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Abstract Antifungal properties of Boerhavia diffusa L.
(Nyctaginaceae) methanolic extract have been investigated
against Phytophthora infestans and Phytophthora capsici,
causal agents of late blight disease in tomato and pepper,
respectively. The minimum inhibitory concentration of
B. diffusa extract was 0.25 % for P. infestans and 0.5 %
for P. capsici. The extract had fungitoxic effect on
P. infestans and completely inhibited its mycelial growth
at all tested concentrations (0.25, 0.5, and 1 %). P. capsici
mycelial growth was inhibited of 90 % by the 1 % extract
after five days of culture. B. diffusa extract, at the concen-
tration of 0.25 % significantly reduced P. infestans disease
symptoms also in young tomato plants. The plant extract
significantly reduced disease symptoms of P. capsici in
young pepper plants at all tested concentrations (0.25, 0.5,
and 1 %). The efficacy of B. diffusa extract against
P. capsici increased with the increasing extract concentra-
tion and decreased over time. The 1 % concentration
showed the best efficacy in controlling this oomycete. As

its effect was comparable to that of the synthetic fungicide,
B. diffusa extract can be considered as a potential environ-
mentally friendly alternative to chemical control of late
blight in tomato and pepper.
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Introduction

Phytophthora spp. are oomycete pathogens causing dis-
eases in many crops throughout the world. Some of the
most devastating diseases are caused by P. infestans, the
causal agent of late blight of potatoes and tomatoes, and
P. capsici which can cause serious damage in pepper.
Disease management is complex because some strains
of P. infestans and P. capsici have become resistant to
the most common fungicides (Pomerantz et al. 2015;
Pang et al. 2014). In addition, it is difficult to obtain
cultivars completely resistant to these pathogens (Crinò
1993). Therefore, it is necessary to find other alterna-
tives of Phytophthora disease management.

Current demand for environmentally friendly disease
management has favored research on the plant-protective
substances of natural origin (Švecová and Crinò 2013;
Rosado-Álvarez et al. 2014; Tamuli et al. 2014).
Recently, several substances derived from plants such as
Allium sativum, Azadirachta indica (Ngadze 2014),
Artemisia absinthium (Rodino et al. 2014), and Ficus
tikoua (Wei et al. 2012) have shown antifungal activity
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against P. infestans. Some compounds of plants such as
Allamanda cathartica (Mone et al. 2014), Alstonia
rupestris (Zhang et al. 2014), and Magnolia liliflora
(Bajpai and Kang 2012) have demonstrated efficacy par-
ticularly against P. capsici. However, several authors sug-
gested that some degree of resistance could be developed
by Phytophthora spp. also against chemical compounds
contained in plant extracts, as observed with synthetic
fungicides (Widmer and Laurent 2006). For this reason
there is a continuous need of new sources of active com-
pounds efficient against Phytophthora spp.

Boerhavia diffusa L. (Nyctaginaceae) is a promising
plant to be investigated for its antifungal properties
against Phytophthora spp. In fact, this perennial herb,
distributed in the tropical and subtropical regions, is
known to contain many active compounds located
mainly in its root (Singh 2007). Its ethnobotanical use
has a long history (Awasthi and Verma 2006). It has
shown diuretic (Madhuri and Kalasker 2013), antimi-
crobial (Apu et al. 2012), anti-cancer (Saraswati et al.
2013), hepatoprotective (Monali and Ramtej 2014) and
antioxidant (Patel et al. 2014) properties.

The bioactive properties of B. diffusa have been
attributed to its content of alkaloids, carbohydrates,
saponins, pseudotannins, tannins, anthocyanin, steroidal
glycosides, glycosides, flavonoids, flavones, coumarin,
resins, phenol, xantho-proteins, oil, fats (Bharathi et al.
2014), vitamins and minerals (Khalid et al. 2012). In
addition, the antifungal properties of B. diffusa roots
have been attributed to 5,7-dihydroxy flavone, an active
principle against the human dermatophyteMicrosporum
gypseum (Agrawal and Srivastava 2008). Although the
antifungal and antibacterial properties of B. diffusa
against human pathogens have been investigated
(Wagh and Vidhale 2010), there is a lack of studies on
B. diffusa efficiency against plant pathogens so far
(Singh et al. 2011; Lohani et al. 2007). This is the first
report of B. diffusa antifungal properties against the
phytopathogenic fungi P. infestans and P. capsici on
tomato and pepper, respectively.

