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Abstract

Phytophthora nicotianae is pathogen of tobacco black shank disease, leading to great economic losses each year. At present,
controlling of tobacco black shank disease mainly depends on chemical fungicides, which may cause environmental and
health problems. In this research, we carried out several experiments to investigate the effects of ethanol extracts from
Psoralea corylifolia and Sophora flavescens on mycelial growth, sporangium and zoospore release of P. nicotianae, hoping to
provide a new method for the control of tobacco black shank disease. The results showed that, extract of P. corylifolia and S.
flavescens both showed good antifungal effects on P. nicotianae, with mycelial growth inhibition rates of 95.95% and 92.12%
at 40 mg/mL and the ECs, values were 1.96 mg/mL and 6.37 mg/mL, respectively. The concentration of P. corylifolia extract
completely inhibited sporangium production and zoospores release was 1.96 mg/mL and 0.98 mg/mL and the values of S.
flavescens extract were 12.74 mg/mL and 6.37 mg/mL, which were much lower than 40 mg/mL. This phenomenon suggests
that inhibitory effects of two plant extracts on P. nicotianae may mainly achieved by inhibiting sporangia production and
zoospore release. The mycelium morphology was damaged in different degrees after treated by plant extracts, as extract of P.
corylifolia led to wall rupture and mycelial adhesion, while extract of S. flavescens led to mycelial enlargement and distortion.
The combinations showed better antifungal effect than single agent, which may be due to more diverse antifungal components
in combinations. © 2020 Friends Science Publishers
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Introduction mycelium, sporangium and zoospore, especially in the
presence of host residual tissues, which can live more than 3
Tobacco black shank, caused by the infection of years.
Phytophthora nicotianae, is a devastating soil-borne disease Chemical fungicides are the main means of controlling
of flue-cured tobacco worldwide, leading to great economic tobacco black shank disease, such as metalaxyl,
losses each year (Zhang et al. 2017). P. nicotianae mainly dimethomorph, aliette, dexon and their mixture (Cui et al.
distributed within 0-5 cm of soil surface and infected 2018). Continuous use of chemical fungicides will cause
tobacco plants mainly from stem base and root. Black spots environmental pollution, pesticide residues, and also lead to
appeared at base of infected tobacco stem and extended fungicide resistance of P. nicotianae (Hu et al. 2008; Cui et
around whole stem, and the leaves of the infected plant al. 2018). Due to the continuous variation of P. nicotianae
turned yellow from the bottom up. After rain encounters hot and its ability of surviving in the soil without tobacco plants
sun and high temperature, whole plant leaf withers suddenly, for many years, it is difficult to control black shank though
when serious in lower leaf often produces circular black spot, use of host resistance (Li et al. 2017; Gallup et al. 2018), as
come on later period pith ministry is dry shrink show "disc well as Rotation and field hygiene management (Sullivan et
shape", finally whole tobacco plant dies. Sporangium is the al. 2005; Fang et al. 2016; Tan et al. 2018). With the

main reproductive structure in asexual reproduction of P. improvement of people's awareness of environmental
nicotianae, which can release zoospores under natural protection and the increase of demand for pollution-free
conditions, and sporangium and zoospores can be spread by agricultural products, the research on antibacterial activity of
rain or irrigation water to cause reinfection (Tan et al. 2018). plant extracts and fungicidal pesticides from plant sources

P. nicotianae can live in soil for a long time in form of has become the focus of scholars. Mycelial growth of
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Pythium ultimum was remarkably inhibited by crude
methanol extract from stems of V. agnus-castus. Both
methanolic crude and Purified extract of Eclipta alba
revealed antifungal activity against Sorghum Pathogens, e.g.,
Fusarium thapsinum, Alternaria alternata, Epicoccum
sorghinum, and Curvularia lunata (Boregowda et al. 2019).
Dichloromethane extracts from Desmos chinensis exhibited
high inhibitory activity against Rhizoctonia solani,
pathogenic bacteria of rice sheath blight (Plodpai et al. 2013)
and wild pepper extract successfully controlled A. alternata
on post-harvest cherry tomato (Pane et al. 2016).

