2022,35(1): 172-181
http://www.lykxyj.com

DOI:10.13275/j.cnki.lykxy;j.2022.01.020

—IRE T AEX AR R E R
it S EREEFFEHIML

BB, GRS, MRS, B0, SURB, %

(1. FRRAMR AR B, A A A 3500025 2. R 2EBe AR S 5 0 IR TREA 0%, i F°F 3543003
3. FREAE A AR S R G TS A N SR R AR 350002)

%Llj*

HE: [ BrY ] BN TR T RES DA 7EAR B a2, ik . S . LB 35 a0 B
B, REREE AT AE IR, MO TR B T & SR St S 80 S Re. [ ik ] RIRIARES (2,
4, 10, 15a) EARNTAKTRER £ sy Bk h 79 MRAGI T, JFRIEHIEA | A KAREZEER 20 PROEH B
PR, 38 I TR P A R MR AT R R Y | PRI AR BT AR, 28 16S 1DNA SEHE 1/, R
LI 5 RS X AR R SR B2 A SR SR A AT A . (&R 1 (1) IRy 20 AR bR,
313 PRERAR R ONIE M, BRSO B A BB S 65%. (2) &%5€, FEMHEIR (Bacillus altitu-
dinis ) 1) JK13 A Ts, JORBRR nI V4 500 81.06 pg'mL™', MEFHERR 60.49%, W3 THAB AR
(P<0.05), (3) ZHEFLIS5IEZRE, #EHkE K13 ELL 0.5% HEREEiE . DL 1.5% BEEH A
U5 WG pHEA 9. W E N 30 mL-100 mL™", #EAh &R 1%, $5 57 IR 35°C B B ODggp A 3% & T
CK (P<0.05), [ 48 ] )8 THMEMEEMN IKI13 BA RGeS, AL 0.5% HEaRE . 1.5% Btk
FO@ R AL O, SRR . R RN BE R A R AR KR, PSS RS A SCE AR R A 4R At
IR S A TR ks

KR MEIE; TR S%E; BRI

FE 5 ES:S154.5 XRRFRARAD: A X EHS:1001-1498(2022)01-0172-10

NS R T i
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PR AN ] R AOPEHT, T LR AE$ = SO
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98% HIERTT R LI W B RIE X AEAER, Ao 9y
WM, BEMAERIR ARG . 7 RS, H
B, DU MR SR 2 LI IL oy £, (A
FREFACAERIEAE A, @ LA 0T Ba 2 FKY,
HEEERAC SN, tsgenE . ik, anfr
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SN E e

B R4 X KRR A2 R
( Cunninghamia lanceolata (Lamb.) Hook. ) H.A £
. A FURRRRL, ERRALA T RIM . EAH
ML KRR BA BT . ESE
ARZ R I TEARN, 27 S A
TEAEAEAES MO R, TNl e KK . [k Ag
AGEFAEN ) AR AR T AR KT AR
VAR M R R RAERK AT A
FEEATT S VE, Refs W 3 A ARG btk
PTG, IEAR, WA HB AR 57
Bz . fEEEYbirE . SRR F G YA )T T
CF T REREAIL BT, SRR AEY)
TREEFME R B = et T sy R, A
I, AR LI 2 XA AR N TR i PR 3R
WEFEXS G, 3 1 1 12 1o 00 B0 T O B H e 1
J1, £ 16S rDNA % Hm , 8 id B R Sk
5 IEASRER A BRI AR A, DADIER
153 U RS IR R, O TR I TT &
POEMFICEA, TR R T DR XA AR NIRRT
HRBR - E SR oo R IR SR i A%

1 M5

1.1 SEIHR

ARSI IR R A T AR A B T A FH X /)
AR R A K37, 26°40'~27°20' N,  118°08'~
120°31'E, {7 FaaLkmal, by vt 2 XS
e, ERAMGERE, BRI, EREEEW, &
ZEIRA D . SR O AE R B RS LI,
T ZEEEAE 90 em Vb, WAREBE 350 m 2T, B
JEVE 20°~35°, FHOCHFIE R, AN THRLE
FI s i R ST, BIAIA B BEAZ A4
TR, R AS IS R R T 2L X O [l B
(2, 4, 10, 15a) FARNTH T HLPR - 4E 58
SRR, DS Ay 4 T ) R R PR R
11,1 REHBREALEFTNZ RS
R 3 3 BCHRURE A, SR 20 2 BBORE 319 D e Bl
B RS -, SRHUAME KR 2R A,
HTEEAR PR AR B T UKAE (4°C) PRAT LA TR IR A
e, AR AR R S I AR . L
H, SRR FAREE BT Lk | ERR-BR R IR FE 1k
FEARWE . AR, R E KRR -SMmPAGE D 2 A

