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KRB SR AT E WHO7 X E s kFE L
HI 2 R R R A TR A SRR

+ ) K N s N s 2= 3 S N N
TR EEL GRS, B L REY, ZE T, 24 it E!
1346 5 A R TREBR TG, KR 430064 ; 2. K im kK F A FFF 1, ) M 434025,
3. A E R AL MR EIEAT AT, KX 430064 ; 4. KB HF L F A F R, &L 430064

WE NETESOHEEMEY S REAR, RHMWMM (modified wolfe”s mineral medium ) 3% 3% 3% & 514
I FeOB, 456 16S rRNA 7 A5 B A S8 WARFP 2, 4331k A 100 mL 10° (T1) . 107 (T2) .10° (T3) CFU/mL
TRRR & B TR AL BT T AR KRS L, PPN TR R XV 7 AR K R - S0 IO o L - B8 40 PR PR T B3 (X =F B Ik
FEBOE A K A 52, 35 A 16S rRNA 53 07 F AR PR % T Aot U 28 s . 2528 o . ik 3 1y
X Fer™ BLA & A ALVE Y FeOB M ERTE 1 &R 2E 7041 B WHO7 (Lysinibacillus sphaericus WHOT7) ; # EbF CK,
B AR IR SR L3 (Eh) 2 548 5 (P<<0.05) , FF i S B 7 56 o IE L A7 5 T1 . T2 T3 &b B A 398548 Jir 1k 40 o i 2 4 i)
W /> 26.47% . 41.53% . 53.19% , W Bk A i 43 i 2> 0.37 %4, 21.50% . 50.09% , 4 5 HE 43 5 2> 7.84 %%
21.57%.37.25% . - HEOH AR & i o B W 15.50% . 27.38 % . 48.90 % (P<C0.05) , 3 R W 43 ) 5 35 4% fin
12.52%,17.34% .27.38 %6 (P<C0.05) , SALHR 437 W 3 44 I 11.56 %6 .17.20%4 . 19.34 % (P<<0.05) , H HLJTT 43 51 i
RGN 8.66%.22.22%4 ,45.05%6 (P<C0.05) , pH .35 43 5l 34 1 3.40%6.8.94 %6 .16.99 %6 (P<C0.05) . T4 AOA-
amoA FEIH 2 BE 43 I N 11.94% 14.68 % .33.83 %% , nosZ 3 [H =F B 43 3138 Jin 42.97 % . 75.78 % . 118.75% , nifH
PR =F B 43 3 38.29 %6 .51.05%6 .216.13 % , UreC FE R = B 43 T i 16.74 %6 .54.5176 .60.94 %6 o /K R4k 151 43331
M 5.44% .10.98% . 36.00%4 , M- ¥4 43 S 34 i 10.21% . 23.42% . 36.94 %6, & J5 5k 34 i 43 1) 12.61%,22.52% .
28.38%6 , IFIARE A I3 0 10.14 %6 .32.92% .46.81 % T HERMA W Z FE M 484k Chaol Fl Shannon #8 £4H Lt F CK
P AR (P<C0.05) o TI/K-_EARXTFEBERT 10 A9 H 3840 5 A 84 1 2 T I8 (P<C0.05) , {1l Proteobacteria 25 |
24~ (Bacteroidetes Fll Firmicutes ) .3 L . ZEAXS FEEERT 50 19 J&E b, 340404 20,19 .22 4@ .35 i (P<<
0.05) , 4% Macellibacteroides % 6 4~ FeOB ; 25 @ £E 3ANAb B rp 1 8 2 F 4 (P<<0.05) , £ MBNT15 % 4 4>
BRI . 4 R 284301 i 7R kR WHOT W 7E M 5 FeOB 1 6] Bl 3t - S35 Ab v B R0 AR e 4k, B Gk T B
A BRI, N R WHOT 23506 T3 & KRS R e i 5, U T e e v S5 F A T sg

