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ARTICLE

Effects of ferulic and p-hydroxybenzoic acids on Fusarium
community structure and abundance in cucumber seedling
rhizosphere
Huilin Xie and Xingang Zhou

Abstract: Soil microorganisms play an important role in agricultural ecosystem. However, there is little
information about the effects of putative allelochemicals on specific soil microorganisms in vivo. Cucumber seed-
lings were treated with four concentrations of ferulic and p-hydroxybenzoic acids (0–1.0 μmol·g−1 soil) in soil.
Effects of ferulic and p-hydroxybenzoic acids on rhizosphere Fusarium community structures and abundance were
analyzed by polymerase chain reaction denaturing gradient gel electrophoresis (PCR-DGGE) and real-time PCR
techniques, respectively. The results showed that ferulic acid at concentrations of 0.25, 0.5, and 1.0 μmol·g−1 soil sig-
nificantly reduced the number of bands of Fusarium, and ferulic acid at concentrations of 0.5 and 1.0 μmol·g−1 soil
significantly reduced Shannon–Wiener and evenness index of Fusarium community. All concentrations of
p-hydroxybenzoic acid changed the community structure of Fusarium, including decreasing the number of bands,
Shannon–Wiener, and evenness index. Ferulic and p-hydroxybenzoic acids at all concentrations significantly
promoted the abundance of Fusarium. Ferulic and p-hydroxybenzoic acids at 0.5 μmol·g−1 soil had the highest
Fusarium abundance among all treatments. These results indicate that four concentrations of ferulic acid had
various effects on Fusarium, which was different from p-hydroxybenzoic acid, and this may be related to the cucum-
ber autotoxicity, giving us a further understanding of soil sickness.

Key words: autotoxicity, Fusarium, soil microbial community, ferulic acid, p-hydroxybenzoic acid.

Résumé : Les microorganismes du sol jouent un rôle important dans l’écosystème agricole. Cependant, on sait peu
de choses concernant les effets des substances allélochimiques putatives sur certains microorganismes in vivo. Les
auteurs ont traité des plantules de concombre avec de l’acide férulique et de l’acide p-hydroxybenzoïque à quatre
concentrations (0-1,0 μmol·g−1 de sol) dans le sol. Ensuite ils ont analysé les effets de ces deux acides sur la structure
communautaire et l’abondance des cryptogames du genre Fusarium dans la rhizosphère, respectivement par la
réaction en chaîne de la polymérase couplée à l’électrophorèse sur gel en gradient dénaturant (PCR-DGGE) et par
la PCR en temps réel. Selon les résultats obtenus, une concentration d’acide férulique de 0,25, 0,5 ou 1,0 μmol·g−1

de sol réduit sensiblement le nombre de bandes correspondant à Fusarium, tandis que l’acide férulique réduit sen-
siblement l’indice de Shannon et l’indice d’homogénéité de la population fusarienne aux concentrations de 0,5
et 1,0 μmol·g−1 de sol. L’acide p-hydroxybenzoïque modifie la structure communautaire de Fusarium à toutes les
concentrations, notamment en diminuant le nombre de bandes, l’indice de Shannon et l’indice d’homogénéité.
Peu importe leur concentration, les deux acides accroissent significativement l’abondance du cryptogame.
À 0,5 μmol·g−1 de sol, ils engendrent tous deux la plus grande abondance de Fusarium parmi tous les traitements.
Ces résultats laissent croire que l’effet de l’acide férulique sur Fusarium varie avec la concentration et diffère des
effets attribuables à l’acide p-hydroxybenzoïque. On pourrait le devoir à l’autotoxicité du concombre, ce qui nous
éclaire un peu mieux sur la fatigue des sols. [Traduit par la Rédaction]

Mots-clés : autotoxicité, Fusarium, microflore du sol, acide férulique, acide p-hydroxybenzoïque.
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Introduction
In agro-ecosystems, the decline in crop yield and

quality resulting from continuous monoculture on the
same land is referred to as soil sickness (Bever et al.
2012; Muzell Trezzi et al. 2016; Zhou et al. 2018). The
possible factors leading to soil sickness include accumu-
lation of soil-borne pathogens, deterioration of soil
physiochemical properties, and accumulation of allelo-
chemicals (Yu et al. 2000; Zhou et al. 2012). Phenolic acids
are secondary metabolites in plants, which are consid-
ered to be the main factor leading to soil sickness (Sun
et al. 2013). Many phenolic acids have also been found
in plants, root exudates, and soil as autotoxins (Huang
et al. 2013), And these acids enter soil affect crop growth
and the abundance and community composition of
plant-pathogenic microorganisms (Yu et al. 2003; Lee
et al. 2006). Recent in vitro studies have shown that phe-
nolic acids can affect the growth and physiological status
of specific microorganisms in soil, such as Fusarium and
Trichoderma (Zhou et al. 2018). However, studies have
shown that different phenolic acids have varied impacts
on the same soil microorganisms (Liu et al. 2016).

