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Abstract 

Rhizosphere of Moringa oleifera growing on clay, loamy and sandy soilswas studied to 

evaluate the soil type influence on the microbial colonies and the eventual growth of the 

seedlings. Certain plant parts secrete chemical compounds, which act as communication 

signal between the adjacent plant and microbial community present in the rhizosphere of the 

root. One gram bulked rhizosphere soils from replicate five potted seedlings of the plant, 

sampled every five (5) days of each soil type, was serially diluted and plated on nutrient agar 

isolation medium in the laboratory. Growth of the seedlings was measured every fortnight. 

The microbial population increased in the soil types during the first 20 days of the study. The 

population ranged between 3 × 10
3
 to 26 × 10

3
 cfu, and 6 × 10

3
 to 26 × 10

3
 cfu for clay and 

sandy soils respectively. Moringa oleifera rhizosphere recorded the lowest microbial load, 

ranging from zero (0) to 12 × 10
3 

cfu in the loamy soil. The parameter of plant height, as a 

measure of growth, was significantly higher (51.2 cm) with clay soil than 48.4 cm in sandy 

soil and 45.8 cm in loamy soil. The collar diameter and leaf number parameters followed the 

same pattern; being highest in clay soil, followed by sandy and loamy soils. The exudates of 

M. oleifera therefore caused proliferation of microbial load that in turn enhanced the good 

health of the soil in terms of both fertility and aeration. Invariably, growth is enhanced in the 

plant. 

 

Introduction 

Moringa oleifera (Lam.) is a fast growing 

multipurpose tree that is widely cultivated 

in the tropical countries of the world. It 

originated from the Middle- East, 

including India, Pakistan and Bangladesh. 

It is considered to be suitable for low land 

cultivation at an altitude of less than 600 m 

(Foidl et al., 2011). Moringa tolerates 

wide range of pH levels (5.0 - 9.0) and 

responds well to mulch, water and 

fertilizer (Oluduro and Adenye,2007). It is 

extensively promoted worldwide for 

nutrition supplement as it is rich in protein 

(5 -10 %), minerals (Iron and Calcium) 

and in vitamins such as vitamin C and 

carotene (Makkar and Becker, 2006). M. 

oleifera is also used as cleaning water 

materials, oil extraction for biofuel 

production and for medicinal purposes 

globally (Adegun et al., 2013). It is one of 

the perennial fodder plants that its 

cultivation is being promoted in Nigeria to 

ensure availability of good quality feed to 

improve nutrition.  

The chemical ingredients of the 

root exudates are specific to a particular 

plant species and also depend on the 

nearby biotic and abiotic environment 

(Bacilio et al., 2011). Shukla et al. (2011) 

reported an extensive range of compounds 

exuding from intact and healthy roots 
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which include sugars, amino acids, 

peptides, enzymes, vitamins, organic 

acids, nucleotides, fungal stimulators, 

inhibitors and attractants, eelworm 

hatching and attracting factors. Organic 

acids, sugars, amino acids, lipids, 

flavonoids, proteins, enzymes, aliphatics 

and aromatics are examples of primary 

substances found within the rhizosphere of 

the root (Brundrett, 2001).  The organic 

acids among them have received a 

considerable attention due to their role in 

providing substrates for microbial 

metabolism and for serving as 

intermediates for biogeochemical reactions 

in the soil (Bais et al., 2016). Although, 

plants can be grown in sterile soil in 

aseptic growth chambers, their natural 

lives involve an intense and intimate 

interaction with a vast number of 

microbes, especially those found in the soil 

(Dobbelacre et al., 2013). The field of 

rhizosphere biology has found out the 

relative importance of root exudates in 

mediating interactions with neighboring 

plant and microbes (Weir et al., 2009). 

Root exudation is an element of the 

rhizodeposition process, which is the 

major source of soil organic carbon 

released by plant roots (Nguyen, 2013). 

This investigation will provide baseline 

information on M. oleifera root exudates 

on soil microbial population, provide an 

insight into the roles of the various 

interactions of the root exudates of M. 

oleifera and the soil microbes and explore 

possible application of root exudates in the 

cleaning of the environment through 

rhizoremediation. The aim of this study is 

to ascertain the effects of root exudates of 

M. oleifera in soil microbial population 

and determine the effect of root exudate on 

soil microbial population on the plant 

growth.  

 

Materials and methods 

Source of seeds of Moringa oleifera 

Fruit pods from a healthy, mature M. 

oleifera tree were harvested and dried for a 

week at room temperature. Damaged and 

immature seeds were separated from 

matured healthy ones. These healthy seeds 

were treated with insecticides and stored in 

sample-closed containers at about 4
o
C 

before experimentation. Sites of sandy, 

clay and loamy soils were identified and 

excavated. Sufficient quantities used were 

moved with wheelbarrow to the botanical 

garden for potting. 

