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Abstract 
Dalbergia melanoxylon (Guill. &Perr.) is an important species providing sig-
nificant socio-economic and ecological services. Despite its importance, D. 
melanoxylon is facing increasing to anthropogenic pressure and climate 
change. This study aimed to evaluate the effects of seed pretreatment, sub-
strate and water stress on germination and seedling growth of D. melanoxy-
lon. A split-plot experimental design with three factors (seed pretreatment, 
substrate and water stress) and three replications was established. Pretreat-
ment (dehulled “D” and non-dehulled seeds “ND”), substrate (3/3 sand “SB1”; 
2/3 sand + 1/3 potting soil “SB2”; 1/3 sand + 2/3 potting soil “SB3”) and water 
stress (Watering every day “ST0”, every three days “ST3”, every seven days 
“ST7”and every ten days “ST10”) were the factors and modalities considered 
in this study. Results showed that dehulled seeds (25.86 ± 9.99%) significantly 
improved germination rate compared to non-dehulled seeds (11.16 ± 2.41%). 
The pure sand substrate (3/3 sand) gave the highest germination rate, and the 
combination of dehulling with pure sand achieved the best performance 
(41.96 ± 8.36%). For growth and biomass parameters, substrate SB2 recorded 
the highest values for diameter (0.21 ± 0.08 cm), height (10.65 ± 2.75 cm), leaf 
number (12.21 ± 2.56), aerial dry biomass (4 ± 1.75 g) and root dry biomass 
(9 ± 2 g). For the response to stress, the ST10 recorded the lowest values of 
diameter (0.16 ± 0.03 cm), height (7.02 ± 0.87 cm), leaf number (5.97 ± 3.26), 
aerial (2.5 ± 1.49 g) and root (7.5 ± 2.5 g) dry biomass. ST7, ST10 and SB1 
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produced the lowest growth values across all parameters (diameter, height, 
and leaf number). Overall, these findings provide essential insights to guide 
conservation and reforestation strategies by identifying optimal germination, 
growth, and adaptation conditions for D. melanoxylon. 
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1. Introduction 

Dalbergia melanoxylon (Guill. & Perr.), a species native to Africa [1], is naturally 
distributed across many African countries, particularly within the Sahelian zone 
[2]. In Senegal, it was first reported in 1828 in the Walo region of the north by 
Perrottet [3]. This multipurpose species is renowned for its socioeconomic and 
ecological significance [4]. Its heartwood, dense and ebony-like in color, is highly 
durable and internationally valued [5]-[8]. It is considered among the most ex-
pensive timbers in the world, with prices reaching up to 18,000 USD per cubic 
meter [9]. This precious wood is primarily used in the manufacture of musical 
instruments, sculptures and fine furniture [10]. In Senegal, D. melanoxylon pro-
vides numerous ecosystem goods and services to local populations, particularly in 
the Ferlo, one of its main distribution zones [11] [12]. In this region, ecosystems 
supply fuelwood, construction material, medicinal plants and various non-timber 
forest products [13]. The Ferlo, sylvopastoral zone, is naturally characterized by 
extensive livestock farming as the dominant activity [14] [15]. Within this context, 
D. melanoxylon contributes significantly by providing nutritious fodder appreci-
ated by livestock, along with energy and construction wood, as well as products 
used in traditional medicine [5] [16]-[18]. Beyond its socio-economic uses, the 
species also fulfills important ecological functions. As a legume, it contributes to 
atmospheric nitrogen fixation [19] [20]. It is often retained within farming sys-
tems to enhance nitrogen availability, preserve soil fertility, and help stabilize soils 
[10] [19] [21]. In the Ferlo, for example, studies by [11] reported that farmers 
deliberately leave D. melanoxylon standing in short-cycle cultivated fields during 
land clearing. More broadly, the species contributes to the ecological integrity of 
the forests where it occurs, supporting habitat diversity. 

Despite its socio-economic and ecological importance, D. melanoxylon is cur-
rently subjected to both anthropogenic and natural pressures. The high demand 
for its valued heartwood has led to overexploitation, while in the Ferlo, popula-
tions are further impacted by climatic deterioration, particularly recurrent drought 
[22]. Moreover, the species faces biological constraints, including low seed viabil-
ity, poor germination rates (20% - 50% within 8 - 20 days) and slow plant growth, 
which limit its natural regeneration [23]-[25]. These combined factors have con-
tributed to the regression of its natural populations, leading to its classification as 
Near Threatened on the IUCN Red List [26]. 
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In the face of the degradation of D. melanoxylon stands, ex situ regeneration 
practices may offer an alternative for reforesting degraded areas and enhancing 
the conservation of the species. Within this framework, the present study aimed 
to contribute to the development of long-term management and conservation 
strategies for Sahelian woody species facing both natural and anthropogenic pres-
sures. More specifically, it aimed to evaluate the effects of seed pretreatments on 
the germination of D. melanoxylon and to assess the influence of substrates and 
water stress on D. melanoxylon seedling growth. 