Materials and methods

Plant material

Crude methanol extract from roots of B. diffusa was ob-
tained by the Soxhlet extraction technique (Harborne
1998). Solvent was evaporated and the resultant crude

extract was concentrated to dryness under reduced pressure
as described byBhardwaj et al. (2014). According toOboh
et al. (2007), the obtained solid crude extract was
reconstituted with sterile distilled water to prepare a stock
solution at the concentration of 80 mg·ml−1. For the ex-
periments the stock solution was further diluted by mixing
with V8 medium (for in vitro tests) or adding water (for
in vivo tests) to reach the final tested concentrations con-
taining 0.25, 0.5, and 1 % of original crude B. diffusa
extract. Tomato cv. Superprecoce di Marmande (N.
Sgaravatti & C. S.p. A, Pergine Valdarno - Arezzo, Italy)
and pepper cv. Quadrato d’Asti Giallo selection Cubo
(Four Sementi – Blumen Group SPA, Milano, Italy) were
used for in vivo tests.

Pathogens

Isolates of P. infestans and P. capsici, kindly provided
by fungal collections of Tuscia (Viterbo, Italy) and
Naples (Portici, Italy) Universities, respectively, were
re-isolated from infected plant organs. Pure cultures of
P. capsici were maintained on V8 medium (V8 juice
200 ml, plant agarose 15 g, CaCO3 2 g, distilled water
up to the final volume of 1000 ml); P. infestans was
maintained on the V8 medium amended with boiled
peas (V8 200 ml, agarose 15 g, CaCO3 0.5 g, 100 g of
boiled peas, distilled water up to final volume of
1000 ml). In vitro and in vivo experiments were carried
out using 10-day-old cultures of both pathogens.

In vitro antifungal assays

Toxicity tests of plant extract against the fungi were
performed with the poisoned plate technique, according
to the procedure proposed by Abou-Jawdah et al.
(2002). Plant extract, sterilized by filtration through
0.2 μl Millipore filter, was added to V8 substrate after
autoclaving, when the temperature of the medium
reached 50 °C, and mixed thoroughly. The final volume
of the extract in 20 ml of V8 per each Petri dish was
adjusted to four different final concentrations (0.25, 0.5,
1, and 2 %). V8 plates unamended with plant extracts
served as controls.

Mycelial growth inhibition tests were performed by
placing in the center of each plate 3 pieces of 5 mm
mycelial agar discs cut from the margin of actively
growing fungal colonies. Colony diameter was mea-
sured after 5 days of incubation of P. capsici at 27 °C
and P. infestans at 21 °C. Mycelial development was
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observed for 11–13 days. All treatments were replicated
5 times and the whole experiment was repeated 3 times.
The percentage of inhibition was calculated comparing
treated plates with the control, whose inhibition was
established as 0 %. The Minimum Inhibitory
Concentration (MIC) was established as the lowest ex-
tract concentration that resulted in no visible mycelial
growth after 20 h (Osorio et al. 2010).

In vivo antifungal assays

In the growth chamber experiment, two weeks after
sowing in a peat substrate, tomato plants at the two-
leaf stage were sprayed with a fungal suspension con-
taining 4 × 104 sporangia·ml−1 of P. infestans.
Treatments with B. diffusa extract at three different
concentrations (0.25, 0.5 and 1 %; 1.3 ml per plant)
were carried out one day after inoculation. Inoculated
controls treated with a chemical fungicide (Ridomil
Gold, 4 g·l−1) or distilled water, an uninoculated control
treated with extract at 1 % to exclude phytotoxicity
caused by the extract, and an uninoculated control treat-
ed with distilled water were established. Each treatment
consisted of 30 plants with three replicates. The treat-
ments were repeated weekly for the total of four appli-
cations. The plants were kept at the temperature of 19-
20 °C and high relative humidity. The experiment was
repeated three times. Disease severity was assessed by
means of a visual rating according to a 0–3 scale (0 = no
symptoms - 3 = plant dead). The evaluation of disease
incidence was carried out at 6th, 10th and 17th day after
inoculation.

In the growth chamber experiment, a suspension
containing 2 × 104 sporangia·ml−1 of P. capsici was
applied to the soil and to the collets of pepper plants at

