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T PR B PR B M A SR A e S 2 AR P IR 2 R A L, R IR L. fusiformis LW-3
FE R R 3807 T B A R RIS IR, =Bl i S TR R e vh PR At 1S4

KRR L R PR ST EIR AT DA

HhESES: S153 MRRFRERG: A
Screening of Alkali-Producing Strains and Their Amendment Effect on Acidic Soil

LIU Chong!, LIU Yang'?, WANG Dan?, LU Yusheng!, GU Jun?, ZHU Xiaoxuan!, WEN Shuheng®’, WANG
Yong®, ZHU Zixin®, LI Yaying?, GU Wenjiel“t
(1. Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Science/Key Laboratory of Plant Nutrition and
Fertilizer in South Region, Ministry of Agriculture and Rural Affairs/Guangdong Key Laboratory of Nutrient Cycling and Farmland
Conservation/Guangdong Engineering Research Center of Soil Microbes and Cultivated Land Conservation, Guangzhou 510640, China; 2.
College of Life Sciences, South China Normal University, Guangzhou 510631, China; 3. Guangdong Geolong Biotechnology Co., Ltd.,
Zhuhai 519050, China; 4. Maoming Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Maoming, Guangdong 525000,
China)

* JURAEESGUEHPR HRITE (2023B0202010027) E K E AHPRFRIHH (2023YFD1702200) A1 “+PUTL” J7RAE R FHLEIHT LK
FHO7 1) “AEEEENN” H (2023SDZG08) 3t [7 ¥ B Supported by the Key-Area Research and Development Program of Guangdong Province (No
.2023B0202010027), the National Key R&D Program of China (N0.2023YFD1702200) and the Open Competition Program of Top Nine Critical
Priorities of Agricultural Science and Technology Innovation for the 14th Five-Year Plan of Guangdong Province (N0.2023SDZG08).
+ #WAEH Corresponding author, E-mail: 13527238772@163.com; guwenjie0818@163.com;

PEF R X b (1990-), 53, BREGERXUN, it BUEEOFA R, TENFLIEMRUPTEIT . E-mail:liuchong1990@gdaas.cn.

Wk H 1 2025-05-23; WEIfE Bk H #1: 2025-08-01; M4 & H I (wwwi.cnki.net):

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

Abstract: [Objective] Managing soil acidification in farmland soils is of great significance to ensure national food security
and sustainable agricultural development. Microorganisms have important application value in soil improvement. However,
the research on alkali-producing microorganisms and the mechanism of improving acid soil is still lacking. This study aimed
to systematically explore the mechanisms of acidified soil remediation by alkali-producing microorganisms, with a focus on
overcoming the limitations of functional microbial resource scarcity and field application technology gaps. [Method]
Systematic screening was employed to isolate alkali-producing microorganisms from acidic soils in South China. Indoor
simulation experiments evaluated its pH elevation capacity through repeated inoculation. Genomic analysis revealed its
urease gene cluster (ureABCEFGD), and field trials assessed the effects of single-dose application on soil pH and crop yield.
[Result] We screened 109 alkali-producing bacterial strains (65% belonging to Bacillus spp.) and 24 fungal strains (33%
Trichoderma spp.). The alkali-producing ability and stability of alkali-producing bacteria were generally stronger than those
of fungi, with Lysinibacillus fusiformis LW-3 identified as a key strain. Within 15 weeks of continuous culture, repeated
inoculation of L. fusiformis elevated soil pH by 1.5 units, reduced exchangeable aluminum by 23.46%, and decreased
hydrolytic acid by 31.80%. Genomic analysis revealed that L. fusiformis LW-3 carried a complete urease gene cluster
(ureABCEFGD). Lysinibacillus fusiformis LW-3 could ameliorate acid soil by enhancing soil urease and protease activities,
metabolizing ammonia, consuming hydrogen ions through bicarbonate, and reducing the content of active and potential acids
in soil. Field application confirmed that soil pH stably increased by 0.2 units and enhanced Chinese cabbage yield by 11.6%.
[ Conclusion] This study elucidated a multi-pathway synergy mechanism for acidified soil remediation, including alkali
production, enzymatic activity regulation, and acid speciation transformation. These findings indicate that the strain L.
fusiformis LW-3 has good application prospects in acid soil amendment, providing technical support for alkaline-producing
microbiome-driven soil acidification management.
Key words: Soil; Acidification; Alkali producing microorganisms; Lysinibacillus fusiformis; Pakchoi
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1 MRS

