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ABSTRACT. The soils of the West African savanna are low in physical
and chemical productivity. One conventional method of improving pro-
ductivity of these soils is through application of organic materials either
as a supplement or an alternative to mineral fertilizers. In terms of physi-
cal and fertility properties, the agricultural value of this practice is
unquestionable. However, its influence on trace and heavy metal accu-
mulation in the soil needs to be determined for the practice to be con-
sidered sustainable. This study investigated the occurrence of some
trace and heavy metals in the topsoil of an Alfisol under 45 years of ap-
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plication of cowdung (D), nitrogen (N), phosphorus (P) and potassium
(K) at Samaru, Nigeria. Results showed soil texture ranging from sandy
loam to loam. Higher soil surface bulk density were observed for D, DN,
K and NPK treatments, however, the DNPK treatment recorded a lower
soil surface bulk density averaging 1.44 Mg m�3. Treatments with
cowdung generally recorded a higher saturated hydraulic conductivity.
None of the trace and heavy metals analyzed attained values that indi-
cate serious contamination (i.e., intervention values) except for chro-
mium (Cr), whose values indicate heavy contamination in soils of DN
and DP treatments, thus reducing their quality. On the basis of soil qual-
ity and the physical properties considered, the long-term DNPK treat-
ment provides the most sustainable agricultural practice. Since it recorded
lower values of trace and heavy metals relative to the other treatments.
[Article copies available for a fee from The Haworth Document Delivery Ser-
vice: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com>
Website: <http://www.HaworthPress.com> © 2005 by The Haworth Press, Inc.
All rights reserved.]
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INTRODUCTION

Intensive cropping without replenishment of soil nutrients has de-
pleted progressively, the nutrient base of most savanna soils leading to
reduced soil fertility, degraded soil structure, reduced water infiltra-
tion and increased runoff and erosion (Bationo et al., 1997; Odunze,
2003). This condition has adversely affected the agricultural value of
most of the soils in the savanna. Input of organic materials has become
an essential component of the soil fertility management practices in the
West African savanna. This management practice replenishes soil or-
ganic matter and nutrients for sustained soil productivity (Tian et al.,
2001). In addition to these, reduced bulk density and increased soil wa-
ter content have been reported in soils due to inclusion of animal ma-
nure (Tester, 1990). However, little is known about the heavy metal
content of soil under continuous application of organic materials and
mineral fertilizers.

Contamination of agricultural soils with heavy metals have been at-
tributed to anthropogenic sources such as fertilizer dumping, sewage
sludges, waste heaps and agricultural wastes (Lottermoser, 1997). The
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accumulation of these metals in soils may lead to increased plant up-
take (Moolenaar et al., 1997) and, impair the quality of soil for sus-
tainable crop productivity. For agriculture to be sustainable, it must
seek the integrated use of a wide range of management technologies
aimed at increased diversity of enterprises, so that waste from one
component becomes input to another without imparting negatively on
the environment. Hence good quality soil is an integral component of
any sustainable agricultural system and determination of heavy metal
concentration is one first step towards evaluating potential health or
ecological hazard.

The objective of this study was to determine the effect of 45 years ap-
plication of organic (cowdung) and mineral fertilizers on selected soil
physical properties, nutrients and heavy metal concentrations of surface
soil of an Alfisol under continuous cultivation.

MATERIALS AND METHODS

Long-term cowdung (D), nitrogen (N), phosphorus (P) and potas-
sium (K) treatment combinations commonly referred to as DNPK trial
is the oldest organic and mineral fertilizer experiment in West Africa.
The DNPK trial is located at Samaru (11° 11�N 07° 38�E, altitude 686
m) with 81 treatment combinations randomly arranged into nine plots of
220 m2 size. Details of the various management practices adopted in the
last 45 years are presented in Table 1.

Surface soil (0-15 cm) was obtained from ten selected plots from the
trial field in 2001. The trial has been under fallow since 1996. A strati-
fied random sampling procedure which divides the plot into three ho-
mogenous subplot of 72 m2 each was adopted. Five disturbed and core
samples were taken from each subplot and the disturbed samples were
later bulked. Detailed descriptions of the ten selected plots are con-
tained in Table 2. The core samples were used to determine the surface
bulk density (Blake and Hartge, 1986) of the ten selected plots. The hy-
drometer method of Gee and Bauder (1986) was used to determine par-
ticle size distribution, while the constant head permeameter method
yielded values for saturated hydraulic conductivity (Klute and Dirksen,
1986).

