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ABSTRACT

This study investigated the distribution of soil magnesium and its relationship with some pedological

properties in 2007.  Field studies and sampling were guided by geological map of the area and sample sites

determined by the transect technique.  Two soil groups namely coastal plain sands- derived and shale-derived

soils lying on upper slope, mid slope and backswamp were used for the study.  A total of 90 soil samples per

soil group, representing 30 soil samples per geomorphic surface were air-dried, sieved and analyzed for selected

properties.  Soil data were subjected to analysis of variance using the PROC mix-model of SAS and correlation

analysis.Results showed significant (P=0.05) variation in the distribution of exchangeable magnesium percentage

among geomorphic surfaces in the two soil groups.  Exchangeable magnesium percentage had significant

(P=0.05) positive correlation with exchangeable sodium percentage (r. 0.47) and dispersion ratio (r=0.43) while

maintaining a significant (P=0.05) negative relationship with organic matter (r=-0.59), aggregated clay (r=-0.52),

dithionite extractable Fe (r=-0.46) and aluminium (r=-0.41).  Geospatial and geostatistical analysis of soils will

be necessary to enhance predictability of the studied parameters.
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Introduction

Soil magnesium pool provides a source of exchangeable magnesium cation necessary in plant nutrition.

In southeastern Nigeria, mineral weathering is a major natural source of cations (Onweremadu, 2007) including

exchangeable Mg.  In addition to plant nutrition, basic cations are known to influence soil moisture (Logsdon

and Laird, 2004), electrical properties (Nadler, 1999; Logsdon, 2000) and foliage health (Horsley et al., 2000;

Bailey et al., 2004).  Specifically, soil magnesium influences soil physical properties such as bulk density, total

porosity, saturated hydraulic conductivity, soil water, plasticity and dispersability (Garcia – Ocampo, 2003).

Soil magnesium decreases aggregate stability, increases dispersivity of soil clay fractions (Neaman and Singer,

2004) and showed a significant positive correlation (r=0.46) with modulus of rupture (Sharma, 1985). Again,

a high percentage of Mg in soils deteriorates soil structural properties and lowers infiltration rates (Norton and

Dontsova, 1998).

Soil magnesium improves phosphorus availability (Neaman and Singer, 2004) especially in arid and semi-

arid soils where it is predominant (Brady and Weil, 1999). Exchangeable Ca may retard uptake of

exchangeable Mg (Osemwota et al., 2003). This implies the need for a balanmce in Ca:Mg ratio (Alasiri, 1994)

as this ratio is an indicator of soil fertility status (Oti, 2002). A decrease of Ca:Mg ratio to a level below 3

results in unavailability of Ca and P (Landon, 1984).

Parent materials influence chemistry of soils. Dontsova and Norton (2001) reported differences in

physicochemical properties of major soil groups of the cornbelt of USA especially as this affects Ca:Mg ratios.
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Because parent materials affect soil properties at regional and continental scale (Kosomas et al. 1995) and

noting the importance of exchangeable magnesium in crop nutrition in southeastern Nigeria, it becomes

necessary to study variability in Mg content of two major soils of southeastern Nigeria.  The main objective

of this study was to investigate soil magnesium content in two soils formed over coastal plain sands and shale.

Materials and Methods

Study Area:

The study was conducted at Owerrinta (5 42'46.906"N and 7 38'39.180"E) and Umuna Okigwe0 0

(5 56'35.513"N and 7 44'06.500"E) in Southeastern Nigeria.  Both sites were influenced by Imo River drainage0 0

activities but soils of Owerrinta are formed over coastal plain sands (Benin Formation) of the Miocene –

Pleistocene geologic era while soils of Umuna OKigwe overly Imo Clay shales (Bende-Ameki formation) of

the Paleocene age Owerrinta is situated in the southerly plains while Okigwe lies within the rise of the

northeast -oriented hills of southeastern Nigeria.

The study area has a humid tropical climate with a mean annual rainfall range of 1800 – 2500 mm and

26 – 31 C mean annual temperature range. Soils of the area are generally sandy lying under a depleted0

rainforest characterized by multi-storey and multi-species vegetation.  Low-input agriculture, fishing, hunting,

gravel and sand mining are common socio-economic activities of the area.

Field Sampling:

Transect technique involving random sampling was used in field studies. The transect is about 1 kilometer

and ran from the alluvial inundated plain (Backswamp) to the upper slope( Crest) to capture the toposequence.

Field sampling was guided by geology and geomorphic attributes: upper slope, midslope and backswamp with

7%, 4% and 1% slope, respectively. Thirty toposoil samples were collected from each physiographic position

at a depth of 15 cm giving a total of 90 soil samples per soil group for the study. Some soil morphological

properties were recorded in situ including soil colour aided by Munsell colour chart. Soil samples were air-

dried and sieved using 2 mm sieve in preparation for laboratory analysis. In addition to the above, 90 core

soil samples were collected for bulk density evaluations.

