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Abstract 

ssessment of the content and sources of heavy metals in agricultural soils is necessary in order to 

avert the possibility of health risks associated with consumption of crops produced on such soils. 

Concentrations of zinc (Zn), copper (Cu), manganese (Mn), iron (Fe) and lead (Pb) were 

investigated in five plots of land used for cultivation of vegetables and an uncultivated site in the suburbs of 

A 
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Abuja, Nigeria. Soil samples were collected from surface layer of soil, prepared in laboratory according to 

standard methods and analyzed by Atomic Absorption Spectrometer. The trend of metals according to average 

concentration was Mn>Fe>Zn>Cu>Pb respectively. Both ANOVA and t-tests revealed thatexcept for Zn, both 

the available and total heavy metals content of the soil differed significantly among the study sites.Comparison 

with European Union Regulatory Standard reveals that none of the metals has reached toxic level in the studied 

soils. The results suggest that since there is absence of point pollution sources close to the points were the soil 

samples were collected, the only possible anthropogenic sources of the heavy metals are the wastewater being 

used for irrigation, chemical fertilizers and other agrochemicals being used by the farmers. Therefore, substitutes 

to these sources which do not contain the heavy metals should be used in order to prevent accumulation of the 

metals to toxic levels. 

Keywords: Anthropogenic sources, Heavy metals, urban agriculture, wastewater, 

 

INTRODUCTION 

Lack of authoritative definition of the term heavy metals made different authors to define it 

differently which led to inconsistent use of the term. It has been defined in terms of the metals’ 

density, atomic weight, atomic number, other chemical properties and toxicity (Duffus, 2002). 

Nevertheless, in this study, heavy metal contamination refers to excessive deposition of metals of 

biological toxicity into the soil. Naturally, some of the heavy metals such as Cu, Fe, Zn and Mg are 

essential nutrient elements, which play very important roles in many physiological processes such as 

metabolism, growth and development. They often occur as cat ions on the soil colloidal complex and 

therefore, potentially exchangeable. Under natural condition, the sources of these elements in soils 

are parent materials, water and air. Natural soils of the Nigerian savannah are characterised by low 

heavy metal concentrations due to their high weathering intensity and long period of pedogenesis 

(Agbenin andLatifatu, 2004). However, with intensification of urbanization, agricultural activities 

and industrialization, the extent of heavy metal accumulation has grown (Abdu, Abdulkadir, Agbeni 

and Buerkert, 2011). Major sources of heavy metals deposited into the soil are;waste disposal, waste 

incineration, urban effluents, traffic emissions, fertilizer application and long-term application of 

wastewater in agricultural land(Biloset al., 2001; McLaughlin et al., 2000). Fertilizers contain not only 

major elements necessary for plant nutrient and growth, but also trace metal impurities such as Cd, 

Pb, Hg, As or Ni (Nicholson and Jones, 1994; Zhan and Shan,2001). It is therefore an important 

anthropogenic source of soil contamination with heavy metals. 

 

The main causes of soil pollution from heavy metals (including lead, cadmium, chromium, zinc, 

copper, nickel, mercury, manganese, selenium, mercury and arsenic) are irrigation with water from 

streams and wastewater contaminated by industries and commercial areas, the application of 

contaminated solid waste products, and the use of former industrial land contaminated by spilled oil 

and industrial waste products. Other important sources of heavy metals are vehicular or automotive 

emission and burning of wastes. According to Aydinalp and Marinova (2002), heavy metals in soil 

may be found in one or more of the following forms: as dissolved material (in soil solution), 
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exchangeable cation(in organic and inorganic components), structural components of the lattices of 

soil minerals or insoluble precipitates with other soil components.  

The UNDP (1996) defines urban agriculture, which is synonymous to urban farming, as ‘an industry 

that produces, processes and markets food on land and water dispersed throughout urban and peri-

urban areas ‘Urban agriculture has existed as long as there have been cities, often evolving as a 

necessary option for improving food security and supporting the livelihoods of urban residents. 

Throughout history and around the world, urban agriculture has taken many different forms 

depending on the climate, available technologies and cultural preferences. 

