutes fHEATHESFEAR PR 5 LA EZE S ML T nirK-% SRS 1k
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Fig.1 Community structure of nirS-type and nirK-type denitrifying bacteria at the level of phylum in rhizosphere and non-rhizosphere
samples of Salicornia europaea in the Ebinur Lake Wetland
S7.7 A WL M FARPRAE  Salicornia europaea rhizosphere sample in July;S10:10 H 5L M B ARBREE S Salicornia europaea rhizosphere sample in
October;S4:4 A (LM EARPRAE  Salicornia europaea thizosphere sample in April; SN7.7 H (¥ &5 Ml B AE M PRFE & Salicornia europaea non-
thizosphere sample in July;SN10:10 H (935 FARMRBRFES: Salicornia europaea non-rhizosphere sample in October; SN4 .4 F ik /i AR MR PR+

# Salicornia europaea non-rhizosphere sample in April
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F2 HABMERFIERBRERSP nirS-B 5 nirk-B R L AR ETKE LHBEEN
Table 2 Community structure of nirS-type and nirK-type denitrifying bacteria at the phylum level in rhizosphere and non-rhizosphere samples

of Salicornia europaea

] JEEER ] AR T]

A Proteobacteria Firmicutes Actinobacteria
Sample name
nirS nirK nirS nirK nirS

S7 6.0626% 0.2952% 0.0074% 0.1954% 0.0019%
SN7 10.6923% 5.1169% 0 0 0
S10 27.9952% 0.5232% 0.0019% 0 0
SN10 5.1388% 2.5834% 0.0074% 0 0
S4 10.5387% 0.3995% 0.0185% 0 0
SN4 16.3884% 2.9829% 0 0 0

242 JE/KF ERREE AR

AR TR R Gt S EATE IR A R A 00, B AT R KT b 425 FEHEAA HI 10 B9 AP iy
Gt E5 A LI 2 (Others S AR E BIFNE T o nirS-BY A AL A0 TR 7EJE KV _LHEA T 10 (99 R 46 4%
R & ( Streptococcus) T & ( Marinobacter ) 62 J& ( Magnetospirillum ) R ER W& J& ( Paracoccus ) . 8 T
J& ( Cupriavidus ) 185 F AR E H & (Azospirillum ) LK AN & ( Rubrivivax) | JE K M0 B J& ( Brachymonas) . Eh ¥
& ( Halomonas) B H M JE ( Pseudomonas) o HeH | Pseudomonas 1 Halomonas J&=4% T 3EREARH nirS-7 7 fil§
AR AR i A A e X R FE , Hor 8 DB AES A 5 LUAIRT AR . ZEREAS ST v nirS-BY A Ak 4H B 4 10
&N Pseudomonas(1.13%) Halomonas(2.50% ) Rubrivivax(0.99% ) Fll Paracoccus(0.64% ) , FEEL 8 h F &
Hor A5 W HEI5 4540, TEREAS S10 7 nirS-TY S il A 40 1 L 3@ A Pseudomonas (1.33% ) #1 Halomonas

O HAl = AKGER o 5 EEKER
Rubrivivax Bosea
(32 4 O EREE 08 mafdER O BAENURHE
Streptococcus Brachymonas Achromobacter Bradyrhizobium
= R 0 HPEE B R 3 Chelativorans
Marinobacter Halomonas Rhizobium
AR = RIERER R RS oY il ) = AIERER
Magnetospirillum Paracoccus Sinorhizobium Paracoccus
= SR 0O BUAARE B AR O fRERE
Cupriavidus Pseudomonas Alcaligenes Pseudomonas
0O FERE R B R ERER
Azospirillum Castellaniella
nirS-1 nirk-
03 0.05
3
§ 0.04 H
El
2 02 H
o 0.03
§
o
= 0.02 f
? —
E 0.01
0 . . . . . ) === I— |
S7 SN7 S10 SN10 S4 SN4 S7 SN7 S10 SN10 S4 SN4

