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Isolation and growth-promoting function identification of two
associated bacterial strains of Synechococcus sp.
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1 Heilongjiang Provincial Key Laboratory of Environmental Microbiology and Recycling of Argo-waste in Cold
Region, College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China
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Abstract: [Background] The associated bacteria have complex interactions with cyanobacteria.
[Objective] To study the effect of associated bacteria on the growth of freshwater
Synechococcus. [Methods] The diversity of the bacteria associated with Synechococcus was
analyzed by high-throughput sequencing. The associated bacteria were isolated by plate
streaking and identified based on morphological characteristics and 16S rRNA gene sequence.
The impact of associated bacteria on the growth of Synechococcus FACHB-7942 was analyzed
by determining the concentration of chlorophyll-a by co-culturing Synechococcus and their
associated bacteria of different concentrations. Rice seed germination test was carried out to
verify the growth-promoting function of the associated bacteria. [Results] The dominant genera
of the associated bacteria of freshwater Synechococcus were Porphyrobacter, Rhizobium,
Aquimonas, and Mesorhizobium. Two associated bacterial strains, JQ1 and JQ2, were isolated
and identified as species of Rhizobium and Peribacillus, respectively. Through co-cultivation
Synechococcus with different concentrations of associated bacteria and rice seed germination
test, it was confirmed that JQ1 and JQ2 exerted growth-promoting effect when the ratios of
bacteria to cyanobacteria were 5:1 and 15:1, respectively. JQ1 significantly improved the
germination rate of rice seeds compared with JQ2, and both strains played a role in improving
the seedling quality and root development. [Conclusion] The associated bacterial strains JQ1
and JQ2 at appropriate concentrations can significantly promote the growth of Synechococcus,
and the application of associated bacteria in rice can improve the germination and promote the
growth of rice.

Keywords: Synechococcus; associated bacteria; phycosphere; growth-promoting; germination
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FIPELE 20T Z 0] 1 6 R EATAT ST, R BAE K]
B SR RSN T e R AN TR Y SR BRBERE TR A R
BT RR AR RS EA; JFH
Hayashi "2 % B, Synechococcus leopoliensis
CCAP1405/1 5 1 A= 41 i H [R]85 5 i m] 7 53
8 [ A BB 7 A Al b AR, T A g
TEZE SRR AR B SR AL P AR I, BRI AR
AR T R ERBE A R, BB e AR . H
B, 0T A 40 B AT 5 R 22 A A o e A
WaRILRNR o B AR s L

B Z 18] A HE ) 5 i e A KA —
TEDNER, TR 8 7 A R Rk O A BILR
TR K . AR B EIRER
BERRERAE, N iE SR AETCHLER ), 0 B AE W]
DA I 5 5 B B OIS A AR IR T, [
Z. TR (indole-3-acetic acid, IAA)!'71 0 B,
BRAIRNY ) B EVRE TAA YR Z B0 B A
AR, AT O 8 A L 91 T R O P A
RPN B A A O BE TR LU B G R
MFRA BB R S R RS, AR T s
Py e, ERR AR A B X B LR A A
Wy e 25 Je A K BA e AR A R A HiRE

AMIFFEEE T X IR oK TR 3k e - P A A T AH EL AR
PP IR, WA R v 2 REPEEA TS
Fror B A e PELE AR, TR P A A TR TROK R Bk
WA KRR, I A KA IR & 2 R R 1
A 2 T I R PR B A R 1 A R, U S IS
RN B A A A TR R B G 2R B A

1A

11w
111 fHiER

R ERBE (Synechococcus) 7942 W 3L T [H
Bl 27 B IR 7K 3 B % (Freshwater Algae Culture
Collection at the Institute of Hydrobiology,

FACHB), 550 BG-11 #5556, 78 25 °C,
S AR E N 25 uE/(m?-s), JESEWIN L:D=14:10
S0Pl P S
1.1.2 HifiEARE

BG-11 #5310,
IR,
1.1.3 EFERFSNE

TIANgel Midi Purification Kit, KR4 {LF}
F AL A BRA ] RkBREEJENR , Whatman
ol TEIRIGEFRAE, IR BT A OA PR
Fl; PCR 1Y, Biometra AF]; Ja2r s, B
2P E AL, R#EEITHT A PR
N
1.2 7%
1.2.1 BREKEFEMARMNED SN

