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ABSTRACT

Contextualization: Due to the importance of
pomegranate among fruit species, studies on
the physiology of its seeds and the production
of seedlings are essential for the expansion of
commercial orchards.

Knowledge gap: With the portrayed im-
portance of this crop and its use in various
sectors, such as agro-industrial and phar-
maceutical products, the development of
continuous and straightforward propagation
techniques that provide a uniform seedling
development will provide favorable condi-
tions for the cultivation and exploitation of
the species, improving its use and boosting
new research.
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Purpose: To evaluate the effect of scarifica-
tion and immersion in gibberellic acid on the
dormancy of pomegranate seeds, aiming at
accelerating the emergence and improving the
initial growth of seedlings.

Methodology: The sarcotesta was removed
and the seeds were scarified. The treatments
consisted of a scarified control, a non-scarified
control (seeds with and without scarification),
and seeds subjected to the concentrations of
500 mg L%, 1,000 mg L%, and 1,500 mg L* of
GA,. The following variables were evaluated: ini-
tial emergence, emergence percentage, mean
emergence time, leaf nhumber, stem diameter,
shoot length, root length, and total dry matter.
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Results and conclusions: The pomegranate
cv. Valencian seeds do not have tegument-rela-
ted dormancy. In order to favor the emergence
percentage and the initial growth of pomegra-
nate seedlings, mechanical scarification and
immersion of the seeds in GA, are dispensed.
Scarification and immersion of pomegranate
seeds in 500 mg L* of GA, are recommended to
produce seedlings in a shorter time.

Keywords: Cultivar Valenciana; Emergence;
Gibberellin; Punica granatum; Sarcotesta

RESUMEN

Contextualizacién: debido a la importancia
de la granada en los arboles frutales, los es-
tudios sobre la fisiologia de las semillas y la
produccién de plantulas son esenciales para la
expansion de los huertos comerciales.

Vacio de conocimiento: considerando la im-
portancia de este cultivo y su uso en diver-
sos sectores, como el agroindustrial y el far-
macéutico, el uso de técnicas de propagacion
simples y continuas que permiten un desa-
rrollo uniforme de las plantulas proporcionara
las condiciones favorables para el cultivo y la
explotacién de la especie, mejorar su uso e
impulsar nuevas investigaciones.

Proposito del estudio: evaluar el efecto de
la escarificacién y la inmersion en acido gibe-
rélico en la fase de latencia de las semillas de
granada, a fin de acelerar la aparicién y mejo-
rar el crecimiento inicial de las plantulas.

Metodologia: se retird la sarcotesta y se es-
carificaron las semillas. Los tratamientos con-
sistieron en testigo y control (semillas con y
sin escarificacion) y concentraciones, 500 mg
L', 1000 mg L' y 1500 mg L* de GA,. Se eva-
luaron las siguientes variables: la emergencia
inicial, el porcentaje de emergencia, el tiempo
medio de emergencia, el nimero de hojas, el
diametro del tallo, la longitud del brote, la lon-
gitud de la raiz y la materia seca total.

Resultados y conclusiones: las semillas de
granada cv. valenciana no tienen dormancia
relacionada con el tegumento. Para favorecer
el porcentaje de emergencia y el crecimiento
inicial de las plantulas de granada, se prescin-
de de la escarificacién mecanica y de la inmer-
sion de las semillas en GA,. Se recomienda la
escarificacion y la inmersién de las semillas de
granada en 500 mg L de GA, para obtener las
plantulas en menos tiempo.

Palabras clave: Cultivar Valenciana; Emergen-
cia; Giberelina; Punica granatum; Sarcotesta
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No mechanical
scarification and
immersion of seeds in
gibberellic acid

Increase the emergence
percentage and initial
growth of pomegranate

seedlings

Pomegranate seed
cultivar Valenciana

Nittaas Scarification and
i ! immersion of seeds in
500 mg Lt GA;

Obtention of seedlings a
shorter time

Do not have tegument-related
dormancy.

1. INTRODUCTION

Due to the several functional and nutraceutical
properties found in the plant, the pomegranate
(Punica granatum) has gained prominence in the
market of fresh fruits, in industry, and in studies
regarding its constituents (Asadi et al., 2018).