Psoralea corylifolia L. is a leguminous annual herb;
its seed commonly used as medicine to treat osteoporosis
(Weng et al. 2015), fatty liver (Seo et al. 2016) and diabetes
(Seo et al. 2014) and has been proved to have an excellent
inhibitory effect on many kinds of plant pathogens (Guan et
al. 2007). Root of Sophora flavescens is a Chinese
traditional medicine and has been proved to have anti-tumor
(Huang et al. 2019), antiviral (Zhang et al. 2018) and anti-
inflammatory (Ma et al. 2018) effects, also show significant
inhibition on plant bacterial and fungal pathogens (Ni et al.
2017; Pan et al. 2019). The inhibitory effects of P.
corylifolia and S. flavescens on P. nicotianae are rarely
reported. The effects of ethanol extract from P.
corylifolia and S. flavescens on mycelium growth,
sporangium and zoospore release of P. nicotianae were
studied in this experiment. This study provides a theoretical
reference for the research and development of plant-based
pesticides for tobacco black shank.

Materials and Methods

Fungal pathogen

P. nicotianae (labeled with GFP) used in this experiment
was obtained from ‘Key Laboratory of Crop Stress Biology
in Arid Areas’ led by Dr. Shan Weixing at the Northwest
Agriculture and Forestry University in China.

Plant material

The seed of P. corylifolia was collected from hillside with a
warm and humid climate in Xishuangbanna, China. Fresh
root of S. flavescens was collected from farm located in
Enshi, China. Seed and root were air dried at indoor
temperature, then crushed to fine powder. Plant powder (10
g) was added into 100 mL ethanol (95%) and was extracted
by using ultrasonic method for 30 min. The mixture of

ethanol and powder was filtered for 3 times to obtain filtrate.

The filtrate was concentrated by vacuum rotary evaporator
to obtain paste, which was fixed in volume to | g/mL and
kept at 4°C for later use.

In vitro antifungal experiment

The mycelium growth rate method was used to determine

inhibitory effects of plant extracts on P. nicotianae
according to the method proposed in the references by
(Svecova et al. 2013). Under aseptic conditions, the above
ethanol extracts were thoroughly mixed with OA culture
medium sterilized and cooled to about 50°C. 5
concentrations (40, 20, 10, 5, 1 mg/mL) containing ethanol
extract medium with a volume of 20 mL were finally
prepared. Culture dish added the same amount of ethanol
(The final concentration of ethanol in culture dish was 3.8%)
solution alone served as control (CK). The experiment was
conducted twice.

Mycelium growth inhibition test was conducted by
inoculating in the center of each petri dish 1 piece of 0.5 cm
agar with mycelium cut from the edge of fungal colonies.
The diameter of colonies was measured by the cross method
after culture in a 26°C incubator for 5 days. All treatments
and controls were replicated 4 times. The percentage of
inhibition was calculated by formula as follows:

Percentage of growth inhibition(%) =

(D=05em) ~(d=05cm) 40 1)
(D-0.5¢cm)

Where D and d represent the colony diameter of treatments
and control, respectively.

Toxicity calculation method: The percentage of
growth inhibition was converted into probability value by
checking the biostatistical probability value conversion table.
Toxicity regression equation was established as: y=a+bx,
and the ECs, (median effect concentration) was calculated.
Where y represents the probability value of colony growth
inhibition rate and x represent Logarithms of different mass
concentrations of extracts, respectively.

Invitro sporangium germination and zoospore release test

In vitro experiment was conducted to determine the
inhibitory effects on sporangium germination and zoospore
release according to the method proposed by Mulugeta et al.
(2019). Under aseptic conditions, ethanol extract was evenly
mixed with sterilized 10%V8 culture solution. Five
treatment concentrations (1/2ECsp, 1ECsg, 2ECs and 3ECsg)
containing ethanol extract fluid medium were finally
prepared. Control was a negative control with sterile water
(CK). The experiment was repeated twice.