W7 S B R ER R K 3R, E R AT,
B 200 mL 1AL 0.4 pm fAL ok Pt vk o 2=
TS AT , U JCEE BG-11 WRAK RS 9% 2ok i
FEEIRA Y e, Bl 0.4 pm GALIERE, &
ZERLIE 3 R, BEIRA YIS 0.4 pm P8
b IS IR B AL 2 3 2 mL TR L
iZ i CTAB L5 4 HL DNA fE MR, R
H51% 515F (5'-GTGCCAGCMGCCGCGG-3")/
907R (5-CCGTCAATTCMTTTRAGTTT-3") % 4H
T 16S rRNA 3L ) V4-V5 X3 T PCR #1412,
PCR =¥ 47 Tllumina @ w0, I 3075
A2k JE R4y OTU, S Bk 91 5 18
J& 7K V- GE A1 A 20 TR A v 2H A o R 0 D
I B 2 88 52 2 I KA YR 2E BodE o
(https:/nmdc.cn/), k5N NMDC40027515—
NMDC40027517.,
1.2.2 HFEHEMSSHSL

B 1 mL KB AR 5 mL NA i)
R IR 10 mL OB, BT HEEKE
535, 30°C, 160 r/min BRGHIE 3 d 5855

LB 13 3 PR NA £
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WARIR B 1 mL R R OMA A 5 mL
NA AR FE 50 10 mL B0, dksi s 4
R . S E AR 2 R AT o Al BUE
W 100 pL ¥RAT T NA BUARE IR, PRBUE
AR I B D VR R A7 R 2 alifb 35 5% | 7% 2 alifb
3R, S bR TR AT S R, W
WLEE . M 7k 4 Ha 25 P20 i I 8 TR AR TAA
RETT.
1.2.3 HEIFKkAY 16S rRNA EFLE

PR S A ECR A5 19 27F (5'-AGAGTTT
GATCCTGGCTCAG-3")F1 1492R (5'-GGTTAC
CTTGTTACGACTT-3")4"#% 16S rRNA K[ .
PCR WA Z (50 pL): B F/K 23 ul, |
TUF51 91 (50 pmol/L)# 0.5 uL, 2xTag PCR
PreMix 25 pL, DNA #iti 1 pL; FAPEXT IR
BREAR AP B BT AT B4 . PCR S 454t : 94 °C
5 min; 94 °C 1 min, 55°C 1 min, 72 °C 1 min,
30 PMEER; 72 °C 10 min, PCR F=¥uE47 55
W BE B L UKk, M 1.5% B0 RS M E B b VT2
1500 bp K/ PCR 774, H TIANgel Midi
Purification Kit #F17HZ [allf, Zfifk DNA F Bk
FHl pEASY-T1 FobiidbfT TA #4z, b b3 A
KIHFFE DHSa Bz S4B 560 AR
¥l 20 SEsElE, B MI3-F (5-TGTAAA
ACGACGGCCAGT-3")Hl M13-R (5-CAGGAA
ACAGCTATGACC-3)5|¥it17 PCR ¥73, #
D PAMEERE . PCR K R FIEFR S0 10 uL
A 25 Hofth [7] | o B TEARER 5 A PRV e e T
WA Y . W F 3RS F 515 NCBL M
EzBioCloud I (https://www.ezbiocloud.net/)
16S rRNA J [R5 12 rbosd =X o ik 56 9 1) sk
47 BLAST L, I 5 ey i & DU s b Rl i)
OTU J¥ 41347 HL % 7 #7 (https://www.ebi.ac.uk/
Tools/msa/muscle/), FEIHETE 99.0%L FIA K 3
B AR REER BT AN

