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Beet seed priming with growth regulators

Condicionamento fisiologico de sementes de beterraba com
reguladores de crescimento

Lucas Dotto'; Vanessa Neumann Silva®*
9

Abstract

Seed priming is a technique used to induce metabolic germination processes. Use of growth regulators
in seed priming may facilitate increments in physiological processes during seed germination. The
objective of this study was to evaluate the effect of priming and growth regulators on beet seed
germination. The treatments were cultivar type (Early Wonder, Itapua and Maravilha) and seed
priming technique, which included a control (unconditioned seed) standard hydropriming (water) and
a conditioning with salicylic, gibberellic and ascorbic acids, respectively. The treatments were defined
by initially testing 0, 1, 2 and 4 mM ascorbic, gibberellic and salicylic acids. Before seed priming,
imbibition seed curves were established to determine the optimal conditioning time. After conditioning,
the germination, rate of germination, seedling length and seedling dry weight were evaluated. First, the
appropriate dosage for conditioning was determined by using a completely randomized experimental
design, with four replications per cultivar. Then, a 3 x 5 (cultivar x conditioning technique) factorial
design was adopted. Whenever the results were significant by variance analysis, regression analysis was
performed. Finally, Tukey’s test was used to compare the means at P=0.05. Beet seed priming alters the
potential of germination and is influenced by the cultivar and conditioning technique. Pretreatment with
1-2 mM ascorbic, gibberellic or salicylic acids, respectively, promotes beet seed germination, whereas
at 1-3 mM, the growth of roots and shoots of beet seedlings is promoted. The most effective techniques
to promote germination and growth of sugar beet seedlings were priming with water, salicylic acid or
gibberellic acid.
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Resumo

O condicionamento fisiologico ¢ uma técnica que permite a ativacdo dos processos metabolicos
e fisiolégicos na germinagdo das sementes por meio da utilizagdo de reguladores de crescimento.
Desta forma, objetivou-se avaliar o efeito do condicionamento fisiolégico de sementes de
beterraba com reguladores de crescimento. Foram utilizadas trés cultivares: Early Wonder, Itapud e
Maravilha, submetidas a cinco tipos de condicionamentos: testemunha (semente ndo condicionada)
hidrocondicionamento padrao (4gua), condicionamento com os acidos salicilico, giberélico e ascorbico.
Para defini¢do dos tratamentos, foram testadas doses de 0; 1; 2 e 4 mMol.L! dos acidos. Previamente ao
condicionamento, foram realizadas as curvas de embebicdo das sementes, para determinagdo do tempo
ideal de condicionamento, logo apds, as sementes foram avaliadas quanto a porcentagem e velocidade
de germinagdo, comprimento e massa seca de plantulas. O delineamento experimental utilizado
foi inteiramente casualizado com quatro repeti¢cdes, separado para cada cultivar, determinando-se
as dosagens adequadas. Na segunda etapa foi adotado esquema fatorial 3 x 5 (cultivares x tipo de
condicionamento). Os resultados foram submetidos a analise de varidncia e quando esta foi significativa
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procedeu-se a analise de regressdo. Na segunda etapa do trabalho realizou-se comparagdo de médias
com teste de Tukey a 5% de probabilidade de erro. O condicionamento fisiologico de sementes de
beterraba altera o potencial de germinacdo e a resposta esta relacionada com a cultivar utilizada e o
tipo de condicionamento. As doses entre 1 ¢ 2 mMol L' de 4cido ascorbico, giberélico ou salicilico
promoveram a germinagdo de sementes de beterraba e doses entre 1 ¢ 3 mMol L dos acidos favoreceram
o crescimento das raizes e parte aérea das plantulas. O condicionamento fisiologico com agua, com
acido salicilico ou com acido giberélico sdo as melhores técnicas, dentre as testadas, para promover a
germinagao e o crescimento de plantulas de beterraba.

Palavras-chave: Beta vulgaris. Hidrocondicionamento. Acido giberélico. Acido salicilico. Acido

ascorbico.

Introduction

Seed quality is fundamental for an adequate plant
establishment and is associated with the productive
success of the crop. The productivity of beet crop
is limited by factors, such as low or irregular
germination in the field (TIVELLI et al., 2011),
which may be linked to the presence of inhibitory
substances in the pericarp on the seed glomerulus
(LOPES; NASCIMENTO, 2012).

