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Methods for isolating bacteria from heavy saline-alkali land

TAN Shousheng"*3, TAN Xinxu?, LI Yijun?, YANG Fu'®, WEI Shanjun*?, ZHANG Xiaoxia*?

1 National Center of Technology Innovation for Comprehensive Utilization of Saline-alkali Land,
Dongying 257347, Shandong, China

2 Minzu University of China, Beijing 100081, China

3 State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China, Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Background] The saline-alkali land as a reserve arable resource is crucial to grain
security. Plant growth-promoting rhizobacteria (PGPR) have been proved effective in improving
saline-alkali land. [Objective] To explore the methods efficient in isolating PGPR and promote
the development and utilization of PGPR in saline-alkali land. [Methods] The rhizosphere soil
of soybean plants grown in the heavy saline-alkali land of Dongying City was collected for the
isolation of bacteria by the dilution culture method. The effects of pH, organic nutrient level,
and NaCl concentration on the isolation were evaluated. The strains capable of solubilizing
inorganic phosphorus and producing siderophores were screened on functional plates. The purified
isolates were identified by sequencing the 16S rRNA gene. [Results] A total of 443 isolates were
successfully sequenced for the 16S rRNA gene, and they were identified as 96 species of 48 genera
and 7 potential new species. Among these species, 28 and 13 were capable of solubilizing
inorganic phosphorus and producing siderophores, respectively, and 7 species showed both
functions. From points of bacterial richness and CFU count, NaCl concentration showed the
greatest effect, followed by organic nutrient level, and then pH. Under the oligotrophic
condition, NaCl at a concentration >3% significantly inhibited the growth of bacteria isolated
from saline-alkali soil, which could be alleviated considerably by increasing the organic nutrient
level. Considering the CFU count, species richness, new germplasm resources, inorganic
phosphorus solubilizing, and siderophore production, a medium containing 1.0% NaCl,
1/50xR2A, and with pH 8.5 was proposed to isolate bacteria from saline-alkali soil.
[Conclusion] We isolate a batch of bacterial resources from heavy saline-alkali land and
provide methodological reference for isolating new bacterial resources from saline-alkali land in
other areas.

Keywords: heavy saline-alkali soil; bacterial isolation and culture; organic nutrient; inorganic
phosphorus-solubilizing bacteria; siderophore-producing bacteria

+ b EL A — A~ e ER T R, SR
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Jei 7 BEIRE B AN T Ry A JR R i — T E 2
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BRI AR R 13 5 hm®P), He B Eha
3%0LA T\ 3%0—6%0 1 6%0 LA I I KEEh il 3t %] 43
DRI EERIEE B Eh b, X SR R 1
P I R ETE R,

Jit FHARCAE P A 2 — b PR 5 A i AR 3R
W, AT LSRRy S A W) AR R i U
YA D TER VAR BRAH AR, (e 2t
A AR AR FEO, BT I AR
PR A 41 TR RE A P2 FERE ARG, WA 3 A S
IR ZAE, Bhro P AR A AR P
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PGPR)!"', PGPR i i [H &2, wmi') | fgapte)
SEfe i EAE ), E R AR R R Y
MWAERKKT, B8RS B LA A K
FB LR YBUiRE U, Ak, —2E PGPR
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SR, WM AT N E | K. E
PSR AR RER 7/ R0 NN TN A B D Gl g
FRY. Mahdi 4EPRGE 103 ZF AT A
(Bacillus velezensis) QA2 7] 1 fif JCHL W 2 £h il
BE, RAEmIN-3-21R . A HALR . FYERE,
BV, ATt & e 7 CAHE
P, JEREMTSZ 11% NaCl (i Eh 4 5 fEEh 4%
T, Wtk QA2 nf IMfE gE#E AR A, $2
Iy 2 R AR BRI B, , T Na ™3 0 2
EREM . REFPLL A EAR N EE-1-RR
(1-aminocyclopropane-1-carboxylic acid, ACC)
D ME— SRR T ) s R SR, BER PR £
it e A 2 ACC i 2 Wi 16 LAY I ik, 0T DL
F R NER WA R FORF R SR ARG . SR IGE I
SR BB W T R AN AT DAREAIR - 38 73 A
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OS5 A TR TR RS A, B A s e P B A
AR S R PO, A g UZE AT L