R A [ B 53 BB vk R A IR R A2
FRFE BRI PO i, R4 % a
P& AR B A Y R, o B Al B PR R 2
WA A A BT A KRB SR 7 d) i R R
W, REREEIIA TR R 1x10° CFU/mL, 3EHUH
PELLR 5:1. 10:1 0 15:1, B JQI F1 JQ2 #IkG
M BERIA 3] 5%10°, 1x107 F1 1.5%10” CFU/mL.,
T3P 24 h B2 mL SRBREESEWAEM, BV 12 h
JEREMA 2 mL 90%A#A L EE(80 °C)FH#uk
W AE 2 min, B R (800 W, 40 kHz)4b FE
10 min, MREHFHE2XH 2-6h J5, 4 000 r/min &
L 10 min BUFRESR 2 10 mL, 7EJ K 665 nm
1750 nm ALK SEAE , 530K Eees F1 E7s00
% 1 molV/L EhRI Ak, THH AN FE kI &
I3AICHN Aees Tl Agso, JH T A1) TR TR BRBE
At ER a YR
Chla = 27.9%[(Eyes — Eyy) = (Aggs — Ay

Vo [V (h
A(DH: Chla M4 a S (ug/mL); Ve
L TEAEROR AT (mL) 5 Ve B BEAE A AT (mL)

FeAE K R, dYHMEER a kM5
] 3 2 ) E
= (InN, —InN,)/t (2
K)F: Ny AVIER HIFERER a W NS ¢
RMAFHIM LR a WBE; ¢ N EEFRITTE],

DASEFRET R AR AR . B AE R BN PR AR
R R ML, DLIAAR A A g R R AR K
P
125 HEMHENKEMFLFREDEAR

HECK R SR S R 3040, JKFEFPTF
40 °C T4 48 h fEBRIKIR, 252D 75%F5 4
M O.1%FF R AT, TH B J5 Fh 4 Fh 2 55
o, 30 KA. IR 3 4 JQI WK . JQ2
BRAT NA BEFR 3% BR4L, BRIRAIRIE 50
1x10° CFU/mL #1 5x10° CFU/mL, %4 3 K&

1.2.4
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5. 7630 °C KiAEFE 48 hj, BT 25 °C {HIR
FEREE SRR S, BRI R AR, IMEAF
BWORZER . RIFRRECNFN T R Te 8
R EEH(%)=1 4 d K ZFFFERIE R 501005
KR (%)=L 10 d P75/ 5 FhF%0< 1005
KFHRE GI=Y(GUDy);
Tl 15 & 15 $0=1.00xnd2+0.75xnd4+0.50xnd6+
0.25%xnd8;
K DOREZFEREG GRS DAY AR
REERFEG SRHEM; GUESTE F1 R IEH 5 ;
nd2. nd4. nd6. nd8 FHIAEE 2. 4. 6.
55 8 RIF T &%,
PLBCACE IR DG B ES FRAFIC N5 0 K, B4
14 KRBT T 0 B3 s N5, Siit
Hbke o E3 0 T8 o TESEME
RIRIEPR AR B . MRAARR, AR R AR R
1.3 HIELE
WAL AN ST I P 3RA5 ) 16S rRNA
JE R 41 E NCBI 1 EzBioCloud M3l F 747 [A]
R N N - & S =N SN | D= B!
ClustalX 1.81 #4727 4 X, kA MEGA 7.0
B AF neighbor-joining 4 R 4t & F W, B
HMEXER; FIHTE LA-S R0 ZE it
KRR BRI 4 20 M s AT SPSS 26.0 FfFxt
AT LRER a & AR RUKRE Kk ZFEAR T
B M7 18 F OriginPro2021 /& Excel 2016
TER .

2 HZRE5OM

21 BIKEFEMEHNEDZHEMN
REREPEAE AN DNA KRG, 3 I L3545
e B R P A 110 193 45,35 36 731 25/4E b,
FF OTU X4y, HIBREBREES , A4 7 LA
34 J& 37 P, SRIET 6 AN, Aol A e

W '] (Proteobacteria) . YUFF | ] (Bacteroidota) .
2 Il (Actinobacteriota) . & EE 1]
(Firmicutes). BRFFH ] (Acidobacteriota) %5
B [ J(Planctomycetota), WK 5 59.74%. 39.96% .
0.05%. 0.22%. 0.02%F1 0.004%. 7£J&/KF I
YL J& 4359128 NS11-12 marine group_norank
7= 0 Wk #F 5 J& (Porphyrobacter) . R 98 7 &
(Rhizobium) . K} J& (Aquimonas)F1 18 4=
HIRE 7 J&@ (Mesorhizobium) , &5 4354 38.99% .
22.28%. 15.89%. 8.19%%1 7.15% (K 1),
22 HFEHAEEHRNTERETE

