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Abstract

Mango (Mangifera indica L.) is a fruit crop of high economic importance
worldwide and has recently gained increasing commercial potential in
Turkiye, particularly due to the favorable microclimatic conditions of the
Mediterranean Region. The rapid expansion of mango cultivation has
consequently increased the demand for uniform and vigorous
polyembryonic rootstocks for orchard establishment. This study evaluated
the effects of different pre-sowing treatments on seed germination and
early seedling growth. The treatments were as follows: T1- intact seed
(control), T2- soaking in distilled water for 24 h, T3- hot water treatment
(60°C for 30 min), T4- soaking in Gibberellic acid (GA;) at 100 ppm for 24 h,
T5- soaking in GA; at 200 ppm for 24 h and T6- soaking in GA; at 300 ppm
for 24 h. The results showed that GA; at 300 ppm was the most effective
treatment, with days to initial, 50%, and completion of germination of 16,
28, and 34 days, respectively. Germination percentages on the 20", 30,
and 40" days were 26.67%, 66.67%, and 100%, respectively. This
treatment also produced the highest seedling height (32.4 cm), stem
diameter (5.9 mm) and number of leaves (5.5 per seedling). In contrast, the
pre-sowing treatments had no significant effect on taproot heigth.

1. Introduction

Mango (Mangifera indica L.) is one of the most
important tropical fruit species worldwide, both in
terms of production and economic value, and
belongs to the Anacardiaceae family. Originating
from Southeast Asia, it has been cultivated for
centuries and is now widely grown across a range
of ecological regions, with more than 1,000
identified cultivars. Its distinctive aroma, high
sensory quality, and rich nutritional composition
have led to mango being widely known as the “king
of fruits” (Lebaka et al., 2021). This popularity is also
reflected in global production statistics. According to
FAOSTAT (2024), the mango, guava, and
mangosteen group ranks fifth among fruit crops
worldwide, with an annual production exceeding
62.2 million tons, following banana, apple, grape,

and orange. India is the leading producer, with
approximately 26 million tons, followed by
Indonesia (4.1 million tons), China (3.9 million tons),
Mexico (2.7 million tons), and Pakistan (2.6 million
tons), all of which are recognized as major mango-
producing countries.

In parallel with the increasing global production
and commercial importance of mango, its cultivation
has expanded beyond traditional growing regions
and is gradually spreading into new ecological
areas. In this context, suitable environmental
conditions for mango cultivation have been reported
in the Mediterranean region of Turkiye, particularly
in areas characterized by sheltered microclimatic
conditions (Gozalan et al., 2024; Gubbuk, 2017). In
addition, recent increases in temperature and the
emergence of tropical climate characteristics in
certain areas have further enhanced the potential
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for mango cultivation in the region and increased
interest in this species. However, the sustainable
expansion of mango cultivation in the region
depends on the continuous availability of high-
quality and uniform planting material.

Mango can be propagated both sexually (by
seeds) and asexually (by vegetative methods).
However, in commercial production, the choice of
propagation method is critical for ensuring genetic
fidelity and uniformity of plant material. Therefore,
the propagation strategy varies depending on the
genetic and embryonic characteristics of the
species. In this context, mango is generally
classified into two groups: monoembryonic
genotypes (Indian type) and polyembryonic
genotypes (Southeast Asian type). This difference
in embryo structure plays a key role in determining
the most appropriate propagation method
(Mukherjee and Litz, 2009).

In modern commercial mango cultivation,
propagation predominantly relies on grafting, which
requires suitable rootstocks (Galan Sauco et al.,
2021). Rootstocks play a key role in determining the
vigor, fruit set, and overall productivity of the grafted
cultivar (Gebregiorgs et al., 2021). In polyembryonic
mangoes, a single zygotic embryo is accompanied
by a variable number of nucellar embryos,
depending on the genotype. Since nucellar
embryos are genetically identical to the mother
plant, these types are widely preferred for rootstock
production (Conde et al., 2023).