2. Material and Methods 
2.1. Study Area 

The study was conducted at the experimental farm of the Department of Agrofor-
estry, Assane Seck University of Ziguinchor (UASZ) (Figure 1). The site, located 
within the municipality of Ziguinchor at 12˚32'54.88" N and 16˚16'40.89" W, co-
vers an area of 1.3 ha. The region receives an average annual rainfall ranging from 
1300 to 1500 mm [27]. The climate is tropical, belonging to the southern coastal 
Sudanian domain, with a long dry season (October to May) and a four-month 
rainy season [28]. 

 

 
Figure 1. Location of the study site. 

2.2. Collection and Preparation of Vegetal Material 

Seeds of D. melanoxylon from the Ferlo were used as vegetal material in this study. 
They were collected from Labgar, Velingara Ferlo and Younoufere, located in the 
Ferlo zone (Figure 2), which exhibit no significant genetic differentiation [29]. 
The Ferlo zone is characterized by a long dry season lasting 7 - 9 months (October 
to May) and a rainy season of 3 - 5 months [30], with annual rainfall ranging from 
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100 mm to 600 mm. The mean annual temperature is 28.6˚C, with monthly min-
imum and maximum averages of 24.4˚C in January and 32.3˚C in May [29] [31]. 

 

 
Figure 2. Location of seed collection. 

 
The collection of D. melanoxylon seeds was carried out in December 2023 dur-

ing the peak fruiting period. Ideal seed trees (ideotypes) were selected according 
to the criteria established by [32]. These were mature, healthy, and vigorous trees, 
but not too old. To define unrelated seed trees, a distance of 90 - 150 m, shorter 
than the 200 m, was used, considering the relic distribution of D. melanoxylon 
populations [32]. Collected seeds were sorted and stored in zippered bags for con-
servation. Seed viability was assessed using Petri dishes containing hydrophilic 
cotton moistened with water. The seeds were subjected to two treatments (de-
hulled and non-dehulled) (Figure 3). Manual dehulling was employed in order to 
avoid damaging the seed embryo. 

 

 
Figure 3. Dehulled (A) and non-dehulled (B) D. melanoxylon seeds. 

2.3. Experimental Design and Treatments 

For this study, an experimental split-plot design (Figure 4) with three factors (pre-
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treatment, substrate and water stress) and repetitions (blocks) was established 
over an area of 39.03 m2 (7.55 × 5.17 m). The pretreatment (dehulled “D” and 
non-dehulled seeds “ND”), substrate (3/3 sand “SB1”; 2/3 sand + 1/3 potting soil 
“SB2”; 1/3 sand + 2/3 potting soil “SB3”) and water stress (Watering every day 
“ST0”, every three days “ST3”, every seven days “ST7” and every ten days “ST10”) 
were the factors and modalities considered in this study. Each block was subdi-
vided into two (2) sub-blocks corresponding to the modalities of the pretreatment 
factor (dehulled and non-dehulled seeds). Each sub-block comprised 12 elemen-
tary plots, each representing a specific combination of the Substrate (3 levels) and 
Water stress (4 levels) factors, resulting in a total of 72 elementary plots for the 
entire experimental design. The allocation of treatment combinations within sub-
blocks was performed using a completely randomized procedure. A spacing of 1 
m was maintained between blocks, while the distance between elementary plots 
was 0.25 m. The elementary plots are square-shaped, measuring 40 cm on each 
side with a depth of 10 cm. The substrates consisted of potting soil and sand col-
lected from roadside edges, mixed in different proportions (3/3 sand, 2/3 sand + 
1/3 potting soil and 1/3 sand + 2/3 potting soil). Polyethylene seedling tubes meas-
uring 14 cm in diameter and 25 cm in height, filled with 1.5 kg of substrate, were 
used as containers. A total of 13 seedling tubes were arranged in each elementary 
plot. The seedling tubes were pre-irrigated and subsequently sown with three 
seeds per tube. Germination was monitored per day for 30 days, after which thin-
ning was performed to retain one seedling per tube. 