KR WEHMREE,; TR BRIR MR AT SRR ; SR R AL s BRI RE LA
T EERERS

hESHES S156.99; S154.3

XHkFRIRE A XEHS  1000-2421(2024)04-0169-13

T8 A A PR 3 R 7 A 2R A i A
2047 346 J7 hm” ', HLATRAT PR a3, % 5 A A
FIPRAAE R AT AR GO IR 1 —F 1™
i 2976 7 O3 o DOK R RS ™ A ™= . A ALt i T
TR BUK A T E A, B PA R
PR BUIN Fe? 25 AR AR SR AL AL (Eh) TR L
E AR (s R L R R AL
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M TR e @ HE A I, A HE A S B
T A AR R T S R I K AN B R
K W B KN AL, AT R K R R i 10100~
13.3%1% . 4 TR ESANA I EF L L IEI T2 H
RCARRR T AR S5 A R AS S5 R, A A 7 o LR
TR o (2) DA PP AR T B2 o TR0 23X Ry A Al g /b
T SRR IS T] A PR R ARl TERR A3 B AR AR AF
MR IKALAS 1= 0 AR B 55 AR T AR AEZRAE i
S SATK REEAEN (3 ARt S EREAT A |
I P AT A 7 AR 4 8 35 o IR 4 K A -
pH, BEEX R AR R 0 F A R B A4 K 5
T AR A (4) AT 2B A . R G BT AE AL
ZEVR K ANE R 2B T, A 28T e - KRR &
AR A AR (R R A R, R
Sy REFRHET o (OBt Rk o SRR,
AR et SR PR R AR HERL T B SR AR )
SRR Ok A B A AR IR B A DI, K
REMLZRIE Sy R A AR R S SR, T a0 7 4
rh R TG RO A E DL AR R AR AR AE BN R
AR RTSR AR Yl R AR A 5T
K ULARAE (0 4 e Fe”" % 3] FeRB (Fe® " reducing
bacteria) 5 FeOB (Fe" oxidiazing bacteria) (1 4z il
k. Hoh FeRB & —25h8¥ Fe* T i i Fe® T
AW, BEREAR 8 Ehin 8 4 389 & 4 5 i Gl 4]
FeOB j&—JE X AT K /D 1Y + 58 A= 9, RE A% 1k
T A FHAVR S PR 058, R R AEL A A P ¥ S 1 3 38 1 - 1)
DURR AT K 44.6 %0 , BB . PEAR Fe™ 2P 1, e — A0
bR Ok, N S B A T e RV
B AL 5, I B Yyt 7 A B A E4r , Be
TE LI K AA T, AT AR A X 4 B[R] B A 48R
SR, HHETOE T FeOB AR M A Z UL, HXP W E 1k
JKAE I RACR R WARIE . AW N F L1
Berh i A% FeOB,, 38 1o 726k 12 50 50 1R 12 TR R o 1
AR RACR , I i S8 I PO E 5 PCR L
AR (qPCR) v 38 5 I 7 52 AR AR 12 T A &0 B4
rae PR F B A IR E S s, DU T F
A 58 e S0 A B R SR i B i
1 MREF=E
1.1 FeOBHMEHEMAEH

SR AR TV T DO B4 AR (112.25°E,
30.31°N)WE & LK A 1, o7 BN AR S48 T4 "Co%
PR I, SR Fe( 1)-O, 380 i B 6 B 45 e 46
FeOB. 7E K B (¥ 15 mL H ZE 3¢ 38 MR8 oom A

2.0 g FeSHoR I U B BEA 10 mL MWMM 2 [
TREFRIET 5100 pl #9 3 1 000 f5 12 L B
BT 30 CRE A O 3R . B AR 14 d e SRR
JEE W R R X FeS S8 AT v i 20 T8 1E 4T 5 7R % O B8
Mg fk , gl 4k )5 1Y bR SR LB WK B R T
28 °C . 150 r/min %& [% 48 h, ¥ 100 pL ¥ B Jy 10°,
107.10° CFU/mL % P 14 % - UK B2 2 AT FeS By
KB MWMM 1 75 35 b DL LB B 3R 3L 500 8, B 1
30 CHE FRA8 BB RE 37, 10 d J5 W FeS A b 1%
B A B AR Ak I 5 1 B R A A T —80 °C
TRA7 o

1.2 BEHREE

DIEAZFYERE . TRk a g e 0
J& , TE BXA3 677 1l [ BRI 35 (D) A BR 23 W)
T HEATIEARSE A

2)EMAEE . SHEOCER[12-13 37 4E 2
A A TS 2 R (HLO, B 56 | H 854 F1
FH SRR e i i A A W R FH 55

3)16S rRNA % 7E . R4 P 3 A 2H DNA 42 5
IR & (RAR A AR AT IR A R ) 317 K 20 DNA $2
B, & I 16S rRNA 38 59 27F (5'-AGAGTTT-
GATCCTGGCTCAG-3" )/1492R (5"-CTACGGC-
TACCTTGTTACGA-3") #i47 PCR 4™ 1140 i 3¢
J¥ %\ 7€ NCBI M 3 I+ # 47 BLAST LX), 9f F H
MEGA 1108 R A Bt R L B,
1.3 XMEFUABLHLRIRITEMN

DB o 85— 80 ‘CH M R 1) FeOB F
LB 53 Fi61k 24 h, PRECR B I A0 T LB iR
FEHer | T 28 °C 150 r/min £ T 15 3% 48 h, L 14
WeHe g 9 10°.107 .10° CFU/mL , 4 “CIR- 4 .

