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Interference of resistance inducers on the physiological
and sanitary quality of beet root seeds and seedlings

Interferencia de inductores de resistencia en la calidad fisiologica
y sanitaria de semillas y plantulas de remolacha
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ABSTRACT

High physiological and sanitary quality seeds and seedlings, resulting in a uniform and pathogen-free plant, require further
study of possible approaches to improve seed potential, tolerance, and resilience, including the use of resistance inducers. This
study aims to determine how different resistance inducers affect the physiological performance and sanitary quality of seeds and
seedlings of beetroot (Beta vulgaris L.). The treatment of beet seeds was carried out with a control group (distilled water), Bacillus
amyloliquefaciens, and Trichoderma harzianum. Germination, seedling length, dry mass, seed health, protein quantification in
plant tissues, and phenylalanine ammonia-lyase activity were all assessed. The resistance inducers had no adverse effects on the
physiological potential of seeds treated with all evaluated inducers. Regarding the sanitary quality of seeds, beet seed treatments with
Bacillus amyloliquefaciens doses of 3.0 and 6.0 mL L-! of and Trichoderma harzianum doses equal to or greater than 0.125 mL L-!
significantly reduced the incidence of Fusarium sp. Only the Trichoderma harzianum treatment reduced the incidence of pre-
emergence Damping off at all doses tested. A significant effect was observed in reducing total protein contents in seeds treated
with Bacillus amyloliquefaciens and Trichoderma harzianum.
Keywords: Trichoderma harzianum, Bacillus amyloliquefaciens, Beta vulgaris L.

RESUMEN

Para garantizar semillas y pldntulas de alta calidad fisiologica y sanitaria, que den como resultado una planta uniforme y libre
de patogenos, se deben investigar medidas que puedan mejorar el potencial, la tolerancia y la resiliencia de la semilla, como
el uso de inductores de resistencia. El objetivo de este estudio es determinar como diferentes inductores de resistencia afectan
el comportamiento fisiologico y la calidad sanitaria de semillas y pldntulas de remolacha (Beta vulgaris L.). El tratamiento
de semillas de remolacha se realizo con un testigo (agua destilada), Bacillus amyloliquefaciens y Trichoderma harzianum. Se
evaluaron la germinacion, la longitud de las pldntulas, la masa seca de las pldntulas, la salud de las semillas, la cuantificacion de
proteinas en los tejidos de las plantas y la actividad de la fenilalanina amoniaco-liasa. Los inductores de resistencia no tuvieron
efectos negativos sobre el potencial fisiologico de las semillas tratadas con todos los inductores evaluados. En cuanto a la calidad
sanitaria de las semillas, los tratamientos de semillas de remolacha con dosis de Bacillus amyloliquefaciens de 3,0 y 6,0 mL L~/
y de Trichoderma harzianum iguales o superiores a 0,125 mL L' redujeron significativamente la incidencia de Fusarium sp.
Solo el tratamiento con Trichoderma harzianum redujo la incidencia de Damping off previo a la emergencia, en todas las dosis
probadas. Se observo un efecto significativo en la reduccion del contenido de proteina total en semillas tratadas con Bacillus
amyloliquefaciens y Trichoderma harzianum.
Palabras clave: Trichoderma harzianum, Bacillus amyloliquefaciens, Beta vulgaris L.

Introduction being a source of pigment compounds that play
significant roles in human nutrition and metabolism.
Beetroot is a vegetable of the Amaranthaceae Beets are commercially propagated through

family that is considered a high-nutritional-value = seeds, and numerous biotic and abiotic factors
food and one of the most nutritious plant species,  influence their production. Seed quality affects
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productivity, and the formation of a suitable plant
stand; for beets, root production, and technological
value are the consequence of intricate interactions
between the cultivar’s genetic potential, seed quality,
production site conditions, and technologies applied
(Michalska-Klimczak et al., 2018). Furthermore,
low-vigor seeds are more sensitive to the effects of
phytopathogenic fungi, lowering their physiological
performance and yield (Soares et al., 2016).

Seeds with sanitary quality are those that are
free of phytopathogens. Fungi are the primary agents
responsible for production losses and seed quality
decrease. Seed-borne pathogens are responsible
for diminished seed germination capacity and for
variance in plant morphology in the field, which
can reduce crop yields (Gebeyaw, 2020).