R AN R SR ) SIS (1874 1 L 7/ 2 5 N
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ANFEAEPLER, b 4 BRIFRESR S SRR T
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B oy BURAT 552 BRANTE, I TRTIEIRTT 6 bR
TEERTR I IA T RS AL FOK AR K A 40 TR
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B NaCl Wk JE B A 5 B AE R E I
A, —SEEAF S LE TR AR R ARME S 2R
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DAL 2R 48 2R 78 T 5 5 6 At K AR B 4= Sy b
B, TR IARE VLS SR . m CHLER
PRBRAE BV REAE , 7843 25 55 35 ZL TP US il Murashige
and Skoog (MS)IEFRELTHLE:, MAPLEFRK
F- . NaCl ¥ FEAT pH {E 3 M JEEARFE T =302
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BRI P 2 A T e 40 A R T PR L 2 55
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(118°17'04"-118°57'11"E, 36°56'09"—37°21'23"N)
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RoA 5570 . MS 1557 B A5 4 W e MLl
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e O RN 8
1.3 EEIRXFI AL
A3 B4l NaCl Fl NaOH, H [E £ 254 H A FR
ol EHSIYI(2TF i 1492R) A1 2xTaq PCR
Mix, A TAY TR R ARAF . pH
i, RSB SN ARAF,; SEZERK
I, AR AR (R A PR A R A ik
M, R —ERH IR ERA A g TAE
B, MG ARA R PCR L. #.0HL
FBEIE 1% 4%, Bio-Rad 23 A] .
1.4 EFEEIT
HRAESCHR[3 115 X, 228 7745 37 3k h A HLAk
SR AT 50 mg/L, T RA HEFIENAE
BB & 52 1 450 mg/L, HEILADFGTEE
IxRA MR B FEAM . 1/5xRoA R F5 554
DL 1/50%RoA BYSEE IR . H R Lo(3%)1ESL

IRV 9 B3R AR 1), Wi 1xMS
i, WIEANLEFE . NaCl #l pH B30, MR
IEAZIREGEE R, HE—F AR NaCl S EHLE TR
HEMDERFREE D, G, 10, 11 Al 12 (& 2),
DAIGUE Y PR 28 28 ARV 5 ARG IR S B AR 4%
AT 43 5 8 B b 240 P 9% U 35 B NaCl VR
1.5 WAEMNSEIER. SLFRTE
PRiE 10 g HFE T F 90 mL JoIR /K I HEIE
A, 28 °C. 150 r/min FE4ME~A] 30 min, {4
A% 107" g/mL (1 3R o >R A 10 mL A6 FE AR
B, HIAAMEE R 1073, 1074, 107° g/mL [k
W K 280 pL 3 EHR BE A AR TR AT T D150 mm
) 14 Fhor B R (R 1 A3k 2) ol b, i+
KI5 HET 28 °CHFFE TG FR 20-22 d,
WEH R IE )0 5% CFU, MRE H 5 IE 54
ik, ¥ Lo ] B AL P O M AN [l ) R %, 7

*1 TEIEFELE CFUHELR

Table 1 The comparison of CFU obtained on different media

B IR Bk g 5 pH NaCl Y& J& AHEFRKF T TR
Medium code Concentration of NaCl (%) Level of organic nutrient Average of CFU
1 9.0 0.0 1xR2A 602.33+£66.12b
2 9.0 1.0 1/5%R2A 665.67+91.22ab
3 9.0 5.0 1/50xR2A 220.50+43.71d
4 8.5 0.0 1/50xR2A 729.25+35.33a
5 8.5 1.0 1/5%R2A 579.75+44.71b
6 8.5 5.0 I1xR2A 209.00+40.15d
7 8.0 0.0 1/5xRaA 598.50+65.76b
8 8.0 1.0 IXR2A 269.25+29.84cd
9 8.0 5.0 1/50xR2A 292.50+33.20¢

RE/NE FRAFELE P<0.05 KFEEFEBZE. FH.

Different lowercase letters indicate significant differences at level of P<0.05. The same below.

#*2 NaCl MBHNEFRIEES BIEFNZ I

Table 2 The interaction of NaCl and organic nutrients on bacterial isolation and cultivation

B IR B Gy 5 pH NaCl ¥ 2 AHVETRKF -3 T R
Medium code Concentration of NaCl (%) Level of organic nutrient Average of CFU
D 8.5 1.0 1/50xR2A 1 077.50+136.47a
G 8.5 5.0 1/50xR2A 188.50+30.41c¢
10 8.5 5.0 1/5xR2A 525.00+142.13b
11 8.5 7.5 1/5%xR2A 156.00+£75.66¢
12 8.5 7.5 1/50xR2A 93.00+31.82d
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1/AxRoA+MS I35 R EP AR E R AT 2-3 IRl Zk
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FEFR B RAEE T, —80 °CIR I
1.6 HETEMHDFEIFEEE
PRE AliAb i B e B T256 A3 30 ul JCRZK I
BT, WK 10 min, B EIEE SR
—20 °C¥& % 30 min, B afb /5 B A HLH DNA
VR AN T T8 519 27F Fl 1492R ¥734 16S
rRNA FEH B2, PCR S WA ZR (25 uL): HLiil
DNA & 4 uL, 2xTaq PCR Mix 12.5 uL, 27F
(10 pmol/L) 1 puL, 1492R (10 pmol/L) 1 uL,
ddH;0 6.5 uL, PCR M 454 : 94 °C 3 min;
94°C30s, 55°C30s, 72°C 150's, 30 IMEH;
72 °C 10 min, PCR 4" 34 7 M1 T 1%Bri fig Wi 58 I
HLUKAEI, X BRI 1500 bp A4, 4%
HE I ORT R S AR A A TR (L) B
A BRAE AT o K ¥ 5 1A% 2] EzBioCloud
(https://www.ezbiocloud.net/identify)i#t 17 ¥ %1
H X
1.7 B TTHLBERN S SR A L AU 75 i
R B URAT O | 40 18 B % - s R O 22 A
Fe oy B a3 -l - AR R X 3 PR IREUA
i TCHLBE R = R AR AN B . 7E B 3 TR AT U 6 3
ferp, G BE VA AR LB 40 B F 1074 g/mL F FR
AR PR, O 7 R AR 4 T T 10°-107* g/mL
T RS AR, AE @90 mm [ §ifi 1k % 55 2L -
M ¥R AR 4%EAD 100 uL . 76 PVK - 18 7% JE [l
vB BTG 037 B B % o iR TG AL BRPE R T, 7
CAS - - 18 75 J5 BBl H BR300 A £ 2 P
) A7 7 Rk A AR P 240 1