Among the main substances of these fruits,
the phenolic compounds, tannins, flavonoids,
and alkaloids are often highlighted (Peixoto et
al., 2014). Furthermore, throughout the last
decade, studies suggest that this fruit pre-
sents antimicrobial properties and high antio-
xidant power, with the potential for use in the
treatment and prevention of cancer, diabetes,
and cardiovascular and degenerative diseases
(Bensaad et al., 2017).

These important nutraceutical characteristics
of the pomegranate make it an excellent alter-
native for cultivation as consumers increasin-
gly demand foods with organoleptic quality and
good nutritional composition. For this, first, it is
necessary to understand the appropriate pro-
pagation techniques, involving the physiological
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aspects of the seeds, such as dormancy, in or-
der to make the sector promising.

Seedling production is the first stage of the
installation of productive orchards. In this
context, seeds are of utter importance for the
success of agricultural crops since they are
designed to produce seedlings to be used as
rootstocks. For pomegranate, the use of roots-
tocks is a reality in the sector, ensuring the
production of vigorous genotypes that provi-
de high planting density and reduced fruiting
time, using materials with desirable agronomic
traits, such as drought tolerance and resistan-
ce to pests and diseases, which can be evalua-
ted during development and behavior studies
(ValizadehKaji et al., 2020).

Given its importance, the production of pome-
granate rootstocks demands great knowled-
ge regarding seed germination and seedling
emergence (Batista et al., 2011); however,
there are still reports of complications in the
literature regarding the obtainment of high
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emergence values (Materechera & Seeiso,
2013), leading to the assumption that pome-
granate seeds present dormancy.

According to Khadivi-Khub et al. (2015) and
Aguilera-Arango et al. (2020), pomegranate
seeds present varied physical dormancy levels in
the tegument according to the cultivar, with this
behavior greatly influencing cultivation and the
production of commercial orchards. In adverse
situations related to germinative and emergence
processes due to possible seed dormancy, Taiz
et al. (2017) recommended the use of pre-ger-
minative treatments, such as scarification of the
seed coat and seed immersion with plant growth
regulators, such as gibberellic acid, and verified
that the association of these techniques could
intensify the emergence rate and improve plant
uniformity (Vasconcelos et al., 2015).

In this perspective, this study aims to evalua-
te the effect of mechanical scarification and
immersion in gibberellic acid on the dormancy
of pomegranate seeds, aiming at accelerating
germination and the initial seedling growth.

2. MATERIALS AND METHODS

The experiment was performed at the Phytote-
chny Laboratory of the Department of Phyto-
techny, Food Technology, and Socioeconomics
of the Faculty of Engineering, UNESP, Ilha Sol-
teira, from August to October 2015. The phy-
siologically mature fruits collected from adult
10-year-old plants of the pomegranate cultivar
‘Valenciana’ were obtained from a commercial
producer in the municipality of Presidente Pru-
dente (22°3'21.24" S latitude, 51°21'35.16" W
longitude, and 477.6 m of elevation).

The fruits had their pulp removed, and the seeds
were homogenized. Afterward, the sarcotesta
was removed by pressing the seeds through a
2 mm mesh sieve under running water (Melo
& Seleguini, 2013), and the material was dried

in the shade on absorbing paper sheets for 12
hours. The seeds were divided into two lots,
one formed by non-scarified seeds (WITHOUT)
(Figure 1A) and another (WITH) formed by
seeds scarified with a sandpaper sheet n° 100
in the region opposite to that of radicle emer-
gence (Figure 1B).

The seeds were soaked for four hours in a
gibberellic acid solution (Dindmica®) without
aeration. Aiming at overestimating the doses
used by Takata et al. (2014), the purpose of
this study was to verify whether gibberellic
acid, at high doses, could improve the emer-
gence conditions of pomegranate seedlings.
For this, considering the medium concentration
of 1,000 mg L?, the following treatments were
defined: scarified control (seeds with scarifica-
tion), non-scarified control (seeds without sca-
rification), and three concentrations: low (500
mg L* GA,), medium (1,000 mg L* GA,), and
high (1,500 mg L* GA,). In all treatments, the
seeds were soaked in GA, for four hours. For
the control treatment, the seeds were soaked
only in deionized water for the same period.

Figure 1. Pomegranate seeds (Punica granatum) without
(A) and with (B) scarification. 0.7x magnification.

Source: Authors.

