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Abstract: To address the current status of soil phosphorus deficiency, this study aimed to develop novel, safe,
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and efficient microbial fertilizers. Polygonatum cirrhifolium from Tibet was used as the test material, and the
streak plate method was employed to isolate and screen phosphorus-solubilizing strains. Their phosphorus-solu-
bilizing capacity was determined, and the culture conditions were investigated. The results showed that a total
of 9 phosphorus-solubilizing bacterial strains were isolated. Among them, 5 strains with a phosphate solubiliza-
tion index (PSI)>>2.0 were screened, with phosphorus-solubilizing capacities ranging from 29. 603 to 41. 730
mg-L~". The strains were identified as follows: JYHJ-1 as Pseud-omonas yamanorum, JYHJ-2 as Pseudomo-
nas koreensis, JYHI-3 as Serratia proteamaculans, JYHI-4 as Pseudomonas azotoformans, and JYHJ-5 as
Microbacterium oxydans. Strain JYHJ-3 exhibited the strongest phosphorus-solubilizing ability, and it could
secrete 7 types of organic acids as well as possess capabilities such as siderophore production, potassium solubi-
lization, nitrogen fixation, and indole-3-acetic acid (IAA) production. In the single-factor experiments, the
optimal phosphorus-solubilizing efficiency was achieved when lactose was used as the carbon source, ammo-
nium acetate as the nitrogen source, initial pH was 5. 5, inoculation volume was 2% , and NaCl concentration
was 1% . Based on the single-factor experiments, response surface methodology (RSM) was applied to opti-
mize the initial pH, inoculation volume, and NaCl concentration. The final optimal culture conditions were
determined as follows: lactose as the carbon source, ammonium acetate as the nitrogen source, initial pH 5. 5,
inoculation volume 3% , and NaCl concentration 1%. In conclusion, the rhizosphere of Polygonatum cirrhifo-
lium was rich in phosphorus-solubilizing bacterial resources. This study provided strain resources and a theoreti-
cal basis for the sustainable cultivation of medicinal Polygonatum cirrhifolium and the development of microbial
fertilizers.

Key words: Polygonatum cirrhifolium; Rhizosphere bacteria; Phosphate-solubilizing capacity; Fermentation
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Fig.1 Sampling location map
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FH T TR PR f i i 0 1 2 e A
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7.00~7.500 F T ik 8 TR A9 00 0 R M AG I

REMR R HE R 5L (g LD KA 8 1. 00 g, A
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7.00~7.40. FH TR PR A BT AR O AR

Ashby [# & 55 3% % (gL D . H 8 B 10.0 g,
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I B8 1 i A

CAS B 5K T % - 60. 5 mgCAS % F 50 mL 2
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R R T o B ERUA W TR A T ML [ A 5 R R TR
R 2lifl 415 B 8015 5% F W R AT 2 5 o
1.3.2 25 A vt A5 AR IR AR 5% an B MR B AR Ay 6 )
SEMENE 25 4 F G K B R
TCHLBE PR I B R B2 FP T LB Rr R 3k s Ak, K 9%
48 h Ji5 ] BCERT 7 ll #5 TRE , K TR B 8% 2 O D=
0.6 W HL 10 plL B 8 W 43 ) i 32 76 TC ML B [ 44 55
FRHE b B 3AE R, 30°CHA ALK FRA o E
FEFR 72 0, SR JE R 5 28 Xk 7 I A W] BE (D)
FER V& 1 B AR (DY AR 4l D/d 1 CT i 1 48 B0
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A RIBOR 2 BT 3 0. 22 pm BEBE, FAHLINGE . R
FHAEBR & U3000 5 RO AH € 385 A 43 B A ALIR 43
3% K= R LP-C18 2 4% A (4.6 mm X 250 mm,
5pm), T A IBERR A4 (pH 2.0, A B
K NE LW 0.8 mLemin ', AR (35E2)°C, 4
Pk 210 nm, #EFEAFL10 pl.
1.3.5 258 5 rh AR AL IR AR B 0 1 4w i R 1R A
e el 2 SR FH OB W R Tk 43 ) 6 A AR f 9 T
177 R AR RE 1 i 1 6B g R0 R & RE D e
Hop = BR AR R D LA B0 RE 0 RN [ & RE O DU E T
BANE <K AT 500 TR 43 S B R AR CAS By 3% 56
iR £ [ 7R 15 757 36 A1 Ashby [ 485 32 38 1, 54 1 bk
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(D/d) 7R T RR 7= BRER AR S B0 70 [ & RE D -
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VA B R AE LB R 95 3k BT i k35 3% 48 h, 2R
i I — > BT VT A BB . TR mL ODggo=
0. 6 B B o B A T & 47 200 mg- L & R HY G
HLBE T 1R 85 72 £ v, 30°C L 180 remin & JK 1 % 37
7d, B 10 mL 5 32 W, F 4000 remin ' &0 20 min,
BB a8 BT WS Salkowski F 4 W 4 K FRIE
A, kO R 30 min J5 W 2 H A 540 nm &b Y T S
{H, ¥ FEBRE MR 15 TAA & &