FEA 44 Sample name

B2 Xib#iRihh mERIRSIERRERTR nirS-BM nirk-B R EC AR EE S LK E LREEEN
Fig.2 Community structure of nirS-type and nirK-type denitrifying bacteria at the level of genus in rhizosphere and non-rhizosphere

samples of Salicornia europaea in the Ebinur Lake Wetland
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(25.61%) , FEAS S4 H AL 5 (& RN 2R [R] S10 AL, IX BIAE T80 T Rubrivivax VL 55 T (A X 4 B2
AN, TEREAS SNT7 H nirS-H 2 i AL 2R B DG 3@ S Pseudomonas (1.12% ) Halomonas (8.78%) , HiAth 5 1~ @ 1y
FXTEEH B K, 7TEREZAR SN10 A nirS-2 2 B AL 40 B 194 2 J& N Pseudomonas ( 3.54%) 1 Halomonas
(1.15%) , KRS w0 5], #HEAR SN4 EEALFE T Pseudomonas (1.13%) . Halomonas (2.50% ) .
Azospirillum ( 0.02% )  Paracoccus ( 0.08% ) Fll Magnetospirillum (0.002% ) , £ fAFAEAR PR AL narS-7U S it 40
P ZRE AR AR

nirK-7Y [z A 40 B e S /K F FHEA 1T 10 B9 A4S Chelativorans 18 4= AR I8 7 J& ( Bradyrhizobium ) 78
[C# & (Bosea) . BIEKF & ( Paracoccus) NRHNIH & ( Pseudomonas) . H4E 22 JE [ H & ( Castellaniella) | J= %
& (Alcaligenes ) | W HE M98 T J& ( Sinorhizobium ) \ #J8 T4 J& ( Rhizobium ) . JC (4 ¥ T J& (Achromobacter ) .
Castellaniella F Rhizobium 245 T RE P LA 19 nirK-5 S 5L g . AR PRASREAS P nirK-14 S A 20 T8 19 4%
BB A E], Pseudomonas F Chelativorans TEREAS SNT W AR 32 BE 45 81, 43514 1.20% A1 3.24%
Rhizobium TEREAR SN10 H1 (5 HUIR R, 4 0.16% ; Castellaniella TEREAR SN4 H (5 Hui i, o4 1.03% , 3% i T 76 HoAth
FEAH ST,

FER PR AL 14 S A A A R 7E 8 53 28 KF- B0 A 1 00 (35 3 AR 4)  TET A T3 RE A b A 1 S Ak
YT 1))@ A Pseudomonas Fl Paracoccus , {2 35 E 25 FEA TP B A XS £ BEEAFAE 22 57 narK-TU S A Ak 20 1 1Y
Paracoccus I AFTETAEA SN10 77, #HXFE BEAUH 1.22% , 81 s nirS- B S ABAL A B8 Y Pseudomonas TE45FEAR
R AR B B R S T nirK-B SR AR TR . AR PR AEAR PR A REAS v PR 2 28 1) B Al A 20 T 40 ) A AE —
E LA T8 o nirS-BY SR AL A0 B b, TEAS FEAS TR B I AR AE A JR /& Halomonas | Azospirillum il
Magnetospirillum , TE nirK- 52 A AL 20 T P AR X 3 B 558 2 1 0 AT JE & Rhizobium A1 Castellaniella

x3 HAERGRMIERRERDY nirS-B 5 nirk-BREEAELEEE

Table 3 Common genera of nirS-type and nirK-type denitrifying bacteria in rhizosphere and non-rhizosphere samples of Salicornia europaea

