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ABSTRACT
This siudy was conducted to evaluate the effect of natural in-situ erosion on soil physico-chemical properties and to identify indi-
catr variables associated with various degrees of erosion on a Southern Nigeria Ultisol. A preliminary survey conducted in 1997
had delineated four erosion phases on a contiguous sloping land within a watershed. The erosion classes were Non-eroded (NE),
Stight (S), Moderate (M) and Severely eroded (Sv) based primarily on Ap horizon thickness. Field experiments and laboratory
analysis were done in 1998/99. Definite consistent relationships that were statistically significant were observed between erosion
class and some soil physical and chemical properties of surface ¢ — 10 cm layer. Among these were silt/clay ratio which ranged
Srom 0.29 in NE to 0.19 in Sv; fine sand/coarse sand ratio were 0.33 (NE), 0.31 (S), 0.17 (M) and 0.19(SV). Soil organic carbon
(SOC) declined from 1.01% in NE to 0.60% in Sv, and (Ca + Mg)/(Al + H) ratio, used to infer nutrient imbalance, also decline
Jrom 1.23 in NE to 0.43 in Sv. Aluminum saturation percentage increased from 33% in NE to 60% in Sv, and Ca/Mg ratio from
1.14 (NE) to 1.62 (Sv). Pedotransfer functions suggested that erosion — induced soil alterations are more process based than sim-
ple factor dependent. It is therefore recommended that in this environment the prediction of erosion hazard and the identification
of erosion classes be based on discriminant analysis derived from silt/clay, fine sand/coarse sand, Ca/Mg, and (Ca + Mg)/(Al + H)
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ratios. Soil organic carbon and AlI™"" saturation are equally important indicator variables.
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INTRODUCTION by erosion in national soil databases and their use in the
identification and delineation of eroded soil phases, will
be a superior approach to erosion studies. The main
objective of this study therefore, was to identify specific
physico-chemical soil properties altered by various
degrees of erosion that would serve as reliable indicator
variables for clacking erosion classes of a tropical ulti-
sol. It is also aimed at providing basic benchmark infor-
mation on naturally eroded environments that will aid
model development.

Soil erosion is a major limitation to sustainable produc-
tion in most farmlands of Africa (Lal, 1995). In West
Africa in general and southeastern Nigeria in particular,
it ranks as one of the most serious problems on agricul-
tural lands, threatening large populations with starvation.
Water erosion is the most active erosion process in the
ultisols of SE Nigeria, which cover more than 70% of
the total land area (Mbagwu, 1992). While literature on
the extent and severity of erosion in soils of the tropics is
voluminous, there is paucity of information on specific MATERIALS AND METHODS
erosion-- induced alterations of soil properties that can be

used to classify eroded soil phases or included in ero- Study Environment

* sion— crop productivity decline models for these soils.

In developed countries, the degree of erosion
on soils is recorded on National soil survey maps as
phases of soil series. The phase of the eroded soil is
identified on the basis of the properties of the original
soil that remains (USDA Soil Survey Manual, 1993).
Generally, classes of erosion are assigned on the bases of
the percentage of the original A horizon that has been
fost. While this is a simple approach, by depending
solely on A-horizon thickness other soil changes induced
by crogion which impact directly on crop yields are
ignored. The inclusion of simple soil properties changed

The study area, covering the Otamiri watershed in Imo

State, lies between latitudes 4° 15” and 7° and longi-
tudes 5 50” and 9 30”E. It is a humid tropical environ-
ment, Temperatures are high and change only slightly

during the year (mean daily temperature is about 27° C).
The night and day, and monthly variations in tempera-
ture are minimal. The average annual rainfall is about
2400 mm. There is a distinct 3 months of dryness.