1.3.6 25 8 A vt AR AR PR AR A% dm B 0% 3% I &4
et BRI Z : DUICHLBE IR A RE 7 5 B, 43 5
X BB LR LR PR U | D R B it S NaC Lk R
MR R AP, IR 1o T mL ODgy=
0. 6 TR %A 50 mL JCHUBERAAR K 77 3£ 250 mL
=S AP 3N E A 76 30°C 180 remin 'Y
FEIRH R 7 d, 7 d J5 0 f i ek, DA T 66 2 e A A0 e
RUR W RTRIE PR i X NaC VR JE .

F1 BERKEEHMRL

Table 1 Optimization of single factor test condition

R itk 5 AR )b TR B i NaCl/ %
Grads. Carbon source Nitrogen source Initial acidity-alkalinity ~Inoculum concentration/ %

1 M Glucose R AN Sodium nitrate 5.0 2 0

2 HERE Sucrose ZAL# Ammonium chloride 5.5 3 1

3 LM Fructose L FR% Ammonium acetate 6.0 4 2

4 FLHH Lactose R A Potassium nitrate 6.5 5 3

5 ] 5 JE ¥ Soluble starch i B2 4% Ammonium sulfate 7.0 6 4

6 7.5 5

Mg o7 T A5 - AR AR B PR R G 5, R ] Design-
Expert13. 0 # 4 # Box-Behnken Design 77 ¥ %f pH
(B ER R NaCLEEFT ek . AL AL IS i B 5 5k
B 77 HEAT YR S 0, T 3R

1.4 HEHH

FIH Excel2019 % #E I , i ] SPSS28. 0 i# 17
AR T O N G N R 7 O RN S L S R U
A LR & 0 E A K R IR A A AL R AT
K& 2200 A LSD L Z & R (P<<0.05), RH
origin2021 ¢ T ¥ F 2 i fi B B i B Be 7 0 A AR
, [ FH Design-Expert13. 0 K {4 2 il i 5 i & il
H MEGAI1L #& 4 v 4B 4% 7% (Neighbor-Joining-
method) ¥4 H R 4t & G M .

2 HRESH

2.1 ZAEYEM ERER R EE R H MR
N 25 AR W 2 it O AR B 2 v 23 88 1 O PR i

AT, 3116 )8 IR 2, HA AR B ] (Pesu-
domonaon) 4 & - Jid B J& (Pseudomonas) 53 &5 % 5
P, o 44, 4426 CARRD s R TR T T V0 3 IR T s
(Serratia) R v 8 IR TS & (Paraburkholderia) |
i N5 B 8@ (Sphingobiuwm) L £k B ] (Actinobacte-
ria) B BCFT T & (Microbacterium) , LA T J& BE B[]
(Bacillota) i) 4 %5 BR 1 J& (Staphylococcus) ) &5 H 3R
111175 1#O .

x2 BHAENAR

Table 2 Composition of phosphate-solubilizing bacteria

Phyl G S
] Phylum J& Genus Separation rate/ %
I B2 o A 747 ) 44.44
Pesudomonaon Pseudomonas 11.11
Y K & Serratia 11.11
AIA T R P R 11.11
Paraburkholderia
B 1R & JE Sphingobium

LR T AT 1 ) 11.11

Actinobacteria Microbacterium
JELEEE ] Bacillota AR B 11.11

Staphylococcus
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2.2 HHRAEMHERREBHAFNEENE