It was found that Fusarium community size was related
to soil sickness associated with cucumber planting.
Fusarium is a genus of filamentous fungi that contains
many agronomically important plant pathogens, its
pathogenic strains can cause vascular diseases of plants,
and also harm crops such as watermelon, cucumber,
tomato, pepper, melon, soybean, and cotton all the year
round (Armstrong and Armstrong 1981; Gordon and
Martyn 1997; Nelson and Horts 1983; McKeen and
Wensley 1961). They destroy host plants by invading host
vascular tissues through mycelia, secreting hydrolases,
producing mycotoxins and apoptosis of host plants cells
during infection (Booth 1972; Pavlovkin et al. 2004; Wu
et al. 2010). There are many species of Fusarium including
Fusarium oxysporum, F. equiseti, F. solani, F. moniliforme, and
F. proliferatum (Chen et al. 2018). Among them, Fusarium
oxysporum f.sp. cucumerinum is the most important soil-
borne pathogen, which severely limits cucumber yield
and affects the growth of plant in soil (Ahn et al. 1998).

In the soil–microbiome–plant system, the soil micro-
bial community is considered a key to maintain soil
health (Van Der Heijden et al. 2008; Bardgett and Van
Der Putten 2014). Many studies have shown that plant
autotoxins cause soil sickness by negatively affecting
the diversity and abundance of rhizosphere soil
microbial communities (Liu et al. 2016). Cucumber is
continuously monocultured in greenhouse all year
round, accounting for more than 40% of vegetable pro-
duction area in China (Yu et al. 2000; Zhou et al. 2017).
However, the production of cucumber is severely
restricted by soil sickness. Previous studies have
found that cucumber is susceptible to phenolic acid
during the seedling stage and the main phenolic acids
in cucumber-cultivated soil, including ferulic and

p-hydroxybenzoic acids (Zhou et al. 2012). Previously, we
reported that both ferulic and p-hydroxybenzoic acids
inhibited the growth of cucumber seedlings and changed
the compositions of bacterial and fungal communities
(Jin et al. 2020). On the other hand, we reported that
various concentrations of exogenous phenolic acid
(syringic acid, vanillic acid) had different effects on
Fusarium community (Zhang et al. 2018; Chen et al. 2018).
However, the effects of ferulic and p-hydroxybenzoic acids
on the community structures and abundance of Fusarium
are still unclear. Therefore, the purpose of this study was
to investigate the effects of exogenous ferulic and
p-hydroxybenzoic acids on the structures and abundance
of Fusarium communities in cucumber rhizosphere.

Materials and Methods
Greenhouse experiment

Cucumber seedlings (cv. Jinlu 3) were soaked in water
at 55 °C for 30 min, and then germinated in sand in a
grow chamber at 26 °C, then we transplanted cucumbers
with two cotyledons into a pot with a diameter of 10 cm,
a height of 10 cm, and containing 150 g soil (one plant
per pot). The soil was collected from an open field
in our Horticulture Experimental Station (45°41′N,
126°37′E; mean altitude, 127.95 m; annual precipitation,
524.5 mm; maximum and minimum temperature,
36.7 °C and –37.7 °C) of Northeast Agricultural
University in Harbin that was covered with grasses and
undisturbed since more than 15 years, contained organic
matter 3.67%, available nitrogen 89.02 mg·kg−1, available
phosphorus 63.36 mg·kg−1, available potassium
119.15 mg·kg−1, EC (1:2.5, w/v) 0.33 mS·cm−1, pH (1:2.5, w/v)
7.78, and cucumber transplanted seedlings were grown
in the greenhouse (32 °C during daytime and 22 °C at
night; relative humidity, 60%–80%; 16 h light/8 h dark).

