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Abstract

Anthropogenic pressures, climate change, and certain factors, including seed
coat dormancy, hinder the natural regeneration of some tree species such as
Irvingia gabonensis. This study, conducted in the city of Soubre, aimed to eval-
uate the germination potential of /rvingia gabonensisseeds and investigate the
growth of seedlings from various treatments within an agroforestry perspec-
tive. The methodology involved subjecting seeds to fourteen different pre-
treatments. These included seeds 1) treated with water at 100°C; 2) soaked in
tap water for varying periods (days); 3) treated with concentrated sulphuric
acid at 96%; 4) soaked directly in GA3 at different concentrations; 5) scarified
and soaked in GA3; and 6) untreated seeds, which served as controls. For the
growth tests, the growth of seedlings from seeds treated with GA3 was com-
pared with seedlings from control and scarified seed lots. The most satisfactory
results were observed with scarified seeds soaked in gibberellin solution at 0.5
and 2 mg/L, yielding 46.66% and 56.66% germination, respectively. However,
the best result was obtained with seeds soaked in GA3 at a concentration of 2
mg/L (50%). The findings showed that control seedlings exhibited similar
growth to those derived from GA3-treated seeds.
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1. Introduction

Forests represent a considerable reservoir of biological resources and play an es-
sential role in meeting certain human needs. However, this reservoir is exposed to
various natural and human phenomena. In tropical countries, particularly Cote
d’Ivoire, the economy is closely linked to increasingly intensive forestry activities
[1]. This situation presents several risks for the country. Initially, through its eco-
nomic policy mainly based on agriculture, Cote d’Ivoire became the world’s larg-
est producer of cocoa. In fact, this industry propelled Cote d’Ivoire to become the
leader in cocoa bean exports since 1977, representing 15% of the Gross Domestic
Product (GDP) and over 40% of global production [2]. However, the economic
success of Cote d’Ivoire, particularly in cocoa farming, masks a significant degra-
dation of its forest area. According to [3] and [4], Cote d’Ivoire’s humid forest
area began to disappear in the 1960s due to cocoa cultivation. [5] and [4] estimate
that about 80% of the Ivorian forest area in the South-West is now occupied by
cocoa plantations. In addition, high climate variability, combined with human ac-
tions, has negatively impacted ecological balances by causing the deterioration of
natural resources, soils, and agricultural ecosystems. Agricultural production sys-
tems have become vulnerable due to this situation. In response, development ini-
tiatives have been implemented, focusing on fast-growing plant species with so-
cio-economic benefits, which are well-adapted to local climates and offer numer-
ous advantages for rural development [6]. Agroforestry has also been identified as
a sustainable solution to deforestation and shifting cultivation, aiming to mitigate
the ecological and carbon impact of agriculture. According to [7] and [8], inte-
grating trees into agricultural systems helps preserve and diversify agricultural
production, promoting the fundamental principles of sustainable development.
Furthermore, international research organizations, such as the International Co-
operation Center of Agricultural Research for Development (CIRAD) and the In-
ternational Center for Research in Agroforestry (ICRAF), have developed agro-
forestry systems incorporating fruit trees like /rvingia gabonensis to boost farm-
ers’ productivity while combating climate change [9]. This species, known as the
“wild mango”, is considered a forest species of high commercial value. Despite its
socio-economic potential, little scientific information is available on its biology,
phenology, reproduction, and germination potential. Additionally, /rvingia gabo-
nensis is a forest species whose seeds exhibit extreme dormancy, which likely
hampers its germination, hence the need for various treatments to promote and
sustain its germination. This issue has prompted interest in this study, which aims
to preserve the species Irvingia gabonensis in an agroforestry context. Thus, the
general objective of this study is to assess the germination potential of Irvingia
gabonensis seeds and the growth of its seedlings to produce vigorous plants for
integration into agroforestry practices for sustainable conservation. More specifi-
cally, the study aims to 1) determine the effect of treatments on the germination
of Irvingia gabonensis seeds and 2) evaluate the effect of treatments on the growth

parameters of Irvingia gabonensis.
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2. Materials and Methods
2.1. Study Area