BUBT, 2 5ok R L IG . | B -9 10 D
R KRR, ARG - IECEE . LR
B - SRR 0 R, SRAFAED
& pHPY,

1.1.2 3508 TR B 0 R FHIE D7 1L K RE R R
WITHREFRIELY, WM 5.0 g, BRFREE 0.5g, WEMREA
THN2.0 g, TRIRES 0.1g, =44kEk 0.005g, HIK
Ak 1.0g, BiE 18.0 g, £E /K 1000 mL, pH
7.0~17.5,

BE A0 0 45 20 00 A A R b U R R
FEAE 10.0 g, BREREE 0.5 g, BRFRES 1.0 g, BRiFREL
1.0g, Sfbah0.1g, BEREE 0.5g, BEIRA—H2.0g,
pH7.2~7.4, K#F7K 1000mL,

i S AT 1 S SR FH P O 5 O 4 R AR Y TR
10.0 g, BiFREE 0.5¢g, MKFRES 1.0 g, MiFREZ 1.0 g,
SAkih 01, WEREE 05¢, BRRRA MM 20g, 4
KA# 100g, pH7.2~74, E£ETF/K 1000 mL,

R LR SRR ) LB 0, TR 1
10.0g, BERHRHHS5.0g, %M 0.5g, SfkiN0.5g,
pH 7.0~7.2,

1.2 FRSHEMNIEIE SEREFREHRL

12,1 MATE L BS54 EHEDE.: IE—Ek
JE (107, 107, 107) MR, HHR T
IR RRER B SR Al b ok, B AR S A f
e B ERR A (30°C, 4d) K3k, BB
W 3ANELE I T, BN EREA,
VIRVE LS REIE . B Rses . R,
e L& A s A G e HE A R % o

PRAREIAL . SRR LRk alifb J3 B 0 e S 1 i
W T 30CH A R 3~7d, R E 4ifk
2~3 K, THFRMEE N WERERREES. Kalifk
JERF SRS 2 LB B9kt RAFTUKAE (4°C)
B,

122 MATR Hk OB IRkt b B A o A T R
YA 855 35 A S 6 A S LA e T . 45 10
mL R RSB AR (4°C, 6 000 rmin',
10 min ) J5HC BV, A S mL ¥R S 2 mL
30% it AL SR, IR E I 30% i AL A
WWBOR B e AL S, A2 50 mL
Je F KA S F W A S5 B 1 D 2 B R B 3 ]
VPR B

K-CK

CK
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R NFREFR (%), K iR & B o8
it (pgmL™), CK AT BR TR 55 72 W B0 2
i (pgmL™ ),

1.2.3 W4k 16S tDNA %52 F| FH AR 41 B 5L (R 4
B 6 (DP302-02 ) FEHE R B DNA it
7 PCR Y788, Wi =W 2% B b e s ik, 1
BCH W&, AR BN & ( DP214-03)
afifblmll, A LA YR A BRI T
FE o B R4 R 58 2 RDP & NCBI AU 8 h i
TP HN XT3 AT, EHCE Genbank M [] 5 14 f5z =
IS, B wARE AL,

124 ALK RN IL: KILRtR:
FRIET IR D PR A0S . TERE . FUBE . mIEE
TEM . ZZNE. HEEREUE, KIS ODgoo B E
SRR o BE R AR TR B R BT (0.5%.
1.0%. 1.5% ) Jf H3 4§ TR & ODgoo fH B 22 3 i Wk
JE. RIS . AL . HIREF . IR, BELE
Ky o PRE R LA R 57 3 v ) SRR DA E AR
T, BB RAEETRRRE (0.5%. 0.8%. 1.0%. 1.3%.
1.5% ) e Hoameddi v i