The experimental design was completely rando-
mized, in a 2 x 3 factorial arrangement (scarifi-
cation x concentrations of gibberellic acid) with
four replications, each formed by 100 seeds.
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After immersion, the seeds were sown in ex-
panded polystyrene trays with 200 cells filled
with a commercial organic substrate (Bio-
plant®), which were installed in a plant nursery
equipped with a fan and pad evaporative coo-
ling system (28+2 °C) and controlled irrigation
twice a day, for 3 minutes (1,800 cm? min?).
The Bioplant® substrate presented a 0.44 g
cm3 density, with 28.30% of compostable or-
ganic matter, 15.72% of organic carbon, and a
54/1 ratio of organic carbon and total nitrogen.

The following variables were daily evalua-
ted until the stabilization of emergence: ini-
tial emergence, emergence percentage, and
mean emergence time (Labouriau, 1983). At
50 days after sowing, the following variables
were evaluated: number of leaves, stem dia-
meter (mm), root length (cm), shoot length
(cm), and total dry matter (mg). For the total
dry matter, the seedlings were placed in paper
envelopes and taken to a forced-air circulation
oven at 65 °C, where they remained until rea-
ching constant weight (72 hours).

Vol. 12 No. 2 | julio - diciembre de 2021

The treatment means were compared by
Dunnett’s test using the scarified control and
non-scarified control means (5%) through the
statistical software ACTION STAT 3.7.

The data were analyzed using the software
SISVAR (Ferreira, 2019). The assumption of
normality was tested by the Shapiro-Wilk test,
using the F-test in the analysis of variance to
compare the means when a significant diffe-
rence was found for the factors with two le-
vels (with and without scarification). Tukey’s
test was used to compare the means of the
treatments for the factors with three levels
(low, medium, and high concentrations) when
a significant difference was found for each va-
riable. All statistical tests were performed at a
5% level of probability.

3. RESULTS AND DISCUSSION

Table 1 shows the comparisons of the means of
the scarified control (seeds with scarification)
and non-scarified control treatments (seeds
without scarification).

Table 1. Mean initial emergence (IE), emergence percentage (EP), mean emergence time (MET), number of

leaves (NL), stem diameter (SD), shoot length (SL), root length (RL), and total dry matter (TDM) of pomegranate

seedlings (Punica granatum) produced from seeds subjected to scarification and GA, concentrations (mg L?).

TREATMENTS IE EP MET
(days) (%) (days-1)
WH + 0 10.50 36.00 18.56
WT + 0 12.50m 57.00" 22.54ns
WH + 500 7.00mt) 38.00m09 15,777
WH + 1,000 12.00709) | 41,0009 23.44nss)
WH + 1,500 10.00m09 | 42,0009 15.39ns9
WT + 500 15.00%9 71.00%09) 24.50%0)
WT + 1,000 13.25m09) 66.00% 25.23"0s)
WT + 1,500 14.75"09) 73.007® 24,969

NL SD SL RL TDM
(mm) (cm) (cm) (mg)
8.37 0.53 3.45 7.53 75.60
10.90" 0.62" 4.38" 8.89ns 93.60"
6.55"™ 0.14™ 3.13mM 6.42™ 62.73)
6.80™" | 0.26"™ 3.41M 8.14ns(ns) 77.12ns9)
7.40m™  0.24"™ 3.97nss) 6.89nsM 73.66"™
8.05™™ = 0.31"™ 3.42mM 10.49")  90.42nsn)
7.20m™ 0.21"™ 3.35mM 8.48ns(ne) 86.13ns(ns)
7.40m - 0.24"® 3.56mM 7.420s(s) 82.51ns(ns)

*Significant, nsNot significant by Dunnett test (5% probability). Significance outside parentheses: means related to
seeds with scarification (WH); Significance within parentheses: means related to seeds without scarification (WT).

Source: Authors.
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When observing the initial emergence, itis seen
that, compared to the scarified control (WH+0),
the treatments with non-scarified seeds subjec-
ted to low and high concentrations of GA, (500
and 1,500 mg L, respectively) significantly de-
layed in a few days the beginning of emergen-
ce (Table 1). However, compared to the non-
scarified control (WT+0), only the treatment
with scarified pomegranate seeds subjected to
the low concentration of gibberellic acid (500
mg L*') showed a significant difference, emer-
ging in a shorter time, resulting in 12.50 and
7.00 days, respectively. The variable of initial
emergence becomes of utter importance, since
it allows knowing the seeds behavior regarding
the emergence time in the soil, optimizing the
cultivation planning of this crop.