To assess the adaptive response to water stress, four different irrigation fre-
quencies (watering every day, every three days, every seven days and every ten 
days) were applied [33]. Seedlings were irrigated daily until the 150th day after 
sowing (DAS). Water stress induction was initiated at 150 DAS and maintained 
for a period of 60 days [33]. During this stress time, irrigation was applied at 100% 
of the field capacity of each substrate. 

 

 
Figure 4. Experimental design of germination test and seedlings growth of D. melanoxylon. 
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2.4. Data Collection 
2.4.1. Characterization of Substrates 
Substrate samples were collected and analyzed at the Agroforestry Department 
laboratory of Assane SECK University of Ziguinchor. The analyses focused on 
particle-size distribution and field capacity for each substrate. Particle size was 
determined using a vibrating sieve with 500 g of soil per substrate for 10 minutes 
[34]. The proportions of sand, silt, and clay obtained from the sieves were then 
used to classify substrate texture using the textural triangle [35]. 

Field capacity was measured using the wetting-drainage method described by 
[36]. A 300 g sample of dry substrate was placed in perforated pots, allowing ex-
cess water to drain without substrate loss. The samples were gradually watered to 
saturation, indicated by water beginning to flow through the perforations. To 
minimize evaporation, the pots were covered with black plastic bags and kept in 
the shade for 24 hours, allowing gravitational water to drain while retaining mois-
ture corresponding to field capacity. After this period, the final weight of each pot 
was measured and used to calculate field capacity using the following formula: 

( )  final weight initial weightField Capacity % 100
initial weight

−
= ×  

2.4.2. Germination 
Germination of seeds was recorded daily over 30 DAS. A seed is considered germi-
nated once the radicle emerges through the seed coat. The number of emerged seeds 
was counted and the radicle emergence was considered to determine the germina-
tion rate and duration (daily germination and germination time) and germination 
quality (germination index and germination vigour index). The germination rate 
was calculated per pretreatment and substrate using the following formula: 

( ) Number of germinated seedsGermination rate % 100
Total number of seeds sown

= ×   

The daily germination was to determine the mean daily germination (MDG). It 
was calculated using the following formula [37]: 

%GfMDG
 day of the testthX

=  

where %Gf is the germination rate on the Xth day of the test, determined by the 
number of germinations obtained at the end of the experiment, expressed as a 
percentage of the total number of seeds tested. 

The germination time in terms of days after sowing (DAS) was recorded to de-
termine the mean germination time (GT). GT is a measure used to assess the speed 
at which seeds germinate and represents the average time required for a seed to 
germinate based on the seeds that have actually germinated [38]. The mean ger-
mination time (MGT) was calculated using the following formula: 

NiTi
GT

Ni
= ∑
∑
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where Ni is the number of seeds newly germinated at time Ti. 
The germination index (GI) is a measure used to assess the speed and distribu-

tion of seed germination. It was calculated using the following formula [39]: 

( )Ni Ti
GI

S
= ∑  

where Ni is the number of newly germinated seeds on day i (otherwise, it is the 
number of germinations recorded at Ti minus the number of seeds germinated at 
Ti − 1); Ti is the number of days after sowing; and S is the total number of seeds 
sown. 

The germination vigour index (GVI) is a measure that evaluates the speed and 
uniformity of seed germination. GVI is useful for determining the overall vigour 
of the seeds and allows for the comparison of germination performance among 
different treatments [40] and was calculated using the following formula: 

        100
1 2 3

GVI

a b c z
n

S

  + + + ×    =


 

where a, b, c… z represent the number of seeds germinated each day; n is the 
number of days over which the experiment lasts (30 days); S is the total number 
of seeds sown. 

2.4.3. Mortality 
The daily mortality was recorded to determine the number of seedlings that fail 
to survive after germination. This calculation excludes the initial period before the 
first germination, when no seedlings are observable, providing a more accurate 
estimate of actual mortality. The mean daily mortality (MDM) was determined 
using the following formula: 

( )Mi%
MDM

day x of the experiment Germination lag
=

−
∑  

where Mi% = daily mortality rate (%); x = day of the experiment (up to 30 days); 
Germination lag = time between sowing and the first germination. 

