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Abstract – Nitrate is one of the common pollutants of both 

water and soil in the areas where intensive cultivation is 

carried out under vegetable production. High levels of 

nitrogenous fertilizers are commonly applied to vegetables to 

increase yield especially in the highly populated urban and 

periurban areas where demands for vegetables is also high. 

In view of this, a study was carried out in Kware Local 

Government Area of Sokoto State, to assess the nitrate 

content of soils and vegetables cultivated and supplied to 

markets in Sokoto town. To achieve this, soil samples were 

taken from three vegetable farms (onion (Allium cepa), 

spinach (Spinaceaoleracea) and lettuce (Lactuca sativa) and a 

control from a fallow land. From each farm, 3 composite 

samples at different depths (0–20, 20-40 and 40-60 cm) and 

nine plant samples each were collected. The samples were 

taken to laboratory and some chemical properties of the soils 

and crops were determined using standard methods. Soil pH, 

nitrate, organic carbon, phosphorous, cation exchange 

capacity, calcium, magnesium and potassium contents of the 

soils were significantly (p≤0.05) different based on location 

(farm-plots).Available phosphorous of soils was low and 

ranged from 2.60 to 4.36 mg/kg, cation exchange capacity 

(CEC) and calcium contents were also low. Magnesium value 

ranged from low (0.27cmol kg-1) to moderate (0.45 cmol kg-1), 

while, potassium and sodium values were high. The organic 

carbon was also low with mean value range of 2.5 to 7.3 g/kg, 

The pH of the soil was strongly acid to neutral condition. 

Total nitrogen and nitrate in soils of the area were low and 

decreased with soil depth, indicating little or non-leaching of 

the applied fertilizers. The result obtained indicated low 

concentration of nitrate in the vegetable crops and there was 

no significant (P >0.05) difference between the crops. Based 

on this result, no harmful health hazard is expected from 

consuming these vegetable crops in the studied area and 

there is no evidence of nitrate contamination of the soils. 
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I. INTRODUCTION 
 

Consumption of vegetables and fruits as food offers the 

most rapid means and lowest cost of providing adequate 

supplies of vitamins, minerals and fibers to the people who 

live in the Tropics. However, due to increased use of 

synthetic nitrogen fertilizers and livestock manure in 

intensive agriculture, vegetables and drinking water may 

contain higher concentrations of nitrate now than in the 

past [1]. Plants (vegetables) that do not have enough 

nitrogen will turn yellow and may not look healthy for 

consumption. According to [2], nitrogen fertilizers 

stimulate growth of crops especially chloroplasts 

formation in plants, which are responsible for the process 

of photosynthesis, as a result, excessive amounts of 

inorganic fertilizers are applied to vegetables in order to 

achieve higher yield [3] and maximum value of growth 

[4], [5], [6].Commercial synthetic fertilizer is considered a 

major source of plant nutrients[7],[8] but organic manure 

can serve as alternative practice to mineral fertilizers[8] 

for improving soil structure[6]and microbial biomass 

[9]and those sources of nitrogenous fertilizers can cause 

high nitrate accumulation in soils, water bodies and plants 

if applied at high rate and for prolonged period of time. 

Increased risk of nitrate-N leaching to ground 

water[10],[11]which may reach domestic wells, streams 

and lakes, contaminatingdrinking water and causing 

eutrophication and other associted problems[12], [13], 

[14],[11],[15].Nitrate is a natural occurring form of 

nitrogen which is mainly sourced from fertilizers, 

decaying plants, manure and other organic residues. 

Nitrates are seen as a potential pollutants, therefore 

arousing serious environmental concern such that greater 

than 10 μ g L
-1

 in drinking water has been reported to 

cause a potentially fatal disease (methoemoglobinaemia) 

in infants and had some carcinogenic threats, even in 

adults [16]. 

In addition, nitrate - N being negetively charged, do not 

bind to the soil exchange site and  thereforeheld in soil 

solution, which is  easily leached from the upper soil 

horizon by rainfall or irrigation water, and if sufficient 

water is added, the nitrate - N will even be leached below 

the rooting zone [17],[18]. This leaching of nitrate-N is 

facilitated by excessive precipitation or irrigation and high  

rates of N - fertilizer application, especially on excessively 

well drained soils with low water holding capacity [19]as 

obtain in Sokoto metropolis. 

