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ABSTRACT

Aims: An experiment was conducted to compare the growth performance of two varieties of
Moringa oleifera (wild variety and PKM-1) under different seasonal period at two locations in
northern Burkina Faso, and the potential for improving household nutrition.

Study Design, Place and Duration of Study: Two separate trials corresponding to sowing period
(cold and warm) were laid out at each site (Bani and Tougou) in a completely randomized block
design with three replicates between December 2017 and September 2018.

Methodology: Each block was subdivided into two plots of 8 m? (separated from each other by 3 m
break) intended to receive each variety of Moringa at each sowing period. The seeds were sown
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with 2 seeds by pit at 2 cm depth with spacing of 0.5 m x 0.5 m in each plot ploughed up to 30 cm.
Watering was done daily during the dry season and consisted of applying 24 liters of water in each
plot at two times. Vegetative growth measurements (plant height, number of leaves) were done
weekly while leaf biomass production was assessed monthly from the 40" day after sowing.
Results: The results showed that seedlings growth parameters and foliar biomass differed
significantly (p < 0.001) among the two Moringa oleifera varieties and were influenced by the
sowing period and sites. Although the two varieties grew well, Moringa oleifera var PKM-1 grew
faster and produced much leaves compared to the wild or local variety. Then, greater growth
attributes (height and number of leaves) and foliar biomass were noted for PKM-1.

Conclusion: The warm period (March / April) appear to be the most recommendable period for the
growth and biomass accumulation of the two varieties of Moringa oleifera.

Keywords: Moringa; morphological growth; leaf biomass; sowing period.

1. INTRODUCTION

The current food crisis is a result of rapid growth
in food demand due to rapid population growth in
conjunction with a decline in the growth of food
supply in the Sub-Saharan Africa. In the Sahelian
countries, food tree species are important in the
diets of the population [1] and provide them
income through the small business from their
various non timber forest products. Among the
most used species by the populations of the
North and the Sahel regions, Moringa oleifera
Lam. (drumstick) is being considered as a
potential source of dietary calcium intake in
developing countries [2] as well as combating
under-nutrition in general [3]. Indeed, drumstick
represents an important food source especially
for its high content of proteins, nutrients and
vitamins of the vegetative parts as well as two
amino acids (arginine and histidine) which are
particularly important for children [4]. Moringa
oleifera is a fast growing, perennial tree which
can reach a maximum height of 7-12 m and a
diameter at breast height of 20-40 cm. The
young leaves are edible and are commonly
cooked and eaten or used to make soups,
porridges and salads [1]. Although native to
India, drumstick has been planted around the
world and is naturalized in many tropical
countries as it grows well in all types of soil, from
acid to alkaline [5]. Moringa oleifera is
considered as “The Miracle Tree” because it is a
multipurpose  and  exceptionally  nutritious
vegetable tree with numerous potential uses [6].
Identified as the most widely cultivated species
among the 13 known species of Moringaceae
family [7], Moringa oleifera is friendly with
tropical, subtropical and semi-arid climate, where
it primarily grows [8].

The plant is becoming increasingly more
appreciated around the world, as almost every

part of the tree can be used [9] due to their
pharmacological, high nutritional, water purifying
properties (seeds) and also as an alley crop in
the agro-forestry industry, livestock feed,
vegetable dyes, foliar spray, cosmetics and oil
production [10]. Many ecotypes are present in

India [11] where new varieties have been
recently developed. Among them, hybrid
drumstick (PKM-1 or Periyakulam-1) is the