Mango seeds, which form the basis of rootstock
production, generally exhibit slow and irregular
germination due to their thick and hard endocarp,
physiological dormancy, and genotype-dependent
variation (Abbas et al., 2015; Gopi and Samruban,
2021; Jakpa et al, 2019). Particularly in
polyembryonic mango seeds, the low germination
percentage and the extended interval between the
first and last germinating seeds make it difficult to
obtain uniform seedlings for rootstock production
(Abbas et al., 2015). This results in time loss,
uneven seedling development, and reduced quality
standards in commercial nursery production.
However, appropriate pre-sowing treatments have
been reported to enhance germination percentage
and uniformity, thereby improving production
efficiency and reducing costs (Patel et al., 2016;
Shaban, 2010).

Accordingly, the aim of this study was to
evaluate the effects of different pre-sowing
treatments on germination performance and early
seedling growth in polyembryonic mango seeds.

2. Materials and Methods

The experiment was conducted from September
to November 2025 at the greenhouse facilities of the
Fruit Growing Department, Bati Akdeniz Agricultural
Research Institute (BATEM), Antalya, Turkiye. The
experimental site is located at 36°55'33" N latitude

and 31°00'38" E longitude, at an altitude of
approximately 15 m above sea level.

The plant material consisted of fully ripe fruits
collected from polyembryonic mango trees located
in the Alanya district of Antalya. The pulp was
removed from the harvested fruits, and the freshly
extracted seeds were washed with tap water.
Subsequently, healthy, uniform seeds of normal
weight were selected for the experiment.

To evaluate the effect of the physical barrier
(endocarp), seeds in the control treatment (T1) were
left intact. In all other treatments (T2-T6), the
endocarp was mechanically removed without
damaging the embryos before the pre-sowing
treatments to promote germination.

The treatments were as follows: T1= Intact seed,
(control); T2= Soaking in distilled water for 24 h; T3=
Soaking in hot water at 60°C for 30 min; T4=
Soaking in GAz at 100 ppm for 24 h; T5= Soaking in
GA; at 200 ppm for 24 h and T6= Soaking in GA; at
300 ppm for 24 h.

Gibberellic acid (GA;3) (Duchefa Biochemie, CAS
No. 77-06-5) solutions were prepared by dissolving
100, 200 and 300 mg of GAj; respectively. The
weighed amounts of GA; were dissolved separately
in 10 mL of 95% ethyl alcohol, and the volume was
then made up to 1000 mL with distilled water. After
soaking for the specified durations, the seeds were
sown horizontally in trays filled with a growing
medium consisting of 65% peat and 35% pumice,
and covered with approximately 2 cm of the same
mixture. Irrigation was applied immediately after
sowing.

The evaluated parameters were grouped into
two main categories: (i) the effects of pre-sowing
treatments on germination parameters and (ii) the
effects of pre-sowing treatments on seedling growth
parameters.

2.1. Effect of pre-sowing treatments on
germination parameters

Days to germination: The number of days to
initial  germination, 50% germination, and
completion of germination was recorded for each
treatment and expressed as days from sowing.

Germination percentage: Germination
percentage was determined on the 20", 30™, and
40 days after sowing.

2.2. Effect of pre-sowing treatments on seedling
growth parameters

Seedling growth parameters (seedling height,
cm; stem diameter, mm; number of leaves per
seedling and taproot height, cm) were measured 60
days after sowing.

2.3. Experimental design and statistical analysis

The experiment was conducted in a completely
randomized design (CRD) with six treatments and
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three replications. Each replication consisted of one
tray containing ten seeds.

The data were subjected to analysis of variance
(ANOVA) using JMP statistical software. Because
no germination occurred in the intact seed (control)
treatment, germination time parameters (days to
initial  germination, 50% germination, and
completion of germination) and seedling growth

parameters could not be evaluated for this
treatment and were excluded from the
corresponding analyses. However, the control
treatment was included in the ANOVA for

germination percentage, with a value of 0%
recorded on the 20", 30", and 40" days after
sowing. Treatment means were compared using
Tukey’s multiple comparison test at a significance
level of p<0.05. Graphical visualizations were
generated using R software (version 4.5.1) within
the RStudio environment (R Core Team, 2025).