Ten pieces of fresh cultured mycelia of P.
nicotianae (about 2x2 mm in size) were transferred to
10% V8 fluid medium ethanol extract (including
control), and cultured in 26°C incubators for 3 days at
dark conditions. Mycelium was washed with sterile
water after culture solution was poured, and suspended by
adding 20 mL sterile water in petri dish and then was
cultured in a 26°C incubator after adding 5 drops of the
filtered and sterilized soil extraction. After that, changed
the water every 12 h and added soil extract, the number
of sporangia was observed under 10%x20 optical
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microscope after 4 times of water changing, while each
colony was randomly examined in 3 fields.

Mycelium stimulated by the above method and
producing a large number of sporangia were placed in a
refrigerator at 4°C for 30 min, then treated in incubator at
26°C for 30 min until the zoospores were released. The
suspension of 4 L zoospores was absorbed into clean glass
slides with a micro-sampler and dragged into short thin
bands. The number of zoospores was calculated under a
10x10 optical microscope and repeated 4 times. The
following formula was used to calculate the Zoospore
concentration (zoospores/mL) of suspension:

Zoospore concentration
Mean number of zoospores in 4L suspension

X
7 1000

Observation of mycelium morphology by electron
microscope

P. nicotianae was cultured using the same method as above.
An experiment with 2 treatments (extracts of P. corylifolia
and S. flavescens with a concentration of ECsg) was carried
out, control with the same amount of 95% ethanol (CK).
After culture in a 26°C incubator for 5 days, mycelium was
cut from the edge of fungal colonies. The morphological
changes of mycelia were observed under SEM according to
the method proposed by Plodpai et al. (2013).

Evaluation of antifungal effect of ethanol extracts
compound in vitro

According to Yang et al. (2013), Synergistic ratio (SR) was
used to determine antifungal activity of different complex
combinations. SR<0.5 was antagonistic, SR=0.5~1.5 was
additive and SR > 1.5 was synergistic. Five compounds (1:9,
3.7, 5:5, 7:3, 9:1) (v/v) were prepared by mixing the ethanol
extract mother liquor prepared above by volume ratio. Five
concentrations (10, 7.5, 5, 2.5, 1 mg/mL) containing ethanol
extract medium with 20 mL were finally prepared according
to the above method, control with the same amount of 95%
ethanol (CK). The mycelium growth rate method was
applied to determine the inhibitory effects of ethanol extracts
compound on P. nicotianae according to Svecova (Svecova
et al. 2013). The experiment was repeated twice.

Percentage of inhibition of each compound to P.
nicotianae was calculated according to formula (1), the
measured value of ECg, was calculated by the toxicity
regression equation and the theoretical ECs, was calculated
by the following formula:

a+b
M= /P +b/S
Where y; represent theoretical ECso, a and b represent the
volume fraction of the two components in the mixture; B
and S represent the ECsg of extracts of P. corylifolia and S.

flavescens.
The synergistic ratio (SR) was calculated by the
following formula:
_ N
V2
Where y; and y, represent theoretical ECsyand measured ECs.

SR

Statistical data analyses

The data were analyzed by means of One-way analysis of
variance (ANOVA). Significance of the treatments was
tested using Least Significant Difference (LSD) with 95 and
99% confidence level. The analysis was done by SPSS 22.0.

Results
Inhibitory effect of plant extracts on P. nicotianae

The ethanol extracts of the two plants showed significant
inhibitory effects on mycelium growth of P. nicotianae
and the inhibition rate increased with the rise of
concentration (Fig. 1). Ethanol extract of P. corylifolia
showed a better Inhibitory effect on P. nicotianae, with an
inhibition rate of 95.95% and 45.05% at concentration of
40 mg/mL and 1 mg/mL, respectively. The antifungal
effect of 40 mg/mL S. flavescens ethanol extract was
similar to P. corylifolia. With the decrease of
concentration, the antifungal effect of S. flavescens
ethanol extract decreased significantly and the inhibition
rate of 1 mg/mL S. flavescens extract was only 24.10%.
The results showed that ethanol extracts of two plants had
good antifungal effects and could effectively inhibit
mycelium growth of P. nicotianae.