2 ERS594

21 AR EEFE L CFUBILLE
TE 9 FhbE IR 3 IR B, T 28 °C& A
TEF1dE, BT 35M9 5, Hibmks
SEH I BV . B R 5-10 d R EVER K
(M B B, I AR L B R 22 d R,
ML IR 4 SHHE, BERRKE2S .

15,75, 55,95 85, 35, Wk
6 T FRIL, X =K IEAT CFU 2o rah R
FH, NaCl W ZEH CFU #k 28 402.69,
FHLEFRKEZ 6] CFU #2524 254.44, A JA] pH
Z I8 CFU #% 254 109.42, i B 7E Fir s B 10 4%
R =R W5 sE AR IR R . NaCl>A AL
Fi>pH, 7E NaCl #FEH 5.0%H9 3. 6 F1 9 515
FeH, CFU fH W8 T H A 57 5 . 72K
NaCl (0 #1 1 g/L)&MH T, 8 5l 5 SR 5% pH
FHIE , A HLEFRRIE R 1xRA L TGN 1/5%RaA,
& CFUAUHIGHE 12 /2475 1 5/ 2 5 pH
FHIE L, B ALE FRRTE N IxRA LG H M 1/5%RaA,
MHREEREE D 10%LE4. [EFREN 3 4
pH i, pH 8.5 i}, CFU %t A% Hifth 2 4~k
A v o X SEZE LR, MREE R 5.0%0 NaCl
TR IETE A B E M RIER, SR RIZEA L
B IR (1/5%—1/50xRA) A Fl T3 = 2 M E
7%, pH 8.5 & HLHCE A BRI .

WMELHIETE A LI, TE%H 5.0% NaCl K
FREE B A KR IE SR L R, SR B
BHP Ik (E 1A, 1B), HHLE TR EEHEE
KEHGFEH (K 1A, 1C), 7E54A 1.0% NaCl
FIEFEIQ2. 5. 8 5, 8 SAHMNEFRKFHK
=, EEY Tk E(E 1C), CFU i 2K T
2 F1 55, TEAEIN NaCl i3855 5E(1. 4. 79)
b, 4 SRFRIAIVEFACERAL, AR 5%
FIBE TR, (R SRS E T L), X HAL Y%
TR AR XS 30N, B LA P 80 i 2 (K] 1D),

ZEA A 9 MG SR Y CFU Bl F i 75
AR, WIER/NGAEIEFRKERIEMEX,
NaCl ¥ JEBACH S5 ™A — LSe35 7% KV &
€, T AN, S CFU SR TR,
WA HLE T2 K AT NaCl 3k BE 454 5 0 T 75 1Y
TE SRR
22 EBBWNEFRFZEHT NaCl X4E
EbeEiiaf=A

FETF R A IEASIRIGZE R, N TR AL
B IS NaCl W EE 2 (B 38 BAE T, A58
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E1 MiEsFE EERESEFEMRE
Bigrdk,
Figure 1

A: 6 SHiJRIE; B: 3 SRiREE; C: 8 SHiREE; D: 4%

The shape and number of colonies formed on four medium. Subscript numbers indicate the code of

medium. A: Medium No. 6; B: Medium No. 3; C: Medium No. 8; D: Medium No. 4.