Urban agriculture has increased tremendously in the past three decades in many parts of Nigeria 

(Van den Berg and Van Veenhuizen, 2005). Available urban lands, which otherwise have been 

abandoned, such as waste dumpsites, vicinities of industrial areas and stream channels, have been 

turned into agricultural sites. Although this practice apparently led to an increase in urban food 

production, it presented serious implications for community health (Clark, 1992; Cummingham and 

Saigo, 1996; Margaret, 1986). 

Different levels of heavy metal concentrations and sources have been identified in Nigeria. In Agbor 

and Abraka in Delta State, Akpoveta, etal (2010) conducted a study on the physicochemical 

characteristics and levels of some heavy metals in soils around metal scrap dumps and concluded 

that such soils are highly contaminated. In Zaria, Butu and Iguisi (2013) assessed the levels of heavy 

metals in River Kubanni sediments. The study discovered that the levels of Mn, As, U, Cr, Fe, Co, Zn, 

Ba and Sb were higher than the World Health Organisation (WHO) standards for domestic use and 

that the sources of these metals were anthropogenic. In the same context, Sabo, Gani and Ibrahim 

(2013) investigated the status of heavy metal pollutants in sediments of River Delimi (in Jos) which is 

used for irrigation of vegetables. The study discovered that among the heavy metals present in the 

sediment, levels of Cd and Cu were higher than those recommended by the Food and Agricultural 

Organisation (FAO) for irrigation water. Furthermore, Abduet al (2011) carried out a comparative 

assessment of levels of heavy metals in Kano (Nigeria), Bobo-Dioulasso (Burkina Faso) and Sikasso 

(Mali). Out of these three cities, Kano has the highest concentration of Zn, Cd, Pb and Ni. In addition, 

irrigation wastewater and fertilizer were identified as the major sources of the metals. The study also 

discovered that the soils studied were not seriously contaminated yet, but there is a distinct trend 

towards such condition. 

This study aims to investigate the level of some heavy metals in soils used for vegetable production 

in the city (Abuja). Given the rate population increase in the city which implies a commensurate 

increase in the activities that release the heavy metals into the soil, toxicity of the metals and the 

number of people who consume the vegetables, knowledge of concentration of such metals in the soil 

is critical. 

 

THE STUDY AREA 

Abuja is the new Federal Capital of Nigeria which was created in 1976.It covers some 8,000 km², 

between latitude 8.25o N and 9.20o N and longitude 6.45o E and 7.39o E. The FCT is bounded to the 
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North by Kaduna State, to the East and South East by Nasarawa State, to the West by Niger State, and 

to the South by Kogi State.The area is characterized by a hilly, dissected terrain with several peaks 

that are 760 m above sea level (Balogun,2001). 

Landuse 

The entire Abuja Municipal area has been earmarked for residential housing development, 

interspersed with commercial, educational and ministerial departments. The educational institutions 

include secondary and primary level institutions. As the area is yet to be fully developed, however, 

it harbours a wide range of squatters, utilizing the area for varying purposes. These include 

agriculture, livestock grazing, quarrying, and hunting and gathering. 

 

 

Figure 1: Abuja metropolitan area showing the study sites 

 

The climate is the hot, humid tropical type. The rainfall is largely governed by the Inter-Tropical 

Convergence Zone (ITCZ), which is defined by both the moisture-laden south-west winds (Tms) and 

the northeast dry continental winds (Tcs).The area is underlain by the Precambrian Basement 

Complex rocks and consists mainly of gneisses and schist with migmatitte, granites and small 

occurrences of quartzite, pegmatite, amphiboles, granitic gneisses and diorites. 

Most soils in the area are ferruginous tropical soils. Others include the lithosols, alluvial soils, and fadama 

soils. The ferruginous soils are developed on the deeply weathered Basement Complex rocks. 

However, the top horizons are generally sandy loams or loamy sand. The subsoil is less sandy, often 

sandy clay loams or sandy clays.  The topsoil develops a moderate medium sub-angular blocky 
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structure, and the lower horizons weak fine or strong coarse sub-angular blocky structure. The soils 

are highly porous and are well drained over most of the year. 

Sources of water for urban agriculture in the city include rain, and rivers or streams. Treated pipe 

water is seldom used. As is the common practice in Nigeria, wastewaters from homes and industries 

are simply channelled, untreated, into water bodies or out land. Although health risks are implied 

with the use of such polluted water, the combined factor of water availability and market 

opportunities, which supports intensive year-round production could not deter the farmers from 

using such polluted waters.  

