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Abstract 

 
This study examined the phenotypic variation and the modalities for integrating Moringa oleifera in agroforestry 

systems in southern Benin in order to contribute to sustainable management of the species. Morphological 

characterization of M. oleifera based on measurements taken on the trees, leaves, leaflets and fruits, and ethno-

botanical survey on cultivation techniques and management of plantation of the species were performed. The 

morphological analysis showed significant variation between populations of M. oleifera in the phytodistricts 

considered in relation to tree height, leaf length, petiole diameter, length and width of leaflets (P <0.001); length, 

median diameter and fresh weight of pods (P <0.01). In the phytodistricts considered in the southern Benin, the 

culture of M. oleifera was mainly by cuttings (92.85 to 97.8%) and row planting (91.83 to 98.03%). The adoption 

rate of M. oleifera varied between 89.79 and 97.05%. There was significant dependence between the management 

practices and the willing for adoption (ΔG2 = 5.59, P = 0.018), between management practices and the origin of 

planting materials (ΔG2 = 5.50, P = 0.019). 
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Introduction 

Moringa oleifera is a multipurpose plant species that 

originated from India and widespread in Africa. It is 

used by rural populations in human and animal 

feeding, traditional medication, house and field 

fencing.  M. oleifera has gained interest in this last 

century because of its nutritional and medicinal 

values. Fahey (2005), Thurber and Fahey (2009) 

reported that M. oleifera contains all the essential 

nutritional elements essential for livestock and 

human beings (highly digestible proteins, Calcium, 

Iron and Vitamin A and C). It also contains vitamin 

B-Complex, chromium, copper, magnesium, 

manganese, phosphorus and zinc (Fuglie, 2001a,b). 

Since 1998, the World Health Organization has 

promoted M. oleifera as an alternative of imported 

food supplies to treat malnutrition (Sreelatha and 

Padma, 2009). Authors reported that to solve 

malnutrition issues, doctors, nurses, and midwives 

were trained in preparing and using M. oleifera leaves 

powder (Johnson, 2005; Manzoor et al., 2007; 

Sreelatha and Padma, 2009; UNWFP, 2004). 

Number of studies have shown that M. oleifera 

induces antiulcer effect, effect on immune response, 

spasmolytic activities, hypercholesterolemia effects, 

antibacterial activity (Talreja, 2010). Sympatholytic 

activity and antiviral activity against herpes simplex 

virus type-1 (Haristoy et al., 2005). According to 

(Sreelatha and Padma, 2009), the extracts of M. 

oleifera leaves have probable antioxidant activity 

against free radicals, prevent oxidative damage to 

major biomolecules and afford significant protection 

against oxidative damage. It has been reported that 

M. oleifera leaves are suitable for livestock feed and 

fodder (Mathur, 2006; Reyes- Sánchez et al., 2006). 

Recently, M. oleifera has been reported having a role 

in growth enhancement (Anjorin et al., 2010; Phiri 

and Mbewe, 2010; Ali et al., 2011; Yasmeen et al., 

2013) of crops such as wheat (Yasmeen et al., 2012 

and 2013). Authors have been interested in 

management practices of plantations of M. oleifera. 

Plants spacing and harvesting frequencies were the 

most targeted. Amaglo et al. (2006) recommended a 

spacing of 5 cm x 15 cm for leaves production coupled 

by an interval between two harvestings of 35 d where 

the leaves are found to be richest in nutrients. 

Gadzirayi et al. (2013) found a spacing of 15 cm x 15 

cm or 20 cm x 20 cm more efficient. According to 

them cutting should occur at intervals of 60 to 75 

days. In Benin, M. oleifera is well known and 

appreciated by the local populations for its nutritional 

and medicinal values, even some initiatives of 

commercializing its products arose (Agoyi et al., 

2014). Despite the NGOs and other associations 

promoting M. oleifera in Benin, little has been done 

in terms of research on this species (Aissi et al., 2014; 

Agoyi et al., 2014). In view of the importance M. 

oleifera gains in Benin and worldwide, there is need 

for seeking its best management. For this purpose, 

the present study aims at assessing i) the 

morphological variation between populations of M. 

oleifera, and (ii) the cultivation techniques and 

management practices of M. oleifera plantations. 

 

Materials and methods 

Study area  

The study took place in four phytodistricts (Plateau, 

Coast, Oueme and Pobe) located in humid climate 

zone in Benin (Fig. 1).  

 

Fig. 1. Location of the phytodistricts considered in 

the climate zones of Benin. 
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The rainfall in this zone is bimodal with an annual 

average of 1200 mm. The annual average temperature 

ranges between 25 and 29°C and the relative 

humidity between 69 and 97 %. The soils are deep 

ferralsols or rich in clay, in humus and minerals.  The 

main ethnic groups in the zone are Fon, Adja, Yoruba 

and other assimilated groups (Floquet and Van den 

Akker, 2000).  