2) 150 A B R IR T VD T XU B A Y RS
RENBEMABEEEZEHE 20 cm 5 25 cem 1Y
SRR KT A 35 2~3 em K2 R 5~7 d S5
TR 5 . 20 90K 100 mL e BE o 10° (T1) L 107
(T2).10° (T3) CFU/mL Bk WHO7 % Bk B
182 cm WY SEARLE 4 54 S A B IE 3R 10~15 cm
() 2 6 B (CRO) fif 145 3 LB 557 5%, B b 3
3NEHE AN EE SH. WIRAEG R KRS
P ¥ ek 10 R0 RE A ZLAR RN, B TR E PG 5%
JE30°C, 12 h MR, 12 h JARE .

3) T HE AR I H A7 0 oAb BT A AL B S
B 10 d, ffi 1 TR-901 % + 458 ORP A ( VgAY i B}
ACES e A B ) Fae HRT 5 Ul B A3 000 a4 8 ) 4
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ik JEHLA .

4) FIFEREACRETRAE . AFRS 30 d, R FHA
R B KRERZE 5~10 cm HIERES, , BAEE
VA (58/41) , B g - 3ERE 5 Ak 2385 00 . —
W AR R A T — 80 Cuk Al , T R RN 4
DNA $2 5, 55— &7 4 CFRAE, T I3 s etk
S A

5) B IEFAL I . S IESCERT 16 T Hh i
D7, 4 pH B9 e SR H AL Om g im . =2.5:1),
+HEA L (soil organic matter, SOM) 75 & AY Il € %
FH 4% TR B 4 AL - 25 B 1%, el 2 (alkaline hydrolyz-
able nitrogen, AHN) 7 £ A9 7 SR FH Bl i 47 /0 , i
W (available P, AP) & & 09 22 R AR IR S A= $t
W, AR (available K, AK) & 18 1) 58 R FH £ BR 8%
FEECE , A A JrUME W S5 R 00 5 SR P R % PR A
AT AR B I SR AR E 2k LL e, WA
T R0 5 SR FH e B B HE ik

6) - HEAN B 16S rRNA JE [K i 1 0 7 e B dhs
RE 3, R H FastDNA SPIN Kit if 7 & (423618 24E
YR A BR S 5 ) X R B AR 24T 5 ) 41 DNA
$2 B, i 1] NanoDrop 2000 1 1% Byt I8 W 58 2 H bk
72 DNA e B F T & . 5 S5 R FHE H 514 338F
(5'-ACTCCTACGAGAGGCAGCAG-3" )/806R
(5'-GGACTACHVGGGTWTCTAAT-3") "%t 4
i 16S rRNA B: A i V3 — V4 X B E 1T PCR 7 1%
PCR Y BAFE U - 98 “CAEME 5 min; 98 ‘CAEE 30 s,
52 °‘CiR k 30's,72 ‘CZEfH 1 min, 25 MIEFER 5 72 “CHEAi
5 min, PCR ¥ 3¢ /= ¥ & J Agencourt AMPure

Beads &5 & (D1 v & /R R s B4 (i D A BRA )
alifk )i , {# F PicoGreen dsDNA A i 7) £ ( 38 [
NAEMEAA A G HATE & R TE IR ARG
YR A R 2 ] Tllumina MiSeq ~F & b #£47 pair-
end Pl F+ (2300 bp) o I > £ dhs - 15 2= NCBI %4l
J %545 2 PRINA1020755,

Wy BT A5 A G KCdE fiE ] QIIME v1.8.0 4%
P DADAZ J5 3 % e JE AR RO AT T | 5
Mt Pz i A AR KBRS AR Y1 751 48 f& (amplicon
sequence variants, ASVs) , ft % ¥ 515 SILVA v132
B P T R A AT RIS 51 L S A T R o 2R
B Ml Mothur 2 53804 9 o 2864 (Chaol
H1 Shannon $8 %) , I %% T Bray-curtis 572 38 15 #H 2
£ 43 BT (analysis of similarities, ANOSIM) % A [ 75
25 0 IR R 7 22 A TR

