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Abstract 

Beilschmiedia mannii (spicy cedar) is an underutilized agroforestry species despite its organs being 
used for food, energy, and to cure various ailments. Very little effort has been made towards its 
domestication and the development of techniques for its production. An experiment was conducted in 
Benin, to evaluate the effect of substrate and water supply on B. mannii’s survival and growth. A factorial 
design with two factors was set up in a randomized complete block with three replications. Three 
substrate types under five watering levels were tested. Data on collar diameter, and total height were 
collected over 4 months and used to calculate the current growth rates, which were analyzed using two-
way ANOVA. The findings indicated that the species exhibited a generally sluggish rate of growth, with 
height increasing by less than 1 cm per month and collar diameter expanding by under 0.4 mm each 
month. This trend was consistent, irrespective of the type of substrate or the frequency of watering. 
Although no statistically significant effect was found between the modalities of the factors in isolation 
and their interaction on current height growth, the combinations of a watering every two days with sandy-
loamy substrate mixed with cow dung and a watering every five days with bokashi substrate exhibited 
the best height growth performances, with increases of 0.22 cm and 0.24 cm per week, respectively. 
The availability of water has proven to be crucial for both survival rates and the growth of collar diameter, 
highlighting how essential water is for B. mannii. 
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INTRODUCTION 

Beilschmiedia mannii (Meisn.) Benth. & Hook.f. 
(1880), commonly referred to as spicy cedar, is 
a species often found in agroforestry. Its natural 
environment includes the moist and swampy 
forests of West and Central Africa (Hawthorne 
and Jongkind, 2006; Ebigwa and Akomoye, 
2009; Ogunbanjo and Aina, 2013). This 
evergreen tree is a member of the Lauraceae 
family (Olajuyigbe and Adaja, 2020). The leaves 
are arranged alternately, while the fruits are 
elongated berries that can be black, green, or 
red, measuring between 1.5 to 5.5 cm or 1.5 to 
2.5 cm (Figure 1), depending on the specific 
variety (Adaja and Olajuyigbe, 2023). When 
ripe, the fruit typically measures 4 to 5.5 cm and 
turns red, containing a single seed encased in a 
thin seed coat, with the cotyledons being thick 
and conical. This species can reach impressive 
heights of 10 to 35 meters and can have a 
diameter at breast height of 60 cm to 100 cm 
(Sahoré and Koffi, 2013). In Côte d'Ivoire, the 
fruits are harvested from October to December. 
The tree features a broad crown, which can vary 
from dense to narrow (Nyunai et al., 2008).  

The wood of this tree is valuable for construction 
and furniture (Mark et al., 2014). Different parts 
of the plant, including the bark, leaves, and 
fruits, are utilized in treating dysentery and 
respiratory ailments, while the seeds are known 
for their potent antibacterial properties (Nyunai, 
2008; Ahoua et al., 2015; Baldé et al., 2015). 
Additionally, in certain areas of southern Benin, 
the fruit is employed in treating ulcers and is 
reputed to act as an aphrodisiac (Yevide et al., 
2022). Its chemical composition provides 
chemopreventive benefits against cancer, 
establishing it as a significant anti-inflammatory 
source (Ahoua et al., 2019). The species also 
holds cultural significance and is used in various 
religious practices, particularly during funeral 
rites (Yevide et al., 2022). The seeds and fruits 
are an essential part of local diets, rich in 
proteins, carbohydrates, minerals, and 
unsaturated fatty acids (Nyunai, 2008; Sahoré 
et al., 2012; Kouamé et al., 2017). Furthermore, 
they are packed with antioxidants that aid in 
preventing oxidative damage and boosting the 
immune system for both humans and animals 
(Ahoua et al., 2015). The seeds of B. mannii are 
also processed to yield edible oil (Joachim, 
2017). The combination of its nutritional and 
medicinal properties underscores the significant 
socio-economic potential of this species in West 
Africa (Ogunbanjo and Aina, 2013; Jusu and 
Cuni-Sanchez, 2017). 