According to inhibition rates of five concentrations of
extracts of two plants on P. nicotianae, toxicity regression
equations were obtained (Table 1). The determination
coefficients of toxicity regression equations were above 0.8,
which indicating that regression equations had a high degree
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Fig. 1: Inhibitory effect of 2 plant extracts on P. nicotianae
Note: Different capital and small letters following data represent a significant level at
0. 05 and 0. 01, respectively (LSD determination). The follows are as the same
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Table 1: Comparison of toxicity of 2 plant extracts on P. nicotianae

Plant extract Toxicity regression equation R’ ECso(mg/mL)
P. corylifolia y=1.1523x+4.662 0.9065 1.96
S. flavescentis y=1.3009x+3.9537 0.8342 6.37

Table 2: Effect of plant extracts on sporangium production of P. nicotianae

P. corylifolia (mg/mL)  Sporangium yield” (spores)  Inhibition rate (%) S. flavescentis (mg/mL)

Sporangium yield(spores)  Inhibition rate (%)

0.5xEC500.98 0.03+0.02 B 96.03+1.64A 0.5%ECx(3.19) 0.18+0.03B 77.43+3.72B
1xECs, (1.96) 0.00+0.00 B 100.00+0.00A 1xECs(6.37) 0.03+£0.01C 96.29+2.93A
2xECsg (3.92) 0.00+0.00 B 100.00+0.00A 2xECg(12.74) 0.00+0.00C 100.00+0.00A
3xECsy (5.88) 0.00+0.00 B 100.00+0.00A 3XEC(19.11) 0.00+0.00C 100.00+0.00A
CK(0.00) 0.72+0.11A 0.00+0.00B CK (0.00) 0.72+0.11A 0.00+£0.00 C

Note: * Sporangium yield of single mycelium in single view

Table 3: Effect of plant extracts on zoospore release of P. nicotianae

P.corylifolia (mg/mL) zoospore density(spores/mL) Inhibitionrate(%) S.flavescentis(mg/mL)

Zoospore density (spores/mL) Inhibition rate (%)

0.5%EC5(0.98) 0.00+0.00B 100.00£0.00A  0.5xECs0(3.19) 417.00+0.00B 98.48.00+0.52A
1xECs0(1.96) 0.00+0.00B 100.00£0.00A  1xECs(6.37) 0.00+0.00B 100.00+0.00A
2xECs (3.92) 0.00+0.00B 100.00£0.00A  2xECs(12.74) 0.00+0.00B 100.00 +0.00A
3xECx (5.88) 0.00+0.00B 100.00+0.00A  3xECs(19.11) 0.00+0.00B 100.00+0.00A
CK(0.00) 27500.00+3699.00A 0.00+0.00B CK(0.00) 27500.00+0.00A 0.00+0.00B

of fitting. The ECs, values of ethanol extracts from two
plants were calculated according to the toxicity regression
equation (Table 1), the ECs, value of ethanol extracts from
P. corylifolia was 1.96 mg/mL, and the ECs, value of S.
flavescentis was 6.37 mg/mL.

Effects of ethanol extracts from two plants on
sporangium production of P. nicotianae

Ethanol extracts from two plants significantly inhibited the
sporangium production of P. nicotianae (P < 0.01) and
inhibition rate increased with increasing of concentration of
extracts (Table 2). Ethanol extracts of P. corylifolia show

better inhibitory effect on sporangium vyield, reaching 96.03%

at 1/2ECs; (0.98 mg/mL) and 100% at 1ECs, (1.96 mg/mL).

Effects of two plant extracts on the release of zoospores
of P. nicotianae

Ethanol extracts from the two plants inhibited the release of

zoospores of P. nicotianae significantly (P < 0.01) (Table 3).

The ethanol extract of P. corylifolia showed improved
inhibition effect on the release of zoospores, with an
inhibition rate of 100% at 1/2EC50 (0.98 mg/mL). The
ethanol extract of S. flavescens with a concentration of 6.37
mg/mL (1ECsg) inhibited the release of zoospores of P.
nicotianae by 100%. The results showed that ethanol
extracts of two plants could significantly inhibit release of
zoospores at low concentration.