BRI . SRR R EEAH IR, 4
S TR R e WG IR AR R AT R EE I (pH R

*1

50, 6.0, 6.5, 7.0, 7.2, 7.5, 8.0, 9.0; HHK &
510, 20, 30 . 40, 60 mL; RN 1%. 3%.
5%. 7%. 9%; IR R 20°C, 25°C. 28°C.
30°C. 35°C. 40°C), ic k4% 4 Ab . ODgy
B, e bR R

EsgiEm . MR pERLEE R, &it
L9 (3*) T E (A: #Iif pH; B: Hii; C:
R D: BREE ) —KFRIERIRE, S4ut
FRE 3 AEE .,

13 HiEESH*

K H Excel 2010 #F 47 J5i 4 04 (9 %% 24 5 43
Br, 2 SPSS 19.0 #1751 H # J7 220 #1 ( One-
Way ANOVA ) FUHEAN [A] AR A B0 e 1) 22 S AT 5
ZE00 M, 1B SIS B Ab PR FH IE A BB R T
V3.1, K Pearson #5¢ R EE I pH S BE &
ZIHEMEXR, RHB/NEE2ZRE (LSD %)
HEAT W R I N 2 AR, BaE KT 0.05,

2 HRERHN

MRAE 111, 45 H AR5 X A S A B AL 4 o
(£1).

RN AL EEARBUER

Table 1 Basic physiochemical properties of Chinese fir plantation soil

i

Agefa TP/ (gkg') AP/ (mg'kg')  PAP/% OM/ (gkg') TN/ (gkg)  HN/ (mgkg')  TK/ (gkg)  AK/ (mgkg')  pH
2 0.34 20.56 6.14 32.03 0.99 73.46 2.74 20.39 5.26
4 0.37 12.58 3.45 23.27 0.75 63.99 1.83 22.15 5.35
10 0.53 11.10 2.10 34.27 1.10 140.11 1.54 12.16 5.34
15 0.30 13.08 4.30 33.15 1.07 193.87 3.62 23.88 5.29

E: TP: @B AP: HHWE: PAP: HRBEFT LG OM: HHUFG; TN: &% HN: KM TK: @4 AK. HAH.
TP: Total phosphorus; AP: Available phosphorus; PAP: Proportion of available phosphorus; OM: Organic matter; TN: Total nitrogen; HN: Hydrolyzed

nitrogen; TK: Total kalium; AK: Available kalium.

2.1 BEENSBESEERSIE

A G AR A2 AR TR AR B A 498 v e 43 5
79 BRARBR T, AR R B Al ik B b AR R B
R B KN AR PR S RRENY, Phik
20 BREESERE (405 JK1-JK20 ) F PRk
FhE, e HAg vl e iR R R LU i
PRI P o A UK S 7 35 S ) S AR N A R
i KR ZBER VR TE S S HIRE . Sl i,
NGAETT | R R HL S A, M B
R ALAEEEANEN; HIREEZ K

FRAR, WismEtE, Rk . BRIRHES; R
MR EA A, ZFEEMEERENIR, JHAEESE
JEFEAE
2.2 fREERBEENNESFiE

I AN [) R AR R B s R i (B 1),
AR AR 25 5. 25 TR R R A T s P
A BTG RN 38.29~81.06 pg'mL ', KK E,
20 REABR A BRI E B E ST CK, bk
65%, Bl %Mk A R CKOIE & (e [ R
1.66~30.55 png'mL™", 78K A0 65E B & .
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JK13 fit #0 & 81.06 ng'mL ™', & CKHYJ 1.6 1%,
DEBTHMEK (P<005), HKNIK2.
JK16, DAL 13 BREREH, MEERET 20% MK

100

80} n

hi
60 f 4 fg of

a

H

40 b

fiftH i/ (pgmL ")
(=]

20 ¢

(=]

(=]

i

it 78k, HH 53.85%, AR T 10% HIFE R
it 38k, I 23.08% (E2).,

Ho

¢ d

a

H

CK JKI1 JK2 JK3 JK4 JK5 JK6 JK7 JK8 JK9 JKI10JKIIJKI12JK13JK14JK15JK16JK17JKI18JK19 JK20

E1

T ERHERERE

Fig.1 The amount of potassium in different solutions

ANEEMRAAE (K 2) FlEEEER (P<
0.05), KoM IE ., L5 MR 5%
Pl T ORAE, JKI3 AR, N 60.49%, H
K JK2 FlJK16 [ fif B % h 46.37%. 39.33%. Utk
A, B RE JKI. JK3. JK6. JK8. JKI0, JKI8,
JK19 X 7 BREA 55 FR T e A (IR T CK, ik