Some techniques can be used to increase the
physiological potential of seeds. For instance, seed
priming has beenshown to increase germination, with
high levels of resistance to stress and productivity
(PAPARELLA et al., 2015). In this procedure, the
seeds are partially hydrated under the recommended
temperature and time, allowing the initiation of the
germination metabolic processes. Thus, the initial
phases (phase I and II) occur, without phase III
(primary root protrusion) (BEWLEY et al., 2013).

According to Paparella et al. (2015), seed
priming performed with bioactive
molecules, secondary
metabolites, for example, salicylic or gibberellic
acids. These compounds control key biochemical
processes  during
and plant development, while their exogenous

can be

microorganisms  or

maturation  (germination)

application  promotes antioxidant responses
(RADHAKRISHNAN et al., 2013).
Gibberellins promote germination

(YAMAGUCHI, 2008) by inducing o-amylase
synthesis in the aleurone layer, which secretes
hydrolytic enzymes into the starchy endosperm.

The embryo then uses the sugars released by
starch degradation, for their growth (YAN et al.,
2014). In addition to controlling seed germination,
gibberellins are involved in seedling development
(YOUNESI; MORADI, 2015).

Salicylic acid is known as a growth regulator
in various plant species. According to Rajjou et al.
(2006), salicylic acid stimulates enzyme activities
involved in Arabidopsis seed germination, such as
enolase, malate dehydrogenase, phosphoglycerate
kinase and pyruvate decarboxylase. Its effect on
germination is dependent on its concentration in the
seeds (RAJJOU et al., 2006; SINGH et al., 2010).

Another metabolite that can be used as a growth
regulator is ascorbic acid, which plays a vital role
during the initial stages of germination (SOARES;
MACHADO, 2007). (2008)
characterized the proteome of beet seeds and found

Catusse et al
that besides accumulating starch, the perisperm
i1s involved in the metabolism of ascorbic acid,
affirming a possible communication between the
perisperm and the embryo. Thus, it is likely that this
compound is involved in the processes associated
with the growth of the embryo that occur during
germination, considering that ascorbic acid is an
important metabolite in the cell cycle (ZHANG,
2013).

Thus, the objective of this research was to
evaluate the effect of seed priming on beet seeds
treated with the growth regulators, ascorbic,
salicylic and gibberellic acids, respectively.
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Material and Methods

This study used Beta vulgaris L. seeds of
cultivars Early Wonder, Maravilha and Itapua,
from the 2014 crop season. In Brazil, Early Wonder
and Maravilha can be sowed throughout the year,
whereas Itapua is sowed between January—May and
September—December in Southern Brazil, and all
year round in other regions. The experiment was
conducted in two stages.

First step

In this step, the seeds were characterized and
the growth regulators and priming conditions
were established, using a completely randomized
design, with four replications per cultivar. Initial
seed characterization consisted of water content
and germination analyses, according to the
Brazilian Rules for Seed Analysis (BRASIL, 2009).
Moisture content was determined by oven drying
3 g of seeds per cultivar, at 105 °C for 24 hours.
Four replicates per cultivar were analyzed and the
results were expressed as a percentage on a wet
weight basis (BRASIL, 2009). The germination test
was performed on four replicates of 50 seeds per
treatment, which were uniformly distributed on two
sheets of germination paper, in plastic boxes (11
x 11 x 3.5 cm) and covered with a second sheet.
The paper was moistened with distilled water in an
amount equivalent to 2.5 times the paper dry mass.
The plastic boxes were covered with lids and placed
in a germination chamber at 20 °C, where they
remained for 14 days. Evaluations were performed
at 4 and 14 days after initiating the test, thus,
accounting for the normal seedlings, according to
the Brazilian Rules for Seed Analysis (BRASIL,
2009).

