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Abstract— In order to maintain soil fertility, nitrification 

inhibitors are used to reduce the loss of nitrogen caused by 

nitrification. This is vital to ensure food and environmental 

sustainability. Therefore extracts of the velvet beans plant 

Mucuna pruriens were used to determine their nitrification 

inhibiting activities in agricultural soil samples and simulate 

its possible effect in the field. Moistened soil samples 

amended with ammonium sulphate at 0.5mg/kg soil and 

different concentrations of velvet beans plant 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. Result 

indicates that the sandy loamy soil samples recorded 

nitrification inhibition ranging from 5.63% to 90.53% and 

nitrification stimulation (21.2% to 2.97%). Application of 4% 

of extract exhibited the highest rate of nitrification inhibition. 

There is no significant difference in the extent of nitrification 

inhibition at different concentrations of extracts for the sandy 

loamy soil treatments except for the 4% treatment level and 

at week 5. It can be concluded that the extracts of Mucuna 

pruriens provides little effective nitrification inhibitors in 

sandy loam soils but its effectiveness can be improve by 

increasing its application rate and extending the application 

time. 
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I. INTRODUCTION 

In Owerri the south eastern part of Nigeria, agriculture is the 

mainstay of its economy. It provides the much needed food 

while serving as means of employment and financial security 

for millions of people. Economic sustainability therefore 

implies the application of intensive agriculture premised on 

the continuous fertility of its land. Soil fertility is a function 

of its nutrient content and Nitrogen is the 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 [1]. The bulk of nitrogen in the nitrogen 

pool is ammonium-nitrogen [2]. 

 Sadly, intensive agriculture often results in the 

depletion of soil nutrients especially nitrogen. Also, 

Nitrification especially in rapid and unchecked situations will 

result in inefficient nitrogen use, nitrogen leakages and 

environmental pollution [3]. Nitrification involves two steps 

of biological oxidation. The first step is the conversion of 

NH4
+ to nitrite (NO2

-). The second step is the oxidation of 

nitrite (NO2
-) to nitrate (NO3

-) by aerobic nitrifying bacteria 

[4]. Nitrification is an essential part of the global nitrogen 

cycle and accounts for considerable loss of nitrogen from 

agricultural ecosystems through leaching of nitrate and as 

gaseous forms of nitrogen, estimated as approximately 70% 

of annual 100 Tg Nitrogen fertilizer input [5]. This results in 

loss of soil fertility. 

 With increasing demand of the world population for 

food, it is important to conserve this limiting nutrient [6]. 

Various cultural practices have been used to improve soil 

fertility. Fortunately, 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 (AOB), thereby maintaining 

soil nitrogen in the form of ammonium, less liable to loss. 

Several chemical nitrification inhibitors are available 

commercially and are expensive especially for the developing 

countries. These include N-serve and dicyandiamide [6]. 

Fortunately, nitrification inhibiting properties have been 

observed in several plants including Picea abies L, 

Azadirachta indica, Pongamia glabra, and Pyrithium flower.. 

 In parts of West Africa, the medicinal herb Mucuna 

pruriens is used to improve soil fertility [7]. As the use of the 

velvet beans plant Mucuna pruriens, provide a cheaper 

alternative to their more expensive chemical relatives in 

inhibiting nitrification, there is an acute societal need to 

simulate its efficacy on agricultural soils in owerri. This will 

provide information for environmental and food 

sustainability. 

II. MATERIALS & METHODS 

A. Sample Collection and Treatment 

Two different soil samples were collected from separate 

locations at Owerri (50.48’50” N, 7035’40”E) Nigeria. Soil 

samples were collected randomly from the surface (0-15cm) 

using a spade [6].  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. 

 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. 

 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. 



Inhibition of Bacterial Nitrification by Extracts of Velvet Beans Plant Mucuna Pruriens in Sandy Loam Soils in Owerri, Nigeria 

 (IJSRD/Vol. 6/Issue 11/2019/024) 

 

 All rights reserved by www.ijsrd.com 88 

B. 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 

[6]. 

C. 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 [6]. The extract was then 

dissolved in 100ml Samples were collected at weekly 

intervals for 5 weeks to determine ammonium-nitrogen and 

nitrate-nitrogen. Keeney and Nelson (1982) 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                    (2.1) 

 Where C is the amount of NO3-N in untreated 

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

D. 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 Haanstra et al, 

1985: 

 cxb
e

a
y
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                                 (2.2)

 

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) 

III. RESULTS & DISCUSSION 

The properties of the soil samples indicate that the sample 

from Owerri, Nigeria is sandy loamy soil. The 

physicochemical properties and the microbial load of the soil 

samples are shown in Table 1 and Table 2 respectively. The 

NH4-N of treated sandy loamy samples fluctuated between 

145.06mg/kg soil and 209.88mg/kg soil whereas the control 

reduced gradually from 160.49mg/kg soil at Week 0 to 

77.16mg/kg soil at Week 5 (Fig. 1). 

 The NO3-N in the control for sandy loamy soil 

samples increased from 19.04mg/kg soil to 63.57mg/kg soil. 

