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Effect of priming and seed-coating when associated with Bacillus
subtilis in maize seeds?

Efeito do condicionamento fisiologico e da peliculizacdo associados a Bacillus
subtilis em sementes de milho

Emanuele Junges?*, Marcos Toebe®, Ricardo Feliciano dos Santos*, Geisa Finger® e Marlove Fatima Brido Muniz®

ABSTRACT - The aim of this study was to evaluate the effect on the physiological performance of maize seeds (Zea mays L.)
of micro-priming with Bacillus subtilis associated with techniques of water restriction and seed-coating. The micro-priming
of the seeds, without any additional techniques, was carried out using a commercial product, Rhizoliptus ® (Bacillus subtilis).
Water restriction was carried out using a PDA medium (Potato - Dextrose - Agar) with mannitol (-0.7 MPa), upon which the
culture was grown for 48hours. One hundred sterilized corn seeds were placed in each dish. Once root protrusion occurred in
one seed, the rest were removed and kept in a laboratory environment for 48 hours. The coating was carried out by the addition
of Seed Polymer Color HE (50 ml kg?) to the priming mixture containing the Bacillus subtilis. The seeds were kept for 48 hours
in a laboratory environment. A treatment which associated seed coating and water restriction was used on the micro-primed
seeds, together with a control treatment without the addition of Bacillus subtilis. The Bacillus subtilis has no effect on the health
of the seeds it; does however contribute to the growth and development of the maize seedlings, being influenced by the micro-
priming technique used. The use of water restriction associated with seed coating provides better results when micro-priming
with Bacillus subtilis.

Key words: Polymer. Priming. Initial growth and development. Zea mays L..

RESUMO - O objetivo deste trabalho foi avaliar o efeito da microbiolizacdo de sementes com Bacillus subtilis, associada
as técnicas de restricdo hidrica e peliculizagdo sobre o desempenho fisiologico de sementes de milho (Zea mays L.). A
microbiolizacdo das sementes sem técnica adicional foi realizada com o produto comercial Rhizoliptus® (Bacillus subtilis).
A restricdo hidrica foi realizada em meio BDA (Batata - Dextrose - Agar) + manitol (-0,7 MPa), sobre o qual a bactéria foi
cultivada por 48 h. Foram distribuidas 100 sementes de milho desinfestadas em cada placa. Quando houve protrusdo radicular
na primeira semente, as demais foram retiradas e mantidas em ambiente de laboratdrio por 48 h. A peliculizacdo foi realizada
com a adicdo do polimero Color Seed HE (50 mL kg?) a calda de tratamento contendo Bacillus subtilis. As sementes foram
mantidas por 48 h em ambiente de laboratério. Foi utilizado um tratamento associando a peliculizacéo e a restricdo hidrica nas
sementes microbiolizadas e ainda, um tratamento testemunha, sem adic¢&o de Bacillus subtilis. Bacillus subtilis ndo apresenta
efeito sobre a sanidade de sementes, entretanto, contribui para o crescimento e desenvolvimento de plantulas de milho, sendo
influenciado pela técnica de microbiolizagdo utilizada. A associagdo da restricdo hidrica com a peliculizagdo proporciona
melhor desempenho no efeito da microbiolizagcdo com Bacillus subtilis.

Palavras-chave: Polimero. Condicionamento fisioldgico. Crescimento e desenvolvimento inicial. Zea mays L..
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INTRODUCTION

The treatment of seeds is important to ensure
the health of those seeds and the seedlings they
generate, allowing full expression of the genetic and
physiological potential of the crop. Micro-priming is
a technique which aims to cover the seeds with living
organisms to act in biocontrol and/or growth promotion
(MELO, 1996). Among the most studied genera of
rhizobacteria which promote growth, those that stand
out are: Bacillus, Pseudomonas, Azospirillum and
rhizobia (ARAUJO, 2008).

Bacillus subtilis is a rhizobacterium to which
is attributed the synthesis of phytohormones, such
as indoleacetic acid, abscisic acid, gibberellins and
cytokinins, which favour root growth and an increase in
the number of root hairs (ARAUJO, HUNGARY, 1999).
The inoculation of maize seeds with Bacillus subtilis
and oyster meal contributed to the growth, development
and nutrition of the plants (ARAUJO, 2008; ARAUJO,
WARRIOR, 2010). Araujo (2008) also shows that
formulation has significant value in determining the
end-efficacy of a product based on those rhizobacteria
which promote plant growth.

