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ABSTRACT: A study was conducted to determine the influence of parent material on the contents and distribution
of boron and zinc in soils of Bauchi State, Nigeria. Fourty nine, 30, and 20 top 0-30cm soil samples developed from
basement complex rock, Kerri-Kerri Formation and Chad Formation, respectively, were collected and analysed using
standard laboratory procedures. Results obtained indicate that parent material influenced Zn but not B contents in the
soils. Generally, both B and Zn varied widely (CV>30%) between locations in the State, irrespective of the parent
material. Organic carbon significantly (P<0.01) and negatively correlated with Zn in soils from BCR (r = -0.410) and
CF (r =-0.563) and positively with B in soils developed from KKF (r = 0.471) and CF (r = 0.345). With means of 0.41
and 1.46 mgkg? for B and Zn respectively, their contents are considered adequate for crop growth. Crops grown on
soils in some localized areas identified with values below the critical limits for these micronutrients may, however,

benefit from their application.
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INTRODUCTION

Theimportanceof micronutrientsin generd and boron
and zinc in particular, in plant nutrition cannot be
overemphasized. This is so especially against the
background that many Nigerian soils are very acidic
and may, therefore, contain low to excessive or even
toxic amounts of theseavailable micronutrients, which
could hamper crop production (Amalu, et al., 2001).
Boron deficiencies have been reported to be most
particularly prevalent in sandy and highly leached acid
soilslow in organic matter (Abdu, et al., 2006) andin
soilsderived from igneous origin (Burridgeand Ahn,
1970). Conversely, most soils derived from marine
sedimentsarereported (Bowen and Kratky, 1983) to be
rich in boron. Zinc, on the other hand, has been shown
tobe deficient in some soilsin Bauchi State (Mustapha
and Singh, 2003). Thehuman populationin Nigeriaand
indeed in Bauchi State is on a rapid increase. This
trandatesto greater need for the efficient utilization of
the land to produce crops to feed the ever-increasing
human and animal populations. To achievethisgoal,
thereis a pressing need for the eval uation of the soil
nutrient status, moreespecially, the micronutrients. The
need for this evaluation is further necessitated by the
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realization that soils in Bauchi State are principally
formed on parent materials that are known to play
significant roles in the determination of the contents
and distribution of many nutrient elements(Mustapha,
etal., 2002). It was against this backdrop that a study
was conducted to eval uate the content and distribution
of B and Zn in soilsasinfluenced by the three parent
materials found in Bauchi State, Nigeria, namely:
basement complex rocks, Kerri-Kerri and Chad
formations.

MATERIALSAND METHODS

Thestudy was conducted in Bauchi State (L atitudes
9°32'-12°33'N; Longitudes 8°50'-11°01' E), Nigeriafrom
October to December, 2006. Lithologicdly, soilsinthe
Stateare formed from Basement Complex rock (BCR)
and the Sedimentary Rockscomprising the Kerri-Kerri
(KKF) andthe Chad (CF) formations. The BCR covers
most part of the State. A total of 49, 30, and 20 top O-
30cm representative soil samples were respectively
collected from the BCR, KKFand CF, making atotal of
99 samples. Each soil sample was separately dried in
air, ground using porcelain pestle and mortar, and
passed through a2-mm sieve. The sieved soil samples
were used for all laboratory analyses. Particle-size
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analysiswas performed by the Bouyoucos hydrometer
method, soil pH was measured in 1:1 soil/water
suspension, while organic carbon was determined by
the Walkley-Black method. Available B and Zn were
respectively extracted from the soils by the hot water
extraction and 0.1 MHCI methods. The procedures
followed were as described by Page, et al. (1982). Data
obtained were subjected to simple descriptive statistics
(including means and coefficient of variation), analysis
of variance (ANOVA) and correlation analysis (Harry
and Steven, 1995). Means that were statistically
significant were separated using the Least Significant
Difference(L.S.D.).