superior variety of Moringa oleifera which was
made from pure breeding in order to obtain high
productivity plants [12]. The pure breed seeds
have all the beneficial traits as in the wild variety
but with a better production quantity, providing
quality fruits as well as oil production [13]. PKM-1
is high vyielding edible variety and has high
demand due to its medicinal value [14]. Despite
all these various uses and the importance of this
variety of the species in the wellbeing of local
African people, the production systems are still
not yet been improved [1] and their cultivation is
very sparse. Although Moringa oleifera shows
diversification in many characters and high
morphological variability, which may become a
resource for its improvement, the major factors
that limit productivity are the absence of elite
varieties adapted to local conditions [15].
Furthermore, information about the production in
other countries than India is scarce, so the
production has to be estimated through
experimentations [16]. There is a need to
increase the level of cultivation of the species
especially in the Sahelian countries [1] where it is
rarely mentioned in farmers' preferences.
Previous studies indicated that Moringa oleifera
varities could be cultivated in a plot in the form of
nutrition garden [17]. Production of fresh Moringa
leaves in nutrition garden set up in the Sahel
may be an alternative way of increasing the
supply of Moringa leaves as a vegetable crop.
Considering the cultivation challenges, cultivation
systems need to be explored [16]. This could be



firstly made through identification of the factors
influencing the species cultivation. In the present
study, an attempt was made to observe the
growth performance of two varieties of Moringa
oleifera (wild variety and PKM-1) under different
season in the Sahelian condition of Burkina
Faso. Therefore, this study aimed to determine
the appropriate growing period of Moringa
oleifera and Moringa oleifera var PKM-1, grown
in northern Burkina Faso to be used for
improving household nutrition during the lean
season. The specific objective of this research
was to compare the field growth performances of
the two varieties of Moringa oleifera (wild and
PKM-1 varieties) in terms of height, number of
leaves and leaf biomass production. This study
investigated the following null hypotheses:

(i) There is no significant difference in the
level of establishment between Moringa
oleifera (wild variety) and Moringa oleifera
var PKM-1
There is no variation in the growth
attributes of Moringa varieties (shoot
height, number of leaves, leaf fresh and
dry weight) whatever the sowing period;

(ii)
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(i) There is no significant relationship
between the seedlings growth variables
of these varieties and their sites of
establishment.

2. MATERIALS AND METHODS
2.1 Study Area

The study was conducted in the Sahelian zone of
Burkina Faso at two locations: Tougou, in the
Northern administrative region at about 25 km
east of Ouahigouya and Bani in the Sahel region
at about 30 km south of Dori (Fig. 1).
Phytogeographically, the experimental sites are
part of the Sub-Sahelian agro-ecological zone
[18]. The climate is of Sahelian type with two
contrasting seasons: A long dry season from
October to May and a short rainy season from
June to September. The study area has an
annual rainfall ranging between 300 and 600 mm
per year with most of the rains falling between
June and September. Daily temperatures are
subject to high fluctuations ranging from 18°C in
December / January to more than 40°C in April /
May.
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Fig. 1. Phytogeographic map and situation of the experimental site in northern Burkina Faso



The studied regions have experienced a
significant and continuous degradation of its
natural resources, especially soils, due to the
climate variability and the rapid increase of the
population. The average population density thus
exceeds 212 inhabitants per Km2. The major
ethnic groups at Tougou are Mossi and Fulani
while Remaibe, Fulani, Bella and Mallebe are the
main ethnic groups in Bani. Majority of them
practice agro-pastoralism [19].

2.2 Experimental
Practices

Design and Cultural

Two separate ftrials corresponding to sowing
period were carried out after the rainy season at
two periods: cold period (started on 15"
December 2017) and warm period (started on
15™ March 2018). A randomized complete block
design with three replications was used for each
trial at each site by combining these two varieties
(wild variety and PKM-1) with two factors
depending on sowing period and site of
establishment. Then, each trial had three blocks
each subdivided into two plots of 8 m? (separated
from each other by 3 m distance) intended to
receive each variety of Moringa oleifera. The
plots were demarcated and ploughed as the soil
inside each plot was stirred up to 30 cm deep,
creating a micro-environment that helps increase
root development of seeds. Manure is well
known to have strong influence on Moringa
oleifera growth and leaves production [5, 20].
Then, two wheel barrow of animal manure (about
4 Kg) were applied in each plot or plank when
preparing the soil followed by a preliminary
watering during two days before sowing.