7) HIEANGA D REIL P qPCR /M. R qPCR
HARWME 44> - HERAEF Yy fig 2K (nitrogen cycling
functional gene, NCFG) iy 3 B , 42 4 [A] A By 3
(nifH) (A INA R RN (AOA-amoA) VEAL TR IE
Ji g ] (nnosZ) FIK LR (UreC) o qPCR S
&R 20 pL, & & 4 : 10 pl. SYBR Green Master
Mix (Bio-Rad Laboratories Inc., USA) . I FiiF5| 4
2% 1 pL . ddH,O 3 pL . Ff B 50 15 ) DNA B4R 5 pL,
BEAFES 3IRE K, S 55 o 2 95 CIR IR
3 min, PCR B 40 MG (95 CEEPE 20 s,1B K 20 s,
72 ‘CHEM A0 s) , 72 “CLRIR 2 mino LA 10 f5 466 B2 7
kL DNA ZefilinifEth £ . Brilg I ik 1,

#1 qPCRAMETHASIY
Table 1 Primers for qPCR analysis

e CIEZEA SIFHIG—>3") Bk E/C 22530k
Genes Primer names Primer sequences Annealing temperature References
nifHF AAAGGYGGWATCGGYAARTCCACCAC
nifH ) 60 [20]
nifHRb TGSGCYTTGTCYTCRCGGATBGGCAT
) CrenamoA23f ATGGTCTGGCTWAGACG
AOA-amoA 55 [21]
CrenamoA616r GCCATCCATCTGTATGTCCA
F-1181 CGCTGTTCITCGACAGYCAG
nosZ 55 [22]
R-1880 ATGTGCAKIGCRTGGCAGAA
UreC-F TGGGCCTTAAAATHCAYGARGAYTGGG
UreC 55 [23]
UreC-R GGTGGTGGCACACCATNANCATRTC

Q) KA AL FHF bR I 2 o it FH BRI 7 30 d 5 , 7E 5
AN TP ML R 10 AR KRR B I s K Rk = %
AR B A S A i I
1.4 HELE

FIFH IMB SPSS Statistics 27 244, 5% Duncan’s

% AR S A | SRR PR T KRR R
AR HEAT B 2 T 22 70 B (ANOVA) |, R H Pearson
0 A M 2 R 2 AT R B L6 > FeOB (Pseudo-
monas. Rheinheimera. Aquaspirillum. Comamonas .
Zoogloea M1 Bacillus) £ 41> FeRB(MBNTI15 . An-
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aeromyxobacter . Geothrix F Ignavibacterium) F F£ |
R EPEY R i IR NCFG £ e etk
J KRS AR AR R BEAT AHOCHE 3T . >R Micro-
soft #EAT EIF2x i

2 HR5HH

2.1 FeOB 3t Fe* &L 8E /1iEM

TEHERP WHOT Hikk 10 d 5, 78 Fe (11 ) -O, B 5
PN R 3% 5 5 B T 4k 28 A I 1 B 1 2148 5 AR
e AR Ay (1), FLBE 2 e B2 A 38, & 45 18
PEWHO7 19 Fe (11 ) -O, 8 B2 45 h S 2148 (L 82k S Ak
20 AT R A R A, 3 O TR R B AR I kA 2
B ETER

A:CK;B:10° CFU/mL;C: 10" CFU/mL;D:10° CFU/mL.
Bl FARIRERWHO? XA TSk ERMUER
Fig. 1 Results of the strain WHO7 with different
concentration on FeS oxidation

22 HMEE

DIEASFMM . Fkk WHOT 7 7% S 05 11 (0, 3=
TG, SR (E 2A) , B FRIMIEE AR (E
2B), £ 3.1~5.0 pm, ZEHIE S A B ERAR , KN Ky
0.7~1.2 pm,

A LBEEFREE AR B Rk WHO7JEZS . A: The colonies on
LB medium. B: The morphology of the strain WHO7.
B2 ¥k WHO? B A E
Fig. 2 The colonies and image of cells
of the strain WHO07

)AL E . R 2L, AR WHO7 #:2%
FRYe e B 7K A TE R TG 1 SRR 2 U

I VHLO, BiaEe: | H s 88 A 46 2 88 ) 22 BH P
N, V=Pl A IR Ehak g | Y 2T It | I ik
fift S B S
F2 BEHRWHOT EBEUSNER
Table 2 Physiological and biochemical tests

of the strain WHO7
i H ELES i H EE
Test items Results Test items Results
QYR i TSR ER I I
Gram stain Nitrate reduction
KR i it A AL i
Proteolysis Catalase
TE R il n L2
Amylase Methyl red test
V-Pilid B g N
V-P test Mannose
SRk I
Fructose - Glucose -
3L 4 B K fift
Galactose Gelatin hydrolysis

W MR ; — PR W . Note: + : Positive reaction;
— : Negative reaction.