BB T 5 FEIRAE, e B SR
PR (R 2). SRR, WA AWRRITF
B35 20 d 5, 1E 1/50xR,A+1.0% NaCl ({555
MDD 5) 4 CFU ik 1 077.50, JCHA
P EEA K YR . 24 NaCl WkBEE$RE 3] 5.0%0)
(G'5), CFU FIEZE 17.49% (188.5+30.41); Uit
A PLEFEN 1/50xRoA #EEF] 1/5xRoA B
(10 5, VR EUEIN T 179.2% (525.00+142.13)
AL, 7E 7.5% NaCl &14FF, BHLE T
W] IR 5 (11 5 vs. 12 5, {HIEH iR
LR 67.74% (K 2). &R ULH, RAZEAL
B IR IRER 55 5% T R B $h i £ v B R AT
LT, R T 5% b IS I 3 ) 40 T A
BA, TERERWRE T $E M A HLE IR K W] DL v
R AR RN o 1245 SRS T T ) 1E A R I 4
RAFFE
23 BEARFZHTEE NaClKE

J T HE—H R SE NaCl X h 56 40 7 4 55
BigRmsemd, MRPEIEACIRIGES R, R pH 8.5
H1/50xRoA A HLUEFRKF- . NaCl #4510
1.0%. 2.0%. 3.0%. 4.0%7F1 5.0%H) 5 Fhr 85 5%
FEHL, FERPEEFE 2 d )5, FE NaCl & 1%—5%
M-t -, CFU ~F¥ES 518 141.3. 107.0,
42.7. 24.0 F1 9.0, Ui BIAESr 255 R 3.0%09
NaCl X4 B i A KA 3R T 60%. 584 -
CFU KRR F, TE/T 6 K 1.0%3.0%H3H K

L 4.0%5.0%1 1, 5 8-22 K 4.0%5.0%HH
K REL 1.0%-3.0% 106 = o K597 22 d Fiil4h
REB/RGEE 3), BIAEEH R CFU 5%
BWE RN m M N, BRWREE 1.0%5
20%Z M 2ZEF AR, ([HE2RREE 1.0%5
3.0%Z [H] L FE 4.0%5 5.0%2 [A] CFU %§ & 2=
540 3 (P<0.05) VAFHESE A MLE SR AT 08
TR AN R B, REFRIEN NaCl WA F
1.0%—2.0% Z [8] X 4 B A 1 i 250 AS I 3
3.0% LA B X AR R I A K I RIE R B2, AR
FRBMEEE R F ).
24 HETEHMRNSTFENFELEES
REAEEFE EMAELER

Wil BT BB - il ) T AT R 4k i Ak A
16S rRNA LR 7, LR Ih % E T 443 o3
Pk ¥ 751 5 EzBioCloud ~F- &5 IR T #R 7 51
HATHT, Z5RER, X B S AL R

#*3 TE NaClKRBEEFE E CFU HE2RHEER
Table 3 The comparison of CFU on medium with
diverse NaCl contents

NaCl ¥ CFU ¥¥{H
Concentration of NaCl (%) Average CFU
1.0 728.7+78.4a
2.0 621.7+£52.5ab
3.0 577.0£94.6b
4.0 539.3+89.5b
5.0 415.3+25.1¢
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(Proteobacteria) . JERETH [ J(Firmicutes) . itk #1]  J@(Bacillus). % B 8145 [C & (Priestia) . fif
(Actinomycetota) . #LIFF 1 ](Bacteroidetes)iX 4 1~ 75 i J& (Streptomyces) . 15 T 4 J& (Arthrobacter) .
'] 28 FE 48 AN 96 FhANTE, AP ZAF MR S (Cytobacillus) . O 25 A &
FiRk(Bacillaceae) . WFKFERH(Micrococcaceae)fil  (Fictibacillus)Fl{i 5 1 % J& (Pseudarthrobacter)
Tk 5 M FH(Sreptomycetaceae); LR AT (B 2)0 A 42 DM 1 D ERR, HEDE

2 FEEFEESERERKTERNIH

Figure 2 The distribution of isolates on different medium at genus level.
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IR 43.7% XTRLENSEERELR T 29 1M1
T A FRE TR, A5, R B E
BRI HE KT 50%094 3 5. 55/ D SH;
FRIE, AR TURMRE/ S5 78 4 B R I LA T
HI 3R 55 . 7 SR 11 SRR 4), £
BB S o B MRE LU . AR TR RS
YT Ay B HREO LR E LB SERT )2 D 5.
75, 55F 115, Hf D575 CFU &
K, BLBH R F AR XHIE B9 A HLE 57 AR A5
A T 3R R B b e 20 o YR . X AR 43
6.9 F1 11 %, NaCl % 5>5.0%) MAREL4H (5. 7.
D, NaCl % 5<1.0%)09 75 &5 MR AE JE 7K P 1 Hu s
SIRTEE IR, EAR AL ny ZREPE B B AR TR
H (K 2). —347 9 #REAY 16S rRNA J:[H 751
5 EzBioCloud ‘B P4 A p8 Fy 51 AR AL AR T
99.0% (£ 5), ML HM, ZHEEN TS
B b RTREHT R 2, SRR & S i