BEA A, TREMLE R Pseudomonas R ER T8 Paracoccus

Sample name nir$ nirk nirS nirk

s7 1.1255% 0 0.6442% 0

SN7 1.1200% 1.1962% 0.0944% 0

S10 1.3254% 0.0326% 0.0130% 0

SN10 3.5357% 0 0.1222% 1.2157%
sS4 4.3262% 0.0043% 0.0722% 0

SN4 7.8119% 0.0261% 0.0759% 0

2.5 ERAERER SRR BREEA o S RS Ak 40 T B 2B E KRR S5 R4 RS R R T4 b
2,51 nirS-BURGHACAN TR 1Y 22 FE P2 i R 0 A

Kl 3 A narS- B ORI A T 22 AR M A0S AR R - 2 H] Y RDA 4347 (RD1 A1 RD2 %l ) i g B
W 93.7%H1 6.2% ) FEAS ST.S10 1S4 73500 T 3 AR YRR, HARBR & HEA 5AEMR PR FEA 53 06 T
ARG IR, 22 R A FARBRAEAS H ) nirS-TURAS AL A0 TR 19 2 RE AR =200 DAFTE— 22 5%, HARBR S
ERRBRAEAS H 1) nirS-Y A AL 20 TR 1 2 FE PR AR A K 25 57 5 narS- B I AH AL A TR 1) 2 FE M6 802 — Shannon
TR SOM AN 2B IEASE, 5 SM 2B A ARG, 1 45 FE 48505 pH (EC .SOM AP TN 2IEAMSE,
5 SM TP . TK \NH;-N 2 5AHC; K] 3 SAEh M B &A1Y nirS-BY S il A 41 17 &8 7K P11 Top10 B TH & 5 5
7 Z[A] ) RDA 734t (RD1 H1 RD2 Sl i i B2 53000 90.9% F11 8.9% ) A ST FEAS S4 FIFEA S10 72K
BIOL BN AL, HARPR 2 FEA SRR PR A AR AR 053 43 7 TR A 2 R, SR W] = A2 1 b M s A HE A h
A nirS-7Y J2 il £k 21 %Ei?géé:*@jiﬁiiﬁﬂ{‘, HAR Br 5 4E 4R bx E‘Jﬁféé*$@mﬁ?$%%ﬁ, Paracoccus .
Brachymonas . Rubrivivax F1 Marinobacter FJAHXTEE 5 EC AP Fl TN £ 1EAH5¢, 5 TK NH;-N fl TP £ 74
Cupriavidus WIFIXTFFES AN 21EA S, M5 KA B R 2 (8] B AH P 3255 ; Azospirillum F Halomonas 1 AH
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XFERES5TK AN Fl EC 2 1EH ¢ ; Magnetospirillum BIFHXTFBE 5 SOM AN 2 IEAHX, 5 TP TK \NH;-N £ ffi
AEX s 5 XS 22— Pseudomonas BIARNT F2 5 5 TP [ TK S IFAHX, 5 EC TN 2 HAHXE, 4558 F 0], SOM
SM TN NH;-N 250 R i 7T T nirS-BY S AL A TR 2 FE P 1 E BN 1, 7EJ8/KF |, EC TN [ TK TP
AN iR B nirS-BY AL AN B REIE S5 25 S ) B &

x4 HAERKRSIFRERERTD nirS-BH nirk-BRELARNBER

Table 4 Unique genera of nirS-type and nirK-type denitrifying bacteria in rhizosphere and non-rhizosphere samples of Salicornia europaea

12 Classify S7 SN7 S10 SN10 S4 SN4
nirS hHMEJE Halomonas 2.4954% 8.7801% 25.6053% 1.1496% 5.4628% 7.6620%
S B Brachymonas 0.0426% 0 0 0.0093% 0 0
A RKATHE Rubrivivax 0.9922% 0.0074% 0.0019% 0.0537% 0 0
[ E MR E R B Azospirillum 0.0185% 0.0093% 0.0185% 0.0074% 0.0056% 0.0185%
S Cupriavidus 0.0407% 0.0185% 0.1944% 0.0278% 0.0130% 0
HEVR TR Magnetospirillum 0.2332% 0.2444% 0.2129% 0.0222% 0.2999% 0.0019%
AT W& Marinobacter 0.2203% 0 0 0.0093% 0 0
HEER IR Streptococcus 0.0074% 0 0.0019% 0.0074% 0.0185% 0
nirk Chelativorans 0.0130% 3.2390% 0.0109%  0.2649% 0 0.0934%
%A MR T & Bradyrhizobium 0.0239% 0 0 0 0.0347% 0.0630%
UL PG [CEA @ Bosea 0 0.0651% 0 0 0.0195% 0
RrFs 22 R [RHE Castellaniella 0.0022% 0.1802% 0.1151% 0.0412% 0.0434% 1.0290%
FERRFT TR & Alcaligenes 0.0065% 0 0 0 0 0
HAEHRRI TR B Sinorhizobium 0.0630% 0 0 0 0.0109% 0
WY R Rhizobium 0.0608% 0.0282% 0.0304% 0.1585% 0.0195% 0.0456%
TN E Achromobacter 0.0087% 0 0.0065% 0.0174% 0 0.0586%

