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Abstract: [ Objective ] Potassium-solubilizing bacteria (KSB) are considered key plant growth-promoting bacteria for the
sustainable development of ecological agriculture due to their unique advantage of potassium solubilization. To fully explore the
resources of potassium-solubilizing bacteria in the environment, the changes in the characteristics of soil potassium-solubilizing
bacterial communities were investigated in this study under various enrichment strategies. [ Methods ] By using a
potassium-solubilizing bacteria enrichment medium (KM), with a bacterial enrichment medium (BM) as a control, the study
employed liquid (L) and solid (S) culture methods to continuously enrich and culture potassium-solubilizing bacteria in the test
soil samples through three consecutive passages(1st, 2nd, and 3rd). The culturable microbial enrichments from each passage were
collected, and high-throughput sequencing technology was used to analyze the 16S rRNA genes in the soil background and the
enrichments. This analysis aimed to evaluate the proportion of culturable bacteria or potassium-solubilizing bacteria in the soil
background bacterial community, as well as the community composition and diversity patterns under different enrichment
strategies. [ Results JThe results indicated that the bacterial diversity enriched by both media BM and KM was significantly lower
than that in the background soil and the bacterial diversity in KM enrichments was significantly higher than that in BM
enrichments. A total of 17 phyla, 38 classes, 91 orders, 145 families, and 267 genera of bacteria were detected in both L-KM and
S-KM enrichments, with the most significant proportion at the phylum level accounting for approximately 29.31% of the soil
background bacteria. The number of bacterial taxa enriched with L-KM medium was higher than S-KM at all levels. At the
phylum level, the dominant phyla in L-KM were Firmicutes and Proteobacteria while in S-KM, the dominant phyla were
Actinobacteriota and Proteobacteria. At the genus level, groups with distinct physiological and metabolic characteristics were
enriched through three consecutive passages. Among them, the dominant genera in L-KM were Aminobacter, Chelatococcus,
Cupriavidus, Hydrogenophilus, Microvirga, Paenibacillus, and Phenylobacterium. The only genus in S-KM that overlapped with
L-KM was Cupriavidus, while other dominant genera included Burkholderia, Luteibacter, Massilia, Pseudomonas, and Ralstonia.
Compared with known potassium-solubilizing bacteria databases, only 50 known genera were enriched in the KM medium, while
unknown potassium-solubilizing bacteria accounted for over 81%. Using null model inversions to analyze the bacterial
community assembly process during continuous passaging enrichment under different media, it was found that deterministic
processes dominated the changes in community structure from the soil suspension inoculation to the first-generation media, while
stochastic processes, mainly genetic drift, governed the intergenerational bacterial community succession. [ Conclusion ] These
results indicate that the composition and form of the medium are the main factors influencing the culturable
potassium-solubilizing bacterial community, but continuous passaging enrichment does not lead to homogenization and
simplification of the community structure. A relatively large number of both known and unknown potassium-solubilizing bacterial
genera can be obtained under different enrichment strategies and used to enrich the existing resource bank of
potassium-solubilizing bacteria. This can provide valuable insights for further development and utilization of these bacteria.

Key words: Potassium-solubilizing bacteria; Successive generations; Enrichment strategies; High-throughput sequencing;

Community assembly
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ANTR], e m] R S B0 A B 400 T ) i B P A
T 35 T — LE AR PRBE P A E SRR B,
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3t (BM) B4R LRI SR AR N S IR, 0 e i
DA S i B0 4 R 1 AR PR L AR AR . [FIR
SRR [ AP ADEG SR 5, AT 2 = AL AUE
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AN A AL L O R AL, PR A
J 8 i A AR S T T P A R R A I R
R AR SRR (FIRI N . W REIE A Ml
AR ) X S8 ] 5 57 gk 400 A B AR5 R 0 R B2

