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ABSTRACT

One of the main obstacles to Olea europaea L. propagation is seed dormancy, which causes
poor and inconsistent germination. The purpose of this research was to assess the effects of
gibberellic acid (GAs) treatment and sulphuric acid (H.SO.) scarification on olive seed
germination. Seeds were treated with varied concentrations of GAs (0.75, 1.5, and 3 ml L),
both separately and in combination, and for varying lengths of time (10, 20, and 40 minutes)
with H.SO.. At 60, 75, 90, 105, and 120 days after planting, germination was noted. The
findings demonstrated that, with notable variations across treatments, the germination
percentage rose with time in all treatments. Individual applications of GAs; and H.SO. were
less successful than combined therapy. Seeds treated with H.SO. for 20 minutes and GA: at
1.5 ml Lt showed the greatest germination percentage (72%), whereas the control treatment
showed the lowest germination.
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The olive tree (Olea europaea L.) is one of the most important perennial fruit crops in
the Mediterranean region and is widely cultivated due to its high economic, nutritional, and
ecological value (Ghanbari et al., 2012; Langgut et al., 2019; Solomou & Sfougaris, 2021).
Olive products, particularly olive oil, play a crucial role in human nutrition and health, making
this species highly valuable worldwide (Guo et al., 2018; Romani et al., 2019). Despite its
importance, propagation of olive through seeds remains limited due to low and irregular
germination, which is mainly attributed to seed dormancy (Xie et al., 2024a).

Seed dormancy is a complex adaptive trait that prevents germination under
unfavorable conditions and ensures species survival (Finch-Savage & Leubner-Metzger,
2006a). In olive, dormancy is associated with both physical and physiological mechanisms.
The presence of a hard endocarp acts as a physical barrier that restricts water uptake and
gas exchange, while physiological factors, including hormonal imbalance, inhibit embryo
growth and delay germination (Xie et al., 2024b). As a result, olive seeds often require
extended periods to germinate, leading to poor and non-uniform seedling establishment
(Montilon et al., 2022; S et al., 2015).

Various methods have been developed to overcome seed dormancy in woody plant
species, including mechanical, chemical, and hormonal treatments. Among these, chemical
scarification using sulfuric acid (H.SO.) is one of the most widely used techniques to break
physical dormancy. Acid treatment weakens the seed coat and enhances permeability,
thereby facilitating water absorption and oxygen diffusion (Sousa et al., 2022; Taghizadeh &
Sajadi, 2023). However, the effectiveness of H.SO. treatment depends largely on the
duration of exposure, as insufficient treatment may not adequately break dormancy, whereas
excessive exposure can damage the embryo and reduce germination potential (Zeist et al.,
2024).

In addition to physical dormancy, physiological dormancy plays a critical role in limiting
olive seed germination. Gibberellic acid (GAs), a key plant growth regulator, has been
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extensively used to promote germination by stimulating enzyme activity, mobilizing stored
reserves, and enhancing embryo growth (Finch-Savage & Leubner-Metzger, 2006b;
Penfield, 2017). GAs has been reported to counteract the inhibitory effects of abscisic acid
(ABA), thereby promoting the transition from dormancy to active growth (Kucera et al., 2005).
Several studies have demonstrated that GAs; application significantly improves both
germination percentage and uniformity in olive and other woody species (Xie et al., 2024a).

Recent studies have highlighted that the combined application of chemical scarification
and plant growth regulators can produce a synergistic effect in overcoming seed dormancy.
While sulfuric acid facilitates the breakdown of the physical barrier, GAs enhances internal
metabolic processes, resulting in improved germination performance (Fang et al., 2006).
Such combined treatments have been shown to be more effective than individual
applications in several woody plant species, indicating the importance of addressing both
physical and physiological aspects of dormancy simultaneously (Fang et al., 2006;
Muralidharan et al., 2025).

Another important factor affecting seed germination is time. Olive seeds typically
exhibit slow and prolonged germination, often requiring several weeks to months for
complete emergence. Therefore, evaluating germination at multiple time intervals provides a
comprehensive understanding of treatment effects on both the rate and final percentage of
germination (Morales-Sillero et al., 2012; Xie et al., 2024a). Monitoring germination dynamics
over time is particularly important in species like olive, where delayed germination is a major
constraint in nursery production.