Soubré, established on May 21, 1979, and inaugurated on October 6, 1982, is the
largest city in the Nawa region of Cdte d’Ivoire, covering an area of 4779 km?. It
is located between longitudes 6°19' and 6°57' West and latitudes 5°26' and 6°13'
North, bordered by Issia to the north, Méagui and Sassandra to the south, Gagnoa
and Gueyo to the east, and Buyo to the west (Figure 1). The climate is sub-equatorial,
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Figure 1. Soubré study area.
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characterized by two rainy seasons and two dry seasons, with annual rainfall rang-
ing from 1600 mm to 1800 mm and temperatures between 26°C and 32°C. The
vegetation consists of secondary forests, gallery forests, swampy formations, fal-
low lands, and previously cultivated areas, hosting specific species such as Uapaca
heudelotii and Ceiba pentandra. Soubré has an estimated population of around
587,441 inhabitants, including indigenous groups (Beté, Bakwé), non-native pop-
ulations (Baoulé, Malinké, W¢), and foreign residents, primarily from Burkina
Faso. Socio-economic activities are diverse, ranging from agriculture to non-agri-

cultural sectors, with uneven distribution based on the origin of the inhabitants.

2.2. Seed Collection and Treatment

Sampling was carried out in Adzopé, in the Mé region. It involved the collection
of 600 fresh fruits from different mature /rvingia gabonensistrees. The fruits (Fig-
ure 2) were stored in bags and transported by car the following day to the Regional
Directorate of Water and Forests in Soubré. Once collected, the fruits were placed
in a shaded, humid area, and if necessary, they were watered regularly for two
weeks to promote pulp decomposition and facilitate depulping. After the fruits
were depulped, the seeds were dried for three days. They were then soaked in wa-
ter in a basin to conduct a purity test, which allowed for distinguishing between
healthy, viable seeds and those with rotted albumen. These seeds subsequently
underwent various treatments before sowing. The purpose of these treatments was
to determine the most effective method for promoting successful germination of

Irvingia gabonensis seeds.

A e | W

Figure 2. Overview of Irvingia gabonensis seeds pulped and soaked in GA3.

2.3. Experimental Design and Seed Treatments

The experiment was set up using a complete randomized block design. Fourteen
treatments were applied to the seeds, which were divided into 14 groups of 10
seeds each, with three replications per treatment. A total of 420 seeds (14 x 3 x
10) were used in the trial. Seeded bags were arranged by treatment and uniformly

watered twice daily: once between 6:00 and 8:00 am, and again between 4:00 and
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6:00 pm. Observations were made on the seeds over a 45-day period, during which
the following data were collected: the start and end dates of germination for each
group and test, and the number of germinated seedlings per group and per test
recorded daily until germination was complete. At the end of the study, germina-
tion rates for each test were calculated. After 45 days of the experiment, 30 seed-
lings of the same age were selected from the control, scarified, gibberellin treat-
ments (0.5 mg/L and 2 mg/L), and the scarification + gibberellin treatments (0.5
mg/L and 2 mg/L) for the growth test. This selection aimed to evaluate the appro-
priate gibberellin concentration (minimum 0.5 mg/L and maximum 2 mg/L) for
optimal growth and effective regulation of /rvingia gabonensis juveniles. Gibber-
ellin is a powerful hormone involved in plant growth, and its effect was compared
to the normal growth of the control plants. To assess this, measurements were
taken every two days over a 30-day period. The experiment was set up in a single
block shaded by trees, with regular watering each morning and evening, except on

rainy days.