JK20

JK19 O

JK18
JK17

WX 7 SRR A MR AE Sy, A AT R X 2L 1R
IRAS B TR B FEAH I A rh 5 ZE W — s S A R
34k, mrAE G AR T HyO, KAGAL I ASRE

RN OSSR, W] RETEFE RS i R v A A

JK16

JK15

K14

JK13

JK12

=K1
JK10
K9
JK8
K7
JK6
K5
JK4
K3

i

|
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CK

]

—40 =20 0
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fERR /%

2 FERHEFERE

Fig. 2 The potassium solvability of different potassium-solubilizing bacteria

XF 1A 20 Bk B R R B IE T pH I SE , R
B pH (LR EMLT CK (P<0.05), ML
R R A= R R, SR S AR A
HAS TV 1) TV PR L AR AR, S RV s
Faml®, He JK15 19 pH (ERAR, b 412, H
fif Bl F o 22.93%, HARIFHMAEE T, Hik
JK20 ) pHE N 4.20, {HILARER SN 12.54%, Xf
13 WRA S50 B A P o o 5 R TRV pHL (LA TAH G
PR (& 3), B T EZ R AFEHE LR

(R=0.852, P>0.05), HILrI UL, BRI

’T‘ 80 .
*
El 70 o  mmmmmmmmmmmms -’———--!9_’_
& 60 % -5-- ¢ o i
50 . * -
i 40
4 30
E 20 y=-3.142 9x*+35.619x-35.694
& 10 R*=0.085 2
E‘ 0 1 1 1 1 1 1 I
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
pH {8
B3 BHRESEFRpHHXER

Fig.3 Relationship between pH and
potassium-solubilizing ability
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WRAE SR R TP AR A I R PE I T, (F R AR A4
e 1 M 5R 55 5 & BEW pH (E K/ I JC B #4056
KE
23 BEHRETEER
LU, MR IKI3 R ZFFAM E R ( Bacillus

altitudinis ), HIHEATHOX A9 A Be 5 i H 28 AT
® ( Bacillus altitudinis ) . FE 2FHMFH ( Bacillus
subtilis ) AL PE IS B 100%, 5 W8 SEF ALFF

( Bacillus aerophilus ) . [Rli)Z 20T ( Bacillus
stratosphericus ) . Hi A& ZF 1 ¥F ® ( Bacillus
licheniformis ) J 75 S 2 HIAF A ( Bacillus aerius )
4 DFPEFI IR E] 99% (K 4).

100 JK13
20 CP063360. I-Bacillus altitudinis
13 MT509759. I-Bacillus subtilis

MF948337. [-Bacillus sp.
KX783558. I-Bacillus subtilis
CP072581. [-Bacillus altitudinis
62 CP065040. I-Bacillus altitudinis
35 CP038517. I-Bacillus altitudinis
KU095078. I-Bacillus sp.

4 Bk IKI3 REXEH
Fig. 4 Phylogenetic tree of strain JK13

2.4 fRMEEFEGRL
241 RRAEZ i AFEBEFRSM T EE K13 £
KEZREE (P<0.05) (K5), WIEZHME
WK KT . HBRACHE R 32 e ok R,
JKI3 Xa 2t . REbE . 22200 . FUME. HEEmy
REWG USRI, HLLL 0.5% ¥ B A H 58 12 Ay i Ut Bt
ODygo 18 f2 & &5 T Ho A e I, 1R AR A2 K il K
(El 5a. b)), ERKEEL; SRHKTZ00
M LSDZHE LB LR, 05%KEMNHERES
1.5% W Z A fE R 2R, RIEEMEDEK
AP AHEEHEENIERD, SREE 25
I LSD Z M, LIBERER A Z IR JK13
W B e 2 T AR S PP AR (P<0.05). XTHH
BRIKI3 T, Sk, M. IRE 3 NMhEZ
6] JC i 25 22 5 (P > 0.05); M S84k & &b 38 5] 7% /iR
B THIRER . JRZE 3 MEHRIE R EES, F=F
ZEN TR EZES (K Sc). Wk IKI3 X 1.0%
W B TR WOBSOR AR T e, AR RAE DR A
M 0.75%. 1.0%. 1.25% iX 3 ik B Ab B 2 0] 22 57
A (E5d),

