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ABSTRACT   

The physical attributes of soils under two tuber cropping systems in Awka-Etiti, Southeastern 

Nigeria was studied in 2009. It was a guided field study of soils samples. Three cropping sys-

tems (treatments) were identified and 10 soil samples (replicates) were collected in each treat-

ment at two depths (0-15cm, 15-30cm); and this was arranged in a randomized complete block 

design (RCBD). Analysis of variance (ANOVA) was used to estimate variability while least 

significant difference (LSD) was used at 5% level of probability to separate differences in 

means.  Results showed significant (p=0.05) differences in particle size distribution, bulk den-

sity, available water capacity (AWC) and saturated hydraulic conductivity (Ksat). Cassava–

based cropping system showed greater macro aggregate instability at both depths.  The AWC, 

clay and Ksat had significant (p=0.05) correlation with aggregate size less than 0.50mm while 

Ksat showed very significant (p=0.01) relationship with macro aggregate (4.75-2.00mm). 

There were high values of coefficient of alienation (1-R2) in predictors or dependent variables.  

There is the need to include more variables in future studies of these soils. 

INTRODUCTION 

Human activities on land have great impact on 

it (FAO, 1995).  Such activities may affect soil 

organic carbon content and aggregate stability, 

soil biodiversity (Bossyut et al., 1999), bulk 

density and infiltration ( Hullugalle and Chan, 

1999), penetration resistance (Franzen et al., 

1997), size distribution of aggregates (Beare et 

al., 1994), total porosity and pore continuity 

(Rasiah et al., 2004), water holding capacity 

and saturated hydraulic conductivity (Park and 

Smucker, 2005).  These soil physical proper-

ties exert varying influences on land and envi-

ronmental quality (Beinroth et al., 1994; 

Doran and Parkin, 1994), soil erosion (Six et 

al., 2000; Emadi and Baghernejad, 2008), 

nutrient availability (Bot and Benites, 2001) 

and agricultural production (Middleton and 

Thomas, 1994). In Southeastern Nigeria, 

Mbagwu (1988) observed changes in bulk 

density, total porosity, macroporosity, satu-

rated hydraulic conductivity and available 

water capacity when land use is altered. 

Human activities are known to influence soil 

formation and physico-chemical properties of 

soils through crop production practices (Asadu 

and Enete, 1997). There is an interplay of 
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available land resources with cultural, social 

and economic conditions of the past and pre-

sent development (Akamigbo, 1999). There 

were significant differences among fallow 

land, secondary forest (Ogunkunle and Egh-

aghara, 1992) while Nnaji et al. (2002) re-

ported significant (P<0.05) differences in bulk 

density, total and macroporosity, water reten-

tion and hydraulic conductivity of soils of 

southeastern Nigeria.  With increasing demo-

graphic pressure and attendant conflictive land 

use in Awka-Etiti, Anambra State, Southeast-

ern Nigeria, it becomes necessary to investi-

gate selected soil physical properties as af-

fected by cropping systems.  This becomes 

imperative with the increasing spate of land 

degradation in the agro-ecosystem.  Based on 

the above, the physical properties of soils 

dominated by two tuber crops namely, cassava 

and cocoyam in Awka-Etiti, Southeastern Ni-

geria, was studied to ascertain their effect on 

soils of the study area. 

 

MATERIALS AND METHODS 

The study was carried out on farmlands under 

two tuber cropping systems in Awka-Etiti, 

Anambra State in Southeastern Nigeria 

(Latitude 6o381N, Longitude 6o581E, Elevation 

221m). The cropping systems studied were 

cassava-based farms (Latitude 6o37’0511N, 

Longitude 6o57’1611E, Elevation 220m), co-

coyam-based farms (Latitude 6o361 0911N, 

Longitude 6o 5912111E, Elevation 219m) and 

fallow land (7-year fallow) (Latitude 6o611 

1211N, Longitude 6o 5811811E, Elevation 

222m). These land units were geographically 

associated. Soils were derived from the Nanka 

sands of the Eocene geologic era (Orajaka, 

1975). The climate is humid tropical with total 

mean annual rainfall of about 2500mm and 

mean annual temperature range of 27 to 31oC. 