V5 07 38 A5 30 1Y O R Sigp Wl TR bR 2 b B LB IR B
FRP AT SR, 3R 24 hn B 10 pl. 3 TR
B TG AL B [ PR B 9% 3k b AE 30°C Y 85 37 40 P B 5%
72 h, WLER B LA 5 MR AR B i A DA 0 0 W 4R 2
(D/DYKF 2. 0CK 2>, Hrp g bk TYHI-3 1 3% B
e Bl K, b 2.82, IYHI-4 i iR W 48 B i /N, N
2.49, WAk JYHI-1 . JYHI-5 . TYHI-2 4 % B 45 500
Bk 2.62,2.71,2.53; F D/d k400 45 J) B B Ak 1 B
RE 1 00 AN, 5 Tl 48 B, U6 T D Rk T A 1 e
R

JYHI-1 JYHJ-2 JYHJ-3 JYHJ-4 JYHJ-5

2 SHREEENETERE
Fig. 2 The phosphate-solubilizing zone diagram of 5
phosphate-solubilizing bacterial strains
45 JYHI-1, JYHI-2, JYHI-3, JYHJ-4 il JYHI-5 43 51 4C % B
i 55 T MU 37 2 L Bk C1,E5,E6, A4 R A17
Note: Codes JYHI-1, JYHJ-2, JYHJ-3, JYHJ-4, and JYHIJ-5 rep-
resent strains C1, E5, E6, A4, and A17 on the calcium phosphate

inorganic phosphorus medium, respectively

2.3 HAEMERRREBRAENETE

2.3.1 HMAEFHIER AR AL CKBIATEIEE
KT 2.0 09 5 bk = 250 W 20 78 7F LB [ 4R 5% 95 5
HEAT R L3 3%, 30°CHE TR A th K5 77 24 h, 19 3] 1 T8 Bk
FITE A FRAE (B 3AD . AR TYHIGI-1: 2k H i %
e B, AN g B, 3R O i B, B
JYHI-2: B0 40 6, G A el R Ml R B, %
TG LIS, B 08 TYHT-3: B 20 65, 30 % A 6

HAN IR, AN W, R A Hie , 250 TYHI -
4: 16 a5 AN, A E U] R mLHE Hig
M, JYHI-5: % 6, g6 RN, N B
WY, RGN B, J . S 2 R A oA, %
SERE M IYHI-1,JYHI-2,JYHI-3,JYHJ-4 # JYHI-
5 0 522 [CBAPEFT & , JC 27 461 (] 3B) o

Fig. 3 Morphological characteristics of 5

phosphate-solubilizing bacteria

TE : A 5B AR 0 20 TR AE LB R (A8 3R 0 1 0B 25 R AE 5 B O 7 5 240
AR S 22 TG (55 21 (1000x) , a~e 43 B 0 W bk JTYHI-1 JYHI-2,
JYHI-3 JYHI-4 1 JYHIJ-5; fr R =10 pm

Note: A shows the morphological characteristics of 5 phosphate-solu-
bilizing bacteria on LB solid medium; B presents the Gram staining
results of the phosphate-solubilizing bacteria (1000X ) , where a-e
represent strains JYHJ-1, JYHJ-2, JYHJ-3, JYHJ-4, and JYHJ-5

respectively; scale bar=10 um

i 2 3l %0, B bk JYHI-1.JYHI-2 JYHJ-3,
JYHI-4 F1 JYHI-5 i i S04k &0 0y 359 52 B 1 5 7 ik
JYHI-1F1 Y HJ-2 1% B Jisg Sz 1 i 21350 56 35 52 B
Pk, U B K A B g S P bR TYHT-3 F1 JYHT-4
19 I e Bz vy AT FRY B 219 5 34 S B TR AR TYHT-3
4 V€ M 7K fife B I 2 BH M L TR PR JY HLI-4 19 BE 8 K ff
J2 075 PR 5 B R TY HI-5 4 B B s g 5 BH 1 B A
IR AR S TR R 21 3 6 5 B

K3 BBAREMEBRELENE

Table 3 Physiological and biochemical characteristics of phosphate-solubilizing bacteria

He PR AR Pk Strain
Physiological-biochemical characteristic JYHJ-1 JYHIJ-2 JYHIJ-3 JYHJ-4 JYHJ-5
W i 52 % Gelatin reaction + + — _ +
BE N K fi#: Amylohydrolysis — — 4 — _
L2730 Methyl red test + + — _ .
1o A1k &L 2 W Hydrogen peroxide enzyme reaction + + + + +

T AR B PE ROBE, — AR 91 1 sl 38 = 1

Note: + represents positive or response, and —represents negative or no response

2.3.2 S FAEMFHE BOMBEKFIRTE
GenBank ¥ 4% % (B # JYHJ-1, JYHJ-2, JTYHJ-3,
JYHIJ-4 1 JYHJ-5 9 % 5% %5 43 5l o PX312812,
PX312813, PX312814, PX312815 fl PX312816) ik

