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Abstract

Alternaria leaf spot can be a devastating disease as the mechanism by which the fungus Alternaria brassicae
(Berk.) Sacc. spread in canola is not yet fully understood. It is essential to understand the infection process and
mechanisms of resistance by studying biotic and abiotic factors. In the present study, two abiotic elicitors-
Salicylic acid (200 ppm), and Milor MZ (Mancozeb 64% + Metalaxyl 8% WP) fungicide (100 ppm) along with the
biotic elicitor Pseudomonas fluorescens (PF83), were examined to induce systemic resistance in Brassica napus
AACC (2n=38) and Raphanus brassica AARR (2n=38) against Alternaria leaf spot disease. The histological
study revealed that R. brassica exhibited resistance to Alternaria leaf spot disease. Fungal colonies were
observed on R. brassica leaves at 120 hours post-inoculation (hpi), and Similar observations were seen on B.
napus leaves after 24 hpi. However, signs of the pathogen, including hyphae, conidia, appresoria, and dead cells,
were present on the surface of the infected leaf in both genotypes but were not observed in plants treated with
biotic and abiotic elicitors. Thus, the biotic elicitors PF83 and the abiotic elicitors SA and Milor MZ significantly
reduced (P<o0.5) lesion sizes of pathogen at 24, 84, and 120 hpi in both genotypes. Finally, the results suggested
that R. brassica produced resistance to Alternaria leaf spot. Additionally, the application of PF83 isolate is

considered a useful tool for enhancing protection methods for canola genotypes.
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Introduction
The Brassicaceae family is economically and
industrially significant, including many species
important for oil production. Brassica napus is one
of the top three most valuable oilseed crops,
serving as a source of nutrition for humans, forage
for animal feed, and raw material for biofuels and
holds

socioeconomic importance across various industries

soil conditioners. It also significant

(Borges et al., 2023).

Alternaria brassica is a plant pathogenic fungus and
the causal agent of Alternaria leaf spot disease. This
disease can severely impact crops in the Brassicaceae
family, including rapeseed (B. napus) and mustard
(B. juncea), causing significant economic losses. In
some cases, such as in Lithuania, it has caused 100%
losses of seed yield (Brazauskiene and Petraitiene,
2006), while in Canada, losses have reached up to

42% (Degenhardt et al., 1974).

In general, A. brassicae infests the phyllosphere,
causing early foliar deterioration, defoliation, and a
reduction in the photosynthetic area (Sharma et al.,
2002). Moreover, it reduces seed size, yield, and
color, leading to a decrease in oil content (Kaushik et
al., 1984). The hyphal growth of A. brassicola within
the leaf tissues of B. oleracea results in the loss of
host cell integrity and organelle disintegration at
different levels (Macioszek et al., 2020). While many
methods are available to control Alternaria leaf spot
disease, they are not always effective (Meena et al.,
2010). One of these methods involves using

resistance-inducing factors such as Elicitor factors.

Elicitor factors that induce systemic resistance in
plants are classified as biotic or abiotic, and as
physical or chemical, depending on their origin and
molecular structure. External elicitors can be defined
as factors that influence the cellular system to build
certain compounds involved in defense mechanisms
against plant pathogens (Riseh and Vazvani, 2024).
Bacteria that colonize plant roots and promote growth
are referred to as plant
rhizobacteria (PGPR). PGPR influences plant growth

growth-promoting

in two different ways: directly or indirectly. Non-
pathogenic Pseudomonas species, a well-known
genus for PGPR, are recognized for their antagonistic
effects and their impact to stimulate induced systemic
resistance (ISR) in plants. This enhances the
effectiveness of bio-control strategies, contributing to

improved cropping systems (Yu et al., 2022).

To identify the genome (AA, CC or RR) containing the
resistance trait against Alternaria leaf spot disease,
the researcher studied two genotypes: B. napus
(AACC, 2n=36) and B. rapa/R. sativus (AARR, 2n =
38). Additionally, a comparative study, between biotic
and abiotic elicitors, was conducted to induce
systemic resistance in genotypes tested against

Alternaria leaf spot.