It is noted that when the pomegranate seeds
without scarification were associated with the
tested concentrations of gibberellic acid, the
emergence percentage was statistically higher
than in the scarified control (WH+0), with 36%.
However, these treatments did not differ from
the non-scarified control treatment (WT40),
which showed a 57% emergence rate (Table
1). Therefore, it is seen that the pomegranate
seeds germinated regardless of scarification,
indicating the absence of physical numbness,
since the seed coat did not prevent the inflow
of the solution, allowing germination and the
later emergence of seedlings.

The contact of the embryo with moisture before
the beginning of the germination process may
have damaged the emergence of pomegranate
seedlings. Moreover, the solution inflow was fa-
cilitated with seed scarification due to the diffe-
rence in water potential between seeds and the
medium, providing an accelerated absorption
of solutes and causing injuries to seeds due to
the reduction of cell membranes integrity, be-
sides the loss of nutrients considered essential
to germination (Marcos Filho, 2015).

The same occurred for the mean emergen-
ce time, for which the treatments with non-
scarified seeds subjected to concentrations of
GA, were significantly higher than the scarified
control (18.56 day?) and did not differ from
the non-scarified control (22.54 day!). Howe-
ver, for this variable, the absence of scarifi-
cation and the use of GA, for seed immersion
increased the time for the occurrence of emer-
gence (Table 1). This shows that pomegrana-
te seeds with an intact seed coat can present
higher percentages of emergence without the
need for scarification and the use of gibbere-
llic acid, otherwise delaying the emergence of
seedlings by a few days.

For the number of leaves, the control
treatment and the treatment with scarified
seeds subjected to the low concentration of
GA, (500 mg L*') showed a significant diffe-
rence from the non-treated seeds (Table 1).
All treatments evaluated were statistically
lower than the control (WT+0), which showed
the highest number of leaves (10.90). As gib-
berellins are also synthesized in the seeds
(Taiz et al., 2017), the internal content of this
hormone in pomegranate seeds was probably
sufficient to trigger the physiological proces-
ses of germination, emergence, and growth
attributes of seedlings.

For stem diameter, all treatments with GA,
showed significantly lower values than the
scarified control (WH+0) and the non-sca-
rified control (WT+0), in which case the po-
megranate seeds with an intact seed coat
showed larger stem diameter than the sca-
rified seeds, resulting in 0.62 and 0.53 cm,
respectively (Table 1).

In general, the shoot length of seedlings who-
se seeds were subjected to concentrations of
GA, was not statistically different from the
scarified control treatment (WH+0), although
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showing significant differences compared to
the non-scarified control (WT+0), with the lat-
ter being superior (4.38 cm) (Table 1). For root
length and total dry matter, the WH+500 and
WH+1,500 treatments were statistically lower
than the non-scarified control (WT+0), with
8.89 cm and 93.60 mg, respectively.
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A significant difference can be observed in
the interaction between factors for the initial
emergence and for the mean emergence time
(Table 2); however, the emergence percenta-
ge was only influenced by the isolated factors
when performing the analysis of variance by
the F-test at 5% of probability.

Table 2. Analysis of variance for initial emergence (IE), emergence percentage (EP), and mean emergence

time (MET) of pomegranate seedlings (Punica granatum) produced from seeds subjected to scarification and

low (500 mg L), medium (1,000 mg L*) and high concentrations (1,500 mg L*) of GA,.

IE (days) EP (%) MET (days™)

Source of Variation
Mean Square

Scarification (A) 130.6667* 5280.6667* 268.8082%
Concentration (B) 6.1250MN 34.6667" 46.6059*
AxB 22.7617* 34.6667N 36.5351*
C.V. (%) 17.29 21.02 9.92
Scarification Means
With 9.67+0.96 B! 40.33+3.17 B 18.20+1.27 B
Without 14.33+£0.33 A 70.00+3.06 A 24.90+0.51 A
Concentration of GA, (mg L) Means
500 11.00+1.52 54.50+6.59 20.14+1.74 B
1,000 12.63+0.73 53.50+5.39 24.34+0.84 A
1,500 12.38+1.30 57.50+8.14 20.17+1.96 B
General Mean 12.00+0.69 55.17+3.77 21.55+0.97

*Significant and “°not significant at 5% of probability by the F-test. !Same letters in the column

(between rows) do not differ from each other by the F-test (5% of probability).

