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Abstract

Ricinodendron heudelotii, commonly known as Apki in Coéte d’Ivoire, is a
multi-purpose tree. However, threatened by climatic variations and anthropo-
genic activities, in particular the extension of agriculture and the high human
consumption of its seeds, the species has difficulties in natural regeneration
due to the integumentary resistance of the seeds. The objective of the study is
to contribute to the improvement of the germination potential of Ricinoden-
dron heudelotii in nurseries with a view to sustainable agroforestry and thus
its domestication. During this study, carried out in the department of Soubré,
Apki seeds were tested by 14 treatments, including the control treatment, be-
fore sowing. They are grouped into 5 processes, namely: mechanical (scarifi-
cation), chemical (soaking with sulphuric acid for various periods of time),
immersion in water for various durations, hormonal (soaking with gibberellin
in different concentrations), and thermal (soaking in boiling water). The re-
sults showed that seed treatments by scarification (T), soaking in tap water
for 7 days (T1,), and soaking with sulphuric acid for 12 minutes (T1o) gave the
best germination rates with 51.66%, 43.33%, and 30% respectively, within a
short delay of 10 to 13 days, during a maximum germination period of 11 days.
This study contributes to the acquisition of Apki seedlings at a reduced cost
and in a better timeframe for their integration into agroforestry for sustainable
conservation. Thus, without costs and being less laborious, with a germination
rate of 43.33%, the method of soaking in water for 7 days is recommended for
farmers for the production of seedlings of the species for its domestication,
unlike scarification which is labor-intensive and presents risks of seed destruc-
tion.
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1. Introduction

Plants constitute indispensable natural resources for human nutrition and
healthcare [1]. However, numerous plant species have disappeared or become
rare, primarily during the last century, due to human activities such as logging,
agricultural expansion, and urbanization in Africa [2]. In Cote d’Ivoire, the deg-
radation of forest cover has been rapid and excessive; approximately 12 out of 16
million hectares disappeared between 1960 and 1990, leading to the rarefaction
and disappearance of several food and medicinal species [2].

Biodiversity in general is threatened by anthropogenic pressures, notably agri-
cultural expansion and urbanization, among others; with the loss of plant species
with non-timber forest products such as Thaumatococcus daniellii (Benn.) Benth.
& Hook. F. (Marantaceae), liana palms (rattans): Eremospatha hookeri G. Mann
and H. Wendl (Arecaceae); and fruits of certain species such as Tieghemella heck-
elifheckelii (A. Chev.) Pierre ex Dubard, Irvingia gabonensis Aubry Lecomte, and
Ricinodendron heudelotii (Baill.) Pierre ex Heckel.

Ricinodendron heudelotii is a morphologically large tree and a mesophanero-
phyte biologically, with a height reaching 30 meters. The species is well-known
for its seeds, which are widely used for their organoleptic qualities. Its almonds,
highly appreciated in sauces as a flavor and thickening agent in both rural and
urban areas, are the subject of lucrative trade held exclusively by women in West
and Central African markets, and are also exported to the West due to their high
nutritional value [3]. Furthermore, studies have already been conducted on the
germination constraints of the species [2]. In most countries, more and more land
is used for agriculture than for any other human activity. Agriculture represents
between 28% and 40% of total land use worldwide [4]. Due to the extent of the
land involved, agricultural development represents a growing threat to global bi-
odiversity and one of the main causes of habitat destruction and the range of plant
species, including Ricinodendron heudelotii, commonly known as Apki in Cote
d’Ivoire.

The species Ricinodendron heudelotii is subject to multiple uses, which, how-
ever, constitute a threat to its sustainable conservation. Its natural regeneration
and seed coat dormancy are major constraints to its domestication [5], in addition
to anthropogenic factors [6].

According to [7], the domestication of R. heudelotii faces various biological
hazards, including the difficulty of seed germination and phytosanitary con-
straints.

Faced with this observation, it is necessary to find processes and optimal con-
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ditions favoring its germination and growth for its integration into agroforestry
practices and thus its domestication. Hence the interest of this study, which has
the theme: “Germination Potential of Ricinodendron heudelotii (Baill.) Pierre ex
Pax (Euphorbiaceae) Seeds in a Nursery in Soubré, Southwestern Cote d’Ivoire.”
This study focuses on the processes of reducing the germination time and in-
creasing the germination rate of Ricinodendron heudelotii seeds in the nursery.
The general objective of the study is to contribute to the improvement of the
germination potential from the perspective of sustainable agroforestry and thus
its domestication.
Specifically, it aims to:
e Determine the treatment likely to increase the germination rate of the seed;
¢ Determine the treatment that can reduce the time and duration of seed germi-

nation.

