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Abstract: To study the correlation between biofilm formation ability and root surface colonization ability of
maize symbiotic bacteria, the following experiments were conducted: Firstly, the strains were isolated using the
gradient dilution method; secondly, the bacterial biofilm formation ability was determined by microplate reader
and crystal violet staining method; thirdly, the bacterial colonization amount on maize roots was detected by plate
colony counting method. A total of 270 bacterial strains were isolated from the maize root surface. The crystal vio-
let staining results showed that bacteria with strong biofilm formation ability exhibited a more obvious color reac-
tion, and the absorbance values of bacterial biofilms ranged from 0.065 to 2.533. The isolated strains were divided
into five groups(A to E) according to the strength of their biofilm formation ability, and the biofilm formation abil-
ity of the bacteria was inversely proportional to the number of bacterial strains. The biofilm formation ability of
the five selected Bacillus cereus strains was significantly correlated with their colonization ability on maize root
surfaces, and the stronger the biofilm formation ability, the stronger the colonization ability of the strains. In sum-
mary, the formation of biofilms by maize symbiotic bacteria is positively correlated with their colonization ability
on the root surface.

Key words: Maize; Biofilm; Colonization; Root surface; Correlation

MY S5MAEYZ WS EER, MYRPR & E 2 2IEME YR G A5 XK, AR PR
AV 22 20 TR A B B, 5K S AR TR R R A 2L
o7 B 4 : 2025-04-25 A DN T )R 40 A0 Y B rR AR R T A 1 R RO
HEEWB : B E 8RB GE IR L 55 2% 51 H (CZKYF2024— j’\j‘%: , ﬁﬂ#éﬁ&%iﬁ*ﬁ#@ﬁ?ﬁﬁﬁﬁﬁﬁ I
1-C008); MR TR R A i H(LNYGG- N . .
2024003));}1‘5?Ij%zjligjgf%ﬁﬁgg{gémk%@ HPIAR A o2 05 S T A TR AR AR L A 4
Ml B QI 1 F (CX23T23) VERLP) A A, BT TR AP T Song SEHE 1 4R
FEEBA X BL(1995-), 4, BV BLFSE 61 L L ek iy R I R DU R ROR  WESY T 3 AR A AR
woT. HE 41 T (PGPR) X & K A kAR W 1 B9 52 W, & 30 3




630 X B ORI AN T L W B i AR 2 BT S P o A 109

Pk PGPR T % X900 oK A 2 A K FF1E . Bjelic
SRR 5 R0 A B 2 6T TR RN 2O AR L T
B B TR A B A T Kl T R AR B B A W B
S E RN IR A A0 B A AR T B RS
P14 R e A A

TR AE ) B 4R P B T AR O AR A S
AR 3 THT 1 440 AT 4 L RN 60 2 2 A TR ) K P A I i
2 R P 65 4 1 0 TR RE IR A B AR R T
+55 A TR 55 HL I R A 280 4 2% T sl A AR AR B 1) A AR
FH B A0 B 55 40 TR 22 1) 09 AH PR R X R R & ok
JE IR WA R A W) B B 25 F T RE RN AL . AR
FE I A2 B T 27 A A R A A R A AR A TR K R
VERT R4, 220 TR A i i o b, oK
A 1 TR A AR 28 i 1Y RE ) B A O A W R
T30 B G I 4G A E LA R A A Py P R A 2
S B, Ambarita 55" M ER FIER [P 38 £ 58 o3 15
Y E T 9 AT B BB 11 R T 400 1, 3k 2 4
PR AE A A 72 A 5| e 2 R AR E FEOR A K o Puri S
WEIE K B, 22K 28 2R fAF TR P2b-2R R i IE 2k
Yy S 242 [ 2 B T R ORAR B FAR 2l 21, % B R pk
P2b-2R Xf E K2 i A B EF MR A KAEH . AT
38 % K AR A0 TR AR W IR i RE ) E AT R
DU O 3 A ) WY A RE ) 22 5 W 3 A TR AR L S
Ay A, PEAY b3 P PR AE K AR 26 8 FE 1)
e, B A IR e 1 SRR e TG 1 2
(] A AR P o b I I 5 485 SRR A T B 6 oK A 4
TR TE KR 3R 2 7 1 L 29 BOe Bl O A £R
TR W R0 0 I K SR B iR 4E T