WG pH X R AE K B mE SRR E (P<
0.05) (& 5e), Htk JKI3 # el pH{E N 9.0,
PR ODg fELRH pH (3 I 2 ETH R S E

T 5 M FN LSD £ b4, pH A 9.0 (AL B[R] H:
AR W E 2R AR ERA AT K AT
Z5, AR TR RN/ R R R A K
PR EERRZ P, Bk IKI13 A K a7 30~
40 mL ] C i #E 25 30 mL 25 E 5 10 mL., 60
mL AZbFRA] Y22 FR B B E K (P<0.05) (18] 5F),
LN T M F LSD 28 AR, JKI13 1
ANFE M 2Z R AR E (K 5g). JKI3 W
538 T B Y R Ky 28~35 °C, {HAE 35 C BT Y
K ODygo 1H 75 T H AR EE AL PR (P < 0.05)
(K 5h),
242 EZGRE BT RARRREELLE, it 4 A
F (Wf pH., 2eveE ., HfE . BIRIEE) 3K
FIEsgi s (£ 2). HAPHE ARYIG pHIE
(7.5. 8.0, 9.0), HZE B J&ifis (20mL . 30mL,
40 mL), HZE CHERE (1%, 3%. 5%), H
E D NEFHEE (25C, 30C, 35C)., WEHS
Mr &t B RA\>Rp>Rp>Re, 78 B X B Ak TK13 B9 18
TR A KRR R R R 200G pH(E, Rkl
REFRIREE | eV . R AR JK13 M i fERs
Fe &AL 7 % 9 A3B,CD;y, HI W) BE pH E Hy
9.0, MWK 30mL-100 mL™", JZEFE R 1%, 3
FHURBE N 35°C, FEkk IK13 TERARAL T & T iy
& ODygo 14 1.059, HAE ALk 115380 15 77 55 14
TH0.672, ¥ERKIFE N 57.56%.
3 it

AW R, Y H B —BoE e A K
) ABA . 7K EL . B2 MU AR 2R P R B
SER XN R I g, A A S 3 L
AT R DB AMNEAE Y, i P iesk
FIFF K A AT AR KA 4 i i B i,
FEYIRFIE 8 A b BRI B T, RAESMEHE
BhERrIfER

— NSRRI E L 2R S ]
KRR B Rt L ik St 22 5, dFimR M
F AW SR A R E . AR SEE R 7 4TI X R
[FIMRES A2 A AR T MR PR A B0 5 1 i B e P %
gl AN, BRI OGRS, R¥E6, X
5 RJUEPT I AR PR L HA LA, IRE
o S B0 I %) iR 0 B LA T e 2T 27 A AR I v i
e EFL A A K—6—4 PSR () K—1-1 B9S2
IR AE B ARAURE PR & (0 A Ay i B A O 1) )
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1.5¢ d _eI_ 1.05
c b
a 1.00 - ab
b
1.0+ a
0.95 2
0.5
0.90
0 0.85
GL SU MA LA MAN SS 0.50 0.10 0.15
a Bl b H EE R %
Carbon source Mannitol
20 2.0
d c
1.5 1.5 : = b
St c 5L a
1.0t 1.0 +
0.5 b 0.5
a H a a
0 ~— ,__-| || 0
. AS AC PN PE YE UR 0.50 0.75 1.00 1.25 1.50
£ ¢ HIE d BRIV 1%
Q% Nitrogen source Yeast power concentration
o
Z0p 121
sl .
f 1.0 + ¢ c
0.8
0.8 i
0.6} d 4 2 T a
c 0.6
04
5 04
021 4 H 02}
0 [:] 0
50 60 65 70 72 75 80 90 10 20 30 40 60
e Wik pH AW /mL
Initial pH Loaded liquid
0.8 0.8 - ¢
b b
ab T b T
06} ab T ab ab 06F 4 a T
04 04|
02 0.2
0 0
1.00 3.00 5.00 7.00 9.00 20 25 28 30 35 40
g FEFh /% h i JEPC
Vaccination volume Temperature

