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ABSTRACT

A study was conducted to determine the physico-chemical properties of
irrigated soils of Sokoto Modern abattoir. Soil samples were collected from
four identified farms (A,B,C,D) under irrigation that were affected by abattoir
effluent. From each farm, three composite samples were collected at the
surface (0-15cm) and subsurface (15-30cm) layers. A control sample was
collected from an uncultivated land located about 200 meters southwest of
the farmlands that was neither affected by abattoir nor fertilizer at the same
depths, giving a total of 26 samples. The soils were analyzed for some basic
chemical properties following standard methods. The results revealed an
alkaline soil with mean pH of 8.6 and 8.5 at surface and subsurface layers,
respectively. The organic carbon obtained was high both at the surface (3.72-
4.11%) and subsurface (1.08-2.93%) layers, which were about 1.4 to 2.8
times higher than the control values. Total N in surface and subsurface (0.08-
0.09% and 0.04-0.07%) and available phosphorus (4.56-5.04 and 3.18-
3.56mg kg™) values were very low in effluent affected soils and even lower
in the control samples. Exchangeable potassium was high with a mean value
range of 1.14-1.81 cmol(+)kg™ and 0.53-0.73 cmol(+)kg™ for the surface and
subsurface layers, respectively. There was a general indication of the effect of
abattoir affluent on the levels of chemical parameters analyzed, compared to
the control samples, except the pH. The soils were relatively fertile and could
sustain effective crop production if the pH could be reduced to the levels
favourable to crops and microbial activity.
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INTRODUCTION

Present day agriculture requires the supply of additional nutrients for optimum crop
performance through complimentary means. Complimentary use of organic and inorganic
fertilizers is widely known to be a reliable and sustainable soil fertility management
strategy (Frissel, 1978; Powell and Mohammed-Salem, 1987; Murwira et al., 1995).

One of the major sources of nutrient supply to crops is through organic materials.
Compost and farm yard manures are highly beneficial, releasing significant quantity of
available nutrients (Murwira et al., 1995; Lupwayi et al., 1998). The use of organic
manures (especially ruminant dung, poultry droppings, household refuse and effluents) for
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crop production is an age-long agricultural practice among the subsistence farming
communities in West Africa sub-region (Lombin et al., 1991). The inventory of urban and
industrial wastes in Nigeria as compiled by Sridar (2006) showed that millions of tons of
industrial, domestic and animal wastes are produced annually in the country and that these
wastes can be utilised effectively for agriculture.

Abattoir effluent is a liquid or solid waste released from the industry that consists of
blood, urine, manure, digesta and non-edible parts that are important sources of nutrients.
Areas around abattoirs are used to grow crops through irrigation as sources of food. This
contributes not only to health and quality of life, but it also enhances the economic and
social status of the producers (Gura, 1996). According to Osemwota (2010), abattoir
effluent is the residual material obtained from the abattoir after the slaughter of animals
such as cattle, sheep, goats, etc. The effluent comprises materials such as blood, urine,
faeces, water, etc. of such slaughtered animals. The application of rice husk and abattoir
affluent at 100kg ha™ and 75L ha™, respectively, in a greenhouse experiment has been
reported to have increased the organic carbon content of the soil from 1.51 to 3.51%
(Ogboghodo et al., 2008).

In the recent past, there has been series of campaigns for organic agriculture through
the use of organic sources of plant nutrients, of which abattoir effluent is a good example.
Farmers around the Sokoto modern abattoir use the abattoir effluent as a source of nutrient
for their crops, but to what extent abattoir effluent has affected the fertility of the soils
requires investigation, which forms the basis of this research.

MATERIALS AND METHODS
Study Site

The experiment was conducted in irrigated farms near the Sokoto modern Abattoir.
Sokoto State is located between latitudes 11° 30'N and 13° 50'N and longitudes 4° 0'E and
6° 0'E, at 315m above sea level. Sokoto falls in the Sudan savanna agro-ecological zone of
Nigeria that is characterized by erratic and scanty rainfall that lasts for about four months
(mid June-September). The dry period lasts from October to May. The annual rainfall of the
area is highly variable over the years and averages around 700mm (Singh, 1995), with
minimum and maximum temperatures of 15°C and 40°C (Arnborg, 1988).

Soil Sampling, Sample Preparation and Analyses

A total of 24 soil samples were collected from four selected farms (A, B, C and D).
From each farm, three composite samples were collected at the depths of 0-15 and 15-
30cm. A control sample was collected from an uncultivated land located about 200 meters
southwest of the farmlands. This land was neither affected by abattoir effluent nor fertilizer.
The samples were labeled as appropriate and taken to laboratory, air dried, crushed and
sieved through a 2mm sieve for chemical analysis. The following chemical properties of the
soils were analyzed using standard methods: pH was determined using glass electrode pH
meter in 1:2 soil:water ratio (Mclean, 1982). Total N was analyzed by micro-Kjedahl
method (Jackson, 1962), and organic carbon determined by dichromate oxidation method as
described by Nelson and Sommers (1982). Available phosphorus was analyzed by Bray
No.1 method (Bray and Kurtz, 1945) and exchangeable potassium determined by flame
photometry (Rich, 1965).
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Data Analysis

Data generated were subjected to simple descriptive statistics (Steel and Torrie,
1980). Mean, frequencies, percentages and standard deviation were used to present the
results.