 

METHODOLOGY 

Five plots under urban cropping, and an additional one that is not in use for any form of cropping 

was selected for the study, making six plots.The selection of the plots was as a matter of necessity 

constrained by two major factors. One was availability of reliable information on the management 

history of plots in the area, obtained from the farmers. The other was the need to keep, as much as 

possible, all other environmental conditions at the sites similar, in order to minimize the likelihood 

of error arising from initial soil spatial variability. The six plots were located along different road 

arteries in the city. All are underlain by similar geology, granite gneiss, and because they are all 

confined within a single drainage basin, they can be assumed to experience the same climatological 

condition. The size of the plots selected ranged between 0.8 ha and 1.2 ha. The six plots were located 

along different road arteries in the city. All are underlain by similar geology, granite gneiss, and 

because they are all confined within a single drainage basin, they can be assumed to experience the 

same climatological condition. All the sample sites are far away from point pollution sources (such 

as landfill regions, gas station and factories) other than line pollution sources of rivers and roads. All 

sites were located with GPS for possible follow up investigation in the future.  

 
Table 1: Names, location and coordinates of sites selected for the study 

S/No. Site location Name of location Coordinates 

1 Site A Wuse-Zone 4 

Easting      0333632 

Northing   1001900 

2 Site B Central  Area 

Easting      0333070 

Northing   1001463 

3 Site C Jabi Lake 

Easting      0327492 

Northing   1002487 

4 Site D National Mosque 

Easting      0333998 

Northing   1001987 

5 Site E Wuse 2 

Easting      0332134 

Northing   1001987 

6 Site F Wuse-Zone 6 

Easting      0330164 

Northing   1002668 

Soil sampling 

A combined systematic and random sampling method was used in the soil sampling. Over each plot 

selected for study, a quadrat of either 15m by 12m or 30m by 6m was first demarcated. Each was 
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subsequently subdivided into 20, (of 3m by 3m) subquadrats of which 5 wererandomly selected for 

soil sampling. Soil samples were taken at the four corners and the centre of each selected subquadrat. 

The samples were bulked to give a sample per subquadrat. Thus in all, five (5) bulked samples per 

plot, giving a total 30, were collected for laboratory analysis. 

The bulked soil samples drawn from the field were air dried, crushed lightly, and then passed 

through a 2mm sieve. It was these <2mm fraction that were used subsequently in all analyses 

performed, using standard methods.  

 

Laboratory Analysis 

Sequential extraction was carried out according to Emmerichet al in Bryld (2003). After removing the 

saturation extract using a vacuum and a Buchner funnel, the soil sample was leached two to three 

times with 15-20 ml of de-ionized water to remove the soluble salts. Two grams of dry soil (on a 105°C 

basis) were placed in pre-weighed centrifuge tube (three replicates) and the following sequence was 

used. 

1. Add 25 ml 0.5M KNO3, shake for 16 h, centrifuge and filter the supernatant liquid. 

2. Add 25 ml of de-ionized water, shake for 21 h, centrifuge and filter the supernatant liquid. 

Extraction with water on a number of samples showed that the concentration of heavy metals in the 

extract was below the sensitivity limit of the atomic absorption spectrometer, and therefore this step 

was omitted in the rest of the samples. 

3. Add 25 ml 0.5M NaOH, shake for 16 h, centrifuge and filter. 

4. Add 25 ml 0.05N Na2EDTA, shake for 6 h, centrifuge and filter. 

5. Add 23 ml 4M HNO3 and heat for 16 h in a water bath at 70-80 °C. After cooling, the solution was 

filtered. 

After each step, the centrifuge tube was weighed to estimate the quantity of the remaining extractant 

and to calculate the amount of heavy metal carried over to the next step. Heavy metal concentrations 

in all extracts were determined by atomic absorption spectrometry. 

Analysis of data 

One-way Analysis of variance was used to test for any significant differences amongst the different 

sites used for the study and t-test was used to test for any significant differences amongst the different 

sites used for the study.While analysis of variance will only indicate any significance differences 

amongst the different locations, it will not indicate the sources of such differences, hence the need for 

t- test, as a supplementary test. All tests were performed at the 0.05and 0.01 level.To determine the 

toxicity level, concentrations of the heavy metals are compared with the European Union (EU) 

Regulatory Standards.  
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RESULT AND DISCUSSION 

The concentration of heavy metals in the soils tested and result of ANOVA test are shown in Table 2 

while result of t-test is shown in Table 3. There was a distinct variation in the contents of heavy metals 

among the sampled soils. Mean concentrations the metals are ranked in the following order; 

Mn>Fe>Zn>Cu>Pb. ANOVA test shows significant difference in concentration of all the metals 

except Zn among the study sites. 