2.5. Growth, Biomass and Survival Parameters 
2.5.1. Growth and Biomass Parameters 
Plant growth monitoring started at 60 days after sowing (DAS) and was conducted 
at 15-day intervals. Growth measurements were taken on the six central plants of 
each elementary plot. Measured or counted parameters included diameter, height, 
and leaf number. The diameter was measured using a caliper and the height by tape. 

Aerial and root dry biomass were assessed at 210 DAS. Six plants per elemen-
tary plot were randomly sampled. Fresh material was dried at 65˚C for 72 h and 
weighed with a precision balance (0.01 g). 

2.5.2. Survival 
The number of survival seedlings was counted up to 210 DAS to determine the 
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survival rate. The survival rate was calculated according to substrate type and wa-
tering frequency using the following formula: 

( ) NvSR % 100
N0

= ×  

where N0 is the number of plants at the beginning of the experiment and Nv is 
the number of living plant at the end of the experiment. 

2.6. Data Analysis 

The collected data were entered into Excel and analyzed using R software (version 
4.2.2). Statistical analyses included Analysis of Variance (ANOVA) and multiple 
comparison tests, specifically Fisher’s Least Significant Difference (LSD) and Stu-
dent-Newman-Keuls (SNK), at a significance level of 5%. A Principal Component 
Analysis (PCA) was also performed. 

3. Results 
3.1. Substrates Characteristics 

The granulometric analysis revealed a variation in texture and field capacity be-
tween substrates (Table 1). The substrate SB1 (93 ± 3.06%) contained a higher 
proportion of sand, followed by SB2 (70 ± 1%) and SB3 (57 ± 1.32%). For silt 
content, SB2 (22.5 ± 1%) recorded higher silt content. The clay content in the 
substrates varied between 4.8 ± 1.58% and 42 ± 1.69%. In absolute terms, SB3 had 
the highest clay content (42 ± 1.69%), while SB1 had the lowest (4.8 ± 1.58%). The 
sandy substrate composed of 93 ± 3.06% sand had the lowest field capacity (11 ± 
2%). The sandy-loamy substrate with 70 ± 1% sand, 22.5 ± 1% silt and 7.5 ± 1% 
clay recorded a medium field capacity value (25.5 ± 3.2%). In contrast, the sandy-
clay substrate with 42 ± 1.69% clay content reached the highest field capacity 
(35.33 ± 1.5%). 

 
Table 1. Texture and field capacity of the substrates. 

 Sand (%) Silt (%) Clay (%) Texture 
Field  

Capacity (%) 

SB1 93 ± 3.06 a 2.2 ± 0.26 b 4.8 ± 1.58 b Sandy 11 ± 2 c 

SB2 70 ± 1 b 22.5 ± 1 a 7.5 ± 1 b Sandy-loam 25.5 ± 3.2 b 

SB3 57 ± 1.32 c 1 ± 0.1 c 42 ± 1.69 a Loamy-clay 35.33 ± 1.5 a 

SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil). 

3.2. Germination 
3.2.1. Germination Rate and Duration 
The ANOVA revealed significant differences (p < 0.05) of germination parame-
ters between pretreatments and substrates (Figure 5). Dehulled seeds exhibited 
the highest germination rate (25.86 ± 9.99%) compared to non-dehulled seeds 
(11.16 ± 2.41%). While, dehulled seeds exhibited higher daily germination (0.66 
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± 0.3%) compared to non-dehulled seeds (0.27 ± 0.08%). For germination dura-
tion, non-dehulled seeds recorded the highest germination duration (12.33 ±1.38 
days) than dehulled seeds (9.12 ± 0.85 days). Among substrates, 3/3 sand recorded 
a higher germination rate (29.57 ± 4.8%), followed by 2/3 sand + 1/3 potting soil 
(19.17 ± 8.58%), while 1/3 sand + 2/3 potting soil produced the lowest germina-
tion rate (6.7 ± 5.15%). With regard to the daily germination, 3/3 sand (1.11 ± 
0.29%) and 2/3 sand + 1/3 potting soil (0.73 ± 0.38%) produced the highest daily 
germination. The substrates did not significantly influence (p > 0.05) the germi-
nation duration. 

The interaction pretreatment*substrate significantly (p < 0.05) affects the ger-
mination parameters (Figure 5). The combination of dehulled seeds with 100% 
sand achieved the highest germination rate (41.96 ± 8.36%), whereas the lowest 
(6.41 ± 0.68%) was observed with non-dehulled seeds in 1/3 sand + 2/3 potting 
soil. The dehulled seeds on substrates 1 (3/3 sand) and 2 (2/3 sand + 1/3 potting 
soil) recorded the highest daily germination averages (1.11 ± 0.29% and 0.73 ± 
0.38%). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); D (dehulled seeds); ND (non-dehulled seeds). 