Rainforest is the dominant vegetation with a 

multiplicity of plant species arranged in sto-

reys.  Common plant types include oil palm 

free (Elaeis guineensis), plantain (Musa pardi-

siaca), cassava (Manihot esculenta) pawpaw 

(Carica papaya), etc. Several scattered small 

scale farms as well as cottage industrial outfits 

are dominant socioeconomic activities in the 

area. Farmers practiced slash-and-burn land 

clearing technique. Soil fertility replenishment 

was by use of bush fallow for distant farms 

while homestead farms were regenerated us-

ing farm yard manure. 

 

Field studies 

Three cropping systems were identified for the 

study, namely cassava –based, cocoyam-based 

and 7-year fallow land.  Random soil sampling 

techniques guided the field sampling.  A soil 

auger was used in collecting soil samples at 

two depths of 0-15 and 15-30cm.  Ten soil 

samples were collected from each cropping 

system, giving a total of 30 soil samples for 

the study at each depth. Each cropping system 

represented a treatment (land unit) while 10 

samples were replicates; and these were ar-

ranged in a randomized complete block de-

sign.  Soil samples were collected using core 

samplers for bulk density determination.  Soil 

samples were wrapped in foam-bubble pack-

ing and transported in a rigid plastic bucket to 

the laboratory.  Moist soil blocks were manu-

ally broken along planes of weakness while 

being air-dried. Air-dried aggregates were 

gently sieved into four size fractions (4.75-

2.00mm, 2.00-1.00mm, 1.00-0.50mm,  

<0.50mm) and stored in rigid plastic contain-

ers. 
 

Laboratory studies 

Particle size distribution was determined by 

the hydrometer method (Gee and Or, 2002). 

Bulk density was measured by the core proce-

dure (Grossman and Reinsch, 2002). The 

method described by Kemper and Rosenau 

(1986) was used to separate water stable ag-

gregates, and saturated hydraulic conductivity 

(Ksat) was determined by constant head per-

meameter technique (Klute, 1986). Available 

water capacity was determined as the differ-

ence between the moisture retained at 0.10 and 

15.0 bars tension. 
 

Statistical analysis 

Soil data were analyzed using ANOVA-GLM 

analyses of the SAS system (SAS/STAT,SAS 
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Institute, 1999) with a significant level of 

P<0.05. Relationships between water stable 

aggregate (WSA) and some soil properties 

were analyzed using correlation and multiple 

regression analysis. Multiple regression was 

used to calculate the variance associated with 

the best fitting linear combination of the vari-

ables according to the model below: 

Y = a + b1X1 + b2X2 + b3X3+ … +bnXn 

where  

Y = is predicted Aggregate stability, 

A = is intercept 

bs  = are slope corresponding to Xs, 

Xs  = are independent soil variables  

  (predictors) and 

n  = is the number of variable used in 

  the model. 

Certainty of prediction was estimated using 

Root Mean Square Error (RMSE) while the 

level of estimation was measured using Bias 

statistic according to the procedure of Mol-

drup et al. (2004), and as follows: 

di and n are defined in RMSE equation. 

 

RESULTS AND DISCUSSION 

Particle size distribution of soils indicates high 

content of sand-sized fractions (Table 1). 

There were significant (P=0.05) differences in 

sand and clay fractions among land units at 

both depths, implying that crushing of soil 

components by tillage affects distribution of 

primary fractions although soil texture is re-

garded as an  inherent property.  Within crop-

ping systems, soils of cassava-based and co-

coyam-based land units did not vary in soil 

texture unlike fallow soils, showing that me-

chanical manipulation of soils leads to homog-

enization of soil particle size fractions.  

There were significant (P=0.05) differences in 

bulk density, available water capacity and 

saturated hydraulic conductivity of studied 

soils at 0 -15cm depth (Table 2).  Similar find-

ings were made by Nnaji et al. (2002) during 

the 1995 and 1996 cropping seasons in 

Nsukka, Nigeria but results contrasted with 

the report of Eneje et al. (2005) in soils of 

Umuahia located in same agroecology. Also, 

bulk density values at 15 -30cm depth did not 





In

i

dinRMSE
1

Where di is the difference between the pre-

dicted and measured values, and n is the num-

ber in the data set. 