2.5.2  nirK-TU SRS AL TR 1) 22 AR i Rl - 43 B

Kl 4 SR A B D narK-BY OB AR AN TR AR PR A S PR - 2 [ B9 RDA 434 (RD1 H1 RD2 Sl i ¢
FEA3 M 99.6% 1 0.3% ), FEAS S 3 F25 R BR  FEAR S7 FIREAR S10 £ B i B B A oM 4200 , F WA R A S AR
bRt s rh nirK- UGS AN R I ZFEEE R SR RN, MiEFE RS E S FREMEZ M EFEK;
MRBRAS A 5 AR PR 2 FEA A3 AL T AN R A G2 B, 22 W1 R A1 B AR B 5 AR AR PR A5 REAS T Y narS-7 S A A6 240 T4
B AR AR R 25 5 5 nirK-B S B AL 40 B8 1) Z FEPEHE £03 5 EC . SOM AN TN 2 IEAHXE KR, 5 SM. TP,
NH;-N 2 A B 4 3h M s R EAS Y nirK-RY SRS AL 20 7 8 7K T/ Top10 1Y I & 5 B8 K1~ Z (A Y RDA
53HT (RD1 Al RD2 iR R FE 43 3118 82.4% F1 11.7% ) FEAS ST .S10 Fil S4 FEEI i B RO #23 , RVIBHE %
TR, BRI FAR PR AR A Y nirK-T0 SR A A1 P RV 465 4 8 AL R EL B 5 1T AR B -5 AR s 25 AR A 43 385 ok
PEF AR ISR, B 2 (8] BOBE VS L5 M AP AE 3K 22 57 5 Chelativorans Fl Pseudomonas BYFIXT FE 5 pH AP
BIEAMSE, 5 TP\ TK \NO;-N 2 A0 ; Paracoccus FIFIX F 5 SM AP £ I1EAH, 5 SOM  AK F 74056 ; 7F
JB Kb AR B HEA BT = 09 nirK-750 52 5 (L2 7 32 2552 31 SMAK .pH (AP 1 NO;-N B, HiA% s 1e
PE] e A S SR S ARG = BE AR, IR0 B 2 AR A & E B s 25 SRR B, SM L SOM AN |NH;-N J&
S ER AR 5 narK-RU RS AL AN B 2R 1 2 BEIRBE R 7, TS BV 45 40 1 E 2L KA SM L AK . pH AP
1 NO3-N,

http ; //www.ecologica.cn



5322 A E = 2%

1.0 O SN10 SREPETC AT

SM

% 7 ™
I L A K
- ©
§ chaol EC SN4
[l ifpson in +
k-4 AP £N7 NH,*N
pH 3
Os4
shannon index AK
o) NO3_-N
i S10
AN
SOM
-1.0
-1.0 1.0
#i1 RD1 (93.7%)
10 N .
Pseudomonas *, TK WA MIUAR I
S4
a O Azospirillum
X
2 SM_ e Halomonas
T T e AP0 NSO s
a SN10O-
@ Streptococcus O s10
N
E ..... -~
AN Cupriavidus
Paracoqpfg
-2 By
\Brachymonas
Marinobacter
Rubrivivax
A EC
TN
-1.0

#1 RD1 (90.9%)
B3 AESHHAERRMIERRTIED nirS-BREAARESHE FEEHNRER TR
Fig.3 RDA analysis between the diversity, community structure of nirS-type denitrifying bacteria and environmental factors in