Despite these numerous forestry, nutritional, 
and medicinal advantages, the species is 

underutilized in Benin, where its habitat is 
threatened due to anthropogenic pressures, 
overexploitation in the past, its slow growth, and 
the lack of appropriate techniques for its 
production both in agroforestry systems and 
plantations. In fact, the development of proper 
technical guidelines is a key step in the 
valorization of a plant species, which involves 
identifying and mastering the physico-chemical, 
organic, and biological characteristics of the 
ideal substrate for nursery and plantation 
production. The soil structure and organic 
composition, determined by its mineralogical 
characteristics, texture, porosity, and the 
presence of nutrients, along with water 
conditions, have a significant impact on both 
root and aerial growth, as well as the overall 
productivity of the plant (Czyz, 2004; Ministère 
des Relations Extérieures, de la Coopération et 
du Développement, 2002). Additionally, water 
demand varies depending on the species and 
its developmental stages (Matthiew, 1998). The 
distribution of water in the soil and the amount 
available for plants also depend on the type of 
soil (Hien et al., 2021). Plant species react 
differently to the characteristics of the soil that 
supports them (Mukendi et al., 2017). In fact, 
the use of amendments and fertilizers are 
strategies employed to improve soil fertility and 
increase the productivity of the plant species 
that grow in it. To ensure the conservation of B. 
mannii through its domestication, which 
requires a better understanding and control of 
its reproduction and the factors contributing to 
its proper development, it is essential to study 
the effect of substrate and water supply on the 
growth of the species. This study, which is the 
first of its kind on the species aims at filling this 
gap.  

MATERIALS AND METHODS 

Study site characterization  

The experiment was conducted in the Plateau 
Department, specifically in the town of Ketou, 
located in the Ketou district, Ketou Municipality 
(Figure 2A). Ketou Municipality is divided into 
six (06) districts: Ketou, Kpankou, Odometa, 
Okpometa, Idigny, and Adakplame. It is situated 
in the southeastern part of Benin, between 
latitudes 7°10' and 7°41'17" North and 
longitudes 2°24'24" and 2°47'40" East. It covers 
an area of 1775 km² (INSAE, 2015), which 
represents 1.55% of the national territory and 
54.38% of the Plateau Department. The region 
falls within the Pobe phytodistrict and the 
Guineo-Congolian zone (Akoegninou et al., 
2006; Tossou et al., 2011). Its climate is 
equatorial, characterized by two rainy seasons 
of unequal duration (March to July and 
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September to October), interspersed with two 
dry seasons (August and November to 
February). Annual rainfall varies between 900 
and 1100 mm, with an average annual 
temperature ranging from 25°C to 29°C and 
relative humidity between 31% and 98% 
(Fandohan, 2011). The area has well-drained 
ferruginous soils. The vegetation is dominated 
by wooded savannas with species such as 
Daniella oliveri, Lophira lanceolata, and Parkia 
biglobosa, as well as forests, including the 
classified forest of Ketou-Dogo, which covers 
approximately 42,850 hectares (Houessou et 
al., 2019), and several sacred forests, including 
the Adakplamè forest. The population is about 
157,352, with the Yoruba sociocultural group 
being the predominant group (INSAE, 2015). 
Ferruginous tropical soils are mainly found in 
the town center of Ketou, while weakly 
degraded ferrallitic soils are found in the rural 
areas of Ketou (Igue et al., 2013). The main 
economic activities in the area are agriculture, 
trade, forestry, and livestock farming 
(Fandohan, 2011). 

Experimental design and data collection 

A two-factorial experimental design in a 
replicated block was adopted for the experiment 
(Siene et al., 2020) (Figure 2B). The first factor, 
substrate, consisted of three levels: (1) bokashi, 
(2) sandy-loamy substrate without cow dung, 
and (3) sandy-loamy substrate with cow dung. 
The second factor under consideration, namely 
the water supply, was organized into five 
distinct levels: (T0) a continuous water supply, 
(T1) irrigation every two days, (T2) irrigation 
every three days, (T3) irrigation every four days, 
and (T4) irrigation every five days (Yevide et al., 
2023). Due to the limited availability of 
seedlings and the uniqueness of the species, 
three seedlings of B. mannii, each 12 months 
old, were utilized for each combination of the 
investigated factors, culminating in a total of 135 