3) 16S rRNA K J¥ o & Pk WHO7 1y 16S
rRNA K B 8 1 000 bp (GenBank % 3% 5 .
OR536503) , 1% J¥ 81 Y5 Lysinibacillus sphaericus R7
(Genbank % 5% 5 . HQ259956 ) A f5e i (& 3) , Ay
98.90% . ZiEIEAE EFLA AL AN 16S rRNA % &
SE W PR R s S BRI R 2 AT B (Loysini-
bacillus sphaericus) WHO7 .

2.3 BEHEWHO7 3BT U KBLIBMRYR

1) bk WHO?7 Xf 3 Eh i mi . 2 30l I,
Bk WHO7 4B 10 d J5 , T1. T2, T3 kb 34 1+ 58 Eh i
43 1A —5.00,19.00 F1 42.67 mV, ¥ B # & T CK
(—31.67 mV) (P<<0.05), Ab¥E20dJ5, £ Eh %y
Wk 7.33, 40.67. 106.67 mV, ¥ & ¥ & T CK
(—26.33 mV) (P<<0.05) ., 4b¥E 30 dJ5, Eh 4350 h
10.67.48.33,115.00 mV, #J & 3 @& T CK ( —16.33
mV)(P<<0.05).,

2) B WHOT7 X 4 5638 S ) ot i s . 7E Ak
FE30dJ5, T1. T2 T3 AbHH 4 5k 547 o s 43 1)
4 8.64.6.87.5.50 cmol/kg (& 4) , 43 5% CK(11.75
cmol/kg) I /b 26.47 % . 41.53% .53.19% , Her T2 Al
T34 B i /0 (P<<0.05) ., 3838 SR IV 4k &
4% 9 K 5.33.4.20., 2.67 cmol/kg, 43 9 % CK (5.35
cmol/kg) ik 2> 0.37% . 21.50% . 50.09 % , H: ¥ T2 F1
T3 W/ (P<<0.05) o 38340 JF M W A4 1% 4 40 1)
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64 1 Lysinibacillus sphaericus R7 (HQ259956)

Lysinibacillus sphaericus WHO7 (O R536503)

Lysinibacillus varians SK-5 (OL839956)

Lysinibacillus fusiformis NES-STR-1 (MF079273)

73
Lysinibacillus mangiferihumi MGX18T.107 YLB-03 (MN543807)

Lysinibacillus cavernae SYSU K30005 (NR175531)

Lysinibacillus cavernae SYSU K30005 (NR175531)

-1
w

Lysinibacillus antri SYSU K30002 (NR180378)

Lysinibacillus yapensis YLB-03 (NR165716)

Lysinibacillus capsici PB300 (NR181788)

B
0.01

F55 o T S AR TR M8 S5 5 43 3t B B3R bootstrap {H ; B3 RURK AL S . Numbers in parentheses represent the accession
number of the strain in GenBank; Numbers on the branch point represent the bootstrap; the scales represent the evolutionary distance.
B3 BEBRWHO7ETF 16S RNAERERFIIMNRSELZE K
Fig. 3 The phylogenetic tree of the strain WH07 constructed on base of 16S rRNA gene sequences
&3 EEWHO7 A 323Y 13 Eh B9 #5010

Table 3 Effects of the strain WHO7 treatments on soil Eh mV
e A FERT Eh QPR Eh
Treatments Eh before treatments Eh after treatments
0d 10d 20d 30d

T1 —61.00+6.08a —5.00+7.21c 7.33+4.04c 10.67+3.51c

T2 —52.00+4.36a 19.004-4.36b 40.67+3.79b 48.33+1.53b

T3 —63.33£9.02a 42.67+8.02a 106.67+6.81a 115.0045.20a

CK —63.00+5.29a —31.67+4.51d —26.33+5.51d —16.33+5.51d

7 R P RIGEERE G A RNG PR 0.05 K 2457 8.3, F R, Note: Different lowercase letters behind the data in the same columns in

the table indicate significant differences at the level of 0.05, the same as below.

e e o 2 2 2
T TR -

S = N W s D

2
=

Soil reducing manganese content

A SR 45 (cmol/kg)

Soil reducing ferrous content

T1 T2 T3 CK

T1 T2 T3 CK

T1 T2 T3 CK
JbF Treatments AbF#H Treatments AbBH Treatments

ARING FR: 32 R Ab Bl ) 22 57 4 3 (P<<0.05) , Tl Different lowercase letters indicate significant different (P<C0.05), the same as be-