In

i

dinBias
1

Soil property Cassava-based Cocoyam-based Fallow LSD0.05 

    0-15 cm depth   

Total sand (g kg-1) 908 854 832 2.94 

Silt (g kg-1) 54 70 68 NS 

Clay (g kg-1) 44 76 10.0 1.34 

Silt- clay ratio 1.3 1.0 0.7 - 

Textural class Sand Loamy sand Loamy sand - 

    15-30 cm depth   

Total sand (g kg-1) 880 840 820 2.66 

Silt (g kg-1) 50 60 50 NS 

Clay (g kg-1) 70 100 130 1.83 

Silt- clay ratio 0.7 0.6 0.4 - 

Textural class Sand Loamy sand Loamy sand - 

Table 1: Particle size distribution of studied soils 

LSD = least significant difference, NS=not significant 
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vary significantly, implying that conventional 

tillage has greater effect at 0-15cm depth.  

Cocoyam cultivation involved mound-making 

while cassava stem cuttings were planted on 

flat hill, indicating that tillage practices had 

varying effects on soil bulk density.  Differ-

ences in soil moisture suggest that tillage in-

fluences its availability. Nnaji et al. (2002) 

reported differences in soil moisture in soils 

under cassava monocropping, cassava-maize 

and cassava-maize-pepper intercropping. 

Aggregate stability varied significantly (P-

0.05) in all aggregate fractions in the study at 

0 -15cm depth (Table 3).  However, one of the 

macro-aggregate sizes (2.0 -01.00mm) did not 

differ significantly at 15-30cm depth unlike 

other size classes. The preponderance of 

macroaggregates (4.75-2.00mm) in soils under 

fallow over other cropping systems could be 

attributed to minimal disturbance characteris-

tic of bush fallows and abundance of organic 

materials, which promote binding of soil peds. 

It is possible that tillage activity preparatory to 

planting cassava and cocoyam disrupts the 

formation of biogeochemical gradients and 

associated microbial communities that pro-

mote the stabilization of macroaggregates 

(Wan and El- Swaify, 1998). Higher values of 

Soil property Cassava-based Cocoyam based Fallow LSD0.05 

  0-15 cm depth     

Bulk density (Mg M-3) 1.29 1.22 1.17 0.09 

AWC (g kg-1) 235 286 365 3.19 

Saturated hydraulic conductivity 

(cm min-1) 

2.18 2.15 4.48 0.15 

  15-30 cm depth     

Bulk density (Mg M-3) 1.35 1.34 1.33 NS 

AWC (g kg-1) 250 298 390 2.26 

Saturated hydraulic conductivity 

(cm min-1) 

0.54 0.69 0.82 0.06 

AWC = available water  capacity, 
LSD=least significant difference, 

NS=not significant 

        

Table 2:  Bulk density water stable aggregates total porosity and saturated  

  hydraulic conductivity of studied soils 

Aggregate size (mm) Cassava-based Cocoyam-based Fallow LSD0.05 

  0-15 cm depth     

4.75-20 9.6 15.0 16.4 1.06 

2.00-1.0 6.2 6.8 7.2 0.05 

1.00 -0.50 15.2 12.0 6.6 0.09 

Less than 0.50 11.0 8.0 4.2 1.12 

  15-30 cm depth     

4.75-20 3.4 5.6 5.8 0.02 

2.00-1.00 3.0 3.6 4.0 NS 

1.00 -0.50 6.2 3.8 2.8 0.08 

Less than 0.50 5.6 3.6 2.2 0.03 

Table 3: Water-stable Aggregates of studied soils 

LSD = least significant difference, NS=not significant 
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macroaggregates (4.75-2.00mm) in cocoyam-

based cropping system despite tillage (mound 

making), is attributable to decomposing mulch 

materials placed on young corms at planting. 

By tillage, mineralization of organic matter 

and exposure of soil aggregates could be pro-

moted (Amezketa, 1999) but organic mulch 

materials on decomposition can release or-

ganic matter which has profound binding ef-

fects on soil peds (Lado et al., 2004).  Highest 

values of  smaller aggregates (1.0-0.5 and less 

than 0.05mm) were found in cassava-based 

cropping system indicating higher vulnerabil-

ity of such soils when exposed to raindrop to 

seal formation (Ben-Hur and Letey, 1989), 

consequently increasing runoff (Morin et al., 

1989) and increase in soil loss (Ben-Hur et al., 

1992). 