At each sowing period, the seeds of the two
varieties were sown with 2 seeds by pit at 2 cm
depth with a spacing of 0.5 m x 0.5 m. The
indicated germination rate for the seeds of the
different varieties was around 80% - 90%. After
seedling emergence, shoots were trimmed to
maintain only one plant per pit. The seedlings
obtained from the skinning are used to transplant
any empty pits. The plots were weeded once a
month to eliminate the herbaceous competition
and amended by 4 kg of manure per plot (as the
quantity two wheel barrow). Watering was done
daily during the dry season and consisted of
applying 24 liters of water in each plot at two
times (in the morning and the afternoon) because
shoots were younger with shadow roots and
needed water at closer intervals. During the rainy
season, watering regime was the same as in the
dry season except during the rainy days.
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2.3 Data Collection and Analysis

Prior to the experiments, soils were sampled at
random locations for the determination of the
amount of nutrients and their physicals
properties. Data on vegetative growth (plant
height, number of leaves) and leaf biomass
production  were collected during the
experimental period for each trial. For both
varieties of Moringa, ten randomly selected
plants were tagged to take measurements on
height at first branch emergence (cm) and
number of leaves per plant; measurements were
done weekly since the emergence of shoots.
Plant height was measured by using measuring
tapes and number of leaves by counting. For
each species, fresh leaf biomass was assessed
monthly per plot from the 40" day after the
sowing date. Fresh leaves were systematically
collected by hand per plant and weighed
immediately. Dry leaf biomass was determined
using a digital weighing balance (Eplus 3000g
Superior Mini Digital platform: measures up to
3000 g per 0.1 g) while the leaves were dried in
the oven at 60°C to constant weight.

All collected data were subjected to statistical
analysis by using R Statistical Software. The
normality of data was tested using the Shapiro-
Wilk test, and homogeneity of variances using
Leven’s test. Separation of means for statistical
significance was done using the test of Tukey
HSD (Honestly Significant Difference).

3. RESULTS AND DISCUSSION
3.1 Soil Composition of the Field

Soils of the two sites are dominated by tropical
ferruginous soils leached with stains and
concretions; they are locally associated with
indurate tropical ferruginous soils at Tougou. The
results revealed soils to be acidic with sandy
loam surface soil texture and silt loam texture
from a depth of 20 cm to 50 cm, even though the
site of Tougou had higher clay content than Bani
(Table 1). Bulk density is almost the same in the
two considered horizon in the two sites. Globally,
the soil nutrient content on the two sites were low
and inadequate for optimum plant vegetative
development. Otherwise, the topsoil layer (0 to
20 cm) had higher nutrient contents than the 20
cm to 50 cm soil depth range, with slightly higher
values in Bani except for potassium and
phosphorus. However, the application of manure
to soil during the trial will provide potentials
benefits including improving of fertility, structure,
increasing soil organic matter and water holding
capacity.



Table 1. Soil properties in the two sites before the trial set up at Bani and Tougou
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Soil parameters (units)

Horizon depth (cm)

Bani (Mean * SD)

Tougou (Mean * SD)

Clay (%) 0-20 9.8+0.5 25.7+6.6
20-50 26.8+1.6 344+35
Silt (%) 0-20 20.7+17 31.8+26
20-50 37.5+2.1 36.1+14
Sand (%) 0-20 60.3+2.2 41.2+31
20-50 354+15 201+24
Bulk density (g / cm3) 0-20 0.55 +0.02 0.66 + 0.02
20-50 0.54 + 0.06 0.65 + 0.05
Soil pH (H,0) 0-20 6.6 £0.1 6.4+0.1
20-50 6.5+0.1 6.0+0.3
Total organic Matter (%) 0-20 3.65+0.22 1.78 £ 0.23
20-50 243+0.19 1.12+0.30
Total nitrogen (%) 0-20 0.39 £ 0.08 0.17 £0.03
20-50 0.29 +0.05 0.13 + 0.02
Phosphorus (mg / kg) 0-20 1.11+£0.20 2.50 £ 0.62
20-50 0.80+0.18 0.74 £ 0.25
Potassium (mg / kg) 0-20 130.1 £ 30.4 187.9+37.5
20-50 80.2 + 19.1 119.2+42.4
Exchangeable bases 0-20 121428 3.96 £ 0.85
(cmol /kg) 20-50 13.25+1.33 3.96 +0.82
Cationic exchange capacity 0-20 16.92 + 2.58 6.01 £ 1.07
(cmol / kg) 20-50 17.72+2.28 5.95+0.39

