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P FHMA LA AER L GS B AR B P E SR AR ODg o8 A X e A M 2647, R A B X xT GS H
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FA AN E 2R AR R RIBARARIEGS LB R R\ A B A AR, ZRAV DS REZF AR
TR BB A mEFRFT) mEE)=1:1,5g/L; RRABFZAF,5g/L; RAEA m(ANM): m(FRBREE)=1:2,5
/L. 2D)RIEL LA LT KA 240, R EH30C,pHA 7,854 0.5%, %% % 200 r/min, 3DIEEF EL
B & 789 78 1 2k ) 1. 38X 10" cfu/ml, ODg 1A 35 3] 1. 89, H AL AT 89 8. 36 45, L& F M A T K 9% 4 30% ~
40%. DEGSHABY ERKRDGH ErtsE EebT& MRAHE RETEL M 17.28%.35.13%.53.56% .
40.65% .25.38% , et 3 E M A E AR KRB K5 A 6.35% .37.82% A= 11.45% o S) A f A8k 45 Fe it
BB A A 30.19% .60.82% #231.67% , AR HE A E G S E A MmI. 93% .51.85% #210.01% . %
2 MRACJE 8 35 IR B TR T A R B A M AR 3T N 35 R A A A 6 KB AR RALT A AR & SRR R AR B R P GS W
HERET, L THERIERARAR, ECGSABERAARIMY AR REBRGRFEELALR. AFRTH
GS 8 & 3 K B fo W 1) B2 A 3R AR ARG

EiF  Pseudomonas koreensis; X% L EAMAL; EK; 3R A; W) 2A

FESES Q815 XEHS 1007-4333(2025)08-0075-12 XHiRER A

Fermentation process optimization of Pseudomonas
koreensis and its effect on the growth promotion
and quality improvement of corn

SANG Meng, YANG Xinyu, YANG Guangyu, MAO Jiangping, GUO Qiao, LAl Hangxian®
(College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract This study aimed to clarify whether the liquid fermentation broth of Pseudomonas koreensis GS
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(Hereinafter referred to as GS) has the effects of promoting plant growth and improving plant resistance.
The viable bacteria number in the fermentation broth of GS strain and the ODg, value of the bacterial
suspension were used as the test indexes, and a one-way test was used to screen and optimize the
inoculum amount, incubation temperature, time, shaking speed and pH of GS strains in order to determine
the optimal fermentation conditions. The one-way test was carried out on the different carbon rescources,
nitrogen rescources and inorganic salts to determine the optimal medium components. An orthogonal test
was carried out to optimize the ratio of the medium and its concentration to screen and determine the
optimal fermentation medium. The biological and quality indicators of corn were determined to verify the
field application of GS fermentation filtrate. The optimal ratio and concentration of the fermentation medium
were confirmed by orthogonal tests. The biological and quality indexes of maize were measured to verify the
field application of the GS fermentation filtrate. The results showed that: 1) The optimal carbon source for
the optimized culture medium formula was carbon source m (beef paste):m (molasses)=1:1, 5 g/L; yeast
extract, nitrogen source 5 g/L; inorganic salt m (sodium chloride) : m (magnesium sulfate) =1:2, 5 g/L
inorganic salt. 2) The optimal fermentation conditions were fermentation duration of 24 h, temperature
30 T, pH 7, inoculum quantity 0.5%, and shaking rate 200 r/min. 3) The viable bacterial count reached
1.38%x10" cfu/mL and the ODgy value reached 1.89, which was 8.36 times higher than that before
optimization, and the cost of the production was saved by 30% to 40%. 4) The plant height, stem and leaf
fresh weight, stem and leaf dry weight, root fresh weight and root dry weight were increased by 17.28%,
35.183%, 53.56%, 40.65% and 25.38%, respectively, and the leaves number, root activity and the corn
length were increased by 6.35%, 37.82% and 11.45%, respectively. 5) The contents of total phosphorus,
calcium and starch were increased by 30.19%, 60.82% and 31.67%, respectively, while the contents of
total nitrogen, flavonoids and crude protein were increased by 9.93%, 51.85% and 10.01%, respectively.
In summary, the optimized medium formulation and fermentation conditions relative to the NB medium and
initial fermentation conditions can not only effectively increase the bacterial volume of GS strains per unit
volume of fermentation broth, but also reduce the cost of the medium. Moreover, the GS fermentation
filtrate has a good field application effect of promoting plant growth and improving the quality. This study
can provide a scientific basis for the efficient fermentation and field application of GS.