A T T 8k B i/ (cmol/kg)

Soil reducing substances coteent

R 4 TR &/ (cmol/kg)

low.
B4 B WHO7 Ab3 33 1 3583 [ 1 1 R B 52 )
Fig. 4 Effects of the strain WHO7 treatments on reducing substances in soil

0.47.0.40,0.32 cmol/kg, % T1 4bBEAN , 43 5% CK - T2, T3 4k B AHN 43 % 24 95.60, 105.43., 124.07
(0.51 cmol/kg) Wk 2> 7.84% . 21.57% .37.25% , Horf - mg/kg, ¥ B 3E & F CK(82.77 mg/kg) (P<<0.05), %3
T2 T3 W Z W (P<<0.05) AR CK B 15.50% .27.38% .49.90% . AP & H43

3) W Bk WHO7 X + SEBEAL P B f9 2 Wi . Bk 9 O 8.63.9.00. 9.77 mg/kg, @ % & T CK (7.67
WHO7 4b P 5 e B AL PE il e &5 2R WL 3 4. T1. mg/kg) (P<<0.05) , % CK ¥4 Jin 12.52% . 17.34% .
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27.38% . AK & 4t 73 i 4 39.57. 41.57. 42.33
mg/kg, 8 # & T CK(35.47 mg/kg) (P<<0.05), %%
CK¥/n11.56% .17.20% .19.34% . SOM 7% £ 53 5]
N 23.47,26.40,31.33 mg/kg, ¥ @ E ¥ T CK(21.60

mg/kg) (P<<0.05) , % CK 34 Jil 8.66% . 22.22% .
45.05% . 1 5EpH 735k 5.78.6.09.6.54, & = T
CK (5.59) (P<<0.05) , % CK 4 /i1 3.40% . 8.94% .
16.99%

x4 FEHRWHO? R IR 3 + IRk 4 RAO SN0
Table 4 Effects of the strain WHO7 treatments on the soil physiochemical properties

szl fiE A/ (mg/kg) HAWE/(mg/kg) L /(mg/kg) HHLE/(g/kg)

Treatments AHN AP AK SOM pH
T1 95.60+2.49¢ 8.6340.25b 39.5740.21¢ 23.4740.25¢ 5.78+0.09¢
T2 105.43+2.90b 9.00+0.36hb 41.57+0.32b 26.40+0.10b 6.0940.06b
T3 124.07+1.84a 9.77+0.45a 42.33+0.21a 31.3340.15a 6.5440.09a
CK 82.77+1.83d 7.67+0.21c 35.47+0.32d 21.60+0.30d 5.59+0.06d

4) Btk WHO? %t +3 NCFG £ Ry, i
5 UL, Bk WHO7 4b ¥ f5 T1. T2, T3 4h ¥ AOA -
amoA “F 4y 5] Jy 4.50< 107, 4.61 X107, 5.38 X107
copies/g, . CK (4.02X10" copies/g) = & 3 i T
11.94%6.14.68% F133.83% , AN T3 b BRI i & (P<<
0.05) (I 5A) o nosZ = F£ 435 2 1.83 X107, 2.25X
107,2.80 <107 copies/g , # CK(1.28X10" copies/g)
PR T 42.97% .75.78% . 118.75% , k& T1 4b BH

o
- § 7x 107 3
$§§ 6x 10"
= LE 5x10f ab b
k) -
A B2 2 axwot
Sz < 3x10f
T = Q A
< &8 2x107f
SRS
wvg 1% 107+
= 0 T2 T3 CK
ALFH Treatments
25% 10°F a
% 20 % 10°
= <10°k
R
%ig 15% 10°}
cESS be b
@gg 10x 10°F .
NS
Tem sx100f .
A
4
0
Tl T2 T3 CK
AbFH Treatments

Hh 4 5 2 B T (P<<0.05 (&1 5B) o nifH £ B 43 51 K
9.86>10°, 10.77X10°, 22.54X10° copies/g, % CK
(7.13X10° copies/g) F= FE N T 38.29% . 51.05% .
216.13%,B& T14bHRA1, 1 5 CK 22 57 18 % (P<<0.05)
(B 5C) o UreC = B 43 5 24 2.72 X107, 3.60 X 107
3.75X 10" copies/g , 5 CK(2.33X10" copies/g) HL 5
F R EWN T 16.74% ., 54.51% . 60.94% (P<<