Despite previous research, there is still limited information regarding the interaction
effects of different durations of sulfuric acid scarification and varying concentrations of
gibberellic acid on germination dynamics of Olea europaea over time. Therefore, the present
study aimed to evaluate the individual and combined effects of H.SO. and GAs treatments on
seed germination at different time intervals, with the objective of identifying effective methods
to overcome dormancy and improve germination performance in olive.

MATERIALS AND METHODS OF RESEARCH

Seeds of Olea europaea L. were collected from mature and healthy fruits in Akre, Iraq,
and were manually cleaned to remove pulp residues before being air-dried at room
temperature. The experiment was conducted at the Department of Horticulture, Akre
University for Applied Sciences, Akre Technical College, Kurdistan Region, Irag.

The experimental site is situated at latitude 36°44'56" N, longitude 43°53'48" E, with an
elevation of 670 meters above sea level, under a tunnel house environment (Akrayi et al.,
2026). A completely randomized design (CRD) was used to evaluate the effects of H.SOs
and GAs on seed germination. Seeds were subjected to H.SO. scarification for 10, 20, and
40 minutes, followed by thorough rinsing with distilled water. Subsequently, seeds were
treated with GAs at concentrations of 0.75, 1.5, and 3 ml L. Both individual and combined
treatments of H.SO. and GAs were applied, while untreated seeds served as the control.
Each treatment consisted of 25 seeds, which were sown under controlled conditions, and
germination was recorded at 60, 75, 90, 105, and 120 days after planting. Germination
percentage was calculated as the ratio of germinated seeds to total seeds multiplied by 100,
and final germination percentage was determined at 120 days. Data were analyzed using
one-way analysis of variance (ANOVA), and mean comparisons were performed using
Duncan’s Multiple Range Test at the 5% probability level using IBM SPSS Statistics.

RESULTS OF STUDY
Germination of Olea europaea seeds was significantly influenced by H.SO. and GAs
treatments over time. In general, germination percentage increased progressively from 60 to

120 days after planting in all treatments, although the rate and extent of germination varied
considerably among treatments.
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At the early stage (60 days), germination was negligible in most treatments, with
values close to zero, indicating strong initial dormancy. However, some combined
treatments, particularly those involving H.SO. and GAs, showed slight improvements
compared to the control (Table 1). By 75 days after planting, germination began to increase,
especially in treatments combining acid scarification with GA; application, while single
treatments still exhibited relatively low germination percentages.

Table 1 — Effect of H.SO. and GAs treatments on seed germination at different time intervals
(60, 75, 90, 105, and 120 days after planting)

Treatments Germination (After planting)

60 Days 75 Days 90 Days 105 Days 120 Days %
Control 0.00a 0.08 bc 0.00c 0.16 cd 0.16d 16
H2S04 (10 Min) 0.00 a 0.00 c 0.12 be 0.04d 0.20d 20
H2S04 (20 Min) 0.00 a 0.04 bc 0.12 bc 0.24 bc 0.40 bc 32
H2S04 (40 Min) 0.00 a 0.08 bc 0.00c 0.08d 0.12d 20
0.75ml L GA3 0.00a 0.00c 0.12 bc 0.16 cd 0.12d 12
1.5mlL? GA3 0.00a 0.08 bc 0.20 bc 0.16 cd 0.24 cd 28
3mlL?tGA3 0.00 a 0.00c 0.24 bc 0.24 bc 0.20d 24
H2S04 (10 Min) + 0.75 ml L't GA3 0.00a 0.12b 0.36 ab 0.24 bc 0.28 ¢ 28
H2S0O4 (10 Min) + 1.5 ml Lt GA3 0.00 a 0.08 bc 0.16 bc 0.48 ab 0.24 cd 36
H2S04 (10 Min) + 3 ml L't GA3 0.00 a 0.04 bc 0.24 bc 0.52 ab 0.52 ab 44
H2S04 (20 Min) + 0.75 ml L't GA3 0.12a 0.20 ab 0.36 ab 0.44 ab 0.56 a 56
H2S04 (20 Min) + 1.5 ml L't GA3 0.04 a 0.16 ab 0.56 a 0.72a 0.64 a 72
H2S04 (20 Min) + 3 ml L't GA3 0.16 a 0.20 ab 0.32 ab 0.56 a 0.40 bc 60
H2S04 (40 Min) + 0.75 ml L't GA3 0.12a 0.24 a 0.36 ab 0.56 a 0.52 ab 52
H2S04 (40 Min) + 1.5 ml L't GA3 0.12a 0.20 ab 0.52 a 0.40 ab 0.60 a 44
H2S04 (40 Min) + 3 ml L't GA3 0.00a 0.00c 0.32 ab 0.32 bc 0.36 bc 36