¥ GL: Hi%HE; SU: REWE; MA: ZZZFWE; LA: ZLWE; MAN: HEEEL; SS: FIVAMEVEH; AS: BiMtk; AC: &fb4%; PN: fHM4; PE: &EHA

W; YE: BERERY; UR: RE,

GL: Glucose; SU: Sucrose: MA: Maltose; LA: Lactose; MAN: Mannitol; SS: Soluble starch; AS: Ammonium sulfate; AC: Ammonium Chloride; PN: Potassium

nitrate; PE: Peptone; YE: yeast; UR: Urea

B 5 FREEBEFRFHXERERKENZNE

Fig. 5 The influence of different culture conditions on the growth of strains

WIbRETF A, SR IF AN RE o fERf 2> S 1 2 R
FERRE IR, ANk ST B A H AR AR O 2k
HBRVE BN B O R, 22 SRALAEDY 1S
SRR BRI LE 0 B G 2 K (0. BN el
2, FRZER% S Y v SR A TR T ¥ B A AN AR
PRLEE,  R) P B B0 € R O 2 e 1 i 75 5 B 0 58
AN iR A — 2 P

s A ) S S A Y 2 R R AL T A
flf, “HEAAEREEACOCRY, AR 1
A A I A R TGS SR AR B IR AR S L A 2
S ORI AR RO AR 22 5 . AL
FE 20 R B PO 13 RRELRE AE D 1O AR
I e R TR TK 13 e I VR P VPR 5l 81.06
pgmL™o B AES FERRA Ak e A v 32 1 R AR
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®2 EHRIKBEFFHFHEZRBER
Table 2 The results of orthogonal test on culture condition
for strain JK13

KT A B C D ODs09
1 (7.5 1 (20) 1 (D 1 (25 0.815

2 1 (7.5 2 (30) 2 (3) 2 (30 0.879
3 1 (7.5 3 (40) 3 (5 3 (35 0.885
4 2 (8.0 1 (20) 2 (3) 3 (35 0.954
5 2 (8.0) 2 (30) 3 (5 125 0.892
6 2 (8.00 3 (40) 1 (D 2 (300 0.933
7 3 (9.0) 1 (20) 3 (5) 2 (300 1.026
8 3 (9.0) 2 (30) 1 (D 3 (35 1.059
9 3 (9.00 3 (40) 2 (3) 1 (25 0.970
K4 0.860 0.932 0.936 0.892
K, 0.926 0.943 0.934 0.946
K; 1.018 0.929 0.934 0.966
R 0.158 0.014 0.002 0.074

R 3 2 1 3

FE I A>D>B>C

i KRBME, RAWE. RPEHFABADELRFEME. A WiH
pHfH: B: W&, mL: C: &, %: D: HE, C; ODgyp: MW
#ODgyfH -

K means average, R means range. Data in tables are average values
deviation on three times. A:Initial pH; B: Liquid medium volume; C:
Inoculum concentration;D: Temperature;ODg0:0Dggo value of bacterial
liguid.

B R AR JK3 WA & 3.7 pgrmL™, BZS HXA I
ZLEE TN 94.74%, fif B0 I 3540 T AR SEB6 0 128 1 AY
JK13, [EVHEAG 5P 7E A= AP 2= R — BB fE
(Solidago canadensis L.) ¥ Br 7325 1 1) 15 ¥k B B
9 MREARIIRE ST, EAUARERTRAR H2-20 Wi
BN 10,657 pgmL™, BEALT JKI13, Miby a0
TE 20 R BE ) XD-K—2 B RE A& Bl %
PR o 23.2 pgmL™ . XFEC_BRAFSY, ARSEES
it Hh AR (81.06 ng-mL™) HAT W20
e, MeAh, AL TG AN B AR B D T
PR 35%, MiZR e 61 SEG i O BB RE T Y
FPRS 70%, AHOCHHSERIT, UZEY R aE )32
LA PR N S, LI pH. IR
FE . AR TR . R KNS 2 I
B, H, #E— W IR RS i
XG0 L1 P SR R AR R R 22 SRR, X T
A Ja TR S B HE NS E N E.