2. Materials and Methods
2.1. Geographical and Administrative Location of the Study Area

This study was conducted in the department of Soubré, a locality situated in the
southwestern region of Cote d’Ivoire, approximately 366 km from Abidjan, the
economic capital. Soubré is the departmental seat of the Nawa Region. The Nawa
Region shares borders with the Gbokle and San-Pedro Regions to the south, the
Cavally Region to the west, the Guémon and Haut Sassandra Regions to the north,
and the Goh and Loh Guiboua Regions to the east. The Nawa Region comprises
four (04) departments, namely Soubré, Buyo, Méagui, and Gueyo. The depart-
ment of Soubré is located between longitudes 6°19' and 6°57' West and latitudes
5°26' and 6°13' North, covering an area of 4779 km? [8]. It includes four (4) sub-
prefectures: Grand-Zattry, Okrouyo, Liliyo, and Soubré. It is bordered to the
north by the Issia department; to the south by the Méagui and Sassandra depart-
ments; to the east by the Gagnoa and Gueyo departments; and to the west by the
Buyo department.

The climate is sub-equatorial, characterized by two rainy seasons occurring be-
tween April-June and September-November, and two dry seasons between July-
August and December-March. Rainfall is abundant, ranging from 1600 mm to
1800 mm, peaking in June. The temperature fluctuates between 26°C and 32°C
throughout the year [8].

The soils encountered have a clayey and loamy texture. They are generally fer-
ralitic soils, strongly and moderately reworked, with cover derived from schists
and granites, or pseudogleyic and cambisols [9]. The horizons are thin, hu-
miferous, but rich in organic matter and well-structured under dense forest. These
soils are suitable for cultivating cocoa, coffee, oil palm, and rubber [9].

The main vegetation formations encountered are gallery forests, secondary for-
ests, swamp formations, fallows, and formerly cultivated areas. Gallery forests
border the various tributaries of the Sassandra River. Their floristic composition

is often quite distinctive. Depending on their level of conservation, characteristic
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species such as Uapaca heudelotiiBaill., Uapaca guineensis Mill. Arg., Macaranga
spp.» Napoleonaea vogelii Hook. & Planch., and Pterocarpus santalinoides L’Hér.
ex DC. are found [10].

2.2. Materials

Two types of materials were used to conduct this study: biological materials and
technical materials. The biological material consisted of Ricinodendron heudelotii
seeds. Regarding the technical materials, we used technical equipment, 96% con-
centrated sulfuric acid, and gibberellin (GA3). This set of materials is listed in
Table 1.

Table 1. List of technical materials.

Technical Materials
Description Use
Polyethylene nursery bags, 10 cm x 20 cm Seedling or transplanting substrate contains
A hammer and a file Mechanical seed scarification:
A watering can Seedling irrigation
Basins Seed soaking and pulp removal
Substrate Humus soil as a seedling substrate
Glass containers Seed soaking in sulfuric acid and gibberellin.
A screen Sieving the substrate
Cooking pot Boiling water treatment
Butane gas Source of heat to boil water

2.3. Methodology

To determine the germination potential of Ricinodendron heudelotii seeds, treat-
ments were performed on them before sowing. For this purpose, mature fruits of
the species were collected under mother trees in the Béssso classified forest in the
Mé region, southeastern Cote d’Ivoire. These fruits were conditioned in jute bags
and then transported to the experimental site, where they were stored in the open
air under shade and watered every two days for a period of two to three weeks to
promote pulp rotting and depulping for seed extraction. The seeds were then dried
for three days and soaked in a basin of water for a purity test to separate healthy
seeds (submerged seeds) likely to germinate from those in poor condition or abor-
tive (floating seeds).

The supposedly healthy seeds were used to constitute the sample for the germi-
nation test, with the implementation of fourteen treatments (including the control

treatment) before sowing to determine the one(s) conducive to germination.