Keywords Pseudomonas koreensis; fermentation process optimization; corn; improve quality and promote
growth; field applications
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1.2 REi&it
1.2.1 A8 ILHARE

DR B R . 26 H NB E by S fifi
FR KL 3 B N R R (12.18.24.30.36 h) |
¥ (26,28.30.32.34 °C) .pH (5.6.7.8.9) & Ff
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Table 1 The key factors and optimal level combination screening for the optimization of medium

components

{56 F 2 Experimental factor

7K

Standard A B UR L H B: & C: TTHLERTC I
A': Carbon source ratio B: Nitrogen source ratio C': Inorganic salt ratio
I 1:1 1:1 1:1
11 1:2 1:2 1:2
111 0:1 0:1 0:1

HA R mCERED mBEED ;BRI mCGE AR m(EERRRED ; CH mCEALHD m (BRREED . T IH.
Note: A, m(beef paste) : m(molasses) ; B, m(peptone) : m(yeast extract) ; C, m(sodium chloride) : m(magnesium

sulfate). The same bolow.

R2 BFERESRERERIE

Table 2 Optimal concentration screening of each component of medium g/L

{5 K £ Experimental factor

K
Standand W P R L g
Carbon source concentration — Nitrogen source concentration  Inorganic salt concentration
I 1 5 3
11 3 10 5
I11 5) 15 7

1.2.2 w8 2 R BEX 5%

RIS TRV A B R T X B R AT (337157517 ' N,
108°4'3" " E)ri RN #EAT , R+ . iX5e
SREUHEHLIX 4T, /MK 3 mX 3 m, /X 2 [a] [a] B
30 em, B/ NXFIAE 60 Bk K, #RRR 30 em, 470 50 em.

TR BEE 2 Ab B, X R 2 Con Sl B2 A% B 100
5 BRI 8 35 3 Ab BEAR GS b B VE AR B 100 15 1Y
GS K BEUE . FEFESE] 2 20234E 7 7 26 H , HeiE 3
URAH N Ah PR B[] 43 00 Oy 20234 7 H 26 H (8 H
11 HM8H 26 H , Bk B & 500 mL , Wi 5K Bf [4] 2
2023410 H 26 H 3 A K JH I 90 d.

1.3 fEmRlZERE
1.3.1 AB@AZMNE

Fr I 2 A ol s, UGk AL IS 274
B G —E W UG B IR 3 AL 0 A 8 3% L R0k B AR
b1 5 5L R I 15 57 1) PR B M O Do (B X N 1) B
TR O R B KRR IS MR R 3 38 R
Xof BEZE 5 A BHEZE ) R T TR AR VR T AT L A3 6 BE T
I E B K AE 600 nm Y ODgoo fE o B BEIR AT T80
PRI 1O A5 A0 B8, T A T R R 95 0, W ABE T it
ATV

1.3.2 E2RAHFIRAFNE

il T 390 AT 6 B O MR A — B0 B oK R AR A
(7 RTINS B a7 N N M O i Y W
i R R /TR AR RN 48 bR
E o AV AR B B AL BE B O AR B — B0 oK R
R, N7 B E RO AR R AR AT IUR R 4
1.3.3 =k &AFE4mNL

¥R P 4 A & R H.SO,-HLO, 0 # , AA3
L S AT AR R A AR S A SR
PLREL6. 2575 i & 1 R FH HLSO,-H,O. 7 & , 4
BAEPU M I Y A B R H HLSO,-HLO, 7
AL KIEOG BE TR Y A Bk B R
HNO,-HCIO, 15 7 , J5 1 W05 43 6 6 B vk il e 5 o
i . e B B i oR FH 2R A1 43 ol B ik I s s AT
T B R 2 T 50 1 5 A o e B ik
AR VE R A R R i
1.4 HEIHFHIE

K I SPSS 26 #E 47 7 22 53 1 Fl 22 5 LA, fiff 0
NI 2 25 S (LSDO) AV ST REAS T 4G 36 47 22 57
BT GE P<<0. 051 h 2555 3% . i Origin
2021 fE A .
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2.1 P. koreensis GSEBEZHRIEFER S MK
2.1.1 R 2 EFRA