Note. SD = standard deviation

Plant growth and survival is adversely affected
by a deficit of essential nutrients. Soil factors
affect seedling growth via their influence on root
growth and root activities by which the plant is
supplied with the water, nutrients and oxygen it
requires for its development [21]. In this study,
soil quality in Bani and Tougou were as limiting
factors of plant growth due to the low mineral
nutrients and organic matter in the soil. Low
levels of nutrient contents (nitrogen, phosphorus,
potassium, carbon, CEC) were observed at the
two research locations (Table 1); thus
corroborating the results of previous works [22,
23] that soils of northern Burkina Faso are
deficient in nitrogen, phosphorus, potassium and
carbon. However, this can be alleviated and
improved by the application of manure. Indeed,
organic materials are known to modify soil
properties and boost the soil nutrient content [24,
25]. Organic amendments contributed to
important growth and yield of Moringa oleifera
[26, 27], indicating the effectiveness of animal
manure in this study. The best condition for
plants is when the soil pH was neutral where
almost all nutrients were available to support
plants optimal production [28]. Then, the
application of manure during the trial must
provide potentials benefits for seedlings
development including improvement of solil

nutrient content, soil structure and water holding
capacity.

3.2 Variation in Growth Parameters and
Leaf Biomass Production

The emergence delay of shoots differed between
the periods of set up on the sites (10 and 7 days
respectively for the cold and warm periods). This
corroborates the observations of [27] that the
seeds of Moringa germinate within five to ten
days of planting. During early stage (until the 40"
day), average increase in plants height and
number of leaves differed significantly among the
two Moringa oleifera varieties and were
influenced by the period of set up and the site
location (Table 2; Fig. 2). The analysis of
variance revealed that there was a marked
difference in the growth variables among the two
varieties of Moringa oleifera where period of set
up and sites location had significant effect on all
growth variables. Interactions of site location and
period of set up with varieties were significant for
plant height except for (Period x Sites x
Varieties). These results revealed that at the
early stage, Moringa oleifera var PKM-1 grew
faster and produces more leaves than the wild
variety (Local) in the two sites although there are
no significant differences in the trial set up during
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the warm period at Bani (Fig. 2 A2). It also warm period. The effect of the site location
appears that mean values of height growth were reveals that all the growth variables were the
significantly greater for plants sowed during the highest at Bani.

Table 2. Analysis of variance of early growth variables (leaves number and height at the 40"
day) at the study sites (Bani and Tougou) as influenced by the different factors and their
combination

Source of variation Shoots number of leaves Shoots heights
Df F value P value Df F value P value
Period 1 47.6471 <0.0001 1 271.3038 < 0.0001
Sites 1 34.4250 <0.0001 1 58.3236 < 0.0001
Varieties 1 371779 <0.0001 1 53.3674 < 0.0001
Period x sites 1 0.2118 0.6468 1 25.4841 < 0.0001
Period x varieties 1 1.9059 0.1717 1 9.6006 0.0028
Sites x varieties 1 29779 0.0887 1 12.4987 0.0007
Period x sites x varieties 1 0.0529 0.8187 1 3.0819 0.0834
Residuals 72 72
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Fig. 2. Weekly average increase in mean number of leaves per plant of the different varieties of
moringa (PKM1 and Local) during the first month of the trials at Bani (A1, A2) and Tougou
(B1, B2)

