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Abstract 
The dynamics of Nitrogen in soils is a product of complex chemical and biological processes. Fundamentally, the level of 
Nitrogen in soil determines its fertility. The loss of nitrogen caused by bacterial activity (nitrification) represents a 
significant threat to soil fertility. Therefore extracts of the velvet bean plant Mucuna pruriens were applied to soil samples 
amended with ammonium sulphate in order to gauge its effect on the bacterial nitrification inhibiting activities in clayey 
soil samples in Yenagoa, Bayelsa State. This simulation was done in order to measure the efficacy of the extract to prevent 
or slow down nitrification in the natural environment and thus boost the availability of nitrogen for agricultural purposes.  
Moistened soil samples amended with ammonium sulphate at 0.5mg/kg soil were treated with different concentrations of 
Mucuna pruriens extracts (1%, 2% and 4%) at 60% water holding capacity. The soil samples were analyzed at weekly 
intervals for 5 weeks for ammonium-nitrogen (NH4+-N) and nitrate-nitrogen (NO3+-N). Data obtained were subjected to 
statistical analyses using the SPSS® software. Simple percentages, Analysis of Variance (ANOVA) at 95% limit and the 
nitrification inhibition rate of the various extracts and the inhibitory threshold times were determined using the sigmoid 
dose-response model. Duncan Multiple Range Test (DMRT) was employed to compare means. Results indicated that a 
significant difference (P<0.05) in bacterial nitrification inhibition was recorded in all the treated clayey soil samples, 
ranging from 33.83% to 104.09%. There is therefore a significant difference in clayey soil sample response to percentage 
treatment levels. Also, there is a significant difference with time of exposure of soils to the treatment levels (P<0.05). High 
inhibitory threshold times were achieved for treated clayey soil samples. Clayey soil samples treated with 2% velvet bean 
extracts showed better nitrification potential than other concentrations (1% and 4%). It was also observed that the 
nitrification potential of the extracts from Mucuna pruriens plant increased over exposure time.  It can be concluded that 
the extracts of Mucuna pruriens is beneficial as a nitrification inhibitor to maintain nitrogen availability in soils. 
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1.0 INTRODUCTION 

Nitrogen is the single most important nutrient required for 
plant and animal growth and development. For plants, 
nitrogen is made available mainly through biological 
nitrogen fixation and the application of nitrogen fertilizers. 
The bulk of nitrogen in the nitrogen pool is ammonium-
nitrogen [1].  Chemically, nitrogen is fixed into the 
environment through the synthesis of ammonia from 
dinitrogen and dihydrogen and is of great significance to 
human life. Through the biogeochemical nitrogen cycle, 
various forms of nitrogen are available in the biosphere. 

Nitrification especially in rapid and unchecked situations 
will result in inefficient nitrogen use, nitrogen leakages 
and environmental pollution [2]. Ammonium oxidizing 
bacteria including Nitrosomonas, Nitrosovibrio and 
Nitrosococcus [3] present in the soil convert ammonium to 
nitrate. Because nitrate is freely mobile, it is lost through 

leaching and denitrification. This results in loss of soil 
fertility in affected soils.  

With increasing demand of the world population for food, 
it is important to conserve this limiting nutrient [4]. 
Various cultural practices have been used by farmers and 
Agriculturist to improve soil fertility.  

 Nitrification inhibitors have been used to conserve 
available soil ammonium-nitrogen. These are chemicals 
that can kill or interfere with the metabolism of 
ammonium oxidizing bacteria, thereby maintaining soil 
nitrogen in the form of ammonium, less liable to loss. 
Several chemical nitrification inhibitors are available 
commercially but are expensive especially for the 
developing countries. These include N-serve and 
dicyandiamide [4].  Fortunately, nitrification inhibiting 
properties have been observed in several plants including 
Picea abies L, Azadirachta indica, Pongamia glabra, and 
Pyrithium flower. The inhibiting properties of several 
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medicinal herbs were also investigated by Haile et al., [4] 
in Ethiopia. 

In parts of West Africa, the velvet bean plant Mucuna 
pruriens, a medicinal herb is used to improve soil fertility. 
Its ability to improve soil fertility is due to several factors 
including high tolerance to abiotic stress including 
drought, low soil fertility and high acidity [5].  

As nitrogen also have environmental and public health 
implications [6], it is imperative to manage the nitrification 
in agricultural systems for minimizing Nitrogen leaks into 
the environment which are not only a serious economic 
and energy drain on society but also potentially have long-
term ecological and environmental consequences. 
  Therefore, there is an acute societal need to ensure its 
continuous sustenance through the investigation and 
monitoring of drainage portals such as bacterial 
nitrification in soils and the use of organic substances to 
inhibit these bacterial processes. This will ensure food 
security and environmental sustainability. 