T BLAST 73 # LU XT , R 48 % 7 W MEGA 1L #ifF
AT 4) o S5 R R W] bR TYHI-1 58 B 44
1 S8 B Pseudomonas yamanorum 6] W5 PE 7w, H
FABLBE 2 99. 65% 5 B vk JYHI-2 55 i [ 1 50 0 1
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P. koreensis [R) 5 PE 5 i, FORRURE S 99. 65 %0 5 T Bk
JYHI-3 5745 BE V) 75 R W Serratia proteamaculans
(] 581 e e, AL 99. 4506 5 B Bk JTYHI-4 5
FERAB B P. azotoformans [ e , HAH AL
R 99.72% 5 1 Mk TYHI-5 5 & AL f8 AT B8 Micro-
bacterium oxydans [7) J§ Pk 5 &, A LB K
99. 79 % ; L5 5 T ¥ I B 5 R AIE A3 F A2 W) 4 R AE
5% 50K B PR TYHI-1,JYHJ-2  JYHI-3, JYHJ-4 Al
JYHI-5 %@ M AE S B BE P yamanorum 5%
i B LT P, koreensis 28 T8 BEVY 75 [K B Serratia
proteamaculans . 7= B AL M E P. azotoformans
AATLHRT TR Microbacterium oxydans .

2.4 ZHRASMHERREBEAENEZENE

W 5 R AR B A 0 200 TR B AP T LB IR AR B SR AR
BE % 24 h, R )5 43 I M T mL B T i R 2 T P
VMR B 3% v, 72 30°C 180 remin ! 4% IR P 8 5%
7 dJ5, W Bk IJYHI-1,JYHI-2, JYHJ-3, JYHJ-4 Al
TY HI-5 35 37 00 A% ife i a2k 3% 30k 285 1 08 R, 20 i) o
TR T+ T 631.01% ,466.86% ,698.35%,617.60%
F1612.07 % 5 X B CCKD 55 5 Wk Ak B A7 b 385 9% 1 £t

Bk JYHJI-1,JYHJ-2,JYHI-3,JYHI-4 #l JYHJ-5 Y
KR pH H 2 A8 F X B, o Bl e R R T
3.53,3.24,3.45,3.26 A1 3. 62 [&] 5B) ; % i (CK)
55K R W pH H 2 5 B & (P<
0.05) , 5 bR M B R PR Z (B 22 5 AN 3 o i T I Bk
JYHI-3 75 VR 5E £ 53 A vh 24 38 B A A, e B e
PR IYHI-3 #47 i — 20 5% o

JYHJ-1

Pseudomonas sp. B90 (KJ781922.1)
Pseudomonas sp. DmBR 13 (KF720914.1)
Pseudomonas yamanorum strain (MN542757.1)
JYHI4

Pseudomonas azotoformans strain (ON045826.1)

Pseudomonas tolaasii strain (MW326080.1)
Pseudomonas koreensis strain (PP758415.1)

Pseudomonas sp. (KJ184927.1)

JYHI2

— Microbacterium sp. strain (OP314178.1)
Microbacterium phyllosphaerae strain (OQ186861.1)

100 @'_t JYHI-5
43— Microbacterium oxydans strain (MK425667.1)

Escherichia coli Goat-EC-009 gene (LC878602.1)
JYHI-3
Serratia proteamaculans (A'Y 040208.1)
Serratia sp. KB25 (JF327457.1)
62 Serratia liquefaciens strain (K'Y863496.1)
96— Serratia grimesii strain (NR 114576.1)

El4 5#ETF16SrDNAFIIMERE B K

95| | 86
100

BiEER L E(P<0.05 HE#KIYHI-15 JYHI- Fig.4 Phylogenetic trees of five strains based on 16rRNA
4 JYHI-5 55 38 W i i 1 22 5 AN B35 (B 5A) . T sequences
A B
S50F
7L
40t ab b ; 6f
g
SEN st
_Eg 30t 5 -
il ) T4r
ES3 =
B 23
% § 20+ 3+
é S
= 7L
10
1k
0 1 1 1 1 1 1 0 1 1 1 1 1 1