All the samples treated with 1%, 2% and 4% plant extracts 

increased in NO3-N at a slower rate compared to the control 

(Fig. 2). The percentage inhibition with treatment 

concentration and time is reflected in Fig 3.  The soil samples 

treated with the plant extracts recorded significant net 

nitrification (Table 3). The results of nitrification inhibition 

showed that the treatments for sandy loamy soil, samples 

recorded stimulation. These are 1% extract at Week 2 

(21.20% stimulation), 2% extract at Week 1 (4.80% 

stimulation) and the 2% extract at Week 2 (2.97% 

stimulation). The analysis of variance (ANOVA) test 

indicates that sandy soil samples treated with the extracts had 

F (cal) of 0.88 lower than the F (crit) of 3.84. There is no 

significant difference in nitrogen inhibition with 

concentrations of velvet bean extracts in the sandy loan 

(agricultural soil) in Owerri. This result is in variance with 

the findings of Daworiye et al, [1] which recorded higher 

rates of nitrification inhibition with the use of extracts of the 

velvet beans plant in clayey soils in Yenagoa, Bayelsa State. 

 The lower level of nitrification recorded in this study 

may be as a result of reduced moisture content of the sandy 

loam soil compared to the clayey soil in yenagoa and also as 

a result of higher Aerobic Oxidising Bacteria (AOB) present 

in the sandy loam soil. Soil nitrification rates vary among soil 

types because of differences in physical, chemical and 

biological properties. These include pH [11], aeration 

(oxygen supply) and soil moisture [12], temperature [13] and 

abundance of substrate (NH4
+-N) [14]. Mendum et al [14] 

obtained higher nitrification rates in Waikato, Canterbury and 

southland topsoil than in corresponding sub soils after 

treatment with urine and these nitrification rates were 

significantly related to AOB. Soil with low nitrification rates 

in four soils tested was associated with the absence of AOB, 

Nitrosospira cluster 2 while soils with higher nitrification 

rates, Nitrosospira cluster 2 was detected [11] 

 Also, Laverman et al [15] attributed the spatial and 

temporal variation in NO3
- production in acid forest soils in 

the Netherlands to biotic and abiotic factors affecting the 

number and / or activity of AOB and apparently not due to 

ammonia oxidizer diversity or community structure. The 

number of AOB correlates with topography, vegetation 

cover, fertilizer and OM inputs and soil moisture status [16] 

 Another reason for the lower inhibition rates 

recorded in this study may also be attributable to the higher 

amounts of C/N ratio recorded in the soil (16:1) as compared 

to that recorded in clayey soil (47:1) by Daworiye et al [1]. 

Bowatte [17] confirmed that the C/N ratio of soil and quality 

of soil organic matter (SOM) were likely factors to influence 

nitrification activities in soil. 

S/N Properties Sandy 

1. Organic carbon (%) 1.821 

2. Organic nitrogen (%) 0.116 

3. C:N 16:1 

4. Organic matter (%) 3.139 

5. pH 5.62 
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6. NO3-N (mg/kg) 0.275 

7. NH4-N (mg/kg) 0.160 

Table 1: Physicochemical Properties of Sandy Loamy Soil 

S/N Properties Microbial Group 
Colony Counts 

(CFU/G) 

1 

Sandy 

Total heterotrophic 

bacteria 
9.8 x 106 

2 
Ammonium 

oxidizing bacteria 
2.1 x 106 

3 
Nitrite oxidizing 

bacteria 
1.6 x 106 

Table 2: Microbial Properties of Sandy Loam Soil 

 
Fig 1. Effects of Extracts on Ammonium-Nitrogen Content 

of Sandy Loamy Soil 

 
Fig. 2: Effects of Extracts on Nitrate-Nitrogen Content of 

Soil 

Time (Wk) Control 1% 2% 4% 

1. 7.50 a 5.72a 7.86a 0.71b 

2. 11.79b 14.29b 12.14b 2.5c 

3. 19.65 C 16.79c 17.5c 8.57d 

4. 31.79a 17.86b 30.00a 10.71c 

5. 43.93a 21.43b 37.14c 14.29d 

Table 3: Net Nitrification (mg/kg soil) in Sandy Loam Soil 

(DMRT: Compare Mean Nitrification Values) 

 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) 

 
Fig. 3: Nitrification Inhibition with % Treatment of Extracts 

of Mucuna Pruriens in Sandy Loamy Soil 

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 

Table 4: Sigmoid Dose-Response Model parameters for 

effect of extracts on nitrification in sandy loam soils 

 r2: Coefficient of determination 

 A: Slope (Rate of Inhibition) 

 B: Time to achieve 50% Inhibition 

IV. CONCLUSION 

The results obtained from the study indicates that the sandy 

loam soil samples treated with plant extracts of Mucuna 

pruriens were not able to significantly reduce the formation 

of nitrate-nitrogen from ammonium-nitrogen. A comparison 

with the control samples show conservation of ammonium-

nitrogen. This results from the inhibition of the activities of 

the ammonium oxidizing bacteria present in the soil. Based 

on results obtained from the sigmoid dose response model 

equation, 1%, 2% and 4% plant extracts are not effective as 

nitrification inhibitors in sandy loam soil samples using 

different model parameters (Table 4).  ANOVA results for 

sandy loam soil samples imply there is no significant 

difference in the extent of nitrification inhibition at different 

concentrations. Nitrification stimulation recorded in some 

samples is due to nitrogen immobilization [18]. 

 It can be concluded that the extracts of Mucuna 

pruriens provides little effective nitrification inhibitors in 

sandy loam soils but its effectiveness can be improve by 

increasing its application rate and extending the application 

time. 
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