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Abstract
The study investigated soil carbon content and fractions in two tropical soil groups of Abia State,
Southeastern Nigeria.  Field sampling was guided by geological map of the study area .Soil profile pits
were sunk in soils formed over shale (Ajata) and coastal plain sands (Amakama).  Soil samples were
subjected to laboratory analyses for soil properties including soil carbon fractions.  Soil data were subjected
to means, standard deviations and percentages.  Soil organic carbon ranged from 11.09 + 0.766 to 22.11
+ 1.31 t/ha (Ajata) and 5.15 + 0.31 to 15.10 + 0.68 t/ha (Amakama) at 0-30 cm depth.  Soil inorganic
carbon values were higher in Amakama (2.90 + 0.09-10.06+0.93 t/ha) at 10-50 cm depth.  Soil organic
carbon contributed higher values of the total soil carbon (53.8 – 72.0%) when compared to 29.2 to
47.2% in Amakama.  The contribution of soil inorganic carbon was higher in Amakama soil (52.8 to
70.8%) than in Ajata soil (28.0 to 46.1%).
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1.0 Introduction

Central Southeastern Nigeria has six major soil
groups; namely soils derived from Alluvium, Coastal
Plan Stands, Falsebedded Sandstones, Upper Coal
Measures, Lower Coal Measures and Shales, and
these resources have  great agronomic, engineering
recreation and sanitary potentials (Onweremadu,
2006).  The soil could be the largest terrestrial pool
of carbon, storing about 2157-2206 pg of carbon
about 1462-1548 pg of organic carbon (Batjes
,1996). Carbon stored in soils differs depending on
its nature, location and type.  In the arid and semi-
arid region, most of the total soil carbon occurs as
secondary carbonates (Knowles and Singh, 2003).
Irrigated Vertisol favours high soil organic matter
mineralization possibly due the to  frequent wetting
and drying cycles under wet and warm conditions
(Hulugalle, 2000).  In the tropics, soil carbon to a
depth of 100 cm accounts for about 26% of the
World total organic carbon (Batjes, 1996).

Information on soil carbon stocks and types is
necessary for the preservation of soil organic matter
(SOM); which is crucial in soil fertility, crop
production and long-term sustainability of agricultural
ecosystems (Denef et al., 2004).  The SOM can
play a key role on the global C cycle by acting as a
sink for atmospheric CO

2
 when appropriate manag-

ement practices are used (Paustian et al., 2000).
But, soil carbon stocks may vary with changes in
plant species composition and soil characteristics
creating the need for assessment and monitoring of
soil carbon for sustained soil use and environmental
quality.  This study was aimed at investigating soil
carbon content and fractions in two lithologically
different soil groups in central southeastern Nigeria.

2.0 Materials and Methods

2.1 Study Area
Central southeastern Nigeria is one of the major
Nigerian agrocosystems, lying between latitudes
4040’ and 8015’N, and longitudes 6040’ and 8015’E.
It has an area of about 13,032 Km2. Soils are
derived from six main geologic materials, namely;
Alluvium, Coastal Plain Sands, Falsebedded
Sandstones, Upper Coal Measures, Lower Coal
measures and Shale.  The study area is dominated
by plains.  It lies within the humid tropics, with mean
annual rainfall ranging from 1850 to 2500 mm.  Mean
annual temperature range is about 27 to 31oC.  The
vegetation is a typical rainforest with varying vegetal
types managed in tiers.  The vegetation is dominated
by oil palm tress (Elaeis guineensis). Density of
tress tends to decrease towards the northern peak
of the agroecosystem.



Farming, deforestation for fuelwood, hunting,
gathering from the wild and fishing along rivers,
streams and lakes are prominent socioeconomic
activities of the area. Slash and Burn clearing
technique is popular.  Soil fertility is maintained by
natural fallows but increasing population and
urbanization have reduced fallows length.  Multiple
cropping is common in the area.

2.2 Field Studies
The geological map of the study area guided field
studies and soil sampling. Soil samples were
collected from soils formed over Shale (Ajata) and
Coastal Plain sands (Amakama). Soil samples were
collected before the onset of rain in 2010. Within
each site, the area selected for soil sampling was 60
ha. In each site, soil samples were taken from three
replicate profile pits,  ie, a profile pit per 20 ha, giving
a total of six profile pits for  the study.  Bulk soil
samples were collected from each depth (0-10,10-
20,20-30,30-4,40-50 and 50-60 cm). These soil
samples were thoroughly mixed in the field and a
representative soil sample was placed into a polybag
and transferred to the laboratory. In addition to this,
soil samples were collected at 2 depths ( 0 – 15 and
15 - 30 cm) for macromorphological characteriza-
tion. Five core samples per depth were also collected
for bulk density determination. Mean value of results
in each depth were used. Soil colour was determined
using Munsell colour chart.