Source: Authors.

The percentage of emergence showed a higher
value (70%) when considering the treatments
without scarification, differing statistically from
those in which the pomegranate seeds were
scarified (40.33%) (Table 2). This shows, once
again, that the seed coat of the pomegranate
seeds is not a limiting factor to their immer-
sion and germination. Monteiro et al. (2019),
evaluating seedling emergence in seeds of the
pomegranate cv. ‘Comum’ subjected to sca-
rification and immersion in water, concluded
that these seeds present a considerable water
content in their composition, and, even with
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an intact tegument, they still allow the solutes
inflow, ensuring seedling emergence without
the need for immersion in water or gibberellic
acid, as performed in this study.

The absorption of solutes was probably favored
when the pomegranate seeds were scarified,
with consequent damage to seedling emergen-
ce. According to Dalastra et al. (2010), for some
species, the contact between the embryo and
the immersion solution before the beginning
of germination may be harmful to this phase,
since, when seeds are excessively soaked, the
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period in which the membranes have to reor-
ganize causes an excessive release of solutes,
damaging the germination process.

Furthermore, the gibberellic acid solution in
which seeds were immersed may have caused
phytotoxicity, as the excessive presence of GA,
induces cellular acidification (Miyamoto et al.,
2012). Another assumption is that the GA, di-
luted in water may have modified the osmotic
potential of the solution and, as a consequen-
ce, the water potential, preventing the inflow
of water into the seed and impairing seedling
emergence (Takata et al., 2014).

Regarding to the percentage of emergence,
there was no significant difference between the
concentrations of gibberellic acid (Table 2). Co-
rroborating with the exposed, when Takata et al.
(2014) studied the effect of gibberellin in pome-
granate seeds, they observed that the increase
in the concentration of GA, up to 400 mg L* did

not positively influence the emergence percen-
tage of seedlings, concluding that seed immer-
sion in water is a more satisfactory method.

The fastest initial emergence (7 days) was re-
gistered in the treatment in which seeds were
subjected to mechanical scarification and im-
mersion in the lowest concentration of GA,
(Table 3). Although the highest emergence
percentage was observed in the seedlings pro-
duced from non-scarified seeds (Table 2), the
initial emergence in these conditions was late
compared to the treatment in which the seeds
were scarified, demonstrating a greater diffe-
rence, especially among seeds immersed on
the medium and highest concentration of gib-
berellic acid (Table 3). The same behavior was
verified by Osipi et al. (2018) when associating
pomegranate seeds without scarification with
immersion in GA,, observing a delay in the ini-
tial emergence of seedlings compared to the
remaining treatments.

Table 3. Initial emergence (IE) and mean emergence time (MET) of pomegranate seedlings

(Punica granatum) produced from seeds subjected to scarification and low (500 mg L?),
medium (1,000 mg L*), and high concentrations (1,500 mg L?) of GA,.

Concentration of GA,
(mg L)

IE (days)

Scarification

500%*
1,000Ms
1,500%*

WITH*

7.00 = 0.00 B'b?

12.00+1.47 Aa
10.00+1.92 Ab

Concentration of GA,

(mg L)

500%
1,000
1,500%

*Significant and “Snot significant at 5% of probability by the F-test. 'Same uppercase letters in the column
(between rows) do not differ from each other by Tukey’s test at 5% of probability; 2Same lowercase letters

WITH*
15.78+0.75 Bb
23.45+1.58 Aa
15.39+0.99 Bb

MET (days™)

Scarification

WITHOUTNS
15.00+0.41 Aa
13.25+0.25 Aa
14.75+0.63 Aa

WITHOUTNS
24.50+0.95 Aa
25.23%+0.50 Aa
24.96+1.29 Aa

in the row (between columns) do not differ from each other by the F-test at 5% of probability.

Source: Authors.
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Lower initial emergence values are conside-
red adequate since the rate and uniformity of
seed germination and seedling emergence are
essential aspects of good seedling formation.
The longer the seedling remains in the early
stages of development, delaying emergence,
the more susceptible it will be to adverse envi-
ronmental conditions.