Secondly, leafy vegetables are group of foods which 

make the greatest contribution to nitrates consumption and 

are likely to contain high levels of nitrates [20], 

accounting for about 65-75% of the total intake in 

diets[21]In view of the frequent application of fertilizers 

and excessive irrigation of vegetable farms grown in 

Sokoto metropolis, the study was carried out to 

determining the nitrate content of soils and some 

commonly cultivated vegetables crops and also the 

chemical properties of the soils of the vegetables farms. 
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II. MATERIALS AND METHODS 
 

Study Area 
The study was conducted in Rugar Liman village of 

Kware Local Government Area of Sokoto State. The area 

is located on Latitude 13
0
 07'N and Longitude 5

0
 28'E. 

Sokoto State is in the dry sub-humid region surrounded by 

sandy savanna and isolated hills in the North-western part 

of Nigeria, between Latitudes 12
0
 00' and 13

0
 56'N and 

Longitudes 4
0
 8'E and 6

0
 54'E [20]. The total land area is 

about 32,000 square kilometres with a population of 

3,696,999 million people [23]. 

There are two distinct seasons in the state; the rainy 

season which starts around May and lasts till September 

and the dry season from October to April. The annual 

rainfall is frequently erratic, poorly distributed and varies 

from 500 to 1300 mm [24]. There are two temperature 

extremes; the hot period (March to May) which is as high 

as 39°C and the cold harmattan months of December to 

January; when cold, dust-laden winds blow from across 

Sahara bringing down the temperature to as low as 15°C, 

averaging about 27°C [24]. 

Sample Collection and Preparation 
Soil and plant samples were collected from some 

selected locations in RugarLiman village in Kware local 

government area, Sokoto metropolis. The location was 

chosen based on the prevalence of vegetable cultivation. A 

total of 36 soil samples including control and 9 plant 

samples were collected from three vegetable farmlands 

(onion, spinach and lettuce) designated as A, B and C. 

From each vegetable farm, three (3) samples of different 

depths (0–20, 20–40 and 40–60 cm) and a control were 

collected, three (3) plant samples of onion, spinach and 

lettuce were also collected from their respective plots and 

replicated three times. The soil samples were collected 

using auger and labeled A 1,2,3; B 1,2,3; C 1,2,3 (0-20 

cm), A 4,5,6; B 4,5,6; C 4,5,6 (20-40 cm), and A 7,8,9; B 

7,8,9; C 7,8,9 (40-60 cm). The plant samples were 

collected by randomly hand picking 5–10 leaves 

(economic part) at each of the plots and labeled A (1, 2, 

3); B (1, 2, 3); C (1, 2, 3).  

The samples were taken to laboratory and air dried, 

gentle crushed using pestle and mortar. The crushed 

samples were sieved through 2 mm sieve and subjected to 

analysis, while plant samples were preserved in the 

refrigerator which was latter dried, grinded and subjected 

to laboratory analysis. 

Soil and Plant Analysis 
The soil samples were analyzed for soil pH, organic 

carbon, total nitrogen, available phosphorus, nitrate, 

exchangeable bases (calcium, magnesium, potassium, and 

sodium) and CEC. Soil pH was determined with a pH 

meter using 1:1 soil water ratio [25]. Organic carbon was 

determined by Walkley and Black oxidation method as 

described by [26] Nelson and Sommers. Total nitrogen 

was determined by Macro Kjeldahl digestion method [27].  

Available phosphorus was determined using Bray No. 1 

method [28]. Calcium and magnesium were determined 

using EDTA (Ethylene DiamineTetraacetic Acid) titration 

method. Sodium and potassium were determined using 

flame photometer. Cation exchange capacity (CEC) was 

determined using ammonium acetate saturation method 

[29]. Nitrate was determined using Macro Kjeldahl 

distillation and titration method [27]. While, determination 

of nitrate content in the plant samples was done using 

colorimetric method [30]. 