Values represent mean germination proportions. Means followed by the same letter(s) within each column are not
significantly different at the 5% probability level according to Duncan’s Multiple Range Test. Final germination
percentage was calculated based on total germinated seeds and was not subjected to statistical analysis.
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Figure 1 — Temporal variation in seed germination of Olea europaea under different treatments
measured at 60, 75, 90, 105, and 120 days after planting. The treatments were coded as follows: T1
(control), T2 (H.SO4 for 10 min), T3 (H.SO. for 20 min), T4 (H.SO. for 40 min), T5 (GAs at 0.75 ml L),
T6 (GAs at 1.5 ml L), T7 (GAs at 3 ml L?), T8 (H.SO. 10 min + GA; 0.75 ml L%), T9 (H.SO. 10 min +
GAs 1.5 ml L?), T10 (H.SO4 10 min + GA; 3 ml Lt), T11 (H.SO4 20 min + GAs 0.75 ml L 1), T12 (H.SO4
20 min + GAs 1.5 ml L1), T13 (H>SO4 20 min + GAs 3 ml L), T14 (H.SO. 40 min + GAs 0.75 ml L),
T15 (H.SO4 40 min + GAs 1.5 ml L), and T16 (H.SO. 40 min + GAs 3 ml L), Different letters indicate
significant differences according to Duncan’s test (P < 0.05).
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Figure 2 — Germination of seeds under different treatments at 120 days after planting. Treatments
were coded as T1-T16, representing control, H.SO. treatments at different durations, GA
concentrations, and their combinations, as described in Figure 1.

A marked increase in germination was observed at 90 days, where combined
treatments showed significantly higher values compared to control and individual treatments.
The highest germination at this stage was observed in treatments involving H.SO. (20 min)
combined with GAs, indicating the effectiveness of combined dormancy-breaking methods
(Table 1).

At 105 days after planting, differences among treatments became more pronounced.
Combined treatments consistently outperformed individual treatments, with H.SO4 (20 min) +
GAs (1.5 ml L™*) showing the highest germination percentage. In contrast, control and single
treatments maintained lower germination rates (Figure 1).

The highest germination percentages were recorded at 120 days after planting (Figure
2). Among all treatments, H.SO4 (20 min) combined with GAs (1.5 ml L) resulted in the
maximum germination (72%), followed by other combined treatments such as H.SO. (40 min)
+ GAs (1.5 ml L) and H.SO. (20 min) + GAs (0.75 ml L™2). In contrast, the lowest germination
percentages were observed in control and some individual treatments, which remained
below 20%.

Overall, the results demonstrate that the combination of sulfuric acid scarification and
gibberellic acid application significantly enhances both the rate and final percentage of
germination in olive seeds compared to individual treatments. The temporal trend of
germination further (Figure 2) indicates that combined treatments not only increase total
germination but also accelerate the germination process over time.

DISCUSSION OF RESULTS

The results of the present study clearly demonstrate that both H.SO. scarification and
GA:s application significantly enhance seed germination of Olea europaea, particularly when
applied in combination. The very low germination observed in the control treatment confirms
the presence of strong seed dormancy in olive, which is consistent with previous studies
reporting that both physical and physiological factors contribute to delayed and irregular
germination in this species (Baskin & Baskin, 2014; Finch-Savage & Leubner-Metzger,
2006c¢).

