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Optimization of degradation conditions and mitigation the
stress effect of p-hydroxybenzoic acid in cucumber
rhizosphere by a strain of p-hydroxybenzoic acid degrading
bacteria
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Abstract: Phenolic acids autotoxic substances secreted by plant such as

p-hydroxybenzoic acid (PHBA), are the main factors causing continuous cropping obstacles in

roots,

plants. [Objective] In order to obtain PHBA degrading bacteria and improve its degradation
efficiency. [Methods] A PHBA-degrading strain was isolated by screening medium and
inorganic salt medium, and it was identified as Microbacterium aurantiacum. The initial
content of PHBA, culture temperature, pH and nitrogen source were optimized by single factor
experiment and response surface methodology. [Results] The highest degradation rate was
obtained when the PHBA content was 0.4 g/L, the temperature was 30 °C, the pH was 8.0, and
the nitrogen source was ammonium sulfate. The optimal degradation conditions were
temperature 30.2 °C, pH 8.3, and PHBA concentration 0.18 g/L, and the degradation rate
reached 100%. Combined with pot experiments and high performance liquid chromatography,
the results showed that the strain could effectively mitigate the PHBA stress effect in cucumber
rhizosphere. [Conclusion] The strain of Microbacterium aurantiacum screened in this study
has a high ability to degrade PHBA, and has the potential value in continuous cropping
obstacles.

surface

Keywords: p-hydroxybenzoic acid; Microbacterium aurantiacum,

optimization; cucumber; pot experiments
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AR 1000.0 mL ZE48 /K, 121 °CKE 15 min,
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55 B8 {4 50FF 1 (M crobacterium aurantiacum)4t
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Figure 1 Phylogenetic tree of strain GX14001.

<l actamicro@im.ac.cn, & 010-64807516

KB T e, FERE RS 72 h B, ODsgo
HiEF iR 0315, 72h ZJ5, HkEKZEE.
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99 E Microbacterium enclense N10O-1002" (KQ758481)
Microbacterium testaceum NBRC 12675" (BIML01000022)
Microbacterium oleivorans NBRC 103075" (BCRG01000019)
Microbacterium thalassium ITFO 16060" (AB004713)

GX14001 (MZ489467)

Microbacterium aurantiacum IFO 15234" (AB004726)
Microbacterium telephonicum S2T63™ (RCDB01000006)

Microbacterium ketosireducens DSM 125107 (JYIZ01000009)

65 499[—A/[icrobacterium terrae IFO 15300" (AB004720)

Microbacterium laevaniformans DSM 20140" (Y17234)
ﬂobacterium dextranolyticum DSM 8607" (Y17230)
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Agrococcus jenensis DAM9580™ (X92492)
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Figure 2 Growth curve of strain GX14001 in
inorganic salt medium.
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Figure 3 Effects of various factors on PHBA degradation by GX14001. A: PHBA content. B: Temperature. C:

pH; D: Nitrogen source.
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MR, e 3 ANHZCRA 3 IE 3 K
VAT — 25 EE . FIFH Box-Behnken
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J T HaE PHBA (W KRR, 5 LU
PHBA WY#IIH &, pH FIRGFRIEE 3 NMAEE,
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Expert 13 VEA TR N 1 40 #r, B T PHBA ffE
IR EE A 0.18 /L, iR 30.2 °C, pH 24 8.3,
LK BAE, AT, PHBA MIRER%E
7 100%.

2.4 FEHRNIRBR PHBA BB 23R8

2.4.1 GX14001 xF5MiE PHBA I T & R4
AL

e 5 frs, F PHBA F1 GX14001 4bFH 25 d
Bf, GX14001 Ab ¥ 2H i) S4B B A T X BR 4

% 1 Box-Behnken i 4 R

25 LR R A (E LL A A A A 1 A B 5 s 1 0 B
HCKZHMBRASEREESR, RV
GX14001 BpREES 7R AERKAT, Hith
AR, B ERL S bk S A T o i,
Bl 6 Fin, GX14001 AbEELH Y v NI A i F
AN ZEMUAIRRE P T X IRA, Hid GX14001
MhFH M R A K T 118.1%, ZEMMK T
110.4%, FREHEK T 239.8%. [6AF4MJETR N
GX14001 Fil PHBA AbFRL AR, of F iaifd
/N ZEHAIER R AR s T PHBA AR,
ok BRI T 162.8%, 2RI T 112.4%,
BREIEK T 117.4%.
2.4.2 GX14001 335MFE PHBA 0B T &M A
A BE K #8 KB FR AT 22

mE 7 s, wNERA K 25 d B,
GX14001 Kb BHZH Y SOD 1 CAT FE I He Xt HEZH
TS . PHBA AbFE41H, SOD Fll CAT )i
P HEXT BB 2 B SRR . MDA 93 = 7E PHBA Ab
FHEH A B i HE X R e

Table 1 Results of the Box-Behnken test
Test number Variable PHBA degradation rate (%)
X): Temperature X;: PHBA content  X;: pH Actual values Theoretical values

1 26 0.1 8.5 95.72 96.38
2 34 0.1 8.5 97.42 98.17
3 26 0.7 8.5 96.53 95.75
4 34 0.7 8.5 95.85 95.18
5 26 0.4 6.0 78.25 79.06
6 34 0.4 6.0 74.02 74.73
7 26 0.4 11.0 73.09 72.38
8 34 0.4 11.0 78.75 77.93
9 30 0.1 6.0 96.53 95.04
10 30 0.7 6.0 80.10 80.05
11 30 0.1 11.0 80.09 80.13
12 30 0.7 11.0 89.99 91.48
13 30 0.4 8.5 98.48 98.07
14 30 0.4 8.5 98.41 98.07
15 30 0.4 8.5 99.13 98.07
16 30 0.4 8.5 96.62 98.07
17 30 0.4 8.5 97.81 98.07
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Figure 4 Response surface diagram of GX14001 degradation of PHBA. A: Effect of temperature and pH on

PHBA degradation rate. B: Effect of temperature and PHBA content on PHBA degradation rate. C: Effect of
PHBA content and pH on PHBA degradation rate.
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Figure 5 Growth status of potted cucumber treated with GX14001 and PHBA.
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Figure 6 Effects of GX14001 and PHBA treatments on leaf area (A), stem thick (B) and plant height (C) of cucumber.
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(C) in cucumber leaves. *: P<0.05; **: P<0.01.
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arrows in the figure: The corresponding peak of
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