rhizosphere and non-rhizosphere soils of Salicornia europaea in different season
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Fig.4 RDA analysis between the diversity, community structure of nirK-type denitrifying bacteria and environmental factors in
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AR R R, S LW A R AR AT S A B 1 nirS N nirK SR ZREME ) B nirk BER ZFE1E
i 15 T nirS FE . BKEERRBRFEA 1) nirS F nirk R 2RV S o 3h A AR BRAs FEAS v i S il AL 240 7 22 4
PR = T EAR B, % EEOR AW AR RIS A A AR R BEE 7 A A LR | LR N AN AE 2 Rl )
JiE, IS S AEAE AR BRIE B T AR AR B >
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B, 3% W ER A 45 L R AR AP B B 2 R AT nirK-R SRS AL AN BRI SERE, Proteobacteria VE R 45 1 REAR
Hh BT AT B R D 28 R S A A A TR A T S R A B A RS O AR T R R A A TR ) 28 X 5 S0
AU A Sk T R WA R E DR P narS- TR SR Ak AN TR 1 TR AR O I ST 2 SR A AT, th S 2l
XoF AL ] AR v i S A A0 T 2 REPE I BIF SR G518 R B — By X T REJZ 11 T Proteobacteria "% 1 4%
FE SRR AN B, AR S R+ e i A 8 R )32 . Gamma—Proteobacteria (1) Halomonas 1
Pseudomonas VA2 TIEREA T A1 0 AR T VZ 1Y nirS-24 S AL A TE DLV | 2 46 M R & A A rhle
EFAEFIY nirS-BY SR £6 A0 T 8 X5 SO AR 7E d 2 W TR Th R IR R Y R Ak AN T 2R AR
Halomonas ' Pseudomonas W 245 & — 80, R T XM BAEVRY S LIEREARZ B W) Z A 1E,
Pseudomonas J&=4% T IEAEAR T ILEFEAEN nirS-BUM narK-BY S S AL A0 B, 82 KN Pseudomonas A E £ &
A A | RE RS VA [F] A BRBEAR DL , AT A A7 AE T AR A B v, AT AR 2RSS 13X — 5,
RO BRI KR E v R B nirK-B R nosZ- RGN BRI 1 R34 54 Pseudomonas , 4 SCH 55 i AE
A3k B VI v A DR rh &R narS-BU S AL 20 TR O OE 38 F2 2228 Pseudomonas . Halomonas W TR R J& T
o B G ER TR, 3 A A v R R R T T AR A R A BT R A 0 R B IS A TR R R K
Azospirillum JETERFEA HR /D BAFAE ) nirS-TY S AL A0 TR, 3X 1T RE 5 ML Y 14 I il AL 181 & Azospirillum BT LAAE i
SAEAEAE - ,ﬂﬂ‘%ﬂﬁﬁﬁ%ﬁ*ﬁa@“‘” o Alpha-Proteobacteria M) Rhizobium N4 TIEREAR I 1 A8 T
12 nirK-B3 SR AL A R AL 3R | R A R A AR TR AR I nirK- B SRS AL A TR & |, T R A b AP
1) Bradyrhizobium F Sinorhizobium WY TR , © A A 5T R WA H AT LU ZRMEY A A, Kb i 21
PREBEAT R ALRE Y AR HE S G TS R T — kSR B T Rhizobium 1) 5 3% AH A4 SR S AL AU TR
7 35 SO R 5 U BN B SR AL AN R A T IR AT, S SR R, T REAS TP S Sy nir K-S A TR R
PSR AR H . AP KL Castellaniella WAFAE T 45 T FeREA | RIE R 55 R B0 138 v 43 B 3K
15— B U B SR TSR B T Castellaniella , & T DA i 85 38 A R 46 o0 — #AL 2L AR — B =4
Chelativorans FATHE T 3h A FMPR S AEMR BRIX — 3R Bl 2015 0 14 nirK-75 52 il £k 20 T JHE L L2 e g ] =
MR ER IR 3 R L T /DY) Chelativorans FITR K
3.2 ERAAFARER S AEAR PR A b ) SRS T A R A SR 5 R o BRI DR 7 43 B

RDA S3Hr 255300, 7e 38 M RO B 5 AR AR B v, narS-700 S A 10 200 18T 1) Z2 A 1 I BV 5 A SR B B 1k 22
S, EAKPI Y nirK-2U S A0 TR 1) Z2 RV 2200808, B nirK-3 SRS A0 A0 8 R VR S5 P TE 25 A 22710 HAEAE
BNWZESE, TIPS AEMRPREREA BB nirS-T RN nirK-70 5 5 AL 20 18 B 2 REVE R 2517 e 2 — e 22

