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Abstract

Plant growth regulators in the germination of Diospyros hispida A. DC. (Ebenaceae) Seed. Diospyros hispida species
is a native fruit that has long germination period, hindering seedling production. The aim of this work was to evaluate
the germination of Diospyros hispida seeds under the effect of gibberellic acid and biostimulant applications. Four
replicates of 25 seeds per treatment were used. Treatments were: T1 - distilled water, T2, T3 and T4 - GA; solutions
at 100, 150 and 200 mg L%, respectively, T5 - Immersion for 24 hours in distilled water with aeration, T6, T7 and T8 -
Immersion for 24 hours in aerated GAs solutions at 100, 150 and 200 mg L-1, respectively, T9, T10 and T11 -
biostimulant application (containing auxin, gibberellin and cytokinin) at 3, 5 and 7 ml kg of seeds. Germination rate,
mean germination time, germination speed index, synchronization index, relative germination frequency, normal
seedlings, root length, shoot length and seedling dry mass were evaluated. The effect of gibberellic acid and
biostimulant containing auxin, gibberellin and cytokinin negatively influenced Diospyros hispida germination under
the conditions of this study.
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Resumo

A espécie Diospyros hispida é uma frutifera nativa que possui longo periodo de germinacéo, dificultando a produgéo
de mudas. Objetivou-se neste trabalho avaliar a germinacdo das sementes de Diospyros hispida sob efeito das
aplicacdes de acido giberélico e bioestimulante. Foram utilizadas quatro repeti¢cdes de 25 sementes por tratamento. Os
tratamentos foram: T1 - 4gua destilada, T2, T3 e T4 - solucdes de GAsa 100, 150 e 200 mg L, respectivamente, T5
— Imerséo por 24 horas em &gua destilada com aeracéo, T6, T7 e T8 - Imersdo por 24 horas em solucbes aeradas de
GA; a 100, 150 e 200 mg L, respectivamente, T9, T10 e T11 — aplicacdo de bioestimulante (contendo auxina,
giberelina e citocinina) a 3, 5 e 7 mL kg de sementes. Avaliou-se porcentagem de germinacdo, tempo médio de
germinacdo, indice de velocidade de germinacdo, indice de sincronizagdo, frequéncia relativa da germinagdo,
plantulas normais, comprimento de raiz, comprimento de parte aérea e massa seca de plantula. O efeito do &cido
giberélico e bioestimulante contendo auxina, giberelina e citocinina influenciou negativamente a germinacdo de
Diospyros hispida nas condi¢des deste estudo.

Palavras-chave: Caqui-do-cerrado; Giberelina; Bioestimulante; Vigor de sementes.

Resumen

La especie Diospyros hispida es un fruto autoctono que tiene un largo periodo de germinacion, lo que dificulta la
produccidn de plantulas. El objetivo de este trabajo fue evaluar la germinacion de semillas de Diospyros hispida bajo
el efecto del acido giberélico y aplicaciones bioestimulantes. Se utilizaron cuatro repeticiones de 25 semillas por
tratamiento. Los tratamientos fueron: T1 - agua destilada, T2, T3 y T4 - soluciones GAs a 100, 150 y 200 mg L-1,
respectivamente, T5 - Inmersién por 24 horas en agua destilada con aireacion, T6, T7 y T8 - Inmersion para 24 horas
en soluciones aireadas de GAs; a 100, 150 y 200 mg L, respectivamente, T9, T10 y T11 - aplicacion de
bioestimulante (que contiene auxina, giberelina y citoquinina) a 3, 5y 7 mL kg de semillas. Se evalu6 porcentaje de
germinacion, tiempo promedio de germinacidon, indice de velocidad de germinacion, indice de sincronizacion,
frecuencia relativa de germinacion, plantulas normales, longitud de raiz, longitud de brote y masa seca de plantula. El
efecto del &cido giberélico y del bioestimulante que contiene auxina, giberelina y citoquinina influy6 negativamente
en la germinacién de Diospyros hispida en las condiciones de este estudio.
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Palabras clave: Caqui-do-Cerrado; Giberelina; Bioestimulante; Vigor de la semilla.

1. Introduction

Diospyros hispida A. DC. is a small tree belonging to the Ebenaceae family, classified as deciduous, heliophytic and
xerophytic, with reasonably heavy, soft, little resistant wood, subject to rot, tortuous and with dense crown (Lorenzi, 2016).
Fruits are edible, have tannins, an astringent substance, and dispersion occurs in a zoochoric way by birds, monkeys and bats
(Kuhlmann, 2012). According to Morais et al. (2012), the establishment of the species is predominantly favored in Cerrado
regions, where edaphic restrictions are lower, as it offers greater nutrient availability and greater water retention capacity, thus,
the physical and chemical soil properties influence the structure and spatial distribution of the species (Camilotti et al., 2011).