Laboratory Analyses:

Particle size distribution dispersed in both sodium hexametaphosphate and water was determined by

hydrometer method (Gee and Or, 2002) while bulk density was estimated by core procedure (Grossman and

Reinsch, 2002).Total porosity was calculated using the quantitative relationship between bulk density and

particle density (Foth, 1984) and as follows:

TP (%) = 100% - (BD/PD x 100)

Where TP% = Total porosity in percentage

BD = bulk density in Mg m -3

PD = particle density in Mg m-3

Saturated hydraulic conductivity (Ksat) was measured by the constant head technique (Klute, 1986).

Aggregated clay (AC) index was used to estimate colloidal stability.  It involved two sets of experiments.  In

one set, 10g of dry 1 – 2 mm aggregates were treated with sodium dithionite – citrate – bicarbonate (DCB)

to remove sesquioxides before clay determination. In another set, 10g of the aggregates were not treated with

sodium dithionite – citrate – bicarbonate to estimate water – dispersable clay.  Clay was determined by

weighing separately the DCB – treated and untreated aggregates into 250 ml plastic bottles, adding 200 ml

of distilled water and shaking end – over – end for 16 hours. The soil suspension was transferred into a 1:1

with distilled water, it was further agitated end – over – end 20 times and allowed to settle for 8 hours.  Then,

a pipette was used to determine the amount of clay in suspension (Kamara et al., 1992). The AC was

estimated as the difference between the total DCB clay and water dispersible clay.

Percolation stability (PS) was measured according to the procedure of Auerswald (1995). In this, 10g of

the 1 – 2 mm diameter air-dried aggregates were put in cylindrical plexiglass tubes of dimensions 1.5 cm

internal diameter and 10.5 cm long. The lower ends of the tubes were covered with a fine wire mesh and 1

– 2 mm depth of medium size sand grains were placed at the bottom and on top of the aggregates with the

aggregates being indirect contact with the sand. The aggregates were packed uniformly by mechanically
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dropping the tube 10 times from a height of 2 cm onto a hard surface.  Deionized water was used to percolate

the aggregate column under hydrostatic pressure head of 20 hPa for 10 minutes. The amount of water that

percolated in 10 minutes is regarded as the uncorrected PS. The final percolation rate was also obtained at the

end of 10 minutes. The measured PS was corrected for total sand (63 – 2000 mm) in the aggregates since PS

is positively influenced by sandiness of soils.  Resultantly, PS corrected is given as follows:

Cation exchange capacity was determined by ammonium acetate method at a pH 7 (Soil Survey Staff,

2003). After leaching the soils with 1N ammonium acetate solution, exchangeable Ca and Mg in the leachate

were estimated with atomic absorption spectrophotometer (Perkin Elmer Model) while exchangeable K and Na

were determined using a flame photometer. The exchangeable magnesium percentage (EMgP) and exchangeable

sodium percentage (ESP) were computed as the ratio of these two basic cations to cation, exchange capacity.

Soil pH was measured using pH meter in a 1:1 soil-water ratio (Soil Survey Staff, 2003). Total organic carbon

was determined by loss on ignition method using the LECO CR-12 analyzer (LECO Corp, ST. Joseph, M. I.).

di d iDithionite-citrate-bicarbonite iron (Fe ) and aluminium (Al ) were determined by the extraction method of

ox oxMehra and Jackson (1960) while the ammonium oxalate extractable iron (Fe ) and aluminium (Al ) were

estimated according to the procedure of Schlichting and Blume (1966).

Data Analyses:

Soil data were subjected to analysis of variance (ANOVA) using PROC Mix-model of SAS (Little et al.,

1996) and means were separated using a standard error of the difference (SED) at P = 0.05.

Results and Discussion

Soil Characteristics:

Morphological characteristics of the study site are given in Table 1. Thickness of A-horizons are generally

thin resulting from their development under a forest ecosystem characterized by high rainfall and runoff process

which wear away soils of the slopy terrain. Soils formed over shale had thicker A-horizons possibly due to

reduced dispersability when compared with soils derived from coastal plain sands. Soil colour changes were

more prominent in soils of coastal plain sands. Soil colour was more greyish towards the backswamp,

indicating aquic conditions. The soil structure was granular in soils derived from coastal plain sands while soils

from shale showed platy structure, suggesting low structural stability for soils of formed over coastal plain

sands (Mbagwu et al., 1993). Rupture resistance varied within soil groups and among soil groups with soils

over shale being firmer.  Irrespective of physiographic position gravel content (32 – 2 mm) was higher in shale

derived soils. High gravel content of soils derived from shale could enhance water entry in such soils

dominated by microporosity.

