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ABSTRACT

Objective: To describe the symptomatology and to identify the mildew causal agent in basil (Oscimum basilicum),
as well as the Trichoderma harzianum-Peronospora belbahrii in vitro mycoparasitic activity.
Design/methodology/approach: Samples were taken from Nufar basil cultivars that had been naturally
infected by mildew and, afterwards, the causal agent was isolated in order to carry out a pathogenicity test. The
T. harzianum-P. belbahrii parasitism stages were observed in samples from the area in which both microorganisms
interact.

Results: The disease symptoms that reveal the presence of a mildew causal agent on basil plants grown in
pots and soil match Peronospora belbahrii. Subsequently, the Trichoderma hyphae rolled up and penetrated and
vacuolated the conidiophores and the pathogen mycelium.

Study limitations/implications: This study was carried out using only one variety of basil.
Findings/conclusions: 7. harzianum’s capacity to parasitize P. belbahrii in vitro was observed after 72 h.
Once the conidium of the antagonist germinated, the hyphae directed their chemotropism growth towards P
belbahrii’s conidiophores and mycelium.

Key Words: Biological control, 7richoderma, Confrontation test.

INTRODUCTION
Basil (Ocimum basilicum) is grown throughout the world and is mostly used by the
gastronomy and make up sectors, as well as for therapeutic purposes (Martinez et al.,
2016). In Mexico, 49,460 ha are used for its production, obtaining a 9.63
tha™! estimated yield. This crop has been traditionally grown in
the following states: Baja California, Morelos, Nayarit, and
Baja California Sur (SAGARPA, 2015). Fungal diseases
have a major impact in basil crops. These diseases
appear mainly during months with heavy rainfall,
heat, and cloudy days. Therefore, producers must
pay attention and monitor the crops (Briseno, 2013).
Mildew (Peronospora belbahrii) is the main disease that
affects basil worldwide (Saude et al., 2013; Choi et
al., 2016). Belbahrii et al. (2005) and Thines et al.
(2009) called this disease Peronospora belbahrii and
they classified it in the Kingdom Chromista, Order

Personosporales, and Family Peronosporaceae.
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Mildew is considered a biotrophic and polycyclic parasite; the conventional alternatives
for its handling include the use of tolerant varieties and the application of cyazofamid
(Ranman), mandipropamid (Revus), azotrystrobin, mefenoxam, and mandipropamid
(Homa et al., 2014). However, this pathogen can develop resistance to fungicides, especially
mefenoxam (Cohen et al., 2013; Collina et al., 2016). The toxic residues and the limited
availability of fungicides make it difficult to exercise a chemical control of downy mildew
(Gisi and Leadbeater, 2010). Therefore, we need to find different techniques that will allow
producers to efficiently handle the disease. In this regard, biological control is a viable
alternative to decrease the impact of P. belbahrii in basil plantations. Species from the
Trichoderma genus have shown an efficient control of phytopathogenic fungi. 7richoderma
inhabits the rhizosphere zone, protects plants from pathogens through competition,
mycoparasitism, and antibiosis (Lorito et al., 2010; Druzhinina ez al., 2011). It has shown
positive responses in the control of Alternaria alternata (Sempere and Santamarina, 2007),
Pseudoperonospora cubensis (Martinez et al., 2011), and Didymella bryoniae (Martinez et al.,
2013).

The application of 7. harzianum in the soil reduced Fusarium proliferatum in onion
(Allium cepa) crops by 25% (Ghanbarzadeh, 2016). The seeds of different varieties of tomato
(Solanum lycopersicum) were inoculated with 7 harzianum to control Pythium spp. (Majorie et
al., 2016). The objective of this study was to describe the mildew symptomatology and its
causal agent in basil crops, as well as the 7. harzianum in vitro mycoparasitism on P. belbahrii.

MATERIALS AND METHODS
Symptomatology and identification of the mildew causal agent on basil

The pathogen used for this study was isolated from Nufar basil cultivars sowed on June
2016, which had been naturally infected. The productive areas in which that crop was grown
were located in the State of Morelos, Mexico, between Puente de Ixtla and Mazatepec
(km 3.5), between parallels 18° 27’ and 18° 43’ N and meridians 99° 11° and 98° 23° W,
at 967 masl. A macroscopic description of the symptoms and typical signs of the disease
in field conditions was carried out. Sprouts from infected plants were selected and sent to
the Quality Herbs lab. Twenty-five subsamples were observed to develop the microscopic
characterization. These structures were observed in a Nikon optical microscope, using a
40x magnification.