1 MRSk

1.1 i

1T 2019 4F 11 AR AVLTE R AT K X2
Uit (27°47'N, 115°7'E), MupBUEKRE L. RA
FE AR R, I EECREPHEZ L5, EhRA
BeRkE I sRIR, 1k 2 mm B, IRAI4 MR FNE AL
25 1 kg, 4 CLRFF. T3 pH 5.89, HHLEK it
20.78 gkg ', WM AR 173.95 mgkg !, MU A
i+ 108.67 mgkg ',
1.2 TEMAEMEHARNEERE
1.2.1 R 53R F LA DU Fp A G 85 77
FEIATM A E A . BUARYNRE & E 55 (S-BM) £
BG4 RE 3.0 g HEE 10.0 g, NaCl
50g. BilE 18.0g, M/KEZAZE 1000 mL, HNidsht
NaOH IEW T pH & 7.2~7.4, WRARLNH & 555 55
3 (L-BM) BRAINAZEARSN, HAREL )T 5 bk ik
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I A i 0 40 T B 335 9 6 S-KMD) R A4
TR 10.0 g, BERRE 4N 1.0 g, WiBREL 0.5 g, FRR
BE1.0 g JEEREF 0.2 g BRAR 4K 0.03 g BRIRES 2.5 g
R AR 100 g, BE 18.0 g, MEWBKEHEE
1000 mL, pH T E 7.0~7.5, WK TE &
iR EE (L-KM) FZ 4 HERE 10.0 g. L/KERER
B 0.5 g, fifREk 0.2 g, EfLAN 0.1 g, BRARES 0.1 g\
PR AR 5.0 g, MIZKEZZ 1000 mL, pHiHE
7.0~7.5 B e ¥ A Be A i B R L B T e R KA
Bk, 115 °CKB 30 min. A4 A1 AR R 95 5
TE GG P T TR AHI 8, RS TR A
BT
1.2.2 BRI GRORI i 4 A o 3 AR A e 4R LN
GG SRR EE TR AN, R A IR A T AR K A A TR
WIS R RS, AT R W Al B R Al
RiFR bk, o TR N TS 8 FR A = S .
Hrfr, BM EER AR WEESRMW, TReEE
WA CVEAET RIIGIFEMRAT AN, T KM A A
HUE BRIy AR W RSN . B
WR . FRECEIERES 1.0 g, fiIA 100 mL JEHEK,
T =M m, A 5.0 g BEIETR, 7E 200 rrmin”
130 CFHR 0.5 h, il 5 + FEBIFWAE R HFP I

FIFH EARC S b5 75 5L & AR 3G 9720 3R - I 100 uL
T HERFRW, AR R SR AR, AR5 TE 30 °C
BEFRFA TP B B E 5 d, PR fE g L
K JH 10 mL JC B 7K 53 22 YRV o0 555 77 45k 3 180 TRV 248 i
& 15 mL JCRH B0 (15 Bl S BRI i T A i ) B
BRI IR ), T URE IR (1st),
PRFF-20 C. #R5, FREC IR 100 uL Fl, B
DA AR A AL s 37, 5/ 5d, S
FRBEVE A e 3] 15 mL BE RS T, BN TE
“RIEBAEW (2nd). M BRI, H8EE =R
RAEW]R (3rd), BACKEMKRAEY ¥ EL,

FIRW R (L) SEREFEETFLE: WK
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WEEFMA 30 CHEFfa, RGHEEFR 74, HE
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THEKIRZIRE, Wik 10 mL 255 —CIR G -
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W =R E A
1.3 AEBEFEST
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100 pL TE 28 My s 5, 23 5 RV A G . 25 s K
WA TR I A R, LBRE B
RNA, 100% DNA P Z st ik /5, A 50
uL VEME, s IEUSE DNA, {R7ET-20 C.
1.3.3 Illumina NovaSeq = i 1= Il 5 X ) i B¢
TR R AR U AR IR A A BR S ] 473 1 4
MEEEBCT AT 16S rRNA JE[H (514 515F/
907R ), fE Illumina NovaSeq ill/F &4 I Xf H Wi
M)F . MRYE barcode 72X FEA, L QIIME2
TR R . M. PR KAk (A dada2
denoise-single i {/F 17 B 4% MFHEF 5] ASV 42
B ( --p-trim-left0--p-trunc-len350 ), FKHL ASVs FJ&F
%% % ASVs H classify-consensus-blast i {44 1
PRINSHL, UL Greengenes 3 J7E( Release 13.8, http://
greengenes.secondgenome.com ) A5 % X ¥ Fh i 17
R, A PTREAS BT 3T 9 7 45 o K A o3 25
7B (A48 73 2 BT B R L I A AR 2 ), il
O RO AN 1 R ST R iR i 145 % NCBI
BHEPE, J¥515 PRINA1108644.,
14 FIEFAREHESHERBEEHEITRESH
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Table 1 High throughput sequencing results of soil bacteria