Imbibition curves were established to determine
the best duration (hours) for seed priming. Briefly,
four replicates of 3 g of seeds per cultivar were
weighed and then distributed on three sheets of
germitest paper and covered with three more sheets
on a metal screen, equipped with plastic boxes (11

x 11 x 3.5 cm) containing 40 ml of distilled water
(control) or ascorbic or gibberellic or salicylic
acids (separately for each treatment). The boxes
were transferred to a biochemical oxygen demand
chamber regulated at 20 °C, in which they remained
until the primary root emerged. During this
period, samples were removed and weighed on a
precision scale (0.0001 g), at hourly intervals for
up to 12 hours after initiating the test and at 3-hour
intervals from 13 hours until the test concluded.
The amount of water/solution absorbed by the
seeds for each treatment was calculated by weight
difference. The hydration curves were constructed
and the appropriate period at which to interrupt the
procedure was determined to investigate the effect
of seed priming (FERREIRA et al., 2013).

In order to define the growth regulator
treatments, initial tests were performed at 0, 1, 2
and 4 mM ascorbic acid (AHMAD et al., 2013),
gibberellic acid (REZAIE et al., 2012) and salicylic
acid (AHMAD et al., 2013), respectively.

The analyzed variables included germination,
germination speed index, first germination count
and seedling length.

The germination test was carried out using a
method adapted from the Brazilian Rules for Seed
Analysis (BRASIL, 2009), as previously described.
The germination velocity index was performed
according to Maguire (1963), which involved daily
counts of the number of germinated seeds. The
first germination count (4 days after initiating the
test) and the seedling growth were used for vigor
evaluation. Seedling growth was determined by
measuring the seedling length (NAKAGAWA,
1999) of 20 seedlings per replicate, for each
cultivar from the germination test, using a graded
ruler. The results were expressed in centimeters
(NAKAGAWA, 1999).

After the initial evaluations, analysis of variance
was conducted and when the F test was significant,
regression analysis was performed. The ideal dose
of each growth regulator for the second stage of the
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research was determined by interpretation of these
analyzes. When the results of the regression analysis
were significant, graphs were constructed for
representation and when there was no significance,
tables were developed.

Second stage

In the second stage, the treatments consisted
of control (unprimed seed), hydropriming (seed
conditioned only with water) and priming
with ascorbic, salicylic and gibberellic acids,
respectively, in a 3 x 5 (cultivars x types of seed
priming) factorial scheme with four replicates. The
germination and vigor tests were performed and the
dry mass of the seedlings was determined.

After evaluating the length of the seedlings,
they were identified and stored in paper bags, then
oven-dried at 80 °C for 24 hours (NAKAGAWA,
1999). The dry mass (weight) of the seedlings was
expressed in grams.

The results were assessed by analysis of variance
and the means were compared by Tukey’s test
(p<0.05).

Results and Discussion

The initial characterization of the seeds verified
that Early Wonder, Itapud and Maravilha cultivars
had 8.4, 10.3 and 8.45% moisture contents,
respectively, and corresponding germinations of 89,
93 and 91%. This information is essential for the
development of the research because the humidity
influences the duration of the germination phases,
and therefore, the duration of the physiological
conditioning treatment.

In the imbibition curves, treatments with
ascorbic, salicylic and gibberellic acids, respectively,

shortened the duration of germination phases [ and 11,

compared to the hydroprimed seeds, for all cultivars
(Figure 1). The water and growth regulator solutions
altered the osmotic potential and concomitantly
changed the seed/substrate water levels, altering the
absorption rates. Thus, by reducing the duration of
phases I and I1, it is possible to increase the speed of
germination. According to Nonogaki et al. (2010),
germination occurs in three phases, beginning with
a rapid water absorption by the seed (phase I), until
all matrices and cellular contents are completely
hydrated. This step is followed by a period of
limited water absorption (phase II). The increase in
water uptake associated with phase III is initially
brief, followed by a large increase in the imbibition
of growing cells and radicle and the subsequent
remaining seedling development, with an increase
in mitotic divisions and cell expansion.