FIFH NA B3R 50w A i R BK e AR A0
SFHi R 2 sk th R A R JQL AT JQ2. JQI TR
KEINOOAEYRIE, REOGHEICRE, %
AF VAR, BRI ; 1Q2 WK H (A3
HIRDE | RGP 5 Wt B8R .
o2 [RGB JQ1 N G, AR JQ2 1 G,
BIRFFRE (B 2)0 77 TAA F 43518 49.69 mg/L
F129.91 mg/L.
2.3 HE#KAY 16S rRNA EFE L ELE

BERBEAEA A0 R ) 16S rRNA JE[H F 412
P B3RS B % % £ GenBank, Pk JQ1 Al
JQ2 (#5543 5k OP404838 Fl OP404364.
BLAST Pl XS k3L, 5 JQI AL i &
(99.24%) I Ak K Rhizobium rosettiformans
(CP032405), 5 JQ2 FHLLEE 2 51 (99.93%) A A5 2
RN Peribacillus frigoritolerans (MF800956).
kB HGHEOC R, RAIREE I R G L
HR(E 3), VIEHERE JQ1 J& T Rhizobium,
JQ2 J&F Peribacillus, IR N Rhizobium
sp. JQ1 FI Peribacillus sp. JQ2 . 5 = i & 1 &
REP IS ) OTU e al dEAT e i, R BLA
B JQ1 1 JQ2 4l 55 OTUS #1 OTU24 (A
JE 100%, GEBTEKE JQI FI JQ2 ¥ J Bk
P A 20T
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24 EEARLEATBKEEKERDN
M 25 R

AN TR BT 3 L SRR 4 R a Bt A b AE
KRBH AR fE WL 4, AR JQ1 5 R EREE M
JELLGIA 5:1 B, HXT SR ek A W R i fd it
ERT, 5 4 RAEHRHCR W10 (K] 4A. 4B), It
R E a R XTSI T 121.21% (P<0.05),
FeAE K #8[(0.624 0+0.01) d ™ FEXT BR2H 2548
T 32.91% (P<0.05); 24 Eufi - 10:1 B, 5% ER
Htar R a FAERKFETL R #25% (K 4C.
4D); M HHI R 15:1 B, JQ1 X} R Bk HA W B
PIEIFERT, 55 3 REH IO e B 8. (& 4E.
4F), M43 a i HO BB 5080 T 55.56%
(P<0.05), HAEKH[(0.094 9+0.05) d'THXF R
HIBERILT 73.81% (P<0.05).

JQ2 HIRERBEMKREE LN 5:1 B, JQ2 X5
BREEEA W AR ERT, 25 3 RMEIRCR &M
S(E 4A | 4B), MEEE a &8 HFIRALE 2 AL
T 44.23% (P<0.05), FeAK#[(0.358 5+0.07) d ']
X B 20 3 & AR T 35.78% (P<0.05); FLfilhy
10:1 B, M43 a SR AR ROR S XTI TC B 3
225 (8 4C. 4D); il 15:1 |F, JQ2 X ¥k
WHAMRIER, 8 2 REMEIESUR &
(Kl 4E. 4F), Mok a & oo B s in 1
111.76% (P<0.05), FtAEKZR[(0.549 3+ 0.01) d ']
Fe X RELHIE AN T 215.42% (P<0.05). %% |, JQI
SRBERENRIE LGN 51 B, XFRBRERA
PEAERUR ;s 24 JQ2 SR EREE M LB A 15:1
BF, X SRk B AT R A ROR s B LS 10:1 B,
JQ1 il JQ2 XJ SR ek Toft AR R .
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0 | |
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Reyranellaceae
Ochrobactrum
Shinella
Limnobacter

P Bacilius
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Hoeflea
Roseomonas
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1 BAKFLERKEFEME 16S rRNA EEFFIMEXNERE  Norank: /3% RIEHILXNZH

HEL2A 2 FR; Others: &I T FEMT 0.1%MH)E. 1.