Previous studies have found that phenolic acids can be
rapidly depleted after they are added to the soil due to
the utilization of phenolic acids by microorganisms under
favorable environmental conditions (Qu and Wang
2008). Therefore, in this study, when cucumber grew to
one-leaf stage, four concentrations of both ferulic and
p-hydroxybenzoic acids (0, 0.02, 0.05, 0.1, and 0.2 μmol·g−1

soil) were, respectively, applied to the seedlings every two
days (once every 48 h) and received a final concentration
of 0, 0.1, 0.25, 0.5, and 1 μmol·g−1 soil, respectively. About
0.5 mL of ferulic acid, p-hydroxybenzoic acid, or water
solutions were regularly added on the soil surface by a
syringe to maintain the required level, as described by
Shafer and Blum (1991). Both ferulic and p-hydroxybenzoic
acids were purchased from Solibol Life Sciences, Beijing,
China. The pH of the solution was adjusted to 7.0 with
0.1 mol·L−1 NaOH solution. Seedlings treated with distilled
water were used as control. To maintain a constant weight
of pots, distilled water is used to adjust the soil water
content every two days to keep the water content above
60% of the water holding capacity. In total, the final con-
centrations of W, T1, T2, T3, and T4 treatments were 0,
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0.1, 0.25, 0.5, and 1 μmol·g−1 soil, respectively. Each
treatment had five pots and was replicated three times.
The total duration of the greenhouse experiment was
three weeks.

Rhizosphere soil sampling and DNA extraction

On the day after the fifth application of ferulic and
p-hydroxybenzoic acids, as previously described, the
cucumber seedlings were carefully taken out from the
pots, and soils loosely attached to cucumber roots were
charily removed by manual shaking. Soil closely
attached to roots was considered as rhizosphere soil,
which was removed from the surface of roots with sterile
brush. Cucumber rhizosphere soil samples were
collected from five plants of each treatment replicate,
3 g of rhizosphere soil was taken from each pot and
mixed to obtain a composite sample, and cucumber rhi-
zosphere soil samples were stored at –80 °C after sieving
through a 2 mm mesh. Three composite samples were
obtained for each treatment.

About 0.25 mg of rhizosphere soil DNA was extracted
by using the Power Soil® DNA Isolation Kit (MO BIO
Laboratories, CA, USA) according to the manufacturer’s
protocol. DNA was extracted from each composite soil
sample for three times, and the extracted DNA solutions
were pooled.

PCR-DGGE analysis

The community structure of Fusarium in soil was
determined by polymerase chain reaction denaturing
gradient gel electrophoresis (PCR-DGGE). Nested PCR
was used to amplify the Fusarium Ef1cα gene with primer
sets of EF-1/EF-2 (O’Donnell et al. 1998) and Alfie1/Alfie2
(Yergeau et al. 2005) in the first and second round of
PCR amplifications, respectively. The first and second
round of PCR amplification, 50 μL PCR reaction system:
template 3 μL; 10× Buffer 5 μL; Mg2+ 3 and 4 μL; dNTP
4 μL; 1 μL for each primer; rTaq enzyme 1 μL; deionized
water 31 and 32 μL. Fifty nanograms of soil DNA or 3 μL
of the first-strand cDNAs was used as template in the
first-round PCR, and 3 μL of 10-fold diluted first-round
PCR products was used as template in the second-round
PCR. The PCR protocol was: 94 °C for 7 min; followed by
35 cycles of 94 °C for 60 s for Ef1a genes, 53 °C for 60 s
for EF-1/EF-2 (67 °C for Alfie1- GC/Alfie2) and 72 °C for
60 s; and a final extension at 72 °C for 15 min. Each soil
sample was amplified 3 times in parallel, and ddH2O
was used as template and as negative control.

Quantitative DGGE was performed using 6% (w/v)
acrylamide gel to perform 40%–60% denaturation gra-
dient on Fusarium (Wakelin et al. 2008) electrophoresis
using DCode Universal mutation detection system (Bio-
RAD Lab, LA, USA), After 14 h electrophoresis in 1xTAE
(Tris-acetate-EDTA) buffer, the gel was stained in 1:3300
(v/v) GelRed (Biotium, CA, USA) nucleic acid staining
solution for 20 min. DGGE maps were captured under

UV light using AlphaImager HP imaging system (Alpha
Innotech Crop., CA, USA).