KA KPR Sample source

Type of medium

¥ Generation

1 B 2588 Sequence number

Sample High quality sequence number

HEL L3 Soil
I SR WA Liquid
Enrichment medium for bacteria (L)
(BM)
[k Solid (S)
A2 TR B AR B R Ak iR Liquid
Enrichment medium for (L)
potassium solubilizers
(KM) [ Solid

9 LB EEY (1st)
52 UEAEEY (2nd)
53 RERESEY (3rd)
9 LREREEY (1st)
52 AR Y (2nd)
53 RIEARESEY (3rd)
B REEREEY (1st)
52 AR EEY (2nd)
53 RERESEY (3rd)
9 LB EEY (1st)
(S) 52 AR HEY (2nd)
53 RERESEY (3rd)

68 240+11 982
35 766+16 240
50 998+16 818
79 997+5 677
72 429+13 315
76 180+8 022
86 988+8 691
33 627£5 155
32 843+2 517
40 245+9 244
16 199+2 356
22 424+5 094

28 131+5 160

20 ARV i o R A7 e o AR R B LM o AR
SO o 1] FH ZRARE AR S 8 A D R TR A A B, ] BNTIL
( TP ] R 2% 0C R A8 E ) R VAl AN [F] B 2 RUBE TR fill
AW RETE R AEHLHI Y
1.5 FIEFARLGIITE

A 35 7 A0 TR L =" S b Al e 2R FROT A
- rh T 40 R 53 2K B TR

Hrpr, L3 I 4 TR 7328 BT B E0H 1 4R IR
+ 3 DNA, @ s T4 16S rRNA JEH, JHE7E
[N IR & BN = SN/ N 7 8 o = M7 X = w1
AMENRERBRER, BEYHUE T
TCBCR AR ERTIR ML, 3 RS WA S [ A b
FRIELAPEE G, AR =T & R AR
I A PR Y 5 250 R
1.6 CHBAEREEENEE

Bt A SCHR U2 I T A B 43 AT R SR A A
AR R IR, I AR 104 R AT A B (R
WBRAN), W3R 2, fENARVIR NS R .
1.7 #HELESFHIE

iz ] SPSS 24.0 #EAT R SE 1404 , {1 Origin

2024 {E . Venn [Elill i 7828 T _H( https://bioinformatics.

psb.ugent.be/webtools/ ) .

2 4 R

2.1 FIEFHEEESHFESEHEMENG
FT ASV K AT a3 WoR - AR E AR
T, BIEARIRHE o Z2HMEREST KM, i KM
MM o 2R E ST BM (P<0.05), Higsk
BM & A AR TR EUE 0.31~1.82 Z[H] ,KM &
A5 B B 40 T A AR AR BUHE 0.91~3.15 Z (], ifif 35
ARIREFRIGEF L 7700 FEHELSE =R IR R
o, BERREFREL S-BM R S-KM & S 40 T Ak 45
B R TR, S-BM-1st il S-KM-1st 14114 7
RAGBUR S, 438 1.61 1 3.20 AR 323 L-BM
BEMMEERISHEAANRPRE LD EES, MW
L-KM & 4 40 A o & A A8 B e TR SR T
{H L-KM-1st 5 L-KM-3rd TR F 25 (K la),
H5ERIGBSAEAML, H AR 2R
BB ST KM, i KM &F BM (P<0.05). ;3%
5 BM & S WA A AR T 2P 0.40~0.63 Z[H],
T KM & £E (%) ik 89 40 T2 3% AR5 20 0.60~0.92 Z
], EESE =AML R, TR I 2 [
TR B SR 5L ACRR H] 3 AR A8 4500 W E 22 5 1b ).
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Table 2 The constructed database of known potassium-solubilizing bacteria from previous literature