four-leaf stage, 30 days after sowing in a peat-sand (2:1)
substrate. Treatments with B. diffusa extract at three
different concentrations (0.25, 0.5 and 1 %; 6 ml per
plant) were carried out immediately after inoculation.
Inoculated controls treated with a chemical fungicide
(Ridomil Gold, 4 kg·ha−1) or distilled water, an uninoc-
ulated control treated with extract at 1 % to exclude
phytotoxicity caused by the extract, and an uninoculated
control treated with distilled water were established.
Each treatment consisted of 30 plants with three repli-
cates. The treatments were repeated weekly for the total
of 4 applications. The plants were kept at the tempera-
ture of 27 °C and high relative humidity. The experiment
was repeated three times. Disease severity was assessed
by means of a visual rating according to a 0–5 scale
modified from Bosland and Lindsey (1991): 0 = no
symptoms, vigorous, healthy (as in uninoculated con-
trol), 1 = apparently healthy and vigorous with very
small lesions beginning to form on stem, 2 = slight
stunting, very small lesions on stem, lower leaves
wilted, 3 = small lesions on stem, leaves wilted, plant
stunted, 4 = large lesions on stem, stem girdling, whole
plant wilted and stunted, 5 = all leaves withered (of
brown color), dead plant. Figure 1 displays the indica-
tive grades of visual rating. The evaluation of disease
incidence was carried out at 6th, 9th, 12th, and 16th day
after inoculation.

Statistical analysis

Data were subjected to one-way analysis of variance
(ANOVA) using SPSS 15.0 software. The follow up of

ANOVA included Duncan’s multiple range test (P < 0.05)
to determine the significant differences between
treatments.

0 1 2 3 4 5

Fig. 1 Evaluation scale of P. capsici disease symptoms on pepper plants showing the gradual increase of disease severity (0 = healthy plant,
5 = dead plant) as assessed by visual rating
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Results and discussion

In vitro antifungal assays

After 20 h of incubation, the MIC of B. diffusa extract
was assessed as 0.25 % and 0.5 % for P. infestans and
P. capsici, respectively. Similar observations were per-
formed at the 5th day of fungal culture when the myce-
lial growth was clearly visible;P. infestanswas inhibited
by 100 % at all tested concentrations (Figs. 2 and 3),
while P. capsici was inhibited by 90 % at the concen-
tration of 1 % (Figs 4 and 5). The antifungal effect of
B. diffusa extract against P. infestans was already evi-
dent at its low concentrations. The antifungal effect
against P. capsici increased along with increasing con-
centration, as reported also for the oil of Metasequoia
glyptostroboides against P. capsici spore germination
(Bajpai et al. 2009). Although the mechanisms of action
of B. diffusa against Phytophthora spp. are unknown,
some authors have observed the negative impact on
fungal morphology by plant extracts, e.g. negative al-
teration of P. infestans hyphae treated with A. sinaica
extract (Baka 2014). Similar effects were not evident in
our in vitro tests. In addition, Demirci and Dolar (2006)
observed that onion, radish, garden cress, and lentil

extracts stimulated mycelial growth of P. capsici,
which used these extracts as a source of energy. On the
other hand, Widmer and Laurent (2006) observed a
greater inhibition of Phytophthora spore germination
caused by natural plant extract in comparison with the
same compounds contained in the extract but obtained
synthetically due to a slight difference in their chemical
structure. This indicates the importance of natural pro-
venience of biofungicides.

In vivo antifungal assays

Figure 6 reports the development of disease symptoms
of P. infestans on tomato plants. At six days after inoc-
ulation, there was no significant difference between the
levels of the disease symptoms on plants pre-treated
with B. diffusa extract at 0.5 and 1 % and on inoculated
control. The percentage of disease in the plants treated
with the 0.25 % B. diffusa extract was even higher in
comparison with the inoculated control plants and the
plants treated with higher doses of the plant extract. Ten
and 15 days after inoculation the disease symptoms
continued to develop in the plants treated with
B. diffusa extract at 0.5 and 1 % but in the plants treated
with 0.25 % extract the disease development was
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P. infestans mycelial growth
B. diffusa extract after five days of
culture. According to Duncan’s
multiple range test, different
letters indicate significant
differences among extract
concentrations (P < 0.05)
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Fig. 3 In vitro inhibition of P. infestans mycelial growth by B. diffusa extract at three different concentrations. The dashed-line circles
delimit the area overgrown by P. infestans mycelium
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suppressed. The level of control of tomato late blight by
0.25 % B. diffusa extract was significantly higher than
that over time conferred by the synthetic fungicide. In
fact, the fungitoxic effects comparable to that of the
synthetic fungicides have already been reported for
some plant extracts indicating them as valuable compo-
nents for integrated disease management of tomato late
blight (Goufo et al. 2010).

The in vivo trials confirmed the results of in vitro
tests since the efficacy of B. diffusa extract at the lowest
concentration tested (0.25 %) resulted effective also in
mycelial growth inhibition of P. infestans. However,
higher extract concentrations have not been capable of
controlling the disease probably due to their phytotox-
icity effect, as confirmed by the damages on plants
treated only with the 1 % extract. The phytotoxicity
symptoms increased over time along with repeated
treatments.