St
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FAEATHAE P 7% 2 FEETEAS [ BRAG R BT 1Y) 3 2 [RIAE7E 25 57 22 S, EE Y IR A AR B 26 Y Al W 3%
TRFIREIIR R P IBHE  BEATIIE R IR AR AR (A S A SR A WUR SR S5
A AN B TS 2Rt S0 2 A SO A0 sk A 3k i T V0 114 22 S22 UURR ) o S A A B 2 A
e I, AL YL IR Pseudomonas ‘SR LS AMEBEE VMG, AR, EC AP TN,
AN SM . SOM FEE SR EEX T nirS- AU SR AL AT (1 Z REMESZ MR . 5200 nirK-BY A A0 AN T 22 FEPE 1Y 2
2 A5G SOM TP SM TN AN FIEZA A, TE 7RSS ST T A R AR B 04 56 B 1 398 v (9 152 Al Ak 40 7 ) R 3
HEE R AR R —E R R T 30 5 R AN A E AR IR AR R R . EC 5 A4
P Z (B A AE DG, 2R EC 23 52 M A IR £ 340 J5t o 2 v %) eI P | 2 7 52 00 iy 282 1) S i A B2, T S b
b P S A U B iR SRS AL A B 2 B R R X S AT IR 4 R — B0, RN AR
1 DGGE EARXH U0 Ml -3 v 1) narK 5N S S AL AN B 2E AT 5T, A5 SR 3R mar K- S B AL 0 o8 1) 2 R
AR Z I TCAHE K TR, Alexander Mergel"*™ S5 7) FF 35 PRI AT B AT WM ARobR 48 v 1) S s A 4 B A TR
SERARY] T Z B ARG HEARMG . X T 3h A R A A A b SR A6 40 s 7K P 1 Top10 19T 5 PR 1
ZIEMTUAR M Z 8. AP TP RIS B A 0 & 2% S5 AR Pseudomonas ) AH X 3= & % VLA %, & M
Pseudomonas WIRETE S5 F S G2 2 IAFAEBCOR A IR R G FR ) 3X Fl Wang Chun—Chin 287 O HfF 77 45 2 —
), WF5E K IR I TRR Y B A B Pseudomonas HIARRT 32 BE 5 w5 AR 56 i HAt 0 A0 34 B
SR N F R MK . Azospirillum WIAHXT 2 FE AR K2 YA G, A = B FIas i 8 & i 2 2 A AR
PRAEEA R, 148 EC & S8R 2 IR B & TARMRER , M Halomonas WAHXS 32 IF 30 e £ P,
Halomonas HYAIX B2 BAR3Z 3 EC A2, EIFAEAUZ N R TE . ABEFE b SO AL A top10 1Y TH & AH
X 2 B RO TR B — R e PR 7 SR B, P SIS AR 1) S A TR A Vi 45 ) 22 S 52 B[] - S 3K PR B2 )
EC TN TK TP FI AN 75 J& 7K - U [5] 52 Wil nirS-24 B2 4 AL 40 7 B A2 4K 5 SM,AK  pH AP 1A 25 3L )52 i
nirK-BY S i ACAN T SC P R A AR s 55 EAR B b S A 1 200 o1 14 1 v 4 4 A G Hh 22 3 BRAR R 1
Sl AR I, 3R WOLSING M ' 45 (B 58 25 LA — 5 I AR (B

4 it

TE3C LR | B 2= AL AL, Eh A FARPR S ARMR PR AP A nirS-TU A nirK-2U SR AL AR B 22 R SRR TR 245
Fy e A AR Ak , EL ol DR R 4 S R AR AR B A 22 R SIS S5 A DT AT AE R 2257 o SRR ROARBR A REAS P S
TP A PR A A 22 R 3 i T ARAR B, ELAR BR-5 ARAR B v 54 SR A 20 T RO RE P A A O AN AR TR it - ¢
AT %8 P DR R ) S i P 0 B 114 A P SRR 7 A AR S MDA RO ] 3 B30 M S i P 20 T S B
TIEAY , nirS-TUFN nirK-70 S G ACAN BT IAS [R] 09 32 203 i, SERIE IRt SR AR VR T . X TR M A 2 R SE Y
PR ZEEAT RPN 32 14 - SR ZS DA 0 S5 B A Bl A 0 e e ) sl 285 M
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