The predominant parent material underlying Imo
State, from which most of its soils are formed are the
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Table 1
moBo physico-chemical properties of eroded sites at Otamiri Southern Nigeria

Discriminant functions for erosion degraded soils

pH N BS CEC P AWC Total aggregation  Bulk density
Erosion Phase (1H0) (%) (%) (mequiv/100g)  (ppm)  (v/iv%) (%) (g/em®)
A. 0- 10cm depth
Non eroded 4.8 0.092 56 6.3 8.25 14.65 88.09 1.39
Slight 49 0.071 50 4.5 6.43 18.66 86.36 1.50
Moderate 49 0.061 52 43 6.95 13.90 87.92 1.48
Severe 4.7 0.057 43 3.6 10.25 18.77 87.07 1.47
LSD (0.05) NS 0.006 06 0.6 0.20 1.40 031 0.04
B. 10-20cm depth
Non eroded 4.9 0.107 52 4.6 5.30 17.49 88.26 1.51
light 4.9 0.049 51 4.0 3.95 20.46 84.01 1.59
Moderate 49 0.042 46 33 6.60 17.20 84.87 1.51
Severe 4.6 0.023 44 43 9.25 15.75 87.04 1.53
LSD (0.05) NS 0.020 NS 0.2 0.28 0.41 0.20 0.03

NS = not significant at p = 0.05; N = total nitrogen; BS = base saturation, CEC = cation exchange capacity; P= available phosphorus;
AWC = gvailable water capacity-

Table 2

Particle size distribution, silt/clay and finesand/coarse sand ratios of natural erosion degraded Ultisol in Southeastern Nigeria.

Erosion Particle Size Distribution (%) Ratios
phase Clay  Silt finesand Coarse sand Textural class  Silt/clay Finesand/coarse
A. 0-10cmdepth
Non-croded 12 4 20 64 Loamy sand 0.33 0.31
Slight 13 7 16 64 Loamy sand 0.54 0.25
Moderate 14 6 12 68 Loamy sand 0.43 0.18
Severe 14 2 12 72 Loamy sand 0.14 0.16
B. 10-20 cm depth
Non-eroded 16 6 14 64 Loamy sand 0.38 0.22
Slight 14 6 16 64 Loamy sand 0.43 0.25
Moderate 12 4 18 66 Loamy sand 0.33 0.27
Severe 12 4 08 76 Loamy sand 0.33 0.11
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Coastal Plain Sands also known as “Acid Sands”. They
are acidic, have low CEC, low base saturation and low
fertility status, usually suffering from multiple nutrient
deficiencies. Farming is mainly practised at the subsist-
ence level with the traditional slash and burn system.
Soil fertility is maintained by the use of perennial fallow
a fast disappearing practice in most communities. Rota-
tions consist of mixed cropping/ relay cropping of yams,
cassava, cocoyam as main crops with telfaria, pepper,
plantains and banana as minor crops.

Field Survey

Field survey was conducted within the Otamiri water-
shed of Imo State, Nigeria, during the dry season of
1997. Using the guideline of USDA’s Soil Conservation
Service (1989) and USDA Soil Survey Manual (1993),
four categories of erosion phases were identified and
delineated as follows:

Non-eroded sites (NE): virgin soil under forest
in wooded lots. A horizon thickness is about 40
cm.

Slightly eroded sites (S): soils that have lost
25% of the original A horizon. A horizon thick-
ness is about 30 cm.

Moderately eroded sites (M): soils that have
lost between 25 and 75% of the original A hori-
zon. The A in most cultivated areas is a mixture
of the-A horizon and underlying material. A
horizon thickness is about 18 cm

Severely eroded sites (Sv): soils that have lost
75% or more of the original A horizon. Mate-
rial below the A horizon is exposed at the sur-
face in cultivated areas. A horizon thickness
about 9 cm