 

Morphological variation of M. oleifera between 

phytodistricts 

The morphological characterization of M. oleifera 

concerned the trees, leaves, leaflets and fruits. In each 

phytoditrict, 25 trees were sampled at random. Plant 

height (H) and diameter at breast height (DBH) were 

measured using respectively a clinometer SUUNTO 

and a girthing tape.  

 

A total of 15 fresh leaves and 15 fruits were collected 

at random per tree because a minimum of 10 samples 

of a given plant part is enough to describe the existing 

variations in the population regarding the plant part 

for a given agro-ecological zone (Palmerg, 1985).  The 

leaf length (LFe), the diameter of petiole (Dp), the 

leaflet length (LFo) and width (lfo) were measured in 

centimeter (cm) using electronic calipers. On the 

fruits collected, pod length (LFr), diameter (Dm) and 

fresh pod weight (PFr) were measured with a spring 

balance (American Weigh Scale Sr-1kg Gray Digital 

Hanging Scale, Gray, 1000g X 1 G).  

 

Analysis of variance (ANOVA) and Student Newman 

Keuls test were used to compare the variation 

observed on the tree (height and DBH), the leaves 

(leaf length, diameter of petiole, leaflet length and 

width) and the fruits (pod length, median diameter 

and fresh pod weight) between phytodistricts using 

SAS 9.2 statistical software (SAS Inc., 2008). No data 

transformation was applied because normality and 

homoscedasticity were checked without 

transformation using the Ryan-Joiner test of 

Normality, and the Levene test for homogeneity of 

variances (Glèlè Kakaï et al., 2006). 

 

Cultivation techniques and management practices of 

M. oleifera 

Data on the cultivation techniques and management 

practices of M. oleifera were collected through 

individual semi-structured interviews. Focus group 

discussions were completed to check the reliability of 

the data collected during the individual interview. The 

discussion groups were often formed by 5 to 7 people. 

The information collected were about: (i) the 

cultivation techniques and management practices, (ii) 

the willingness to plant the species at large scale as 

well the origin of the cuttings, seeds and nurseries 

used for plantation. The sample size was determined 

using the normal approximation of binomial 

distribution (Dagnelie, 1998):  

n= U2
1-α/2 x P(1-P)/d2  where n is the sample size, P is 

the proportion of informants using and planting the 

species. U1-α/2   is the value of the normal random 

variable. For a probability value of 1-α/2, U2
1-α/2 ≈ 

1.96 with α = 0.05. d is the margin error of the 

estimation; 5 % was considered.   

 

To compute the size of the sample, a brief survey on 

30 persons per locality was carried out. The 

interviewed persons were asked if they have planted 

M. oleifera. The proportion P of positive answers was 

considered. On this basis 384 people with 150 women 

were interviewed.   

 

Data on the cultivation techniques and management 

practices were encoded after counting the 

questionnaire sheets. Frequencies were attributed to 

the variables measured (origin of seed, cultivation 

techniques, space management and willingness to 

adopt). Log-linear analysis was used to test the 

relationships between the variables and the 

phytodistricts.   

 

Results 

 Morphological variation in M. oleifera between 

phytodistricts  

The analysis of variance showed significant difference 

(p < 0.001) between phytodistricts regarding tree 

(height and DBH) and leaves (leaf length, diameter of 

petiole, leaflet length and width). The difference 
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between phytodistricts regarding fruit (pod length, 

median diameter and fresh pod weight) was 

significant at 0.01. The tallest trees (7.18 m) were 

found in Oueme (p < 0.05) while the shortest (3.51 m) 

were found in Plateau (Table 1).  

 

Table 1. Morphological variation in M. oleifera trees in height and DBH between phytodistricts.  

Phytodistricts Height (cm) DBH (cm) 

Coast 4.25 ± 0.29c 10.26 ± 0.70a 

Plateau 3.51 ± 0.14c 6.38 ± 0.21b 

Pobe 5.95 ± 0.37b 7.58 ± 0.90b 

Oueme 7.18 ± 0.20a 4.51 ± 0.30c 

Values are means ± standard error. The mean values followed by the same letter in the same column are not statistically different at 5% (Student 

Newman Keuls test). 

 

The variation between the Plateau and the Coast 

regarding the trees height was not significant. The 

DBH of the trees from the Coast were the highest 

(10.26 cm), while the smallest (4.51 cm) were from 

Oueme. The variation in DBH of the trees between 

Plateau and Pobe was not significant (table 1). 

Overall, the Oueme had the tallest and slimmest trees 

whereas the Coast had the shortest and fattest trees.  