Priming (water restriction, osmotic conditioning,
or hydro conditioning) has been used to improve
the performance of the seeds from different plant
species (HOLBIG et al., 2010; HOLBIG; BAUDET;
VILLELA, 2011). In addition, priming has been
used in studies aimed at obtaining different levels of
pathogen infection in seeds without compromising
their characteristics for germination (DEUNER et al.,
2011; SOUSA et al., 2008).

In the seed of the sweet corn, osmotic conditioning
promoted an increase in the percentage and speed of
germination (OLIVEIRA et al., 2007). Further, the
combination of osmotic conditioning with micro-
priming can promote a synergy of the benefits from both
techniques. To this effect, Andreoli and Andrade (2003)
found that integrating matrix conditioning with biological
treatments (Bacillus) was effective in increasing the
vigour of lower quality maize seeds.

To improve performance and add value to the seeds,
use is also made of techniques of improvement, such as
coating with film. Coating provides, among other benefits,
excellent adhesion, favouring the addition of agricultural
additives (SILVA, SANTOS; BIRTH, 2002), without
altering the size or shape of the seeds, and protecting them
from attack by pathogens (DINIZ et al., 2006).

Corn crops are highly responsive to fertilization,
and therefore conditioning techniques that allow the
rapid development of the seedlings and their non-

dependence on seed reserves, become even more
important. The present study therefore, aimed to evaluate
micro-priming with Bacillus subtilis when associated
with physiological conditioning and film coating, on the
health, germination and vigour of maize seeds.

MATERIAL AND METHODS

An experiment was conducted in 2010 at the
Laboratory of Plant Pathology, and in the greenhouses
of the Department of Plant-Health Protection of the
Federal University of Santa Maria, in Santa Maria, Rio
Grande do Sul (latitude 29°42° S, longitude 53°49° W, at
an altitude of 95 m). In this experiment, open-pollinated
maize seeds of the “Sertanejo”variety were used, coming
from the seed bank of the Associacdo dos Agricultores
Guardides de Semente de Milho Crioulo, in the town
of Ibarama, Rio Grande do Sul. Using these seeds,
methods of micro-priming (water restriction and film
coating) were evaluated for the commercial biological
product Rhizoliptus ®, which is based on the bacterial
agent Bacillus subtilis.

Initially, a preliminary trial was carried out to
determine the optimum water potential for priming maize
seeds in a culture medium of PDA (potato dextrose and
agar) supplemented with mannitol solute. The culture
medium at different strengths (0.0; -0.6; -0.7; -0.8 and
-0.9 MPa) was placed into Petri dishes in accordance
with Coutinho et al. (2001), on which were then placed
100 previously sterilized maize seeds. The seeds were
incubated in a growth chamber, with a photo period
of 12 hours at 25 °C until root protrusion occurred in
the first seed. All the seeds were then removed and
kept in a laboratory environment for 48h, when the
test for germination on paper rolls was set up. For each
strength tested, 200 seeds were used, divided into eight
replications of 25 seeds. The rolls containing the seeds
were kept for four days in a germinator at 25 °C with a photo
period of 12 hours, when the first count for germination
was made, and also after seven days of incubation, the
percentage of germination, abnormal seedlings and dead
seeds was determined.

For the first treatment (T1) the commercial product
Rhizoliptus ® was applied pure to previously sterilized
seeds (1 mL/100 seeds). The seeds were packed into
disposable plastic bags and homogenization carried out
for 5 minutes. After micro-priming, the seeds were kept
on filter paper under laboratory conditions for 48 hours.

For application of the treatment, 1 mL of the
commercial product Rhizoliptus ® was added to the Potato-
Dextrose-Agar (PDA) culture medium and supplemented
with mannitol solute at -0.7 MPa, which the preliminary
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trial had determined as giving the best performance for
maize seeds. The dishes were incubated for 48 hours to
allow for the growth and development of the bacteria on
the medium. Then, 100 previously disinfected maize seeds
were placed into each dish and incubated in a germinator,
with a photoperiod of 12 hours at 25 °C, until one seed
showed early root protrusion, which occurred 72 hours
after incubation. At this time, the remaining seeds were
removed from the culture and kept on filter paper under
laboratory conditions for 48 hours.

The third treatment (T3) consisted of micro-
priming with film coating. Collor Seed ® He Red polymer
was used, which was applied as recommended by the
manufacturer: 50 mL of product for every 100 kg of
seeds. The spray was prepared by adding an amount of
polymer relative to the weight of the sample, and 1 ml
of the product containing Bacillus subtilis, for every 100
seeds. After micro-priming, the seeds were kept on filter
paper under laboratory conditions for 48 hours.