XFIE JYHJ-1

HFk4i'S Strain number

JYHJ-2 JYHJ-3 JYHIJ-4 JYHJ-5

X JYHJ-1 JYHJ-2 JYHIJ-3 JYHJ-4 JYHJ-5

HF kR4S Strain number

5 BRTAEEFARNBHER pHESN
Fig.5 Analysis of phosphorus-solubilizing capacity and pH of the culture medium after 7 days of cultivation
A B KSR T AR B SRR i i X pH AR AT EARTRNG P RER R 22 57 % (P<<0. 05, Duncan %), F A

Note: A and B represent the phosphorus-solubilizing capacity and pH of the culture medium after 7 days of cultivation, respectively; Different low-

ercase letters on the columns indicate significant differences (P<Z0. 05,Duncan) ,the same as below

2.5 EHIVHI-3HRBHE
R TY FLI-3 7E B 5 T ML W P s 7 e B 7
7 d, 7 B A R B e A S T 22 e T

fRAHa%, Hah S 2 M X2 5. WRIYHI-37
REFR50 1 d @i BE )1 59 L fiBis i 40. 272 mg- LY,
X IREE R T 615. 8290 (EHE IR EE 4 d I BB BE ) B
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U, i W R 54.736 mee L L BOW AR R T
660. 96 %0 s 75 55 9 (948 6~7 d, SR Bl b 3 38 5 25 55 (
6A) . K FRUL Y pH (B & B 32 B 380 i 2 56 F e
TR RS, LI R T 0 B AR BSR40 1 d B

FEWH) pHE IR, X HRAR 2. 87 ARG 3255 5 d i T %
Bk 5 2. 86, FE X AEAK 3. 79K 6B) . W #k JYHI-3
AR 7= R, (H f i E 1 5 85 3R WY pH (. = [8) TG AH 26
PR 77 HE AR S A ) o 2 A 1 2L

B 8 [—=—JYHI3
A = JYTI- —o— CK
60 |—e—CK a a
7+ b b b b
C
" S0+ 6
£
s s
Z 2 40 -
e ¥ 2 |,
275, T4t
Ez3 70 b b b .
= & 3L d <
]
2 ° 20}
A 2k
e g g & w @ de ap
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Fi 35 K¥% Culture days/d FiFR K% Culture days/d
Ele6 EHkIJYHI-3RMBEFE

Fig. 6 Phosphate-solubilizing dynamics of strain JYHJ-3

e A B 4350 A TR R TYHI-3 /4 3h 25 i i i % pH i

Note: A and B represent the dynamic phosphate-solubilizing capacity and pH of strain JYHJ-3, respectively

2.6 BH#RIYHI-3BHERMNE

R J 25 Tl A MILIER 14 b o il 26 T D3 55 S B AR
JYHJ-3 46 I 21 i A HLIER 19 & & (£ 4. £ HPLC
Ko vp & PR fe B A0 T JY HI-3 A] 4 W EORR LV A1
MR R LR O E SR AN TR A LR
(B 7D, ¥R AR CERR AR . .E SR

=4

KR 1Y & & 43 i ol 31,060, 165. 200, 161. 070,
343.280, 290. 970, 0. 180, 105.170 mg-L ', H
SRS ERL B E R THA AR S &
(P<C0.05), PR JYHT-3 53 WA T A1 12 7 1 55 R R
R 2R AN L TR A IR R BR B RR L R R TYHT-
3 H R PRSI 3

IR SR

Table 4 Results of standard curve

J¥%5 Serial number {3 #§ 4% Determination index

Frufith 28 Standard curve

st 20 (R Coefficient of determination (R?)

1 HR Oxalic acid y=0.12382—0.0038 0.9999
2 W 41 T2 Tartaric acid y=0.02272+0.0055 0.9997
3 SEIRLER Malic acid y=0.0131x—0.0002 0.9998
4 LR Lactic acid y=0.0067x+0.004 0.9998
5 LR Acetic acid y=0.0072x+0.0004 0.9997
6 ¥R Citric acid y=0.0138x+0.005 0.9999
7 BEHIR Succinic acid y=0.0066x—0.0006 0.9998
8 & R Fumaric acid y=2.7696x—0.0021 0.9998
9 PSR Propionic acid y=0.006x — 0.0023 0.9997

2.7 EHIJYHJ-3HMBERERNHWUE
TR AR TYHT-3 42 Fh 1) LB AR 55 778 5 b it 1%
Bi g% 24 h, W10 pL B 40 ) A4 T CAS K il 1y
Fi ik REWR £ B 3R K Ashby [ 85 55 58 |, 45 Rb 5%
FREINELE FECCHERSEFAPERTI, K
B CAS K 8% 7% 5 1 HLoA 18 8 (0 2 B, S/ o ik