2.4. Statistical Analysis

Data collection in this study was based on germination delay, duration, and rate.
Growth measurements were taken every two days using a graduated ruler, and
the number of leaves per seedling for each treatment was counted over a 30-day
period. Analysis of variance (ANOVA) was used to compare the means of ger-
mination parameters (rate, delay, and duration) and simultaneously assess the
growth data across different treatments. ANOVA helps compare intra- and in-
tergroup variances, which is a parametric analysis that assumes the measured
variable follows a normal distribution. The aim of this analysis was to determine
if the mean values across the different germination tests were significantly dif-
ferent. Before performing ANOVA, three preliminary tests were conducted to
verify data normality, distribution, and homogeneity of variances. First, the
Shapiro-Wilk normality test was performed to check whether the data followed
a normal distribution. If the data were normally distributed, the Levene’s test
was used to assess the homogeneity of variances. Lastly, Tukey’s test was applied
to compare means pairwise and identify significant differences between them
whenever the calculated probability was significant. According to Martin
(2008), biological data often do not follow a normal distribution. For the col-
lected data, ANOVA tests enabled the comparison of the mean germination and
growth parameters. Additionally, the Kruskal-Wallis test was used to rank the
means at a significance level of 5%. All statistical analyses were performed using

RStudio software.

3. Results

3.1. Germination Delay Based on Treatments

The Kruskall Wallis test showed a highly significant difference between the ger-
mination delays of the different treatments (P < 0.05) (Table 1).
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Table 1. Comparison of average germination delays for Irvingia gabonensis seeds.

Treatments Germination Delay (Days)
Control 8.66 + 4.33*
Scarified 11.66 + 0.33°

GA3 0.5 mg/L 16.66 * 0.66°

GA3 1 mg/L 19.66 + 3.17°

GA3 2 mg/L 17 +2.88°

Scarified + GA3 0.5 mg/L 11+1°
Scarified + GA3 1 mg/L 12 £1.15*
Scarified + GA3 2 mg/L 10.66 + 0.66
H>SO4 3 min --
H>504 6 min -

H>SO4 12 min --

Water 3 days 16.33 * 8.56°

Water 7 days 7.33 +£7.33°

Boiling Water 100°C 18.66 + 9.40°
Mean 10.95
P-Value 0.04

3.1.1. Germination Delay of Seeds Soaked in Sulfuric Acid (H,SO,)
At the end of the 45-day experiment, it is important to note that the seeds soaked

in 96% concentrated sulfuric acid did not germinate at all.

3.1.2. Germination Delay of Seeds Soaked in Water

Soaking /rvingia gabonensis seeds in water for 3 days and in boiling water ex-
tended the germination delay, with average germination times of 16.33 and 18.66
days, respectively. However, shorter germination delays were observed in the con-
trol seeds and seeds soaked in water for 7 days, with average delays of 8.66 and

7.33 days, respectively (Figure 3).

3.1.3. Germination Delay of Seeds Soaked in Gibberellin

GA3 does not shorten the germination delay. Compared to the control group,
which has a germination delay of 8 days, the seeds soaked in GA3 have a delay
that varies between 16 and 19 days (Figure 4).

3.1.4. Germination Delay of Seeds under the Combined Effect
of Scarification and Gibberellin

The analysis showed that the combined effect of scarification shortened the ger-
mination delay. However, GA; at 0.5 mg/L reduced the germination delay to a
level very close to the control group (11 days). A slightly longer delay compared

to scarification alone was observed at 1 mg/L of GA;, with a delay of 12 days. Ata
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concentration of 2 mg/L, the germination delay was very close to both the control
and the scarification-only treatment, with delays of 10.66 days and 11 days, re-
spectively (Figure 5).

Germination Delays for Different Treatments
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Figure 3. Germination delays of [rvingia gabonensis seeds with different water treatments
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Figure 4. Germination delays of Irvingia gabonensis seeds soaked in Gibberellin

3.2. Germination Duration Based on Treatments

The Kruskall-Wallis test reveals that there is a significant difference between the
different germination duration (P < 0.05) (Table 2).

3.2.1. Germination Duration of Seeds Soaked in Water

Water treatments, particularly prolonged soaking or soaking at high tempera-
tures, demonstrated a strong ability to reduce the duration of germination. How-
ever, soaking in water for 3 days resulted in a slightly shorter germination dura-
tion, similar to the control group (4.33 and 5.66 days, respectively). Prolonged
soaking in water for 7 days significantly reduced the duration of germination,
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Figure 5. Germination delays of Irvingia gabonensis seeds with different scarified Gibber-

ellin treatments.