 

Viability and planting of seeds 

The viability of M. oleifera seeds was 

carried out in the Biological Sciences 

laboratory of Federal University Lokoja. 

Ninety percent of the seeds sank in water, 

implying the viability of the seeds. 

Standard polypots (25 cm x 15 cm) with 

drainage holes at the bottom were filled 

with sandy, loamy and clay soils in the 

biological garden of the university. They 

were well irrigated shortly before sowing 

(Abraham and Ogbonna, 2013). Three 

seeds were sown in holes of about 2 cm 

deep in each soil type in the polypots. 

Thereafter, the seedlings were thinned to 

one seedling per pot. The experiment was 

laid out in a completely randomised design 

(CRD) and watered daily. The seedlings 

were grown for sixteen weeks. The 

protection of the seedlings was ensured by 

regular weeding and avoiding over 

flooding during watering.  

Rhizosphere soil was collected 

from the root region of three polypots at 

every sampling of each soil type. Each 

polypot containing the M. oleifera 

seedling, was torn open at the bottom and 

soil was obtained from three different parts 

of the root region. The soil was bulked and 

one gram was processed for microbial 

population studies. One gram of bulked 

rhizosphere soil was serially diluted up to 

10
-5

. The essence was to obtain a dilution 

level that the colonies of microorganism 

can be counted. One ml of each dilution 

was dropped and dissipated evenly on 

three replicate plates of nutrient agar 

medium. The plates were incubated at an 

ambient temperature for 72 hr. The 

resulting colonies were counted which 

implied the population of the 
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microorganisms in the soil. The average of 

the three replicate plates was recorded. 

 

Growth of the seedlings 
The seedlings in each soil type were 

assessed after 2, 4, 6, 8, 10, 12, 14 and 16 

weeks for morphological parameters. The 

plant height was measured with meter rule 

in centimeters, leaf number by physical 

count, and collar diameter (girth) 

measured with Vernier callipers in 

millimeters (Zubairu and Zubairu, 2016). 

The data collected from the parameters 

were subjected to analysis of variance 

(ANOVA) using statistical package for 

agricultural research (AGRES). Significant 

difference in the treatments was subjected 

to Duncan Multiple Range Test to separate 

the means. 

 

Results 

The microbial population in the soil types 

in which M. oleifera was grown is shown 

in Table 1. The rhizosphere microbial 

population of the sandy soil progressively 

throughout the sampling period. During 

the first sampling, i.e. 10 days after 

germination, the rhizosphere microbial 

population was 3x10
3
cfu. Subsequently, at 

5 days sampling intervals, the readings 

were 5x10
3
cfu, 10x10

3
cfu, 20x10

3
cfu and 

26x10
3
cfu, at 5, 10, 15 and 20 days 

respectively. 

The microbial population in clay soil on 

the first day of sampling, after 10 days of 

germination, the rhizosphere 

microorganisms were as high as 6x10
3
. 

Increases were also recorded in the 

subsequent 5 days intervals as follows: 

8x10
3
cfu at 5 days, 15x10

3
cfu at 10 days, 

17x10
3
cfu at 15 days and 26x10

3
cfu at 20 

days. 

In loamy soil, there was no 

microbial colony on the culture plate. In 

the follow-up evaluation after every 5 

days, 2x10
3
cfu was recorded after 5 days, 

7x10
3
cfu after 10 days, 10x10

3
cfu after 15 

days and 12x10
3
cfu after 20 days. The 

morphological parameters obtained from 

this investigation are presented on tables 2, 

3, 4 and 5. The effect of soil type on the 

plant height of M. oleifera showed that the 

seedlings grown on clay soil was 

significantly higher (51.2cm) than those 

grown on sandy (48.4 cm) and loamy soils 

(45.8 cm) respectively (Table 2). The 

results obtained from the number of leaves 

counted showed that seedlings on clay soil 

were the highest, significantly. The clay 

soil had 60 leaves, sandy soil had 52 

leaves while loamy soil had 44 leaves 

respectively. 

 

Table 1. Microbial population of the soil types in which Moringa oleifera seedlings were 

grown. 