Relationship between aggregate size classes 

(4.75-2.00, 2.00-1.00-0.50 and less than 

0.50mm) and some physical soil properties are 

given in Table 4, showing non-significant 

negative correlation between clay, silt, bulk 

density, available water capacity with macro-

aggregation at both depths.  But, significant 

(P=0.05) positive correlation was established 

between saturated hydraulic conductivity and 

macroaggregates.  However, clay, silt, avail-

able water capacity and saturated hydraulic 

conductivity significantly (P=0.05) correlated 

with aggregates less than 0.50mm at both soil 

depths. Low levels of relationship between 

aggregate stability and physical soil properties 

imply that certain un-investigated factors are 

contributors. Earlier, Igwe and Stahr (2004) 

reported that mineralogy and chemical proper-

ties influence soil aggregation. It has been 

reported (Emerson, 1983) that soils high in 

kaolinite have reduced dispersability, thus 

stronger aggregation than 2:1 clays like ver-

miculite and smectite. 

Pedotransfer functions relating some physical 

soil properties to water stable aggregates are 

shown in Table 5, indicating varying relation-

ships in soils of the area. Gravimetric moisture 

content and saturated hydraulic conductivity 

are most influential factors and predictors in 

soils cultivated with tuber crops, followed by 

clay and saturated hydraulic combinations. 

The resultant model is presented in Table 6, 

    Aggregate sizes   

Properties 4.7-2.00 2.00-1.00 1.00-0.5 <.0/05 

  0-15 cm depth     

Clay -0.16NS 0.26NS 0.23NS 0.53* 

Silt - 0.05NS 0.28NS 0.33NS 0.53* 

Bulk density 0.21NS 0.31NS 0.28NS 0.26* 

Available water capacity 0.28NS 0.23NS 0.49* 0.76* 

Saturated  hydraulic conductivity 0.68 ** -0.56* 0.61* 0.81* 

Silt – clay ratio -0.13NS 0.19NS 0.31NS 0.48* 

  15-30 cm depth     

Clay -0.21NS 0.21NS 0.32NS 0.60* 

Silt -0.09 NS 0.19NS 0.28NS 0.50* 

Bulk density 0.02NS 0.24NS 0.23NS 0.29NS 

Available water capacity 0.31NS 0.35NS 0.56* 0.81* 

Saturated hydraulic conductivity 0.71* 0.61* 0.68* 0.79* 

Silt – clay ratio -0.16NS -0.22NS 0.28* 0.56* 

Table 4:  Correlation coefficients for linear relationships between aggregate sized 

  and some soil physical properties (n=60) 

 NS=not significant 
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 Predictors Regression equation R R2 1-R2 

Clay ,silt WSA = 79.16+0.21clay -0.33silt 0.46 0.21 0.79 

Clay θm WSA = 82.26 + 0.36clay + 0.71θm 0.51 0.26 0.74 

Clay, Ksat WSA=62.88+ 0.16clay + 0.23ksat 0.69 0.48 0.52 

Silt, θm WSA =76.16 – 0.08silt + 0.32θm 0.55 0.30 0.70 

Silt ,Ksat WSA =68.03 – 6.19silt +0.29ksat 0.48 0.23 0.77 

Θm, Ksat WSA = 92.18+1.63θm +0.39ksat 0.73 0.53 0.47 

Clay, silt, θm, Ksat WSA = 66.14 +0.11clay 0.13silt +1.6θm +2.11 ksat 0.58 0.34 0.66 

Table 5:  Pedotransfer functions relating water stable aggregates at 0-30 cm depth  

  with some soil physical properties (n=60) 

θm = gravimetric moisture, Ksat = saturated hydraulic conductivity 

Attribute Value 

R 0.58 

R2 0.34 

1-R2 0.66 

Dependent mean 9.4 

%CV 39.68 

RMSE 2.18 

BIAS + 0.00006 

Table 6: Aggregate stability Model  

WSA=66.14 +0.11clay 0.13 silt +1.16 θm + 2.11 Ksat 

WSA-water stable aggregate 

indicating high value of coefficient of alien-

ation, suggesting the need to investigate non-

physical criteria before arriving at a reliable 

conclusion. There was moderate variation 

(CV=39.68%) and value of root mean square 

error indicated fairly reasonable predictiveness 

of the model in the studied soils.  There was 

little overestimation of the model given the 

Bias statistic of + 0.00006. 

 

CONCLUSION 

The study revealed significant (P=0.05) differ-

ences in some soil physical properties espe-

cially at 0-15cm depth in soils under two tuber 

cropping systems.  It was also found that ag-

gregate stability differed among cropping sys-

tems and had significant (P=0.05) relationship 

with some physical properties. Inclusion of 

biological and chemical properties will be 

helpful in further studies as this will increase 

degree of certainty  and reliability of soil pa-

rameters used as predictors in the study area. 
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