Table 2. Comparison of average germination delays for Irvingia gabonensis seeds.

Treatments Germination Duration (Days)
Control 5.66 + 3.48
Scarified 5+ 4%

GA3 0.5mg/L 9.66 + 2.90°

GA3 1 mg/L 1+0°

GA3 2 mg/L 9 +2.08

Scarified + GA3 0.5 mg/L 10.33 + 1.45¢
Scarified + GA3 1 mg/L 9.33+2.84°
Scarified + GA3 2 mg/L 10 + 5.03¢
H>SO4 3 min --
H>S04 6 min --
H>S04 12 min --
Water 3 days 4.33 +3.84%
Water 7 days 0.33 £ 0.33°
Boiling Water 100°C 0.66 + 0.33*
Mean 4.78
P-Value 0.006

leading to nearly immediate germination with low variability, indicating a very

strong treatment effect (0.33 days). The treatment with boiling water also exhib-

ited a very short duration of germination, similar to that of the 7-day soaking

treatment (0.66 days) (Figure 6).
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Germination Times for Different Treatments
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Figure 6. Germination duration of /rvingia gabonensis seeds with different water treat-
ments.

3.2.2. Germination Duration of Seeds Soaked in Gibberellin (GA3)

The treatments with gibberellin (GA3), especially at lower concentrations, tended
to extend the germination duration, with the exception of GA3 at 1 mg/L, which
dramatically accelerated it. Specifically, treatment with GA3 at 0.5 mg/L increased
the germination duration compared to the control group (5.66 days) and scarified
seeds (5 days), showing moderate variability. In contrast, GA3 at 1 mg/L signifi-
cantly reduced the germination duration to 1 day, with no variability, indicating
a very strong effect of this concentration in accelerating germination. Finally, a
higher concentration of GA3 (2 mg/L) also extended the germination duration,

similar to the 0.5 mg/L treatment, but with lower variability (9 days) Figure 7.

Germination Times for Different Treatments
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Figure 7. Germination duration of [rvingia gabonensis seeds with different Gibberellin
treatments.
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3.2.3. Germination Duration of Seeds under the Combined Effect
of Scarification + Gibberellin (GA3)

Scarification alone did not significantly impact the germination duration. How-
ever, when combined with GA3, it tended to extend the germination duration.
The combination of scarification and GA3 at concentrations of 0.5 mg/L, 1 mg/L,
and 2 mg/L increased the germination duration, reaching approximately 10.33
days, 9.33 days, and 10 days, respectively. This suggests that the combined treat-
ment delayed germination compared to scarification alone (Figure 8).

Germination Times for Different Treatments
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Scarified Scarified + GA3 0.5 mg/L Scarified + GA3 1 mg/L Scarified + GA3 2 mg/L

10

Germination Times (days)
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Figure 8. Germination duration of /rvingia gabonensis seeds with different Scarified + Gib-
berellin treatments

3.3. Variation of Germination Rates According to Treatments.

The Kruskall-Wallis test revealed a highly significant difference in germination
rates P < 0.05 (Table 3).

Table 3. Comparison of average germination rates of /rvingia gabonensis seeds.

Treatments Germination Rate (%)
Control 20 + 11.54°
Scarified 16.66 + 3.33°

GA30.5mg/L 26.66 + 3.33°

GA3 1 mg/L 10 + 0%

GA3 2 mg/L 50 £ 5.77¢c

Scarified + GA3 0.5 mg/L 46.66 + 3.33¢
Scarified + GA3 1 mg/L 33.33 £ 3.33
Scarified + GA3 2 mg/L 56.66 + 16.66°

H>SO4 3 min -

H2SO4 6 min --
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Continued

H>SO4 12 min --

Water 3 days 13.33 + 8.8
Water 7 days 3.33 +£3.33°
Boiling Water 100°C 6.66 * 3.33%
Mean 20.73%
P-Value 0.001

3.3.1. Variation of Germination Rates of Seeds Soaked in Water

The control seeds, meaning those that underwent no treatment, showed a rela-
tively low germination rate, around 20%. Furthermore, water treatments, partic-
ularly prolonged soaking for 3 days, 7 days, and exposure to boiling water (100°C),
generally reduced germination rates, with respective rates of 13.33%, 3.33%, and
6.66%. This suggests that these conditions may be stressful or damaging to the
seeds, negatively affecting their ability to germinate (Figure 9).