Figure 1

1A AR 3 IRER

Relative abundance of 16S rRNA gene sequence of associated bacteria with Synechococcus at

genus level. Norank: No scientific name of this level in the taxonomic genealogy; Others: A bacteria genus
with a abundance of less than 0.1%. I, IT and III indicate three replicates.

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



1832 A i AR

Microbiol. China

E2 JQIFMIQWERSEASREMBAE A: JQl HKE. B: JQ2 WikK. C: JQI BiME. D: JQ2

BT

Figure 2 Colony pictures and micrograph of JQ1 and JQ2. A: Colony picture of JQ1. B: Colony picture of

JQ2. C: Micrograph of JQ1. D: Micrograph of JQ2.

2.5 ATFREIEHEEMEIEEINEE

3 b KRR & 2R 0 14 R S R B 30 UE I A
AME AR A DIRE, S5 REW JQL REAS 1Y
IKFEF R 2R RFEH . R FRBONF
W A AEEL, O BAZH 43 4R 5 22.82% . 18.30%
40.60%F1 24.40% (3 1); JQ2 RE W {2 # /K F3
MR ZER, BB 19.71%, KFEHR. &
ZEFRBOF T KA B LA B R D).
S5 RFEWT Q1 A IQ2 XK FERN & ZEESHA 2
A T1RE

IKFERRE R IR bR LR 2, & B JQ1 AbFE
Ak B EET JQ2 LB, HWHES CK 4

WHEEES, JQ1 Al JQ2 AMA W T T &
Fb CK AR 360 26.67%, X EEe | Hb
b T R T i B A s e G i M 2R . AT
RERBEEA AN JQ1 5 JQ2 #RXT /K FEMR &2 T 8
HARAER.

IKFEMR RSB 3, JQI 48 CK A £
R AR SO 53 OB I B9 T 56.87%
67.40%F1 83.88%, MR, MIAF, FHH
12 MRASEN TC i 25 22 5 . JQ2 3¢ CK 413k
HAEEIRE T 66.46%, X THABFE AR 5 CK
HICWE 2R, AT 0L, JQI I JQ2 WRE W 4w
KRR WAL, SEE KRB R .
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97 Rhizobium rosettiformans (EU781656)
52| Rhizobium rosettiformans (CP032405)
I1Q1 (OP404838)
|{‘ Agrobacterium nepotum (JWJH01000079)

e
c[
=
=1

100 | Agrobacterium arsenijevicii (JWIT01000061)
69' Agrobacterium fabacearum (MNT741112)
Peribacillus frigoritolerans (MF800956)
61]1Q2 (OP404364)

Brevibacterium fiigoritolerans (AM747813)

100f Peribacittus muralis (LMBV0O1000053)

50 ULPerr'bac."l.’trs simplex (BCYOO1000086)

79% Peribacillus bitanolivorans (LGYAO1000001)

3 RAMGEAEMEIQI MIQ2 MALGLAER 438 FEUFR bootstrap fH, bootstrap {H<50
RER; FETPRF SR ERE NCBI ERERFIIE T i RARE IR 5k
AR

Figure 3 Neighbor-joining phylogenetic tree was constructed with JQ1, JQ2 and closest relatives. The
numbers of branching points in phylogenetic tree indicate bootstrap value, bootstrap values<50 are not shown;

Serial number in bracket indicates nucleic acid sequence landing number of corresponding strain in NCBI
website; The scale bar represents the number of nucleotide substitutions per residue.
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Figure 4 Effect of different ratios of bacteria to Synechococcus on Chlorophyll a and specific growth rate of
Synechococcus. 5:1, 10:1 and 15:1 in the figures indicate the ratio of bacteria and Syrechococcus.
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®1 EMAESIKFELFHEN

Table 1 Effect of inoculation of associated bacteria on rice germination

b3 R KR REFHRE Filt -8 & R %L
Treatment Germination potential (%) Germination rate (%) Germination index Seed germination index
JQ1 77.78+0.01a 93.33+0.02a 62.89+3.62a 56.08+2.29a

JQ2 72.224+0.04ab 94.44+0.01a 49.87+2.50b 52.83+2.96ab

CK 63.33+0.03b 78.89+0.04b 44.73£3.91b 45.08+3.66b

[FIB B o AN R /NG R38R AN TR A L ) 22 57 42 3% (P<0.05). T[]
Different lowercase letters after the data within a column indicate significant differences (P<0.05) among different treatments.
The same below.