RESULTS
Particle-size distribution, pH and organic carbon
status

Table1 showsthe particle-sizedigtribution, pH and
organic carbon contents in soils developed from the
three parent materials, namely: BCR, KKF and CFin
Bauchi State, Nigeria. Thesand and silt contentsin soils
from the three parent materials did not significantly
(P=0.05) vary. In soilsdevel oped from BCR and KKF,
however, sand fraction was somewhat uniformly
digtributed (CV<15%) asopposed tothewidevariahility
(CV=30.9%) observed in soils from the CF. The day
content varied significantly (P=0.05) following the
pattern: CF>BCR>KKF. With CV>15% in each casefor
all the soilsconsidered, its distribution could besaid to
bewide. Theoverall mean pH (in water) was 6.0 witha
CV<10%. Organic carbon content significantly (P=0.001)
varied in the soils from the three parent materials

considered in this study. The soils of CF origin had
gatigtically highest organic carbon (matter) (mean =9.4
gk/g) than thosefrom BCR (mean = 5.3 g/lkg) and KKF
(mean = 6.0 g/kg), which wereat par. Thedigtribution of
organic carbon wasmoreor lessuniform (CV<10%) in
soilsdeve oped from KKF but varied widely (CV>30%)
in soilsfrom BCRand CF.

Zn and B status

Table 2 shows the ditribution of Zn and B in soils
devel oped from the three parent materialsstudied. The
resultsindicatethat parent material sgnificantly (P=0.05)
influenced the digtribution of Zn; with soils devel oped
from KKF having sgnificantly highest amounts. It is
noteworthy, however, that with CV (in %) of 34.5, 61.0
and 46.3, respectively for BCR, KKF and CF, Zn contents
varied widely in the soilsin each parent material and
generallyin the State (CV = 61.0%). Thetypeof parent
material did not significantly (P=0.05) influence the
digribution of B inthesoilsstudied (Table2). Though it
variedwithinwidelimits(CV =41.1%; range=0.13-0.80
mgk/g), B contentswerewithin the optimum 0.1-0.5ppm
level reported by Amalu et al. (2001) for optimum crop
growth.

Correlations

Correlationsamong someof the soil physico-chemical
properties and between them and Zn and B contents are
presented in Table 3. Organic carbon significantly
(P<0.01) and negatively correlated with Zn in soils
developed from BCR (r =-0.410) and CF (r =-0.563).

Table 1: Some physico-chemical properties of the top 0-30cm soils developed from BCR, KKF and CF in Bauchi State

Silty pH Organic C
Sand ) Clay (in water) (gkg)

Basement complex rock

Range 57.0-82.0 7.0-30.0 8.0-26.0 5.22-6.44 3.6-14.0

Mean 69.3 16.3 14.2 5.98 53

CV (%) 111 44.1 29.1 49 38.8
Kerri-Kerri formation

Range 53.0-83.0 5.0-31.0 5.0-21.0 5.30-6.34 42-7.8

Mean 67.2 18.6 13.9 6.01 6.0

CV (%) 14.2 36.5 30.8 3.9 7.9
Chad formation

Range 17.0-87.0 30.0-48.0 8.0-35.0 5.34-6.56 4.4-14.8

Mean 65.7 16.9 175 5.89 9.4

CV (%) 30.9 75.8 47.2 5.0 33.8

Overall mean 67.6 17.6 14.6 6.0 6.8

L.S. - - * - *k*k

L SD(parent material;P=0.05) NS NS 1.46 NS 0.77

NS: Not significant; L.S.= Level of significance; * and *** = significant a P=0.05 and 0.001, respectively
BCR = Basement complex rock; KKF = Kerri-kerri Formation; CF = Chad Formation
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Though also negatively correlated with Znin soils
developed on KKF (r = -0.365), the association was
not significant (P=0.05). It isequally noteworthy that
the association between clay and Zn contents was
significant (P<0.05) and positive in soils devel oped
from BCR (r = 0.440) and KKF (r = 0.539) but negative
(r =-0.460) in soils devel oped from CF. Silt did not
significantly (P=0.05) correlatewith Znin soilsfrom
CF, but it did, positively, in soilsfrom KKF (r = 0.609)
and negatively in soilsfrom BCR (r =-0.318). Results
show that organic carbon was significantly (P=0.05)
and positively correlated with B in soils from KKF