Boxplot of Germination Rates by Water Treatments
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Figure 9. Germination rates of Irvingia gabonensis seeds with different water treatments.

3.3.2. Variation of Germination Rates of Seeds Soaked in Gibberellin

The analysis of results showed that, compared to the control group, direct soaking
in gibberellin significantly increased germination rates, particularly at concentra-
tions of 0.5 mg/l and 2 mg/l, yielding germination rates of 26.66% and 50%, re-
spectively. However, gibberellin at 1 mg/l reduced the germination rate, with a
rate of only 10% (Figure 10).

3.3.3. Variation in Seed Germination under the Combined Effect
of Scarification + Gibberellin

During the experiment, the seeds were scarified in the same way. A slit is made
along the line of dehiscence of the seed from the base opposite the apex to pre-
vent damage to the embryo. Therefore, the results obtained by this method of

seed treatment were not analyzed according to the location of the scar on the
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seed, but rather on the effect of the opening of the shell on the germination rate
and time.

The combined effect of scarification and gibberellin significantly increases the
germination rate, in contrast to scarified seeds without gibberellin, which show a
slightly lower germination rate than the scarified control (16%). The combination
of scarification with GA3 at concentrations of 0.5 mg/L, 1 mg/L, and 2 mg/L in-
creases the germination rate to 46.66%, 33.33%, and 56.66%, respectively. The
highest germination rate was obtained with scarified seeds soaked in a 2 mg/L

GA3 solution, demonstrating the effectiveness of this method compared to other
treatments (Figure 11).

Boxplot of Germination Rates by Treatments

50

»
o

w
o

—

Germination Rate (%)

N
o
L]

Control GA3 0.5mglL GA3 1mg/L GA32mg/lL
Treatments

Figure 10. Germination rates of [rvingia gabonensis seeds with different Gibberellin treat-
ments.
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Figure 11. Germination rates of Irvingia gabonensis seeds with different Scarificaton +
Gibberellin treatments.
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3.4. Seedling Growth Based on Treatments

3.4.1. Height Growth of Seedlings by Treatment

Seedlings from seeds treated with scarification and gibberellin (T7) at 2 mg/L for
24 hours showed the fastest growth, reaching an average height of 21.95 cm after
30 days. By comparison, seedlings from untreated control seeds (T0) reached an
average height of 20.83 cm. Seedlings from seeds treated with scarification and
gibberellin at 0.5 mg/L (T5) reached an average height of 17.35 cm. Additionally,
seedlings from seeds directly soaked in gibberellin at 0.5 mg/L (T2) and 2 mg/L
(T4) reached heights of 17.93 cm and 19.53 cm, respectively. Finally, control seed-
lings from scarified seeds (T1) exhibited the slowest growth, with an average
height of 14.60 cm (Figure 12, Figure 13).

Stem Height Over Time for Different Treatments

20 /
. . ;/ *
/
2 2 ad /
L » / Treatments
> 5/ o
= P - | | | o —— TO
(=) > o 4 T 1 'a
LT T
T / - T2
k] - : - T4
@ &= T5
7

12

D0 D2 D4 D6 D8 D10 D12 D14 D16 D18 D20 D22 D24 D26 D28 D30
Days

Figure 12. Evolution of Irvingia gabonensis stem height with different treatments for 30

days.
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Figure 13. Final /rvingia gabonensis stem height with different treatments after 30 days.
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3.4.2. Number of Leaves Based on Treatments

Observations on leaf development showed similar results across all treatments.
Notably, seedlings from seeds treated with scarification and GA3 at 0.5 mg/L (T5)
for 24 hours exhibited the fastest leaf production, with an average of 9 leaves. In
comparison, seedlings from seeds treated with scarification and GA3 at 2 mg/L
(T7) developed an average of 6 leaves. Additionally, seedlings from seeds directly
soaked in GA3 at 0.5 mg/L (T2) and 2 mg/L (T4) produced an average of 7 leaves.
Lastly, seedlings from control seeds, whether scarified (T1) or untreated (T0),

each developed around 6 leaves (Figure 14).