The initial emergence and mean emergence
time followed the same pattern since, for the
second variable, the lowest values were also
observed when the pomegranate seeds were
scarified and subjected to low (15.78 days®)
and high (15.39 days™) concentrations of GA,,
differing from the remaining treatments (Ta-
ble 3). Although the association of seed sca-
rification and immersion in GA, was unfavora-
ble to increase the emergence percentage of
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pomegranate cv. Valenciana, the combination
of scarification and immersion of the seeds in
500 mg L* GA, reduced the initial emergence
and the time to obtain the seedlings (Tables 1
and 3). This may indicate that this cultivar is
promising for the production of pomegranate
rootstocks since the rapid plant development
implies shorter permanence in the plant nur-
sery, providing to the producer several bene-
fits such as lower costs and the more efficient
use of this facility.

According to the analysis of variance, the
growth variables stem diameter, shoot length
and root length of the pomegranate seedlings
evaluated in this study, presented a significant
difference by the F-test (5% probability) for
the interaction between the evaluated factors,
as observed in Table 4.

Table 4. Analysis of variance for the number of leaves (NL), stem diameter (SD) (mm),
shoot length (SL) (cm), root length (RL) (cm), and total dry matter (TDM) (mg) of pomegranate seedlings

(Punica granatum) produced from seeds subjected to scarification and low (500 mg L?),
medium (1,000 mg L*), and high concentrations (1,500 mg L?) of GA,.

Sources of NL SD SL RL TDM
variation Mean Square

Scarification (A) 12.0333* 0.0521* 0.0919Ms 81.4112% 0.0035*
Concentration (B) 1.7333Ns 0.0018Ns 2.6728* 20.1380%* 0.0001Ns
AxB 6.0333* 0.1287* 1.2271%* 44.2892* 0.0006*
C.V. (%) 23.52 30.07 17.56 30.39 18.41
Scarification Means

With 6.92+0.26 B! 0.21+0.01 B 3.50+0.12 7.15+0.37 B 71.174£29.24 B
Without 7.55+0.17 A 0.26+0.01 A 3.45+0.05 8.80+0.29 A 86.35+18.57 A
Concentration Means

of GA, (mg L)

500 7.30+0.31 0.23+0.02 3.28+0.08 B 8.45+0.52 A 76.58+35.90
1,000 7.00+0.19 0.24+0.01 3.38+0.07 B 8.31+£0.37 A 81.63+31.81
1,500 7.40£0.31 0.24+0.01 3.71£0.13 A 7.16+£0.37 B 78.09+43.68
General mean 7.23+0.16 0.24+0.01 3.47+0.06 7.97+0.25 78.76+2.14

*Significant and “Snot significant at 5% of probability by the F-test. !Same letters in the column
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Source: Authors.

(between rows) do not differ from each other by the F-test (5% of probability).
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The highest number of leaves (8.05 leaves)
was observed in the pomegranate seedlings
produced from seeds without scarification and
soaked in a low concentration of gibberellic acid

Table 5. Number of leaves (NL), stem diameter (SD), shoot length (SL), root length (RL), and total dry matter

(TDM) of pomegranate seedlings (Punica granatum) produced from seeds subjected scarification and low (500

(500 mg L?), only differing from the treatment
in which the seeds were scarified and subjec-
ted to the same concentration of GA, (6.55 lea-
ves) (Table 5).

mg L), medium (1,000 mg L*) and high concentrations (1,500 mg L*) of GA,.

Concentration of GA,

NL

Scarificati

on

WITHOUTNS

8.05+0.37 Aa
7.20+£0.21 Aa
7.40+0.26 Aa

SD (mm)

Scarificati

SL (cm)

on

WITHOUT*

0.31+0.01 Aa
0.21+0.01 Bb
0.24+0.02 Ba

Scarification

RL (cm)

WITHOUTNS

3.43+0.11 Aa
3.35+0.06 Aa
3.57+0.08 Ab

Scarification

WITHOUT*

10.49+0.54 Aa
8.48+0.48 Ba
7.42+0.17 Ba

TDM (mg)

Scarification

WITHOUT"S

(mg L)

WITHNS
500* 6.55+0.43 A! b?
1,000 6.80+0.32 Aa
1,500Ms 7.40+0.58 Aa
Concentration of GA,
(mg L)

WITH*
500% 0.14+0.01 Bb
1,000* 0.26%0.02 Aa
1,500M 0.24+0.02 Aa
Concentration of GA,
(mg L)

WITH*
500" 3.13+0.12 Ba
1,000 3.41+0.12 Ba
1,500% 3.97+0.25 Aa
Concentration of GA,
(mg L?)