Quantitative PCR
The abundance of Fusarium community was deter-

mined by IQ5 real-time PCR system (SYBR Green qPCR)
of Bio-Rad Laboratory. The first round of PCR amplifica-
tion system was same as PCR-DGGE analysis. The second
round of PCR assays was conducted in a 20 μL volume
containing 10 μL of 2× SYBR real-time PCR premixture
(Sangon Biotech, China), 0.2 mmol·L−1 of each primer,
8 μg of BSA, and 3 μL 10-fold diluted first-round PCR prod-
ucts. The PCR conditions were as follows: (i) 94 °C for
5 min, (ii) 35 and 30 cycles of 94 °C for 45 s, 53 °C and
67 °C for 45 s, and 72 °C for 90 s for the first- and sec-
ond-round amplification of the Fusarium Ef1α gene,
respectively, and (iii) 72 °C for 10 min. Each soil sample
was amplified 3 times in parallel, and ddH2O was used
as template as negative control. The relative Fusarium
community abundance was calculated as described by
Wakelin et al. (2008), all treatments were then compared
with control soils. Sterile water was used as a negative
control to replace templates, and all amplifications were
performed in triplicate. The specificity of the products
was confirmed by melting curve analysis and agarose
gel electrophoresis. The threshold cycle (Ct) values
obtained for each sample were compared with the stan-
dard curve to determine the target gene copy numbers
of each sample.

Data analysis
The DGGE band was analyzed by Bio-Rad Quantity One

software (version 4.5). Principal component analysis
(PCA) was performed with Canoco for windows software
(version 4.5) (Matsuyama et al. 2007). The position and
intensity of each band were determined automatically.
The density value of each band was divided by the
average band density of the lane to minimize the
influence of the loaded DNA concentrations among sam-
ples (Zhou et al. 2012). The number of DGGE bands,
Shannon–Wiener index, and evenness index were calcu-
lated (Ran et al. 2021). Permutational analysis of variance
(PERMANOVA) was performed to test the effects of phe-
nolic acid on Fusarium community structure based on
the Bray–Curtis distance dissimilarities. Analytical data
and soil microbial abundance determined by qPCR were
compared across treatments by one-way analysis of vari-
ance (ANOVA), and Tukey’s honestly significant differ-
ence (HSD) test was used for average comparison at 0.05
probability level.

Results
Effects of ferulic acid on Fusarium community structure

The addition of ferulic acid resulted in significant
changes in the DGGE profile of soil Fusarium except for
the treatment of 0.1 μmol·g−1 soil ferulic acid compared
to the control (Fig. 1a). PCA plot for the DGGE banding
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pattern of Fusarium explained 49.1% and 20.3% of
variations in the first two PCA axis, respectively. The
separation between treatments can be seen in the
PCA plot (Fig. 1b), indicating that the community struc-
ture of Fusarium was different in four treatments.
PERMANOVA analysis also confirmed that ferulic acid
significantly altered Fusarium community structure
(r2= 0. 877, P< 0.01).

Cucumber treated with 0.25, 0.5, 1.0 μmol·g−1 soil
ferulic acid decreased the number of bands in a dose-
dependent manner. In addition, Shannon–Wiener index
and evenness index of 0.5 and 1.0 μmol·g−1 soil ferulic
acid treatments were significantly lower than those of

the control. In contrast, Shannon–Wiener index and
evenness index of 0.25 μmol·g−1 soil ferulic acid treat-
ment showed no difference compared with the
control. There was no difference in Fusarium community
structure between 1.0 μmol·g−1 soil ferulic acid treat-
ment and control (Table 1).

Effects of p-hydroxybenzoic acid on Fusarium community
structure

The DGGE analysis showed that the banding pattern
of Fusarium was significantly different between control
and other four treatments, and the banding pattern
was consistent among the replicates of each treatment

Fig. 1. PCR-DGGE profile (a) and its PCA analysis of Fusarium community treated with ferulic acid (b). Note:W represents control;
T1, T2, T3, and T4 represent ferulic acid at the concentration of 0.1, 0.25, 0.5, 1.0 μmol·g−1 soil, respectively.

Table 1. Effects of ferulic and p-hydroxybenzoic acids on the number of visible bands (S) and Shannon–Wiener index
(H) and evenness index (E) of Fusarium DGGE profile.