Other intrinsic properties of the soils in Tables 2 and 3 show significant variation (P < 0.05) except in

bulk density and soil pH. The PSc values ranged from 132 – 148 ml/10min (Coastal Plain Sands) and 258 –

268 ml/10 min (Shale) when compared with 34 – 591 ml/10 min obtained by Mbagwu and Auerswald (1999)

in similar soils. Nonetheless, PSc values for soils derived from shale are higher than soils of coastal plain

sands. implying greater vulnerability of the latter to structural collapse and loss of exchangeable magnesium.

This could be why exchangeable Mg percentage values were lower in soils formed over coastal plain sands.

Higher values of AC in soils over shale indicate greater colloidal stability. The dispersion ratios were higher

in soils derived from Coastal Plain Sands, and this could be due to higher content of Mg in Shale – derived

soils. Although Mg promotes dispersion, (Dontsova and Norton, 2002), it is known as a strongly polarizing

cation with high hydration energy that may hinder water mobility in soils (Logsdon and Laird, 2004).  Organic

matter varied significantly (P = 0.05) among geomorphic units in both soil groups (Table 3), with soils derived

from shale having higher values. Clayey soils retain more moisture which may reduce soil temperature hence

reduced activity on organic materials in soils. Most of the soils have low total exchangeable bases which is

responsible for low pH values especially in soils over coastal plain sands. The ESP was very low, indicating

that presence of exchangeable Na in the micelle may not be responsible for the dispersion of these soils.

Similar findings were made by Onweremadu and Akamigbo (2007). The dithionite extractable Fe and Al values

were higher than ammonium oxalate extractable Fe and Al implying good crystallinity in the former and the

reverse in the latter. The dominance of the crystalline forms over the amorphous Fe and Al could be due to

age of soils.
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Magnesium Content in Relation to Selected Soil Properties:

Results of correlation analysis between exchangeable magnesium and some soil properties are shown in

Table 4. Exchangeable sodium percentage (r = 0.47) and dispersion ratio (r = 0.43) had significant (P = 0.05)

positive correlation with exchangeable Mg, showing that an increase in exchangeable Mg leads to heightened

dispersivity of soils. The possibility of soil physical deterioration with Mg on exchange site is high (Dontsova

and Norton, 2001) since its hydration energy is greater than CA, therefore, the hydration radius is also greater

(Bohn et al., 1985). This attribute causes a larger separation distance between clay layers and less attraction

between them to cause flocculation. Generally, values of ESP and Mg are low in the study are low in the

study area, yet the spate of soil erosion is outstanding, suggesting that other factors outside dispersing Na and

Mg (Dontsova and Norton, 2002) are responsible for high erodibility of soils.

Exchangeable Mg exhibited significant (P = 0.05) negative correlation with organic matter (r = -0.05),

aggregated clay index (r – 0.52), dithionite extractable Fe (r = -0.46) and dithionite extractable Al (r = -0.41),

indicating decreased dispersability as these parameters increase in studied soils. Organic matter promotes

macroaggregation (Igwe and Stahr, 2004) hence its sufficiency in soils may deter dispersive effects of

exchangeable Mg .Mbagwu and Bazzoffi (1988) reported that the role of soil organic carbon as an aggregating

agent tends to diminish when other aggregating agents such as silicate clay and polyvalent metals predominate.

Negative relationship between exchangeable Mg and aggregated clay index implies that decreasing

exchangeable Mg leads to enhanced colloidal stability thereby reducing erodibility (Brubaker et al., 1992) and

colloid release in the vadose zone (Le Bissonais, 1996). Polyvalent total Fe and Al (dithionite extractable Fe

and Al) were in abundance in these soils and were negatively correlated with exchangeable Mg, signifying that

their presence reduces dispersive influences of Mg; diminishes aggregating role of soil carbon (Oades, 1984)

and enhances saturated hydraulic conductivity of soils (Shainberg et al. 1987). However, these activities vary

spatially on a soilscape (Mueller et al., 2008).

Table 1: Soil morphology

Physiography Horizon Depth(cm) M atrix colour Structure Rupture Resistance Gravel content

(Moist) (32 – 2 mm)