Zinc (Zn) 

The values of available Zn vary among the various plots vary from 17.7 ppm over plot A to 5.66 ppm 

over plot E. When values of each plot were paired and subjected to t-test, results obtained show that 

only E/F is significantly different at 0.01 level. The CV% ranges in values between 153 % over plot A 

and 14% over plot E.Pattern of the total Zn differ somewhat from that of the available Zn. The mean 

value is highest over site F (107.09ppm) and lowest over site A(43.82ppm). However, similar to 

available Zn, ANOVA did not reveal significant differences amongst the different sites. 

Concentration of Zn in this study is below EU Regulatory Standard thus, it is not regarded to have 

reached toxic level. It is also lower than the values recorded by Mahmoud and Ghoneim (2016) at El-

Mahla El-Kobra, Egypt (449mgkg-1), Abduet al (2011) at Kano (285mgkg-1) and Butu and Iguisi (2013) 

at Zaria (210ppm). However, it is higher than what was recorded by Sabo et al (2013) at Jos 

(4.390mgkg-1) and Bukar, Hati, Dimari and Tijjani(2012at a dump site at Maiduguri (1.8mgkg-1)). The 

main anthropogenic sources of Zn in the study area are agricultural practices. Toxic levels of Zn result 

carcinogenic effects, neurological and hematological complications, hypertension, kidney and liver 

function disorders (Roa, Gopalkrishnan and Venkatesh, 2001). 

Copper (Cu) 

The available Cu vary little among the plots with plot F having the highest value of 2.56ppm and plot 

C having the lowest value of 0.52ppm. The CV% ranged between 42% over plot A, through 33% and 

30% over plots F and E respectively, to 10% over plot B. When subjected to t-test, the result obtained 

show significant differences between the pair of plots A/C, B/C, B/F, C/D, C/E and C/F.Similar to 

the available Cu, the soil total Cu reveals highly significant differences amongst the different sites. 

Furthermore, the variation of the total Cu is somewhat similar to that of the available Cu, with the 

lowest value recorded over site C (2.35ppm) and highest value over site F (27.41ppm). 

Concentration of Cu in the study area is below EU regulatory Standard and also below levels recorded 

byMahmoud and Ghoneim (2016) at El-Mahla El-Kobra (386mgkg-1),Mico, Peris, Sanchez and 

Recatala (2006) at Alicante, Spain (21.6mgkg-1), HafizurRahman, Khanam, Adel, Islam, Ahsan and 

Akbor (2012) at Dhaka, Bangladesh (60mgkg-1), Abduet al (2011) at Kano (18mgkg-1) and Sabo et al 

(2013) at Jos (3.701mgkg-1). It is higher than the level recorded by Bukar et al (2012) at Maiduguri 

(1.65mgkg-1). 
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Table 2: Variation of soil heavy metals over different sites studied  

Heavy 

Metals 
Stats 

SITES 

ANOVA 

EU 

REGULATORY 

STANDARD 
A B C D E F 

Avail. 

Zn X     17.70      15.81       7.36      9.12       5.66    11.05 
  .620       

 SD     27.11      16.73       2.61      3.23       0.81       2.95   

 CV% 153.2 105.8   35.4 35.5  14.3  26.7  300 

Total 

Zn X     43.82      59.80     60.49    73.50     93.16 107.09 
  .454  

 SD     12.56      12.45   107.43    38.09   124.03 79.44   

 CV%   28.7   20.8 177.6 51.8 133.1 74.2   

Avail. 

Cu X        1.65       1.60        0.52      1.62         1.89      2.56 
  7.039   **  

 SD        0.71       0.16        0.15      0.45         0.57      0.85   

 CV%   42.9  10.0   29.3 27.7     30.0  33.4  3O 

Total 

Cu X     13.95      4.67        2.35    16.30         3.44    27.41 
  6.474   **  

 SD       7.34      1.73        0.59    10.87         0.67    15.64   

 CV%  52.6 37.0   25.1  66.7     19.4  57.1   

Avail. 