The positive effect of H.SO. treatment observed in this study can be attributed to its
ability to weaken the hard endocarp, thereby improving water uptake and gas exchange. This
finding is in agreement with earlier reports indicating that acid scarification is an effective
method for overcoming physical dormancy in woody plant species, including olive (E Silva et
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al., 2018; Wu et al.,, 2023). However, the results also suggest that the duration of acid
exposure is a critical factor influencing treatment efficiency. In the present study, moderate
exposure (20 minutes) resulted in higher germination compared to shorter (10 minutes) and
longer (40 minutes) treatments. This may be explained by insufficient weakening of the seed
coat at shorter durations and possible damage to the embryo at longer exposures, as
reported by Cho & Lee, (2018).

Gibberellic acid (GAs) also played a significant role in improving seed germination,
particularly when used in combination with H.SO.. The stimulatory effect of GAs is well
documented and is associated with the activation of hydrolytic enzymes, mobilization of
stored food reserves, and enhancement of embryo growth potential (Cho & Lee, 2018; Liao
et al., 2025). Furthermore, GAs is known to counteract the inhibitory effects of abscisic acid
(ABA), thereby facilitating the transition from dormancy to germination (Philippe Grappin et
al., 2000). The moderate concentration of GAs (1.5 ml L) appeared to be more effective
than lower and higher concentrations, suggesting the importance of optimizing hormone
levels for maximum germination response.

One of the most important findings of this study is the superior performance of
combined treatments compared to individual applications. The combination of H.SO. and
GA:s produced a synergistic effect, leading to significantly higher germination percentages
and faster germination rates. This can be explained by the complementary roles of these
treatments: while H.SO. enhances seed coat permeability, GAs promotes internal metabolic
processes required for germination. Similar synergistic effects have been reported in other
studies, where combined treatments effectively overcame both physical and physiological
dormancy (Wu, Y., et al., 2021; Wu, Y., & Shen, Y. B. 2021; Wu et al., 2023).

Among all treatments, H.SO.4 (20 min) combined with GAs; (1.5 ml L) resulted in the
highest germination percentage, indicating that this combination provides optimal conditions
for breaking dormancy in olive seeds. This finding highlights the importance of selecting
appropriate treatment combinations and conditions to maximize germination efficiency, which
is critical for successful seed propagation and nursery production.

The temporal pattern of germination observed in this study further supports the
effectiveness of the applied treatments. Germination increased progressively over time, with
the highest values recorded at 120 days after planting. This gradual increase reflects the
inherent slow germination behavior of olive seeds, which is characteristic of many woody
perennial species (Morales-Sillero et al., 2012; Xie et al., 2024a). However, the results also
indicate that combined treatments not only increased final germination percentage but also
accelerated the germination process, reducing the time required for seedling emergence.

Overall, the findings of this study confirm that overcoming seed dormancy in Olea
europaea requires an integrated approach that addresses both physical and physiological
barriers. The use of sulfuric acid for scarification, combined with gibberellic acid application,
provides an effective and practical method for improving germination performance. These
results are consistent with previous research and contribute to a better understanding of
dormancy-breaking mechanisms in olive seeds. From a practical perspective, the application
of optimized combined treatments can significantly enhance seed propagation efficiency and
support large-scale olive production.

CONCLUSION

The results of this study demonstrated that seed germination of Olea europaea is
significantly affected by both H.SO. scarification and GAs application. The low germination
observed in untreated seeds confirms the presence of strong dormancy in olive seeds.
Among the treatments, the combined application of H.SO. and GAs; was more effective than
individual treatments, indicating a synergistic effect in overcoming both physical and
physiological dormancy. The highest germination percentage was obtained from seeds
treated with H.SO. for 20 minutes followed by GAs at 1.5 ml L%, suggesting that this
combination provides optimal conditions for breaking dormancy and promoting germination.
In addition, the results showed that germination increased progressively over time, with the
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highest values recorded at 120 days after planting. Overall, the findings suggest that the
integration of chemical scarification and plant growth regulators is a practical and efficient
approach to enhance seed germination in olive. This method can be recommended for
improving propagation efficiency in nurseries and supporting large-scale olive production.
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