A1 : First trial setup during the cold period at Bani; A2: Second trial setup during the warm period at Bani; B1:
First trial setup during the cold period at Tougou; B2: Second trial setup during the warm period at Tougou
Different letters across curves denote significant differences (p < 0.05) according to Tukey’s HSD test. Error bars
represent standard deviation
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The temporal variation in seedling growth of the
two varieties of Moringa oleifera according to the
two growing period is shown in Fig. 3. Analysis of
the growth curves’ shapes reveals a noticeable
difference between the two periods of production
(Fig. 3). It appears that after their emergence,
seedlings grew slowly over two months during
the cold period against one month for the warm
period. After this phase of slow growth, the
development of seedlings became more
important whatever the variety or the site. The
analysis of variance at the end of each ftrial
revealed that there was a significant difference in
plant growth among the two varieties where
period of set up and sites location had significant
effects (Table 3). Factors as period of setup,
sites and varieties had significant effects on
shoot height. Period by sites interactions as the
interactions of period and sites with varieties had
also significant effects. The result indicated that
mean values in plant height were significantly
greater on the site of Bani. Seedlings sowed
during the warm period showed higher growth
attributes compared to those sowed during the
cold period on the two sites of their
establishment. Otherwise, mean heights values
of PKM-1 were significantly greater than those of
the wild variety of Moringa oleifera (Local or wild)
in the two sites although there are no significant
differences in the second trial at Bani (Fig. 3
A2).

Results on foliar biomass from Moringa oleifera
varieties established at Bani and Tougou are
presented in Fig. 4. The analysis of variance at
each assessment period revealed that there was
a significant effect of the period and site on foliar
biomass while difference among varieties was
significant only at the earlier stage (Table 4). This
result indicated that leaf biomass production was
significantly greater on the site of Bani compared
to Tougou and for seedlings sowed during the
warm period. Otherwise mean values of leaf

biomass were significantly greater for PKM-1
variety at the first month whatever the period of
settinggh up and sites; in the following months (2nd
and 57), the same trend is observed on the site
of Tougou except on the fifth month for the first
trial where differences were not significant
between varieties (Fig. 4 B1). However on the
site of Bani, even if the same trend is observed,
varieties did not differ significantly in foliar
biomass production on the 2™ and 5" months
(Fig. 4 A1 and A2).

The results show that seedlings growth (height
increment and number of leaves) and foliar
biomass differed significantly among the two
Moringa oleifera varieties and were influenced by
the sowing period and sites. Similar results were
reported by [29] who noted that morphological
characteristics of Moringa oleifera vary widely,
depending on season, variety, fertilization, and
irrigation regime. According to the observation of
this experiment, seedlings of the two varieties
grow more rapidly when they are sown during the
warm seasons (March to June) as compared to
those sown during the cold period (December to
February). This corroborating the conclusions of
[11 and [30] that Moringa oleifera yields best
under warm and dry conditions. However, our
results disagree with those of [15] that the largest
yield of Moringa occurs in wet or cold season.
Sowing location also gave a significant difference
in the yield of Moringa plants in height and in
form of leaves. Indeed, seedlings grown at Bani
showed  good performance  in height
development and produced more leaves than
those grown at Tougou. Furthermore, these
differences in seedlings growth parameter were
followed by difference in total dry weight of
leaves. There are any differences in climatic
conditions (air temperature, relative air humidity,
etc.) between the two sites as they are all located
in the same phytogeographical and climatic
zones. The most likely explanation for these

Table 3. Analysis of variance of seedlings height at the end of the trials as influenced by the
different factors and their combination

Source of variation

Final plants heights

Df F value P value
Period 1 271.6208 0.0000
Sites 1 41.2588 < 0.0001
Varieties 1 16.7356 < 0.0001
Period x sites 1 8.2323 0.0054
Period x varieties 1 0.8912 0.3483
Sites x varieties 1 2.1748 0.1446
Period x sites x varieties 1 6.0612 0.0162
Residuals 72
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Fig. 3. Monthly average increase in mean seedlings’ heights (cm) of the different varieties of
moringa (PKM-1 and Local) at the sites of Bani (A1, A2) and Tougou (B1, B2)

A1: First trial setup during the cold period at Bani; A2: Second trial setup during the warm period at Bani; B1: First
trial setup during the cold period at Tougou; B2: Second trial setup during the warm period at Tougou
Different letters across curves denote significant differences (p < 0.05) according to Tukey’s HSD test. Error bars
represent standard deviation

Table 4. Statistical significance of the different factors and their combination on monthly leaf
dry biomass production

