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Effect of various organic acids on Agrobacterium species colonization in the rhizosphere of Chinese flowering
cabbages

LU Yao, WANG Li-li, XU Zhi—-min, LI Qu-sheng’, LIN Xin, ZHOU Ting, YE Han—jie, GAO Qiong

(Key Laboratory of Environmental Pollution and Health of Guangdong Province, School of Environment, Jinan University, Guangzhou
510632, China)

Abstract: This bacterial strain, which has potassium—solubilizing ability, was isolated from farmland soils. T29 was identified as Agrobacte-
rium species based on morphological, physiological, and biochemical characteristics and 16S rDNA sequence analysis. Shake flask experi-
ments were used to assess the ability of T29 to mobilize insoluble phosphorus and potassium. Then, the colonization of the rhizosphere by
T29, induced by various organic acids and amino acids, was investigated via chemotaxis, swarming, in vitro, and pot experiments. In the
shake flask experiment, the mobilized phosphorus and potassium contents were 15.53 mg- L™ and 2.78 mg - L., respectively, which were
1.42 times and 1.54 times those of the control groups. In the chemotaxis and swarming experiments, the number of colonies and the diameter
of strain T29 grown in culture medium with gluconic acid were 3.65 x 10° c¢fu+-mL™ and 2.18 cm, respectively. In the in vitro experiments,
the colony number on the root surface was 2.98X10° cfu g™ fresh root weight and was 29.1% higher than that of the control groups. In the
pot experiments, compared with the control groups, available phosphorus and potassium in the rhizosphere soil increased by 37.5% and

52.8%, respectively. The phosphorus and potassium concentrations in roots did not change significantly (P>0.05), but those in shoots in-
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creased significantly. Compared with the control groups, plant biomass and height increased significantly (P<0.05). These results suggest-

ed various organic acids and amino acids influence T29 colonization differently. Gluconic acid preferably strengthened the colonization pro-

cess of T29 in the rhizosphere of Chinese flowering cabbages, thereby mobilizing more soil phosphorus and potassium and promoting plant

growth. Our study provides a possible method for reducing the use of chemical fertilizers.
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B 10 g8 +AEF 90 mL JC /K (P & BEEER ) h Ay
LI BB B RRIR, T 28 °C 180 r-min”' #E1% 20 min,
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SRR RO R T IR PR 448 6000 -
min' 2.0 10 min f5 B PR , 2R 5K 25005 IR PR
BT K RIS B SR O B AR IR T, 43
FIFRHC0.2 g HEFIZE A9 TFE, A 10 mL R ASER S5+
sn RS, SO TF A, PR Ao R v s [ A v ot
(GSV-1) WS B4 kAT s, G E A 2 25 mL 7 i
L, W5 2R YRGS 0.45 wm BERR , ARA50E W . R
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Table 1 Physiological and biochemical characteristics

of strain T29
FHAE BBk T29 FHAE TR T29
AR + kol i -
WA + 3-HABEFLIE -
P 4 it + 2%NaClH Pk -
2 ity + AT x4
AL + G{lZSE -
Lileiie + iR -
TE =+ ROV A B, =" s S R B
Note: "+" means the reaction is positive, "=" means the reaction is
negative.
16S rDNA I @ 5503 < T2 Bk I 1725

EAEFINCBI . If-5 NCBI H ) Genebank 545 4 i
17 Blast F X, & B85 M98 141 J& (Rhizobium sp.) A J& +
HE AT I )8 (Agrobacterium sp.) # LN PE & & , # i% %)
100% , 456 FoAE A ARV | AT DU i R AR A 135
i 8 (Agrobacterium sp.)
22 T2OMMERT WP R AHEREFEP
pH B0

W PR TE R RS F b 3680 T29 B35 92 W
e AACBH AR OR  N INTRRE FAR EE E R (P
<0.05) , W E 4> B4 2.78 mg- L7 1 15.53 mg- 1™, 43 5
KIATINER 1 1.54 F5 A0 1.42 6%, Hgs R A 4 R oy
B 11.9% F16.6% . AHNEE AT, 55320 pH
6.47 , MR E WS , 553 h i pH R R 6,17 4
D T29 3 2o 23 WA W, A DL | R S )
JoT, TG AT i M A RN v A

BT @A
20 - I
L a
- 15? b
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w 10F d
£ 7
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¥ 37
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R R AR LR N R RIS | Y B V5 55 X
HEAH L 2 20D R ol b E A . A = L5
AR IR 4 ZBR 5 04 TR T S X R HE
FHR, LB ISR )M 2.45%10°,3.23%10°,3.65%10°
cfu-mL ™" 1 3.85%x10° cfu-mL™, A b xF B4R 538 hn 1
54.7% .104.2% .130.5% 143.1% , FE B TF Fa b4 .
2.4 AEFHEER T29 BEHFIZ B 2200