1.1 iR YE R EMR
(1) NAR:FR¥E: E7BAE 33 gL, Bifig 18 gL, 121°CKi 30 min. (2) PDA ;75dkk. 2

LA 200 g L, A& HE 20 gL, BflE 18 gL, pH 6.5, 121°CKEE 30 min. (3) LB iidk.
EAM 1094, NaCl10gL?t, EEREEH 5941, pH 7.0, 121°CKH 30 min. (4) PDB ;3. 2
A 200 gL, H&IFE 20 gL, pH 6.5, 121°CKEH 30 min.
12 FRHMEMNTESELE

TR L IERRACIRIL S A X, e lEX T iy il =L S, I,
JEAE L PRE . 48R AT M AE B TR P M AR A R, AT RE I S S . SRR
TR R AL EE R IR B . B eI 5 g B IR TR KRG B IR R RERTR
W (104~109), HUZJ 100 pL iRAG T NA 55751 0k r=i4a i, 30°C FR5F% 48 h; HXZ 100 uL
AT PDA 5532 55 FIH Ik P2 L B, 30°C NH53% 96 ho M KRB 1 AR b HGEAR RS
BEVE, BHT oAt SREERBCAEVE, TS 100 uL BYZLR il 96 FLAR A, FEoR 7S AR
CLI BT AE = I B R o K IR B B B VR 4R 1% 3R M T LB WA R, 30°C N5
F% 48 h; P50 B B PR VR 1% 1% R AR T PDB AR R, 30°C FEEFE 96 ho %€ B pH,
B BEAI B FEFE pH T i B PR 8 T e PR Y A DNA DU R BGR A & O M2 ek
BIRAF, FED FEHAERT DNA, SR EH 5149 27F(5°-AGAGTTTGATCMTGGCTCAG-3")
F1 1492R(5-TACGGYTACCTTGTTACGACTT-3")¥ 14 16S rRNA Z[H 4 K75, PCR ¥ HFLF A :
95°CHiAEME 5 min, 95°CA8 1 15's, 55°CiE K 30's, 72°CHEAH 60 s, 3 35 MR, 72°C)5 ZEA# 5 minltl,
KHI51%) ITSIF(5’-TCCGTAGGTGAACCTGCGG-3")#ll ITS4(5’-TCCTCCGCTTATTGATATGC-3")¥"
WECE ITS X3, PCR ¥ HEFERF N: 95°CTiIAEME 5 min, 95°CA:ME 15 s, 55°CiBk 30 s, 72°CHEfH
60s, Lt 35 MEIR, 72°C)5 LEfH 5 minltel,
1.3 BRI EEINE

TELE P20 B PR PR A 7058 - A0 R 7E NA AR _E 30°C R 537 24 h i, %1 V& FC H1] 5 2 ODgoo
1.0, FRZIRIARRREL N 5% R, K5 2.5 mL @B REEA T 47.5 mL LB kRt d, HEE
PDA T4 I 30°C 1597 96 h J&, &I B V& TC 1] B B ODeoo A 1.0, FHH&IEAAFR Ly 5% (M4 &,
¥ 2.5 mL B EREFNT 47.5 mLPDB AR F25EH. 30°C FREIRKGFR 7 K, 43 7l7ES 0. 24, 48,
72, 120, 168 h i F Y pH A1 OD ff. LB ARiF=EA1 PDB ARG FRIEYILE pH 1508 7.040.1,
KAIEFH LB AR E: R PDB A R: 77 36 2 0 R

WA~ EAE 7 5E . 7F 6. 12, 18. 24. 30. 36. 48. 60. 72. 84. 96 h 7} B REKEEM,
I 5E H: ODgoo Al pH. KR EZRZA B Lr (8000 rmint, 5 min) Y Ei&, I Berthelot v & £ ()&
5[17]o

FEDRIZHMT : JEFE T8 GDAAS 13472, 1F i35 AWl 5 R A BR A W] 3T B ik 1) 4 2 ]
AWM Y o BARFE: 5 FHBLERIEAHE DNA SR BGR&E ( Rilgse dmte R AR A IR AW, HED
FLEL# ¥k DNA, {# ] PacBio Sequel lle #1 Hlumina NovaSeqX plus #/T 4= F R4 7. %FF Nlumina
M, #1245 SCZEAE Nlumina NovaSeqX plus F3E47 Xl 7 (2>150 bp). F|H PacBio Sequel lle
Mumina Wl 551 & A= B ER 2E AT AR M5 B 22 70 i
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PR TR B ARE ST R E AR, THERAONLIE, SR A BRFERAR, KT
ik 2 mm . 4% pH 4.04, G 4.00 mg kgt FEAEN 57.00 mg kg, EASE 7.97 mg kg, T
AE 6.76 mg kgto MIAAKAE K & A H R R FK &2 70%, F20E 2 /4.