In order to carry out a pathogenicity test, sporangia from basil leaves infected with P,
belbahrii were obtained. The infected leaves were immersed in cold sterile water (10 °C),
and their underside was gently rubbed with a spatula. A sporangium watery suspension
with a 3.7x10° sporangium per mL concentration was obtained. This concentration was
determined using a quantitative dilution method and counting spores and sporangium
with a 0,100 Mm/0,0025 Mm? Neubauer Improved Marienfeld camera. The solution was
sprinkled on the upper side and underside of the leaves, using a 1.5-L. Matabi hand sprayer.
The leaves belonged to 20 Nufar basil cultivar plants; they were 45 days old and were
grown in 17.5 cm (diameter) X 13.5 cm (height) X 13 cm (depth) pots. The pots contained
a sterile substrate (solarization) with a 1:1:1 rate of arable land, atocle (sandy, humid, and

fertile soil, rich in humus), and compost. They were watered until soil saturation was
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achieved and they were placed in 50 X 70 cm polyethylene transparent bags. The bags were
sealed to keep a 90-100% relative moisture; the average temperature reached 322 °C
and 22=+2 °C during the day and at night, respectively (Risco et al., 2018; Zhan et al.,
2019). Regarding their morphological identification, the dichotomous keys developed
by Clements and Shear (1931) and Thines et al. (2009) were used to identify their genus
and species, respectively. Additionally, other researches were consulted to compare the
information about the symptoms, signs, and reproductive structures of the natural infection

and the artificial inoculation.

In vitro mycoparasitism of T. harzianum on P. belbahrii

A Bioxon PDA (Potato-Dextrose-Agar) culture medium placed in 90mm Petri dishes
was used to describe 7. harzianum’s mycoparasitism on P. belbahrii. A modification of
the dual confrontation test described by Martinez and Solano (1994) was carried out: a
25 mm® fragment of basil leaves was placed in each of the 20 Petri dishes; these leaves
had a 30% P. belbahrii infection; they were placed on the culture, 1 centimeter away from
both the edge of the Petri dish and the pathogen. Afterwards, 7. harzianum was applied
(Aislamientos de la Universidad Tecnoldgica del Sur del Estado de Morelos, isolated in
Tehuixtla, Puente de Ixtla, Morelos). Five Petri dishes in which the antagonist was not
inoculated were designated as control. Once the Petri dishes were inoculated, they were
placed in an incubator at 25*2 °C for 96 h. In order to observe the hyphae interaction
—coiling by hyphae, penetration, vacuolation, and lysis—, three samples were taken from
the contact area of both fungi per repetition (Petri dish), were placed on a microscope
slide with lactophenol and were observed using a Nikon Optical Microscope, with a 40x

magnification.

RESULTS AND DISCUSSION
Symptomatology and identification of the mildew causal agent on basil

Under controlled conditions, the symptoms and signs of downy mildew first appeared
18 h after the inoculation. Under both conditions (controlled and in the open fields), the
symptoms and signs (Figure 1 A-B) were found on the older leaves in the middle of the plant,
from where they spread to the leaves on the higher part of the plant. The leaves underwent
chlorosis and had irregular stains that became dark brown and then black as the stain
grew older. Cohen ¢t al. (2013) and Wyenandt e al. (2015) pointed out that the chlorotic
injuries of the leaves gradually turned necrotic. The first signs (a whitish sporulation)
appeared on the underside of the leave; when the temperature started to raise above 30
°C, the sporulation turned dark brown and black (Figure 1-B). The reproductive structures
changed color immediately after the first sunbeams and when there was morning dew or it
had rained. Under lab conditions, Cohen and Ben-Naim (2016) determined that P. belbahrii
started infecting the leaves just after four hours of unchecked moisture. A severe impact can
be seen in the underside of the leaves (Figure 1-C). The pathogen showed hyaline and
monopodial sporangiophores, emerging from the stroma located on the underside of the

leaf. Dichotomously branched in an <90° angle, the upper side showed six submonopodial
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branches. The higher branches were curved and pointed, with curved sterigmata (one long
and other short).