R4 TEEFELMEETHESHMEER

I Al FRAT— SO 9 41 TR BT U
2.5 ARMREIBEEGESER

LOHVEAT B TR CHLBEAN S 271 bk, L5
28 MR 6)o FE PVK -t I B 4% 0 ik {2 BHAPE
PR BRI, oS A2 0 4 SR 2 85 S PR, &%
BN RICHUBEBAPEANE 30 Kk 10 Fh, 45 6 Fh
Y AR Z R R RS, RSN B A
(Acinetobacter calcoaceticus) iy i% & 1% H il 4 X%
T, AR 60%. 4B A 75 H
2 A O AR AR PHME B AR 94 K 16 B, LA
H = £ (NaCI1=5.0%) -t f 77 ¥k 13 1, Priestia
1 Bacillus AR KRR, BREC D 31 7 B 50y
64.9%F1 14.3%; V8 FAREEE N NaCl<1.0%)F-
M 17 8% 9 Ff, Hidr 23.5% (4/17)E#E M Priestia
sp.; A 2 PR Z kR kA, Heeadal
Ak B T 75 SR T R AR AT 147 Bk 20 Fh, HA
B R 81 kk 14 Fh, BT 3 MR

Table 4 The comparison of bacterial species diversity on different culture medium

BiIw L g HEE T B RR T g TS 7 Bk L FETCARBREL (A )

Medium code Identified isolates ~ Species number The ration of species to Non-redundant isolates
isolates (%) (proportion)

3 39 21 53.8 4 (10.2%)

5 29 15 51.7 9 (31.0%)

6 41 13 31.7 1(2.4%)

7 99 46 46.5 26 (26.3%)

9 84 26 31.0 6 (7.1%)

11 34 16 47.1 8 (23.5%)

D 35 20 57.1 2 (5.7%)

x5 BEHM

Table 5 The potential new species

Iy B R G S LR Swil ELMELS AR

Strain code Top-hit taxon Top-hit strain Similarity (%)

7-3 Microvirga makkahensis SV1470 98.48

7-10, 7-56 Starkeya novella DSM 506 98.95

7-40 Flavobacterium foetidum Cl42 98.73

7-67 Mesor hizobium tianshanense CGMCC 1.2546 98.66

9-110 Fodinicurvata halophile BA45AL(T) 93.37

9-61 Metabacillus sediminilitoris DSL-17 98.48

11-4, P11-2 Krasilnikoviella muralis T6220-5-2b 98.59
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Table 6 The medium-origin of bacteria capable of dissolving inorganic phosphorus

L S SREC HERATIG L 23 B TR SR O R i A TRV s HEL O 12
Top-hit taxon Total Isolates from  Isolates from isolation Isolates from purified colony
isolate  spread plate colony
method =53k High salt fiXE: Low salt =3k High salt f&3h Low salt

Acinetobacter calcoaceticus 20 18 0 2 0 0
Acinetobacter sp. 1 0 0 0 0
Arthrobacter globiformis 4 0 0 0 2 2
Arthrobacter pascens 25 0 1 0 15 9
Bacillus altitudinis 11 0 6 2 3 0
Bacillus pumilus 10 0 3 3 2 2
Bacillus safensis subsp. safensis 0 2 1 5 1
Bacillus subtilis 1 0 0 3 4
Cellulosimicrobium funkei 0 5 1 0 0
Sinorhizobium fredii 10 0 1 0 2 7
Sinorhizobium meliloti 4 0 2 0 0 2
Enterobacter sichuanensis 1 0 0 0 0
Fictibacillus arsenicus 22 0 2 0 17 3
Kocuria polaris 2 0 1 0 1 0
Krasilnikoviella flava 2 0 1 0 1 0
Metabacillus indicus 12 1 0 0 6 5
Microbacterium paraoxydans 1 1 0 0 0 0
Priestia sp. 87 0 50 4 18 15
Pseudarthrobacter oxydans 5 1 0 0 4 0
Pseudomonas putida 4 3 0 0 0 1
Pseudomonas urmiensis 2 2 0 0 0 0
Pseudomonas lauryl sulfativorans 3 0 1 2 0 0
Serratia nematodiphila 1 0 0 0 0 1
Sphingobacterium puteale 5 1 0 0 0 4
Stenotrophomonas maltophilia 8 0 0 1 0 7
Streptomyces iakyrus 5 0 2 0 2 1
Streptomyces sclerotialus 1 0 0 1 0 0
Variovorax paradoxus 2 0 0 0 0 2

Priestia sp.. %% 17FF I (Arthrobacter pascens)fll

itk 76 £ 2 #9 FF 14 (Fictibacillus arsenicus), —#
AR BB 58.0% (47/81); TR A KR

M 66 K 16 7, 22.7% (15/66)°4 Priestia sp.;
A 3 P AR R AR AR AS o 0 BB R A 0
e LA K etk fi alifk 2 g ia Gt 24 Fh
FHPEBERE, 5 BT 85.7% (24/28), /4B
TEVS WA TR A S o TR T S R e v

fen AR A BH PR AR BB R TR ER A, (H
BH PR/ A BB AR/ IN TR, U B s R 0t
— SETS B TR A RN, AR ER WA R T
AT T RS U B A TR o AS A5 AR b v IR
P (Kocuria polaris) R 2 (4 e 4l LR Je BFR I
Hi(KrasiInikoviella flava)ix 2 MM ZEE 3R
A, MLk YR G (Serratia nematodiphila) .
1 7% 5 B 1 (Streptomyces  sclerotial us) fl14+ 18 77
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I B4 (Variovorax paradoxus)ix 3 MY LEAER
AR ARAS, 1B R TR TR ER vk B i R 5 Ak it
T B 153700 B AT LR AT Sy S 2 1 f
il
2.6 FHEAMETFIESER