Large amounts of pesticides are used to achieve
high sanitary quality, creating environmental and
consumer health interference (Carvalho, 2012). As
a result, applying alternative controls provides a
possibility for mitigating such effects.

An alternative that has shown to be promising
is the use of induced resistance, defined by the use
of inducing agents that promote an increase in plant
resistance levels without modifying its genome
(Carvalho, 2012). Several compounds, including
Bacillus amyloliquefaciens (Gowtham et al., 2018)
and Trichoderma (Ferrigo et al., 2020), among others,
have been demonstrated to be effective in creating
resistance to pathogens in several cultivated species.

The treatment of seeds with resistance inducers
can be a cost-effective way to obtain seeds with
high physiological and sanitary quality, resulting
in the formation of a stand of healthy and vigorous
plants; however, there are few results in the literature
on the use of this technique for beet seeds at the
moment. Therefore, this study aims to determine how
different resistance inducers affect the physiological
performance and sanitary quality of beet seeds
and seedlings.

Material and methods

Laboratory and field tests were conducted in
three stages: Step 1: Effect of resistance inducers
on beet seed physiological potential; Step 2: Effect
of resistance inducers on beet seed sanitary quality;
Step 3: Effect of resistance inducers on beet seedling
health. A completely randomized design was
employed in steps 1 and 2, and a randomized block
design was used in step 3. The treatments used for

all stages were control (distilled water), Bacillus
amyloliquefaciens, and Trichoderma harzianum
at different concentrations.

Seed treatment

Beetroot seeds of the Vermelha Comprida
cultivar without any chemical treatment were
used. The treatments used were: a) Control: only
distilled water; b) Bacillus amyloliquefaciens: the
commercial product NemaControl® (SIBI BS 10
isolate (CCT 7600) 5 x 10° CFU/mL; 30 g L-1)
at concentrations of 1.5; 3.0 and 6.0 mL L-I,
following the manufacturer’s recommendations;
¢) Trichoderma harzianum: the product Trichodermil
(strain ESALQ-1306; minimum of 2.0 x 10° viable
conidia mL-1; 48 g L-1) at concentrations of 0.125,
0.25 and 0.50 mL L-1, following the manufacturer’s
recommendations.

For the resistance inducers Bacillus amylo-
liguefaciens and Trichoderma harzianum, the
mixture prepared with the treatments was distributed
over the seeds in a Petri dish, which was then left
to dry naturally on a bench for 24 hours.

After carrying out the treatments, the tests
described below were performed for this stage:
Germination test: the methodology adapted from
that described in the Rules for Seed Analysis (Brazil,
2009a) was used, with five repetitions of 50 seeds
for each treatment distributed in plastic boxes of
the gerbox type (11.5 x 11.5 x 3.5 cm), on germitest
paper substrate, being previously moistened with
distilled water in a volume 2,5 times the weight of
dry paper, and which were kept in a germination
chamber at a temperature of 20 °C. During the
germination test, the evaluations were carried out
according to the criteria established by the Rules
for Seed Analysis at four and 14 days after sowing
(DAS), counting normal and abnormal seedlings
and dead seeds. Seedling growth and dry mass: 20
seedlings were evaluated per experimental unit,
from which the length of roots and shoots was
determined using a ruler graduated in millimeters.
Twenty seedlings evaluated for length were placed
in paper bags and dried in an oven at 65 °C for 72
hours before being weighed on a precision balance
(0.0001 g) to determine the dry mass. Seed health
(Blotter test method with freezing): 20 replications
with 20 seeds were used for a total of 400 seeds
per treatment. The seeds were placed on two sheets
of germitest paper inside a plastic gerbox box and
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incubated for 5 days at 20 °C with a photoperiod of
12 hours (Brasil, 2009b). A stereomicroscope was
used to analyze the seeds individually to identify
pathogenic fungi. The results were expressed as a
percentage of fungal incidence to two decimal places.

Assessment of the effect of seed treatment
with resistance inducers on the sanitary quality
of seedlings.

