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Abstract: [Background] Chemotaxis of microorganisms mediated by root exudates is an important
prerequisite for root colonization and function of plant growth-promoting rhizobacteria (PGPR), and
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further understanding of this process is of great significance to understand the colonization mechanism of
the strains. [Objective] To study the signal substances in root exudates of potato which can promote the
colonization of PGPR QHZ3 in rhizosphere. [Methods] The some phenolic acids in potato root exudates
were identified by high performance liquid chromatography (HPLC). The chemotaxis of potato root
exudates and different phenolic acids to isolate QHZ3 were compared using the semi-solid plate method
and capillary-like method. The effects of different phenolic acids on biofilm formation of QHZ3 were
observed by crystal violet staining. [Results] Phenolic acids in potato root exudates mainly included
fumaric acid, p-hydroxybenzoic acid, ferulic acid and cinnamic acid. The semi-solid plate method shows
that both the root exudates of potato and the four phenolic acids mentioned above had chemotactic effects
on strain QHZ3, and the chemotactic effect of fumaric acid was the strongest. Capillary-like quantitative
test showed that the chemotactic effect of phenolic acids on strain QHZ3 was different at different
concentrations. The chemotactic effect of middle and high concentrations of fumaric acid (25—100 pmol/L)
and low concentration of ferulic acid (10 umol/L) on strain QHZ3 was the strongest. Crystal violet staining
showed that 120240 pg/mL potato root exudates, 50—75 pmol/L fumaric acid and 100 umol/L
p-hydroxybenzoic acid could significantly promote biofilm formation of QHZ3, while ferulic acid and
cinnamic acid had no significant effect on biofilm formation. [Conclusion] Both root exudates and phenolic
acids could mediate the chemotaxis of strain QHZ3 to form biofilm in potato rhizosphere, but the effects of
four phenolic acids were different. The chemotaxis of fumaric acid and ferulic acid was significant, while
fumaric acid and p-hydroxybenzoic acid had significant effects on the formation of biofilm.

Keywords: Bacillus atrophiae, plant growth-promoting rhizobacteria, root exudates, phenolic acid,
chemotaxis, biofilm
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Figure 1 Effects of different concentrations of potato
root exudates on the growth of strain QHZ3
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Figure 2 Phenolic acid chromatogram
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Note: A: The peaks on the chromatogram in the standard sample from left to right are: fumaric acid (a), p-hydroxybenzoic acid (b), ferulic
acid (c), coumaric acid (d), benzoic acid (e), gallic acid (f), cinnamic acid (g); B: Chromatogram of phenolic acid in potato root exudates
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Table 1 Types and contents of phenolic acid in root exudates
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b K FEFE R P-hydroxybenzoic acid 14.039 21106 643 0.781

c FIZRM2 Ferulic acid 24.243 13 739 746 0.407

g PHERR Cinnamic acid 39.094 13 943 621 0.176
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Figure 3 Effects of root exudates and phenolic acids on
the chemotaxis of strain QHZ3 (semi-solid plate method)

1 ARVNEFRFORS AL P<0.05 KF EAF1ER 25

Note: The different small letters indicate significant differences
among treatments at P<0.05 level

4 IRESWMFEERN EK QHZ3 LR NE

Figure 4 Effects of root exudates and phenolic acid on the chemotaxis of strain QHZ3

H: A XS B: RAESWY; C: E5R; D: FEARR; E: XEIERHR; F. WER

Note: A: Control; B: Root exudates; C: Fumaric acid; D: Ferulic acid; E: P-hydroxybenzoic acid; F: Cinnamic acid
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Figure 5 Chemotaxis of strain QHZ3 by phenolic acids with different concentrations (capillary-like test)
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Figure 6 Biofilm formation ability at different culture time (100x)

Note: A: 6 h; B: 12h; C: 24 h; D: 36 h; E: 48 h; F: 72 h
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Figure 7 Effect of culture time on biofilm formation of
strain QHZ3
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Figure 8 Effect of root exudates on biofilm formation of
strain QHZ3
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Figure 9 Effects of different concentrations of phenolic acids on biofilm formation of strain QHZ3
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Note: The different small letters indicate significant differences among treatments at P<0.05 level. A: Fumaricaaicl; B: P-hydroxybenzoic;

C: Ferulic acid; D: Cinnamic acid.
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