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C. M., Onweremadu, E. U,, Njoku, J. D,
Ahukaemere, C. M., & Aririguzo, B. N.  There has been increased interest in soil organic carbon in recent times be-

(2020). Soil Carbon Sequestrations in Forest  cause of its role in carbon sequestration. Different parent materials affect soil

Soils in Relation to Parent Material and Soil 1, herties and hence will influence how much carbon is sequestered by soil.
Depth in South-Eastern Nigeria. American

Journal of Climate Change, 9, 400-409. The study was conducted in June 2019 to investigate soil carbon stock in for-
https://doi.org/10.4236/ajcc.2020.94025 est soils with respect to their parent materials in three States in South-eastern

Nigeria. Sampling was aided by the location map of the area and free soil
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survey method was used to locate sampling points. One profile was dug in

guideline. A total of twelve soil samples were collected and analyzed for se-
Copyright © 2020 by author(s) and lected properties. Results showed that sand content was significantly higher in
iif:;g:k}{lzT:Z;Eezuijzxﬁelnccreatwe soils under coastal plain sands (851.96 g-kg™") and was lowest in soils of Imo
Commons Attribution International clay shale (605.60 g-kg™). Clay content was higher in soils of Imo clay shale
License (CC BY 4.0). (277.34 gkg™) and was lowest in coastal plain sand (118.80 g-kg™). Silt and
http://creativecommons.org/licenses/by/4.0/  clay had moderate variation in coastal plain sand (>15 < 35%) and high varia-

tions in Asu River and Imo clay shale (CV > 35%). The soils studied were gen-

erally acidic with values ranging (3.52) in soils formed from coastal plain sand,

followed by forest soils of Imo clay shale (3.64) and Asu river group (3.85). Soil
organic carbon decreased with increase in soil depth in all soil parent materials
studied. Mean values ranged from 6.14 g-kg™ in soil underlain by coastal plain
sand to 10.62 g-kg™) in soils of Imo clay shale. Soil carbon sequestered under
the three different parent materials ranged from 1575 - 4676.41 (g-cm™). Also,
soil depth had a notable impact on carbon sequestration with values ranging
from 1529.42 - 4374.0541 (g-cm™) and the thicker the horizon, the more carbon
sequestered. Hence, the study concluded that more carbon is sequestered in the
subsurface horizons of the soil pedons than in the epipedons.
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1. Introduction

Currently, some parts of the world are experiencing shortage of food due to cli-
mate change impacts (Aticho, 2013) and the rate of soil carbon decline in tropi-
cal soils is alarming because soil carbon is a principal factor in measuring the
overall quality of a biome. Soil is an essential organic carbon reservoir and play
important role in the global carbon cycle. Soil also acts as a sink for carbon dio-
xide in exchange with the atmosphere in terrestrial ecosystems. According to
Alexander et al. (2015), more than 60% of soil carbon in the world is held in the
soil (more than 40%) and the atmosphere (as carbon dioxide; 20%). Forest eco-
systems store more than 80% of all terrestrial above-ground carbon and more
than 70% of soil organic carbon (Batjes, 1996). Ahukaemere (2015) reported that
conversion of native ecosystems like forests, wetlands and grasslands to agricul-
tural uses, and continuous harvesting of plant materials caused significant losses
of plant biomass and carbon, thereby increasing the carbon dioxide (CO,) level
in the atmosphere. Resck et al. (2008) observed that the use of native forests for
cultivation is usually followed by a decline in organic carbon and soil structure
deterioration.

Carbon sequestration means the process by which atmospheric CO, is trans-
ferred into the soil through crop remains and other organic solids and stored
securely without being re-emitted into the atmosphere for prolonged periods
(Lal, 2004). The soil organic carbon pool (SOC) includes highly active humus
and relatively inert charcoal C, while the soil inorganic pool (SIC) includes ele-
mental C and minerals such as calcite, dolomites and gypsum, and are made up
of primary and secondary carbonates (Lal, 2004). These primary carbonates are
derived from the weathering of parent materials. Scientists are earnestly re-
searching means to stabilize the atmospheric abundance of CO, and other
greenhouse gases to mitigate the risk associated with global warming and this
includes means to increase the amount of carbon sequestered in the soil. Seques-
tration of atmospheric carbon (CO,) in the soil helps to offset greenhouse gas
emissions, like carbon dioxide emitted by cars, power plants, and other burning
of fossil fuels. In fact, the soil has significant potential to store carbon (Batjes,
1996) and to mitigate the effects of climate change.

Since primary carbonates, which are parts of the soil inorganic carbon pool
are derived from the weathering of parent materials, a good understanding of
parent materials and their effect on soil organic carbon is necessary to enhance
carbon sequestration in order to mitigate climate change. Researches investigat-
ing the impact of parent material on carbon sequestration in Nigeria are limited.