One of the problems found when considering the production of Diospyros hispida seedlings is the fact that seeds have
long germination period, from 4 to 6 weeks (Lorenzi, 2016) with records of low germination percentage (<30%) in a period
120 days of observation (Kuhlmann, 2012).

The natural mechanism of seeds to external factors imposed by the environment is called dormancy, that is, it is an
essential event for the seed that may be related to the seed coat, embryo and due to the imbalance of germination inhibiting
substances (Costa, et al., 2012).

Some substances known as plant growth regulators can improve seed germination and promote seedling growth
(Peixoto, et al., 2011). Plant growth regulators are biologically active chemical or natural compounds, which can cease or
decrease the impact of adverse factors on seed performance (Silva, et al., 2014). Depending on the mode of action, they act by
stimulating the metabolism of hydrolytic enzymes that control cell division stages (O’brien, et al., 2010), leading to seed
germination through overcoming dormancy (Kdlen, et al., 2011).

According to Dantas et al. (2012), during the initial stages of plant development, gibberellins promote root growth,
allowing rapid recovery after water stress, increase resistance to insects, pests, diseases and hematodes and promote fast and
uniform plant establishment, improving nutrient absorption and crop yield. Gibberellins are present in seeds as a broader
spectrum hormone, as a promoter in a series of plant development processes, including seed germination, activating the
embryo's vegetative growth, mobilizing endosperm reserves and acting in the weakening of the endosperm layer that surrounds
the embryo, thus favoring growth (Taiz et al., 2017).

Growth regulating substances can act alone or in synergy with others (Prado-neto, et al., 2007). Currently,
Stimulate® biostimulant compound is available on the market, which is composed of 0.009% Kinetin (cytokinin), 0.005%
gibberellic acid (gibberellin) and 0.005% indolbutyric acid (auxin). This chemical increases plant growth and development,
stimulates cell division, cell differentiation and elongation, and also increases nutrient absorption and utilization (Dantas, et al.,
2012). The present study aimed to evaluate the germination of Diospyros hispida seeds under the effect of gibberellic acid and

biostimulant applications (auxin, gibberellin and cytokinin).

2. Methodology

This article consists of a quantitative research, carried out through analyzes and periodicals after the application of
plant regulators, with the objective of evaluating the effect of application of these regulators in the germination and formation
of seedlings, as established by Pereira et al. (2018). For these authors, the collection of numerical data is performed through the
collection of quantities and obtained through metrology, numbers with their units.

This work was carried out in the seedling nursery and Laboratory of Ecophysiology and Plant Propagation of the
University of the State of Mato Grosso - UNEMAT, located at Campus | in Alta Floresta - MT, with geographical coordinates
of 9°57'26.59 "S latitude and 56° 6'22.25"W longitude, and altitude of 283 m a.s.l.
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According to the Koppen classification, the climate is Am type, tropical monsoon, with average annual temperature
close to 26 ° C and average annual precipitation of 3000 mm. Rains are concentrated in the summer months (November to
April) and the winter (May to October) is marked by a dry period (Alvares, et al., 2013).

Ripe Diospyros hispida fruits were harvested from 30 naturally occurring matrices in the municipality of Alta
Floresta - MT, and taken to the laboratory for manual seed removal. Seeds were washed in running water over a sieve to
promote friction and remove the aryl. Seeds were sterilized in 2% sodium hypochlorite for five minutes and washed in distilled
water, before being submitted to treatments.

The experimental design was completely randomized with 11 treatments: T1 - distilled water, T2, T3 and T4 -
Vetec® gibberellic acid (GAs) solutions with 90% active principle at concentrations of 100, 150 and 200 mg L™, respectively
moistening the germitest paper, T5 - Immersion for 24 hours in distilled water with aeration, T6, T7 and T8 - Immersion for 24
hours in aerated GA; solutions at 100, 150 and 200 mg L, respectively, T9, T10 and T11 - biostimulant application at
concentrations of 3, 5 and 7 mL kg? of seeds. Four replicates of 25 seeds per treatment were used. Then, seeds were treated
with Captan SC® fungicide (Captan) in the proportion of 0.5% the seed mass. The biostimulant used was Stimulate®,
composed of 0.009% kinetin (cytokinin), 0.005% gibberellic acid (gibberellin), 0.005% indolbutyric acid (auxin) and 99.981%
inert ingredients.