The physiological seed priming with 1.96 mM
ascorbic acid increased the germination percentage
(Figure 2A) of Maravilha beet seeds. The cultivars
Early Wonder and Itapua could not be differentiated,
except at 2 mM ascorbic acid, with [tapud showing
a relatively greater germination (Table 1). Ascorbic
acid is involved in the regulation of cell elongation
and progression through the cell cycle (GALLIE,
2013), which are important processes during
germination. Goel et al. (2003) verified that water
and ascorbic acid priming promoted germination of
artificially aged cotton seeds, with a concomitant
reduction in lipid peroxidation and partial restoration
of the activity of antioxidant enzymes (catalase,
superoxide dismutase, peroxidase and glutathione
reductase). These antioxidant enzymes have also
been found in dry pea seeds (WOJTYLA et al.,
2006) and are believed to be not only involved in
removal of free radicals generated during imbibition
but possibly part of an antioxidant system in seeds
that contributes to the repair and protection of
biomolecules during germination (NONOGAKI et
al., 2010).
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Figure 1. Imbibition curves of beet seeds, Maravilha (0), Itapua () and Early Wonder (0) subjected to hydropriming
(A), priming with ascorbic acid (B), gibberellic acid (C) and salicylic acid (D).
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Maravilha and Early Wonder showed a maximum
germination speed at 2.08 and 3.13 mM ascorbic
acid, respectively (Figure 2B). In contrast, Ansari
et al. (2013) studied the effect of hormonal priming
on Secale montanum seeds and found the highest
vigor index and germination speed occurred at 75
ppm (0.4 mM) ascorbic acid.

Ascorbic acid may have a direct positive
influence on the process that redirects available
reserve substances for embryo germination because
it tends to stimulate the production of enzymes
responsible for this process, favoring a better
performance (BURGUERESE et al., 2007). Cheng
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et al. (2014) verified that the enzyme ascorbate
peroxidase-6 regulates the cross-talk between
reactive oxygen species and hormones during
germination in Arabidopsis. Ascorbate peroxidases
comprise a small family of nine enzymes in
Arabidopsis that use ascorbic acid as a substrate to
reduce hydrogen peroxide to water (MITTLER et
al., 2004). Hydrogen peroxide levels in germinating
seeds and seedlings can be stimulated via seed
priming; This simple method has been shown to be
a valuable tool for increasing seed quality and stress
tolerance during the post-priming germination
period (WOJTYLA et al., 2016).
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Figure 2. Germination (A), germination speed index (B), seedling root length (C) and shoots (D) of beet seeds,
cultivars Maravilha (¢), Early wonder (@) and Itapua (o), primed with different doses of Ascorbic acid.
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Physiological priming with 1 mM gibberellic
acid, increased the seed germination (Figure 2A)
of Early Wonder. However, there was no difference
between the treatments tested for Itapud and
Maravilha (Table 3). The germination speed of
Itapua was highest at 1.12 mM ascorbic acid (Figure
2B), however, for the other cultivars there was no
significance in the regression analysis, and the mean
values indicated the low performance of Maravilha
at 2 mM ascorbic acid (Table 2).

Gibberellins have a key role in seed germination,
overcoming dormancy and controlling the hydrolysis
of reserves by inducing o-amylase synthesis, the
enzyme responsible for starch hydrolysis. Catusse
et al. (2012) observed accumulation of a-amylase
in the perisperm extracted from intact whole seeds,
but not from the isolated perisperm, suggesting that
the embryo participates in the accumulation of this
starch mobilization enzyme during germination.
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Thus, the mechanisms that occur in the perisperm of
beet seeds appear to be similar to those documented
for cereal endosperm.

In seed priming with salicylic acid, germination
in Early Wonder was highest at the 4 mM dose
(Figure 3A). For Maravilha and Itapud cultivars,
there were no significant results (Table 3). In
the first germination count for cultivar Itapud,
there were better results at 1 mM (Figure 3B).
According to Rajjou et al. (2006), salicylic acid
stimulates the activities of enzymes involved in
Arabidopsis seed germination, such as malate
dehydrogenase. Cytosolic levels and the activity
of malate dehydrogenase are high in seeds of some
species during the initial stage of germination
(WEITBRECHT et al., 2011). This
participates in the Krebs cycle, also called the citric

enzyme

acid cycle or tricarboxylic cycle and the glyoxylate
cycle.
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Table 1. Averages of germination (G), first count of germination (FCG), germination speed index (GSI), seedling root
(RL) and shoot (SL) length of beet obtained from seeds primed with different doses of Ascorbic and gibberellic acid.