£2 16S tDNA 22 5E (DLHFIAL ), JKI13 O 284t
W& ( Bacillus altitudinis ), T2y 250 fE 2R

W Ll DX 8 H Y QL21 . EAYHAE™ ZEA [FEYI AR PR
e A K1 ORI K3, AR 8 E S AR K F SR b
Ve ATS—2-5 FIKTS-2-4 HpNEHuk s, b
N A g2 o 4 i Y XD-K-2 R FRIR ZE AT
W& ( Bacillus circulans sp. ), 2880 Hr &1 i 14 H
B G4 NZEZFHAT R ( Paenibacillus sp. ), ik
SEYG 45 HUE W 2R AT R T W e R R A A v o
PR, WA | B E R AA B
P, (HREE PR TRA ST, 3w K2 R
PR T 2F AT 12 & X — 25181 g Wit dl, ansk i
AN AEBRRAR BRI L 1) MY -1 Bk UFE
KRB ( Serratia nematodiphila ), B3 55" 1 #
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Screening, Identifying and Optimizing the Culture Conditions of High-
efficiency Potassium-solubilizing Bacteria in the Rhizosphere of
Cunninghamia lanceolata in Red Soil Area of South China

ZHAO Jun'?, RAO Hui-ling'?, FENG Qing-yu'"?, HUANG Wei'?, WU Cheng-zhen®*, LI Jian"”

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. College of Ecology and Resource
Engineering, Wuyi University, Nanping 354300, Fujian, China; 3. Key Laboratory for Forest Ecosystem Process and Management of
Fujian Province, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [Objective] To screen, identify and optimize the culture conditions of high-efficiency potassium-solubil-
izing bacteria strains in low-potassium-stressed rhizosphere soil of Cunninghamia lanceolata plantations in red soil
area of south China. [Method] 79 potassium-solubilizing strains were screened from the rhizosphere soil under 2-, 4-,
10- and 15-years-old C. lanceolata plantations, and 20 dominant strains were selected according to their morpholo-
gical and growth characteristics. The soluble potassium content and potassium-solubilizing rate of fermentation fluid
were screened out for an optimal potassium-resolving strain and the genus was determined by 16S rDNA identifica-
tion. The culture medium components and culture conditions of the high-efficiency potassium-solubilizing strain were
optimized by single-factor experiments and orthogonal tests. [Result] (1) Among the 20 potassium-solubilizing bac-
teria strains, the potassium-releasing rate of 13 strains was positive, the potassium-solubilizing bacteria effectively de-
composing potassium-feldspar accounted for 65%. (2) strain JK13, identified as Bacillus altitudinis, was identified as
the best potassium-solubilizing bacterium, and its fermentation liquid soluble potassium content was 81.06 ug-mL™",
with a potassium solution rate of 60.49%, significantly higher than that of the other strains (P<0.05). (3) The results
of single-factor experiment and orthogonal test showed that the strain JK13 had an initial pH of 9, a liquid loading of
30 mL-100 mL', an inoculation of 1%, and a culture temperature of 35°C when the value of the liquid ODg,, was
significantly higher than the CK (P<0.05). [Conclusion] Strain JK13, which belongs to the genus B. altitudinis,
shows an efficient ability to dissolve potassium, and after optimization, 0.5% mannitol and 1.5% yeast powder are the
most suitable medium components, the culture conditions are weak alkali, high temperature, which can significantly
improve the growth of the strains.

Keywords: Cunninghamia lanceolata; potassium-solubilizing bacteria; screening and identification; optimization

of culture condition
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CTGGCTCATAAAGGTTACCTCACCGACTTCGGGTGTTGCAAACTCTCGTGGTGTGACGGGCGGTGTGT
ACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCA
GTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTAAACCTTGCGGTCTCGC
AGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTC
ATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAA
GATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGC
ACCACCTGTCACTCTGTCCCCGAAGGGAAAGCCCTATCTCTAGGGTTGTCAGAGGATGTCAAGACCTG
GTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTC
CTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAG
GGGCGGAAACCCCCT AACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGT
TCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTC
CTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTTCC
CAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAG
CCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGT
TAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCAAGCAGTTACTCTTGCACTTGTTCTTCCCTAA
CAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCAT
TGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGAT
CACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCC
GCGGGTCCATCTGTAAGTGACAGCCGAAACCGTCTTTCATCCTTGAACCATGCGGTTCAAGGAACTAT
CCGGTATTAGCTCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACC
CGTCCGCCGCTAACATCCGGGAGCAAGCTCCCTTCTGTCCGCTCGACTTGE

& MiE JK13 B4k 16S rDNA

(DiESmE: £ 1)
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