0.05)(KI5D).
3.5% 10°f a
=& 30x107 b
B35 25x107 e
®EZ s0x10f
p Bos <%
ﬁi; 2 1.5x10°F c
2E S 10x107
O X r
5y o
28 05x10F
=
00 T2 T3 CK
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Fig. 5 AOA-amoA(A),nosZ(B),nifH(C) and UreC(D) gene abundance after train WHO7 treatments
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Table 5 Effects of the strain WHO7 treatments on the growth of rice seedlings
Ab 3 B /em iRt fif i it /(g/10 plants) PR
Treatments Plant height Leaf age Fresh weight White roots number per plant
Tl 10.664-0.74b 3.67-0.58ab 2.50+0.12ab 9.67-2.03bc
T2 11.2240.71b 4.1140.51ab 2.72+40.20a 11.6740.33ab
T3 13.7540.66a 4.5640.19a 2.8540.23a 12.8940.19a
CK 10.11-0.53b 3.3340.67b 2.2240.19b 8.78+1.07c
2.4 HEHWHO7 3t LB R M R0 oo
1) bk WHO7 12638 B0 7 #4240 B7 . T1.T2. 5 500
T35 CKALPRAF 3RS 7 375.6 241 .8 043,10 437 2% T: 4.000
P48 I ¥ A8 K (amplicon sequence variants, ASVs) A S 3000
(F16), 4354 24 5114~ ASVs, Hrft A b FLEA7 1 E 000
ASVs il 679(2.77%),T1, T2, T3 5 CK kb B4 s 1000
(9 ASVs E043 50 4 765(19.44%) .3 124(12.75%) . 0

4039(16.48%) .7 653(31.22%)
T2 T3
T] v” | CK

BA

E6 +iEMEASYsERE
Fig. 6 Venn diagram of soil bacterial ASVs

2) Wk WHO7 Xf - 40T o ZHEM . T1,
T2, T3 43 Chaol 45 %43 %/ 4 031.11.3 340.89
3 635.57 (K 7A) , ¥ i # K T CK (4 747.70) (P<<
0.05). Shannon$&%¥4 738 9.25.8.47.9.23(K 7B) ,
15 KT CK(11.03) (P<<0.05) .,

3) Mk WHO7 X + 18 41 1 8 2 A 11 19 52 i
PCoA 43 #T (B 8) &5 7R , 5 — F it/ A — K
Iy BT 22 SRR 20 ) Ry 49.2% F112.9% , Bty
TR N 62.1% , F RS> 1(PCol) & hix - B 078 &,
BRSS9 49.2% . ANOSIM 43 B4 5 7R ,CK 5
T1(R=1,P=0.091) . T2(R=1,P=0.106) . T3(R=
1, P=0.097) &b 3 1 138 20 T/ ¥ 7% 25 48 () I A W &

4) TRk WHOT XiF + 8 40 B Vi 4 S 52 o 1]
JKOPHE X = BE AT 10 () - 40 B 2 UL B 9A A EE T
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AbFH Treatments
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Fig. 7 Soil bacterial « diversity indexes under
treatments of the strain WHO7
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Fig. 8 PCoA analysis of bacterial community structure
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Comamonas , Zoogloea Fl Bacillus) , {55028 AL [l Ay
0.59~9.57. 25 J@ 7 34> Ab 3 1 g 2 T 9 (1A
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Others
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A MR AET KA B 3T F B L JE 35 BIEL C: e B TS F UL A The community of soil bacteria at

phylum level. B: Venn diagram of up-regulated soil bacteria at genus level in abundance. C: Venn diagram of down-regulated soil bacteria at

genus level in abundance. 1: Aquaspirillum; 1l : Aeromonas, Acidaminobacter; |l : Azoarcus, Zoogloea, Bacillus; I\ : Macellibacteroides,
Pseudomonas, Sedimentibacter, Rheinheimera, Hydrogenoanaerobacterium, Acetobacteroides, Comamonas, Vogesella, Clostridium_sen-
su_stricto_13, Clostridium_sensu_stricto_12, Thauera, Chryseobacterium, Paraclostridium, Clostridium_sensu_stricto_16; V: Lysinibacil-
lus, Clostridium_sensu_stricto_1, Peptoclostridiuml; VI : Hydrogenophaga, Sporacetigenium; VI : MBNT15, Sva0485, Thiobacillus, Sub-
group 6, Latescibacteria, Bacteroidetes_vadin HA17, Aminicenantales, BSV26, Anaeromyxobacter, Subgroup 18, 4-29-1, Geobacter,
Thioalkalispira, Subgroup 22, Sh765B-TzT-35, MNDI1, Desulfatiglans, Rokubacteriales, NB1-j, B1-7BS, Haliangium, Sva0081 _sedi-
ment_group, Geothrix, Ignavibacterium, S0134 _terrestrial_group.
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Fig. 9 Composition and structure of soil microbial community under the strain WHO7 treatments
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Fig. 10 Regulatory network of improving gleyed paddy soil mediated by the strain WHO07
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Abstract