Figure 5. Variation of Germination rate (a) and duration (b, c) between pretreatments and substrates. 

3.2.2. Germination Quality 
The ANOVA revealed significant differences (p < 0.05) between pretreatments, sub-
strates, and their interaction on the germination vigor index and germination index 
(Figure 6). It showed that dehulled seeds produced the highest germination vigour 
index (5.54 ± 1.07) and germination index (3.158 ± 0.87) compared to non-dehulled 
seeds (1.57 ± 0.42 and 1.82 ± 0.24). Regarding substrates, the analysis showed that 
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substrates SB1 and SB2 yielded the best GVI (5.61 ± 0.33 and 3.71 ± 0.81) and GI 
(3.87 ± 0.57 and 2.41 ± 0.66) values, while SB3 consistently showed the lowest values. 
The highest GVI and GI values were obtained with dehulled seeds on SB1 (8.795 ± 
0.714 and 5.04 ± 0.88) and SB2 (6.050 ± 2.085 and 3.43 ± 0.98). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); D (dehulled seeds); ND (non-dehulled seeds). 

Figure 6. Variation of germination quality according to pretreatment and substrate. 

3.2.3. Mortality 
ANOVA indicated that the interaction between pretreatment and substrate (Fig-
ure 7) had no significant effect (p > 0.05), nor did the pretreatment factor alone 
(p > 0.05). However, the substrate factor alone had a significant effect (p < 0.05) 
on seedling daily mortality. Fisher’s test revealed that SB3 (1/3 sand + 2/3 potting 
soil) resulted in the highest mean daily mortality rate (4.88 ± 1.07%) compared to 
the other substrates, regardless of pretreatment. No statistically significant differ-
ence was observed between SB2 (2/3 sand + 1/3 potting soil) and SB1 (3/3 sand). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); D 
(dehulled seeds); ND (non-dehulled seeds). 

Figure 7. Variation of mean daily mortality according to pretreatment and substrate. 
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3.3. Growth Parameters 

Analysis of variance (ANOVA) revealed a significant effect of substrates on all 
measured parameters (p < 0.05). The Student-Newman-Keuls (SNK) test further 
indicated that SB2 (2/3 sand + 1/3 potting soil) produced the best performance 
(Figure 8), with the highest mean collar diameter (0.21 ± 0.08 cm), maximum 
mean height (10.65 ± 2.75 cm), and greatest mean leaf number (12.21 ± 2.56 
leaves). This was followed by SB3 (1/3 sand + 2/3 potting soil), whereas SB1 (100% 
sand) recorded the lowest values, with a mean collar diameter of 0.15 ± 0.06 cm, 
a mean height of 7.31 ± 2.57 cm and an average of 8.68 ± 2.43 leaves. 

Statistical analysis revealed that watering frequency did not have a significant 
effect on these parameters (p > 0.05). However, in absolute terms, the ST10 treat-
ment recorded the lowest performance, with the smallest mean collar diameter 
(0.16 ± 0.03 cm), the shortest mean height (7.02 ± 0.87 cm) and the lowest mean 
number of leaves (5.97 ± 3.26 leaves). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); ST0 (Watered daily); ST3 (Watered every three 
days); ST7 (Watered every seven days); ST10 (Watered every ten days). 

Figure 8. Effects of substrate and watering frequency on seedling growth Parameters. 

 
The analysis shows a significant effect of the substrate and watering frequency 

interaction on growth parameters. The lowest mean diameter (0.13 ± 0.07 cm) 
was observed in SB1 (100% sand) under ST10, while the highest (0.25 ± 0.08 cm) 
was recorded in unstressed plants (ST0) of SB2. No significant difference was 
found between these and unstressed plants of SB3. 

For height (Figure 9(b)), the tallest plants were observed in unstressed SB3 
seedlings (10.77 ± 5.33 cm), while the shortest (6.15 ± 2.08 cm) were recorded in 
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SB1 under the ST10 treatment. 
For leaf number (Figure 9(c)), unstressed plants of SB3 produced the highest 

mean leaf number (14.10 ± 2.87), followed by SB2 (12.77 ± 3.50). The lowest leaf 
number (2.69 ± 0.48) occurred in SB1 under ST10. 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); ST0 (Watered daily); ST3 (Watered every three 
days); ST7 (Watered every seven days); ST10 (Watered every ten days); p (probability of the interaction between substrate and 
watering frequency). 