Soil Sampling and Analysis

All selected sites were Typic Trophumult under a 5-year
fallow. After land clearing activities, 2 profiles, each
measuring 1 m x 1 m x 2 m were dug at random within
each of the already delineated erosion classes. A total of
8 profile pits were excavated and examined. For this
aspect of the series of studies, soil samples were col-
lected at 2 depths: 0 — 10 and 10 —~20 cm. Soil bulk den-
sity (BD) was measured by the core method using cores
of 7.5 cm (diameter) and 7.5 cm depth. The water stable
aggregates (WSA) were determined on 5 to 8 mm aggre-
gates using the wet sieving procedure of as described by
Kemper and Rosenau (1986). Available water capacity
was computed as the difference between the moisture
retained at 0.10 and 15 bars tension. Disturbed soil sam-

ples, were air-dried and sieved through a 2 mm mesh.
The <2 mm fraction was then used to determine particle
size distribution by the hydrometer method (Day, 1965).
| Soil pH was measured in 1:1 soil-water suspen-
sion, exchangeable cations (Ca and Mg) displaced in
NH,4OAC solution by emission spectroscopy, available P
by the Bray-I method, CEC by the summation of
exchangeable cations, exchangeable acidity by the 1 N
KCI extraction method (Jackson, 1958), soil organic car-
bon by the method of wet combustion (Walkley— Black,
1934) and total nitrogen by the micro Kjeldahl method.
Statistical analyses included analysis of vari-
ance (ANOVA), mean separation of significant treat-
ments effect, and computer based step-wise regression
analysis to determine pedotransfer functions (PTF’s).
Pedotransfer functions are step-wise regression equa-
tions that relate properties of importance to production
and resource management to basic, easily measured soil
properties {L.arson and Pierce, 1991).

RESULTS AND DISCUSSION

Effects of Erosion on Soil Properties

Physical Properties and Ratios

The effect of erosion on some soil properties is shown in
Table 1. There was no adverse effect of erosion on the
available water capacity of these soils, contrary to results
obtained in temperate soils where erosion is nearly
always accompanied by drought stress in years with
inadequate rainfall (Eck, 1987; Ellsworth et al., 1990;
Fahnestock et al., 1995). Whereas total aggregation
decreased with erosion, bulk density tended to increase
with severity of erosion and ranged from 1.39 to 1.47 g/
cm? for the 0 — 10 cm depth and 1.51 to 1.59 g/em® for
the 10 to 20 ¢cm layer. Increase in bulk density attributed
to erosion is usually caused by the direct compacting
effect of heavy raindrops on unprotected surface soil lay-
ers with diminished SOC levels, in addition to surface
sealing and slaking of structurally weak macro aggre-
gates. Even though erosion altered some of these soil
properties, yet the trends appear irregular and therefore
not easily predictable.

Data on particle size distribution and soil frac-
tion ratios of the non-eroded and three eroded sites are
shown in Table 2. Erosion led to consistent decrease in
fine sand fraction (< 0.5 mm) of the surface 0— 10 cm
layer, and coarse sand (2.0— 1.5 mm) enrichment due to
the preferential removal of the former particles as also
reported by Mbagwu (1988) in a tropical ultisol. The
response of silt/clay ratio was not consistent in the two
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Discriminant functions for erosion degraded soils

Table 3.

Erosion Soil organic Carbon Al Sat. Ca/Mg (Ca+Mg)/(Al +H)
phase (%) (%) ratio ratio
A. 0-10cm depth
Non - eroded 1.01 33 1.14 1.23
Slight 0.75 50 1.33 0.69
Moderate 0.64 49 1.25 0.69
Severe 0.60 60 1.62 0.43
LSD (0.05) 0.02 - - 0.06
B. 10 —20cm depth 1.22 38 0.83 0.92
Slight 0.51 45 1.22 0.83
Moderate 0.39 52 1.14 0.63
Severe 0.20 45 1.25 0.64
LSD(0.05) 0.08 - - 0.04
Table 4

Pedotransfer functions relating water stable aggregation (WSA) of 0 — 20 cm layer with soil properties, 1998.