W4 A =B B AR AE 30°C R NA K535 9% 24 h, HIELEAH] % B, ODeoo N 1.0, FHI%IR
AR LGN %Rt &, o B F T NB AR B 7R3, 30°C FHRIRERFE 2 K, PNEF B -

RIGWE 3 MAEHE, 308 (LD IMAZSELEAKNE (CK); (2) BRBEMZIER; (3) 8K
BM e CRERE M 100, A 3 ANER . FREL 500 g AT, SRS (WA
15.3 cm, 75 13.8 cm) H,  FgHEAR G B v A S A EE 7 B 1) 39 3R T 35 50 MUY N B /K B 50 miL 2
FREGWE, 25°C 3557 16 JA, AN PR 3L A N JC B /K ORRF IR T, B R4 5 g L3k Sl
€ pH. FEFREEHS, ME TR iR S R S SRR AR & &, DASIREE . B
PEWERRIG . FEWERG . F4Eby. o SUCERE A B R 1
15 HiEtiE

I H AN S (R AL B 2R AT HE TA0RES:, 20 A T ZR 4R i i =F- B (TR HF, 22.888233 N,
115.347054 F) FIJ " ZRAVLI T & 10T (FEFR TS, 22.188875N, 112.681774F ). i+ H 11 pH 4.55,
TH AL 94.20 mg kgt, A 2% 20.54 mg kg™, 34T 99.00 mg kgt. & 1L T 3% pH 4.48, k% 88.69
mg kg, %0 52.94 mg kg, A 59.00 mg kgt.

T 1AL R AR e FH B 7 2 AN AR B, AR 3 IRE A, /NXHIAR A 20.7 m2 (7.4 mX 2.8
m), BEALIXH BT, FSrEHEK, Hofth B R E R R RS, /D SRS B F 2 (T
BT DX ) HEA AT ) o AR T () JE A A M 5 5, SR AR SRt IR B TR bR Ak &R e
it A, G g T ELHE I B R 2% 380.8 kg hm2. i B R4 481.3 kg hm2, (1L 4 160.4 kg hm2,
RIS S Ay 2025 45 1 H 28 HZ 3 H 12 H. & 1liiiA: JR &K 386.8 kg hm2, i R4S 334.3 kg hm2,
S AL 191.9 kg hm?, RIGSEHIHAN 2025 452 H 1 HE 3 H 27 Ho W BEERES/E N FEAE— K HEHIN,
JRZ SR =N o FE i FH P2 B AL B /N X, e BITESE M AT AR 2 S, 7 LEERm
WA BE 5O A5 B, By 299.9 L hm2, SCHRINH Ab B BEHLIEE 30 #R/NESE, WSE
fE e, HEEE. FIRCREE 0~20 om 23, e I pH. S MERR RS W AR S
1.6 DHEE

435 pH (L/KHN 10 2.5) KA pH it (PB-10, Sartourlus, £ [E) Ji5E . 3580 #e itk e s &
AR E L AR K AR R S B S X/ NS R8I T . IR RN T 1 R P e 0 L,
Bl ol R TR LN S BE R IR — AN L (B0, RENERBANAT4E R IR 3,5- A KR Ltk 14
A SR F e R R B e v, R R A v 2 e e
1.7 #IELE

{5 FH Microsoft Excel H AT 4 5 2 i 8 BRI 23 A . R SPSS 19.0 Geit #dis, KA SR
ZE0 T CANOVA)  XBH 2 B ZE AR50 RN t A 56 LU A A [R) AL B 2 [R] 25 TUFR b 1 22 5« R Origin 20240
F1 Adobe Illustrator CS6 Z: /. FIH FilgZe & AEMMAE(E =76 (www.majorbio.com) #E4T Bk 45k
BRI ZEL PB4 . R RE S 8 (v4.2.1) GGEBiplots f1.2: 4 GGE XUbrERY, =i & GDAAS
13472 %5 M Lysinibacillus fusiformis LW-3, H53E& AP BB EEEE (AND B)THE
7% Hu FPUR 7.
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2.1 FERRAE S0 U K B AR