Hence, this study aimed to assess the effect of different parent materials in fo-
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rested soils on carbon sequestration in South-eastern Nigeria.

2. Materials and Method

The study was conducted in Akwette in Abia State, Okigwe in Imo State and
Amaeze in Ebonyi State, Southeastern Nigeria in June, 2019. Soils of these areas
are formed over coastal plain sands (Benin Formation), Imo clay shale and Asu
river group. The study area has a humid tropical climate with a mean annual
rainfall range of 1800 - 2500 mm and 26°C - 31°C mean annual temperature
range (NIMET, 2019). Soils of these areas generally lie under a depleted rainfor-
est. Low-input agriculture and sand mining are common socio-economic activi-
ties of these areas. Random soil survey technique was used and field sampling

was guided by the location map of the areas (Figure 1). One profile pit was dug
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Figure 1. Map of Nigeria showing studied southeastern states.
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in each State and twelve soil samples were collected in total based on horizon
differentiation following (FAO, 2006) guidelines. Bulked soil samples collected
were air-dried, gently crushed and passed through a 2-mm sieve to obtain fine
earth separates. The processed soil samples were analyzed for some physical and
chemical properties. Particle size distribution was done by hydrometer method
(Gee and Or, 2002), bulk density was done by core method (Grossman and
Reinsch, 2002), soil pH was done using pH meter (Hendershot et al., 1993), or-
ganic carbon was carried out using wet digestion (Nelson and Sommers, 1996).
CEC was determined using the neutral ammonium acetate method. Percentage

base saturation was calculated using the formula

TEB

% BS = x100
ECEC

where % BS = Percentage Base Saturation;

TEB = Total Exchangeable Base;

ECEC = Effective Cation Exchange Capacity.

Carbon stored (g C m™) in each horizon was determined by multiplying bulk
density (g-cm™) x organic carbon (g-kg™) x horizon depth (cm) (Batjes, 1996).
Carbon storage—horizon depth ratio was obtained by dividing carbon stored in
each horizon by the corresponding horizon depth.

Coefficient of variation analysis was used to estimate vertical variations of soil
properties and ranking was done using the procedure of Wilding (1985). SAS
(2016) software was used for statistical analyses. Properties with larger CV values
are more variable than those with smaller CV values. Wilding (1985) described a
classification scheme for identifying the extent of variability for soil properties
based on the values of their CV, in which CV values of 0 - 15, 16 - 35 and >36%

indicate low (least), moderate and high variability, respectively.

3. Results and Discussion
3.1. Physical and Chemical Properties of Forest Soils

The physical and chemical properties of the forest soils studied are shown on
Table 1. The mean sand, silt and clay contents of the soils ranged from 605.6 -
852.96 g-kg™'; 18.2 - 57.2 g-kg™" and 92.6 - 122.6 g-kg™' respectively. Sand content
was highest in soils derived from coastal parent material and values obtained
were similar to the findings of Chris-Emenyonu et al. (2019). Sand content had
low variation in coastal plain sand (<15%) and moderate variation in Imo clay
shale and Asu river group (>15 < 35%). Silt and clay had moderate variation
(>15 < 35%) in coastal plain sand and high variations in Asu river and Imo clay
shale (>36%). Bulk density differed in respect to parent materials studied and
increased down the profile pits with mean values ranging from 1.14 in soils of
coastal plain sand to 1.40 g-cm™ in soils derived from Asu river group. Bulk
density had low variation (<15%) irrespective of parent material. The values fall
within the range that is expected of tropical soils (Landon, 1991). The soils stu-

died were generally strongly acidic with values ranging from strongly acidic
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Table 1. Physical and chemical characteristics of the forest soils.