1 #MHE57H*
1.1 SEBH#
111 BHA

0.1XTSA(Tryptic Soy Agar)is 7= 3 . 1.5 o/L i &
I, 0.5 o/L KRG E W, 0.5 o/ LAALEN, 15 o/L 3
ARIR2T, 121 "CoRi R K T 20 ming

LB (Luria bertani) : 10 g/L fEE A%, 10 /L.
NaCl, 5 g/L F#RE3R LY

Msgg 3% 5% 2 : 0.1 mol/L. Pot.phosphate buffer
50 mL., 1 mol/L. MOPS(pH=7) 100 mL. 5 mmol/L
FeCl; 10 mL . 200 mmol/LL MgCl, 10 mL . 10 mmol/L
MnCl, 5 mL, 10 mmol/L ZnCl, 0.1 mL.2 mmol/L thia-
mine 1 mL,10 mg/mL Tryptophan 5 mL. 10 mg/mL
Phenylalanine 5 mL | 10 mg/mL Threonine 5 mL ,20%
glycerol 25 mL.20% glutamate 25 mL .1 mol/L CaCl,
700 wL.758.2 mL dH,0,

MS(Murashige and Skoog) 1% 7% 3 : 4.74 /L. ms,
6 ¢/LBifE, 121 °C& K B 20 min,

DL b 855 3% 2 B 24 i 241 R W) 1) b e B R AR
WHEARABRTAEAF
112 X H A4

S5 T R R 0 B R e VA AR B 2 B 5
FEIG IR o3 BE i g b R AR 1 EOK AR RAEA
1.2 XWHZ*
121 WmEAHAG B L%

(1) HRURE « BT K AR K 55 00 A i A &5 &
1) L R AR R S A RE O e T AR A4S
I E TR KA B TR e

QAR 3 BRI AN RE)S,
i FH S A 1xPBS 2% vh itk 5 TG T A S b 1) I A o
IZHR R AE SRR B FE R R EE VR 22 107, W B
(1Y 380 B R B 100 L 1P, BT R A 32
TRAN G o B AR 3 B, AT 30 CHEFRE 7 d, ] A
KACSK TR T80, W R4 i s, PRHCR TR 75 24k, 4%
TR P T AN TR B SR A R B IR AR AE T
17% (A H W, 37 T80 “CIR A7,
122 ME LT RN 65T

53 B A 2 T TR PR R 0.1TSA 15 57 2k i
16,30 ‘CHEFR 2 d, PRI TV, , TSB W AR 3: 57 5 vh
P 12 ho B 5 32 47 19 T T LA 96 FLARTE 0D I
T A R B RO R =1, 8% 96 FL AR H A LA
Msgg W AR 3% 77 3 200 L FUJE 5 4 (4 B 2 wl, 3F
DL AR I BRT W 1) 25 11 Misgg WA 15 37 56 5 BT %) L
B RE AT, 30 CHFRAREE AR 3 d, UL R B — 1L
1Y TR S R B L VE K e AL 3R . kS
BEFLANAGE 28 e 4 7 200 pL PE 17 44 €4 30 min,
Jua,J5 W7 23 LW, i K ok 3k, TS B LI
10% £ FR Uk YL, 522 30 min. 5 96 FL A A i
FRAC T 7E ODG, BN I G BEAE . SEER d & 31K,
1.2.3 @ is gtk

V326 5 %) 200 TR 43 0l A A 7] 7 LB 85 37 B v ik
T4 . o TR A SR A0 40 00 BE TR WOG EEAE
903, TE0.2LB 55 F2 o WM 2 WL T ARG 5%
FEJRFS = A 47230, 9 h 5 I & 40 s sh iy &
&, JEAT 40 TR swimming (132 8l P12 5% 5 7F 0.7LB 15
FREEFOK R 2 WL AT ARG IR TS , fd H {7z
3,29 hJ5 & 40 B s sh i JAE, P57 41 swarm-
ing 132 Bl 10 5% .
124 WA EMFHEER

P53 B Y 40 B UE AT DNA KL 4R B, 2 18 SCiEk
[14] X 51 ¥ 27F(5> ~AGAGTTTGATCCTGGCTCAG-



110 B | | A A 50 %

3’)Fl 1 492R(5’ ~GGTTACCTT GTTACGACTT-3")
P74 L 16S rRNA JE N, 261 A "l #E 17 W F , 7F
NCBI L J7 81 L X Je o T8 0R 19 A 2 o 25
1.2.5 M 2 KAR K6 T I 5