In treatments T1 to T4, seeds were sown on germitest paper moistened with distilled water and GA3 solutions at
proportion of 2.5 times the dry paper mass.

In treatments T5 to T8, seeds were immersed for 24 hours in 300 mL of water or GAs solution, with aeration promoted by
oxygenation pump (Master Super Il type 127v 150L / h). Then, seeds were sown on germitest paper moistened with distilled
water at proportion of 2.5 times the dry paper mass.

Biostimulant was directly applied to seeds (previously weighed) in treatments T9 to T11, adding to volumes of 3, 5
and 7mL of Stimulate®, the amount of distilled water necessary to achieve in each treatment the final volume of 20 mL
(amount of solution necessary to moisten the seed mass). Then, sowing was carried out on germitest paper, moistened with
distilled water at proportion of 2.5 times the paper mass. Germination counting started at the same time, with zero time being
the same for all treatments.

Paper rolls were kept in plastic bags in B.O.D. chambers under constant temperature of 25°C, defined after pre-
germination test and 12-hour photoperiod. Evaluations were:

Germination rate - Four subsamples of 25 seeds were used, and evaluation criterion was the protrusion of the primary root
with length equal to 2 mm (Rehman, et al., 1996). Evaluations were carried out during 30 days after the start of the test and

calculations were according to Laboriau and Valadares (1976) using the formula below:

i

G} = (;] + 100

Where: G (%) = germination rate; N = number of germinated seeds; A = total number of seeds
Germination speed index (GSI) - GSI was determined along with the germination test. The formula used was

proposed by Maguire (1962) and presented below:

cs1 N1 N2 Nn
D1 Dz T
Where: GSI = Germination Speed Index; Ni., = number of germinated seeds on day 1, ....., n; D1.n = days for germination to

occur
Mean germination time (MGT) - MGT was determined by the equation proposed by Labouriau and Valadares (1976)

and results expressed in days.
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(Initi)

Eni

MaeT =

Where: ni = number of seeds germinated per day; Ti = evaluation time after the start of the test.
Relative germination frequency - calculations were performed through the daily germination count, according to

formula developed by Labouriau and Valadares (1976):

ni

Fr =

Ini
where: Fr = relative germination frequency; ni = number of seeds germinated per day; Xni = total number of germinated seeds
Synchronization index - calculations were performed from the relative germination frequency according to formula developed
by Labouriau and Pacheco (1978):
E= ZFrlog2Fr
where: E = synchronization index; Fr = relative germination frequency; Log. = log base 2.

Percentage of normal seedlings — calculated along with the germination test, considering normal seedlings those with
root system, hypocotyl, epicotyl, cotyledonous leaves and primary leaf developed 30 days after the beginning of the
germination test.

Shoot and root length - obtained with the aid of 0.01 mm precision digital caliper and calculated by dividing the total
measurements by the number of seedlings evaluated by replicate, obtaining average values in cm. For shoot length, the
distance from the seedling collar to the stem apical meristem was measured, and the distance from the seedling collar to the
apex of the main root.

Seedling dry mass - defined as the average mass, corresponding to the mass of each seedling per replicate, using oven
with air circulation for drying, set at 65 + 3°C until reaching constant weight, weighing on 0.001 g precision scale, according to
methodology of Nakagawa (1999).

Data were submitted to analysis of variance and the means were compared using the Tukey test at 5% probability

level using the SISVAR software (Ferreira, 2011) with synchronization index being transformed into (X + 0.5) * 0.5.

3. Results and Discussion

Treatments with distilled water and gibberellic acid in seeds (T1, T2, T3, T4, T5, T6, T7 and T8), provided the highest
germination rate and speed values (from 80 to 91% and 0.80 to 0.91, respectively) (Table 1), indicating that the form of GA3
application at the concentrations used did not influence the germination performance regardless of imbibition time even in
water immersion or GAs treatments. Prado-Neto et al. (2007) observed positive effect of gibberellic acid at concentrations of
100 to 150 mL L™, and negative effect of biostimulant at concentration of 5 mL L* for the germination speed index in
genipapo seeds (Genipa americana L.). The absorption of solutions by seeds must occur at rate that allows the repair and / or
reorganization of membranes at appropriate levels to activate metabolism in phase I. In phase 11, hormonal regulation of seeds
occurs, in this case, the increase in growth regulator concentrations negatively affects the formation of meristems, in other
cases, makes levels balanced, providing increase in plant growth. According to these authors, the presence of gibberellic acid
at these concentrations occurred to promote the germination speed, and consequently the germination speed index and cell
elongation.