Materials and methods

Plant, pathogen and elicitors materials

Experiments, to evaluate the efficacy of P. fluorescens
PF 83, salicylic acid, and Milor MZ fungicide
(Mancozeb 64% + Metalaxyl 8% WP) as systemic
resistance inducers to Alternaria leaf spot disease in
two spring-type genotypes, B. napus (AACC) and B.
raphanus (AARR), were conducted at the greenhouse
of the College of Agriculture, Wasit University, Wasit,
Iraq, from October 2022 to May 2023. Whereas
Canola seeds, A. brassica, P. fluorescens PF 83,
salicylic acid and Milor MZ fungicide (Mancozeb 64%
+ Metalaxyl 8% WP) were obtained from the Plant
Protection Department, College of Agriculture, Wasit

University, to be used in the study.

The A. brassicae fungus was maintained and cultured
on PDA medium (200 g peeled potato, 20 g dextrose,
15 g agar, and 1 liter distilled water) in the dark at 20
+ 2°C. After 4 days, 5-mm-diameter mycelia agar
plugs were punched from the growing margin. For
leaf inoculation, ascospores were harvested in sterile
distilled water using a sterile brush, and then filtered
through four layers of cheesecloth to remove the
mycelia. The resulting spore suspension was adjusted
to 1x104 spores/ml. For P. fluorescens was grown in
King’s broth medium and incubated at 30 + 1°C for

48 h (King et al., 1954).
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Plant cultivation under greenhouse conditions

Experiments were set in appropriate conditions in
the greenhouse using mixture of peat moss and
sand at a ratio of 1:1 that had been autoclaved twice
for 1 h with a 24 h interval and then were placed in
the earth pots (25-cm-diamter). 2 cm holes were
also made in the bottom of each pot to minimize
the loss of excess water. Ten seeds were sown
separately in each pot and grown at 20 to 25°C
with a cycle of 12 h/12 h light/dark for 35 to 45
days. The irrigation was applied by drenching twice
a week. After germination, only five plants were

allowed to grow in each pot.

Screening of elicitors based on ISR-eliciting potential
and effects on plant growth

For screening the biotic and abiotic elicitors capable
of eliciting ISR on thirty days old oilseed plant roots
of genotypes were treated with suspensions separately
by 100 ml / pot (P. fluorescens suspension, salicylic
acid (200 ppm) and Milor MZ (100 ppm) by mixing
the upper soil surface of each pot in the greenhouse
experiments. After 24 hours of treatment, the leaves
and stems of plants were inoculated by suspension of
A. brassicae and separated in 100 ml / pot (reported

in 2.1). Each treatment consisted of three replicates.

Histological assessment

Thirty-day-old B. napus and R. brassica genotypes
were treated with elicitors (as reported in 2.3). After
one day, the leaves of these plants were inoculated
with 0.5 cm plug mycelial of A. brassicae placed into

the center of each leaf.

The leaves of seedlings were harvested at 24, 72, and
120 hours post-inoculation (hpi) for histological
testing. Three samples were collected from each
treatment (inoculated and non-inoculated) of both
genotypes, with samples taken from separate
inoculated pots. Each time interval included samples
from three plants. The investigation focused on attack
sites on randomly selected leaves using an Olympus
microscope. The leaves were stained with Trypan Blue
to examine the fungal structures under light

microscopy.

Statistical analysis

The experimental design of the greenhouse study was
completely randomized, with three replicates for all
treatments. The Data were analyzed using analysis of
variance with GenStat software, and means (P < 0.05)
were compared between treatments of oilseed
genotypes, biotic and abiotic treatments, and
alternria leaf spot disease using least significant

difference tests (Gomez and Gomez, 1984).

Results

Effect biotic and abiotic elicitors on the symptoms
development upon A. brassicae infection

By testing the effect of pathogen A. brassicae on B.
napus and R. brassica genotypes, the results
indicated that AARR developed less severe disease
symptoms and less tissue damage than AACC (Fig. 1).
Soft-rotting necrosis occurred in B. napus as early as
1 dpi, in R. brassica genotype, necrosis occurred at 2
dpi. The lesion sizes in AACC reached 0.20, 0.85 and
1.55 cm at 24, 48, and 120 hpi, respectively, where
they reached 0.00, 0.50 and 1.00 c¢m respectively in
AARR (Fig. 1).

24 hpi 48 hpi

S o

AACC

AARR

Fig. 1. Disease progression of A. brassicae infection
on two genotypes leaves of B. napus AACC and R.
brassica (AARR). Leaves of 24, 48, and 120 hours
post inoculation (hpi) were inoculated with mycelial

discs of A. brassicae.