Source of variation First month Third month Fifth month

Df Fvalue Pvalue Df Fvalue Pvalue Df Fvalue P value
Period 1 1482.75 0.0000 1 390.237 0.0000 1 688.375 0.0000
Sites 1 622.67 <0.0001 1 133.436 <0.0001 1 475.605 <0.0001
Varieties 1 489.73 <0.0001 1 23.206 <0.0001 1 1.303 0.2709
Period x sites 1 1027.05 0.0000 1 265.598 0.0000 1 529.579 <0.0001
Period x varieties 1 339.44 <0.0001 1 17.882 0.0006 1 1.0756 0.3151
Sites x varieties 1 130.77 <0.0001 1 20.626 0.0003 1 1.6081 0.2229
Period x sites x varieties 1 167.78 <0.0001 1 14.475 0.0015 1 24584 0.1365
Residuals 16 16 16

differences in yield between sites of location is
that of soil nutrient content which was better at
Bani than Tougou. Then, in the current study as
well as previous studies on Moringa varieties that

are being cultivated in different geographical
locations of the world [31,32] it was observed
that morphological parameters such as growth
attributes and biomass) as well as other basic



characteristics differ greatly based on the
environment in which these plants are grown
[12]. As expected, growth parameters and foliar
biomass production varied significantly within
varieties at the early stage as throughout the
trial. Considerable variations for various
morphological characteristics in drumstick exist
[32].

The results of the present study have shown
superior growth attributes (height and number of
leaves) and greater foliar biomass for Moringa
oleifera PKM-1 compared to the wild or local
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variety at any site for the two sowing period.
These differences within varieties may be
explained by the fact that PKM-1 is the superior
variety of Moringa oleifera which was made from
pure breading hybrid seeds for cultivation
purpose of high productivity plants. As reported
by previous studies [12,14], PKM-1 variety has
all the beneficial traits as in the wild variety
(Local) but with a better production quantity and
fast growing. This poor performance of the wild
variety of Moringa oleifera could probably be due
to poor genetic adaptations [31] influenced by
climatic conditions in these areas.
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Fig. 4. Leaf dry biomass production of the different varieties of Moringa (PKM-1 and Local) at
the sites of Bani (A1, A2) and Tougou (B1, B2)
A1: First trial setup during the cold period at Bani; A2: Second trial setup during the warm period at Bani; B1:
First trial setup during the cold period at Tougou; B2: Second trial setup during the warm period at Tougou
Error bars represent standard deviation and letters on the bars indicate significant difference (p < 0.05)
between the varieties at each month



4. CONCLUSION

Based on the observations of this study, the two
varieties had different growth attributes over the
two sowing periods even if the warm period is the

best season for optimum growth and leaf
biomass production. The null hypothesis is
therefore totally rejected for H2 and H3.

However, the hypothesis that Moringa oleifera
does not differ in growth performance with
Moringa oleifera var PKM-1 (H1) was partially
rejected because they differ significantly on the
two sites during the cold period but only on the
site of Tougou during the warm period.

From the above results, it may be concluded

that:
(i) Difference of location, soil type and

cultivation period affected the
morphophysiological character and leaf
yield of Moringa oleifera plants in the

Sahelian condition;

(i) Although both varieties grew well,
Moringa oleifera var PKM-1 grew faster
and produce much leaves compared to
the wild or local variety;

(iii) The warm period (March / April) appear
to be the most recommendable set up
moment for the growth and biomass
accumulation of the two varieties of
Moringa oleifera.

ACKNOWLEDGEMENTS

This study was conducted under Feed the Future
Innovation Lab for Sustainable Intensification
project in Burkina Faso funded by United States
Agency for International Development (USAID)
under Cooperative Agreement No. AID-OAAL-
14-00006. The contents are the sole
responsibility of the authors and do not
necessarily reflect the views of USAID or the
United States Government.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Larwanou M, Adamou M, Abasse T.

Effects of fertilization and watering regimes
on early growth and leaf biomass
production for two food tree species in the
Sahel: Moringa oleifera Lam. and

Kagambeéga et al.; JEAI, 41(4): 1-12, 2019; Article no.JEAI.52432

10

10.

Adansonia  digitata L. Journal of
Agricultural Science and Applications.
2014;3(4):82-88.