A Ak 52 56 45 L 07 g o T T29 B TE #a kA
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Figure 2 Effect of different organic acids on the chemotaxis of

Agrobacterium species
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Figure 1 The ability of T29 to mobilize phosphorus and potassium in K—feldspar and the pH value of the culture medium

after inoculating bacteria
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KEE, BRI SRR ARG ST T29 LKW
T B 55 X RO L X5 T B SR AR Ak T 7 4 4 R IR 1Y) 15
T T29 KR4, HETE AR 2.18 em, A1 HE X IR
HRT 54.6%
2.5 ANEIBENEIFST 729 B 5ME BRI

A Ak IR T 12 56 245 SR A5 H 4 28 W% 18 X T29 L
A —E G VER , iF— 2038 R RSP S50 K DA %
BEIR XT T29 76350 MBS 8 5 1 52 . WKL 4 JT 7, s
TN T R R AR SR O AR BR 5, AR 51 (14 R 7% £ B
7 2.98%10° cfu-g™, AHEL X REIE N T 29.1%. 16 HH 4
HIWEIR 2> e E T29 783 AR FR R T B AL
2.6 T29 7 L IEF O IRPRIIETE

i SA FE 5B s, N G S0 A R 5
TR F 25 4 (P<0.05) , Hoh R T/ 4 0.49 g,
LA T 24.2% , 2501524 3.96 g, AN
PN T 50.2% . [R]85 i 1 Ak PHEARL B - 458 r 7 3340
B ORCE O Bt B R T ORI (P<0.05) ,
A 0.11 mg- kg F10.22 mg- kg™, 5 A0 E A e,
A3 T 37.5% F152.8% . UNIE S5C N, G %
OB B B AN IR A LA B A AR (H
JEZEM R B RS AN IR 2 B R (P<
0.05, 5 843 5N 6.36 g+ kg ' M1 21.32 g-kg™, 5 AN
AL, 23 5380 T 49.3% 1 56.4% . [R) I} 432 1 41
TR AR B R 37.9 em, 20 R ORI Y 1.48 1% (1A
5D).

3 e
ARG A FH A= A i 2 S — Ak HL A g RE T Y
MR T29, 20 AR IE S4RRIE A B A AR UL A2 16S

tDNA 751 43 81, %5 b K7 i 8 (Agrobacterium
sp.) o TR SE IR Z5 R T29 16 AL MES S B FIMER &

2.51 a
ab I
20 ab I
ab T J.
g b * I
o 15 T
= L
i
B 1or
i |
05F
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XOK)  HadfR AR SR MR
3 AEAVEXF L IEFEBFERNZ
Figure 3 Effect of different organic acids on the swarm of

Agrobacterium species
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Figure 4 The population levels of colony recruited by Chinese

flowering cabbages roots under the action of gluconic acid
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A 2R S B PR A [ e 28 1) A BILIRR N 2 B xof + 38
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SR HAF 07
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X UMY 5T RE 0% 4 hy Ak 7 5 R 55 29 1R 7 ) B8
Bl W HEA —E MR BE . &R A R B
JRUHR AR 532 0 v () 2H 28 H 2R 5 2 SE R X AR B
W F s (Rhizosphere Enterobacter sp.)F2 HA—Em
EBEAER . 53R F A LR 1@ SRR 35 5 T
T29 By AL ROCR 52 W] i 22 55, o] BB 4 1 3R 1T 2 15
FTE RS SR K 28 1b 2 1) 5 (1 32 VR 2 11 A G, A AT il
PSR PR IS ER S h i A7 P 5, IR i3 ) Ak
PR T HAL S AN N A T, AT T R #9337
2, R AR B AR P, Zhulin" W48 TR
W& (Escherichia coli) 1 Tar 52 /& 8 11 GE 0% BN 4 24,
R (10 05 2 A8 S AH g P B Th 3k R g o B AR
RSN ez Sh d 2 e YR R e Bl ) — D E
IR, B — b fef 4 T e T PR A% 5l 14 30 3 2741
il , FCRE 7 1 5iR 55 BN Ry 2 A T R AR P L ) i i
P2, S A5 IR R W A MRS 5 T T29 AR KT
& LA 5 0T R L S 1S O, U B R A A R n A
T, T29 M REF IS S RE 115 B T 2 47 5 (P<0.05) .
FE S NPT RE 2 A IR 1S 5 T T29 Ml B E 1Y
Han, — @& Ehnsk 7 HAREE S BE 1. Park
SRS I e B % 2R AL BT B R AR 0 3 fn A
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Figure 5 The content of available phosphorus and potassium in dry Chinese flowering cabbages rhizosphere soil , the content of phosphorus

and potassium in the dry root,stems and leaves, the dry weight of root and stems and leaves and the height after inoculating bacteria
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(9 1.A2 A5 A 1.54 47 , FL w3 AR AR50 51 0 11.9%
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