AR b DXAS [ B A R P 177 L 8 R et VB A8 P2 BB 133 Bk, o, PEAR4EEE 100 Bk, EEDN
FHFFE (Bacillus), 3t 71 #k, 5 65%, HURONIEHE MR ICEH (Priestia) . 8% BR 2F 1 FF &
(Lysinibacillus)+ Je [C % /AT (Neobacillus) . L 2 #1#F % (Peribacillus) . &7 5% & f AT B
(Fictibacillus) FATEE (Microbacterium) (B 1a). P#HRECE 24 ¥k, FE NAZE (Trichoderma),
L8 ¥k, 15 33%, HUCNZEWMFILELKEERE (Meyerozyma). B # (Mucor). 8 JJ & (Fusarium).
HEHFE (Penicillium) %35 (Absidia) (& 1b).

a) 41| 4 Bacteria b) # #Fungi
Bacillus Absidia
Lysinibacillus / Priestia 42%
A 5% Lysinibacillus Mucor
"/ g *‘.‘i T Neobacillus 16.7% ] —_—
§ y/ l‘.\ N Peribacillus — 33.3%
/ Y \l ! Fictibacillus e
Priostia = [ \ B Microbacterium I
| B Ralstonia
Bacillota / Fusarium
b\ 98.2% / Bacillus I,'l'lcln?dcl'mu 16.7%
N A 65.1% l‘;rm illium 3
—" Meyerozyma A
Fusarium / - Penicilli oy -,»”-_,l
Mucor Mcyl'zn;;ym | 125%
Absidia e 5

B 1 Gk T A IR (2) FIPEBREH (b) Wik M Lk
Fig. 1 The screened potential alkali-producing bacteria and fungi and their classification

DN A% F G T SR AN E PR R IR, R SRR L A3 BT T AS RIS AE 7 BB AR AN [F) 35 RIS R R
= BEE )22 5, FRr LRI 2 i T AR RN 92.77%, WG RS (8 2a). ] 2a w4,
TR AE PR AL D P B 03 T SR B R i SR T 1A BTG O, PR T (B SRR A S
L HCHTRTTIE, TORER > E B (F) a2t B~ il S L=k, Ul W7 Bt 1 10 7= B e ) 5 A8 E Ve
9T . H, B20 (GDAAS 10355). B37 (GDAAS 12522) F1B98 (GDAAS 13472) Z5HFE M
FERREE AR E e (B 2a). &%EE, KL IR =ARE R E T 95T R S AT R .
RERRTS I, TR H ) 3 ARG R 2P AT B I Re A R S IR pH, Bi TR L RN, BE5R
T pH 43 BT 1,79 1.75 A1 1.69 Nz (& 2b). FHii, GDAAS 13472 $#27+ pH ek, £53% 24 h
AHRTF 1.13 AN
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a) 5.0 F K BiFunei b)
, FL 1 Fungi
B, 4l{#iBacteria — !1-
=85k
[=]
25 E
2 2
:__ jan} o —@—GDAAS 10355
= S 580 —A—GDAAS 12522
2 :ﬂz = GDAAS 13472
e~ 0.0 : e 9
2 ; ks "
; tg‘éﬁﬁi g 3d =
s i]ﬂ— it axiS By 5d° AL
Average environm ' Tt ﬁ
-25 7
7.0 F
1 1 1 1 1 1 1 1 1
—5.0 —25 0.0 25 0 20 40 60 80 100 120 140 160 180

0,
PC1 82.40 % Ki 50 7] Time/h

7E: GDAAS 10355. GDAAS 12522 fll GDAAS 13472 Jy=Fli Gl M B ka5 . Tl (a) 4B A FC R P B AE U 0UbR s (b))
S H T A5 R 2 AT 1 AR5 3R pH - Notes: GDAAS 10355, GDAAS 12522, and GDAAS 13472 are strain numbers for three
alkali-producing bacteria. The same below. (a) Biplots of the alkali-producing ability of bacteria and fungi; (b) Changes of pH of
the Lysinibacillus fusiformis culture medium.