Issa JY. In Vitro Calcium Bioaccessbility in
Moringa oleifera Vegetable Leaves:
Potential Plant Food to Increase Dietary
Calcium Intake in Developing Countries.
Master of Science, North Carolina State
University. 2012;63.

[Accessed 29 March 2019]
Available:https://repository.lib.ncsu.edu/bit
stream/handle/1840.16/7742/etd.pdf?sequ
ence=2&isAllowed=y

Fadiyimu AA, Alokan JA, Fajemisin AN,
Onibi GE. Feed Intake, Growth
Performance and Carcass Characteristics
of West African Dwarf Sheep Fed Moringa

oleifera, Gliricidia sepium or Cassava
Fodder as Supplements to Panicum
maximum. Journal of Experimental

Agriculture International. 2016;14(4):1-10.
Alegbeleye OO. How functional is Moringa
oleifera? A review of its nutritive, medicinal
and socioeconomic potential. Food and
Nutrition Bulletin. 2018;39(1):149-170.

Raja S, Bagle BG, More TA. Drumstick
(Moringa oleifera Lam.) improvement for
semiarid and arid ecosystem: Analysis of
environmental stability for yield. Journal of
Plant Breeding and Crop Science. 2013;
5(8):164-170.

Rathnayake ARMHA, Navaratne SB,
Uthpala TGG. Moringa olifera plant and the
nutritional and medicinal properties of
Moringa olifera leaves. Trends & Prospects
in Processing of Horticultural Crops. 2019:
251-268.

Khawaja TM, Tahira M, Ikram UH.
“Moringa oleifera: A natural gift. A review”,
Journal of Pharmaceutical Science and
Research. 2010;2:775-781.

Clement A, Olatunde M, Obigwa P,
Orijajogun J. Effect of Drying Temperature
on Nutritional Content of Moringa Oleifera
Leave. World Journal of Food Science and
Technology. 2017;1:93-96.

Biel W, Jaroszewska A, tyson E.
Nutritional quality and safety of moringa
(Moringa oleifera Lam., 1785) leaves as an
alternative source of protein and minerals.
Journal of Elementology. 2017;22:569-579.
Rathnayake ARMHA, Navarathne SB.
Utilization of Moringa olifera Leaves as a

Functional Food Ingredient in Bakery
Industry. International Journal of Science
and Research. 2017;6(2):339-
344.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Saint Sauveur A. Moringa exploitation in

the world: State of knowledge and
challenges. In Proceedings of the
Development  Potential for  Moringa

Products, Dar Es Salam, Tanzania; 2001.
Tripathi P, Pandey R, Agnihotri D, Tripathi
A. Characterization of Moringa oleifera
(Periyakulam 1), oil analysis and radical
scavenging activity. Indian Journal of
Scientific Research. 2018;20(2):38-42.
Lalas ST, Aknis J. Characterization of
Moringa  oleifera seed oil variety
Periyakulam 1. Journal of food composition
and analysis: an official ication of the
United Nations University International
Network of Food Data Systems. 2002;
15(1):65-77.

Jyothi G, Sri R, Babu H. Effect of graded
doses of nitrogen on quality attributes of
pods in drumstick van PKM-1. Madras
Agricultural Journal. 2004;91:4-6.

Leone A, Spada A, Battezzati A, Schiraldi
A, Aristil J, Bertoli S. Cultivation, Genetic,
Ethnopharmacology, Phytochemistry and
Pharmacology of Moringa oleifera Leaves:

An Overview. International Journal of
Molecular Sciences. 2015;16:12791-
12835.

DOI:10.3390/ijms16

Gandji K, Chadare FJ, Idohou R, Salako
VK, Assogbadjo AE, Glele kakai RL.
Status and utilization of Moringa oleifera
Lam.: A review. African Crop Science
Journal. 2018;26(1):137-156.

Bationo BA. Améliorer la nutrition des tout-
petits et des plus grands. Sahel
agroforesterie. French. 2007;10:1-2.
Fontes J et Guinko S. Carte de la
végétation et de l'occupation du Burkina
Faso. Note explicative. Toulouse: Ministére
de la coopération francaise. French. 1995;
53.