2.3 Laboratory Analyses
Soil samples were air-dried and sieved through 2-
mm sieve to remove sizes greater than 2 mm. To
obtain total carbon, soil samples were finely ground
and passed through 140 – mesh and total carbon
was estimated using a dry combustion analyzer (Vario
EL III, CHNOS, Elementer, Germany). Soil
inorganic carbon was determined from soil samples
< 2 mm size by pressure transducer (Loeppert and
Suarez, 1996).

Soil bulk density was measured by core procedure
(Grossman and Reinsch, 2002).  Soil organic carbon
(t/ha) was determined by subtracting soil inorganic
carbon from values of total soil carbon. This was
followed by the summation of soil organic carbon of
all depth intervals (Lal, 1997). Thereafter, contribu-
tions of soil organic carbon to total soil carbon
measured in percentages was calculated as content
of soil organic carbon in each depth divided by total
soil profile pit carbon.

2.4 Statistics
Soil data were subjected to means and standard
deviations and percentages

3.0 Results and Discussion

General site characteristics (See Table 1) indicate
medium to  granular structures and poor drainage of

Study Site Munsell colour (Moist) Structure Consistence (my) Roots Size (ha) Drainage 

0-15cm depth

Ajata (Shale-derived ) DYB (5YR2/3) 2fgr Vh ffr 10 PD

Amakama (Coastal Plain 

Sands Derived)

DRB 

(2.5YR 3/2)

1fgr 10 mfmr 10 ED

15-30 cm depth

Ajata (Shate-Derived Amakama 3G(5YR 6/1) 2msbk H ffr 10 PD

(Coastal Plain Sands Derived GR 

(2.5 YR 6/1)

1msbk 10 mfmr 10 WD

Table1. Site characteristics

Colour: DYB = dark yellowish brown, DRB = Dark reddish brown, BG = brownish gray, GR = grayish
red
Structure: 1 = weak, 2 = medium, f = fine, gr = granular, m = medium, sbk = subangular blocky
Consistence: vh =  very hard, lo-Loose, h =hard
Roots: ffr = few fine roots, mfmr = ,many fine and medium roots,
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Table 2: Physicochemical properties of study sites with depth

SOC = soil organic carbon, TN = total nitrogen, BD = bulk density ACEC = apparent cation exchange
capacity

Ajata (shale-derived) soils compared to weak
granular structure in  excessively drained soils of
Amakama. The effect of drainage on colour was
prominent at 15 – 30 cm depth in Ajata and
Amakama soils as wetter soils showed more
grayness.

Particular size distribution (see Table 2) showed that
Ajata soils had more clay and less sand-sized
particles as opposed to Amakama soils.  However,
Amakama soil exhibited a distinct clay bulge down
the profile pit although both soils had more clay in
deeper genetic layers, and this  formation of argillic
horizon is indicative of ultisols. Bulk density
increased with depth in both soil groups (see Table
2). Higher values of bulk density were recorded in
Amakama soils. In contrast, values of apparent
cation  exchange capacity were higher in Ajata soils
when compared with results from  Amakama soil
(see Table 2). Total nitrogen decreased with depth
in all soil groups with higher values found in Ajata
soils. These results indicate spatial and vertical
variability in soil properties among soil groups  that
are geographically associated. Variability in soil
attributes could be as a result of differential pedo-

Site pH water TN g/kg BD Mg/m3 Total sand g/kg Silt g/kg Clay g/kg At cmol/kg

0-10 cm

Ajata 1.7 ±0.5 1.28 ± 0.3 660±20.1 90±5 250±11 25.43±0.3

Amakama 0.7± 1.30±0.5 850±15.8 30±6 120±18 7.37±0.4

10-20 cm

Ajata 1.2±0.3 1.32±0.2 590±3 110±8 300±5 25.92±0.4

Amakama 0.5±0.1 1.32±0.4 830±20 20±2 15o±12 626±0.4

20-30 cm

Ajata 0.9 ±0.1 1.36±0.2 600±6 100±3 300±8 16.81±0.4

Amakama 0.4 ± 0.01 1.35±0.5 810±15 40±7 150±3 5.52±0.2

30-40cm

Ajata 0.6±0.1 1.37±0.1 550±5 120±8 330±5 1491±0.4

Amakama 0.5 ±0.1 1.38±0.3 790±10 50±5 160±9 6.63±0.3

40- 50 cm

Ajata 0.4 ±0.01 1.41±0.2 570±8 130±3 300±2 11.26±03

Amakama 0.2 ±0.01 1.43±0.3 80±5 40±6 160±5 4.73±0.2

50 – 60 cm

Ajata 0.1 ±0.01 1.43±0.1 590 ±5 90±4 32±3 9.08±0.1

Amakama 0.1 ±0.01 1.44±0.5 860±8 2-±2 120±9 3.92±05

genetic activities in time and space as influenced by
human activities and parent materials.