The use of biostimulant in treatments T9, T10 and T11 did not favor seed germination, with reduction in values with
increased concentration (Table 1). Stimulate® presents a synergistic effect due to the balanced presence of growth regulators;

however, at high concentrations, it may cause an inhibitory effect.


http://dx.doi.org/10.33448/rsd-v10i2.12471

Research, Society and Development, v. 10, n. 2, 27110212471, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i2.12471

Table 1. Mean germination rate (G), mean germination time (MGT), germination speed index (GSI), synchronization index
(E), normal seedlings (NS), shoot length (SL), root length (RL) and seedling dry mass (SDM) values of Diospyros hispida A.
DC.

Treatments G (%) MeT GSI E NS RL St SDM (g)
(days) (bits) (%) (cm) (cm)
T1 87 A 876 A 087 A 017 A 87A 11.02 A1269 A 024 A
T2 91 A 768 A 091 A 012 A 8 A 766 A1368 A 021 A
T3 90 A 729 A 090 A 013 A 74A 6.06 B11.69 A 021 A
T4 88 A 703 A 088 A 015 A 87A 589 B1342 A 021 A
T5 80A 1017 B 080 A 024 A 76A 931 A 729 C 024 A
T6 84 A 8.16 A 084 A 021 A 79A 627 B 822 C 028 A
T7 80 A 540 A 080 A 024 A 65B 537 C 753 C 027 A
T8 88 A 6.33 A 088 A 015 A 78A 491 C 754 C 030 A
T9 58 B 901 A 058 B 043 B 52B 11.37 A 937 B 029 A
T10 52 C 895 A 052 B 046 C 44C 1065 A 652 C 025 A
T11 34C 1515 C 034 B 052 C 31D 840 A 505 D 020 B

CV (%) 13.67 18.84 26.46 7.08 14.73 19.38  13.08 16.86

Means followed by the same letters in columns do not differ significantly by the Tukey's test at 5% probability. T1 - distilled water, T2, T3
and T4 - gibberellic acid solutions (GAs) at 100, 150 and 200 mg L™, respectively, T5 - Immersion for 24 hours in distilled water with
aeration, T6, T7 and T8 - Immersion for 24 hours in aerated gibberellic acid (GAs) solutions at 100, 150 and 200 mg L, respectively, T9,
T10 and T11 - application of biostimulant at concentrations of 3, 5and 7 mL kg of seeds. Source: Authors (2020).

The imbibition of Diospyros hispida seeds in water or in GAs, regardless of the application method (on germitest
paper or in aerated solution) provided better germination performance compared to the application of biostimulant.

The mean germination time (MGT) did not differ among treatments, except for T5 (previous imbibition of seeds for
24 hours in water with aeration) and T11 (7 mL of biostimulant kg™ seeds). The mean time was affected by the process of
immersion of seeds in water combined with aeration in treatment 5, resulting in greater water absorption. This result was
observed by Rodrigues et al. (2012), who studied hydro-conditioning of lettuce (Lactuca sativa L.), which may be related to
the volume of absorbed water, with consequent reflection on the increase in the time that seeds take to germinate. When
aerated, water molecules have increased kinetic energy, increasing the imbibition pressure. In T11, toxicity was probably
caused by the amount of product used, which may have decreased the performance of seeds in the germination process.

The highest values for the percentage of normal seedlings occurred in treatments with water and GA3; (74 to 87%),
except for T7, which differed significantly from the others, presenting 65% normal seedlings. Treatments with biostimulant
showed the lowest values 31 to 52%), results that can be attributed (Table 1) to the delayed germination with consequent
increase in the occurrence of fungi and bacteria present in seeds during seedling development. The highest root length values
were observed in treatments with distilled water without and with aeration for 24 hours (T1 and T5), GA3; 100 mg L directly
applied to the paper (T2) and in treatments with biostimulant (T9, T10 and T11). Peche et al. (2016) studied the effect of
gibberellic acid on seeds of two species of the genus Diospyros and observed that GAz at 100 mg L increased the root length
of D. kaki, whereas in D. lotus, it was observed that the increased gibberellic acid concentration reduced root length. Prado-
Neto et al. (2007) obtained better root growth results at biostimulant concentration of 10 mL L for Genipa americana seeds.