Figure 9. Variation of diameter, height, and leaf number in response to the interaction between substrate and watering frequency. 

3.4. Biomass Parameters 

Statistical analysis indicated that aerial dry biomass (Figure 10) was not signifi-
cantly affected by substrate (p > 0.05). In contrast, a significant effect of substrate 
was observed on root dry biomass (p < 0.05). SB2 (2/3 sand + 1/3 potting soil) 
resulted in the highest mean root dry biomass (9.00 ± 2.00 g), followed by SB3 
(1/3 sand + 2/3 potting soil). The sandy substrate (100% sand) produced the low-
est mean value (4.33 ± 0.57 g). 

Statistical analysis showed that watering frequency had no significant effect on 
these parameters. However, the absolute values indicate that the ST0, ST3 and ST7 
treatments produced the highest dry biomass, both for the aerial (5 ± 1.15 g; 3.33 
± 0.33 g; and 3.33 ± 0.66 g) and the root components (14.66 ± 4 g; 11 ± 2 g; and 
9.66 ± 1.76 g). In contrast, the ST10 treatment recorded the lowest biomass values, 
with only 2.5 ± 1.49 g for the aerial and 7.5 ± 2.5 g for the roots. 

ANOVA revealed significant interactions between substrate and watering fre-
quency for both aerial and root dry biomass (Figure 11). On average, root biomass 
(11.3 g) was greater than aerial biomass (3.58 g), regardless of substrate or water-
ing frequency. Plants grown in SB3 had the highest aerial (4.75 g) and root (14.65 
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g) biomasses, followed by SB2 (3.75 g and 12.5 g). Watering frequency also had a 
significant effect, with unstressed plants (ST0) showing the largest values across 
substrates. The combination SB3 + ST0 produced the highest mean aerial and root 
biomasses (7 ± 1 g and 22 ± 1 g), whereas SB1 + ST10 yielded the lowest (1 ± 0 g 
and 5 ± 1 g). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); ST0 (Watered daily); ST3 (Watered every three 
days); ST7 (Watered every seven days); ST10 (Watered every ten days). 

Figure 10. Variation in aerial and root dry biomass across the different substrates and watering frequency. 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); ST0 (Watered daily); ST3 (Watered every three 
days); ST7 (Watered every seven days); ST10 (Watered every ten days). 

Figure 11. Dry biomass in response to the interaction of substrate and watering frequency. 
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3.5. Survival Rate 

The analysis of Figure 12 revealed that the watering regime (watering frequency) 
alone had a significant influence (p < 0.05) on this parameter. Similarly, the inter-
action between the two factors (substrate and watering frequency) also had a sig-
nificant effect (p < 0.05). The analysis showed that the ST10 frequency resulted in 
the lowest survival rate (61.09 ± 12.2%). Regarding the interaction, the analysis 
indicated that seedlings watered daily (ST0) and every three days (ST3) showed 
the highest mean survival rates (93.07 ± 5.01% and 91.51 ± 5.16%) compared to 
those watered at ST7 and ST10 frequencies. Seedlings grown on substrate SB1 and 
watered at ST10 frequency recorded the lowest mean survival rate (37.42 ± 1.9%), 
while the highest was obtained from seedlings on substrate SB3 watered at ST0 
frequency (97.22 ± 4.81%). 

 

 
SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil); ST0 
(Watered daily); ST3 (Watered every three days); ST7 (Watered every seven days); ST10 
(Watered every ten days). 

Figure 12. Plant survival rate as a function of substrate and watering frequency. 

3.6. Characteristics of Substrates and Watering Frequency 

Principal component analysis (PCA) revealed that the first axis (PC1) accounted 
for 88.45% of the variance, while the second axis (PC2) explained 8.45%, yielding 
a cumulative variance of 96.9%. The PCA (Figure 13(a)) distinguished two 
groups. The first group, located on the positive side of the x-axis and correspond-
ing to frequency ST0, exhibited the highest performance for the measured param-
eters. The second group, located on the negative side of the y-axis and composed 
of frequencies ST3, ST7, and ST10, showed the lowest performance. 