Horizon Depth Sanc_i Silt_ Cla)_l BD_ MC pH OC_ AVP_ c,IrfoEl' / c,Ir‘r]iﬁ / lzriflc/: BS
(em) gkg? gkg?! gkg! gem™ (%) KCl gkg? mgkg!? kg kg kg (%)
Coastal
plain
A 0-22 870.2 29 100.8 1.00 61.2 4.21 6.97 10.2 5.13 1.21 12.25 82.34
AB 22 - 44 869.6 32.8 97.6 1.01 72 4.16 6.73 7.50 4.26 0.35 8.36 92.4
Btl 44 - 72 849.6 12.8 137.6 1.18 74.75 4.11 5.92 7.66 4.57 0.34 8.82 93.08
Bt2 72-100  820.8 39 140.2 1.24 66.06 4.32 5.72 5.30 3.07 0.39 4.40 88.7
Bt3 100 - 180  849.6 32.8 117.6 1.28 51.70 4.22 5.34 6.70 3.05 0.28 4.25 91.6
MEAN 851.96  29.28 118.8 1.14 65.14 4.20 6.14 7.47 4.02 0.51 7.62 89.62
SD 20.16 9.89 19.91 0.1301 9.17 0.078 0.69 1.79 0.93 0.391 3.35 4.401
CV% 2.37%  33.74%* 16.76** 11.40* 14.08% 1.86* 11.24%  23.93%% 23,08%* 76.08%** 44.11*** 4.91*
Imo
clay shale
A 0-19 629.6 192.8 177.6 1.13 51.8 3.86 15.20 16.6 4.7 1.54 12.21 73.32
AB 19-42 549.6 312.8 137.6 1.18 50 4.00 12.80 13.5 2.71 1.5 8.62 64.37
Btl 42 -82 529.6 112.8 357 1.24 51.48 4.44 9.20 10.8 4.82 2.08 12.98 69.85
Bt2 82-133 769.6 12.8 217.6 1.26 33.24 4.03 8.60 8.6 2.82 2.00 8.84 58.51
Bt3 133-180 549.6 232.8 217.6 1.35 36.51 3.80 7.30 9.7 3.63 1.80 10.86 66.90
MEAN 605.6 172.8 221.5 1.23 44.60 4.03 10.62 11.84 3.74 1.78 10.70 66.59
SD 99.39 114.89  82.69 0.084 8.98 0.25 3.273 3.224 1.001 0.262 1.95 5.61
CV% 16.41** 66.49*** 37.43*** 6.78%  20.14*  6.22*%  30.82%* 27.33%* 26.79** 14.69* 18.27** 111.50%**
Asu River
A 0-15 889.6 92.8 17.6 1.32 333.8 3.85 7.66 19.80 6.07 1.23 15.52 83.15
C 15-35 669.6 292.8 37.6 1.48 352.6 3.42 5.21 12.10 5.06 1.00 12.16 83.49
R 35
MEAN 779.6 192.8 27.6 1.40 343.2 3.64 6.43 15.95 5.56 1.12 13.80 83.32
SD 155.5 141.42 14.142 0.113 13.29 0.304 1.73 5.5 0.714 0.163 2.4 0.2404
CV% 19.95%* 73.35%%* 51,24%%* 8,08% 3.87* 8.37*%  26.92%%* 34.14%* 12.83* 14.59* 17.17%*  0.29*

OC = organic, AVP = available phosphorus, TEA = total exchangeable acidity, BS = base saturation, CV * = low, ** = moderate, *** = high, MC = Moisture
content, BD: Bulk Density, ACEC = Apparent cation exchange capacity, TEB = total exchangeable bases.

(3.64) in soils derived from Asu river group to slightly acidic (4.20) in soils of
coastal plain sand (SPDC, 2003) and had low variations (<15%) in all soils stu-
died. Organic carbon content of soils studied were low when compared with the
critical level of 2% (20 g-kg™) reported by Chude et al. (2011) in Nigerian soils.
This could be attributed to the prevalence of tropical conditions where the de-
gradation of organic matter occurs at a faster rate, hence leaving less organic
carbon in the soils (Nayak et al., 2002). Organic carbon exhibited low variations

(<15%) in coastal plain sand and moderate variation (>15 < 35%) in soils of Asu
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river and Imo clay shale. Available phosphorus ranged from 7.47 - 15.95
mg-kg™'. Low available phosphorus obtained in the coastal plain sand and Imo
clay shale could be attributed to the lower organic carbon contents, while the
medium available phosphorus obtained in the soils of Asu river group could be
attributed to the higher organic carbon content of these soils (FMANR, 1990).

Soil cation exchange capacity (CEC) has been classified as low (<6 Cmol,
kg™"), medium (6 - 12 Cmol, kg™') and high (>12 Cmol, kg™') for some Nigerian
soils (Adepetu et al., 1979; Ojanuga and Awojuola, 1981). On the basis of this
classification, mean CEC of Coastal plain sand soils (7.62) and Imo Clay shale
(10.72) (Table 1) was within the medium class, while Asu River group was high
(13.80). The coefficient of variation was high in coastal plain sand (CV =
44.11%) and moderate in Imo clay shale and Asu River group (CV = 18.27%)
and (CV = 17.17%), respectively.

3.2. Organic Carbon Content under Forest Soils of the Different
Parent Materials

Figure 2 shows the mean soil organic carbon distribution and carbon sequestra-
tion under the three different Soil parent materials. The mean organic carbon
content of the soils ranged from 6.14 to 10.62 g-kg™' with the highest value ob-
tained in soils underline by Imo clay shale. Results obtained from this study in-
dicated that parent material had considerable influence on organic carbon con-
tent of soils. The mean carbon sequestration values ranged from 1575.35 -
4676.41 g-cm™. Imo clay shale had higher organic carbon content and carbon
stock than the other parent materials (Figure 2). This may be attributed to the
higher clay and organic carbon content of soils underline by Imo clay shale as
clay has the ability to trap carbon. The results obtained from this study clearly
indicated that parent material had an influence on organic carbon content and

carbon and soil carbon sequestration.