3. Results and Discussion
treatments on

3.1. Effect of pre-sowing
germination parameters

The data presented in Figure 1 indicate the
effects of the treatments on the days to initial, 50%,
and completion of germination. In terms of days to
initial germination, the earliest emergence was
recorded with GA; at 300 ppm (16 days), followed
by GA; at 200 ppm and the hot water treatment (17
days), while the longest duration was observed in
the distilled water treatment (20 days).

For days to 50% germination, a similar trend was
observed, with the shortest period recorded with
GA; at 300 ppm (28 days) and the longest period
recorded in the distilled water treatment (33 days).
The time required to reach 50% germination
increased as the GA; concentration decreased
(Figure 1). Regarding completion of germination,
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the shortest duration was obtained with GA; at
300 ppm (34 days), whereas this period extended
to 40 days in the distilled water and hot water
treatments. These treatments exhibited
approximately 15-17% longer germination periods
compared with the GA; treatments (Figure 1).
Because no germination occurred in the intact seed
(control) treatment, germination time parameters
(days to initial germination, 50% germination, and
completion of germination) could not be determined
for this treatment.

The data in Figure 2 show that the effects of
different pre-sowing treatments on germination
percentage on the 20", 30", and 40" days after
sowing differed significantly among treatments
(p<0.05). On the 20" day, the highest germination
percentage (26.67%) was obtained with GA; at
300 ppm, whereas the distilled water, the hot water,
and GAs at 100 ppm showed similar values
(13.33%) (Figure 2).

By the 30" day, differences among treatments
became more pronounced. GA; at 300 ppm
reached a germination percentage of 66.67%,
which was significantly higher than those
treatments. In contrast, the distilled water showed a
low germination percentage (26.67%), whereas
GA; at 100 ppm and GA; at 200 ppm resulted in
intermediate values (46.67%). On the 40™ day, GA;
at 300 ppm achieved the highest germination
percentage (100%). GA; at 200 ppm reached 80%,
whereas distilled water showed the lowest
germination percentage (46.67%). The hot water
treatment resulted in 66.67% germination, showing
a response similar to that of the GA; treatments. No
germination was observed in the intact seed
(control) treatment throughout the experimental
period (0% germination) (Figure 2).

3.2. Effect of pre-sowing treatments on growth
parameters

-®- Initiation
=& 50 per cent

- Completion

Figure 1. Effects of pre-sowing treatments on days to initial germination, 50% germination, and completion of germination

in mango seeds.
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Figure 2. Effects of pre-sowing treatments on germination percentage on the 20™, 30™, and 40™ days after sowing in mango

seeds.
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Figure 3. Effects of pre-sowing treatments on seedling growth parameters (seedling height, stem diameter, number of
leaves per seedling, and taproot height) of mango seedlings at 60 days after sowing.

The growth parameters, including seedling
height, stem diameter, number of leaves per plant,
and taproot height, varied among the different pre-
sowing treatments of mango seeds (Figure 3).
Analysis of variance revealed that pre-sowing
treatments significantly affected seedling height
(p<0.05). At 60 days after pre-sowing treatments,
the highest seedling height (32.4 cm) was recorded
with the GA; at 300 ppm treatment, whereas the
lowest value (10.9 cm) was observed in the hot
water treatment. Even the lowest GA; concentration
(100 ppm) used in the study increased seedling
height by at least 60% compared with the distilled
water and hot water treatments.

A similar trend was observed for stem diameter.
The highest stem diameter (5.9 mm) was recorded
in seedlings treated with GA; at 300 ppm. Lower
GA; concentrations also significantly increased
stem diameter (p<0.05). The lowest values were
observed in the distilled water (4.0 mm) and hot
water (4.6 mm) treatments (Figure 3).