Microbial Colonies (cfu) at 10
3
 

Sampling intervals 

(Days) 
Sandy soil Clay soil Loamy soil 

0 3 6 0 

5 5 8 2 

10 10 15 7 

15 20 17 10 

20 26 26 12 

 

Table 2. Effects of soils on plant height (cm) of Moringa oleifera seedlings at different 

periods of growth 

Weeks After Planting (WAP) 

Soil 

Type 

2 4 6 8 10 12 14 16 

Clay 19.5
c
 24.9

b
 28.1

b
 35.0

ab
 41.3

a
 46.4

a
 48.6

a
 51.2

a
 

Sandy 18.6
c
 23.2

c
 27.0

b
 33.4

ab
 39.8

a
 44.8

a
 46.7

a
 48.4

a
 

Loamy 19.4
c
 21.1

c
 25.0

b
 31.2

ab
 36.5

ab
 41.7

a
 43.6

a
 45.6

a
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S.E± 0.10 0.20 0.10 0.10 0.11 0.21 0.10 0.14 

Means in a column followed by the same letter(s) are not significantly different using DMRT 

at 5 % level. S.E = Standard Error 

 

Table 3. Effect of soil type on the leaf number of Moringa oleifera seedlings at different 

periods of growth 

Weeks After Planting (WAP) 

Soil 

Type 

2 4 6 8 10 12 14 16 

Clay 18.0
d
 24.0

c
 31.0

c
 37.0

b
 43.0

ab
 49.0

a
 54.0

a
 60.0

a
 

Sandy 16.0
d
 19.0

d
 24.0

c
 29.0

c
 35.0

b
 41.0

ab
 47.0

ab
 52.0

a
 

Loamy 14.0
d
 17.0

d
 21.0

c
 25.0

c
 29.0

c
 34.0

b
 39.0

ab
 44.0

ab
 

S.E± 1.2 1.5 1.0 1.0 1.5 1.5 1.1 1.0 

Means in a column followed by the same letter(s) are not significantly different using DMRT 

at 5 % level. S.E = Standard Error. 

 

Table 4. Effect of soil type on the collar diameter (mm) of Moringa oleifera seedlings at 

different periods of growth 

Weeks After Planting (WAP) 

Soil 

Type 
2 4 6 8 10 12 14 16 

Clay 1.0
c
 1.2

c
 1.4

b
 1.5

b
 1.6

a
 1.7

a
 1.8

a
 1.9

a
 

Sandy 0.9
c
 1.0

c
 1.2

c
 1.3

b
 1.4

b
 1.5

b
 1.6

a
 1.7

a
 

Loamy 0.8
c
 0.9

c
 1.0

c
 1.1

c
 1.2 1.3

b
 1.4

b
 1.5

b
 

S.E± 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 

Means in a column followed followed by the same letter(s) are not significantly different 

using DMRT at 5 % level. S.E = Standard Error. 

 

The collar diameter of the seedlings grown 

in clay soil was significantly higher (1.9 

mm) than those grown on sandy soil (1.7 

mm) and loamy soil (1.5 mm) respectively 

(Table 4). The growth of all the seedlings 

in all the soil types gradually increased 

with the age of the seedlings. 

 

Discussion 

The observed progressive increase in 

microbial load when clay, sandy and 

loamy soils were used to grow Moringa 

oleifera is an indication that the exudates 

from root of the plant enhances the growth 

of microorganisms. This finding is in 

conformity with the previous study (e.g. 

Brundrett, 2001) who suggested that 

rhizosphere of plants attracts 

microorganisms. The fact that no microbe 

was recorded at the first day of planting 

and the reduction in microbial load in 

loamy soil compared with the other two 

soil types considered in this study is an 

indication that loamy soil is better for 

controlling microbial population than other 

soil types. This may be because of the 

presence of humus that attracts 

microorganism, which therefore 

concentrates them more for the effect of 

M. oleifera root exudates.  

The least microbial population was 

observed in loamy soil while the highest 

from the first day to the 10
th

 day was 

observed in clay soil. In addition, the 

highest microbial load from 15 to 20 days 

was observed in sandy soil. This finding 

indicates that clay soil was better than 

sandy soil in reducing microbial 

population more than the other soils 

considered in this study. This finding is in 

agreement with that of Nura et al. (2009) 

suggesting that exudates from M. oleifera  
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when grown in loamy soil is more potent 

in controlling microbial population than 

any other soil type. This is because 

microorganisms were attracted to the 

humus in loamy soil, which therefore 

concentrated the microbes for inhibitory 

effect of the exudate on them. Moreover, 

as also observed in this study, the 

significance of the rhizosphere population 

in modifying exudation must involve a 

concept of micro-ecology, with a wide 

variety of organisms occupying the 

different niches on the roots and only those 

plant cells in the immediate vicinity of 

exudation were likely to be affected. 

 

Conclusion 

The root exudate from M. oleifera grown 

in loamy soil did not enhance as much 

microbial population as in sandy and clay 

soils. In addition, the microbial population 

increases by the day in every soil type 

considered in this study. The seedlings 

grown in clay soil responded better in all 

the growth parameters measured during 

the investigation. It is therefore 

recommended that the microorganisms 

associated with different soil types should 

be identified with the aim of designing 

appropriate control measure against the 

pathogens. 
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