2.3.1. Sample and Experimental Design
The experiment was set up according to a completely randomized block design
with 3 repetitions. Each block includes 14 treatments (TO0 to T14) applied to seeds
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from the purity test. Each treatment consists of 10 presumed high-quality Ricinoden-
dron heudelotii seeds that have not lost their germination ability, each sown in a
polyethylene nursery bag filled with the same soil substrate. In total, 420 Ricinoden-
dron heudelotii seeds (14 x 10 x 3) from the purity test were randomly allocated
and used in this trial (Figure 1). The different treatments are as follows:

TO: no treatment (seeds directly sown)

T1: Scarification with a file, a slit is made at the apex of the seed.

T2: seed soaking in gibberellin (GA3) at 0.5 mg/1 (24 h)

T3: seed soaking in gibberellin at 1 mg/1 (24 h)

T4: seed soaking in gibberellin at 2 mg/1 (24 h)

T5: scarified seeds soaked in gibberellin at 0.5 mg/1 (24 h)

Té6: scarified seeds soaked in gibberellin at 1 mg/1 (24 h)

T7: scarified seeds soaked in gibberellin at 2 mg/1 (24 h)

T8: seeds soaked in sulfuric acid (H2SO4) for 3 minutes.

T9: seeds soaked in sulfuric acid for 6 minutes

T10: seeds soaked in sulfuric acid for 12 minutes

T11: seeds immersed in water for 3 days

T12: seeds immersed in water for 7 days

T13: seeds soaked in boiling water at 100°C

The treated seeds were then sown in bags filled with the same type of potting
soil. Seeded bags were arranged by treatment and uniformly watered twice daily:
once between 6:00 and 8:00 a.m. and again between 4:00 and 6:00 p.m. Observa-
tions 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, germination rates, delay,
and duration for each test were calculated.

10 || T || ||l s 6 17 || 18 || T9 || T20 || T11 || T22 || T13
| —
1 100em

113 || T0 | [ T2 || TO 10 || T2 T4 L} 15 || 17 || T2 || T8 || T2 T6
£100 cm

12| |19 || 17 ||T23|| Ta || e | |T1a| [T || T8 || T2 || T3 || TS5 || T2 || TO

30 cm

6 : Seeding

Figure 1. Diagram of the experimental setup.

2.3.2. Observations and Data Collection
The data collected during this study are the rate, delay, and duration of germina-

tion.
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¢ Germination Delay (DLG)

This is the time elapsed between the sowing date and the emergence date of a
seed in a seed lot; it is expressed in days and is obtained by observation.

DLG =tl—ts (1)

tl emergence date; ts: sowing date
e Germination Rate (TG)

This allows determination of the number of germinated seeds in a batch of
planted seeds. The germination rate was evaluated for each treatment by counting
the germinated seeds. The rate was determined by the formula below:

TG = %xlOO )

TG: Germination rate of treatment % ni Number of germinated seeds; and N
total number of seeds sown for treatment 7.

e Germination Duration (DG)

These data allow us to determine whether there is grouped or dispersed germi-
nation per treatment. For each treatment, the germination duration (DG) was de-
termined using the formula below:

DG =td —tp 3)

This is the time difference between the first emergence (#p) and the last emer-

gence (td) of a seed lot; it is obtained by observation.

2.4. Statistical Analysis Methods

Analysis of variance (ANOV A) was used in this study to compare the means of
germination parameters (rate, delay, duration). This parametric test requires the
data to follow a normal distribution, which was previously verified using the
Shapiro-Wilk normality test. The objective of the analysis is to determine whether
the means of the values measured in different germination tests are significant.
Before proceeding with the ANOVA test, three other tests were conducted to
check the normality of the data, their distribution, and the homogeneity of vari-
ances. First, the Shapiro-Wilk normality test was performed to check for normal-
ity. Then, when the distribution followed a normal law, the Levene test was con-
ducted to verify the homogeneity of variances. Finally, the Tukey test was carried
out to compare the means in pairs and assess the significant differences between
them when the calculated probability was significantly different. Regarding the
obtained data, the ANOVA tests enabled us to obtain the means between the ger-
mination parameters. The Kruskal-Wallis test was used to classify the means with
a probability threshold of 5%. The R software was used to perform all these statis-

tical tests. Excel 2021 was used to enter the collected data.
3. Results and Discussion

3.1. Results

3.1.1. Germination Rate
The results after analysis showed that there is a significant difference between the
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Germination rate

60 =

50 =+

a0 +

30 A

different germination rates (P < 0.05) in Table 2. However, the treatments by scar-
ification, soaking in tap water (for 7 days), and seeds soaked in sulfuric acid for
12 minutes gave the best germination rates, which were 51.66%, 43.33%, and 30%,
respectively, compared to the control (11%) in Figure 2. Moreover, intermediate
germination rates of 21%, 18%, and 15% higher than the control treatment rate
are recorded, respectively, with sulfuric acid treatments for 6 minutes, gibberellin
at 2 mg/1 (24 h), and sulfuric acid for 3 minutes in Table 2.