Independent variable Regression equation R Ww n
(predictors)
Organic matter (OM) WSA = 85.362 +2.52 OM 0.32ns 0.10 20
Percentage clay (PC) WSA = 85.106 + 0.152PC 0.37ns 0.13 20
Percentage Silt (PSilt) WSA = 89.511 - 0.525Psilt 0.41ns 0.17 20
Percentage fine sand (PFS) WSA =88.196 - 0.073PFS 0.21ns 0.04 20
Percentage coarse sand (PCS) WSA = 81.274 + 0.087PCS 0.23ns 0.05 20
Total porosity (%) (TP) WSA =94.710 - 5163 TP 0.24ns 0.07 20
OM, PC, PSilt, PFS, PCS,and TP WSA = 81.740 + 3.72 40M + 0.268 PC

- 0.366 PSilt - 0.159 PFS - 0.025 PCS

+0.113 TP 0.62" 0.38 20

Dependent variable: % water stable aggregation (WSA); ** Significant at P = 0.01, ns = not significant
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Table 4 Pedotransfer functions relating water stable aggregation (WSA) of 0 — 20 cm layer with soil properties, 1998.

2

Independent variable Regression equation R R n
(predictors)
Organic matter (OM) WSA = 85.362 +2.52 OM 0.32ns 0.10 20
Percentage clay (PC) WSA = 85.106 + 0.152PC 0.37ns 0.13 20
Percentage Silt (PSilt) WSA =89.511 — 0.525Psilt 0.41ns 0.17 20
Percentage fine sand (PFS) WSA = 88.196 — 0.073PFS 0.21ns0.04 20
Percentage coarse sand (PCS) WSA = 81.274 + 0.087PCS 0.23ns 0.05 20
Total porosity (%) (TP) WSA =94.710 —-5.163 TP 0.24ns 0.07 20
OM, PC, PSilt, PES, PCS, and TP WSA = 8§1.740 + 3.72 40OM + 0.268 PC

- 0.366 PSilt —- 0.159 PFS - 0.025 PCS

+0.113 TP 0.62" 038 20

Dependent variable: % water stable aggregation (WSA); ** Significant at P = 0.01, ns = not significant

soil layers examined. However, there was more varia-
tion in silt/clay ratio among the four erosion treatments
at the 0 — 10 cm layer (10 units). At the 10 — 20 cm
depth, the severely eroded phase had the same silt/clay
ratio of 0.33 as the upper 0 — 10cm layer of the non-
eroded field. Silt/clay ratio is a reflection of the weather-
ing stage of the parent material and erosion tends to dis-
tort the interpretation of this parameter. Caution should,
therefore, be exercised in the use of this indicator in ero-
sion degraded environments.

At the top 0~ 10 cm layer, the fine sand/coarse
sand ratio was 0.31 (NE), 0.25 (S), 0.18 (M) and
0.16(Sv), a progressive decrease with increase in the
severity of erosion. Mbagwu (1988) had also reported
similar findings for a tropical ultisol. At the severe ero-
sion phase this parameter was half the value of the undis-
turbed reference site.

Chemical Properties and Ratios

The effect of natural in situ erosion on selected soil
chemical properties is also shown in Table 1. Soil pH
was the only soil attribute not altered by erosion. Total
nitrogen, base saturation and CEC decreased signifi-
cantly with increasing severity of erosion. For the sur-
face 0 — 10 cm layer, total nitrogen was 0.092, 0.071,
0.061 and 0.077 for the non-eroded, slight, moderate and
severely eroded phases, respectively and the relative val-
ues were 100:77:66:62, accordingly. The impact of ero-
sion on total nitrogen content was more pronounced at
the 10 — 20 cm depth where reductions of 54, 60 and
79% were observed in the slight, moderate and severely
eroded fields, respectively. Several studies have docu-
mented decreases in soil chemical fertility status of culti-
vated lands, but the results are normally confounded by
improved management practices like fertilizer and resi-

due applications (Ketcheson and Webber, 1978; Bow-
man et al, 1990; Verity and Anderson, 1990).
Phosphorus response to erosion showed irregular trend.

The data of the effect of erosion on soil organic
carbon; aluminum saturation, exchangeable Ca/Mg ratio
and (Ca + Mg)/(Al + H) (an indicator used to infer nutri-
ent balance) are shown in Table 3. There were drastic
reductions in SOC and (Ca + Mg)/(Al + H) ratio associ-
ated with various degrees of erosion. For SOC, the rela-
tive values were 100:74:63:59 for non-eroded: slight:
moderate: severely eroded phases, respectively. In gen-
eral (Ca + Mg)/(Al + H) ratio was in the order non-
eroded > slight > moderate > severe (Table 3). The trend
was similar for the 10 — 20 cm depth.