B H R E] CAS B3 |
HRWRE>107 BPE5 3R 20 10 d A EETE K
W, B RRIE<107 B A B T K o F X Se T
AR AES] CAS KigRdt BT, ZHRm
SR FHHPIRIR FEkS R A 2 (& 3A). 43
BIREFRIE 2 1 7 543 IR R NaCl i &4 1L
BFAIE R pH 9.0 F1 pH 8.0, 4. 5 #l 6 54t
X7 pH 8.5 BATH NaCl FIAHLEFRHE, N
XS Ao AR BEALPE B Y E A SR E] CAS
Fai b, SRR AR 62 4, WYRK, JEH

PRI, U™ Bk BARE 158 (] 3B).
A B

E 3 CASEFELMAH RO =R AEE
ali Ak, TR 7% i % o

16 2 (pH 9.0)F1 7 (pH 8.0)5- 1% 4k b B 7% BH 1k
RRHLL 5%, T8 4. 5 6 SHiFRIE L ETE =8k
AR R T 15% (£ 7), £UAMEH pH 8.5
(R85 7 B R 00 8 1 75 SR b g 7 gk 2 A
YR o B 2 AT A 0 3% B B V5 A 4 A B
L7 5 BH M VR AT AR B RS, IR A R A
1/4xRoA 353856 1, Bl 2 F DL B, $k
BUR G VA SAEE] CAS AR EibA T E g, 3kAs
4l () PR BRI o SR, —LEBEVETE CAS
Al B RREAE R, IR B . UL
‘Lzﬁﬁ%ﬁﬁ%?%ﬁwmiﬁgﬁ%
, BRI AR A BE IR Y, ATy X LA T gk —
ﬁ%ﬁﬁﬁ%ﬁﬁ%%?%ﬁ%%@ W4
ﬁh%%%ﬁ%%%émﬁ@%ﬁﬁﬂ&m%
M L UiBE, RIS EREARAM DT 58 bk 12 B, T
v T PRl A 2 o P AR X /N (I 3C)

A URAGTREE; Be o EEBRAE R AR P L C:

Figure 3 The siderophore-producing bacteria screened on CAS medium. A: Screened by spread plate method; B:
Screened by spotting colonies growing on isolating plates; C: Screened by spotting purified colonies.

%7 TRESEEAL EFSBAERKEE

Table 7 The rate of colony producing siderophore on different medium

B Rk HAHTE AL ERN .34 PR TR v B (PR )

Medium Planted colony  Growing colony Colonies producing siderophore (positive rate)
7 (pH 8.0+0 NaCl+1/5xR2A) 200 51 10 (5%)

4 (pH 8.5+0 NaCl+1/50%R2A) 100 35 18 (18%)

5 (pH 8.5+1.0% NaCl+1/5xR2A) 100 39 15 (15%)

6 (pH 8.5+5.0% NaCl+1xR2A) 50 16 15 (30%)

2 (pH 9.0+1.0% NaCl+1/5xR2A) 100 19 4 (4%)
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A 5E SRS HA PR RE T 2 TR 68 B
13 4Fh, Hid 518k 12 Fre b5 753 F o
B, U 3805 BRIE B SRR SR AL AT
J& (Chryseobacterium) A 1% H 7= 2 28 1 1 26 X3 1
PR, 5 S BHPERRE 51.5% (35 #k), #BK
ARG IR L (R 8), UL IR 35 R 5L A7 A
T3 B ARG E R ) 7 R B A T . B KR
IR . Jifd 7 (Pseudomonas urmiensis)f¢ 2 4~ FH 43
BEHRERIET PVK i, Ui S =50
PVK 1557 3 AL AT DL AR A5 Jh 0 4 55 04 7 e 24
P, WA B3 5 31— SO S ) 7 R AR A TR
3 Wik

TIERGEE MR SR, ERES R, bl g
HCE R RN FE, AT S kA £
FEMER IO 73 2 —BY KAk, UERIER
PAT REREL T B B R kP A
HAERIRE | IRIRCRE DL S sk = B A BAE
L R ek AT b i A e
aisE IRy, WA BIAE | BRTTAS [R 2R E Y 8
5% RN 0 07 25 SR A 0T AR AR R 2 AR P B