The biotic elicitors PF83 and the abiotic elicitors SA
and Milor MZ notably reduced (P<0.5) lesion sizes of
pathogen at 24, 84, and 120 hpi. In B. napus AACC
treated with PF83 measured 0.00, 0.43, and 0.75 cm,
respectively; with SA, they measured 0.00, 0.50, and
0.77 cm, and with Milor MZ fungicide, they measured
0.00, 0.55, and 0.80 cm. In R. brassica AARR,

Lesions treated with PF83 measured 0.00, 0.00, and
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0.35 cm; with SA, they measured 0.00, 0.00, and
0.46 ¢cm, and with Milor MZ fungicide, they measured
0.00, 0.00, and 0.58cm (Fig. 2).

0.8
0.7
0.6
0.5 e L
0.4 1 m24h
03 48h
o2 m120h
0.1

0

bg@“’ &f—? & 9‘3’% Qgp‘? o}b@

& <

S & § & §

¥ & w &
& &

Fig. 2. Leaves of two genotypes: B. napus AACC and
R. brassica (AARR) were inoculated with mycelial
agar disc of A. brassicae, the lesion size was measured

24, 48 and 120 hours post inoculation (hpi)

Histological study

The germ tube grew into primary hyphae, followed by
further hyphal growth. The Fungal hyphae continued
to grow on the surface of both genotypes non-treated
with biotic and abiotic elicitors, but the growth was
lower in R. brassica compared to B. napus. One or
two small lateral branches of hyphae also appeared,
but no remarkable difference was observed between
the two genotypes treated with elicitors, where the

emergence of hyphae was very minimal.

It is observed that there is increased growth in the
lateral branches of both genotypes. This growth was
clearly visible on the leaf surface of susceptible B.
napus (AACC). However, branching of the terminal
hyphae was also observed in some R. brassica
(AARR). In stomata, penetration by hyphal apices
was found in both the susceptible and resistant host
genotypes. These results suggest that both ‘AACC’ and
‘AARR’ genotypes are equally susceptible to infection
in the early stages (Fig. 3).

At 24 hours post-inoculation (hpi), extensive growth
of primary hyphae and lateral branches was seen on
the surface of susceptible AACC tissue at certain
inoculation sites, appearing as hyphal 'mounds’ due

to the extensive mycelial growth of A. brassicae. The

pathogen’s hyphae penetrated the epidermal cells,
invaded the palisade mesophyll cells, and grew within
intercellular spaces, causing disorganization and
browning of the cells beneath the germinated
ascospores. This was evident in the darkly stained
areas around the dead palisade mesophyll cells in
AACC, but no increase in hyphal growth was
observed in the resistant AARR (Fig. 3). By 48 hpi,
symptoms of infection were visible on the upper
surface of B. napus (AACC) leaves, with signs of the
pathogen, including hyphae, conidia, appresoria,
and dead cells on the infected leaf surface. These
Symptoms could be observed with the naked eye
and increased over time. AACC showed the
spongy
mesophyll cells, while in AARR, A. brassicae was

pathogen invasion extending to the

generally confined to the upper epidermis.

At 120 hours post-inculation (hpi), observable signs
of the

appresoria, dead cells, were present on the infected

pathogen, including hyphae, conidia,
leaf surface in both genotypes but were absent in both

genotypes treated with biotic and abiotic elicitors.

24 hpi 120 hpi

48 hpi

AACC

Fig. 3. Symptoms of leaves of B. napus (AACC) and
R. brassica (AARR) infected by A. brassicae of 3 time
points. Symptom images were (a, b), respectively, and
light micrograph were (a1, a2 b1 and b2), respectively.
Stocks indicate to colonies and the growth of A.
brassicae (a2 and b2) and the Black spots mentioned
in stocks are dead leaf cells (b2). Scale bars for light

micrograph at 120 hpi.

In addition to the hampered hyphae growth on the
resistant ‘AARR’, a significant interaction was

observed in AARR at 48 and 120 hpi. In some
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instances, the protoplast of the hyphal cells was
extruded, which was accompanied by either an
increase in hyphal cell diameter and/or cytoplasmic
shrinkage. The black spots observed in the samples
represent dead leaf cells resulting from
hypersensitivity, a type of resistance that
demonstrates the viability of the AARR genotype in
its rapid response to resistance after treatment with

elicitors (Fig. 3).