["J7KF Phylum /K Class J& 7K Genus
Actinobacteria Actinomycetia Alloactinosynnema , Arthrobacter, Bifidobacterium, Brevibacterium
Cellulosimicrobium , Kocuria, Leucobacter, Microbacterium, Micrococcus .
Paenarthrobacter, Pseudarthrobacter, Rhodococcus, Streptomyces
Archaea-Thaumarchaeota Nitrososphaeria Nitrososphaera
Bacteroidetes Chitinophagia Filimonas ., Pseudoflavitalea
Cytophagia Chryseolinea , Dyadobacter, Flectobacillus, Flexibacter, Siphonobacter
Flavobacteriia Chryseobacterium ., Flavobacterium, Myroides
Sphingobacteriia Sphingobacterium
Deinococcus-Thermus Deinococci Deinococcus
Firmicutes Bacilli Amphibacillus , Bacillus , Brevibacillus . Enterococcus . Exiguobacterium , Fictibacillus ,
Lactococcus . Lysinibacillus . Metabacillus . Paenibacillus . Peribacillus . Priestia .
Staphylococcus
Clostridia Clostridium
Proteobacteria Acidithiobacillia Acidithiobacillus
Alphaproteobacteria Agrobacterium . Allorhizobium ., Aureimonas. Bradyrhizobium , Brevundimonas
Caulobacter, Ensifer., Inquilinus, Mesorhizobium, Methylobacterium, Mycoplana
Ochrobactrum , Paracoccus . Phyllobacterium, Rhizobium, Rhodopseudomonas .
Sinorhizobium , Sphingobium . Sphingomonas
Betaproteobacteria Achromobacter. Acidovorax. Advenella. Alcaligenes, Bordetella. Burkholderia .
Cupriavidus . Duodenibacillus, Janthinobacterium, Massilia, Mitsuaria
Paraburkholderia, Ralstonia, Roseateles, Variovorax
Gammaproteobacteria ~ Acinetobacter, Aeromonas, Azotobacter, Cellvibrio, Citrobacter, Cronobacter
Enterobacter, Erwinia, Escherichia, Frateuria, Klebsiella, Kluyvera, Kosakonia,
Leclercia, Luteimonas, Lysobacter, Pantoea, Phytobacter, Plesiomonas., Proteus,
Providencia , Pseudomonas , Pseudoxanthomonas , Psychrobacter , Rahnella , Raoultella ,
Serratia, Stenotrophomonas
Synergistetes Synergistia Aminobacter

K PCoA T2 ABFRAN BT EAly - 396 ] 4% 37 41 14 1
% B M . TR IR FAEE SR, BM 5 KM
AN FIEAR BT, RS AR
TR HEVR S AR L, B AR AR s RO e 25 575
[FEF, BM 5 KM Z R B K ER, 7F L-BM
F1S-BM [H] 22 554N %, TM7E L-KM Al S-KM Z [
K (K 2a),

B L-BM BN, HIESHE L

BNTI ZH KT 2, #hethidfhE, =M~EMRZIH
BNTI FEEfE-2~2 Z [0, FEALEL R, F
15T Bray-Curtis [ Raup-Crick ( RCpry ) FEAE
HFE—0.95 b, REFE AL i 2 322 R 34 BT 4 Bor it A%
AR BRI S-BM BRI, TSR
@] BNTI & KT 2, Mtk B £, S RIERZ
[B] BNTI FZEEPE-2~2 Z 0], MEPESRE R,
Hr RCyray FHEAENTE-0.95~0.95 Z [H], BPFHHLIE
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# 5  #FPE( P<0.05 ). T[], Note: Soil represents the soil background; BM and KM represent enrichment media for bacteria and Potassium
Solubilizers respectively; L and S represent for liquid and solid media respectively; 1st, 2nd and 3rd represent for the first, second, and third
generations during the serial passages. In the figure, the uppercase letters represent the significance of differences between different media
and passages, and the asterisks ( * ) represent the significance of differences between bacteria and potassium-solubilizing bacteria ( P<0.05 ) .

The same below.

BT T ASV KF T L IEA AN I 5 W P A A B AR EL (a) R 2RA5 %L (b)

Fig. 1 The Shannon index( a )and Simpson index( b )of bacteria in the soil background and culture enrichment samples, based on the ASV level
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Fig. 2 Differences of bacterial community structure (a ) and assembly processes (b ) under different enrichment strategies
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Fig. 3 At various taxonomic levels, the number of bacterial taxonomic units ( a, ¢ ) and the cultivable proportion ( b, d ) in soil background and

enrichment samples
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Fig. 4 Comparison of the diversity of cultivable bacteria, potassium-solubilizing bacteria, and known potassium-solubilizing bacteria databases

at the genus taxonomic level in the phylum (a) and genus (b) classification level
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Fig. 5 Relative abundance of bacteria enriched in soil background and medium at the phylum (a) and genus level (b)
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Fig. 6 Changes in the relative abundance of culturable bacteria for different media types and passages
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