Soil carbon fractions varied according to lithological
origin and depth (Table 3).  All carbon fractions
decreased with depth. Ajata soils retained higher
amounts of SOC at all depths.  This is probably due
to high content of clay which form organ-clays with
SOC  and soil inorganic carbon.  Higher values of
SOC in epipedons of both soils despite expected
higher temperatures could be  due to regular or
intermittent supply of plant and animal residues from
living organisms.  These high values of SOC in surface
soils is sustained until vegetation is cleared, triggering
off higher decomposition rate and increased organic
carbon oxidation.

Textural differences could be responsible for variation
in stored carbon fractions. Sandy Amakama soils
had lower values of carbon fractions at the surface
layers but at 10 -50 cm, soil inorganic carbon (SIC)
values were higher when compared with Ajata soils.
This indicates leaching of inorganic carbon fractions
which did not affect SOC in both soil groups.
Stability of   carbon fractions vary and is dependent
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desirable soil physical conditions (Foth, 1984),
suggesting the need to restore SOC equilibrium in
the soils. Kundu et al.(2001) reported that about
887 kgCha-1 yr-1 is required to maintain carbon
equilibrium in Indian vertisols. This value may be
insufficient in studied soils associated with excruciting
tropical climate, increased demographic pressure,
conventional tillage practices, short distance
lithological variabilities and conflictive land use types.

4.0 Conclusion

The study revealed variability in carbon stock in both
locations which are geographically associated but
lithologically  different. Soil carbon content decreased
with depth in both soils. Values of SOC were
generally higher than SIC in Ajata soils while
Amakama soils had higher SIC at deeper depths.
This trend reflected in the high contributions of SOC
to total soil carbon in Ajata soils at surficial depths
in contrast to soils of Amakama.

Table 4: Contribution (%) of soil carbon fractions to
total soil carbon in the profile

SOC = soil organic carbon, SIC = soil inorganic
carbon % = percentage.
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Table 3: Carbon fractions in investigated soil depths
(cm)

Soc = soil organic carbon, SIC = soil inorganic
carbon TSC = total soil carbon

The contribution of SOC to total soil carbon (TSC)
was higher in Ajata soils (See Table 4).Generally,
clayey soils tend to have low values of SOC (Has
sink, 1994) since they are associated with low
temperatures but these two soil groups which are
geographically associated have isohyperthernric
temperature regime. High SOC contribution to TSC
was prominent at 0-30 cm depth in both soils
suggesting the influence of tillage technique on soil
carbon storage. In contrast to 85% contribution in
upper 7 cm depth of soils (West and Post, 2002) in
conventionally tilled soils, SOC contributed 63.7 to
72.0% (Ajata and 45.4 to 47.2% (Amakama) at
0-20 cm. But, SOC value was relatively higher in
deeper layers of Ajata soils which reflects possible
inversion characteristics being clayey in texture. Soil
inorganic carbon fraction consistently increased with
depth forming an irregular bulge which tapered at
50-60 cm depth. These variations in soil carbon
fractions have obvious soil fertility implications on
these soils, which are organic matter-based. Soil
organic matter contains plant nutrients and promotes

Site SOC SIC t/ha TSC
t/ha
0-10

Ajata 22.11±1.31 12.62±2.62 34.73 ±3-12
Amakam 15.10±0.68 8.14 ± 1.09 33.24 ±1.68

10-20
Ajata 18.70 ±0.98 7.26±1.09 25.96 ±0.89

Amakama 9.01±0.42 10.06±0.93 19.07 ±1.03

20-30

Ajata 11.09±0.76 5.18±0.68 16.37 ±0.38

Amakama 5.15±0.31 7.01±0.38 12.16 ± 0.21

30-40

Ajata 7.72±0.82 3.28±0.46 11.10 ±0.31

Amakama 2.13±0.20 5.17±0.26 7.30±0.09

40-50

Ajata 421±0.61 2.14±0.40 6.35 ± 0.11

Amakama 1.92±0.09 2.90±0.09 4.82 ± 0.03

50-60 cm

Ajata 2.29±0.48 1.96±0.31 4.25 ±0.41

Amakama 0.99±0.02 1.89±0.01 2.88±0.06

SITE SOC SIC
0-10 cm

Ajata 63.7 36.3
Amakama 45.4 54.6

10-20 cm
Ajata 72.0 28.0
Amakama 47.2 52.8

20-30 cm
Ajata 67.7 32.3
Amakama 42.3 57.7

30-40 cm
Ajata 69.5 30.5
Amakama 29.2 70.8

40-50 cm
Ajata 66.3 33.7
Amakama 39.8 60.2

50-60 cm
Ajata 53.8 46.1
Amakama 34.4 65.6
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