Mn X    84.82    73.59 83.35 195.52 115.00 152.87 
  3.302   *  

 SD    14.01    30.73 65.71 78.94 47.45 62.52   

 CV%  16.5 41.8 78.8 40.4 41.3 40.9  1500 

Total 

Mn 

 

X  816.76 1009.92 555.83 1613.56 741.36 1315.72   3.018   *      

SD  319.10      96.70 262.95 826.98 292.97 640.55 
  

 CV%  39.1      9.6 47.3 51.3 39.5 48.7   

Avail. 

Fe X    26.19      31.75   53.96   76.43 125.36   75.95 
  7.469   **  

 SD      3.54     18.10   23.55   44.25   34.63   32.08   

 CV% 13.5  57.0 43.6 57.9 27.6 42.2  1500 

Total Fe X 21759.72 27857.15 4560.86 42346.06 11071.41 30212.91   3.233   *  

 SD 15304.96 14032.41 3613.01 25698.02 12990.61 23142.02   

 CV% 70.3 50.4  79.2 60.7 117.3 76.6   

Avail. 

Pb X      2.26      1.38       0.19      0.19        0.09      3.06 
 16.175  **  

 SD      1.16      0.70       0.18      0.05        0.01      0.93   

 CV% 51.4 50.8  91.8 27.9    11.1 30.2  _ 

Total Pb X      3.62      3.72      0.69      0.45        0.35      5.85 20.503   **   

 SD      1.66      1.19      0.47      0.24        0.25      1.60   

 CV% 45.8  31.9 67.8 54.3   73.7 27.4   

Level of Significance: * < 0.05; ** < 0.01 
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Table 3: t-TEST RESULT FOR DIFFERENCES IN MEAN OF HEAVY METALS BETWEEN PAIR OF SITES 

Pair of 

Sites 

Heavy Metals(ppm) 

Available Total 

Zn Cu Mn Fe Pb Zn Cu Mn Fe Pb 

A/B   0.13  0.15  0.74 -0.67 1.46 -2.02   2.75* -1.30 -0.66 -0.11 

A/C   0.85       3.50**  0.05   -2.61*      3.94** -0.35      3.52**  1.41     2.45*      3.80** 

A/D   0.73 -0.11   -3.12*   -2.54*    3.51* -1.96 -0.33 -1.81 -0.97      4.28** 

A/E   0.99 -0.61 -1.36     -6.37**      4.18** -0.89     3.19*  0.39  1.19      4.36** 

A/F   0.55 -1.84   -2.38*     -3.45** -1.20 -1.76  -1.74 -1.56 -0.68 -2.16 

B/C   1.12     10.99** -0.30 -1.67      3.67** -0.01      2.84*      3.62** 3.60**      5.29** 

B/D   0.91 -0.41   -3.25* -2.10    3.34* -1.07  -2.27 -1.41 -0.53      6.10** 

B/E   1.36 -1.12 -1.64     -5.36**      4.11** -0.60    1.48   1.95   1.96      6.21** 

B/F   0.63   -2.47*   -2.55*   -2.68*  -3.25* -1.32     -3.23* -1.06  -0.20 -2.39* 

C/D  -0.80      -5.53**    -2.47* -1.01 0.02 -0.36     -2.78*    -2.52*     -2.60* 1.20 

C/E   1.39      -5.25** -0.87     -3.81** 1.29 -0.45     -2.75*  -1.05   -1.08 1.45 

C/F -2.09      -5.26** -1.71 -1.24    -6.81** -0.78     -3.58**     -2.45*     -2.45*    -6.90** 

D/E  2.13 -0.64  1.98 -1.94     4.20** -0.25     2.55*    2.02    1.84 0.41 

D/F -1.12 -2.02  0.97  0.03   -6.11** -0.72  -1.36    0.47    0.30     -7.50** 

E/F     -3.93** -1.45 -1.08    2.34*   -7.18** -0.21     -3.42**  -1.82   -1.61     -7.58** 

Level of Significance: * < 0.05; ** < 0.01 

 

 

Manganese (Mn) 

The available Mn shows higher significant differences amongst the different sites. The value is highest 

over site D (195.5ppm) and lowest over site B (73.59ppm). The results between pair of plots revealed 

significant differences for sites A/D, A/F, B/D, B/F and C/D. In terms of available Mn, the 

differences in the total Mn is significant at the 0.05 level. However, the variation of mean value differ 

somewhat from that of available Mn. The value ranged between 1613.56ppm over site D, through 

1009.92ppm and 816.76ppm over B and A, respectively, and 741.36ppm over site E. 