BA =SB AREE T, D/d K 1. 68; 16 i ik £h 4% 77 3t
o Ashby [E /& 35 37 5 1357 3% W] Bl & BT G 7 ok 2L
A FE A G S, D/d 5351 2. 46 F 1. 21(1& 8)
K 0 e B W 6 (E S A TAA B o il £ 7 2 (y=
0.011x—0. 0095, R*=0.9995) , 1% 1 B bk JYHI-3
U EEN 3. 742 mg- 1



1518 B

¥ R 5 34 %

[38) o w
N (=] wn
S S S

T T T
o

9]

(=

(=]
T

N
(=]
T
(¢}

HHUREE & Contjnt of organic acids/(mg-1.")
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.
:::" 100 %
.
i

(=]

A B C D E F G
H LTS Types of organic acids

E7 BEHRIYHI3FHHBRIENNE
Fig. 7 Determination of organic acid content produced by
strain JYHJ-3
TE:AB.C.D.E.F .G BIARR IR G0 GRS LR LR .
R N R
Note: A, B, C, D, E, F, and G represent oxalic acid, tartaric acid,
malic acid, lactic acid, acetic acid, fumaric acid, and propionic acid,

respectively

8 BEHRIYHI-3S%HE BN RERNEEN
Fig. 8 The abilities of strain JYHJ-3 to produce sidero-

phores, solubilize potassium, and fix nitrogen
A BCO B MR AE CAS K5 9738 Rk iR £h 1% 9% 35 [ Ashby [ &
B grdk b i R (0 5 el b W e
Note: A, B, and C represent the orange halos and transparent zones
produced by the strain on CAS medium, silicate medium, and Ashby

solid medium, respectively

2.8 BFHRIYHI-3EFZEMREML

2.8.1 BB FEXE BRI E Y IET B BRAR
S5 B Y 32 RE R VR A R L FLOBE R Bk R B Y
PR AR TY HI-3 ff 0 o 25 5 R W 38, TR .l 3 12 T
Shy Bl 5 B ) e A 22 SO S 5 DA LB Sy U B e
Wl o 1w b TR BR R A R RO R A ()
OAD s YR g 4 A0 TR SRR AT MR VE R . AR
WRMAEDAEKEBTMNEEITRZ — 5 AR
TR CRY PR BT | R e AL B S T ) R ARG I 2 D %o fi
WA JYHI-3 M wiae I 2 R AR E YU LR
e Sy W — RUTR B i B R Y 0 R T LA AR R, L

U AR T TR B TR R B IR i (IR 9B .

AN 7] TR Y ol k% TR R JY HLI-3 1) it ol BB ) 22

St R R R R 2% B B RR TYHT-3 R
W g 7 5 35 T O B R 4 A i (P<<0. 05D, A BE
A KRR B r (E19C) o Bl 75 T W ol i 09 38 0, fi
W5 AE 1 2 W BEAIC, B DR AT B R 4 b et o e, R
2P B 3 B0 KO (RS R AR DO $E AT EA
T 1L 2 T, 3 O R Y AR FE B
[i] 445 5, UK 32 B Oy i i BB 1 0SS o A W IR TR
B 8 35 5 ) T R Y H-3 B9 i i BE 11 (P<<0.05),
)b pHAE N 5. 5 B, TR Bk TY HI-3 fif 85 B8 ) fc ok
fift W B o 50. 089 mg-L ", 7 9] &h pH 1 4 5.0 Al
6.0 4b BT i 05 BE 1 22 52 AN 8 3, WS 52 ) i 1T R
bR 3 b T % B i A B IR 9D 5 90 4R pH {E 7E
5.5~7. 5, fift W BE 1 BE W) 4h pH B Y T s &2 T %
& e, Ul % AR LR 52 BRI b oadE T e R M 2R
Bi o e ER D7 D, bk TYHI-3 7E AR [ 3R
e I AN (B 9E) o AR JYHI-3 48 1% % b i
Tk R SR A, B R AR S A0 A B R
I, 300 I TR Bk 1 ik i B O 32 B T TR bR JYHIT-3
RGBT, 5&5HEN1%,2%,3%,4% B fif
e S AW, 5 & 500 B R g
SR F(P<0.05),
2.8.2 rmp @Ak MRAEANRLRER, SHH
B TYHI-3 1932 Fh & (A . pHAE (B) \NaCl(C) #E 17
Ak, Bt 17 S, B A 3K, SR A R AT .
Ji 2 B 45 AR W, TR R JYHT-3 B A A 2% (P=
0.0001<20. 05) ;