The zoosporangia had a slightly ovoid shape, with a round base and were chestnut
brown or a darker color (Figure 1-D-E). Cohen et al. (2013) and Wyenandt et al. (2015)
described dark purple and ovoid spores. The morphological description of the element
isolated in the State of Morelos matched the description of Peronospora belbahrii made by
Thines et al. (2009), Grabowski (2012), Bastidas et al. (2016), Cohen et al. (2017), Risco et
al. (2018), and Zhan et al. (2019). According to the observation of the symptoms in plants
grown in pots and in the field, the pathogenicity test showed that Peronospora belbahrii is the

mildew causal agent of basil in the study area.

In vitro mycoparasitism of T. harzianum on P. belbahrii

The Trichoderma colonies placed in the PDA culture medium were originally white, but
turned dark green three hours later (Figure 2-A). Their phialides were bottle-shaped: they
had a small base, a swollen middle, and a narrow apex. Most of them were divided into 2-3
whorls. Their mycelium was thin and slender; their hyphae had septa with smooth walls.
The conidiophore had narrow, curved branches with a main axis (Figure 2-B).

T. harzianum colonies have grey to green mycelia; the edge of their growth area is white;
they have narrow conidiophores and ampulliform phialides; they have a narrow base,
a swollen middle section, and a thin apex. They have subglobal, ellipsoidal conidia and
elliptical chlamydosphores (Ellis, 2006; Samuels ez al., 2007; Chaverri et al., 2015; Wang et
al., 2016).

Figure 1. Signs of mildew symptoms in basil plantations (A); presence of signs on the underside (B) and upper
side of the leaves (C); microscopic observations at 40x of the vegetative and reproductive structures (D) and (E).
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Figure 2. Trichoderma harzianum colony (A) and conidiophores, phialides, and conidia under the microscope (B).

Interaction with the pathogen occurred 72 hours after the dual confrontation test started;
after the contact took place, P. belhabhrii stopped growing. After 96 hours, Trichoderma
started to cover the pathogen (Figure 3).

Figure 4-A shows that, once 7. harzianum’s conidia germinated, the hyphae grew
towards Peronspora belbahrii’s conidiophores, sliding over its surface without penetrating it
(chemotrophic growth-search). Under positive chemotropism conditions, richoderma grows
directly towards the chemical stimulus released by the pathogen (i.e., the first host location
phase). Chet and Inbar (1994) proved that Trichoderma can detect the pathogen from a
distance and that its hyphae grow towards it. Subsequently, the hyphae of 1. harzianum
started to wound around the conidiophores and hyphae of P. belbahrii (Figure 4-B); they
developed hook- and appressorium-like structures to hold on to them. Finally, Trichoderma
penetrated P. belbahrii’s hyphae (Figure 4-C) and vacuolation took place (Figure 4-C).

When the penetration process takes place, the antagonist produces extracellular lytic

enzymes —mainly, chitinases, glucanases, and proteinases—, which deteriorate the cell

Figure 3. 1. harzianum-P. belbahrii in vitro interaction at 96 hours.
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Figure 4. Pictures taken with a 40x optical microscope. The following types of 7 harzianum-Peronospora belbahrii
hyphal interaction can be seen: chemotrophic growth and search (A); coiling by hyphae (B); penetration and
vacuolation (C).

walls of the host and allow the hyphae of the antagonist to penetrate the host (Haram et al.,
1996). Martroudi e al. (2009) have also described the antagonism process or mycoparasitic
activity of Trichoderma spp. against Sclerotinia sclerotiorum (Lib.) de Bary. Wang et al. (2016)
reported that the mycelia of 7. harzianum wound around the mycelia of Lentinula edodes
(Berk) Pegle, causing the cells to start a lysis process.

CONCLUSIONS

The pathogenicity test showed that Personospora belbahrii is the mildew causal agent on
basil in the study area. Under controlled conditions, the 7. harzianum isolation evaluated in
this study shows promising signs for the control of Personospora belbahrii in basil. Four types
of hyphal interaction showed signs of parasitism: chemotrophic growth and search; coiling
by hyphae, penetration, and vacuolation; reduction of mycelial growth; and development
of sporangia.
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