P R B S%1F Th R B CREE R KR 3% 35 pH 43 il
HEAT P R, 45 Ak 3R P TR AR U Y O Do, {8 F5
iRV 1. Al WL AR I G 24 h AR EE 30 °C

i ODgoo {H 15 B fe K H , H ¥ & 3% w5 T Hofth &b 2
£ pH 2 7 I ODgoo {5 15 5 £ KA, B & BLAE pH Ky
SMRYES M MRk ik AR K . R R I A5 1
e ) 2 i R0 B O3 00 E AT B R RO, 45 b B
rF BRI O Do fH RS T 285 5 LI 2. 0T WL . 7 82
Fh iR 0.5% FHE 3 200 r/min B} ODg, 8 35 3 £
KA -

20 (a) 2.0 r(b) 2.0 ©
a
15} b 15| c 2 1.5] <
d c
& e § =
Q1.0 Q1.0 a 1.0t
o o d @]
0.5 0.5 L H 0.5+
c
0.0 0.0 0.0
12 18 24 30 36 26 28 30 32 34 5 6 8
4 /h Time IR /°C Temperature pH

7] — B B i AN ) 5% B e 78 28 57 36 (P<<0. 05) , A R B U 32 7R 22 5 AN ik 3 (P=>0. 05) o &I 2 FIET 3]

Different letters in the same column indicate significant differences (P<C0.05), and the same letters indicate no significant differences (P=>0.05).

Figs 2 and 3 are the same.

E1
Fig. 1
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/% Inoculum amount

A< (a) JEE (b)fl pH(c) MR ERMR K

Single factor optimization results of duration (a), temperature (b) and pH (c¢)
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Fig. 2 Single factor optimization results of inoculation amount (a) and shaking speed (b)

2.1.2 BARAASHERFRA

W 15 3% 3 21 4y v i we R TR RN T BIL 3R 4 S
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1.56, ¥ 35 Bl e KAE, H ¥ 8 % 5 T H b b B
W 5 e D LB LR O TR R SR AR B R T BL
R AR R Z . WU, A B 5 Ok OB L R B

B M BR B, OF F i IR — 2 L B e 1% e G
D5 v B R R L TR R TC BL R, R AT I Ol R R W
[y

WU 25 A R DI K T 25 A 43 il R T R R A
PAS GS T & WA % TR ECES R I 4, AT 0L A
U6 25 AF T D75 GS TR & T MR Y T TR AR 1. 65X 10"
CFU/mL, 1 7 5 6 & W 2% 1 20 45 T A5 3L 77 A2 1
T BT 35 2. 99X 10" CFU/mL, Jy ¥tk 414 F 1)
1.811%,
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Fig. 3 Single factor optimization results of carbon sources (a), nitrogen sources (b) and inorganic salts (¢)
3.0x10 JE AR 3 66 BE T, I RE TR BB O Do fELAGE I
2.5x10" F ZER TR, BRI R IFED L A URES LA e
= ool BLER R 1L 34 P4 264 GS BB K B B MU o >
28 A>B, R SRR WA ABCo, Bl mUE )
| OB =1:1.m R A - m (BRI =01 1,
B 10x100 mCEALHD mGRIREE)=1:2, [ ZRMLELHE
0.5%10" - KM ODgoo fHIK 1. 76, SR FRG U A ok 0 7 A= 1Y
00— P e T BT 3K 7. 52X 10" CFU/mL, g ) 1R 15 35 3 %
Initial fermention Optimal fermention T 7= A 6 TR B 2. 52 4% o F AR 4] L B TRV E VA
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Ab34 Treatment
E4 FAEEZBZFGTGCGSEXBEMNERHILER
Fig. 4 Comparison of viable bacteria number in fermentation

filtrate of GS bacteria under different fermentation conditions

2.1.3 A Fe ik B0 IE AL

g e B RN TCAILER Ve B 34~ IR X GS TR PR AR 1 1 52 i)
¥y A=>B>C, e 35 32 W FE 20520 ALB,C., B
IR 5 g/L VA UES /L JEHLEL 5 g/L. iz m Al
W BE UL B K 18 ODgoo fEL K 1. 89, 5 FH H 8 U4k A 325 1
H AR B35 B0 1. 38X 10" CFU/mL, e B ARG

AT T 7 AR TR 1. 844, W) Ik Sk AF WD i 4
HEE R R IR TIRAC e e v s 8. 26 4
R3 ERERFEIARBER
Table 3 Result of orthogonal tests of medium formulations
s WAL L A . ‘ AR L B ' %*ﬂﬁﬂﬂ 54 C. OD,,
Test number Carbon source ratio  Nitrogen source ratio  Inorganic salt ratio
1 1:1 1:1 1:1 1.718
2 1:1 1:2 0:1 1.603
3 1:1 0:1 1:2 1.756
4 1:2 1:1 0:1 1.656
5 1:2 1:2 1:2 1. 681
6 1:2 0:1 1:1 1.699
7 0:1 1:1 1:2 1.698
8 0:1 1:2 1:1 1.702
9 0:1 0:1 0:1 1.450
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Table 4 Result of orthogonal tests of medium concentration