(1) FOR AL PP . B KB F H 75% & 1 A
3 min, 5% (viv)IR Z RN AL B 3 min, ] JC 1 2819
KIPYE3~5 K . TEREKFZ )G, 4% 8 4> Kk
RG] i BRI 7 mL G K BB FR L,
HURE FR AP 250 WL YRR 28 TSA 15 37 56 h 4 5 e
SRIGTE 30 “CTERIE By b A vh e &, 1% 24 h 7588
e R 1 YRoK, F T TSA B 35 e Ay v gy, fdifp 1
TR JCT5 YL, B & 40~45 h, fieda K4l i
2 0.6% 3 A5 [ 4k (4 JC M MS K7 37 3% |-, 9F
TEA AR 2= (24 °C, G 16 h)H ik — B 55 5% .

(2) #2040 BA < K 0 BE 0 240 B8 6 Ak O T ik
LB $5 7 5 o 32 55 R K , FF T ODgo 35 3 1.0 (10°
CFU/mL™) , LA 1xPBS #ii & 1 000 % il 1% p A W -
HAMHMBABRWTHEEZR T 1 bG48
%% 2 0.6% B g 15 4k /Y JC B MS 35 97 5
SEE

(3)7 FH £ 0 BT - B AR 55 0 R AIER 7 K, WL
WEELEH, I A 1 mLIXPBS, ¥ & 5 4] &
o AR 1 min, FHER IR IR 1 min, &
3R (FL 6 min), EV% 4 SRS VKA 1 min, 7E 96 FL

B 4 fL A 180 L 14 1xPBS, 7E 96 L #x A1 Lt
T 20 WL 7535 J5 B AR AR 350 RV, 76 A2 oA
20 L A1 FP TR AT, DA 2t | e Jm 78 A8 Hn
A 20 L A7 TP RSIR AW, i 0L AS 2 B 107~10°
R TR o 10 L 114 0 M50 A 5 T T I BT
F 0.1TSA P b, B A AN K 3246 b o e B )
BRI AR TR, 24~48 h 5 E47 18 76 A T4

> WRE5HH

21 EAXAVERHEMNEMIBENLFLTE

N TR AR SR i 3 B A T A B O X 43
5 A T 21T DNA $2 3, PCR 974 16S rRNA
S A, RAF K B 1300 prEE’JPCRFE%
M5, T A5 7 51 48528 28 NCBLBUE 2 . 45 21
N, AR B ARAT A0 B 4y B W 270 Bk, o, %%@ﬁ
B AR B o 152 Bk, 5 HE 56.29% 5 Hik
R B I M T R AR 52 Bk I FT R 40 B 29 Bk
5 B 6 AT R A A 18 Bk, LAt 45 i A B AL T 19 B
(FhRAE R HEMREE HAREE ATEE R
FEAE & S A B8 2 B R 45 )(F 1a).
TE 25 60K 1R J 40 B b, DL BT HR U 2 1K 2F A T
o i 2, A 59 Bk, HUR R AR ZE AR B
40 Bk o WD AN R A 2 TR FE B AR
65.13%([& 1b).,

a b
70
60
H#
B Bacillus ﬁ‘nﬁ 50
B Stenotrophomonas ol 40
Entcrobacter el 30
Other genera & 20
Sphingomonas 10 I »
0 —r \'
N - T Y
L\L i\\% \'\"‘(&\\ \1\\3 \\‘3\- '\Qx‘\j \Q\b-@f\‘\ \W\\‘ \\ \\\‘ \\"" ‘\)&\&0‘ Lb‘t e&\u
G o‘G RIS R S \\"
\\\\\\ . < \\x\\ e x\ {‘\w \\ 0 & \\ j\ \, \
\\\\*?)g\%o\ \\\\%0. 0\\.» \{:\. L\@\ Q,L\“_\\\\ﬁ o W J‘\\\\ %&L A U\\\\ 0\\
?? & 5\ © h o W e 9
0\ o o ° ¥y

TE s AN ()8 A0 A 43 28 BB 5 b 2 43 B AN TR o 2 SURT s A 400 R R 2 R H A
Note: a, classification and quantity of bacteria of different genera; b, bacterial species and quantity of Bacillus species isolated from bacteria.
B1 ERRREEMAANSLFLETE

Fig.1 Taxonomic identification of symbiotic bacteria in maize roots
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Fig.3 Grouping of bacteria by biofilm formation capacity
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Fig.6 Biofilm formation and colonization capacity of five B. cereus strains
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