Statistical Analysis 
Data obtained were subjected to analysis of variance 

(ANOVA) using Randomized Complete Block Design 

(RCBD) to compare the different plots and depths for the 

chemical properties. All statistical analysis was performed 

using Statistical Analysis System [31]. 

 

III. RESULTS AND DISCUSSION 
 

Chemical Properties of Soil 

Soil pH 
The result of the chemical properties of the soils is 

presented in table 1 and 2. Table 1 indicates how the 

chemical properties of the soils varied within the plots, 

which revealed that there was significant (P<0.05) 

difference in the values of all the chemical properties of 

the soils between the plots except total nitrogen and 

sodium.  

The variation of soil pH between the different plots was 

significant (P<0.05) with the highest value (7.08) recorded 

in plots C (lettuce) which was statistically similar to plots 

A (onion) and control. The least value of 4.90 was 

recorded in plots B (spinach) indicating strongly acidic 

condition (Brady and Weil, 2004). However, the result of 

the pH in table 2 shows there was no significant (P>0.05) 

difference in values between the soil depths but absolute 

values indicated a slight decrease in the pH at 0-20 to 20-

40cm (6.28 - 6.05) (slightly acid condition).  A decrease in 

soil pH over time is a function of crop nutrient uptake, 

nitrogen acidification, leaching and soil buffering 

capacity. The most serious problems are due to aluminum 

(Al) and manganese (Mn) toxicities which increase as the 

soil pH drops below 5.0 [32]. 

Organic carbon  
The importance of organic carbon has increased interest 

and research on its build up in the soil-plant system with 

current emphasis on conservation tillage. The values of 

organic carbon of the soils was significantly (P<0.05) 

affected by plot. Table 1 shows that plots B had higher 

value of 7.3 g/kg than plots A and C with 6.3 and 6.4 g/kg, 

respectively, while control had the least value of 2.5 g/kg. 

This indicated that the lands where crops (vegetables) are 

being cultivated had encouraged organic matter build-up 

compared to the control soil. This may be due to 

agronomic practices used in growing different vegetable 

crops. 
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Table 1:  Chemical Properties of the Soils 

 

Location 

 

pH 

OC N NO3
-
 P 

 

 

CEC 

Exchangeable bases 

g/kg mg/kg Ca Mg K Na 

cmol (+) kg
-1

 

A 6.19
a
 6.3

a
 0.9 0.64

a
 4.36

a
 4.92

b
 0.42

a
 0.29

b
 0.86

a
 0.52 

B 4.90
b
 7.3

a
 0.7 0.64

a
 3.61

b
 5.25

a
 0.35

b
 0.44

a
 0.59

bc
 0.46 

C 7.08
a
 6.4

a
 1.2 0.62

a
 4.03

ab
 5.35

a
 0.52

a
 0.45

a
 0.62

b
 0.48 

Control 6.61
a
 2.5

b
 1.8 0.50

b
 2.60

c
 5.16

ab
 0.27

b
 0.27

b
 0.50

c
 0.47 

SE 0.28 0.11 0.03 0.05 0.18 0.10 0.03 0.05 0.03 0.03 

Sig. ns ns ns * * * * * * Ns 

Mean in the same column having different superscript differed significantly (P<0.05), ns = not significant; * significant 

at 5% level. 

 

The content of the organic carbon of the soils was not 

significantly (P>0.05) affected by depths. The middle 

layer (20-40cm) had higher numerical value of 6.3 g/kg 

compared to upper (0-20cm) and lower (40-60cm) layers 

with 5.7 g/kg and 4.9 g/kg, respectively. Jones and Wild 

[33] reported organic carbon of 11.0 g/kg for soils of West 

African savanna region. Based on the standard ratings of 

Esu[34], low organic carbon content was obtained in the 

soils of the area. Vanlauwe[35] advocated that optimum 

management of soil resources requires effective 

management of organic resources, mineral inputs and the 

soil organic carbon (SOC) pool. 