seedlings for the experiment. These seedlings 
were sourced from seeds gathered from trees 
belonging to seed producers in the Avrankou 
commune, situated in the Oueme Department, 
where the species thrives in both agroforestry 
setups and natural habitats (Yevide et al., 
2022). The various growing mediums were 
placed into polyethylene bags with a diameter 
of 30 cm, each containing 760 g of a sandy-
loamy mixture and 40 g of cow dung, totaling 
800 g for the sandy-loamy substrate enriched 
with cow dung. Conversely, for the bokashi and 
the sandy-loamy substrate without cow dung, 
800 g of the substrate was used to fill each bag. 
An electronic scale, precise to 0.1 g, was 
employed to measure the dry components of 
the different substrates. In the constant water 
supply group, the polyethylene bags filled with 
the same substrate type had holes made in the 
bottom and were set in containers that provided 
a steady water supply. For the other watering 
methods, each polyethylene bag was 
thoroughly irrigated to ensure that the 
substrates achieved field capacity. For each 
seedling, measurements were taken of the 
collar diameter using an electronic caliper 
accurate to 0.1 mm, while height was measured 
with a tape measure. The survival rate of the 
seedlings was determined by monitoring 
mortality via the observation of wilting plants 
and assessing the condition of the cambial 
tissue in their stems. Data collection occurred 
weekly in the mornings over a span of 98 days, 
equivalent to 14 weeks. 

Data processing and analysis 

The data collected were used to compute the 
current growth increments in height (ACCh) and 
diameter (ACCd) between the start and the end 
of the experiment, as well as the mortality rates 
(Tx) using the equations below as previously 
recommended by Yevide et al., (2011). 

ACCh =
htf − hti

tf − t i

 ACCd =
dtf − dti

tf − ti

 𝑇𝑥 =
NpM × 100

NpT
 

ACCh: Current growth increment in height between the beginning and the end of the experiment (cm
/week)   

ACCd: Current growth increment in diameter between the beginning and the end of the experiment (mm
/week)  

𝑇𝑥 ∶ Mortality rate (%)  
hti: Initial plant height (start of the experiment) 

htf: Final plant height (end of the experiment) 
dti:Initial plant diameter (start of the experiment)   

dtf: Final plant diameter (end of the experiment)  
ti:Initial time (start of the experiment)   
tf: Final time (end of the experiment) 
NpM: Number of dead plants 
NpT: Total number of plants   
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All the calculated parameters were processed and used to create graphs with Excel 2016. For statistical 
analysis, two-way analysis of variance (ANOVA) was conducted using R software version 3.6.3 to 
assess the isolated and combined effects of the studied factors on seedling mortality and growth. This 
was followed by a Tukey test, when necessary, to identify statistically significant differences between 
the treatments and/or treatment combinations involved 

 

Figure 1: Picture showing Beilschmiedia mannii’s standing tree (A), its leaves (B), inflorescence (C), 

and unripe fruits (D).  

 

 

Figure 2: Map of the study area's geographical location (A) and diagram of the adopted experimental 
setup (B). 

RESULTS 

Seedlings mortality and survival 

From the beginning of the experiment until week 
6, no cases of mortality were observed. 
However, starting from week 7, seedling 
mortality was identified in treatment T4 for all 
substrates. In contrast to the sandy-loam 
substrate with cow dung (SLABV), where 
mortality began in week 7 for all watering 
frequencies, for the bokashi substrate, mortality 
started in week 7 for treatments T4 and T3, and 
progressively spread to the other watering 
frequencies from week 11 onwards. Among all 
substrates, only the sandy-loam substrate (SL) 

recorded a single case of seedling mortality in 
treatment T0 at week 8 of the experiment 
(Figure 3A). 

At the end of the experiment, concerning 
seedling survival in the nursery, it was observed 
that when the watering frequency was reduced, 
i.e., as treatments changed from T1 to T4 for 
both the BKS (Bokashi) and SLABV (sandy-
loam with cow dung) substrates, there was an 
overall increase in mortality cases, with 
mortality generally higher in the SLABV 
substrate. In contrast, mortality was identified 
only in T0 and T4 for the sandy-loam substrate 
without cow dung (Figure 3D).  
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The two-way Analysis of Variance (ANOVA) 
(Table 1) showed significant differences (p-
value < 0.05) in mortality rates across the 
substrates. Tukey’s test located these 
differences between the SLSBV and SLABV 
substrates (Figure 3B). Regarding watering 
frequencies, the ANOVA results showed 
significant differences (p-value < 0.05) in 
mortality rates across the watering frequencies. 
Tukey’s test indicated that the differences were 
between T0 and T4 (Figure 3C). However, 
when considering the combined effect of the 
substrate and watering frequencies, the 
ANOVA results showed no significant difference 
(p-value > 0.05) in mortality rates. 