2 PRI R B RE
Fig. 2 The ability of alkali-producing microorganisms to produce alkali

2.2 FEMFEEG T pH ;9L

PR3 (CKD | pH 1 15 IRl oW B2k, FaEfE 3.99~4.03, — Al 8 Yttt 3
=B i, 3% pH R S e (&1 20 Fory, SRR — U0 Bl AL HE T, +4% pH 7E 1 8 P 3.99~4.02
2 4.15~4.19, BOMISE S T 0.13~0.07 AN AL, H 35 pH BERE TR TA) R3S ok 0 ) 24840 (18
3a). 8 VA 3 MR ALEL N, LI pH B R E A S, FEIRAE NN pH 75 %) 5.31~5.42, 3 R
WG RF R (K 3b). 5 1 IREERAHEL, 8 UM I AL T, 3% pH #2151 1.16~1.23
AN EA

a) ~l- CK ~@— GDAAS 10355 —fh— GDAAS 12522 GDAAS 13472 b) 56  _m-CK
~@—GDAAS 10355
—A— GDAAS 12522
GDAAS 13472
52 F i
T :EL T %. l/
o= o= 48 ﬂ.‘
3 =7 z
'a
H 2 =2 &
= = e
44+ /
| y s
40 W
1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 U] 2 4 6 8 10 12 14 16
K I Hi I [
Incubation time/week Incubation time/week

3 —Ik (@) MZ R (b) HMh 3 Fhr=mik J5 L% pH 1731k
Fig. 3 Changes in soil pH after one (a) and multiple (b) inoculation with three types of aIkaIi-producing bacteria
X SRR S, A R AR RR OSSR, SR S 89.0%. XA 3
TPt e, LI ERRA A FIRE I FEK. Hrh, GDAAS 13472 Uixﬁz%mzﬁ, AR
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B S RUK RS & R BB TR (P<0.05), SXTHEAMEL 2 BIFFK T 23.44%. 23.46%7F1
31.80%(3K 1). BeAb, 55X AR, 3 F™ B i AL BE T 43R R AR & 5 B35 1 T 1 48.45%. 77.46%
#1140.0% (P<0.05).
18 REEM 3 MR G IR B MIRER SRS 2T
Table 1 Changes in soil potential acid and bicarbonate content following 8 inoculations with 3 alkali-producing bacteria

fh3m SEHRIER S RIS AR IKRPERR IR AR
Treatment Total exchangeable acids Exchangeable hydrogen Exchangeable aluminum Hydrolytic acid Bicarbonate

/ (cmol kgt / (cmol kg?) / (cmol kgt / (cmol kg / (mg kg*)
CK 2.73 +0.22ab 0.30 +0.08a 2.43 +0.13ab 6.54 +0.17a 35.5 +4.64b
GDAAS 12522 2.52 +0.17b 0.25 +0.03a 2.27 +0.17b 5.39 +0.11b 52.7 +11.5a
GDAAS 10355 2.90 +0.06a 0.27 +0.04a 2.62 +0.07a 5.65 +0.21b 62.8 +4.64a
GDAAS 13472 2.09 +0.12¢ 0.24 +0.01a 1.86 +0.12¢ 4.46 +0.38¢ 49.7 +4.64a

e RAP BRI E £ ARAEZE (SD) (n=3), FFIAN R 7 BER R AR Ab B 8] 22 57 2. 3% (P<0.05), [ Note: the data in the table are mean
+standard deviation (n=3). Different letters indicate significant differences (P<0.05). The same below.
2.3 BEMEEREDIREE AT

EXIRAREL, 3 B AL BE T L IARAG . RERERG. RO BRI 4R R B TR R T E S, B
VERERRBESVEAT TR B, i AL S B R R R B T 2 A8 . Herh, GDAAS 13472 4L
&, RIRAREG. RERERG. B ERESTERTIRE B, SRR EL 2N T 140.79%.  155.68%A1
208.33% (3 2).,
R 2 8 )RFEM 3 MTREIE S 15 AR IREEMNES
Table 2 Differences in soil enzyme activity following 8 inoculations with 3 alkali-producing bacteria cultured for 15 weeks

= 0
’ W B e e A g  DREBARN
i Alkaline phosph | P llul Lysine
Treatment Urease aline phosphatase Sucrase Catalase rotease Cellulase decarboxylase
I gt h) I gt h) Igth?)  /(mLgth?) I gt /(g gt i) /(U g?)
CcK 3044093 172 +935a 458 +509c  325+04la 012 +0.02c 8.79+0.46b  0.3640.002ab
GB’QQS 617+807a  152+11.26b 857 +712b 39140622  027+0.02b 8844210  0.3620.003ab
Gl%'ggs 60240982  146+259 886+208b 32920502  0.28+0.05b 11.0040.38b  0.36 +0.002a
612'27'“25 732+061a  151+9.84b 1171 +66.0a  335+04la 037 +0.04a 143040352 0.34+0.02b