Even though the magnitude and direction of
change in soil properties induced by erosion is environ-
ment and management dependent, its effect on some soil
properties like SOC and nutrient balance appears consis-
tent as documented by similar works in both temperate
and tropical regions (Ebeid et al.,1995; Nezeyimana and
Olson,1988; Mbagwu, 1988; Fahnestock et al.,1995).
Aluminum saturation and Ca/Mg ratio increased consis-
tently with increased severity of erosion in the order Sv
>M > § > NE. The range of values for aluminum satu-
ration was between 33% in the non-eroded field to 60%
in the severely eroded plots. Erosion therefore, intensi--
fied aluminum toxicity by a factor of 2 without altering
soil pH. High level of soluble Al concentrations is toxic
to most plants and becomes a serious constraint to pro-
ductivity when it reaches 60% or more (Styczen, 1992).
Calcium/Magnesium ratios were highest in the non-
eroded phase and decreased progressively with increas-
ing severity of erosion. Tegene (1992) observed similar
patterns in a south Ethiopian Nitosol. A decrease of Ca/
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Mg ratio to a level below 3 results in unavailability of
calcium and phosphorus (Landon, 1984) and this effect
is especially serious in acidic soils.

Because erosion effects on fine sand/coarse
sand ratio, soil organic carbon, aluminum saturation, Ca/
Mg and (Ca + Mg)/(Al + H) ratio are consistent, progres-
sive and the pattern predictable, they can be used as reli-
able markers to identify and delineate erosion degraded
environments.

Pedotransfer Functions

Pedotransfer functions relating water stable aggregation
(WSA) to selected soil properties are shown in Table 4.
Decline in WSA, the basic unit of soil structure, may be
both the cause and consequence of soil erosion (Lal,
1987). Most soils with weakly developed structural units
and aggregates are unstable to raindrop impact and
therefore slake and disintegrate readily. This predis-
poses such soil to severe erosion. Water stable aggrega-
tion was therefore, used as a key indicator of
“proneness” to erosion.

Reliable, easy-to-measure predictors were used
in a computer based stepwise regression analysis that
only selected sensitive predictor variables. Whereas all
the single factors tested showed weak bivariate correla-
tion with WSA, the combination of factors — SOC, clay,
silt, fine and coarse sand percentages and total porosity
had a significantly positive r value of 0.62. However,
only a maximum of 38% of the variability in WSA could
be attributed to these properties.

CONCLUSION

The study of naturally eroded environments from the
point of view of the impact of past erosion on productiv-
ity decline has only just begun. Whereas it is well
known that erosion alters a number of soil functions in a
manner that diminishes the productive capacity of the
soil/crop system, yet only a few soil physico-chemical
properties are impacted in a consistent and predictable
manner in most soils. For tropical ultisols, the following
factors — fine sand/coarse sand, Ca + Mg, (Ca + Mg)/(Al
+ H) ratios, soil organic carbon and aluminum saturation
are recommended as reliable predictors for the identifi-
cation and delineation of erosion classes. However, this
should be used in conjunction with the A horizon depth
approach. More work is needed to set critical limits for
these factors.

REFERENCES

Bowman, J. Reeder D. and Lober R. W. (1990). Changes in soil
properties in a central, lains rangeland soil after 3, 20

and 60 years of cultivation. Soil science 150: 851 —
857.

Day, P. R. (1965). Particle fractionation and particle size analy-
sis, In: C.A. Black et al. (eds.). Methods of soil anal-
ysis. Part 1. Physical and mineralogical properties,
including statistics of measurement and sampling,
Agronomy, 9: 545 — 568.

Ebeid, M.M., L.al, R., Hall, GF. and Miller, E.( 1995). Erosion
effects on soil properties and soybean yield of a
Miamian soil in Western Ohio in a season with below
normal rainfall. Soil Tech. 8: 97 —~ 108.