X-ray fluorescence spectrometry was used to determine the content
of selected elements from the ten plots. An aliquot of 500 mg of each of
the soil samples was moistened with six drops of 10% solution of
styropore in toluene and pelleted to 100 mg cm�2. The analysis was
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done on a radioisotope excited X-ray fluorescence system at the Cen-
tre for Energy Research and Training, Zaria (Ogunleye et al., 2002).
The data obtained were analyzed statistically using analysis of vari-
ance with the Duncan’s Multiple Range Test for mean comparison.
The SAS version 6.0 package (SAS, 1989) was used to run the analy-
ses.
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TABLE 1. General management practices adopted on the long-term DNPK
trial at Samaru.

Year Management Practice Crop Grown

1950-1968 Ammonium sulphate was the N-Fertilizer
source, which is usually not applied whenever
groundnut monocropping is practiced.

Cotton in rotation with
groundnut and sorghum.

1967 Lime was applied on plot by plot basis
depending on the actual lime requirement for
each plot. Micronutrients (Zn, Mo, B and CU)
were also sprayed on crop growing on the field.

Cotton.

1981 Each plot was divided into four subplots, which
were either subjected to subsoiling
or left as control.

Maize.

1950-1991 Single superphosphate and muriate of Potash
were the sources of P and K respectively,
while calcium ammonium nitrate became
N-source from 1969. As a management
practice, all crop residues and weeds, etc., are
removed after the crop is harvested and burnt
in nearby trench.

Cotton, maize, groundnut,
sorghum, cowpea.

1992-1996 Urea became the source of N from 1992.
Single superphosphate and muriate of potash
still remain the sources of P and K, respectively.

Maize, cowpea.

1997-2001 The trial was under natural fallow, no
treatment went into any plot and no crop was
cultivated. Soil sampling for this study was
done at this time.

�



RESULTS AND DISCUSSION

Particle Size Distribution

Particle size analysis shows the texture of soil ranging from sandy
loam to loam. Highest sand fraction was found in the DN treatment
while, the DP treatment recorded the highest clay fraction. The decrease
in the sand fraction of the DP and N treatments may probably be an indi-
cation of a lower resistance to frequent cultivation (Table 3).
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TABLE 2. Detailed description of ten selected plots of the DNPK trial at
Samaru, Nigeria.

S/N. Treatment combinations Designation Rates (kg ha�1)

1. Nitrogen � Phosphorus �
Potassium

NPK N = 48-135; P = 18-54; K = 29 = 58

2. Dung � Nitrogen �
Phosphorus � Potassium

DNPK Dung = 5000; N = 48-135; P = 18-54;
K = 29-58

3. Dung � Nitrogen DN Dung = 5000; N = 48-135

4. Dung � Phosphorus DP Dung = 5000; P = 18-54

5. Dung � Potassium DK Dung = 5000; K = 29-58

6. Dung alone D Dung = 5000

7. Nitrogen alone N N = 48-135

8. Phosphorus alone P P = 18-54

9. Potassium alone K K = 29-58

10. No amendment Control Nil



Soil Bulk Density

The soil bulk density is one index of a good quality soil. This is be-
cause soils with very high soil bulk density results in compaction which
severely impedes root growth and penetration. Soil surface bulk density
changed significantly (P = 0.1) with treatments (Table 3). Highest bulk
density values were recorded in the DN and DK treatments. However,
the control and N treatments recorded the lowest soil bulk density val-
ues. For loam textured soils as in N, K and DP treatments, the soil re-
ceiving potassium alone for 45 years recorded higher bulk density (1.56
Mg m�3) than the other two. The implication is that soil under this treat-
ment will restrict root growth and penetration relative of the other two.
For a sandy loam soil texture, soil bulk density greater than 1.60 Mg
m�3 is already tending towards compaction which will hinder root pen-
etration. Generally, treatments involving cowdung had higher soil bulk
density than the DNPK treatment. This means long-term application of
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TABLE 3. Effect of long-term application of organic and mineral fertilizers on
soil physical properties of a Savanna Alfisol.

Treatments
Clay

(g kg�1)
Silt

(g kg�1)
Sand

(g kg�1)
Textural*

class

Surface soil
bulk density
(Mg m�3)

Saturated
hydraulic
conductivity
(cm day�1)

NPK 106ab 333b 561a SL 1.57ab 857.3ab

DNPK 106ab 367ab 527ab SL 1.44ab 1674.7a

DN 83b 343b 574a SL 1.64a 1110.3ab

DP 126a 387ab 487bc L 1.41ab 326.4b

DK 86b 333b 581a SL 1.65a 284.4b

D 106ab 373ab 521ab SL 1.54ab 713.8ab

N 119ab 433a 447c L 1.35b 1609.9a

P 106ab 360b 534ab SL 1.48ab 520.7b

K 99ab 360b 518ab L 1.56ab 407.1b

Control 106ab 367ab 527ab SL 1.34b 156.6b

SE 11 21 19 � 0.1 356.6

*SL = Sandy loam; L = Loam.



DNPK will reduce surface bulk density than dung alone or along with
any straight fertilizer. Sommerfeldt and Chang (1986) have reported
higher soil bulk density with application of manure.