The aim of this work therefore is to gauge the efficacy of 
extracts of the velvet beans Mucuna pruriens as an 
inhibitor of bacterial nitrification in clayey soils in 
Yenagoa, Bayelsa State, Nigeria.  

2.0 MATERIALS AND METHODS 

2.1 Sample collection and treatment 

 Soil samples were collected from a locations at Yenagoa 
(5.03’33’’N, 6.33’33’’E), Nigeria. Soil samples were collected 
randomly from the surface (0-15cm) using a spade [4]. 
 Soil samples were homogenized using mortar and pestle; 
air-dried and sieved with 2mm mesh. Samples were 
preserved in polythene bags and kept in the laboratory 
until further use at room temperature. Fifty grams (50g) of 
soil samples were weighed into plastic cans and moistened 
to 60% water holding capacity by capillary porosity and 
incubated in the laboratory for 2 weeks at room 
temperature. This was done in order to simulate a 
standard start-point for all experimental groups. 

Whole plant (leaves, stems and roots) of Mucuna pruriens 
were collected from an agricultural farm. The whole plant 
samples were dried in the dark at room temperature for 8 
weeks and finely ground to powder. 

2.2 Soil Analysis 

Physicochemical properties of the soil samples were 
determined using standard procedures. Total 
heterotrophic bacteria, ammonium oxidizing bacteria and 
nitrite oxidizing bacteria counts were determined using 
spread plate technique [4]. 

2.3 Extraction and incubation 

Extracts of the whole plant samples were prepared using 
ethanol. Ethanol was used because ethanol extraction 
product mainly contains high hydrophilic compounds 
(including very polar neutral, basic and acidic compounds, 
amino acids, nucleotides, sugars, and polysaccharides). 
Dried powdered plant (100g) was mixed with 500ml of 
95% ethanol (1:5 w/v), shaken thoroughly and allowed to 
stand for 48 hours. Extract was filtered using Whatmann 
No. 1 filter paper. The ethanol was removed by 
evaporation [4]. The extract was then dissolved in 100ml 

of distilled water to serve as the stock that was further 
diluted to give 1% (v/v), 2% (v/v) and 4% (v/v) 
concentrations. 

Previously incubated soil samples in plastic cans were 
amended with ammonium sulphate to a final 
concentration of 0.5mg/g soil. The samples were then 
treated with the 1%, 2% and 4% concentrations of the 
extracts and a control (0% extract). Treatment were made 
in duplicates and covered with perforated polythene 
wraps.  

The soils in the plastic cans were incubated for 1 week in 
the laboratory, weighed periodically and distilled water 
added to ensure 60% water holding capacity (WHC) [7].  

2.4 Ammonium and Nitrate Nitrogen 

Samples were collected at weekly intervals for 5 weeks to 
determine ammonium-nitrogen and nitrate-nitrogen. 
Keeney and Nelson [8] method was used to determine 
NH4-N and NO3-N in extracts made from the treated soil 
samples. This method involves the weighing of 5g of soil 
sample into an Erlenmeyer flask. 50ml of 2.0M Potassium 
Chloride was then added to the soil sample using a 
dispensable bottle. A stopper is put on the flask and then 
shaken vigorously for 30 minutes. The resulting mixture 
was then filtered into a 60ml Nalgene bottle. Analysis for 
NO3-N and NH4-N was then made within 24 hours. The 
percentage nitrification inhibition was calculated using the 
formula described by Sahrawat [9]: 

% Inhibition =   100(C-S)/C 

Where C is the amount of NO3-N in untreated control and S 
is the amount of NO3-N in treated samples.  

2.5 Statistical Analysis 

Data obtained were subjected to the two-way analysis of 
variance (ANOVA) test at the 95% confidence limit using 
the SPSS® software. Duncan Multiple Range Test (DMRT) 
was employed to compare means. The nitrification 
inhibition rate of the various extracts and the inhibitory 
threshold times were determined using the sigmoid dose-
response model Data on inhibition were fitted to the 
following equation adapted from the sigmoid dose-
response model proposed by [10]: 

   

Where, 

y = tested parameter (% inhibition) 

a = slope parameter indicating inhibition rate 

b = time taken to achieve 50% inhibition 

c = dimensionless model parameter 

x = time (weeks) 

3.0 RESULTS AND DISCUSSION 

In this study the effect of the extracts of the Velvet Bean 
plant Mucuna pruriens on inhibition of bacterial 
nitrification of clayey soil in yenagoa, Bayelsa State was 
analyzed. The properties of the soil samples indicated that 
the sample from Yenagoa, Nigeria was clayey soil. The 
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result of the study is captured in Tables 1-4 and Figures 1-
3. The Net Nitrification (mg/kg soil) in the clayey soil is 
captured in Table 1 while the physicochemical properties 
and the microbial load of the soil samples are shown in 
Table 2 and Table 3 respectively. Finally, the model 
parameter for effect of extracts on nitrification in the 
clayey soil is highlighted in Table 4.  