FeOB were enriched with modified wolf’ s mineral medium (MWMM ) to screen microaer-

obic Fe*" oxidizing bacteria (FeOB) with better oxidative abilities to Fe”", evaluate its effects on improv-

ing soil and the microbial communities and functions of soil in gleyed paddy field , and lay a foundation for

establishing technologies of improving microorganism in gleyed paddy fields. The FeOB strain was taxonom-

ically identified with combined technologies including 16S rRNA sequencing. The 100 ml. fermentation liq-
uid of the strain with different concentration of 10° (T1), 10" (T2),10° (T3) CFU/mL was used to treat

the soil in gleyed paddy field and evaluate the effects of the strain on the reducing substances, nutrients,

abundances of functional genes for nitrogen cycling (NCFG) and rice seedlings of soil in gleyed paddy

field. 16S rRNA high-throughput sequencing technology was used to evaluate the effect of this strain on the

soil microecology. The results showed that the FeOB strain screened with strong oxidative effect on Fe*"

was identified as Lysinibacillus sphaericus WHO7.Compared to CK, the soil redox potential (Eh) was sig-
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nificantly increased (P<Z0.05) and shifted from negative potential to positive potential. The total amount of
reducing substance in soil treated with T1, T2, and T3 decreased by 26.47% ,41.53% , and 53.19% , re-
spectively. The content of ferrous decreased by 0.37% , 21.50% , and 50.09% , while the content of manga-
nese decreased by 7.84% ,21.57% ,and 37.25%.The content of alkaline hydrolyzed nitrogen in soil signifi-
cantly increased by 15.50% ,27.38% , and 48.90% (P<Z0.05) , while the available phosphorus significantly
increased by 12.52%,17.34% , and 27.38% (P<C0.05).The available potassium significantly increased by
11.56%, 17.20%, and 19.34% (P<<0.05) , and the organic matter significantly increased by 8.66% ,
22.22% , and 45.05% (P<C0.05).The pH significantly increased by 3.40%, 8.94% , and 16.99% (P<<
0.05).The abundance of AOA-amoA gene in soil increased by 11.94% ,14.68% , and 33.83% , respective-
ly. The abundance of nosZ gene increased by 42.97% ,75.78% , and 118.75% , while the abundance of nifH
gene increased by 38.29%, 51.05% , and 216.13%. The abundance of UreC gene increased by 16.74%,
54.51% ,and 60.94%.The plant height of rice increased by 5.44% ,10.98% , 36.00% , the leaf age of rice in-
creased by 10.21%,23.42% ,36.94% , the fresh weight of rice increased by 12.61% ,22.52% ,28.38% , and
the white root number of rice increased by 10.14% , 32.92% , and 46.81%.The Chaol and Shannon index
of microbial diversity in soil was significantly decreased compared to CK (P<<0.05).Among the top 10 bac-
teria in soil with relative abundance at the Phylum level, 8 phyla including Proteobacteria were significantly
downregulated (P<<0.05) , while 2 phyla including Bacteroidetes and Firmicutes were significantly upregu-
lated. Among the top 10 bacteria in soil with relative abundance at the Phylum level, 8 phyla including Pro-
teobacteria were significantly downregulated (P<C0.05) , while 2 phyla including Bacteroidetes and Fir-
micutes were significantly upregulated. Among the top 50 bacteria in soil with relative abundance at the ge-
nus level, 20, 19, and 22 genera including 6 FeOBs such as Macellibacteroides et al were significantly up-
regulated (P<Z0.05) in the three treatments, while 25 genera including 4 Fe reducing bacteria such as
MBNT15 et al were significantly down-regulated in all three treatments (P<C0.05).The results of analyz-
ing regulatory network showed that the strain WHO7 had the potential to synergistically improve the physi-
cochemical properties and biological activity of soil with FeOB, ultimately promoting the growth of rice
seedlings.It is indicated that the application of strain WHO7 significantly improves the physicochemical prop-
erties of soil in the gleyed paddy field and change the structure and function of microbial community in soil.

Keywords gleyed paddy field ; soil improvement; Lysinibacillus sphaericus; reducing substances ; re-
dox potential ; functional genes for nitrogen cycling ; soil microecology
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