RESULTS AND DISCUSSION

Hydrogen lon

The results of chemical analyses obtained are shown in Tables 1 and 2, which
indicate high pH values of the soils both at the surface and subsurface layers. The mean pH
values ranged between 8.3 to 8.8 at the surface layer and 8.1 to 8.8 at the subsurface layer.
The control sample had pH values of 8.7 and 8.4 at the surface and subsurface layers,
respectively. The highest pH value of 8.8 was obtained at surface layer of farm plot D and
subsurface layer of plot C. The influence of abattoir effluent was not observed in the pH
values relative to the control sample, since the pH of the effluent affected soils and the
control were within the same levels (Tables 1and 2). The soils can be described as strongly
alkaline (Michael and Donald, 1999) which is quite different from the result obtained by
Osemwota (2010), who reported a mean pH value of 6.4 in abattoir effluent soils at
Ambrose Alli University Teaching and Research Farm in Ekpoma, Nigeria. High pH may
result in build-up of sodium and a tendency of boron toxicity as reported by Landon (1991),
as well as development of salinity/sodicity (Graff and Patterson, 2001). These values may
be as a result of organic materials from abattoir (bones, flesh, blood) that are rich in base
cations like Ca, Mg and Na.

Organic Carbon and Organic Matter

The organic carbon content was found to be relatively high compared to the standard
ratings of Esu (1991),who gave the limits for low, medium and high as <1.0, 1.0-1.5, and
>1.5¢/100g respectively. The average organic carbon obtained at the surface layer was
3.82, 4.11, 3.84 and 3.72% in farm plots A,B,C and D, respectively, which were about 1.8
times higher than those of the subsurface layer. Abattoir effluent enhanced the organic
carbon content of the soils when compared to the results obtained in the control samples at
the surface (2.73%) and subsurface (0.78%) layers (Tables 1 and 2).

The organic matter content was also high as it is always a direct translation of the
organic carbon content of the soil. The highest organic matter content of 7.10% was
obtained in farm plot B which was 34% higher than the control value (4.71%) (Table 1).
The organic matter content of the subsurface layer was relatively low compared to the
surface. The highest value of 5.05% was obtained in farm plot D in the subsurface soil
which was 73% higher than the control value (1.34%) (Table 2). The high level of organic
matter obtained could be as a result of the influence of abattoir effluent.
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Table 1. Some chemical properties of soils as affected by abattoir effluent at 0-15cm depth

Farm Depth  Rep. Properties
Plot  (cm) pH Org. *Org. TotalN  Avail.P,  Exch.K,
Carbon  matter (%) (mgkg™)  (cmol kg™
(%) (%)

A 0-15 Al 8.2 3.96 6.80 0.09 417 1.07
A2 8.5 3.59 6.19 0.08 4.61 1.15
A3 8.5 3.91 6.74 0.09 4.90 1.20
Mean 8.4 3.82 6.58 0.09 4.56 1.14
SD 0.17 0.201 0.336 0.006  0.368 0.066

B 0-15 B;1 8.6 4.09 7.06 0.08 4.82 1.30
B2 7.9 4.07 7.02 0.09 4.68 1.38
B3 8.4 4.18 7.22 0.08 4.63 1.23
Mean 8.3 411 7.10 0.08 4,71 1.30
SD 0.36 0.059 0.106 0.006  0.098 0.075

C 0-15 Ci1 8.6 3.76 6.48 0.09 4.82 1.71
C,2 8.6 3.24 5.58 0.08 4.79 1.58
C.3 8.9 4.53 7.80 0.10 4.80 1.61
Mean 8.7 3.84 6.62 0.09 4.80 1.63
SD 0.10 0.204 0.557 0.012  0.066 0.040

D 0-15 D;1 8.8 3.72 6.41 0.08 5.07 1.66
D,2 8.7 4.26 7.34 0.07 5.04 1.84
D,3 9.0 3.18 5.48 0.07 5.00 1.92
Mean 8.8 3.72 6.41 0.08 5.04 1.81
SD 0.15 0.015 0.025 0.010 0.102 0.036

Con

trol 0-15 8.7 2.73 4.71 0.06 3.87 1.23

*Org. Matter = Org. C x 1.723 (constant)

Total Nitrogen

Nitrogen levels for all the soil samples were generally low (Tables 1 and 2), which is
the most prominent characteristics of tropical soils (Young, 1976). Another possible reason
for the low nitrogen levels maybe that the high pH (Table 1) increased bacterial activity,
and hence mineralization and nitrification of organic matter which increases the rapid rate
of nitrogen loss in soils (Brady and Well, 2002). There is an indication of the influence of
abattoir effluent in the levels of total nitrogen relative to control. Singh et al. (2002)
reported 0.17g kg™ of total nitrogen content of irrigated fadama soils of Sokoto State, while
Audu et al. (2009) reported 0.46mg kg™ total nitrogen in Wurno Irrigation Project. The
standard values for low, medium and high total nitrogen in soils are <0.15, 0.15-0.20 and
>0.20%, respectively (Adepetu et al., 1979; Esu, 1991).
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Table 2. Some chemical properties of soils as affected by abattoir effluent at 15-30cm depth