Number of Leaves for Different Treatments
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Figure 14. Number of /eaves of Irvingia gabonensis with different treatment 30 days after
seedling germination.

4. Discussion

The current study confirms that the seeds of Irvingia gabonensis exhibit diverse
responses to physical, hormonal, and chemical treatments during germination.
Pre-treatments not only shorten the germination period but also increase the ger-
mination rate. The results from the sulfuric acid treatment showed that Irvingia
gabonensis seeds did not germinate during the experiment. The lack of germina-
tion could be due to the harmful effects of concentrated H,SO4 (96%), which may
have a lethal effect on the embryo due to the hyperthermic conditions caused by
the high concentration. According to this author, the 96% concentration of H,SO4
could be too strong and therefore harmful to the seeds [10] [11].

For the control seeds, a natural germination rate of 20% was recorded. This low
rate may reflect the naturally limited germination capacity of Irvingia gabonensis
seeds [12]. According to these authors, prolonged storage of seeds decreases ger-
mination potential, as observed in seeds stored for a month. These results corrob-
orate those of [12], who observed a low natural germination rate for /rvingia gab-
onensis. Furthermore, Irvingia gabonensis seeds contain fats, which may reduce

germination potential over time. Indeed, as noted by [13], seeds of forest species
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containing fats lose their germination viability when dried and stored for extended
periods. The germination trial also showed that untreated /rvingia gabonensis
seeds (controls) had a relatively short germination period of 8.66 days. This period
significantly differs from that reported by [13] for the same species, which ranged
from 1 to 3 months. The germination rate for seeds treated with boiling water was
relatively low (6.66%). This low rate could be due to the embryo’s sensitivity to
heat. Prolonged exposure to hot water at 100°C may lead to a loss of germination
viability. These findings are consistent with those of [14], who found that soaking
Brachychiton populneus seeds in boiling water for 48 to 72 hours asphyxiated the
embryos, resulting in low germination rates. Conversely, some authors, including
[15]-[17], argue that boiling water treatment can effectively speed up germination
by softening the seed coat and reducing water impermeability. In this study, using
water at 100°C reduced both the time to first germination and the overall germi-
nation period but also lowered the germination percentage. Seeds soaked in tap
water for 3 and 7 days had germination rates of 13.33% and 3.33%, respectively.
Longer incubation in water reduces germination rates, possibly due to pericarpic
dormancy limiting embryo softening, or the extended soaking period could harm
the seeds. Similar results were obtained by [18] with Simmondsia chinensis, [19]
Cetonia siliqua, and Cassia corymbosa, as well as with Prosopis juliflora seeds
[20]. The germination rate for scarified seeds without additional treatment was
16.66%. This result might be due to potential parasitic attacks on the exposed em-
bryo, water saturation of the cotyledons, or protein exposure leading to rot [21].
Although scarification can increase the germination rate, these factors may reduce
the number of germinated seeds, as seen in this study. When seeds were scarified
and soaked in GA3 for 24 hours at concentrations of 0.5, 1, and 2 mg/L, the ger-
mination rates were 46.66%, 33.33%, and 56.66%, respectively. These high germi-
nation rates suggest that GA3 may accelerate germination in scarified seeds. GA3
may act as an embryo stimulant, promoting softening of the embryo and cotyle-
dons. These findings align with those of [22] who reported germination rates of
46.60%, 57.60%, and 75.5% for Myrica rubra seeds soaked in GA3 at 1.3, 2.6, and
5.2 mM, respectively, compared to 31.3% for seeds soaked in water. According to

these authors, GA3 plays a critical role in regulating seed germination.