Doses (mMol L)

Cultivar Ascorbic acid
0 1 2 4
G (%)

Early Wonder 97,5 aA* 99,0 aA 94,5 bA 99,0 aA
Itapua 97,5 aA 97,5 aA 97,5 aA 99,5 aA
CV (%) 2,65

FCG (%)
Early Wonder 76,0 aBC 95,0 aA 89,5 aAB 72,0 bC
Itapua 85,3 aA 89,0 abA 86,0 aA 96,0 aA
Maravilha 86,7 aAB 79,3 bB 96,0 aA 89,3 aAB
CV (%) 9,9

GSI

Itapud 92,5A 85,8 A 75,8 A 91,3 A
CV (%) 10,7

SL (cm)
Early Wonder 2,7B 3,7A 2,7B 2,6 B
CV (%) 11,2

RL (cm)
Itapud 5,6 A 32B 3,3B 52A
CV (%) 9,8

Gibberellic acid
0 1 2 4
VG
Early Wonder 82,4 bA 86,6 aA 93,9 aA 87,5 aA
Maravilha 94,7 aA 86,6 aA 67,8 bB 94,9 aA
CV (%) 7,67
G (%)

Itapud 99,5 99,0 96,5 99,5
Maravilha 98,0 97,0 98,0 97,0
CV (%) 2,17

FCG (%)
Itapua 74,8 71,1 74,1 71,6
Maravilha 68,7 68,2 67,8 70,8
CV (%) 5,46

SL (cm)
Itapua 49B 2,6 D 38C 55A
CV (%) 3,33

RL (cm)
Maravilha 40B 3,8B 5,1 A 39B
CV (%) 3,65

* Means followed by the same capital letter in the row and lowercase in the column do not differ by Tukey’s test (p <0.05).
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Table 2. Average of first count of germination (FCG), germination (G), seedling root (CR) and shoot length (SL) of
beet obtained from seeds primed with different doses of salicylic acid.

Cultivar

Doses (mMol L)

0 1 2 4

FCG (%)
Early Wonder 11,1 B* 13,5A 11,3B 11,4B
Maravilha 80 A 66 B 80 A 75 A
CV (%) 1,9

G (%)

Itapua 98,2 99,0 89,0 96,5
Maravilha 97,0 97,0 94,7 92,5
CV (%) 3,9

RL (cm)
Early Wonder 2,9 3.4 2,8 2,0
CV (%) 3,0

SL (cm)
Itapud 4,3 3,6 4.5 4.3
CV (%) 3,5

*Means followed by the same capital letter in the row do not differ by Tukey’s test (p <0.05).

Figure 3. Germination (A), germination speed index (B), seedling root (C) and shoot (D) length of beet seeds, cultivars
Maravilha (¢), Early wonder (@) and Itapua (0), primed with different doses of gibberellic acid.
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Table 3. Average of first count germination (FCG), germination speed index (SGI), germination (G), seedling shoot
(CPA) and root length (CR), seedling shoot (SDM) and root (RDM) dry mass of beet.

Treatment
Cultivar Up** HP ASP GA3P AscP
FCG (%)
Early Wonder 97,7 aA* 61,7 cD 79,5 cB 49,0 cE 69,0 cC
Itapua 76,7 cC 69,0 bD 96,7 aA 83,7 bB 77,5 bC
Maravilha 89,2 bB 95,2 aA 83,2 bC 95,0 aA 83,2 aC
CV (%) 1,35
VG
Early Wonder 88,5 bB 66,1 bD 91,4 aA 49,7 bE 70,7 cC
Itapua 76,6 cB 65,2 bC 93,4 aA 93,6 aA 75,2 bB
Maravilha 98,6 aA 98,5 aA 79,8 bC 91,5 aB 93,1 aB
CV (%) 1,66
G (%)
Early Wonder 100 aA 92,5 bC 92,7 bC 76,5 bD 96,5 bB
Itapua 94,2 bB 87,0 cC 100 aA 99,7 aA 100 aA
Maravilha 98,7 aA 100 aA 98,7 aA 100 aA 97,0 bB
CV (%) 0,81
SL (cm)
Early Wonder 3,6 aB* 2,8 Bd 2,9cC 2,9 bCD 4,6 aA
Itapua 2.4cD 2,7bBC 3,7 aA 2,6 cC 7,8 cB
Maravilha 3,1 bBC 4,1 aA 3,2bB 42 aA 3,0bC
CV (%) 2,08
RL (cm)
Early Wonder 6,0 aA 3,2bC 2,0cD 2,1cD 5,6 aB
Itapua 3,2bB 1,9 ¢cD 5,3 aA 2,8 bC 3,0 bB
Maravilha 2,4 ¢cD 6,2 aB 29bC 6,9 aA 2,6 cD
CV (%) 3,01
SDM (g)
Early Wonder 1,1963 bD* 1,5250 bB 0,9063 cE 1,6213 aA 1,3575 aC
Itapua 1,4125 aA 1,3475 cAB 1,2988 aB 1,0775 ¢C 1,0425 cC
Maravilha 1,3588 aB 1,6650 aA 1,1563 bC 1,3100 bB 1,1163 bC
CV (%) 2,8
RDM (g)
Early Wonder 0,5424 aA 0,4325bB 0,3063 cD 0,3413 cC 0,5263 aA
Itapua 0,4713 bB 0,3863 cC 0,5663 aA 0,3763 bCD 0,3575 bD
Maravilha 0,2175 cD 0,5263 aA 0,4638 bB 0,5513 aA 0,3550 bC
CV (%) 3,13