WIRH B/ (g/L)  RIRMKEE/(g/L)  THLEhk B/ (g/L)

i)

Test number Carbon sou'rce Nitrogen sogrce Inorganic s'alt ODy0
concentration concentration concentration
1 1 5 3 1.364
2 1 10 7 1.542
3 1 15 5 1.471
4 3 5 7 1.615
5 3 10 5 1.617
6 3 15 3 1.561
7 5 5 5 1.626
8 5 10 3 1.551
9 5 15 7 1.362

2.2 RIWEHIP. koreensis GS & B iR TR IR &£ FEORRYZEM T RS E R AR TR R

MR K HIEIE A 50 88 9 32.64% . 35.13% .40.65% HI 25.38% .
2.2.1 SERAYFRAAGEAZXE FE 7 0] WL, B KRG 20 B0 AR R 0GR KR A%

HE SR UL 5 Con HAH L, GS AbFL A £ K 119 £ 4 ) B8 6.35% . 37.82% M1 11.45% . I,
ARGk v 25 23 ) B8 n 31,7500 . 17. 2804 GS b # ] DUA 250 2F FOK By AR R AE B &
32.64% . MK 6T WL : 5 ConZHAH I , GS Ab HL2H A,

350 735
B
o5 300 [ 730
REN) A
2 250 125
£ A
3ﬁn_=:s ’
200 [ 120 EE’
< <
25
= - ol
£ 150 15 i g
g 2 i 5
K B i
=g 100 10
o~
soF b 15
0 0
Con GS
AbFE Treatment

- TEJJ‘L; length - flea'?t height -§£ diameter
X HRZH Con 2y BEERR BE 100 A% AOVLAR K5 370k A IR GS S BEER BE 10065 10 GS BREEUEWL . HEF LT R /NG F AR RA R AL 3 2 8] 22
St % (P<<0. 05) s A R R G FRAURZ 24 8 % (P<<0. 0D FIHl,
Con represents control group irrigated with 100 times diluted liquid culture medium, and GS represents treatment group irrigated with 100 times
diluted fermentation liquid. Different lowercase letters above the column represent significant differences between different two treatments (P<<
0.05), and different capital letters represent extremely significant differences (P<Z0.01). The same below.

Bs5 AEAEINERRK GKHNZHENHNE

Fig. 5 The effects of different treatments on maize root length, plant height and stem diameter

2.2.2 X ER&BAIZARGAER LR 131, 67% , 4% R AL S 4 e imn 9. 93% .
RS U . 5 Con 410 [ , GS AL BR AL T KT 51.85% F110.01% , &80 Bk VB Bl . m i g A ]
PR R Al S RIS S 4 I 30. 1996 .60. 82 % YRR A E A e 17. 05% .7.56% .11. 66 % .
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Fig. 6 The effects of different treatments on corn root dry weight, plant dry weight, root fresh weight, and plant fresh weight
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Fig. 7 Effects of different treatments on corn leaves number, root activity and corn length
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Table 5 Effects of different treatments on the nutrient content of corn kernels

Ab R /g /g &M /g 5 /mg Bk /mg 4 /mg
Treatment Total nitrogen  Total phosphorus  Total potassium Calcium Ferrum Zinc

Con 2.72+0.06a 0.5340.01A 0.884+0.02 36.06+2. 37A 11.78+0.54 4.0340.13

GS 2.9940.07b 0.6940.01B 1.0340. 04 57.9940.73B 12.67+0.52 4.5040.11

b 7 B /g M /g AR /g AR EE /g HLEM /g TER /g
Treatment Flavone Total phenolic Soluble sugar Soluble protein Crude protein Amylum

Con 0.2740.01a 0.9040. 02 7.2940.12 1.22+0.04 16.99+0.35a  101.84+2.55A

GS 0.4140.03b 0.9340.06 8.25+0.29 1.30+0.05 18.69+0.43b  134.09+1.37B

T+ 2 TP SRy TR OK 3R A I A

Note: In the table, the data are the contents of the nutrients in the thousand-grain corn.
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