At the end of the trial, the level of phytotoxicity of the
inoculated plants treated with the 1 % extract was much
lower than that of the control plants treated only with the
1 % extract. This suggests that the phytotoxicity symp-
toms have been mitigated somehow. The simultaneous
application of plant extract and the pathogen might have
induced some synergistic effect, which triggered the

accelerated defense response in tomato plants
(Švecová et al. 2013) resulting in milder phytotoxicity
symptoms. In fact, the potential of plant extracts to
induce defense responses in plants has been reported,
e.g. P. infestans in tomato might be controlled by the
sugar beet extract which induced resistance to this path-
ogen by activating pathogenesis related proteins (Baka
2014). However, at the 10th day after inoculation, dis-
ease incidence in the plants treated with 1 % extract was
even higher than in the inoculated control plants, prob-
ably due to the initial weakening of plants by phytotox-
icity reaction which aggravated the disease symptoms.
The initial worsening of disease symptoms might indi-
cate that there is a certain amount of time needed for
manifesting induced disease responses.

In light of the results, the extract concentration of
0.25 % has been identified as the maximum efficient
concentration to be applicable at the tested plant devel-
opmental stage. Since B. diffusa extract revealed to be a
promising natural antifungal agent for the control of late
blight in young tomato plants, further trials should be
conducted also on adult plants in order to verify the
efficacy of the plant extract including its potential phy-
totoxicity effect at higher concentrations. The leaves of
adult tomato plants are supposed to be less susceptible
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Fig. 5 In vitro inhibition of P. capsicimycelial growth by B. diffusa extract at three different concentrations. The dashed-line circles delimit
the area overgrown by P. capsici mycelium
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to the application of the B. diffusa extract and also less
sensitive to the disease depending on growing condi-
tions. Therefore, in adult plants higher extract concen-
trations might be employed to confer even higher pro-
tection against this disease.

According to Curtis et al. (2004), infection of potato
tubers by P. infestans was more effectively reduced by
prophylactic treatments with garlic extract than by post
infection curative treatments. This option could be con-
sidered also for the application of B. diffusa extract. It is
supposed that several applications of lower extract doses
before disease attackmight prevent or reduce the disease
development without collateral phytotoxicity effects.

Moreover, in adult plants, the application of plant ex-
tracts may lead to an increase in fruit yield of tomato in
correspondencewith the reduction of disease severity, as
reported by Baka (2014).

In pepper, B. diffusa extract reduced P. capsici dis-
ease symptoms at all tested concentrations compared to
the inoculated and untreated control (Fig. 7). Its efficacy
increased with the increasing extract concentration and
decreased over time. The most efficient concentration of
the B. diffusa extract was 1 % as confirmed also by
previous in vitro tests. In addition, its antifungal effect
was comparable to that of the synthetic fungicide. In
general, this means a great advantage for a
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biofungicide as it has been often found less effective in
comparison with commercial synthetic fungicides (Park
et al. 2003).

Apart from the in vitro tests that showed a direct anti-
oomycete effect, the exact mode of action of the
B. diffusa extract has not been elucidated yet.
However, there is a report on both direct and indirect
protection fromP. capsici by water extract of compost in
pepper: the direct inhibition of P. capsici population in
the soil suppressed the disease in the root, and indirect
inhibition of foliar infection was conferred through in-
duced systemic resistance (Sang et al. 2010).

No phytotoxicity has been observed in young pepper
plants after treatment with B. diffusa extract. This is a
promising indication for the employment of B. diffusa
extract for P. capsici disease management also in adult
pepper plants.

The employment of B. diffusa raw extract comprises
several advantages for the sustainable disease manage-
ment of Phytophthora diseases such as a low cost and
simple extraction process in comparison with isolation
of single active compounds. Moreover, it was reported
that only the mixture of single compounds from the
microbicidal fraction of the plant extract of Artemisia
ludoviciana has shown similar effect against
Phytophthora spp. as the raw extract (Damian Badillo
et al. 2010). In addition, plant drugs used in traditional
medicine, such as B. diffusa, have low biotoxicity
to humans (Park et al. 2003) which is another
important benefit of plant extracts’ use in crop
disease management.

Conclusions

B. diffusa extract showed significant antifungal activity
in controlling P. infestans and P. capsici similarly to
synthetic fungicide. Therefore, this plant extract can be
considered as an alternative to control these pathogens
in young tomato and pepper plants under protected
conditions. However, the efficacy of B. diffusa extract
should be explored also under field conditions and in
adult plants.
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