Concentration
(μmol·g−1 soil)

Ferulic acid p-Hydroxybenzoic acid

S H E S H E

0 16.33 ± 0.58a 2.61 ± 0.08a 0.86 ± 0.03a 17.67 ± 0.58a 2.74 ± 0.05a 0.87 ± 0.02a
0.10 15.67 ± 0.58ab 2.69 ± 0.04a 0.88 ± 0.01a 11.67 ± 0.58bc 2.43 ± 0.05b 0.77 ± 0.02b
0.25 14.33 ± 0.58b 2.54 ± 0.03ab 0.83 ± 0.01a 12.00 ± 0.00bc 2.34 ± 0.01b 0.75 ± 0.00b
0.50 11.67 ± 0.58c 2.34 ± 0.02bc 0.77 ± 0.01b 12.33 ± 0.58b 2.33 ± 0.06b 0.74 ± 0.02b
1.00 11.00 ± 1.00c 2.28 ± 0.13c 0.75 ± 0.04b 10.67 ± 0.58c 2.17 ± 0.06c 0.69 ± 0.02c

ANOVA
F4,10 61 27.02 25.53 117.3 80.14 81.21
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Note: 0.10, 0.25, 0.50, and 1.00 represent ferulic and p-hydroxybenzoic acid at the concentration of 0.1, 0.25, 0.5, 1.0
μmol·g−1 soil, respectively. 0 represents samples treated with water. Different letters indicate significant differences
between treatments (P < 0.05, Tukey’s HSD test).
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(Fig. 2a). All treatments can be clearly distinguished by
PCA analysis of the DGGE profile of Fusarium (Fig. 2b).
PC1 and PC2 explained 44.6% and 26.1% of the variations,
respectively. PCA analysis showed that p-hydroxybenzoic
acid treatment could be divided into two groups,
treatment of 0.1 and 0.25 μmol·g−1 soil p-hydroxybenzoic
acid were close to each other and treatment of 0.5 and
1.0 μmol·g−1 soil p-hydroxybenzoic acid were close to each
other. These results indicated that significant differences

in the structure of Fusarium in the other four treatments
compared to the control. PERMANOVA analysis also con-
firmed that p-hydroxybenzoic acid significantly altered
Fusarium community structure (r2= 0.981, P< 0.01).

The number of visible bands, Shannon–Wiener
index, and evenness index of cucumber soil treated with
0.1–1.0 μmol·g−1 soil p-hydroxybenzoic acid were signifi-
cantly lower than those treated with distilled water
(Table 1). These diversity indices decreased by increasing
p-hydroxybenzoic acid concentration.

Effects of ferulic and p-hydroxybenzoic acids on Fusarium
community abundance

Quantitative PCR showed that all concentrations of
ferulic and p-hydroxybenzoic acids significantly
increased the community abundance of Fusarium in
cucumber rhizosphere (P < 0.05) (Table 2). In the range
of 0.1–0.5 μmol·g−1 soil, the abundance of Fusarium
increased with the increase of ferulic acid concentration.
Themicrobial community abundance of Fusariumwas the
highest under ferulic acid treatment of 0.5 μmol·g−1 soil,
which was 4.87 times of the control. When the concentra-
tion of ferulic acid was higher than 1.0 μmol·g−1 soil, the
abundance of Fusarium was lower than the 0.5 μmol·g−1

soil concentration, but it was still higher than the
control. It was also similar to the treatment of Fusarium
with 0.1–0.5 μmol·g−1 soil p-hydroxybenzoic acid. The
abundance of Fusarium was the highest under the treat-
ment of 0.5 μmol·g−1 concentration of p-hydroxybenzoic
acid, which was 4.19 times of the control. When the con-
centration of p-hydroxybenzoic acid was higher than

Fig. 2. PCR-DGGE profile (a) and its PCA analysis of Fusarium community treated with p-hydroxybenzoic acid (b). Note:
W represents control; T1, T2, T3, and T4 represent p-hydroxybenzoic acid at the concentration of 0.1, 0.25, 0.5, 1.0 μmol·g−1 soil,
respectively.

Table 2. Effects of ferulic and p-hydroxybenzoic acids
at four concentrations on the abundance of Fusarium
community in soil.