The beet seeds were first covered with the
resistance inducers’ doses before being placed in
plastic trays to develop vegetable seedlings with
162 cells each, and Mecplant® vegetable substrate
was used for this purpose. Sowing was performed
manually in the growing trays, with one seed per
cell. The experimental unit contained 50 cells per
tray, replicating each treatment four times. The
trays were kept in a shade netting structure, and
irrigation and cleaning procedures were performed.
The assessments were conducted 14 days after
sowing, following a methodology adapted from
Mazaro (2009), to determine the incidence of
damping-off after emergence (% of fallen seedlings)
and measurement of the length of the aerial part of
seedlings with a millimeter ruler.

For the biochemical analysis, samples of 20
beet seedlings were used, which were taken at the
end of the field experiment from each treatment
and repetition. Immediately after collection, the
samples were stored in a freezer until phenylalanine
ammonia lyase (PAL) activity and total proteins
were analyzed. This stage was completed in the
Phytopathology Laboratory. Protein quantification
in plant tissues: The proteins in the samples were
determined using Bradford’s Coomassie Blue
method (1976), with bovine serum albumin as a
standard. The measurements were taken using a
595nm spectrophotometer and expressed in mg g-!
of tissue. The activity of phenylalanine ammonia-
lyase (PAL; EC 4.3.1.5) was determined using the
approach reported by Rodrigues et al. (2006). The
enzymatic extract was prepared by macerating 1.0 g
of plant material in 6 mL of TRIS-HCL buffer (pH
8.0); the difference in absorbance caused by the
conversion of phenylalanine to trans-cinnamic acid
was predictive of PAL activity. The samples were
analyzed in a 290 nm spectrophotometer, and the
results were expressed in mg g-! of tissue.

The data obtained in all experiments were
subjected to analysis of variance and regression
test (p < 0.05), separately for each inducer, using
the SISVAR statistical software.

Results and discussion

There were no symptoms of post-emergence
damping-off in beet seedlings for any of the
evaluated inducers or in the control treatment, and
the presence of disease-specific symptoms such as
anasarca in the stem - at the height of the seedling
neck, constrictions, or seedlings felled during the
experiment were not observed.

In terms of the blotter test, overall, there
was no evidence of Rhizoctonia solani mycelium
associated with the seeds for any studied inducers
or the control treatment. However, pre-emergence
damping-off symptoms, such as the formation of
anasarca spots and radicle, which are related to
the structures of many fungi, were detected in all
treatments tested.

Damping-off control is hampered by the presence
of various pathogens, including Rhizoctonia,
Pythium, Phytophthora, and Fusarium fungi, which
can act alone or in combination (Lamichhane ez al.,
2017). As aresult, it was not possible to specify the
disease’s causal agent using the blotter test method,
only the occurrence of symptoms in beet seedlings;
therefore, the results were expressed as a percentage
of seedlings with Damping off.

However, it is worth noting the presence of the
genus Fusarium sp. in all treatments tested, with the
presence of white mycelium with a dense cottony
appearance. Fusarium equiseti has been identified
as an etiological agent of seedling damage in beet in
the United States of America (Haque; Parvin, 2020).

In general, when beet seeds were treated
with Bacillus amyloliquefaciens, increases in
the variable of germination % were seen when
compared to the control treatment, with superior
performance at the dose of 1.5 mL L-! (Figure 1).
The germination percentage of tomato seedlings
treated with B. amyloliquefaciens rose by 14.37%
compared to the control in another study (Sultana
et al., 2020). These findings could be linked to
increased production of phytohormones including,
cytokinin, auxins, and gibberellins (Diaz et al., 2021).

The doses of Bacillus amyloliquefaciens used
did not affect the variables shoot length, root length,
and seedling dry weight, nor the percentage of
emergence seedlings and shoot length of emerged
seedlings (Table 1). The phytohormones released
can stimulate growth at specific concentration
levels but may be ineffective at lower concentrations
(Biswas et al., 2000).
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Figure 1. Germination of beet seeds treated with Bacillus amyloliquefaciens.

Table 1. Mean values of seedling dry mass (SDM), shoot length (SL) and roots
length (RL), seedling emergence (SE), shoot length of emerged seedlings
(SLES), Fusarium incidence (Fi), PAL activity (PAL) and seedlings with

Damping off (DOS) in beetroot seeds as a function of the treatment
with different doses of Bacillus amyloliquefaciens.