The number of leaves was also significantly
influenced by the treatments (p<0.05). The
maximum number of leaves (5.5 per seedling) was
recorded with the GA; at 300 ppm treatment,
followed by GA; at 200 ppm (4.3 per seedling) and
GA; at 100 ppm (4.1 per seedling) treatments. The
minimum number of leaves (3.7 per seedling) was
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recorded in the distilled water treatment. The results
showed that different pre- sowing treatments had no
significant effect on taproot height (p>0.05) (Figure
3). The overall effects of the treatments on seedling
growth are visually illustrated in Figure 4.

One of the major factors limiting economic
production in many fruit species is low and irregular
seed germination, which is largely influenced by the
interaction between genetic and environmental
factors (Kumar et al., 2024). In species such as
mango, the presence of a hard seed coat imposes
external dormancy (Shivandu et al., 2024), while the
recalcitrant nature of the seeds accelerates viability
loss (Berjak and Pammenter, 2004). As a result,
mango stones often exhibit low germination and
survival rates after sowing (Banyal et al., 2021).

Removal of the seed coat is an effective method
to overcome dormancy, as it eliminates mechanical
constraints on embryo growth and promotes faster
germination. In the present study, no germination
was observed in seeds sown with the seed coat,
which is consistent with previous studies reporting
faster germination in de-coated seeds (Abbas et al.,
2015; Muralidhara et al., 2016). Delayed
germination in intact seeds is attributed to the stony
endocarp acting as a physical barrier that restricts
the leaching of inhibitory substances (Padma and
Reddy, 1997). However, because all pre-sowing
treatments were applied following endocarp
removal, the independent effect of endocarp
removal could not be fully distinguished from the
effects of the subsequent soaking treatments.

In addition to mechanical scarification, pre-
sowing treatments such as soaking in water and

GA, 200 ppm

3
*
GA, 300 ppm

Figure 4. Representative images of mango seedlings showing the effects of different pre-sowing treatments (control,
distilled water, hot water, and GA; at 100, 200, and 300 ppm) on seedling growth (Scale bar =5 cm).

chemical applications are effective in breaking
dormancy (Kumar et al., 2024). Among these, GA;
application is particularly effective, as it stimulates
amylase activity, leading to starch hydrolysis and
sugar formation in the endosperm, thereby
promoting germination (Kumar et al., 2024; Matilla
and Matilla-Vazquez, 2008; Rajamanickam et al.,
2004).

In this study, the most effective treatment in
terms of days to initial germination, 50%
germination, and completion of germination was
GA; at 300 ppm (24 h), with values recorded as 16,
28, and 34 days, respectively. These values differ
from those reported in previous studies conducted
on different mango cultivars and under varying
experimental conditions. For instance, days to initial
germination of 12.53 days (GAs at 100 ppm for 4 h)
and 12.90 days (GA; at 100 ppm for 10 min) were
reported by Kolekar et al. (2017) and Kumar et al.
(2008), respectively. Furthermore, Banyal et al.
(2021) observed that GAs; at 100 ppm (12 h)
significantly reduced the time to 8.47 days, with
50% germination achieved in 13.65 days. In
contrast, Reshma and Simi (2019) reported delayed
germination, with days to initial germination of 22.62
days and 50% germination achieved in 31.78 days
under GA; at 200 ppm (24 h).

In terms of mango seed germination, GA; at
300 ppm resulted in a maximum germination
percentage of 100% by day 40, indicating full
expression of seed viability. Although previous
studies have reported improved germination with
GA; treatments, such complete germination has
rarely been achieved. For instance, Shaban (2010)
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reported enhanced germination in polyembryonic
mango rootstocks with GA; (100 and 200 ppm for
48 h), but not to full capacity. Similarly, Banyal et al.
(2021) and Kolekar et al. (2017) reported maximum
germination percentages of 90.38% (at 30 days)
and 85.67% (at 50 days), respectively, using GA; at
100 ppm. In contrast, Reshma and Simi (2019)
reported a lower germination percentage of 62.59%
at 55 days with GA; at 100 ppm (24 h).