Concentration
(μmol·g−1 soil) Ferulic acid

p-Hydroxybenzoic
acid

0 1.00 ± 0.12d 1.00 ± 0.12d
0.10 2.16 ± 0.08c 2.69 ± 0.41c
0.25 4.44 ± 0.45b 3.50 ± 0.24b
0.50 6.40 ± 0.28a 6.27 ± 0.23a
1.00 4.87 ± 0.23b 4.19 ± 0.30b

ANOVA
F4,10 201.69 148.21
P <0.0001 <0.0001

Note: 0.10, 0.25, 0.50, and 1.00 represent ferulic and
p-hydroxybenzoic acid at the concentration of 0.1, 0.25,
0.5, 1.0 μmol·g−1 soil, respectively. 0 represents samples
treated with water. Different letters indicate significant
differences between treatments (P < 0.05, Tukey’s HSD
test).
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1.0 μmol·g−1 soil, the abundance of Fusarium was lower
than the 0.5 μmol·g−1 soil concentration, but it was still
higher than the control.

Discussion
In monoculture systems, the accumulation of autotox-

ins is considered to inhibit the growth of plants and
affect soil microorganisms, leading to increased
soil-borne diseases (Inderjit et al. 2011). The autotoxin
isolated and identified from cucumber root exudates is
mainly phenolic acids. Among them, benzoic acid,
p-hydroxybenzoic acid, and other autotoxin played an
important role in the interaction between cucumber
plants and soil microorganisms, and changed soil micro-
bial community (Zhou et al. 2012).

Previous studies showed that the effects of different
phenolic compounds on Fusarium community structure
and diversity were not consistent. For example, vanillin
reduced the number of visible bands of Fusarium commu-
nity, but did not affect Shannon–Wiener index and
evenness index of Fusarium community structure (Zhou
et al. 2018). Another study showed that vanillic
acid (0.02 and 0.05 μmol·g−1 soil) increased the number
of bands, Shannon–Wiener and evenness index of
Fusarium (Chen et al. 2018). However, in this study,
high concentration of ferulic acid significantly reduced
the visible band number, Shannon–Wiener index
and evenness index, and changed the community struc-
ture of Fusarium. Low concentration of ferulic acid
had no significant effect on the community structure
of Fusarium. In contrast, all concentrations of
p-hydroxybenzoic acid changed the Fusarium community
structure. Therefore, different phenolic acids may play
different roles in plant–rhizosphere microbial
interactions.

Quantitative PCR showed that ferulic and
p-hydroxybenzoic acids could stimulate the proliferation
of Fusarium in cucumber rhizosphere. In an earlier study,
we reported that vanillin at a concentration of
0.02–0.2 μmol·g−1 soil promoted Fusarium abundance in
soil (Zhou et al. 2018). The abundance of Fusarium in soil
increased significantly after the addition of syringic acid,
suggesting that Fusarium could use phenolic acid to
promote its growth (Zhang et al. 2018). Chen et al.
(2018) found that low vanillic acid concentrations
(0.02–0.05 μmol·g−1 soil) increased Fusarium abundance,
but high vanillic acid concentrations (0.1–0.2 μmol·g−1

soil) had the opposite effect. This study further
confirmed that soil microbial communities can utilize
phenolic acids as an effective carbon source (Badri
et al. 2013).

Although ferulic and p-hydroxybenzoic acids
increased the abundance of Fusarium, they inhibited the
number of DGGE bands, Shannon–Wiener index index,
and evenness index of Fusarium to different degrees.
This suggests that ferulic and p-hydroxybenzoic acids
may have inhibited some specific Fusarium species but

not others. Fuchs et al. (1997) found that although
Fusarium contain plant pathogens, most of Fusarium are
saprophytic and some can induce systemic resistance in
plants to protect them. Previous research studies
have been demonstrated that exogenous ferulic and
p-hydroxybenzoic acids stimulate the growth of cucum-
ber wilt pathogens, which inhibits the growth of cucum-
ber seedlings and aggravates soil disease (Jin et al. 2020).
Thus, ferulic and p-hydroxybenzoic acids may have
inhibited the beneficial Fusarium population of the plant
without inhibiting the pathogenic strains. This study
gives us further insight into the phenomenon of
soil-borne diseases, pointing out that phenolic com-
pounds may have different effects on specific soil
microorganisms.

Conclusion
Results showed that exogenous ferulic and

p-hydroxybenzoic acids had different effects on
Fusarium community. High concentration of ferulic acid
changed the community structure of Fusarium. All
concentrations of p-hydroxybenzoic acid changed the
community structure of Fusarium. All concentrations of
ferulic and p-hydroxybenzoic acids significantly
increased the community abundance of Fusarium in
cucumber rhizosphere. Moreover, the abundance of
Fusarium increased with the increase of ferulic and
p-hydroxybenzoic acids concentration.
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