 

Table 2.  Chemical Properties of the Soils Based on Depth 

 

Depth 

cm 

 

pH 

OC N NO3
-
 P  

CEC 

Exchangeable bases 

 

g/kg 

 

g/kg 
Ca Mg K Na 

cmol (+) kg
-1

 

0-20 6.28 5.7 1.6 0.68 3.98 5.38
a
 0.46

a
 0.48

a
 0.71 0.54

a
 

20-40 6.05 6.3 0.9 0.18 3.61 5.18
b
 0.38

b
 0.35

b
 0.62 0.46

b
 

40-60 6.24 4.9 1.1 0.09 3.35 4.96
b
 0.34

b
 0.26

b
 0.60 0.45

b
 

SE 0.91 0.12 0.07 0.04 0.25 0.09 0.04 0.03 0.05 0.22 

Sig. ns ns ns ns ns * * * ns * 

Mean in the same column having different superscript differed significantly (P<0.05), ns = not significant; * significant 

at 5% level. 

 

Total Nitrogen 
Nitrogen plays a prominent role in the cation-anion 

balance because it is the nutrient that is taken up at the 

highest proportion by most plant species [36], 

[37].Nitrogen has been reported to be the most limiting 

plant nutrient in the tropical soils [11]. The variation in 

total nitrogen in the soils of the different plots was not 

significantly different (P>0.05). Plot C and control had 

higher values of 1.2 and 1.8 g/kg compared to plots A and 

B with 0.9 g/kg and 0.7 g/kg, respectively. This shows 

lower value of total nitrogen in the vegetable fields 

compared to the control soils where cultivation is not 

carried out. Comparing these values with the standard 

ratings of Esu[34], they were at high rate indicating that 

the soils were rich in total nitrogen. However, when 

comparing the values between the depths, there was no 

significant (P>0.05) difference. But absolute values 

showed that the upper layer had higher value of 1.6 g/kg 

and decreased to 0.9 g/kg at the subsurface (20-40cm). 

This may not be unconnected with the organic matter 

content of the surface layer and leaching of nitrates down 

the profile [11] as factor of richer total nitrogen content of 

the soils at the surface layer.  

 

 

Table 3: Mean Values of Nitrate Concentration in Plants 

Treatment Nitrate concentration (mg/kg) 

Onion 0.147 

Spinach 0.220 

Lettuce 0.223 

SE 0.029 

Sig. Ns 

ns = not significant; * significant at 5% level. 

 

Nitrate 
The nitrate content of the soils investigated was 

significantly affected by the plots as shown in table 1. 

However, based on the depths, there was no significant 

(P>0.05) difference between the values obtained (Table 2). 

Plots A, B and C were statistically at par while the control 

had the list value of 0.5mg/kg. The nitrate content of the 

profile showed that there was little or no migration/ 

leaching of nitrate down the profile as the surface layer 

had the highest value of 0.68 mg/kg compared to the 

subsurface which had 0.18 mg/kg at 20-40 cm and 0.09 

mg/kg at 40-60 cm depth translating to 73 and 86 % 

reduction down the profile, respectively. This may be due 

to richer organic matter content of the topsoil which 

directly determines the concentration of nitrate-N of the 

soil and persistent application of organic manures and 
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nitrogen fertilizers on the surface layer of the vegetable 

farms. Naeemet al.[38] stated that organic manure can 

serve as alternative practice to mineral fertilizers and those 

sources of nitrogenous fertilizers (mineral) can cause high 

nitrate accumulation in soils. When the input of nitrogen 

exceeds the demand, plants are no longer able to absorb it, 

and nitrogen then builds up in the soil, mostly as nitrates 

[39].  

The nitrate concentration of plant sample is shown in 

Table 3. The result showed that there was no significant 

(P>0.05) difference in the values obtained between the 

three vegetables (onion, spinach and lettuce). Although 

there was no significant difference in the values obtained, 

mean values show that onion had the least concentration of 

nitrate (0.147 mg/kg), while spinach and lettuce had 0.220 

and 0.223 mg/kg, respectively. The nitrate content of 

vegetables can be affected by several factors among which 

are the use of fertilizers and growing conditions, especially 

the soil temperature and light intensity [40], [41].[42]also 

added that, the ability of a plant to capture nitrogen from 

the soil depends on soil type, environment and species and 

estimated that 50–70% of the nitrogen provided to the soil 

is lost.  