Doses (mL L-1)

Variables

0 1.5 3.0 6.0
SDM (g/seedling) 1.4ns 1.3 1.4 1.4
SL (cm) 2.30ms 2.53 2.42 2.50
RL (cm) 4.06m 4.38 4.26 4.56
SE (%) 88ns 86 87 83
SLES (cm) 5.95ns 5.94 5.31 5.76
FI (%) 11.5¢* 0.75b 0.0a 0.0a
FAL (Uabs/min/mg of protein) 0.05ms 0.05 0.06 0.06
DOS (%) 1.950s 2.0 1.85 1.95

* Means followed by the same letter on the line do not differ by Tukey’s test (p < 0.05).
NS: not significant, in the analysis of variance (p < 0.05).

There was also no significant effect for
phenylalanine ammonia-lyase quantification or
the percentage of seedlings with pre-emergence
Damping-off symptoms (Table 1). Treatment with
B. amyloliquefaciens considerably reduced the
incidence of Damping off induced by Sclerotium
rolfsii in tomatoes (Sultana et al., 2020). These
results reveal that its antagonist effect varies between
cultures, causal agents, and even rhizobacteria
isolates, as seen in cucumber, where only two isolates
out of 37 were able to attenuate the symptoms of
pre-emergent damping-off (Lucon et al., 2008).

In an experiment to verify Bacillus cereus
resistance in tomato seeds, no changes in
phenylalanine ammonia-lyase activity were

identified (Silva et al., 2004). PAL is an important
enzyme to indicate plant stress; its activity can be
regulated by biotic and abiotic factors such as light,
temperature, herbivory, mechanical damage, growth
regulators, and fungal and viral diseases, among
others (Castro et al., 2020). In this case, it may not
have been induced due to the low percentage of
pathogens and stresses. Another hypothesis would
be that the PAL enzyme had reduced its levels by
the end of the experiment.

Significant results were reported for the
incidence of Fusarium sp. (Table 1), with doses of >
3 mL L1 producing the best outcomes. Studies report
that genes involved in the biosynthesis of antifungal
agents are found in Bacillus amyloliquefaciens,
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being capable of inhibiting spore germination and
suppressing the growth of Fusarium oxysporum
(Zhao et al., 2013).

Regarding protein quantification, there was
only a minor decrease in the results evaluated when
the concentration of Bacillus amyloliquefaciens
compared to the control (Figure 2). One explanation
for the decrease in protein levels is that the proteins
generated are membrane proteins, which are
challenging to work with due to their insolubility in
aqueous solutions and, in many cases, poor stability
in detergent micelles (Carlson et al., 2018).

Regarding the results of the Trichoderma
harzianum treatment of beet seeds, no variations
in the physiological potential of beet seeds were

observed for germination, shoot and root length,
and seedling dry mass variables (Table 2).

This effect can be considered favorable because
the treatment with 7. harzianum is capable of
harming seedling development, as demonstrated
in the tomato crop, resulting in a decrease in the
growth of the seedlings produced (Romagna
et al.,2019). The unfavorable effect generated by
Trichoderma isolates may be due to the synthesis
of compounds that hinder seedling development
when present in concentrations larger than the
optimal range (Vinale et al., 2008). Thus, up
to a concentration of 0.50 g/L of Trichoderma
harzianum, no adverse effects on beet seedling
growth and development are found.
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Figure 2. Mean of protein quantification values in beet seedlings as a function of seed treatment
with different doses of Bacillus amyloliquefaciens.

Table 2. Mean values of germination (G),

seedlings length (SL) and root length

(RL), seedling dry mass (SDM), seedling emergence (SE), shoot length of emerged

seedlings (SLES), and seedlings with Dam
with different doses of 7ri

ping off (DOS) from beet seeds treated
choderma harzianum.