®8 EHRBAEEEFEKRIE

P, AT A HLE FRIKF L NaCl ¥ B A1 pH
X3 AN R ST N R et 4 85 5 A B 3 R
S, Faad 3 Rk AR gk H A VAR JCHLEE R
PR AR RE A 1A -

AR BRAL, - 3 v B 45 5% 40 TR U N R
I NaCl & 5<3.0% M EAPLE R R, 11
HRUEYRRFEE M, AR Z EXE
FeRAER . PR RREYFI S A EE
B, — MRS B S
I HE AR DTY R e A TR b AN R R 0
FY M ARAK, WA WM REUE
FEW) I 8 1 A AT A R AT DL A B . AS I AY
gE R, FEAPLESR . NaCl f pH X 3 1~
2, NaCl X 4H B 1) 43 B 45 I 45 R e e K
IR X T IE T BN YT K A I . 38 AR B
FER A A —E &Y NaCl s LHLER LE T &
B EPS RIS T KIS TN AR K. 1
R AN LB Bigdkd, AHUEFRYHk
JFE AT HLER (NaCDHE E 43 51 1.5%F1 1.0%59, 1ii
TE RoA FGFRHrh Z W B 05 0.250%F1
0.062%, LA RoA DL K AR FR /K- i B R 5L

Table 8 The medium-origin of siderophore-producing bacteria

T BC AR A SRER CAS R Ik PVK
Top-hit taxon Total isolate Low NaCl High NaCl
Chryseobacterium cucumeris 23 2 21 0 0
Chryseobacterium artocar pi 12 0 12 0 0
Sphingobacterium puteale 5 0 4 0 1
Enterobacter sichuanensis 5 3 1 0 1
Sinor hizobium meliloti 6 0 4 2 0
Streptomyces longispor oflavus 3 0 1 2 0
Massilia eburnean 2 0 2 0 0
Rossellomorea marisflavi 1 0 1 0 0
Kribbella flavida 1 0 1 0 0
Serratia nematodiphila 1 0 1 0 0
Pseudomonas laurylsulfativorans 3 0 2 1 0
Pseudomonas putida 4 0 1 0 3
Pseudomonas urmiensis 2 0 0 0 2

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



3266 A 2 AR

Microbiol. China

KA, XA R T UNE A E sh A EY 5k, A
S I =8 e == o s B2 U N A 52 B 9 O
W, NOZSESRIEOK B E ML, TEMIFEMER
MUE TR, & 4450 NaCl n] A 50 i B %
F sk, @R E CFU BoR B2 nGE 2, D
SvsE 1, 45), 1H NaCl ¥k 3.0% ML F
BF il A A, PR b CFU B & T
F%(P<0.05) (£ 3). A HLE IR0 =005 B FR W
R A K IF AR SNL, A KR EE SRS
OB P K IEEVE , CFU MR ths
TREGEE 1, 8 5). T, MERAK M 4> 3 1 5%
P R ET, EGE A EAILE SR, e
NaCl PAIAHE 3% K E, v LISRISGHEE K. Fh
REE. WAMEWREE . CWE 2R
AT 0 R R B N iE &
NaCl, ZH5% & U e 5.0%LL o B
wn, AR SRR SR AL U N 10% ) NaCl,
i vEARAT T 5 MR ERIIE A Al . AT,
TEFUE IR 500 F NaCl¥k R 5%BI % CFU JE A%
FIFNHIR N 80% LA I, AR A AL
Wy n] LG o R VR A PR RN, R R
& CFU %, 18] NaCl W J¥ 5 A WIS SR Z a4
THNI(FE 2), Frld, WREEGRGZRME
B A4 B L B F B9 NaCl v B 75 SAR I 55 55
S rp G HLAE F7 K T AR AR B PR

A B 3 25 ik TCATL 8 A0 7 4k 28 Ak A 1 %
U5 B FARER O 59 B R 97 3 . W AR B R
MIEE R R, g2 B IJLTirf
EPERN LT MR ERITE, HEARKF
95%-99% AR SR LA 18 R Ak Fiiie T sAFAE,
BRI IR AF AR, M)A R B
FHax e B AL 2R B ek, Ehasifb + 3 sh g
BROCE TR PR EAL, Ay R =4 a
BILIR K 75 it [ AL B B, 3 3l A5 B 23 B B R
RERERAR I o TR BEE GBI E T, LA
B HBARKT R, @R 2B R EE ) 2
PGPR it AW A= K i EE AL ] 2 — 161 ACH