24 FEEEKISERERISFEREEEEANF

NIRRT pH FIFLEE, W97 7 GDAAS 13472 WifkRs 55k &b pH Mk S B &R . B
EREFES T ES, P Hl1E GDAAS 13472 (AR K M2k 535778 5 pH R4 & B35 2 90 HH Je s g K
Ja RS (& da~ ] 4c) B L MEAUA R I, S5 IR B IR R b B & 5 7 B e 11 4B ) B (R2=0.95,
P<0.01) #1pH (R?=0.95, P<0.01) fA{ERZEMLMEIEMAHIIKR (K 4d), RAFE A KSR PR
TR B R REXT 4R THA R pH HAT EE TR
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a) s b)
5k
4+
g st ey
2+
1F
0 1 L L L ' 1 L L 7 1 L L L L L L L )
12 24 36 48 60 72 84 96 12 24 36 48 60 72 84 96 108
5 [1] Time/h 5 [ Time/h
10
c) d) = on,,
400 | ® pH o ®® =
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Fig. 4 Growth curve (a), pH (b), and ammonium ion (c) of alkali-producing microorganisms and their correlation(d)

Xt GDAAS 13472 T HREAT A 2E R LI e, dlid RGEK G MRIREIE 24T, GDAAS 13472 TH Ak
W SE NGRS AT (Lysinibacillus fusiformis LW-3) (& 5a). L. fusiformis LW-3 F:E2H K
/N 459 Mb, P4 GC &5 4 37.5%. TIZEFEHCH 4 512 4>, B NEAmMIEE (CDS). RNA
GnRDIEIR 154 4>, Hoh 10 NS rRNA, 48 M4 tRNA, 96 MNifiddEgmis RNA (F 5b). P
HR—ZM (AND 2Hr#7R T L. fusiformis LW-3 5 HAhYFp 2 (8238 2 5, L L. fusiformis
FR o FEARBATE CANT {E=97.3%), 7EFE R /KTF EAESE 1 L. fusiformis LW-3 J& T+ L. fusiformis (& 5¢).
BT B A 2L R A D e RE, R B L. fusiformis LW-3 #1145 5¢ $& ) IR [K] 7% ureABCEFGD.
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a) o - Lysinibacillus fusiformis LW-3
n [ AB271743 Lysinibacillus fusiformis NBRC 15717 (1)
—_—
0.01 o m Lysinibacillus sphaericus KCTC 3346 (T)

Lysinibacil ilyti 7
MNG611148 Lysinibacillus cavernae Kan SYSU K30005 (T)
Lysinibacillus telephonicus SSH2222(T)

AB300598 Lysinibacillus pe icapiens BAM-582 (T)

Lysinibacillus endophyticusDSM 100506(T)
LEXJ01000007 Lysinibacillus xylanilyticus DSM 23493 (T)

— Caryophanon tenueDSM 14152(T)
GCA016638705.1 1 Lysinibacillus agricola FIAT-51161 (T)
Lysinibacillus xylanilyticus DSM 23493(T)

3 Lysinibaci i is JCM 18776 (T)

Lysinibacillus sphaericus KCTC 3346(T)
LGCI01000008 Lysinibacillus macroides DSM 54 (T)

Lysinibacillus parviboronicapiens BAM-582(T)
PXXX01000046 Lysinibacillus capsici PB300 (T)
Lysinibacillus macroidesDSM 54(T)

Lysinibacil wticus DSM 100506(T)
—' Lysinibacillus cavernaeSYSU K30005(T)
” KT735049 Lysinibacil icus S5H2222(T)
Lysinibacillus capsici PB300 (T)
JX524514 Lysinil ilyticus cmg86 (T)

Lysinibacillus fusiformis NBRC 15717(T)
CPO14609 Solibacillus silvestris DSM 12223 (T)

Lysinibacillus fusiformis LW-3
MASJI01000025 Caryophanon tenue DSM 14152 (T)

A:RNA processing and modification
B:Chromatin structure and dynamics
C:Energy production and conversion
D:Cell cycle control, cell division, chromosome partitioning
E:Amino acid transport and metabolism
F:Nucleotide transport and metabolism
. G:Carbohydrate transport and metabolism
H:Coenzyme transport and metabolism
J:Translation, ribosomal structure and biogenesis
100 K:Transcription
L:Replication, recombination and repair
M:Cell wall/membrane/envelope biogenesis
N:Cell motility
O:Posttranslational modification, protein turnover, chaperones
P:Inorganic ion transport and metabolism
Q:Secondary metabolites biosynthesis, transport and catabolism
Lag R:General function prediction only
S:Function unknown
T:Signal transduction mechanisms
U:Intracellular trafficking, secretion, and vesicular transport
. V:Defense mechanisms
W:Extracellular structures
. X:Mobilome: prophages, transposons
l Y:Nuclear structure
Z:Cytoskeleton
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K 53T 16S rRNA MIfZEM 328047 (a);  Lysinibacillus fusiformis LW-3 43R E (b); 3T Bt F 4%
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Fig. 5 Taxonomic analysis based on 16S rRNA (a); circular genome visualization of L. fusiformis LW-3 (b); pairwise ANI (%)
based cluster heatmap (c)