®2 AREIELIEKFERE R RS

Table 2 Comparison of rice seedling quality from different bacterial treatments

JhBL MR Hby |- fif B b T R EH

Treatment Plant height Aboveground fresh Aboveground dry Underground fresh Underground dry
(cm) weight (g) weight (g) weight (g) weight (g)

JQ1 7.89+0.43a 0.095+0.003a 0.013+0.003a 0.201£0.003a 0.019+0.005a

JQ2 4.62+0.39b 0.090+0.002a 0.035+0.025a 0.194+0.006a 0.019+0.004a

CK 5.42+1.16ab 0.083+0.002a 0.012+0.001a 0.213£0.008a 0.015+0.001b

®3 FRBLEKERASHAOLS

Table 3 Comparison of rice root parameters from different bacterial treatments

b WK ESIIEA A S EAE RIIEE ¢ HRAREL 73 AR

Treatment Root length Surface area Volume Average diameter Number of  Apical Bifurcation
(cm) (cm?) (em?) (mm) nodes number number

JQ1 196.57£7.49a  176.54+22.03a 36.37+7.75a  1.04+0.07a 534+44.47a 258.67+18.91a 224.33+23.10a

Q2 197.80+5.45a  187.33+9.80a  25.35+3.26a  0.98+0.07a 335£19.09b 149.00+10.97a 146.33+10.90b

CK 177.89+15.74a 112.54+12.14b 43.90+22.11a 0.81+0.05a 319428.31b 161.67+19.13a 122.00+9.87b

I W 8 (Rhizobium) 427728 45 S RERBE AR
I Y A R R R R, R R AR
21 2 W T 3R B U T REBRBE AR A A T SR
J&F 6 & ZIFFHE (Rhodobacter) ., 28 HLMY
W J& (Alteromonas) . ¥ A& (Flavobacterium) .

¥ B AT 1 JB (Roseobacter) . R 10 1 )&
(Pseudomonas) S & 5L ER & (Sphingomonas)™

3 W54 #®

BEPR Y R E ARG . R B
[N A BRI K7/ R N E R (S AR S
P A= 241 B AT BRI 1 R (Pseudomonas) . 5 2,
T B I & J& (Sphingopyxis) . 5 I8 A 1F )&
(Sphingomonas) . Wt J& (Flavobacterium) |

B K E 8 (Alteromonas) . B AT H )&
(Roseobacter) . - fFF 1 J& (Bacillus) . ¥ 25 #0FF
W J& (Virgibacillus) . 4% %5 1§ J& (Streptomyces) |

5 J& (deromicrobium) . T ¥ & )&
(Microbacterium) . 77 b Wk M W )&

(Porphyrobacter) . Fri&BR1# J& (Citrococcus) IR

HEF 16S rRNA &R FE R 41 N 5 itk & 80k
Y ZREERE A, 1T 16S IRNA JE[R V4-V5 X
ALK I PR 2 PN S PR G 2 R T Y o 2
IRV, AR S Ao v 3 ) e G T SRR 9 A
B 16S rRNA H:[H V4-V5 X 45 RFEN, Rk
A RGP I R BRI A A0 A 7 R &
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(Porphyrobacter) . HJ& I8 J& (Rhizobium) . %1l
FF# & (Bacillus) . $5RE 516 & (Sphingomonas) |
TKFE B 8 (Aquimonas) . B LR (Pseudomonas) |
B XF ¥ B & (Dyadobacter) . i & B & # )&
(Sphingopyxis) . Aliihoeflea. Limnobacter FIA
AT R TS, SHIIERNEEES RS
AR A R IS A AT, R E . 2
FF T T8 FIEE I 5 0 7 R SR TR K RV A2 AR R
GALE R E, FHAD LR AR 405 AT BB A IR OK A 3
W LR MR, A9 53 B 1Y W bk A A 40 T
Rhizobium sp. JQ1 F1 Peribacillus sp. JQ2, il
5 e il i e AR AR B OTU JP 4147 Le X,
VERCRE A 100%, 35 PR 20 P S Joa 6o JHL 2 o) A
/N, UEWT JQT A1 IQ2 AR R KB A AR, A
FEAE T —WOK B A A Pl g BT
Porphyrobacter F1 Rhizobium™" ,JIEW Rhizobium
A RENIRK A SR % T A 4 TR