T EEIRAMER . o 5 IR H i
Tl L S ik TR % R A2l 3 oo 48 R O 1 V5 1l
R ERBAR AT o X T JC ALl 4 77 1% 7 2 |
M T PVK 3550 55 di g , SR T B 3 A i 1k
BFAA — SR 2w AR, Bl AN AE A i 5
Acinetobacter calcoaceticus S BH % 7o B th B4
SR, B LAFEN e 55 0 2 1 0] 2l Ak Y BH
RV AT TR IR B 531 A 3 i B 36 . FESE 0
JE AR, R B s R AL E A B s R
PR FEEEE S, AR R AL A
FES RIS X Fr 8k s R g i i i i, bR
o 0 AR AR S L U A U7 3 RO A3 g P Al Y
K W& T e vk g alifl, 78 CAS A iR 75
Jii) P L IR 214 e 3] B £ 385 B P 1) R 7 kA
PR AW FE 8 i R A Ik e 4R T 2
ANFEPER TR, (H 25087 R A Rk 2 a2
REl, I R AR AR AT 1 7 K A A At TR b 2K L
H—, T CAS #EFHEPAA L1EH, XD
A —E R EEPENS R R A 0 o T B
Tofve B 4 e A PR, TEAS 9 R R IR
107 g/mL U EBFAF WK k. HETEH
R 500 ZFh, MRAEFAEE BRI AR 43R
SRR . LASEY R R AR IR ALk — 2R,
BAREREYS pH X, MUEFFTHERER
21 a0 BT e 1 R Y U B R AR R AR
PR TRV R AR Bl AR A R M T A o I A o B
L 19 AR RS T PR Y% 62 1>, 7E pH
8.5 M4 B Rk I BEE M LR m T pH
8.0 Fl pH 9.0 M3 B§dEFst. DI b 2 Fhy ik
A5 B 77 R A3 B 1 T % 2 o o R AR AT 0 5 R AR
15 2 FhDL ERTR R V%, Hord AT A SR T v [l 432
FI| CAS VAt 22 [P, #HEMAE B SR 5% T ax st
PR AT RE 5 HIE M ks8R AR e A, &
15 7 R BRI T ¢ REAFIR ARG . TEe4l
b J5 U 8 3 7 AR A5 B BHAE R 2 i, 92.31%
(12/13) 25 FARER R IR 5L, {UA 23.08% (3/13)
BT R, 7F 6 SR Ly gialiik
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BEE SO Y HE R 0K 15% (R 7), (H %8 5%
SE RTEVE M ARG 4), HENZRE R B
BHPE B 7% Hh 9 7 R AR R 2 Z R I, BT
DA T Eh 5 A 555 v 22 B0 T AL i A R R Bk 4
V40 T8 JF AN TS 52 505 aF R e, BOR FHARER 1Y
559 0CE 5 IR B AT B AR AR, AR R AT O
e 24 .

ARG R AR S R R WY, (H
AR Y . BRI EN R A S, H
R IR ARG R EFD, 22 RAESED)
PGB 8 B R 23 st 6 i b 4= 38 v 25 1% R 3R A
103 B4, 5 31 &, i# s 2 Bacillus,
Streptomyces, BRI J& (Micrococcus) . % g [
I J& (Kocuri a) A1 & BR [ J& (Paracoccus) . 1 515
SEDNSLF SRk 25 R A0 P RIS A S RE
T T8 7K - Sy i 2 1 22 )i TR J® (Sphingomonars)
Pseudomonas. il fL 12 )& (Nitrospira) . AT
J& (Flavobacterium) il Bacillus, ANtF55 01, T
FARE T E SRR T AR PR 19 433 M40 16 43 5
s 48 Mg, AT RT 7 AR N
Bacillus, Priestia, Streptomyces, Arthrobacter .
Cytobacillus. Fictibacillus I Pseudarthrobacter ,
S 2 AR AN A RAKEE T RIAg B e
SGPE M ZE IR — 8 IR R S5 R 2z ]
SR, BR T R RERIEA R AN, 5
BRI AR T R A G . 4 R A AR
HPZLL RoA FICE 0.1xTSA A LAl A 15 57
e, TERAG R4l EE IR Bacillus by 2 X A1
J&(36.27%)>, TEAMIFH, 7 5 9 SHiR
5 pH HE, WA NaCl 435k 0 Al 5.0%,
AHVE TR 5 1/55R2A Fl 1/50%RaA, 55— 11
# )@ 4 ) A Arthrobacter (10.1%)#i1 Priestia
(38.09%) (& 2). KHith, MZA AL E R,
DL T 22 i B % 56 X6 4R A5 8 6l b 41 B 9% U
E| S

4 Z
AP AR 5 TR A AL £ o4

BIIS T IRARICHLUBEANTE 271 #k, 23 9E T 28 4~
by SRS PR AR TS 68 tk, 25l T 13 NFh
WAFETER AN 9 Bk, - 0H)E 7 NMEH e 7 4
Tl DLEHASBIE ST SRS AN e 05 s, AT
O3S SAE T AR S Eh B 40 1 40 S i — Fh B %
ks
Ve UMk = WA

WA BTN R, B S
ELOVF: PUATTRBEREE 28T 221688 Ak .
BEHE; FEHEE . kit BdRlES I,
BB kR REMES. RKBULE . 2
HETEIR

6% A 25 ¢ RATE 7 W

VR P W 4 JCATA] mT BB 22 52 W AR SCHT 4 4
TAERME AT R i sl AR R
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