Eck, H.V. (1987). Characteristics of exposed subsoil at expo-
sure and 23 years later. Agronomy J. 78: 1067 —
1073.

Elisworth, T.R., Clapp C.E., and G. R. Blake ( 1990). Temporal
variations in soil structural properties under corn and
soybean cropping. Soil Sci. 15: 405 —416.

Fahnestock, P, Lal, R. and Hall, GF.( 1995). Land Use and
erosion effects on two Ohio Alfisols: 1. Soil proper-
ties. J. Sust. Agric. 7:63 - 84.

Jackson, M. L.(1958). Soil chemical analysis, Prentice — Hall,
Englewood Cliffs, New Jersey: p 498.

Kemper, W.D. and Roseneau R.C.(1986). Aggregate stability
and size distribution. In Methods of soil ananlysis.

Part I. Physical and Mineralogical Methods. 2™ ed.
ASA - SSSA. Madison. WISC.

Ketcheson, J.W., and Webber L.R.(1978). Effects of soil ero-
sion on yield of corn. Canadian J. of soil science. 58:
459 — 463.

Lal, R. (1987). Effects of soil erosion on crop productivity.
CRC Critical Reviews in plant Sciences 5: 303 ~367.

Lal, R. (1995). Erosion crop productivity relationship for soils
of Africa. Soil Sci. Soc. Am. J. 59: 661 - 667.

Landon, I. R. (1984). Booker, tropical manual: a handbook for
soil survey and agricultural land evaluation in the
tropics and subtropics. New York. Longman Inc.

Larson, W.E and Pierce, F. J. (1991) Conservation and
enhancement of soil quality. In : Evaluation for sus-
tainable land management in the Developing World.
Vol. 2: Technical Papers. Bangkok. Thailand Interna-
tional Board for soil research and management.
IBSRAM Proceedings No. 12(2) P. 175-204.

Mbagwu, J.S.C.( 1988). Physico — chemical properties and
productivity of an Ultisol in Nigeria as affected by
long-term erosion. Pedologie xxxviii —2: 137 - 154

J.8.C.(1992). Improving the productivity of a
degraded Uiltisol in Nigeria using organic and inor-
ganic amendments. Part 1: Chemical properties and
Maize yield. Bioresour. Tech. 42: 149 — 154.

Nizeyimana, E. and Olson, K.R.(1988). Chemical, mineralogi-
cal, and physical property differences between mod-
erately and severely eroded lllinois soils. Soil sci.
Soc. Am. J. 52: 1740 — 1748.

Styczen, M, (1992). Effects of erosion on soils and growing
periods in Nigeria. In: Erosion, conservation and
small-scale farming. Hurni H. and K. Tato (eds.).
ISCO/WASWC publ. p 582.

Tegene, B, (1992). Effects of erosion on properties and pro-
ductivity of eutric nitisols in Gununo area, Southern
Ethiopia. In: H. Hurni and K. Tato (eds.), Erosion,
conservation and small-scale farming. I1SCO/
WASWC publ. p 582.

Mbagwu



40 N.N. Oti

USDA -~ Soil conservation servicc‘k(1989). Summary Report,
1987 National Resources Inventory Bull, 790, Wash-
ington. D.C.

USDA - Soil Survey Staff. (1993). Soil survey manual.
USDA, Washington D.C.

Verity, GE., Anderson. D.W. (1990). Soil erosion effects on
soil quality and yield. Can. J. of Soil Sci. 70: 471~
484

Walkley, A. and Black 1. A. (1934). An examination of the
Degtjareff method for determining soil organic mat-
ter and a proposed modification of the chromic acid
titration method. Soi/ Sci. 37: 29-38.

Acknowledgements

Our appreciation goes to the World Bank, Prof R. Lal of Ohio
State University, Columbus, Ohio (U.S.A.) and the Federal
University of Technology for sponsoring oversea trips and off-
setting field wotk costs.