Dissection

Alternaria brassicicola belongs to the large fungal
division ascomycota (Ascomycetes), order
Pleosporales. This fungus, which causes Alternaria
leaf spot in the Brassica family, is one of the most
devastating diseases worldwide. A. brassicicola is
spread by insects- and wind, infecting mature plants
and primarily targeting older leaves. At advanced
stages of infection, it can lead to the decay of the
entire plant (Nowicki et al., 2012). Macioszek et al.
(2020) reported that infection with the A. brassica
fungus led to a decrease in chlorophyll content in B.

oleracea after 48 days of infection.

Systemic resistance using biotic and abiotic elicitors is

an  effective  defense = mechanism  against
phytopathogens. In this study, the results showed the
ability of biotic and abiotic elicitors to induce
systemic resistance in both tested genotypes. The
defense mechanisms triggered by general elicitor's

contributed to the plants’ innate resistance.

P. fluorescens PF83 and abiotic elicitors played an
important role in reducing the growth of the lateral
branches and terminal hyphae on both genotypes;
hyphal invasion was confined to the upper epidermal
layer. At 24 hpi and 48 hpi, hyphal growth was
significantly impeded on the surface of resistant
‘AARR’, suggesting that this genotype produces
certain fungistatic or antifungal compounds, as
proposed by Blakeman and Sztejnberg (1973) in Beta
against cinerea in Linum

vulgaris Botrytis

usitatissimum  against Melampsora lini. The
resistance in ‘AARR’ appears to be due to the

hypersensitive reaction (HR) as localized necrosis of

the palisade mesophyll cells near the infection site
was observed at 120 hpi. This result aligns with
previous finding by Garg et al. (2008). However,
these results indicate that the AARR genotype is
resistant to SSR disease, while AACC is non-resistant,
suggesting that the RR genotype is responsible for
resistance. Al-Lami et al. (2023) also pointed out that
many genotypes of rapeseed are resistant to

Alternaria leaf spot disease.

In one of the previous studies, it has shown that
bacterial P. fluorescens is able to produce some of the
materials capable of stimulating the systemic
resistance, such as SA, pseudobactin, pseudomonine
and a siderophore containing SA (Mercado-Blanco et

al., 2001).

Pseudomonas spp. was capable of inducing resistance
to Botrytis cinerea in grapevine by inducing low
levels of phytoalexin in the host cells. Compounds
such as SA, pyochelin, DAPG and/or pyoverdin are
potentially effective in inducing or priming defense

responses in grapevine cells (Verhagen et al., 2010).

These results show that SA and Milor MZ are effective
at inducing systemic resistance in plants inoculated
and infected with pathogen. Additionally, the
resistance levels were increased in both genotypes of
plants treated with salicylic acid (SA) and Milor MZ.
Salicylic acid (SA) played a crucial role in stimulating
systemic resistance to previous pathogen attacks by
activating genes associated with resistance. Many
studies have highlighted this, including research on
peanut against Alternaria alternata (Chitra et al.,
2008), and on B. napus cv. GSC 5 and B. juncea cv.
ELM 079 against Alternaria blight disease caused by

Alternaria brassicae (Sangha et al., 2007).

The importance of SA lies in its role in the
development of systemic acquired resistance (SAR) in
hosts, enabling them to defend against pathogens.
The SAR response leads to the rapid accumulation of
several pathogenesis-related proteins (PR-Protein).
PR-1, PR-2 and PR-5 genes, which are markers for
SAR dependent systemic on salicylic acid (SA), were
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examined in the shoots and roots of tomato plants

infected by root-knot nematodes (RKNs).

The results identified that the expression of these
genes was up-regulated in plants pre-treated with SA,

enhancing resistance pathogen (Molinari et al., 2014).

Conclusion

The present study demonstrated that the RR genome
is responsible for disease resistance in oilseed R.
brassica (AARR) against the infection process of A.
brassicae. It is recommend to use R. brassica as
resistant genotype for oilseed production, and the
application of beneficial biotic and abiotic elicitors for
protection and increased oilseed yield is now being

practiced in agriculture.
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