Table 2. Mean values of Ricinodendron heudelotii germination parameters according to

treatments.
Treatments Rate (%) Delay (days) Duration (days)

TO 11.00 + 1.15d 23.00 £0.58 a 9.00+£1.15b

T1 51.66 £ 0.00 a 10.00 £ 0.00 e 8.00 £ 0.00b

T2 10.67 + 0.67 d 15.33+0.33b 8.33+0.88b

T3 0.00 £0.00 e 0.00£0.00 e 0.00 £ 0.00d

T4 18.67+1.20b 10.00 £ 0.00d 500+ 1.15¢

T5 0.00 £0.00 e 0.00 £ 0.00 e 0.00 £0.00d

T6 0.00 £0.00 e 0.00 £0.00 e 0.00 £0.00d

T7 0.00 £0.00 e 0.00 £ 0.00 e 0.00 £0.00d

T8 15.00 £ 0.58 ¢ 15.67 +0.88 b 6.33 £0.33 bc

T9 21.00 +1.53 ab 14.00 £ 0.00 ¢ 12.00 £ 0.00 a

T10 30.00+1.15a 12.67 +0.67 cd 6.67 = 0.67 bc

T11 0.00 £0.00 e 0.00 £ 0.00 e 0.00 £0.00d

T12 43.33 £0.88 a 13.00 + 0.67 cd 11.00 +1.00 b

T13 0.00 £0.00 e 0.00 £ 0.00 e 0.00 £0.00d

General average 8.69 £ 1.43 7.95+1.33 3.95+0.76
Test statistics p=0.01 p =0.006 p=10.00
N
a
a
b
b b
i b
d d
J I C Cc c c Cc C
S PP PP SSSEEE
& & & & & ¥ N
) Q7 AN 5@ O AR 5@ » W < < é\
R I S N A S AR
<} NS & % & & AP & Q o
& & & &
S > ) Q
o o o
Treatments

Figure 2. Germination rate of Ricinodendron heudelotii seed as a function of treatments.
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Germination delay

3.1.2. Germination Delay

Treatments with scarification and gibberellin at 2 mg/L significantly reduced the
seed germination time to 10 days compared to the control seeds, which had a ger-
mination delay of 23 days in Figure 3. Besides these two treatments, the treat-
ments with gibberellin at 2 mg/L and sulfuric acid for 6 and 12 minutes also short-
ened this delay to 13 to 14 days (Table 2). The difference in germination delays
between treatments is statistically significant, as indicated by the analysis of vari-
ance results with a probability (p-value = 0.006) below the threshold of 0.05 in
Table 2.

Treatments

Figure 3. Germination delay of Ricinodendron heudelotii seed as a function of treatments.

3.1.3. Germination Time

The results showed that treatments with scarification, gibberellic acid (0.5 mg/L
and 2 mg/L), sulfuric acid (3 minutes and 12 minutes), and tap water for 7 days
resulted in clustered germination over a period of 5 to 11 days, falling within the
same time range for germination as the control seeds in Figure 4. Statistical tests
confirmed that the average germination durations under the treatments are sig-
nificantly different (p < 0.05) in Figure 4 and Table 2.

3.1.4. Combined Effect of Germination Parameters
Treatments involving scarification, sulfuric acid, and 7 days of tap water resulted
in the highest germination rates (30% to 51.66%) within a short delay of 10 to 13

days, during a maximum germination period of 11 days in Table 2.

3.2. Discussion

In this study, although the sample of 30 seeds per treatment may be considered
small, the results obtained do not differ much from those obtained by some au-
thors. Notably, for the untreated seeds (control), the germination rate of 11% is
close to the result obtained (9.89%) by [11] for the same species and (8%) by [12]

for Adansonia digitata.
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Figure 4. Germination duration of Ricinodendron heudelotii seed as a function of treatments.

The results of this study showed that the germination rate of Ricinodendron
heudelotiiseeds varied depending on the pre-sowing treatments. In fact, the high-
est germination rates were obtained with scarified seeds, soaked in water for 7
days, and treated with sulfuric acid for 12 minutes. These results could be ex-
plained by the fact that these methods weaken the hard shell of R. heudelotiiseeds,
thus favoring the absorption of water by the seed that initiates germination.