The fourth treatment (T4) consisted of micro-
priming, carried out by water restriction as described
above, and then keeping the seeds on filter paper
under ambient conditions for 48 hours. They were then
subjected to film coating, following the manufacturer’s
recommendations, once again remaining at ambient
temperature on filter paper for 48 hours.

The control (T5) consisted of seeds disinfected
in a solution of 1% sodium hypochlorite for one
minute, followed by alcohol at 70% for one minute
and three washes in sterile distilled water. The seeds
were immediately placed onto filter paper and kept in
a laboratory environment for 48 hours.

To evaluate the performance of the seeds subjected
to the different treatments, evaluations were made of the
health, germination, cold test, growth and development
of the seedlings, both in trays and in plots, and the
speed of emergence index measured. For the health
evaluation, 200 seeds were used per treatment, divided
into eight replications of 25 seeds. These seeds were
placed in germination boxes which had been previously
sterilized with 70% alcohol and sodium hypochlorite at
1%, containing two sheets of sterile filter paper, soaked
with 2.4-Da 0.5% to inhibit germination. After this
procedure, the seeds were incubated at 25 °C, with a photo
period of 12 hours for five days, and analysed with the
aid of a stereoscopic and optical microscope, in order
to see the morphological structures of the fungi, which
were identified as to genus with the aid of a specialized
bibliography (BARNET; HUNTER, 1972), the percentage
incidence of each fungal genus being determined.

For the measurement of the variables related to
germination, 200 seeds were used for each treatment,

divided into eight replications of 25 seeds, placed on
rolls of filter paper moistened with distilled water at a
ratio of 2.5 times the dry weight of the paper. The rolls
containing the seeds were kept in a germinator set for a
temperature of 25 °C and photo period of 12 hours. Two
counts were made, at four and seven days, according to
the Rules for Seed Analysis (BRAZIL, 2009), the first
count was of normal seedlings from each replication,
where ten seedlings were randomly selected, and the
length of shoot and root measured and summed to give the
total length. Due to the reduced mass, the seedlings were
grouped into four replications in order to determine dry
weight, in a hothouse at 60 °C for 48 hours. After seven
days of incubation, the seedlings were classified as normal
strong, normal weak, abnormal and dead seeds, and the
germination percentage for each treatment was obtained
following the Rules for Seed Analysis (BRAZIL, 2009).

In the cold test, 200 seeds were used per
treatment, divided into eight replications of 25 seeds,
placed onto rolls of filter paper moistened with distilled
water at a ratio of 2.5 times the dry weight of the paper.
The seeds remained in a refrigerator at 10 °C for five
days and were then incubated in germinators under the
conditions of the germination test, in accordance with
Molina, Irigon and Zonta (1987).

Four replications of five seeds for each treatment
were sown in trays containing commercial substrate.
The trays were kept in a greenhouse and irrigated as
needed. Four replications of 10 seeds for each treatment
were sown in beds of turned soil in a greenhouse. Daily
counts were taken of the emerged seedlings in the trays
and the beds, until reaching a constant number, and for
each repetition, the speed of emergence index was then
calculated by summing the number of emerged plants
each day, divided by the respective number of days
elapsed since sowing, according to Maguire (1962). At
10 days after sowing, the number of emerged plants
was counted, and based on these, the average number
of leaves, average diameter of the stem, average height
and average dry weight of the shoot for each seedling
from the beds and trays were calculated.

For each variable a variance analysis was performed
using the F test at 5% significance, and the differences
between averages were compared by the Scott-Knott
test at 5% significance, using the statistical application
GENES (CRUZ, 2006).

RESULTS AND DISCUSSION

Mannitol strengths of -0.6, -0.7, -0.8 and -0.9
MPa were all similar and higher than the control (0.0
MPa) for the first count of germination and the number
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of germinated seeds, and had fewer abnormal seedlings
(Table 1). However, the smallest number of dead seeds
occurred at a strength of 0.7 MPa, despite not differing
from the higher strengths and from the control. Due to the
increased performance provided by the negative strengths
in relation to the control and the lowest number of dead
seeds, a strength of -0.7 MPa in the PDA culture medium
was determined as being ideal for the osmotic conditioning
of maize seed and the subsequent application of treatments
with micro-priming.

Bacillus subtilis was not effective in controlling
pathogens associated with maize seeds, and in some
treatments there was an increased incidence of Fusarium
spp. and Penicillium spp. (Table 2). The treatment with
water restriction, favoured the incidence of Trichoderma
spp. which may be beneficial, as this fungus can act in
controlling pathogens in seeds and subsequently in the
ground. However, water restriction and film coating
favoured the incidence of Fusarium spp, and the
combination of these techniques reduced the incidence of

Trichoderma spp. and Fusarium spp., reducing competition
and increasing the incidence of Penicillium spp.