Dantas et al. (2012) in studies with Tamarind seeds (Tamarindus indica L.) found greater root increase with biostimulant
5
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concentration of 24 mL L%, which is due to the synergistic effect of substances present in the growth regulator, improving the
physiological process, promoting growth and initial development.

Shoot length showed significant differences among treatments, demonstrating that the process of previous imbibition
with aeration of seeds for 24 hours (in water and GA3) negatively affected shoot formation; however, the opposite was
observed in seedlings submitted to the effect of gibberellic acid or water directly applied on the paper (Table 1).

The effect of gibberellic acid and biostimulant was verified on root and shoot length. Treatment with distilled water
and GA; directly applied to the paper showed the best shoot length results, according to Dantas et al. (2012), GAs remains
active in cell division and elongation, promoting cell wall extensibility. GA; concentrations of 50 and 100 pg.g™* positively
favored shoot growth in watermelon seedlings (Citrullus lanatus (Thunb.) Matsum. & Nakai), while GA3z concentration of 500
ug.g*t caused toxicity (Silva, et al., 2014). This effect was also verified by Santos et al. (2012) in passion fruit seedlings
(Passiflora edulis Sims f. Flavicarpa Deg) from seeds pre-soaked in GAs at concentration of 128 mg L. Diospyros hispida
seeds suffered toxic effect of GAs when combined with the aeration process, promoting reduction in shoot growth. The
aeration process allowed the entry of more solutes in seeds and increased metabolism, probably causing hormonal imbalance.
Vegetables have hormones in which the ideal balance for the growth of different plant organs is variable, and a given
endogenous concentration can favor the growth of one organ and inhibit the growth of another. Biostimulant did not show
positive results, causing shoot growth reductions with increased concentrations, but the opposite was verified in American
Genipa seeds at concentrations of 5 and 10 mL L%, with hypocotyl growth, not differing from gibberellic acid.

Only treatment T11 showed significant difference for seedling dry mass with lower value (0.20 g), compared to the
other treatments (Table 1). The positive effect of gibberellic acid and biostimulant was verified on the dry mass of tamarind
seedlings (Tamarindus indica L.) by Dantas et al. (2012).

The highest germination frequencies for treatments 1, 2, 3, and 4 (Figure 1 A, B, C and D) occurred between the first
and the fifteenth day, with peaks ranging between the sixth and eighth day, followed by germination decreases. In treatment 5
(Figure 1A), the germination frequency was slower, extending throughout the evaluation period, while in treatment 6 (Figure
1B), the highest frequency was observed in the first days followed by decreases after 15 days. In treatments 7 and 8 (Figure 1C
and D), peaks were observed on the third day, followed by rapid germination decrease. The germination frequency in treatment
9 (Figure 1E) was low and distributed up to 21 days, while in treatments 10 and 11, germination reduction was observed,
extending throughout the evaluation period. The germination of seeds in contact with solution on paper occurred more
frequently from the fifth day and with immersion in water and under aeration in the first days. According to results, the
aeration process led to faster solution absorption, causing seeds to reach adequate levels in less time to start the germination
process. Rodrigues et al. (2012) found that the germination frequency for lettuce did not change during the fourth and seventh

evaluation days, both on paper and immersed under aeration.
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Figure 1. Relative germination frequency of Diospyros hispida A. DC seeds.
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T1 - distilled water, T2, T3 and T4 - gibberellic acid (GAs) at 100, 150 and 200 mg L, respectively, T5 - Immersion for 24 hours in distilled
water with aeration, T6, T7 and T8 - Immersion for 24 hours in aerated gibberellic acid (GAs) solutions at 100, 150 and 200 mg L™,
respectively, T9, T10 and T11 - application of Stimulate at concentrations of 3, 5 and 7 mL kg®. Stimulate: auxin, gibberellin and
cytokinin. Source: Authors (2020).

In the treatments with aeration, germination started earlier, with frequency peaks that extended throughout the
evaluation period, however the highest germination frequencies occurred in treatments without aeration in the first 15 days
after sowing. The biostimulant prolonged the relative frequency of germination until the end of the evaluation, with lower
percentage values.

4. Conclusion

Diospyros hispida seeds aerated for 24 hours or without immersion in water or gibberellic acid showed high
germination (80 to 91%) and formation of normal seedlings (74 to 87%).

The application of biostimulant containing auxin, gibberellin and cytokinin did not favor germination when compared
to gibberellic acid for Diospyros hispida seeds.

The results of this study are promising to support future research on the use and application of other plant regulators
on the imbibition process and the relationship with the germinative performance of Diospyros hispida seeds.
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