2.5 FEFRAREEXEL M IR A KCRY /) B3SRBS

F 3R ER, M L. fusiformis LW-3 (GDAAS 13472) 75 R R It 135 pH &35
e (P<0.05). Jrr, TS 4% pH & 1 0.18 MAL, 1 HF 1233 pH 42 1 0.21 AMpfL. LI
BRI S B BRI T 14.4%A0 23.6%, “CHAEER & B BRI T 18.9%A1 21.1%. /) FI™ & 73 il
Hahn T 11.6%%1 17.9%.

R 3 EMAEENER M T IRE KR/ B SEAIFE

Table 3 Effects of inoculating alkali-producing bacteria on the growth of pakchoi in acidic soil

B - AT
Rk I DA -4 pH SEHERR R

. . . Exchangeable
Field trial location Treatment Yle;?kof{ﬁsﬁghOI Soil pH Total e/iif:sg?iat_)ll)e acids aluminum
g g / (cmol kg
R oy} 494.41 +39.58 4.62 +0.07 1.54 +0.01 1.29 +0.02
HF L. fusiformis LW-3 612.45 +11.20* 4.79 £0.05* 1.17 +0.05** 1.04 +0.06*
&t pagii 318.02 +27.99 451 +0.04 1.40 +0.07 1.09 #0.09
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TS L. fusiformis LW-3 393.06 +25.77* 4.72 +0.06* 1.20 £0.06* 0.86 +0.06*

*, P<0.05; **, P<0.01.

3 ¥

31 FEMREMEIRR R

Ak IO R TR (g R . SR RAEY P A G . AR AR T I pHL MR
REER . (R FR IR TS TH R AE AR S TR, R TR B Z AV IR, AR, 7~
BN B 1) =B RE ) SRR E MR T HM, X ATRe R T HE R A B SRS EMan 2 a7, miie
T AR R I ) 5E 4 80, R e AR AR B R pH B I R 7 R PR A%
PRIV, AHI TR R =B b LS AT B e o, R 52 A —8. #ill, Zhang
LU eI o B T — MR CE AT XT-4, fEREARRE T, i XT-4 &R
THRPR 3 pH. Hu ZERUN S0 8 320 1) 5 4 Ji o G 33 b 43 B8 B R 2F AT 1 TSBLM, 72 R 1%+
B EEMOZE RS, Cu Il Ph HAONBRIZ LSS A4S, AR L3 pH 238 . T RISEIST I OKFE
7176 3 BRI M5 S R 2 AT o WHO7, R I AT {35 pH JHi55 0.19~0.95 MEAfr . thAbh, SFxdett+
b T ERR , Zhang ZE1MA7E pH 3.6~8.7 (UREH L3 0 dT T ARSI AR L I A R, K
DR PE IR IR R AR R . FRAT IR BT . BT B R A AR R R
o BT, ZRAEAT RS REE IR M LI BT W& N SO TR S RAEF o SR AT R R B
AR 5 B . PR SR P AR 25 0, XS5 MR B T ILAE SRR M S5 A T 4 Rr A
Jf 56 B PR FEHCA A Fa o), Al SR AT R P R I R A A, BA R A
VIR R, M ZERFIR pH Fasl., RS CE IR TR T Pom s S aE R L], 2
KETHEH T L= B, B HIRIGIER, A FE = A 5 B EGUE, BRI L. fusiformis
LW-3 H&F20E HIF=0sae 71, 7T R34 ik LIRRRA R EW A, B R (0 B A AT 5 o