B & # =-—1149.716 12+20.886 50A+
421. 261 75B+26. 696 87C+0. 209 00AB—0. 425 00AC—
0. 586 00BC—4. 250 38A*—38. 072 50B*—9. 842 12C*

MR 38 101 059 7 AR H T TY HI-3 A4 Wi 137 18 5744 43
B, B 3D i 1o & 5 45 v 2k T an T 10 s o AR i A
RIS, Y2 Fp i 3% W1 4R pH A 5. 5. NaClh
1% B, IYHI-3 R 185 & & AT 35 5] 56. 279 mg-L s
FRAE B85 32 550 B ATE AL 24 W5 (19 TYHIT -3 B T, 55
7 48 h i 15 TR W 1) s 7 & Pl ik 3] 58. 547 mg-L ',
L= RS R

3 itig

FEL R B 2 98 - 00 - I A 0 B A P Y G B
PR BT, DR T 5 AR AR 0 0 W) MR 3R W T, A i
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B fZE W 0 E B B Joshi 550 AN R AR B
DX 1 b R A i o A 18 MR B T, L B
i T8 Ay D6 4% R R 5 o A 5T DA B A v D AR B
Herh 3 8 3 7 BRI T s Ahemad 450 AT SR AR B
o R I L T N | B ol 0 A e TS S
5% BB B PST; Tianmin 252 BF 5% T 6 BF 42 1% o0 i
& (Pseudomonas vancouverensis) P AN4 [& ¥k 7 A [F]
B5 95 56 T M W AR 0 10 B S AL . AW ST M AR
B 0 2= L 1L e FE BR BT T Y 24 FH R s i BORS AR B
S o B AR AT O B B AN T L G b RN R R
(Pseudomonas) R L #T8 , 3% a] BE & B A fix 5 0 14
Ja B A B TE PR BT A Iz, T ELEAT B Y PR
HENLRE I Ak A58 K BRYD R G Ser-
ratia WA 58 28 /R 18 E J& (Paraburkholderia) %5 fi W
W, BT I AR 2 A AR B i B AN TR 2R
P, AL Sy JAR A i P B8 T Wl 3R e A i B P 3K S Bl
AL TR A

33 37 R R B i N 1 |
Pk JYHI-3 0] 3 W 7 b A HLIR , G AT HLIR & & ik
903.43 mg-L ", 55 7] 52 BE 550 A (4 4 Bk i 0 1R 4y
WY B LR B (522. 0~900. 0 mg L H—;H 7
T R A MR R R 43 1 e A MR
Jifl 5 MPP2402 A HLER 95. 41 pg-mL D K ¥ ik
B 450 BE 5 4 R A8 A0 S AR IR TB T POA1T (AL S A
HLER B i 29 587. 75 pg-mL ). A WF5THE H & b
2 AE i 5 D T R R AR Y A I 9 ke B |
O AR FIR VR RO FLR BRI
T R R R D R A5 ) o A S i Wl T 00 A 1Y R
AHUER L A3 B, Di S5 FR AR £ ey
B —BRZOGR M M UL SR IR IAIR N
S, G AR A+ BS T OB A T A A
H 25~35 mg- L AW ST v i 16 45 2 A4 TR AR TYHIT-
3 FE o3 W S FLIR |, v vk E FL R 10 45 22 3 i ml
F 4 15 PR AR pH B, B LR (19 52 ik 5 R F ml 1
AU A R T T B E A M Fett AP,
TX AR el X R e A v xR R Y R AR
S o RIS, 7 Ab A HLER 0 B F VR T R R PR 5 Bl
R CER RIS IR S ONRRY RAENVEEDY KT
1 2% R 3 3 B — A LR 325 9 T R L L AU
f 0 TR bR TYH -3 B g Wi e A 8 B Bk
TS B R B W TR A 2 T AR A R L X —
Hi k5 Timofeeva 28 “VHIF 5% 1 T ¥k Bacillus subtilis

o JR) B AN SR 58 B TR R L7 AH L, O 2 3 v A
TR HEAE Y AR BAE o 78 @ 2010 = JE ARAT A58k
(R B85 v 328 22 1) i A AR T 3 ok Ao ol £ Tl R R
FH 2 () o 8 Ao 60 i 0 D e A FR T R B
& I HORE G NI A BT X Ok 48 s 245 R A )
PRPR 5 v A 35 17 AL T AR AR R A