HHT, CABEZA KR AHOC ST 77 40
AR TE > (HF ST IR K R ER B (45 H 2R
P S BE™, o s alifl iR K 3R Bk e e
A 20 TR I PR R R SR BR A K i Y F SR
A B A ANTE R NS W R A
FHUPR 2SR 7% B P24 R R A 06 Xia S5 R B
RBREAE T X b B PSR R LA R
BOFF TE R A BRI R, HOR AT B ik
Zheng %YL BLIRPE R BRI TP AL B R A
BT, RiFATr B aifb i ir o ge; 2
it 3] A5 2303 1) DA 25 ol 0 R B i 3 v 4 5
Rhizobium, AR5 8 Peribacillus; A5+
SRR A AR TR RN o A [ 1 A A TR T B
AR RGP AR ALRRE DI RE, 0 B R A AN
AR T B B hEe, Blan. EAFE RS
A K i TAAPY | HwE . ks ik
MRS EPLE . BiEhmRE DY BORAT A BE
BEIE A WL . AR AR, (EXS BN S 5 B

WS ZEAAT R ARSIl TAA, HR{E4EA4:
# B SRR R, AR
RE SO, XS A A ThRE s Limnobacter REXG
AR A R R A AL AR R AL, (R R AR AE IR
Porphyrobacter RERF i 22 ¥5 5 18 LA Ko it ik g 2%
A= KBV Sphingopyxis FERE IR BR R 7 5
B R AR RO, bR i KA RS R
BRI . T AR PR AR TR R R R T XA
AT S BE R B R IR R

PR A AR RS, WESEA
BT[] 114 B 81 5 28 R A 00 s 38 1) A IR, Al
(R BB KA T B R AKOF SO B A T
W sh™, YK AR B BT 48 3 a (Chila) i FETE
4.9-16.1 pg/L Z AT, mKAH HA
TR AN T A BCRETE 0.48%10°—1.68%10° cells/mL
Z I AEF, PEA AN G KR TR 1 6%—40% /45
AW AR ECR S Chla HAF —@ M,
HEh BTG T Chla*s, AHFE & 324 15 5
LR e N = o N i S b 2 S 92
Ml 25 5, TR M Y T LA R TR R Y
AW AR, TE R R 2R AT R
AE I S B8 5 W A SR 3R a % SRR DR 1 A A
M, HEEAE R B R, A
I A Ty B A s R e A e T AR St B E
T A B EL 3] 6 ZR 0T i A K B

AR s 8 T L % 3% LA R K R & 2R 6 0 4% O
BEAT oA, FEAEARTR JQ2 XK AE & ZF A A HA
PEAEVEA, LR i s FEAS R AE BE 2500 F
RE A FEARIRI A VE T, I L IR R e e PR A B AR
BT A& HALEDhRE . HaG, &4t
W NP A A TR A G TR AR R B e KR T e A
G B (R R K R & 2 1 B A AN T
MREKREE B ™ b, B R FKRH R
Hidr JQ1 Fb JQ2 i B BR v FIAHE (1) A U T
O, AR I/ S B AR AT A T A2 1 i e K R
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AR, XATREREH T IAA eI 2E RS
#H, JQI (49.69 mg/L)/+h 1AA IRE &R T
JQ2 (29.91 mg/L), St A KAKREA L
REJITMWI G, TAA T MBS INRE(E £ 9% & s
AP ORI SR F A, L, ARSI
IAA ZribRe IR e R I BN &, H
A RE AR Z2 R PR iE— 25 W f i e S P 2R A T
ZIMAHE SRR

ZE BITR, ROK RER R AR AN 518 R
BREEAEAE AN R E AL A B BN, PR
AT Q1 TEBE A iy 5:1 W HA TR AAEM,
PEAE AT JQ2 TEBE T LL9 R 15:1 B BT e AR 1
FH, AR A0 P AR A 0 3 A OB S LA E
KRR, WRHMERRARRLT
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