KFRAEYIRT MRS pH FIHLEIETE T TR R I B2, A FEiA N, APy mld i AR
BHRPEMIRY) (WRER . BERRE) FAE. 22 KSR, M s sbrsEr pH. 4
a1, Zhang SECUHEN ZE AUAT IR XT-4 SRR S 2R AN S 20 IR B T 23 A iR . RS i i
QIR P e T JEAN G RSB T . At Bk XT-4 AT R PR RRVE N BIR A RE 8, Fr
TR ER 7K = A B P P 6 BB R A B Y . ASHE @it P2 2 o BV 1 v 5 B R A T e v e
KIL L. fusiformis LW-3 #4552 # BRBEIE K1 7% ureABCEFGD, HACH A4 (&7 T /K Ja 2 i NHa*
A OH, X5 Hu HPRUMEF LR —8. AR FMATE TSBLM H A7 58 B (1 Ik iy 5 ) 7%
(UreABCEFGD), H4mititifiRi 5 R R RARBEN AT E5 S, LB R 27725 NHs*, 17 NH4*
A pH T2, 52 AR, AR I IRE L. fusiformis 435 LB h B E R S B 5
EHIN, L. fusiformis i AE 242 HCOsVHAE HF, IX —Id FE7R Al X SR IR AL AE th Tk, i
BT RIRAIILG:, Nie RV IUE R AR Y-9 75 3-FRENRAUE R HEAE T, X
SEE IR pH Frs ETF. kAl W, L. fusiformis LW-3 a] G i BREEHE 1L PR K AR G (NH3),
RIET RGBT (NHS MAERE T (OH), h-ts#Ediy H, MRS pH. Bhoh, 5%
FREMR AT 5 7 I N e A AR AR, AR AR T, D R IR (B 6).
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Fig. 6 Potential alkali-producing mechanism of Lysinibacillus fusiformis LW-3
3.2 FRMAEIXEL M TRV R R4 &

ARWFFCRIN, T3 b (IR B A e MR TS AEAE TR A EE 40, 1T =B L. fusiformis B4 2L
PRAR T b i) & &, M TXMEYIRIREE . 52300, SOGRR B Ab BN R AL TR
AMHER, XEERHTHME EWANAE TS HESRRP I 7 RS H R,
RSN T SRR A I AR AR AN AT AR I I, U WA LB B T A T RE A A A
1) L SRR A 11 T L S DRI0OL, 3, Liu S5O0 SO ot AP o T 40 2 1 =R ) I B 1 e A e b R
B HY, X AR AN R S v pH . SHIER AL T E LR B SR R
F e St 3R AG 1) 25, X T2 B T A BRI RS bk s T A PR A )
T AT RERE HY, EARBEFRAR RIS BSWGR 3% pH BT R, XAkl T L
fusiformis 7 2N #E H & i B A 500 3 T B8 1R A 7= AR IR AL &8 . Philippot Z52HA Ty, $2 15
FACAE I ATV AR 7 P i 3 pH. EAh, ARHIEFCIE A IR L. fusiformis 5, L3R RERERGEA
W BEE I H , 1XR W] L. fusiformis i AT IR 7 6 8 I 23 ik B 1 o B R IR DA IR AL, 19 n
BRAED SRR 2R, T R Al T 0 i SRR BN, SR RUE AR R LR 1L, I AEY)
fefitaes. 28 BRTIR, PUREEA L. fusiformis R8I R THFE HPIA AR SIS PERR I ], 38
Tl A AT P B ) B SR T PR R (4t AT SR B 3R S R AR e AR A .
MR BA T, SHKSRELGTTIFEME, PE A E. 24, ARERHNS. i, @
iod P )i FH 7 A Can R Sk R AR B -/K I — Ak ), AT KM PR LA FH A S A EAESE . AR,
PERRTE XS 3 pH BIFE AL RS 3 A Ve vE S5 K SR VIR PR ELAE G RAUDE FRR AR TT, LAY
N HAEANRIAR AR S 56 A R )2 N B 24l

4 # ®

AW TTZR GE0 L ) — HEEA P IRRE 7T A AN SR, IFSSIE 1 BL L. fusiformis LW-3 AR
i 1 AT B ) O AR AL SR BE 7o S I B A T AT R T 4 pH, 25 BRI S P R
SR SRR FOKMRYERR S, IR R RN . RN AT B (IR SRR IS . ZRE TR
WY, 7 L. fusiformis 32 2 AU B B VE 5 0 BERR R SR AE B AL Bl 5] 2 1 3R
IR, SEBLRHE PERR AN VE IR A XU A, TSR H R A B R . W EHR Rt — IS,
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L. fusiformis LW-3 [t I Al e 0 48T L4 pH, PR - IEACHME R AN S e MRS 35 B, 0 LI IR AL I
feBEAE Y™, Bt AP R AT S BT FUES RO ol i £ BR 1L Bt i 2 e (3 B FH SR04 T
BAR KR SRR
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