These results corroborate those of [13] and [14], which indicate that sulfuric
acid softens the seed coat, allowing water to enter and triggering the germination
process, due to its ability to remove the hard layer of the seed coat. Additionally,
sulfuric acid also stimulates the biochemical and physiological activities necessary
for germination [15]. However, seeds soaked in sulfuric acid showed a germina-
tion rate of 30%. It is possible that the 12-minute immersion time in the acid may
not have been sufficient to weaken the shell of Ricinodendron heudelotiiseeds. As
demonstrated by [16]-[18], certain species can tolerate significant variations in
immersion time in concentrated sulfuric acid (94° - 96°). Indeed, [15] showed that
for Acacia polycantha, the optimal pretreatment is an immersion of 60 minutes (1
hour) in acid. For Dichrostachys cinerea, it is 30 minutes in acid. In comparison
with the present study, it can be concluded that the seeds of Ricinodendron heu-
delotii, being very hard and resistant, consequently, a longer immersion in sulfuric
acid (96%) for a duration of 40 to 60 minutes might potentially increase the ger-
mination rate.

Similar to this chemical treatment, scarification enhances water permeability at
the seed level due to the split made to trigger the physiological process of germi-
nation, for which moisture is an essential factor. This explanation could also jus-
tify the germination rate (43%) recorded in seeds soaked in water for 7 days,
whose effect would have favored water permeability by softening the seed coat.

Soaking treatments in tap water for 7 days and scarification likely facilitate water
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absorption by the seed, triggering metabolic reactions in the embryo and promot-
ing the rapid emergence of seedlings. In their study on the effect of seed pretreat-
ments on the germination of Prosopis africana (Guill,, Perrot, & Rich.) Taub. (Fa-
baceae), [19] also confirmed that these treatments stimulate the germination of
Prosopis africana. The results of this study are in agreement with those of [20],
which reported that soaking and scarification reduce the germination time. The
results of this study are in accordance with those of [14], which reported that soak-
ing and scarification reduce germination time. These methods reduced the germi-
nation time to 10 - 13 days compared to the control seeds (23 days) and the natural
germination time of R. heudelotii (34 days) reported by [3]. These results are also
consistent with those of [2] on the germination of the same species.

These results are confirmed by [20] through their work on the germination of
Prosopis africana (Guill., Perrot. and Rich.) Taub. (Fabaceae). These authors
showed that scarification increases the germination rate of Prosopis africana.
Moreover, it shortened the germination period of the species. This observation
was made during this study on the seeds of R. heudelotii with the three treatments
that yielded the best germination rates (scarification, sulfuric acid for 12 minutes,
and water for 7 days). These results could be explained by the fact that the perme-
ability of water at the seed level under the effect of these treatments triggers the
germination process. This process begins with imbibition and then the action of
enzymes, which takes place in an aqueous medium to mobilize the nutrient ele-
ments stored in the dormant seed to ensure the growth of the radicle and to pro-
duce the root of the young plant. Hence, the indispensable role of water in germi-
nation. The result of treating the seeds with water for 7 days obtained at the level
of the germination rate and the time to germination serves as evidence, as shown
by [21] as well as [22] in their work on R. heudelotii. The latter affirm that soaking
and scarification reduce the germination time.

Ambient water is among the treatments capable of softening the seed coat, mak-
ing it permeable to initiate germination, as confirmed by the results of this study.
Similarly, those in [23] confirmed this by reporting that soaking in water at am-
bient temperature improves the germination of tropical tree seeds.

In light of these observations and the advantages of this treatment due to its
inexpensive, non-laborious practice, and without any risk incurred by the opera-
tor, as well as the destruction of seeds, it is advisable to recommend the treatment
of seeds by soaking in water for 7 days to growers for the production of Ricinoden-

dron heudelotii plants for its domestication.

4. Conclusion

This study revealed that treatments by scarification and soaking with tap water for
7 days significantly increased the germination rate of Ricinodendron heudelotii
seeds with 56.67% and 43.33%, respectively, within a short period of 10 to 13 days,
during a maximum germination period of 11 days. However, we recommend that

growers soak with tap water for 7 days for the production of Ricinodendron heu-
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delotii seedlings for its integration into agroforestry for sustainable conservation.
In fact, this process is less laborious; in addition, it does not present a risk of de-

struction of the embryo and does not require a large volume of work hours.
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