WITH*
500%* 6.42+0.60 Ab
1,000M 8.14+0.57 Aa
1,500 6,90+0.73 Aa
Concentration of GA,
(mg L)

WITH*
500% 62.73+2.13 Ab
1,000M 77.12+£5.17 Aa
1,500 73.66+8.07 Aa

*Significant and “Snot significant at 5% of probability by the F-test. !:Same uppercase letters in the column
(between rows) do not differ from each other by Tukey’s test at 5% of probability; 2Same lowercase letters
in the row (between columns) do not differ from each other by the F-test at 5% of probability.

Source: Authors.
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90.42+2.70 Aa
86.13+3.39 Aa
82.51+3.33 Aa



Although the scarification facilitated the solu-
tion inflow into the seeds, it was insufficient
to provide a higher number of leaves in the
pomegranate seedlings, probably due to the
exclusive use of gibberellic acid in this study.
A distinct response could have been observed
if cytokinin was present in the immersion so-
lution since this plant growth regulator indu-
ces the transportation of nutrients from other
parts of the plant to the leaves, allowing the
development of chloroplasts and the increase
in photosynthesis (Taiz et al., 2017).

The stem diameter of pomegranate seedlings
was larger (0.31 mm) when there was no
seed scarification associated with the lowest
concentration of gibberellic acid, presenting
a superior and significantly different mean
from the remaining treatments (Table 5).
Likewise, in a study performed by Monteiro
et al. (2019), seeds of pomegranate cv. Co-
mum with intact seed coat resulted in seed-
lings with larger stem diameters, compared
to scarified seeds.

It was observed that, with the increasing con-
centrations of GA, in the immersion of sca-
rified seeds, there was a similarity between
increases in the number of leaves and in the
stem diameter of pomegranate seedlings.
This occurred due to the exchange activities
that occur in the seedlings during the growth
in diameter, driven by photosynthetic actions
and by the translocation of hormones from the
apical regions (Larcher, 2006).

A longer shoot length (3.97 cm) was verified
when the pomegranate seeds were scarified
and soaked in the highest concentration of
GA,, differing from the remaining treatments
(Table 5). This result is in agreement with
Taiz et al. (2017), when they affirmed that the
growth in height is promoted by the stimu-
lus that gibberellin causes on cell division and
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elongation. There was no difference between
the concentrations of gibberellic acid in the
seedlings that originated from non-scarified
seeds (Table 5).

While the scarified pomegranate seeds did not
differ in root length values in GA, concentra-
tions, the seeds with an intact seed coat redu-
ced the results of this variable, and the lowest
concentration of gibberellic acid resulted in a
root length of 10.49 cm, differing from the re-
maining treatments (Table 5). These results
indicate that, such as reported by Taiz et al.
(2017), gibberellin does not act expressively
by influencing root growth compared to other
bioregulators, such as auxin and abscisic acid.

The accumulation of total dry matter was hig-
her in pomegranate seedlings produced from
non-scarified seeds, when these were sub-
jected to the lowest concentration of gibbe-
rellic acid (90.42 mg), only differing from the
treatment in which the seeds were scarified
(62.73 mg) (Table 5).

This probably occurred due to the higher va-
lues observed for the non-scarified seeds re-
garding to the number of leaves, stem dia-
meter, and root system length. According to
Choudhary & Chakrawar (1982), these results
may have led to the general assimilation and
redistribution of photosynthates within the
plant, resulting in greater dry mass and incre-
asing the incorporation of total dry matter.

Such responses indicate that the pressure
through a sieve, under running water, is an
efficient method to remove the sarcotesta of
pomegranate seeds and, associated to that,
the lowest concentration of GA, used in this
study was sufficiently effective in incremen-
ting the biometric variables, which are essen-
tial for seedling growth.
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As a recommendation for future studies, it is
suggested to evaluate different immersion ti-
mes in gibberellic acid and different substrates
for growing pomegranate rootstocks.

4. CONCLUSIONS
The seeds of the pomegranate cv. Valenciana
do not have tegument-related dormancy.

In order to favor the emergence percentage
and the initial growth of pomegranate seed-
lings, mechanical scarification and immersion
of seeds in gibberellic acid are dispensed.

Scarification and immersion of pomegranate
seeds in 500 mg L! of GA, are recommended
to produce seedlings a shorter time.
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