5. Conclusions

This study revealed that GA3 significantly increases the germination rate of Irvin-
gia gabonensis seeds, raising the natural germination rate from 20% to 33% and
even up to 56%. However, its effect does not shorten the germination time. This
germination time is rather shortened by soaking in water for 7 days. Furthermore,
scarification also has a shortening effect on the germination time. Additionally,
the study found that GA3 stimulates the growth of young plants.

For the production of vigorous Irvingia gabonensis plants from seeds, one can
soak the seeds in water for seven days or scarify them to shorten the germination

time, then treat them with gibberellin for 24 hours at concentrations of 0.5, or 2
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mg/L to increase the germination rate and ensure rapid growth of young plants.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]
(2]
[3

(4]

(5]

(10]

(11]

(12]

(13]

(14]

[15]

FAO (2003) State of the World’s Forests. FAO, 151.
FAO (2020) Quarterly Bulletin of Cocoa Statistics. http://www.fao.org
Dogui, A. (2017) Deforestation and Cocoa Culture: Issues and Perspectives. ICCO, 10.

Youan, L.G., Kouadio, K.A. and Gnamba, Y.J.B. (2019) Expansion of Cocoa Cultiva-
tion and Environmental Degradation in the Forest Areas of the Duekoué Depart-
ment. Revista Espariola de Geografia Sociedad de Marruecos, 30, 57-75.

Tano, A.M. (2012) Cocoa Crisis and Strategies of Producers in the Sub-Prefecture of
Méadji in South-West Ivory Coast. Ph.D. Thesis, Toulouse 2 University the Mirail.

Yougouda, H., Claudette, B., Franck Steve, K.F.B. and Marie, M.P. (2020) Effet de
Prétraitements sur la Germination des Semences d’ Acacia senegal (L.) Willd. (Mim-
osaceae) dans la Zone Sahélienne du Cameroun. European Scientific Journal ESJ, 16,
263-274. https://doi.org/10.19044/esj.2020.v16n3p263

Gaboriau, C., Hureau, M., Labidalle L. and Malaval, C (2016) Tree and Organic Ag-
riculture: Perspectives of the Organic Farmers of France. Fédération Nationale d’Ag-
riculture Biologique Paris.

Akpovo, A.H., Fandohan, A.B. and Djossa, A.B. (2021) Conservation and Sustainable
Management of Ricinodendron heudelotii (Baill.) Pierre ex Heckel: Knowledge, Gaps
and Perspectives. Sciences and Technologies for Substainable Agriculture, 2, 1-17.

Meybeck, A., Gitz, V., Wolf, J. and Wong, T. (2021) Addressing Forestry and Agro-
forestry in National Adaptation Plans: Supplementary Guidelines. Food & Agricul-
ture Organization of the United Nations.

Kheloufi, A., Mansouri, L.M., Bouafia, B., Khamari, Y., Kheloufi, H. and Bouguern,
Y. (2018) Morphological Characteristics and Seed Germination Improvement of Two
Ecotypes of Astragalus Armatus Willd. Subsp. Armatus in Algeria. Cercetari Agro-
nomice in Moldova, 51, 96-107. https://doi.org/10.2478/cerce-2018-0039

Guerrouj, K., Bouterfasa, M., Abedelmoumenb, H., Boukroutea, A. and Missbah el
idrissib, M. (2014) Pre-Treatment of Seeds of Arborescent Alfalfa (Medicagoarborea
L.) and Influence of Salinity and Temperature on Their Germination. Mohamed I
University, Oujda, Morocco, 42 p.

Kouamé, N.M.T., Mangara, A. and N’Guessan, K. (2016) Study of the Germination

of Seeds of Irvingia gabonensis, West-Central Cote d’Ivoire in the Goh Region. Bio-
diversity and Conservation, 13, 545-555.

Mensbruge, G. (1966) Germination and Tree Seedlings of the Dense Rainforest of
Ivory Coast. Publication No. 26 of the Centre Technique Forestier Tropical.

Dardour, M., Daroui, E.A., Boukroute, A., Kouddane, N.E. and Berrichi, A. (2014)
Pre-Treatment Study of Seeds of Brachychiton populneus (Schott & Endl.) R.Br. and
B. acerifolius F. Muell. in Favor of Their Germination. Journal of Materials and En-
vironmental Science, 5, 1877-1884.