Phosphorous 
An adequate concentration of phosphorus in soil 

solution and its refilling from the solid phase of soil are 

necessary for the required production of agricultural crops 

[43], [44]. The variation of available phosphorous in the 

soils of the different farm plots was significant (P<0.05). 

However, in terms of absolute values, plots A and C had 

higher values of 4.36 and 4.03 mg/kg than B (3.61 mg/kg) 

while the control had the least value of 2.60 mg/kg, 

respectively. However, available P content of the soil 

profile was not significantly (P>0.05) affected by depth, 

although the mean values showed an inclination towards 

reduction down the profile. These values were generally 

less than 10 mg/kg of Esu[34] and so rated low in 

available phosphorous, which conforms the earlier 

findings of the International Center for Tropical 

Agriculture (ICTA). The soils of Nigerian savanna have 

been reported to be inherently poor in soil available 

phosphorous [45]. 

Cation Exchange Capacity  
Cation exchange occurs due to the negative charges 

carried by soil particles, in particular clay minerals, 

sesquioxides and organic matter [46].The CEC in the soils 

of the different plots was significantly (P<0.05) affected. 

Plots B and C were statistically similar which was little 

above mean value (5.16 cmol/kg) obtained in control. 

CEC content among different depths was also significant 

(P<0.05). Upper layer (0-20cm) had higher value (5.38 

cmol/kg) compared to middle (20-40cm) and lower (40-

60cm) with 5.18 cmol/kg and 4.96 cmol/kg, respectively. 

FAO [47] reported CEC of 8-10 cmol/kg for West Africa 

soils as indicative of minimum values in the top 30cm for 

satisfactory crop production. Based on this rating, the CEC 

level of the study area could be rated low which is an 

indication of low fertility of the soil since CEC of soils 

controls the nutrient and water holding capacity of the 

soils [48]. 

Exchangeable Bases (Ca, Mg, K and Na) 
Calcium is one of the dominant cation of most soils of 

West Africa [11].The calcium value in the soils of the 

different plots wasstatisticallysignificant (P<0.05). Plot C 

had higher value (0.52 cmol/kg) than A, B and Control 

(0.42, 0.35and 0.27 cmol/kg). 

There was also significant (P<0.05) difference in the 

values of calcium distribution within the profile. The 

upper (0-20cm) layer had higher value of 0.46 cmol/kg 

compared to middle (20-40cm) and lower (40-60cm) 

layers with 0.38 and 0.26 cmol/kg, respectively. Low Ca 

value (2.0 cmol/kg) was observed in Fadama soils of 

Kebbi State [48]. Based on the rating standard of Esu[34], 

the soils of the study area were generally low in calcium 

content. Michael and Donald [49] stated that parent 

materials from which soils are formed may be contributory 

factor to the content of exchangeable cations in soils.  

The magnesium and potassium contents of the soils of 

the different plots differed significantly (P<0.05), while 

sodium was not. Magnesium content of farm plot A, B and 

C were statistically at par while plot A recorded the 

highest value of potassium (0.86 cmol/kg). Based on the 

standard ratings [34], magnesium was rated medium while 

potassium and sodium were rated high. This values of 

exchangeable cations obtained was within the normal 

range of calcareous soils that are relatively rich in 

exchangeable bases. However, because of low 

replenishment, widespread deficiency of potassium has 

been reported in many of the intensively cultivated soils 

[50].  

 

IV. CONCLUSION 
 

The result of the investigation indicates that the soils of 

the vegetable crops of the studied area were moderately 

fertile. The concentration of nitrate-N both in vegetable 

crops and soil were relatively low and decreased down the 

soil profile. Therefore, currently, there is no threat of 

nitrate contamination of the soils of the area and 

consumption of onion, spinach and lettuce from these 

farms may not cause any health hazard.  
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