The differences between the present study and
the literature in terms of germination time and
germination percentages can be attributed to
fundamental biological and environmental factors.
In particular, the interaction between endogenous
hormonal balance (GA; and ABA) and
environmental conditions such as temperature and
humidity plays a critical role in regulating
germination responses (Shivandu et al., 2024). The
effectiveness of GA; treatments is known to vary
depending on the plant species, applied
concentration, and treatment duration (Cornea-
Cipcigan et al., 2020). Accordingly, in various fruit
species (passion fruit, mahaleb cherry, wood apple,
and Rangpur lime), GA; application has been
reported to enhance germination capacity and
accelerate the process (Al-Absi, 2010; Dilip et al.
2017; Mawlieh et al., 2024; Patil et al., 2012).

Among the evaluated treatments, GA; at
300 ppm (24 h) produced the highest values for
seedling height, stem diameter, and number of
leaves. This may be explained by the role of GA; in
promoting shoot growth through enhanced cell
division and elongation (Venkat and Reddy, 2005).
In the present study, the maximum seedling height
(32.4 cm) is consistent with the positive response
reported for GA; applications at 100-500 ppm
(Aalta and Srihari, 2013; Gopi and Samruban, 2021,
Kolekar et al., 2017; Kumar et al., 2008). However,
higher values have also been reported in some
studies, and these differences may be attributed to
variations in genotype and environmental
conditions (Abbas et al., 2015; Vidya et al., 2018).

The simultaneous increase in seedling height
and stem diameter suggests that GA; positively
influences seedling growth and development.
These findings are consistent with those reported by
Kumar et al. (2008), Shaban (2010) and Kolekar et
al. (2017). Furthermore, GA; treatments increased
the number of leaves, which may be associated with
the role of gibberellins in promoting cell division and
expansion in the apical meristem (Banyal et al.,
2021; Salisbury and Ross, 1992). Similarly, Shaban
(2010) and Banyal et al. (2021) reported that GAz
application  increased leaf formation at
concentrations of 200 ppm (48 h) and 100 ppm
(12 h), respectively. However, higher leaf number
values have also been reported in other studies
(Kolekar et al., 2017; Muralidhara et al., 2015).

In contrast, no statistically significant difference
was observed in root length. This result is consistent
with the findings of Abbas et al. (2015). Although
Kolekar et al. (2017) and Shaban (2010) reported

that GA; may indirectly promote root development
through the mobilization of photosynthetic products,
this effect appeared to be limited in the present
study.

The hot water pre-treatment at 60°C, applied as
an alternative method for mango seeds, showed
limited effects on germination and seedling
development. Similarly, Jakpa et al. (2019) reported
that water treatments at lower temperatures (15°C)
also resulted in limited responses. The findings
suggest that, in addition to seed coat permeability
(a physical barrier), endogenous hormonal balance
may also play an important role in regulating
germination in mango seeds. Therefore, the
superior performance of GA; treatments compared
with the hot water treatment may be associated with
hormonal regulation; however, this hypothesis was
not directly evaluated in the present study.

These findings indicate that GA; treatments not
only enhance germination but also improve
seedling growth traits. These results are consistent
with GAs-induced improvements reported in several
species, including papaya, Rangpur lime, cashew,
jackfruit, and passion fruit (Dilip et al., 2017;
Harshavardhan and Rajasekhar, 2012; Mali et al.,
2015; Mehta et al., 2016; Ramteke et al., 2016;
Singh et al., 2015).

4. Conclusion

In conclusion, pre-sowing treatment of de-
coated seeds with GA; at 300 ppm was found to be
the most effective treatment for optimizing
germination success and seedling growth
parameters. However, the effectiveness of these
treatments may vary depending on genotype,
treatment duration, and measurement timing. Since
the present study was conducted using seeds
collected from polyembryonic mango trees in a
single production area, the responses to the
evaluated pre-sowing treatments may vary among
cultivars and polyembryonic genotypes. Therefore,
further studies involving different cultivars and
genotypes are needed to confirm the broader
applicability of these findings. In addition to GA;
treatments, exploring alternative pre-treatment
approaches, including chemical treatments,
osmotic regulators, and biostimulants, may facilitate
the development of more comprehensive strategies
to overcome germination constraints in mango
seeds.
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