Farm Depth  Rep. Properties

Plot  (cm) pH Org.  *Org.  Total Avail.P,  Exch.K,
Carbon matter N (%) (mgkg") (cmol kg*?)
(%) (%)

A 0-15 Al 8.5 1.16 2.00 0.06 3.43 0.58
A2 8.4 1.08 1.87 0.06 3.48 0.61
A3 8.5 1.01 1.74 0.06 3.50 0.53
Mean 8.5 1.08 1.87 0.06 3.47 0.57
SD 0.06 0.075 0.130 0.000 0.036 0.040

B 0-15 Bl 8.7 2.27 3.92 0.04 3.51 0.58
B.2 8.7 2.20 3.79 0.04 3.16 0.46
B:3 8.5 2.04 3.52 0.05 3.09 0.56
Mean 8.6 2.17 3.74 0.04 3.25 0.53
SD 0.12 0.118 0.204 0.006 0.225 0.064

C 0-15 Cil 8.7 2.61 4.49 0.06 3.12 0.71
Ci2 8.8 2.23 3.48 0.08 3.25 0.74
C:3 8.9 2.55 4.39 0.06 3.17 0.66
Mean 8.8 2.46 4.12 0.07 3.18 0.70
SD 0.10 0.204 0.557 0.012 0.066 0.040

D 0-15 Dl 8.3 2.95 5.08 0.07 3.68 0.74
D;2 8.0 2.93 5.03 0.06 3.49 0.69
D.3 8.1 2.92 5.05 0.05 3.52 0.76
Mean 8.1 2.93 5.05 0.06 3.56 0.73
SD 0.15 0.015 0.025 0.010 0.102 0.036

Con

trol 0-15 8.4 0.78 1.34 0.04 2.10 0.51

*Org. Matter = Org. C x 1.723 (constant)

Available Phosphorus

The phosphorus levels in the soils were generally low. However, the values were
relatively higher in effluent affected soils than in the control soils. The results obtained
showed higher concentration of phosphorus in the surface layer than the subsurface layer
(Tables 1 and 2) with the values of 4.56 to 5.04 mg kg™ in the surface layers and 3.18 to
3.56 mg kg™ in the subsurface layers. The control samples had 3.87 and 2.10mg kg™ P in
the surface and subsurface layers, respectively. The control values for low, medium and
high P contents in soils are <10, 10-20 and >20mg kg, respectively, (Adepetu et al., 1979;
Esu, 1991). High pH value can cause low available phosphorus content because of the
presence of calcium, since phosphates tend to be converted to calcium phosphate at high pH
levels, thereby reducing its availability (Landon, 1991; Tisdale and Nelson, 1994). Jones

187



M. Audu and J.B. Ishaq

and Wilds (1975) reported that the West African savanna soils are generally low, and
sometimes very low, in phosphorus content. They gave the phosphorus content values of
the region as 1.43 mg kg™. The amounts were highest in Vertisols and Hydromorphic soils
with a mean of 1.94 and 1.82mg kg™, respectively, and lowest in brown and reddish brown
sub-arid soils with a mean of 0.92mg kg™. Singh and Tsoho (2001) reported available P
content for soils around river Rima and river Sokoto to be 0.3 - 6.01mg kg™ and 0.01-
0.07mg kg™

Exchangeable Potassium

Potassium content was high in soils of the study area compared to the ratings of
Adepetu et al. (1979) and Esu (1991), in which values of <0.15, 0.15-0.30 and >0.30
cmolkg™ were considered as low, medium and high, respectively. The highest value
(1.81cmolkg™) was recorded in farm plot D followed by plots C, B and A with values of
1.63, 1.30 and 1.14, respectively, in the surface layer. The subsurface layer also had high
values of exchangeable potassium compared to the standards, but the absolute values were
about 2-3 times lower than the values obtained in the surface layer. The control samples
had relatively high values too, although lower than the values obtained in the effluent
affected farms. This indicates that the soils were generally rich in exchangeable bases, and
as proven by the pH levels strongly alkaline (Michael and Donald, 1999) of the soils.

CONCLUSION

The study revealed that the soil was strongly alkaline, rich in organic matter and
exchangeable potassium content, and low in total nitrogen and available phosphorus
attributed to high pH. Abattoir effluent contributed to the enrichment of the soils in all the
parameters studied, except pH. However, the absolute values reduced with increased soil
depth. There was the likelihood of salinity/sodicity build-up since the soils were strongly
alkaline. Therefore, there is need for effective management strategies that will reduce the
pH levels of the soils in order to achieve maximum benefit of the effluent for high crop
yields and safe environment. Further study is also recommended to evaluate the influence
of the abattoir effluent on crop performance.
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