Concentration of Mn in the study area is below the EU Regulatory Standard and levels recorded 

byMahmoud and Ghoneim (2016) at El-Mahla El-Kobra (853mgkg-1),HafizurRahmanet al (2012) at 

Dhaka (339at a dump site at Maiduguri (1.65mgkg-1), Micoet al (2006) at Alicante (320mgkg-1) and 

Butu and Iguisi (2013) at Zaria. However, it is lower than what was recorded by Bukar et el (2012 at 

Maiduguri (1.74mgkg-1). 

Iron (Fe) 

Available Fe is lowest over plot A with a value of about 26ppm. This is followed by values over plots 

B, C, F and D, with about 31ppm, 53ppm, 75ppm and 76ppm respectively. The highest value on the 

other hand is 125ppm and this occurs over plot E. The CV% shows that the measured Fe values over 

plots A and E, are relatively homogenous, compared to the rest of the sites. When the results were 

subjected to t-test, the result obtained shows that there are significant differences between pair of 

plots A/C, A/D, A/E, A/F, B/E, B/F, C/E and E/F. Total Fe shows less significant differences 
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amongst the various sites compared to the available Fe. Similarly, the variation over the different sites 

is also different. Unlike the pattern of available Fe, the total Fe is highest over D (42346ppm) and 

lowest over C (4560ppm), while the values over the other sites are intermediate. 

Concentration of Fe in the study area is below the EU Regulatory Standard and levels recorded by 

HafizurRahmanet al (2012) at Dhaka (30,404mgkg-1),Butu and Iguisi (2013) at Zaria (19,000ppm) 

andMahmoud and Ghoneim (2016) at El-Mahla El-Kobra (4989mgkg-1). The major source of Fe in the 

study area is the ferruginous soils. 

Lead (Pb) 

The result of t-test show significant differences in the available Pb between most pair of plots. 

Consequently, One-way ANOVA show highly significant differences amongst the different sites. The 

mean value s ranged between 0.9ppm over site E, through 2.26ppm and 0.19ppm over site A and B 

respectively, and 3.06ppm over site F. As suggested by the CV%, the values over sites C, D and E are 

relatively homogenous, compared to those over sites A, B and F. Total Pb shows highly significant 

differences amongst the various sites. The pattern of the mean value over the different sites is 

however slightly different. 

Concentration of Pb in the study areais below the EU Regulatory Standard and levels recorded 

byMahmoud and Ghoneim (2016) at El-Mahla El-Kobra (92mgkg-1),HafizurRahmanet al (2012) at 

Dhaka (27.6mgkg-1) and Abduet al (2011) at Kano (46mgkg-1). Nevertheless, it is higher than what was 

recorded by Sabo et al (2013) at Jos (2.053mgkg-1) and by Bukar et al (2012) at Maiduguri (1.74mgkg-

1). Anthropogenic sources of Pb include random deposition of old batteries and scrap metals as well 

as the use of chemical fertilizers especially urea and superphosphate. 

 

CONCLUSION 

Soil being the medium of crop cultivation is also a medium through which heavy metals can be 

introduced into the food chain. Food crops grown on soils with high heavy metal concentrations are 

important sources of many health disorders that bedeviled a large proportion of human race and 

animals.The building up of the heavy metals in the present study area reflects the pollution sources 

existing in the surrounding area. Wastewater irrigation, solid waste disposal, sludge applications, 

vehicular exhaust and industrial activities are the major sources of soil contamination with heavy 

metals.  In the absence of any major industry in the sampling sites, the levels of several of the soil 

heavy metals in the present study area could be due primarily to nature of the parent materials, road 

traffic, fertilizer application, pesticide application and use of polluted water for irrigation. Measures 

including regular monitoring of toxic metals in agricultural soils and stopping the use of untreated 

wastewater for irrigation of food crops are much needed to safeguard the health of consumers of 

crops grown on the soils.  
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