Effects of plant extracts on mycelial morphology of P.
nicotianae

Compared with the control group, the morphology of
mycelia of P. nicotianae was significantly deformed by
ethanol extracts from two plants. The mycelium morphology

of control group was normal (Fig. 2A and B) and mycelium
was thin, uniform, smooth and non-septal. Mycelial adhesion
(Fig. 2D) and mycelial wall rupture (Fig. 2C) occurred in P.
nicotianae treated with P. corylifolia extract. Mycelium of P.
nicotianae treated with ethanol extract of S. flavescentis were
enlarged (Fig. 2E) and distorted (Fig. 2F). Data showed that
ethanol extracts from plants had noticeable destructive effect
on the mycelia growth of P. nicotianae.

In vitro antifungal effect of ethanol extracts compounds

The optimal compound ratio of P. corylifolia and S. flavesne
extract was 9:1(v:v) and the antifungal rate was still 40.72%
at the lowest treatment concentration (1 mg/mL), followed
by 1:9, which is meaningfully better than other three
combinations. The toxicity regression equation was obtained
based on the inhibition rate of each combination (Table 4).
The determination coefficients of the toxicity regression
equation were all above 0.9, indicating that regression
equation had a high degree of fitting. According to toxicity
regression equation, the ECs, values of each combination
were calculated (Table 4). The ECs, value of combination
9:1 was the smallest, followed by combination 1:9. The
synergistic ratio (SR) of the five compound combinations of
P. corylifolia and S. flavesne was greater than 0.5, indicating
that antifungal effect of compound combination was better
than single agent. The SR value of combination 1:9 was
greater than 1.5, shown a synergistic effect, while the other
combinations showed an additive effect.

Discussion
Though Chemical fungicides are effective methods to

control fungal diseases, continuous use of chemical
fungicides will cause environmental and health problems

78



Inhibition of P. corylifolia and S. flavescens on P. nicotianae / Intl J Agric Biol, Vol 23, No 1, 2020

Table 4: Synergistic evaluation on the inhibition effect of plant extracts combination on P. nicotianae

Compound ratio(v/v) Concentration Mycelial growth  Inhibition

Toxicity regression equation Measured ECs, Theoretical ECs,  Synergistic

(mg/mL) diameter (cm) rate (%) (mg/mL) (mg/mL) ratio
1.9 10 1.45s 81.65b y=1.4785x+4.21 3.42 5.20 152
75 2.720 65.61f R?=0.9419
5 3.62k 54.22
25 4.78fg 39.45n0
1 5.98c 24.26r
37 10 3.12m 60.55s y=1.0731x+4.0957 6.96 3.80 0.55
75 3.83j 51.48k R?=0.9608
5 4.85f 38.610
25 5.43d 31.22q
1 6.35b 19.62s
55 10 2.83n 64.14g y=1.1712x+4.1008 5.86 3.00 0.51
75 3.52k 55.49j R?=0.9690
5 4.62h 41.56m
25 5.33d 32.49q
1 6.33b 19.83s
73 10 2.25q 71.52d y=1.1178x+4.3368 3.92 2.47 0.63
75 2.78n0 64.77fg R?=0.9109
5 4.10i 48.101
25 5.05¢ 36.08p
1 6.08c 23.00r
9:1 10 1.05t 86.71a y=1.2710x+4.7036 1.71 211 1.23
75 1.77r 77.64c R?=0.9731
5 2.37p 70.04e
25 3.38l 57.17i
1 4.68gh 40.72mn
CK 0 7.40a 0.00t

(Hu et al. 2008; Cui et al. 2018). Consequently, the search
for eco-friendly alternative fungicides has become the
research hotspot of scholars. With the aim of reducing risk
of chemical fungicides to environment and health, soil
disinfection (Serrano-Perez et al. 2017; Zhou et al. 2019),
biological control (Bagy et al. 2019; Myo et al. 2019), plant
extracts ( Ncama et al. 2019; Boregowda et al. 2019),
rational rotation (Stewart et al. 2014), resistance induction
(Swain et al. 2019; Wang et al. 2019) and disease resistance
breeding (Songsomboon et al. 2019) have been used to
manage crop fungal diseases.