Drabo B, Dutilly-Diane C, Grell H, Mc
Carthy N. Institutions, action collective et
utilisation des ressources pastorales dans
le Sahel Burkinabé. CAPRI, IFPRI:
Washington DC. French; 2001.

Thurber MD, Fahey JW. Adoption of
Moringa oleifera to combat under-nutrition
viewed through the lens of the Diffusion of
Innovations theory. Ecology of Food and
Nutrition. 2009;48(3):212-225.

Ogle M. Factors affecting the early growth
and survival of indigenous seedlings
planted for the purpose of ecological
restoration. Master of Forestry Science,
University of Canterbury. 1996;108.

Kagambeéga et al.; JEAI, 41(4): 1-12, 2019; Article no.JEAI.52432

11

22.

23.

24.

25.

26.

27.

28.

29.

Available:https://core.ac.uk/download/pdf/3
5468316.pdf

Roose E, Zougmore R, Stroosnijder L,
Dugue P, Bouzou-Moussa, |. Techniques
traditionnelles de restauration de la
productivité des sols dégradés en régions
semi-arides d’Afrique occidentale. In E.

Roose (Ed.), Restauration de Ia
productivit¢ des sols ftropicaux et
méditerranéens : Contribution a

lagroécologie. IRD Editio, French. 2017:
491-517.

Sedogo MP, Lompo F, Bado V, Hien V.
Gestion de la fertilité des sols en milieu
aride. Rev. Res. amélior. prod. agr. milieu
aride. French. 1989;1:199-207.

Stevens CG, Ugese FD, Baiyeri KP. Effect
of pig manure on growth and productivity
of twenty accessions of Moringa oleifera in
Nigeria. Journal of Tropical Agriculture,
Food, Environment and Extension. 2019;
17(3):19-26.

Ouedraogo E, Mando A, Zombré NP. Use
of composts to improve soil properties and
crop  productivity under low input
agricultural system West Africa.
Agriculture, Ecosystems and Environment.
2000;1675:1-8.

Laba CH, Ngakou A, Yemefack M, Mbailao
M. Growth response of Moringa oleifera
Lam. as affected by various amounts of
compost under greenhouse conditions.
Annals of Agricultural Sciences. 2017;62:
221-226.

Ede AE, Ndubuaku UM, Baiyeri KP. Media
Effects on Emergence and Growth of
Moringa (Moringa oleifera Lam.) Seedlings
in the Nursery. American Journal of

Experimental Agriculture. 2015;7(3):182
189.

Wasonowati C,  Sulistyaningsih  E,
Indradewa D, Kurniasih B.

Morphophysiology and the yield of two
types of Moringa (Moringa oleifera Lam.)
cultivated in two different regions in
Madura. IOP Conf. Series: Earth and
Environmental Science. 2019;250:012004.
IOP
DOI:10.1088/1755-1315/250/1/012004
Radovich T. Farm and Forestry Production
and Marketing Profile for Moringa (Moringa
oleifera). In: Elevitch, C.R. (ed.). Specialty
Crops for Pacific Island Agroforestry.
Permanent Agriculture Resources (PAR),
Holualoa, Hawaii. 2009;11.

Available: http://agroforestry.net/scps



30.

31.

Huda N, Haque KS, Roy BK, Sarker NR.
Seasonal Weather Impacts on Biomass
Production of Moringa oleifera at Different
Fertilizer Doses. Int. J. of Health, Animal
science and Food safety. 2017;4:12-23.

Korsor M, Ntahonshikira C, Bello HM,
Kwaambwa HM. Growth Performance of
Moringa oleifera and Moringa ovalifolia in

32.

Kagambeéga et al.; JEAI, 41(4): 1-12, 2019; Article no.JEAI.52432

Central Namibia Semi-Arid Rangeland.
Environment Agricultural Sciences. 2019;
10:131-141.

Raja S, Bagle, BG, Dhandar DG.
Variability, Inter relationship and path
analysis in annual drumstick. Indian

Journal of Horticulture. 2009;65(4):430-
434.

© 2019 Kagambega et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/52432

12