 

Table 1: Net Nitrification (mg/kg soil) in Clayey soil 
(DMRT: compare mean nitrification values) 

 

Time 
(weeks) 

Control Treatment 
 (% extracts of Mucuna pruriens) 

    1%            2%               4% 

1 35aq* 12.86bq -1.43cq 11.43bq 
2 79.29ar 28.58br 32.86br 20cr 
3 82.86ars 44.29bs 34.29crs 48.57bs 
4 85.72as 47.15bs 38.57cs 52.86ds 
5 95at 61.43bt 62.86bt 60.36bt 

Means with the same letter superscripts along rows are not significantly 
(P=0.05) different (Between treatments of the velvet bean extracts)  
Means with the same letter superscripts along columns are not 
significantly (P=0.05) different (Between Weeks 1 - 5) 
*separated Means (Duncan Multiple Range Test)  

 

Table 2: Physicochemical properties of Clayey soil 
 

S/NO Properties Clayey 

1 Organic carbon (%) 1.216 

2 Organic nitrogen 

(mg/kg) 

0.026 

3 C:N 47:1 

4 Organic matter (%) 2.096 

5 PH 5.28 

6 NO3-N (mg/kg) 0.457 

7 NH4-N (mg/kg) 0.203 

 
Table 3: Microbial properties of Clayey soil 

 

S/N Microbial group Colony count 
(cfu/g) 

1 Total heterotrophic 
bacteria 

6.8 x 106 

2 Ammonium  oxidizing 
bacteria 

1.6 x 105 

3 Nitrate oxidizing bacteria 4.2 x 106 

 
Table 4: Sigmoid Dose-Response Model parameters for 

effect of extracts on nitrification in clayey soils 
 

Parameters % extracts of Mucuna pruriens 

1%                   2%               4% 

r2 0.906 0.727 0.754 
A 0.308 0.602 0.421 
B 3.114 3.88 3.16 

r2   - Coefficient of determination 

A - Slope (Rate of Inhibition) 

B – Time to achieve 50% Inhibition 

Furthermore, Figure 1 shows the effect of the Mucuna 
pruriens extract on nitrate-nitrogen content in the clayey 
soil while, Figure 2 captures the effect of extract on 
ammonium-nitrogen content in the clayey soil. The 
nitrification inhibition of the clayey soil is captured in 
Figure 3. 
 

 
Fig. 1: Effects of extracts on nitrate-nitrogen content of 
clayey soil 
 

 
Figure 2: Effect of % extract of velvet beans (Mucuna 
pruriens) on ammonium-nitrogen content of clayey soil 

 
 

 

Figure 3: Nitrification inhibition with % treatment of 
extracts of Mucuna pruriens 

Ammonia oxidation was simulated by the addition of 
ammonium in the form of ammonium sulphate (NH4)2SO4 

in the agricultural soil. The NH4-N levels in all treated (1%, 
2% and 4%) clayey soil samples were constant over 5 
weeks, except for the control group where the NH4-N 
reduced weekly over the 5 week period (Figure 2). This 

http://doi-ds.org/doilink/10.2016-28457823/
http://doi-ds.org/doilink/03.2018-66856812/


 P. S. Daworiye et al. / ASIO Journal of Chemistry, Physics, Mathematics & Applied Sciences (ASIO-JCPMAS), 3(1), 01-05  

DOI Link :: http://doi-ds.org/doilink/10.2016-28457823/; http://doi-ds.org/doilink/03.2018-66856812/ 
 

P
ag

e
4

 

may be attributable to the bacterial inhibition properties 
of extracts in the treated samples. In this study, the N 
tracing model provides important evidence that the 
extracts of the velvet beans could effectively inhibit 
nitrification and nitrous oxide emission in an acidic soil 
through influencing the abundance and metabolic activity 
of ammonia-oxidizing bacteria (AOB) in the soil samples 
(Table 4). Also, this is probably due to the higher 
concentrations of NH4+ facilitated by extract application 
and further favored by the preference of soil 
microorganisms for NH4+-N assimilation relative to that of 
NO3—N. 