Soils  derived 

from coastal

plain sands

Crest (9% slope) A 0 – 9 RB 5YR5/3 1m gr 1 Nil

M idslope (5% slope) A A 0 – 13 YR 5YR 5/8 1m gr frNil

Backswamp (1%) A 0 – 25 G5YR 5/1 2 m abk Fi 14

Soils  derived

from shale

Crest (11% slope) A 0 – 15 DB 7.5YR 4/2 3vfpl vfi 53

M idslope (8% slope) A 0 – 22 LB 7.5 YR 8/4 3vfpl vfi 46

Backswamp (0 – 1% slope) A 0 – 32 PG 7.5 YR 6/4 2vfpl Fi 38

RB = reddish brown, YR = yellowish red, G =gray, DB= dark brown, LB=light brown ,PG=pale gray, gr = granular, abk =angular blocky,

vf =very fine, pl=plastic, l=loose, fr = friable,fi = firm, m=medium,

Table 2: Some physical properties of studied soils

Physiography TS g kg FS  g kg CSg kg Si g  kg Cl g kg TC BDM gm DR g kg TPgkg Ksat mm s AC PSc-1 -1 -1 -1 -1 -3 -1 -1 -1

Soilsderived

from coastal

plain sands

Upper slope 850 400 450 50 100 LS 1.21 39 54.3 2.3 6.8 132

M idslope 840 400 440 80 80 LS 1.28 28 51.6 2.5 7.2 136

Backswamp 780 580 200 95 125 SL 1.36 24 48.7 2.9 8 148

SED 0.05 1.91 1.16 2.26 2.31 4.14 0 1.33 0.1 0.6 0.9 2.53

P-value .0001 .0001 .0001 .0001 0.0001 ns <.0001 ns <.0001 .0001 .0001

Soils derived

from shale

Upper slope 290 117 173 430 280 Sil 1.29 28 51.3 3.4 12.2 268

M idslope 285 120 165 348 367 CL 1.26 16 52.4 3.8 1.8 260

Backswamp 280 149 131 326 394 CL 1.2 14 54.7 4 10.6 252

SED 0.05 0.07 1.81 1.74 1.02 2.15 0.1 1.24 0.1 0.05 0.7 1.96

P-value ns <.0001 .0001 .0001 <.0001 ns <.0001 ns .0001 .0001 .0001

TS = total sand, FC = fine sand, CS = coarse sand, Si = silt, Cl = clay, TC Standard error of the difference in means.= textual class, BD

= bulk density, DR = dispersion ratio, TP = Total porosity, AC = aggregated clay,PSc= percolation stability corrected  Ksat = Saturated

hydraulic conductivity, SED = standard error of the difference in means
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Table 3: Some chemical properties of studies soils

di  ox  d i  ox  Physiography pH(water) CEC cmol kg OM g kg EM gP g kg TEB cmol kg ESP g kg Fe g kg Fe g kg Al g kg Al g kg-1 -1 -1 -1 -1 -1 -1 -1 -1

Upper slope 4.5 4.6 12.8 2.1 1.55 0.1 3.6 0.61 1.04 0.36

M idslope 4.4 4.9 1.4 2.5 1.69 0.3 4.1 0.72 1.21 0.42

Backswamp 5.1 5.1 24.6 2.8 2.06 0.4 4.5 0.78 1.24 0.48

SED 0.05 0.08 0.11 1.06 0.119 1.06 0.05 0.16 0.04 0.32 0.06

P-values ns <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Soils derived

from shale

Upper slope 4.1 18.2 18.6 8.7 3.42 0.5 29.6 2.18 0.71 0.56

M idslope 5.5 21.6 26.2 7.6 5.56 0.2 70.1 3.32 0.88 0.61

Backswamp 5.9 24.4 36.6 10.1 9.86 0.7 48.6 2.26 0.82 0.66

SED 0.05 0.04 0.23 2.36 1.07 2.63 0.06 0.09 0.02 0.09 0.05

P-value ns <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

CEC = cation exchange capacity, OM  = organic matter, EM gP = exchangeable magnesium percentage, ESP = exchangeable sodium

percentage, di = dithionite, ox = oxalate.

Table 4: Relationship between EM gP and selected soil properties

Independent variable Correlation coefficient (r) Level of significance

ESP 0.47 0

OM -0.59 0

pH 0.23 ns

Silt -0.19 ns

Clay -0.26 ns

DR 0.43 0

AC -0.52 0

d iFe -0.46 0

oxFe 0.09 ns

d iAl -0.41 0

ox Al -0.24 ns

Sand 0.12 ns

CEC -0.09 ns

ESP = exchangeable sodium  percentage, OM  = organic matter, CEC = cation exchange capacity, DR =dispersation ratio, AC=aggregated

clay, di=dithionite, ox=oxalate *=significant at P=0.05,ns=not significant

Conclusion:

The study revealed variability in Mg content of two soils of varying lithologic origin and along different

geomorphic surfaces. Exchangeable Mg percentage was higher in soils derived from shale. It was also found

dithat exchangeable Mg percentage exhibited significant (P = 0.05) relationship with ESP, DR, OM, AC, Fe

diand Al , implying the usage of these pedological attributes in predicting the distribution of the basic dispersive

cation. Need arises for application of geographic information tools for further soil studies in the study area to

enhance the accuracy of predictions using the investigated pedological parameters.
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