Doses (mL L-1)

Variables
0 0.125 0.25 0.50

G (%) 5508 68 59 64

SL (cm) 3.25ms 3.60 3.08 3.23
RL (cm) 3.83ns 3.65 3.39 3.48
SDM (g/seedling) 0.92ns 0.92 0.96 0.98
SE (%) 92ns 89 91 92
SLES (cm) 6.13ns 5.09 6.09 6.07
DOS (%) 1.75b* 0.0a 0.0a 0.0a
FAL (Uabs/min/mg of protein) 0.0047  0.0055 0.0052 0.0055

* Means followed by the same letter on the line do not differ by Tukey’s test (p < 0.05).
NS: not significant, in the analysis of variance (p < 0.05).
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T. harzianum doses did not have significantly
affect the percentage of emerging seedlings or shoot
length of emerged seedlings (Table 2). Given that
there were no negative impacts on the physiological
potential or development of beet seedlings, the
treatment with Trichoderma harzianum is a viable
resistance inducer.

The regression analysis revealed significant
findings for the percentage of seedlings with
pre-emergence Damping off. The percentage of
seedlings with pre-emergence Damping off in beet
seeds using the blotter test decreased with a dose
of 0.125 mL L1 of T. harzianum, demonstrating its
potential in controlling fungal diseases (Table 2).
Elshahawy and El-Mohamedy (2019) found similar
results for tomato seedlings; in a greenhouse
experiment, the combined inoculation of Trichoderma
isolates (Trichoderma harzianum, T. asperellum,
T. virens) suppressed damping-off induced by
Pythium aphanidermatum and increased tomato
plant survival by 74.5%.

In terms of Fusarium spp. control, the doses
of the resistance inducer 7. harzianum had a
considerable effect, with a rapid decline in the
percentage of pathogen occurrence (Figure 3A). The
authors observed signs of lysis and disintegration
in the attacked species in a study evaluating
the effectiveness of 7. harzianum in inhibiting
mycotoxin-producing fungi, which occurred due
to the excretion of enzymes involved in lysis, such
as chitinases, capable of reducing the growth of
Aspergillus. flavus, Aspergillus carbonarius,
Alternaria alternata, and Fusarium oxysporum
(Braun et al., 2018).

A growth in the activity of Phenylalanine
ammonia-lyase was observed with the increase
in the doses used, correlating the concentration
of more significant PAL activity with a lower
incidence of Fusarium spp., demonstrating that
the treatment of beet seeds with Trichoderma
harzianum can promote biochemical changes in
response to seedling defense (Figure 3B). The

A
9
P
& °
g 6 .
c T,
[T .
=
e T y = 33.818x2 - 32.427x + 8.2568
E 3 e RZ =0.8
s T
S e,
® e,
= @ TS, ®
“ 0
0 0,125 0,25 0,375 0,5
Dose (mL L)
B 25
20 .
e, ( J
— 15 L NI ST AP LI L)
X
‘é" y = 26.764x2 - 18.385x + 18.576
— 10 RZ - 0 6
p .
‘D
5 5
S
a.
0
0 0,125 0,25 0,375 0,5

Dose (mL L)

Figure 3. Mean Incidence Values of Fusarium sp. (A) and quantification of proteins (B) in
beet seedlings, as a function of seed treatment with different doses of Trichoderma harzianum.
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activity of phenylalanine ammonia-lyase determines
the ability of pathogenic fungi to induce systemic
acquired resistance (Duba ef al., 2019). PAL is
a crucial enzyme for lignin and phytoalexins,
strengthening the host cell wall against pathogen
penetration (Naguib et al., 2021).

Regarding protein quantification, the measured
values dropped as the concentration of T.
harzianum rose, as was observed with Bacillus
amyloliquefaciens (Table 2). Similarly, the
synthesized proteins may have been insoluble
in aqueous buffers, or their quantities may have
been lowered towards the experiment’s conclusion
when quantification was conducted (Voet and
Voet, 2013).

Conclusion

There were no harmful impacts on the
physiological potential of beet seeds generated
by any investigated inducers. Regarding seed
sanitary quality, beet seed treatments with Bacillus
amyloloquefaciens doses of 3.0 and 6.0 mL L-! and
Trichoderma harzianum doses equal to or greater
than 0.125 mL L-! effectively reduced the incidence
of Fusarium sp. The incidence of pre-emergence
Damping off in beet seedlings was reduced only with
treatment with Trichoderma harzianum at all doses
tested. There was a significant effect on the reduction
of total protein levels in seeds treated with Bacillus
amyloloquefaciens and Trichoderma harzianum.
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