The first axis (PC1) accounted for 95.39% of the total variance, while the second 
axis (PC2) explained 04.61%, representing a cumulative variance of 100% (Figure 
13(b)). The PCA revealed two distinct groups. Group 1, located on the positive 
side of the x-axis and represented by SB2, was associated with superior perfor-
mance across the measured parameters (plant height, leaf number, collar diame-
ter, aerial and root dry biomass). In contrast, Group 2, composed of SB1 and SB3, 
was positioned on the opposite side of the axis and exhibited comparatively lower 
performance for the same parameters.  
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SB1 (3/3 Sand); SB2 (2/3 Sand + 1/3 potting soil); SB3 (1/3 Sand + 2/3 potting soil).  

Figure 13. Principal component analysis (PCA) of parameters studied according to sub-
strate (a) and watering frequency (b). 

4. Discussion 
4.1. Germination 

The results highlight the importance of seed pretreatment (dehulling) and sub-
strate on the germination capacity of D. melanoxylon. Dehulling significantly im-
proved germination compared to non-dehulling seeds, in agreement with findings 
reported for Argania spinosa L. [41] and Neocarya macrophylla. Sabine [42] [43]. 

By removing the seed coat, dehulling enhances permeability, allowing faster 
water and air penetration and reducing both physical and chemical barriers [44]-
[47]. This promotes imbibition, gas exchange and radicle emergence by limiting 
inhibitory compounds [48]-[50]. As a result, embryonic metabolism is triggered 
earlier, shortening the mean germination time compared to intact seeds, which 
must first overcome the resistance of the seed coat [51].  

Substrate was also a critical factor for germination, with significant differences 
among the three tested substrates. SB1 (100% sand) and SB2 (2/3 sand + 1/3 pot-
ting soil) showed the best performance, likely due to their lighter texture and 
higher aeration. Such conditions reduce the risk of waterlogging, which can in-
hibit germination by creating hypoxic environments that disrupt metabolic activ-
ity in the endosperm and embryo, sometimes leading to seed death [52]. This re-
sult is consistent with [7], who reported better germination of D. melanoxylon 
seeds under low to medium moisture. In contrast, SB3 (1/3 sand + 2/3 potting 
soil), with higher water retention, may have created anoxic conditions unfavora-
ble for germination [53]. Similar trends were observed in Prosopis africana (Guill. 
& Perr.) Taub, where seeds germinated optimally (100%) in erosion sand [45].  

The maximum germination rate observed (41.96 %) for dehulled seeds on SB1 
(100% sand) remained below 50%, consistent with previous reports of D. mel-
anoxylon seed germination ranging from 20% to 50% [7] [23] [24]. Seedling mor-
tality, however, was not significantly affected by pretreatment. Instead, it was 
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largely determined by post-germination factors such as substrate, water manage-
ment and pathogens. While dehulling improved germination, it did not ensure 
seedling survival, which depends heavily on soil and climatic conditions [54]. SB3 
(1/3 sand + 2/3 potting soil) recorded higher mortality rates regardless of pretreat-
ment, likely due to its high-water retention and poor aeration, which restrict root 
development and increase susceptibility to abiotic stress and pathogens [55]. Sim-
ilar results were reported by [56], who showed that poor substrate aeration often 
leads to root mortality, frequently preceded by fungal infections such as Phy-
tophthora.  

4.2. Growth and Biomass Parameters 

The analysis of growth parameters in D. melanoxylon seedlings revealed a signif-
icant effect of substrate on plant development. SB2 and SB3 produced the best 
growth, mainly due to the addition of potting soil. This amendment improves soil 
physico-chemical properties by enhancing water retention and supplying essential 
nutrients such as exchangeable cations, organic matter and total nitrogen. Such 
conditions favor vigorous growth and healthy seedling establishment. Compara-
ble effects were reported by [57] in Artemisia annua L., where nutrient-rich sub-
strates similarly enhanced plant development.  

SB1 (3/3 sand) exhibited the lowest performance, mainly due to its low organic 
matter and nutrient content, combined with poor water retention, which limits 
the resources available for seedling development. This agrees with [58], who re-
ported that substrates dominated by coarse particles, such as sand, provide good 
aeration but poorly support plant nutrition and water availability. In contrast, SB2 
(2/3 sand + 1/3 potting soil) performed well in growth parameters, despite con-
taining less potting soil than SB3 (1/3 sand + 2/3 potting soil). This suggests that 
an optimal balance between aeration (from sand) and nutrient supply (from pot-
ting soil) is more important than simply maximizing organic content. Similar re-
sults were reported by [59], who showed that well-drained substrates enriched 
with organic matter promote better growth of Afzelia africana Smith ex Pers. 
Overall, organic-rich substrates such as potting soil improve soil structure and 
nutrient availability, creating favorable conditions for the optimal growth of D. 
melanoxylon seedlings, which are naturally adapted to nutrient-poor soils.  