The clayey soil samples treated with plant extracts also 
increased in NO3-N at a slower rate compared to the 
control (Fig. 1). This is due to the fact that at pH's near 
neutral (pH 7), the microbial conversion of NH4+ to nitrate 
(nitrification) is rapid. However, in acid soils (pH < 6), 
nitrification is slow, and plants with the ability to take up 
NH4+ may have an advantage in real field situations. This 
may also be due to the fact that the velvet bean and its 
extracts exhibit reasonable tolerance to a number of 
abiotic stresses including drought, low soil fertility and 
high acidity unlike the control where no extract was 
added.  The addition of different concentrations of extracts 
(1%, 2% and 4%) to the soil will therefore present slightly 
different pH ranges in the soil.  In this study, the clayey soil 
of pH 5.28 is slightly acidic (Table 2). Furthermore, the 
chemical properties of all exposed and undisturbed soil 
changed with time.  However the reduction of nitrate- 
nitrogen after 5 weeks was inversely proportional to the 
level of treatment applied to the clayey soil.  

Shi et al., [11] obtained similar results when they 
investigated the effects of the Nitrification Inhibitor 3,4-
Dimethylpyrazole Phosphate (DMPP) on Nitrification and 
Nitrifiers in Two Contrasting Agricultural Soils. They noted 
that in the pasture soil, the added NH4+-N was rapidly 
nitrified in the first week and then remained almost 
unchanged, while NO3−-N concentrations maintained a 
substantial increase. The inhibitory effects of DMPP on 
ammonia oxidation were much less in the acidic pasture 
soil than in the alkaline vegetable soil. One possible 
explanation is that velvet bean extracts like DMPP, as a 
type of heterocyclic compound, can be adsorbed onto soil 
particles with high levels of clay.  Apart from the pH 
identified in this study, other works have identified 
temperature [12, 13], soil moisture [14], soil properties 
and fertilizer types [15], as the key determinants. 
However, despite the importance of biological activity in 
mediating the N transformation processes, there is limited 
research on the potential significance of the soil microbial 
community. The inhibition of nitrification observed in this 
study is also similar to the reduction of ammonia oxidation 
nitrification inhibition by acetylene observed by Offre et al. 
[16].   
The results of nitrification inhibition showed that all the 
clayey soil samples treated with the extracts inhibited 
nitrification (Table 1). All the clayey soil samples treated 
with 1%, 2% and 4% plant extracts fitted into the sigmoid 
dose response model equation. The two-way analysis of 
variance (ANOVA) test indicates that the clayey soils had 
differences both with treatment levels and exposure times. 

 

4.0 CONCLUSION 

The experiment sort to determine the effect of the plant 
extracts of Mucuna pruriens on the nitrification inhibition 
of clayey soils in Yenagoa, Bayelsa State. The results 
obtained from the study indicates that the clayey soil 
samples treated with the plant extracts of Mucuna pruriens 
were able to reduce the formation of nitrate-nitrogen from 
ammonium-nitrogen in comparison with the control 
sample. However the reduction of nitrate- nitrogen after 5 
weeks was inversely proportional to the level of treatment 
applied to the clayey soil. This implies that as time passed, 
little of the extract was required to inhibit the formation of 
nitrate-nitrogen. This shows conservation of ammonium-
nitrogen. Also, based on the results from the inhibition of 
the activities of the ammonium oxidizing bacteria present 
in the soil as obtained from the sigmoid dose response 
model equation, showed that the treatments (1%, 2% and 
4%) of plant extracts are effective as nitrification 
inhibitors in clayey soil samples using different model 
parameters.  ANOVA results for clayey soil samples imply 
there is a significant difference in nitrification levels with 
the different levels of treatment (1%, 2%, 4%) and 
different times (weeks) of exposure The treatment 
concentration of 2% exhibited the greatest inhibition 
potential of all treatment levels. Nitrification stimulation 
recorded in some samples may have been due to nitrogen 
immobilization [17]. As the plant extracts have exhibited 
high availability and ability to inhibit nitrification, the 
plant extracts could be used to increase nitrogen use 
efficiency in soil by adding to ammonium fertilizers by 
blending. Apart from higher nitrogen use efficiency and 
crop yield, the nitrification inhibitors can be used in in the 
fight against global warming [18]. It can be concluded that 
nitrogenous fertilizers amended with nitrification 
inhibitors like the velvet bean extract Mucuna pruriens 
may hold the promise for enhancing and or maintaining 
soil fertility in the clayey soils of the Niger Delta.  
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