Saturated Hydraulic Conductivity

Saturated hydraulic conductivity was significantly higher in the
DNPK and N treatments than the others (Table 3). Though, DN, D and
NPK treatments recorded values similar to the former, the other treat-
ments recorded significantly lower values. The value of saturated hy-
draulic conductivity is usually a function of the size and configuration
of soil pores (Brady and Weil, 1999). The high saturated hydraulic con-
ductivity values in the DNPK and N treatments may be a reflection to a
large extent of the surface soil structural arrangement.

Soil Chemical Properties

The DN treatment recorded significantly high potassium (K) content
than the rest of the treatments. Significantly lower K content was ob-
served with DK, DNPK and the Control (Table 4). There was no signifi-
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TABLE 4. Long-term application of organic and mineral fertilizers on selected
soil elemental composition at Samaru.

Treatments Potassium Titanium Iron Calcium

< (%) >

NPK 3.0ab 0.3 0.7b 0.42ab

DNPK 2.3b 0.3 0.7b 0.46ab

DN 3.7a 0.4 0.6b 0.47ab

DP 3.0ab 0.3 0.7b 0.44ab

DK 2.7b 0.4 0.6b 0.49ab

D 3.1ab 0.3 0.7b 0.43ab

N 2.8ab 0.4 0.9a 0.57a

P 2.9ab 0.4 0.7b 0.50ab

K 3.1ab 0.4 0.7b 0.51ab

Control 2.5b 0.4 0.6b 0.40b

SE 0.3 0.04 0.04 0.05



cant difference in titanium content with treatments. An indication that
cowdung and mineral fertilizer may have no contribution to the pres-
ence of titanium in the soil.

Higher values of total elemental iron was recorded in the N-treat-
ment, this value was significantly (P < 0.05) higher than the others
which were all similar (Table 4). There is a possibility that some of the
mineral nitrogen fertilizers used over the years, may contain some iron
impurities which were derived from their parent rock materials. The
N-treatment significantly accumulated more elemental calcium than the
other treatments. The source of calcium in the mineral N fertilizer may
be from materials added to commercial preparates as fillers, coaters,
conditioners, etc. (Senesi and Polemio, 1981).

Heavy Metal Content

Long-term application of mineral and organic fertilizers seems to fa-
vor chromium (Cr) build-up in the soil (Table 5). The DN treatment re-
corded the highest Cr content and this was followed by the DP
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TABLE 5. Effect of long-term organic and mineral fertilizer application on se-
lected heavy metal content of a Savanna Alfisol.

Treatments Cr Co Cu Zn As Mo

< (mg kg�1) >

NPK 356.0ab 114.3a 41.2ab 27.7 21.8 5.2

DNPK 313.3ab 99.5ab 44.2ab 28.0 22.1 5.6

DN 441.0a 115.2a 41.9ab 30.4 27.5 5.1

DP 386.0ab 118.5a 43.0ab 36.6 26.0 5.3

DK 344.7ab 137.0a 49.8ab 31.7 24.5 5.3

D 320.0ab 107.4ab 52.6a 30.7 24.8 5.2

N 363.7ab 138.0a 44.3ab 31.1 26.6 5.2

P 328.7ab 116.3a 42.1ab 30.9 22.5 5.3

K 348.3ab 138.3a 47.8ab 34.4 24.0 5.7

Control 288.7b 66.3b 36.6b 32.7 21.5 5.3

SE 416 14.2 4.4 3.6 2.2 0.5



treatment. These two values were higher than the intervention value
(i.e., value that indicate contamination of soil) for Cr, which is 380 mg
kg�1 soil (Chen, 2000). For cobalt (Co), all treatments were similar in
values except the control which recorded significantly lower values
than the others. However, the Co content of both the D and DNPK treat-
ments were similar to that of the control (Table 5). With the exception of
the control, the DNPK treatment recorded the lowest Co value of all the
treatments. Cobalt content greater than 135 mg kg�1 was recorded for
DK and N treatments which signifies a gradual pollution of these soils.
Copper (Cu) content was significantly (P < 0.05) high in the sole dung
treatment. The control treatment recorded the lowest value. The fact
that there was some enrichment of Cu in the soils receiving cowdung
and mineral fertilizer over the control may be an indication that some
quantities of the metal would have come from these sources.

There were no significant treatment effect on Zn, As and Mo content
in the soils (Table 5). In fact, only relatively limited range of variability
exist with treatments for these metals.

CONCLUSION

The long term complementary utilization of organic and mineral fer-
tilizers was found to slightly lower soil bulk density, and increase water
transmission. In terms of heavy metal content, the DNPK treatment re-
corded the lowest values of Cr and Co build-up in the soil. Hence, this
treatment can be said to sustain soil quality in the savanna.
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