The inefficiency of Bacillus subtilis on the
pathogens associated with the seeds may be due to the short
time of contact between the organisms, there not having
been time for direct biocontrol action. A different response
is expected during the crop cycle, when the application
of Bacillus subtilis to the soil or via seed may provide
disease control in the shoot by inducing resistance. To this
effect, Araujo and Menezes (2009) verified the control of
diseases in tomato shoots as having an efficiency similar
to that of chemical fungicides. Isolated Bacillus spp. was
reported as having the control potential of scalding in rice
(Gerlachia oryzae) through the micro-priming of seeds
(LUDWIG et al., 2009) and control of fungi transmitted
by oat seeds (SILVA et al., 2002).

The effect of seed inoculation with Bacillus
subtilis in the trials to evaluate the physiological quality
of the seeds, showed a reduction, at the first count for

Table 1 - Mean values of the evaluation of germination first count (GFC), germinated seeds (GER), dead seeds (DES) and abnormal
seedlings (ABS) in physiologically primed seeds in a PDA culture medium supplemented with mannitol solute at different strengths

Treatment GFC GER DES ABS
(MPa) % % % %

0.0 10.00 b® 52.50 b 12.00 a 27.50a

-0.6 18.75a 72.00a 13.50 a 11.00 b

-0.7 18.25a 78.50 a 05.50a 11.50 b

-0.8 18.75a 78.00 a 08.00 a 09.00b

-0.9 18.00 a 76.50 a 08.50 a 10.50 b
CV% 22.52 17.63 66.24 73.23

®Means with same letter in any one column do not differ by the Scott-Knott test at 5% significance

Table 2 - Averages of the data relating to the health of maize seeds submitted to different treatments

Trichoderma spp.

Fusarium spp. Penicillium spp.

Treatment®
% % %
T1 2.00 b® 24.00 b 4250b
T2 16.00 a 51.50 a 37.00b
T3 1.00b 43.50a 4350b
T4 0.00b 19.50 b 100.00 a
T5 150b 25,50 b 30.00 b
Fc® 13.20* 7.99* 49.07*
CV(%) 127.07 42.37 22.45

®Treatments: T1 = Application of Bacillus subtilis; T2 = Application of Bacillus subtilis with fluid restriction; T3 = Application of Bacillus subtilis with
film coating; T4 = Application of Bacillus subtilis with water restriction and film coating; T5 = Control without the application of Bacillus subtilis, water
restriction or film coating; @Significant effect by the F testa t a 5% level of significance. "™ Not significant; ®Means with same letter in any one column

do not differ by the Scott-Knott test at 5% significance
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germination, in the percentage of strong seedlings, and
an increase in the percentage of weak seedlings and dead
seeds (Table 3). However, the treatments did not affect
seed germination under those conditions ideal for the
growth of microorganisms. Mafia et al. (2009) observed
an increase in the percentage of seed germination in
Eucalyptus spp., and Silva et al. (2002) obtained a larger
amount of emerged oat seedlings when the seeds had been
micro-primed with Bacillus subtilis.

The use of micro-priming techniques with
Bacillus subtilis on seeds demonstrated the action
of bacteria as promoting growth in maize seedlings,

producing seedlings with greater shoot length, root
length, and total length (Table 4). This effect on maize
seedlings may be due to the action of Bacillus subtilis
as an inducer of phytohormones, such as indoleacetic
acid, abscisic acid, gibberellins and cytokinins which
favour root growth and an increase in the number of
root hairs (ARAUJO, HUNGARY, 1999). The highest
values were seen with the use of film coating alone,
and when combined with water restriction. Those
seeds subjected to water restriction displayed greater
seedling length, being superior to the traditional
method of micro-priming.