and CF, but not in those from BCR. The type of
association between clay and B obtained in the present
study, however, varied between soils from the
different parent materials. The combined contribution
of the constant, silt, clay and organic carbon was
dgnificant (P<0.01) on Zninal thesoils. Their relative
contributions, represented by R?, were 34.8, 40.9 and
40.2% in soils developed from BCR, KKF and CF,
respectively. The effect on the variables on the
regression equation was, however, significant (P=0.05)
for B in soilsdevel oped from KKF only (R?=32.2%).

Table 2: Distribution of Zn and B in 0-30cm soils developed from BCR, KKF and CF in Bauchi Sate

Zn B
(mg/kg) (mg/ko)
Basement complex rock
Range 0.40-2.21 0.13-0.74
Mean 112 0.38
CV (%) 345 41.2
Kerri-Kerri formation
Range 0.24-4.11 0.14-0.69
Mean 150 0.38
CV (%) 61.0 39.9
Chad formation
Range 0.41-2.33 0.16-0.80
Mean 1.28 0.40
CV (%) 46.3 40.6
Overdl:
Range 0.24-4.11 0.13-0.80
Mean 1.26 0.41
CV (%) 50.5 41.1
LSD (P=0.05) 0.174 NS

NS: Not significant

Table 3: Correlation matrix among some physico-chemical properties in soils developed on the three parent materials in
Bauchi State, Nigeria

Sand Silt Clay pH (in water) OrganicC.  Zn
Silt BCR -0.844**
KKF -0.979***
CF -0.922**
Clay BCR -0.379* -0.169
KKF -0.948** 0.864**
CF -0.618** 0.305
pH (in water) BCR -0.293* 0.338* -0.046
KKF -0.243 -0.306 -0.126
CF -0.238 0.207 0.168
Organic C. BCR 0.147 0.010 -0.285* -0.191
KKF 0.303 -0.310 -0.266 -0.021
CF -0.292 0.167 0.330 0.241
Zn BCR 0.060 -0.318* 0.440** 0.061 -0.410**
KKF 0.602* 0.609** 0.539* -0.185 -0.365
CF 0.276 -0.093 -0.460* -0.154 -0.563**
B BCR -0.049 0.224 -0.302* -0.114 0.127 -0.193
KKF 0.299 -0.327 -0.229 0.189 0.471* -0.320
CF -0.278 0.060 0.524** 0.181 0.345* -0.469*

BCR = Basement complex rock; KKF = Kerri-Kerri formation; CF = Chad formation, *, ** and *** = significant a P=0.05 and 0.001, respectively
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DISCUSSION AND CONCLUSION

Theresultsfromthisstudy indicateastrong influence
of parent materials on the clay distribution as earlier
reported by Mustapha, et al. (2002). The pH was more
or less uniform and rated moderately acid, while the
organic carbon was|ow.

Results from the present study show that the mean
Zn contents for soils from the parent materials
considered and generally for the State are greater than
the 0.80 mgZn/kg critical limit reported by Lindsay and
Norvell (1978). This corroborates earlier findings by
Mustaphaet al. (2002) for soilsin the same geo-ecol ogy.
It is to be noted, however, that the overall Zn content
ranged (in mg/kg) from 0.24-4.11 indicating that some
locations contain Zn well below the critical leve for
optimum crop production; and calls for itsinclusion in
fertilizer formulations for such areasfound “low”. With
mean contents (inmg/kg) of 0.38, 0.38and 0.40, repectivdy
for soilsdevel oped from BCR, KKF and CF, B toxicity in
thesoils sudied isunlikey, for now.
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