AR EE W 55 55 2 ANAURT LT it Ak 2B ) 35
Il B AR TR | A BE 8 B (A W 0 T TR RS R T
RE G & M o B9 3 B e YR R G U T o e S
ARy Chn A AILTR 45 1 4 Wb, 32 17T 52 1 £l A= 400 1
B RCRS flan, B AR WLOR S FF B 8D LU 4
W5 Shy B 5 IS ik s BB T BB Y s Panzoea sp. D2 DA 4
Ay e VR B B BB D R AR T AR BF 5 b R
JYHI-3 DLFUAE b e 5 i i ol 8 0 ik, iX 5 B3R Y
it 5 TR R LA 4 B R B VR B A B SR SR . JYH-3
£ pH {H 5. 0~5. 5 78 [H P fif 9 5 J1 3 5, 5 4 F= il
L 4 8 pHAE (5. 5~6. 5) — . X Fod B 2 2 3 X
ST P S M o B B DA PR — 2 R B A2 R
MPP2402,pH{H 7. 0~10. 0 4= K ) , 78 R 1k ¥R 855 v fift
B R B 40961 R B R MR TS IV B (AN Niguyeni-
bacter sp. L1,pHAH K 2. 6 Bf Al-P % fift & fc i),
TE pH {8 >5. 0 B i 1% £ 06k 30% . B bk JYHI-3 7E
NaClh 1% B fif il 550 R et , 69k B =296 1o fiff i
AT RE 202, 0 00 T R 3R am 0 o o ORI L &
TR A= € (A w2 i O A AW 1 DT
FEARER P45 N 23 3k BE 5 AR 25 P 35 0T, T AR e U5
Ty AR . T R AR A e N i vk &
M AZL16 5 XT37 5 A 1 % (P << 0.05), I
WX AZ16 5 XT37 5% Wi fie K 1Y 2 I B2 A pH {H .
Samad %" | Box-Behnken % 3 10 7 171 75 3 15
2N 5 5V 5 B (Serratia marcescens) ¥k AGK T4
0 B VA A A F) 239, 12 pgemL . AW S o
Wi 7 i T 3 A5 3] TY HI-3 9 fe A 5% 95 200 FL b
(HRIED + Z R 8% CRIED + 91 1k pH(E 5. 5+ 4 Fh &
3% +NaCl1% ", i #i it ik 8] 1 58. 547 mg-L ', X
— P Ak 25 B R B R L — Rk AR R AF 5 B
I K AR B 40 96 9 D it —— 7L BE 2 A AR R o
Y LRy, T T 3k G i A SRR Fifk Tl DA ) A1
il 5 R R i 5 B A AT 3% Hz i
B PR IE A B 80 %, Sk ik B A S O B AR
W4
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Fig. 10 Contour map and response surface analysis map of strain JYHJ-3
AN ABRRZIE B .C.D M09 AB CAC BC B IR S 1T 57 145347 [

Note: A is the contour plot of AB; B, C, and D are the response surface three-dimensional analysis plots of AB, AC, and BC, respectively

4 i
A 5E AR B €0 ZE R LU A I BORS AR PR 1 1 v
I 53 1 3R A O MR BE AN I, 23 JR A2 2 T 1] (Pesudo-
monaon) il & 1 | ] ( Actinobacteria) FlJE BE 14 | ] Bac-
illota3 ] 6 J& , H: A IR 5 I T J&8 (Pseudomonas) 53 8
ot (4444500, ARSI RE . 2 0 2k 15 2 T bR
JYHI-3 fif i e J1 et , 4 58 Ry A8 T8 BE VD o [ T (Ser-
ratia proteamaculans) o % H W] o3 WA B IR P9 A0 TR |
FUIR 55 TR A MU , BB A P BRIk s A L™
Wk 2R (TAAD % Z R R AR fig ) o i o I R 50
v 17 T S AL e L A R R AR R A
BRI TR B Sy B TR i 3% W) s pH (E
5.5.NaCl 2l 100, eI fi# 8% & 3k 58. 547 mg-L . #f
TR, B M B AL PR A7 7E 5 5 Y s A5 A T

AL, BBR TY H -3 R AR Sy 24 26 I B0 ] R S K
Tl A= W HERE T 2 T A TR B
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