Current growth increments in height and 
diameter 

In general, plants in the SLABV substrate 
showed the greatest height growth, whereas 
plants in the SLSBV substrate showed the 

smallest height growth (Figure 4C). Plants in the 
Bokashi substrate had intermediate growth 
compared to the other two substrates. 
Regarding diameter, as watering frequencies 
were reduced from T0 to T4, regardless of the 
substrate, there was an overall reduction in 
current growth increments in diameter (Figure 
4B).  

The two-way ANOVA (Table 2) showed no 
significant differences between the effects of 
substrates and watering frequencies, nor 
between their combined effects on plant height 
growth (p-value > 0.05). However, for diameter 
growth (Table 3), the two-way ANOVA showed 
no significant differences between the effects of 
substrates on plant diameter growth (p-value > 
0.05), but there was a significant difference (p-
value < 0.05) in the effects of watering 
frequencies on diameter growth. Tukey’s test 
indicated that this difference was observed 
between treatments T0 and T4 (Figure 4A). 

 

Table 1: Results of the two-way analysis of variance of the effects of substrates and watering frequencies 
on the mortality of the seedlings. 
 

Df SumSq MeanSq F value Pr (>F)   

Substrates 2 3703,7 1851,85 41,667 0,0253 
Watering frequencies 4 6567,9 1641,98 36,944 0,01464 
Substrates*Watering frequencies 8 3950,6 493,83 11,111 0,38372 
Residuals 30 13333,3 444,44     

 

Table 2: Results of the two-way analysis of variance of the effects of substrates and watering frequencies 
on seedlings’ height growth. 
 

Df SumSq MeanSq F value Pr (>F)   

Substrates 2 0,020006 0,010003 1,615 0,2157 
Watering frequencies 4 0,010099 0,0025248 0,4076 0,8017 
Substrates*Watering frequencies 8 0,066549 0,0083186 1,343 0,2612 
Residuals 30 0,185818 0,0061939     

 

Table 3: Results of the two-way analysis of variance of the effects of substrates and watering frequencies 
on seedlings’ diameter growth. 
 

Df SumSq MeanSq F value Pr (>F)   

Substrates 2 0,010019 0,005009 17,061 0,19872 
Watering frequencies 4 0,03935 0,009838 33,505 0,02212 
Substrates*Watering frequencies 8 0,018264 0,002283 0,7776 0,6254 
Residuals 30 0,088083 0,002936     
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Figure 3: Shows the evolution of the mortality rate over the weeks starting from week 7 (A), effect of 
substrate (B), effect of watering frequencies (C) on seedling mortality, and the combined effect of 
substrate and watering frequencies on seedling mortality (D).   
Note: Values with the same letters are not statistically different from each other at the 5% significance level. 
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Figure 4: Shows the effect of water supply on diameter growth (A), the combined effect of watering 
frequencies and substrate on diameter growth (B), and the combined effect of watering frequencies 
and substrate on height growth (C) of B. mannii seedlings. Note: Values with the same letters are not statistically 

different from each other at the 5% significance level. 
 

DISCUSSION   

The analysis of the effect of substrate and 
watering frequencies on the survival and growth 
of B. mannii seedlings in the nursery revealed 
that, regarding seedling survival, the sandy-
loam substrate with cow dung (SLABV) in 
combination with treatments T4 (watering once 
every 5 days), T3 (watering once every 4 days), 
and T2 (watering once every 3 days), as well as 
the bokashi substrate combined with treatment 
T4, resulted in high mortality rates, and thus low 
seedling survival. In contrast, the combination 
of the sandy-loam substrate without cow dung 
(SL) and treatments T1, T2, and T3 did not have 
any negative impact on the survival of B. mannii 
seedlings. Therefore, it can be concluded that 
the addition of amendments could lead to high 
mortality rates for B. mannii seedlings. In fact, 
Essehi et al. (2016) noted that a high level of 
amendment could cause high mortality in 
plants, as seen in potato cultivation (Ngoyi et al., 
2020). Excessive soil amendments can 
adversely affect potato harvests. Hence, it is 
important to regulate and limit soil 
enhancements to prevent high nitrogen 
concentrations, which may hinder plant 
development (Mulaji, 2011). Research indicates 
that applying 5.16 grams of dried cow manure 
per 100 grams of sandy-loam soil can be quite 
detrimental to B. mannii seedlings in a nursery  