** Means followed by the same capital letter in the row and lowercase in the column do not differ by Tukey’s test (p <0.05). **
Unprimed seed (UP), hydropriming (HP), priming with salicylic acid (ASP), gibberellic acid (GA3P) and ascorbic acid (ASCP).

In terms of the seedlings growth, seedling root
lengths were highest (Figure 2C) at 2.24 and 3.11
mM ascorbic acid for the cultivars Early Wonder
and Maravilha, respectively. However, regression
analysis did not present significance for the cultivar
Itapua (Table 1). Seed reserves and their adequate
mobilization are responsible for the initial seedling

growth, during a relatively short period after
emergence (OLIVEIRA et al., 2012). Ascorbic
acid is involved in several cellular processes, such
as regulating the transition from the G1 to S phase
in the cell cycle (SMIRNOFF, 1996), a process
directly related to root growth. Root treatments
with exogenous application of ascorbic acid
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increase the elongation under water stress, which
can be attributed to the increased production of non-
enzymatic antioxidants that suppress the toxicity
of reactive oxygen species and act to regulate the
expression of genes associated with degradation of
cell wall proteins, thereby controlling cell expansion
(XU et al., 2015).

Seed priming with gibberellic acid improved
root growth at 1.82, 2.23 and 2 mM for cultivars
Itapua, Early Wonder (Figure 2C) and Maravilha
(Table 1), respectively. The seedling length of
Maravilha was lowest at a dose of 2.6 mM (Figure
3D) and there was no benefit of the treatments for
cultivar Itapua (Table 1). According to Gupta and
Chakrabarty (2013), gibberellic acid may influence
cell elongation. Wheat seeds treated with exogenous
application of gibberellic acid increase the rate

of degradation in the amyloplasts and the nuclei
of aleurone cells show structural changes, with
degradation occurring more slowly and later than
the endosperm starch, these processes accelerated
by gibberellic acid (WANG et al., 2016).

Conversely, in salicylic acid priming, the root
length (Figure 4C) was greatest at 1.6 and 1.07 mM,
for Early Wonder and Itapua cultivars, respectively
(Figure 4D). In addition, seedling length was highest
at 1.66, 3.0 and 2.25 mM for Early Wonder, Itapua
and Maravilha, respectively. The concentration of
salicylic acid significantly influences the percentage
and speed of germination, root length and the vigor
index of maize seedlings (SALLAM; IBRAHIM,
2015) and also increases the germination, growth
and establishment of wheat plants under field
conditions (MAGHOSOUDI; ARVIN, 2010).

Figure 4. Germination (A), first count of germination (B), seedling root (C) and shoot length of beet seeds, cultivars
Maravilha (A), Early wonder (®) and Itapua (o), primed with different doses of salicylic acid.
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In the second stage of the research, differences
between priming procedures were verified. There
was a significant interaction between the priming
method and cultivar at the first germination count
(Table 3). Priming Itapud with salicylic and
gibberellic acids, respectively, and hydropriming
Maravilha, propitiated a higher percentage of
germination in the first count of the test (Table 3).
This rapid germination can be beneficial because
it reduces the time for seedlings emergence and
consequently of the plants, which, for vegetable
producers, is useful for optimizing the process of
seedling establishment in the field. In the Early
Wonder cultivar, however, there were no benefits
of conditioning. However, it already had 97.7%
germination (control-unconditioned).