Table 3 - Average values for germination (GER), germination first count (GFC), strong seedlings (STS), weak seedlings (WKS),
abnormal seedlings (ABS) and dead seeds (DES) for maize seeds submitted to different treatments

GER GFC STS WKS ABS DES

Treatment®
% % % % % %

T1 79,75 a® 50,50 b 69,00 b 11,50 a 10,50 a 9,00 b
T2 74,00 a 51,50 b 65,50 b 8,50 a 11,50 a 14,50 a
T3 82,00 a 74,50 a 81,50 a 0,50 b 250b 15,50 a
T4 74,00 a 66,00 a 69,50 b 450b 5,00b 21,00 a
T5 81,00 a 62,50 a 76,50 a 450b 10,50 a 8,50 b
Fc@ 1,44 6,13* 2,98* 3,37 4,93* 4,72*
CV(%) 11,66 18,96 17,71 110,14 67,61 49,01

MTreatments: T1 = Application of Bacillus subtilis; T2 = Application of Bacillus subtilis with fluid restriction; T3 = Application of Bacillus subtilis with
film coating; T4 = Application of Bacillus subtilis with water restriction and film coating; T5 = Control without the application of Bacillus subtilis, water
restriction or film coating; @Significant effect by the F testa t a 5% level of significance. "™ Not significant; ®Means with same letter in any one column

do not differ by the Scott-Knott test at 5% significance

Table 4 - Average length of shoots (LSH), root length (LRO), total length (TOL), average dry weight of seedling shoots (SDW), mean
seedling root dry weight (RDW), mean seedling total dry weight (TDW), average emergence of plant in trays (PET), average number
of leaves of bedded plants (NLB) and speed of emergence index (SEI) in maize seeds submitted to different treatments

LSH LRO TOL SDW RDW TDW PET NLB SEI
Treatment®

cm cm cm mg mg mg % un -
T1 2.55¢c® 4.89c 7.44c 0.85¢c 1.25¢ 211c 65.00a 5.08b 43.26b
T2 2.93b 6.54b 9.47b 1.18b 1.60b 2.78b 45.00b 572a 51.65a
T3 371a 7.42a 11.14 a 1.21b 151b 272b 85.00a 491b 55.67a
T4 4.04 a 8.0la 12.06 a 151a 1.81a 3.32a 80.00a 537a 61.80a
T5 2.43c 4.68c¢c 7.12c 0.85¢ 1.07c 1.92¢ 50.00b 488b 4559b
Fc@ 30.18* 19.03* 30.01* 23.06* 13.31* 35.14* 3.07* 4.01* 3.58*
CV(%) 11.70 15.28 11.94 10.29 10.96 7.36 31.02 6.75 15.41

MTreatments: T1 = Application of Bacillus subtilis; T2 = Application of Bacillus subtilis with fluid restriction; T3 = Application of Bacillus subtilis with
film coating; T4 = Application of Bacillus subtilis with water restriction and film coating; T5 = Control without the application of Bacillus subtilis, water
restriction or film coating; @Significant effect by the F testa t a 5% level of significance. "™ Not significant; ®Means with same letter in any one column
do not differ by the Scott-Knott test at 5% significance
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The use of Bacillus subtilis promoted greater
dry-matter accumulation that can be observed in the
combination of water restriction and film coating, which
separately performed badly. Correa, Bettiol and Sutton
(2010) applying the formulation of Bacillus subtilis in
nutrient solution to lettuce infected by Pythium spp.,
observed a greater accumulation of mass in the plants,
and Mafia et al. (2007) and Mafia et al. (2009) verified
a beneficial effect of Bacillus subtilis on the growth of
plants of Eucalyptus spp. Araujo (2008) working with
a formulation of Bacillus subtilis with oyster meal,
saw greater growth and nutrition in maize, and Araujo
and Marchesi (2009) observed greater growth and
accumulation of mass in shoots of the tomato treated
with Bacillus subtilis.

The application of Bacillus subtilis associated
with water restriction (T2) and combined with film
coating (T4) favoured the growth and development
of seedlings, resulting in a greater number of leaves
(Table 4). The increase in the speed of emergence
index (SEI) was conditional on the adoption of micro-
priming techniques with water restriction and film
coating, both isolated and in combination; when these
techniques were not adopted, B. subtilis did not display
its potential, being similar to the control. Andreoli and
Andrade (2003), in trials with maize seeds primed in
the presence of Bacillus subtilis, observed an increase
in the SEI and in the percentage of seedling emergence
at 10 days.

When evaluating the performance of the cold
test, there was no difference between treatments,
demonstrating that under conditions of physiological
stress, seed performance is not influenced by Bacillus
subtilis. The other variables: seedling emergence
evaluated for bedded plants; height of seedlings
evaluated for plants in trays and beds; number of
leaves for seedlings in trays; average dry mass and
average diameter of the plants evaluated in beds and
trays, presented no significant differences between the
treatments.

CONCLUSIONS

1. Bacillus subtilis has no effect on the health of maize
seeds;

2. Bacillus subtilis promotes the growth and development
of maize seedlings, being influenced by the micro-
priming technique used;

3. The association of water restriction with film coating
provides better vigour in those seedlings, micro-primed
with Bacillus subtilis.
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