 

setting. Nevertheless, Sagna et al. (2019) found 
that incorporating organic amendments does 
not adversely affect the survival rates of plants. 
It was also noted that the highest death rates 
occurred in treatment T4, regardless of the soil 
type. Generally, a lack of water leads to 
diminished yields (Chaves, 2002), which could 
clarify the elevated mortality observed in 
treatment T4, where irrigation was done every 
five days. Consequently, it can be deduced that 
for this investigation, utilizing sandy-loam soil 
without cow dung combined with treatments T1 
to T3 is the optimal approach to ensure the 
healthy survival of B. mannii seedlings in the 
nursery. When examining the growth of B. 
mannii plants, findings revealed that the 
bokashi substrate significantly enhanced both 
the height and thickness of the seedlings. This 
improvement may stem from bokashi's unique 
formulation, which facilitates the integration of 
biofertilizers into the soil mix (Bernal et al., 
2009), thereby fostering seed germination and 
producing robust seedlings. Bokashi also plays 
a role in achieving fruitful yields for various 
crops (de Paula Vicente et al., 2020; Olle et al., 
2013), including amaranth (Houenou et al., 
2021). In contrast, cow dung appears to 
promote height growth more than thickness in 
B. mannii plants, likely due to its elevated 
nitrogen content. Nitrogen is an essential 
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nutrient that acts as a primary catalyst for plant 
vitality (Ancion et al., 2009). Therefore, it can be 
concluded that organic matter positively 
influences plant growth metrics (Mukendi et al., 
2017). Regarding watering schedules, the 
results indicated that treatment T0 was more 
conducive to diameter growth compared to 
height increase and seedling survival. The 
findings highlight that the presence of water is 
crucial for the survival of B. mannii seedlings. 
Water plays a key role in processes such as 
photosynthesis, nutrient transport and storage, 
as well as temperature regulation (Reynolds et 
al., 2004). In contrast, treatment T4 resulted in 
significant seedling loss, a decrease in stem 
diameter due to drying out, and hindered 
growth. Typically, a lack of water negatively 
influences plant development and can diminish 
overall yields (Chaves, 2002). For example, 
studies on two species from the Acacia and 
Eucalyptus genera (Otieno et al., 2005; Gbesso 
et al., 2023) and five key species earmarked for 
reforestation in Burkina Faso (Kagambega et 
al., 2019) demonstrated that water stress 
adversely affected their growth. To summarize, 
this study emphasizes the vital importance of 
both water availability and substrate 
composition for the health and growth of 
Beilschmiedia mannii seedlings. Although 
bokashi has shown potential in enhancing 
seedling development, an overabundance of 
additives like cow dung can negatively impact 
survival rates. Therefore, effective management 
of water and soil conditions is crucial to foster 
the growth and survival of B. mannii in nursery 
settings. 

CONCLUSION 

Beilschmiedia mannii serves as a versatile 
species in agroforestry, yet it encounters 
serious obstacles regarding habitat destruction 
and preservation efforts. The various 
experimental treatments yielded different 
outcomes concerning growth metrics such as 
height and trunk diameter. Treatment T4, which 
involved watering every five days alongside a 
bokashi substrate, and treatment T1, which 
entailed watering every two days with a sandy-
loam substrate enriched with cow manure, both 
resulted in taller seedlings of B. mannii, though 
they also exhibited a significantly high mortality 
rate. Conversely, treatment T0, characterized 
by consistent water availability, paired with a 
sandy-loam substrate containing cow manure, 
as well as T0 with the bokashi substrate, 
produced plants with larger diameters, yet these 
combinations similarly led to elevated mortality 
rates. In contrast, utilizing a sandy-loam 
substrate devoid of cow manure in conjunction 
with treatments T1 to T3 proved to be more 

conducive for successful production and 
enhanced seedling survival rates. However, this 
particular combination did not stimulate rapid 
growth in the seedlings. The findings 
underscored the critical role of water availability 
and organic additives in determining the growth 
and survival of young B. mannii plants. 
Nevertheless, it is vital to investigate further 
treatment options and fertilizers related to the 
growth of B. mannii seedlings, as well as to 
broaden the research to encompass other 
native species that hold significant value for 
local communities. 
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