In recent years, there are many reports of plant
extracts in control of fungal, bacterial and viral diseases.
Jing et al. (2017) conveyed that eugenol extract from
Syringa oblata exhibited strong antifungal activity in
vitro on P. nicotianae, by destroying the integrity of
mycelial and spore membranes. Further in vivo
experiments established that Eugenol preparation
reduced the occurrence of tobacco black shank disease.
Yuan et al. (2012) testified that Toxicodendron syivestre
methanol extract showed significant inhibitory effects in
vitro and in vivo, and methyl gallate was proved to be the
main antibacterial active compound. The ECs, of methyl
gallate on R. solanacearum was 8.3 mg/L. In vivo
experiments on tomato plants showed that, at the
concentration of 0.2 g/L, methyl gallate showed
comparable effect in controlling bacterial wilt disease
with the bactericide streptomycin sulfate at the
concentration of 0.5 g/L. Vuko et al. (2019) described that
there is a reduction of virus infection in the local and
systemic host plants, by treated with essential oil of

Fig. 2: Scan electron microscopy micrographs of P. nicotianae.
Control with 3.8% ethanol, showing healthy mycelia (A and B).
The mycelia treated with the P. corylifolia extract at a
concentration of gcsp (1.96 mg/mL) shows mycelial wall rupture
(C) and mycelial adhesion (D). The mycelia treated with the S.
flavescentis extract at a concentration of ECs((6.37 mg/mL) were
enlarged (E) and distorted (F)

Micromeria croatica Schott before inoculation. [-

caryophyllene and caryophyllene oxide from extract from
Micromeria croatica which have been proved to be main
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active ingredient, activating plant defense through GA and
JA signalling pathways.

The present study showed that, ethanol extracts from P.
corylifolia and S. flavesne inhibited the growth of P.
nicotianae in different degrees. The P. corylifolia extracts
showed a higher effect in inhibiting mycelial growth of the
pathogen compared with S. flavesne extract, with ECs,
values as 1.96 mg/mL and 6.37 mg/mL, respectively. Many
scholars have confidence in that inhibition of plant extracts
on pathogens and disease control may due to secondary
metabolites in plants. (Aldehydes, phenolic, alcohols,
alkaloids, flavonoids and terpenoids), Which control plant
diseases through increase cell membrane permeability (Jing
et al. 2017), disrupt the cell membrane (Elshafie et al. 2019),
suppressed conidia germination (Pane et al. 2016),
activating plant defense (Vuko et al. 2019), reduced
sclerotial germination (Ma et al. 2016), affect biofilm
structural development through reducing polysaccharide and
protein synthesis in the EPS matrix (Catto et al. 2019).

In this study, two plant extracts had significant
inhibitory effects on sporangium production and zoospore
release of P. nicotianae and the inhibitory effects were
concentration-dependent. It is noteworthy that inhibiting
effect of two plant extracts on release of zoospores is better
than sporangia production. Sporangia production and
zoospore release were inhibited by 100%, at the P.
corylifolia extract concentration of 1.96 mg/mL and 0.98
mg/mL and at the S. flavesne extract concentration of 12.74
mg/mL and 6.37 mg/mL, which was far below 100%
inhibitory  concentration of mycelial growth. This
phenomenon suggests that inhibitory effects of two plant
extracts on P. nicotianae may have been achieved by
inhibiting sporangia production and zoospore release. The
results of the scanning electron microscope revealed some of
inhibitory mechanisms of two plant extracts. The mycelium
morphology was damaged in different degrees after treated
by plant extracts, such as local swelling and distortion of
mycelium, mycelial adhesion, and mycelial wall rupture. P.
corylifolia extract can destroy the mycelium of Phytophthora
tobacco at low concentration, and cause mycelium breakage
and disruption, which indicates that P. corylifolia extract has
lethal effect on the mycelium of P. nicotianae. S. flavescens
extract has no lethal effect, but it can inhibit the growth of
colonies by distorting mycelium expansion and distorting
adhesion. Similar results also be taken in previous studies
(Ma et al. 2016).The antifungal effect of the compound
combination was better than that of the single agent, that may
be due to more diverse antifungal components in
combinations (Wang et al. 2018).

Conclusion

The antifungal effects of P. corylifolia and S. flavescens
extracts on P. nicotianae were evaluated in vitro,
nevertheless, the mechanism of antifungal activity has not
been elucidated, preliminary. In addition, in vivo antifungal

and field experiments should be carried out to provide more
robust support for further applications.
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