However, regarding dry biomass, only root biomass was significantly influ-
enced by the substrates. D. melanoxylon seedlings developed their root system 
more than the aerial parts. This preferential root growth at the expense of above-
ground growth has been reported by several authors in other species [60]-[62]. 
According to [63], root system development is a key factor in the survival of young 
plants. Root hypertrophy represents an effective adaptive strategy for the persis-
tence of woody species, as it allows the accumulation of essential nutrient reserves. 

Moreover, optimal soil characteristics for root development in D. melanoxylon 
seedlings include soil textures such as silt, sandy loam and clay loam [25]. This 
could explain the marked root growth observed with SB2 (2/3 sand and 1/3 pot-
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ting soil) and SB3 (1/3 sand and 2/3 potting soil). These soil types provide an ideal 
balance between drainage and moisture retention, thereby promoting rooting and 
seedling growth. The use of substrates rich in organic matter, such as potting soil, 
optimizes these conditions by improving soil structure and providing the neces-
sary nutrients for the proper development of D. melanoxylon seedlings 

The results of this study highlight the combined influence of water stress and 
substrate type on D. melanoxylon. Plants grown in SB3 (1/3 sand + 2/3 potting 
soil) performed best, followed by those in SB2 (2/3 sand + 1/3 potting soil). This 
trend can be explained by the higher organic matter content of potting soil, which 
enhances water retention and provides essential nutrients. Under water stress 
conditions, organic-rich substrates act as buffers by retaining moisture longer and 
supplying water to the roots, thereby mitigating drought effects. Similar findings 
were reported by [64] and [65], who showed that the wettability of organic matter 
improves plant tolerance to drought. 

In contrast, the poor performance observed in SB1 (3/3 sand) can be attributed 
to its particle size. Coarse sand drains quickly, which under water deficit condi-
tions becomes highly limiting. This observation is consistent with [58], who em-
phasized that sandy substrates provide good aeration but are unable to sustain 
adequate plant nutrition and water retention. 

Regarding irrigation frequency, watering every ten days (ST10) was the most 
severe treatment, resulting in the lowest growth performance. Severe water stress 
reduces water and nutrient uptake, leading to mineral deficiencies (notably nitro-
gen and phosphorus) due to reduced element transport to the roots and conse-
quently limiting seedling growth [66] [67]. Plants in SB1 under ST10 were the 
most affected because of the low water-holding capacity of sand. Under prolonged 
intervals, substrate moisture becomes critical and D. melanoxylon deprived of wa-
ter experiences intense physiological stress that inhibits growth and survival. Wa-
ter deficit also decreases photosynthetic activity [68] and alters both physiological 
processes regulating growth and biochemical pathways [69]-[72] and biochemical 
pathways [73] [74]. These results corroborate those of [75], who also observed 
reduced growth under water stress in two Acacia species. 

Regarding aerial and root dry biomass, results revealed that D. melanoxylon 
prioritizes root system development over the aerial part under water stress. A well-
developed root system capable of extracting water from the soil under deficit con-
ditions is a key trait for drought tolerance [76]. This strategy reflects the species’ 
adaptation to water-limited environments, as extensive roots enhance water up-
take while reducing transpiring surface area. These findings align with observa-
tions on Acacia tortilis (Forssk) Hayne subsp. raddiana (Savi) [77] and on Com-
bretum micranthum G. Don, Faidherbia albida (Del) A. Chev, and Pterocarpus 
lucens Lepr. ex Guill. & Perr [33]. 

5. Conclusion 

This study underscores the critical role of seed pretreatment and substrate type 
on the germination and growth of D. melanoxylon seedlings, as well as the species 
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adaptive responses under water stress. Seed dehulling significantly enhanced ger-
mination, highlighting the importance of overcoming physical and chemical bar-
riers. Light, sandy substrates optimized germination, whereas mixed substrates of 
sand and potting soil promoted the best seedling growth by balancing aeration, 
water retention and nutrient supply. Under water stress, D. melanoxylon dis-
played adaptive strategies such as prioritizing root development over aerial bio-
mass and storing more water in aerial tissues, which enhances drought tolerance. 
These findings provide valuable insights for the sustainable management and con-
servation of the species, including optimal germination conditions, growth re-
quirements and strategies to mitigate water deficit impacts on young seedlings. 
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