Aduradola, A.M. and Badru (2004) Aspects of Germination in Seeds of Afzelia Afri-
cana sm. and Terminalia ivorensis A. Chev. Annales des Sciences Agronomiques du
Bénin, 6, 175-184.

DOI: 10.4236/ajps.2024.1512075

1200 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2024.1512075
http://www.fao.org./
https://doi.org/10.19044/esj.2020.v16n3p263
https://doi.org/10.2478/cerce-2018-0039

A A ). Gittéetal.

[16]

(17]

(18]

(19]

[20]

(21]

[22]

Rolston, M.P. (1978) Water Impermeable Seed Dormancy. The Botanical Review, 44,
365-396. https://doi.org/10.1007/bf02957854

Tran, V.N. and Cavanagh, A.K. (1984) Structural Aspects of Dormancy. In: Murray,
D.R,, Ed., Germination and Reserve Mobilization, Elsevier, 1-44.
https://doi.org/10.1016/b978-0-12-511902-3.50006-3

Boulghalagh, J. (2010) Contribution to the Study of Biology and Ecophysiology of
Jojoba Simmondsiachinensis. PhD Thesis, Faculty of Sciences Oujda.

Bahi, I. (2009) Optimization of the Production of Plants of Certain Ornamental Spe-
cies Arborescent and Shrubby in Eastern Morocco. Master’s Thesis, Faculty of Sci-
ences Oujda.

Folliot, P.F. and Thames, J.L. (1983) Harvesting, Handling, Storage, and Pretreatment
of Prosopis Seeds in Latin America. FAO.

Ahoton, L.E., Adjakpa, J.B. and Akpo, E.L. (2009) Effect of Seed Pre-Treatments on
the Germination of Prosopis africana (Guill., Perrot. and Rich.) Taub. (Caesalpinia-
ceae). Tropicultura, 27, 233-238.

Chen, S.Y., Kuo, S.R. and Chien, C.T. (2008) Roles of Gibberellins and Abscisic Acid
in Dormancy and Germination of Red Bayberry (Myrica rubra) Seeds. Tree Physiol-
0gy; 28, 1431-1439. https://doi.org/10.1093/treephys/28.9.1431

DOI: 10.4236/ajps.2024.1512075

1201 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2024.1512075
https://doi.org/10.1007/bf02957854
https://doi.org/10.1016/b978-0-12-511902-3.50006-3
https://doi.org/10.1093/treephys/28.9.1431

	Effect of Treatments on Seed Germination and Seedling Growth of Irvingia gabonensis in a Nursery in Soubre (South-West Côte d’Ivoire)
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Seed Collection and Treatment
	2.3. Experimental Design and Seed Treatments
	2.4. Statistical Analysis

	3. Results
	3.1. Germination Delay Based on Treatments
	3.1.1. Germination Delay of Seeds Soaked in Sulfuric Acid (H₂SO₄)
	3.1.2. Germination Delay of Seeds Soaked in Water
	3.1.3. Germination Delay of Seeds Soaked in Gibberellin
	3.1.4. Germination Delay of Seeds under the Combined Effect of Scarification and Gibberellin

	3.2. Germination Duration Based on Treatments
	3.2.1. Germination Duration of Seeds Soaked in Water
	3.2.2. Germination Duration of Seeds Soaked in Gibberellin (GA3)
	3.2.3. Germination Duration of Seeds under the Combined Effect of Scarification + Gibberellin (GA3)

	3.3. Variation of Germination Rates According to Treatments.
	3.3.1. Variation of Germination Rates of Seeds Soaked in Water
	3.3.2. Variation of Germination Rates of Seeds Soaked in Gibberellin
	3.3.3. Variation in Seed Germination under the Combined Effect of Scarification + Gibberellin

	3.4. Seedling Growth Based on Treatments
	3.4.1. Height Growth of Seedlings by Treatment
	3.4.2. Number of Leaves Based on Treatments


	4. Discussion
	5. Conclusions
	Conflicts of Interest
	References