The Oueme had the highest values for the variables 

measured on leaves compared to the other 

phytodistricts (Table 2).  

 

Table 2. Morphological variation in M. oleifera leaves and leaflets between phytodistricts.  

Phytodistricts Variation in leaves Variation in leaflets 

Leaf length (cm) Diameter of petiole 

(cm) 

Leaflet length (cm) Leaflet width 

(cm) 

Coast 40.93 ± 1.12b 0.55 ± 0.01c 2.33 ± 0.05c 1.23 ± 0.03b 

Plateau 36.72 ± 0.77c 0.49 ± 0.01d 2.43 ± 0.03cb 1.29 ± 0.02b 

Pobe 39.65 ± 1.15b 0.61 ± 0.01b 2.53 ± 0.04b 1.38 ± 0.03a 

Oueme 48.56 ± 1.11a 0.66 ± 0.01a 2.71 ± 0.05a 1.41 ± 0.03a 

Values are means ± standard error. The mean values followed by the same letter in the same column are not statistically different at 5% (Student 

Newman Keuls test). 

 

The difference in leaf length between the 

phytodistricts of Coast and Pobe was not significant. 

The phytodistrict of Plateau had the shortest leaves 

with small diameter of petiole (Table 2). The shortest 

leaflets in length were found in the Coast (Table 2). 

The leaflet width was statistically similar in the Coast 

and Plateau in one hand and in Pobe and Oueme in 

other hand (Table 2).  

The variation in fruit (pod length, median diameter 

and fresh pod weight) between phytodistricts was 

presented in Table 3. The longest pods (34.20 cm) 

were from the phytodistrict of Plateau, while the 

shortest (27.45 cm) from Oueme. The difference in 

pod length between the Coast and Pobe was no 

significant (Table 3).  

 

Table 3. Morphological variation in M. oleifera fruit (pod length, median diameter and fresh pod weight)  

Phytodistricts Pod length Median diameter Average weight 

Coast 30.56 ± 1.61ab 2.06 ± 0.06a 66.80 ± 7.34a 

Plateau 34.20 ± 0.83a 1.89 ± 0.03ab 83.96 ± 3.80a 

Pobe 30.76 ± 1.73ab 1.87 ± 0.07ab 67.07 ± 7.89a 

Oueme 27.45 ± 1.66b 1.73 ± 0.07b 73.65 ± 7.60a 

The values are means ± standard error. The mean values followed by the same letter in the same column are not statistically different at 5% 

(Student Newman Keuls test). 
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Concerning the median diameter of pods, the 

phytodsitricts of Plateau and Pobe were statistically 

similar (Table 3). The biggest pods were from the 

Coast while the smallest were from the Oueme. The 

average weight of pods was statistically similar in all 

the phytodistricts (Table 3).  

 

Cultivation techniques and management practices of 

M. oleifera 

Generally, the planting materials of M. oleifera were 

collected directly in the locality, either given by a 

neighbor or bought from others (Table 4). The 

cultivation with the cuttings was the most spread. In 

the Coast and Plateau, the direct seedling had a non-

negligible share (14.28 and 14.70%) likewise the use 

of nurseries in the Plateau (8.79%). The space 

management was mainly done by row planting (91 to 

98%), in the purpose of fencing fields and houses. 

However, M. oleifera was also planted in house 

gardens (Table 4). The open field cultivation was at its 

beginning and met only in localities where initiatives 

seeking the valorization and commercialization of M. 

oleifera were going on or in project. The spacing was 

0.3 m - 2 m in the Plateau and 0.5 m in the Oueme. 

Most of the people were willing to adopt the 

cultivation of M. oleifera at large scale in a condition 

of an available market (Table 4).  

 

Table 4. Cultivation techniques and management practices of M. oleifera 

 

Phytodistricts 

Origins of 

planting 

materials (%) 

Cultivation techniques (%) Management practices 

(%) 

W
il

li
n

g
n

e
s
s
  

 t
o

 

a
d

o
p

t 

Locally Imported Direct 

seedling 

Propagation 

by cutting  

Propagation 

by nurseries 

Row 

planting 

House 

garden 

Open 

field 

planting 

Coast (n=102) 96.07 3.92 14.70 96.07 6.86 98.03 11.76 1.96 97.05 

Plateau (n=91) 94.50 5.49 14.28 97.80 8.79 95.60 7.69 9.89 95.60 

Pobe(n=93) 100 0 7.52 93.54 7.52 95.69 12.90 7.52 95.69 

Oueme (n=98) 97.95 2.04 2.04 92.85 4.08 91.83 7.14 2.04 89.79 

n is the number of respondents 

 

The log-linear analysis showed high significant 

difference between management practices and the 

origin of planting materials (ΔG2= 5.50; p = 0.02), 

likewise between management practices and the 

willing for adoption (ΔG2= 5.59; p = 0.02). However, 

there was no difference between phytodistricts and 

respectively cultivation techniques (ΔG2= 2.66; p = 

0.95), management practices (ΔG2 = 1.34; p = 0.99), 

origins of planting materials (ΔG2=0.40; P = 0.82), 

willingness to adopt the species (ΔG2= 2.11; p = 0.55). 