The seed pre-hydration to advance of germination
metabolism followed by the dehydration, before
sowing, allowed development of the priming
technique, a method that modifies the germination
process to increase the performance of seeds in
agriculture (BEWLEY et al., 2013). Dias et al.
(2009) found that beet seeds exposed to osmotic
conditioning in water for 16 h, followed by
fungicide treatment (0.004% Metalaxyl) had the
most positive influence in the germination test and
on the establishment of seedlings in soil, among the
treatments studied.

The germination speed index was increased
in Early Wonder and Itapud cultivars. The most
effective methods were the conditioning with
salicylic and gibberellic acids, respectively, for the
Itapua cultivar but only with salicylic acid for Early
Wonder (Table 3).

Increasing the germination speed can facilitate the
establishment of plants in the field, thereby helping
to attain the adequate plant stand and reducing
costs to the producer. The less time spent producing
the seedlings, the lower the costs associated with
irrigation and inputs. For direct sowing in the field,
the ability to minimize the germination time is an
important factor that favors the competitiveness of

the crops over the weeds (ROMAN et al., 1999).
In beet culture, the best method of weed control
is to offer an advantage to the plants because all
the aspects that favorably influence the speed of
growth of the crop are of fundamental importance
for the minimization of the period of interference
(GUERRA et al., 2016; VELINI, 1997).

Regarding the final germination percentage,
a greater effect of priming for cultivar Itapua
was observed, obtaining 100% with salicylic and
ascorbic acids, respectively (Table 3), a situation
desired by any horticulture producer. According
to McCue et al. (2000), exogenous application of
plant regulators and nutrients to the seeds can cause
an increase or modification in plant growth and
development.

The highest seedling lengths were observed with
ascorbic acid treatment of Early Wonder and Itapua
cultivars and for hydropriming and gibberellic acid
for Maravilha (Table 3). Root growth was favored
by salicylic acid priming treatments of Itapua
cultivar and hydroconditioning and gibberellic acid
conditioning of Maravilha cultivar (Table 3).

For Solanum lycocarpum seeds, hydropriming
probably
hydrolases, such as endo-B-mannanase, which

stimulated synthesis and action of
is involved in the initiation of the germination
metabolism in the species, causing weakening
and degradation of the endosperm, determining
the ability to overcome dormancy and anticipating

radicle protrusion (PINTO et al., 2007).

Regarding the accumulation of dry mass, a
positive effect of priming with gibberellic acid was
observed for the shoots of cultivar Early Wonder.
For the dry mass of the seedling roots, priming with
ascorbic acid was effective for the cultivar Itapua,
while hydropriming and gibberellic acid were
valuable for Maravilha (Table 3).

Distinct responses to physiological priming
between two sunflower (Helianthus annuus L.)
cultivars were observed by El-Saidy et al. (2011),
evaluating the effect of seed priming using various
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priming agents and their concentrations and
comparing hydropriming to unprimed seed. The
author stated that responses to priming are linked
to genetic potential of the cultivar, which leads
to differences in the speed of the pre-germinative
metabolic activities, from the beginning of the
imbibition until the moment of root protrusion.
Seed priming is an important technique
for promoting or facilitating the process of
establishment of plants. Considering all the results
obtained in this research, it can be considered
that physiological priming of beet seeds alters
the potential of germination and seed vigor.
Furthermore, the cultivar of the beet influences the

conditioning response.

At 1-2 mM ascorbic, gibberellic or salicylic
acids, respectively, germination (speed and final
percentage) of beet seeds is promoted, whereas
at 1-3 mM, the roots and shoot growth of beet
seedlings is promoted. In general, physiological
priming with water or salicylic or gibberellic acids,
respectively, are the best techniques, among those
tested, to promote the germination and growth of
beet seedlings.

Conclusions

The physiological priming of beet seeds alters
seed germination and vigor potential and the
response varies according to the cultivar used and
the type of conditioning adopted.

Germination of beet seeds is promoted at 1-2 mM
ascorbic, gibberellic or salicylic acids, respectively,
while at 1-3 mM, the growth of roots and shoot of
beet seedlings are promoted.

Physiological priming with water or salicylic
or gibberellic acids, respectively, are efficient to
promote seed germination and growth of beet
seedlings.
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