The difference between the cultivation techniques and   

the origins of planting materials in one hand (ΔG2= 

1.26; p = 0.53) and the management practices (row 

planting, house garden and open field planting) in 

another hand (ΔG2= 9.01; p = 0.06) was not 

significant.  

Discussion 

Morphological variation of M. oleifera between 

phytodistricts 

M. oleifera trees in our study area were 3.51 m to 7.18 

m in height and 4.51 cm to 10.26 cm in diameter in 

the phytodistricts considered. The trees are then short 

and small in these phytodistricts compared to the size 

reported by Parrotta (1993), up to 10 to 12 m in height 

with stem diameter up to 75 cm. The shortest and 

biggest trees were observed in the Coast. This can be 

explained by the precociously mass harvesting of the 

leaves in this phytodistrict (Agoyi et al., 2014), 

leading to the stunting of the trees.  

 

The average leaf length of M. oleifera in the 

phytodistricts considered was 40.47 cm. This value 
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falls into the range of 6.5 to 60 cm observed by Bosch 

(2004) and the one (20 to 70 cm) observed by Foidl et 

al. (2001) and Roloff et al. (2009). This suggests that 

the leaves in Southern Benin are relatively long. The 

average leaflet length is above 2 cm in all the 

phytodistricts compared to those (1.2 to 2 cm) 

reported by Roloff et al. (2009), and the one (1.3 to 2 

cm) reported by Ashfaq et al. (2012). The same 

observation was found with the leaflet width which is 

above 1 cm in all the phytodistricts compared to those 

(0.6 to 1 cm and 0.3 to 0.6 cm) mentioned 

respectively by Roloff et al. (2009) and Ashfaq et al. 

(2012). This suggests that like the leaves, the leaflets 

are large in our study area.  

 

The average pod length observed 32.22 cm fall into 

the range 20 to 50 cm evoked by Roloff et al. (2009) 

as well as 20 to 60 cm found by Foidl et al. (2001). 

This result contrast with 30 cm to 120 cm reported by 

Ashfaq et al. (2012) and 15 to 23 cm found by 

Suthanthirapandian et al. (1989). The longest pods 

were observed in the Plateau. This performance may 

be explained by the fact that in the plantations found 

in this phytodistrict, the plants were well spaced (2 m 

x 2 m) and the leaves were not frequently harvested. 

 

Cultivation techniques and management practices of 

M. oleifera 

Concerning the management practices and cultivation 

techniques in Southern Benin, M. oleifera is mostly 

cultivated using cuttings. According to the 

populations, this is because cuttings allow rapid 

growth. This statement is confirmed by several 

authors (Nautiyal and Venhataraman, 1987; 

Ramachandran et al., 1980; Nouman et al., 2012). 

However, the seed germination which might take up 

to 30 days after sowing (Sharma and Raina, 1982; 

Jahn et al., 1986) coupled with the loss of seed 

viability when stored longer than two months and low 

germination percentage (60, 48 and 7.5 %) evoked by 

Verma (1973); Sharma and Raina (1982); Morton 

(1991) must be regarded as major causes of preferring 

propagation by cuttings. This cultivation technique 

makes the populations to become clones leading to 

inbreeding depression and low diversity. The fact that 

the management practices are similar between 

phytodistricts might worsen the above mentioned. 

Moreover the precocious and frequent harvesting 

prevents flowering and podding to occur and 

therefore hinders cross-pollinations which increase 

genetic diversity. The high willingness to adopt shows 

how rural populations are interested in this species 

and can lead to a well pleading for its introduction in 

agroforestry systems and development of the chain 

value of M. oleifera in Benin.  

 

Conclusion 

In Southern Benin M. oleifera is propagated, mostly 

by cuttings. Propagation by seed is still at low rate. 

Garden and house fencing still the most management 

practiced. The open field planting is likely to gain 

more importance, since more than 90% of the local 

population is willing to adopt it in agroforestry. The 

differences between encountered populations were 

significant or sometimes inexistent. The significant 

difference observed may be due to the soil fertility 

and the amount of rainfall rather than genetic 

diversity, since the best performances were observed 

in the Oueme which has the highest rainfall coupled 

with fertile soils.  Thus, there is need of carrying out 

genetic diversity studies to confirm whether these 

differences are due to genetic variations in order to 

make them useful tools for further breeding 

programs. 
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