Mean Carbon content and Carbon sequestration

4676.41
5000
4500
4000
3500
2519.86
3000
2500
1575.35
2000
1500
1000

10.62 6.14 6.44
500

Imo Clay Shale Coastal Plain Sand Asu River Grop

m Organic Carbon (g-kg) M Carbon Sequesteration (g-cm)

Figure 2. Mean carbon and carbon sequestration in soils underlain by different parent
materials.
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3.3. Effect of Soil Depth on Carbon Sequestration

The effect of soil depth on carbon sequestration is shown in Table 2. Results re-
vealed that sampling depth and horizon thickness had a remarkable influence on
soil carbon sequestration as carbon sequestration increased with increase in pro-
file depth (Table 2). As soil depth increased, horizon thickness equally increased
and this influence the amount of carbon sequestered. Soils with deeper horizon
thickness, sequestered more carbon than those in the upper horizon and this
contradicts the findings of Ahukaemere et al. (2017) and Ahukaemere et al.
(2020). In soils derived from coastal plain sand, 0 - 22 cm sampling depth se-
questered the least carbon (1474 g-cm™), while 100 - 180 cm sequestered the
most carbon (5468.16 g-cm™?). In soils derived from Imo clay shale, 19 - 42 cm

sampling depth sequestered the least carbon (3473.92 g-cm™), while 82 - 133 cm

Table 2. Effect of sampling depth on soil organic carbon sequestration.

Depth (cm) oC (g-kg™) CS (g-em™) CS: HT
Coastal Plain Sand
0-22(22) 6.97 1474 67

22 - 44 (22) 6.73 1495.41 67.97
44 - 72 (28) 5.92 1955.97 69.86

72 -100 (28) 5.72 1985.98 70.93
100 - 180 (80) 5.34 5468.16 68.35
Mean 6.14 2475.90 68.82

SD 0.68 1690.35 1.564

Ccv 11.24 68.27 2.27

Imo Clay Shale

0-19(19) 15.20 3783.28 199.12
19 - 42 (23) 12.80 3473.92 151.04
42 - 82 (40) 9.20 4563.20 114.08
82 -133 (50) 8.60 5418 108.36

133 - 180 (47) 7.30 4631.85 98.55
Mean 10.62 4374.05 134.23

SD 3.273 766.7 41.35

Ccv 30.82 17.53 30.81

Asu River Group

0-15(15) 7.66 1516.68 101.12
15 - 35 (20) 5.21 1542.16 77.11
Mean 6.44 1529.42 89.11
SD 1.73 18.01 16.9
cv 26.92 1.2 19.1

OC: Organic carbon, CS: Carbon sequestration, CS: HT: Ratio of Carbon sequestration, Horizon thickness.
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sequestered the most carbon (5418 g-cm™). In soils derived from Asu river
group sampling depth of 0 - 15 cm sequestered the least carbon (1516.6 g-cm™),
while depth of 15 - 35 cm sequestered the most carbon (1542.16 g-cm™). Ahu-
kaemere (2015) reported that deep soil profile allows more carbon accumulation
than shallow depths. As long as horizon depth is higher, carbon sequestered will
be high because horizon depth is among the functions of carbon sequestration
calculation (Ahukaemere et al., 2017). The results of the coefficient of variation
(% CV) showed that carbon sequestered varied between low (1.20%) in soils de-
rived from Asu river group to high variation in soils derived from coastal plain
sand (68.27%) (Table 2). Ahukaemere (2015) observed that as sampling depth of
soils increased, organic carbon storage also increased based on horizon thick-
ness. The ratio of carbon sequestration to horizon thickness increase with the
depth of soils in coastal plain sand except in the last horizon but decreased with

depth in soils derived from Asu river group and Imo clay shale.

4. Conclusion

The results obtained from this study revealed that soil depth and horizon thick-
ness as well as parent material influenced the amount of carbon sequestered in
forest soils of South-eastern Nigeria. Forest soils underlain by Imo clay shale se-
questered more carbon while those of Asu river group sequestered the least car-
bon. In soils underlain by coastal plain sand, carbon stock was dominated in the
100 - 180 cm depth, while in soils of Imo Clay shale; carbon stock was dominant
in soil depth of the 82 - 133 cm layer and in soils derived from Asu river group
carbon stock was highest in the depth of 15 - 35 cm.

In conclusion, based on the results obtained, carbon is sequestered in subsur-
face horizons more than in soil surface horizons with greater thickness than in
soil surface horizons. Organic carbon and horizons thickness also influence in
carbon sequestered irrespective of parent materials. In order to maintain soil
carbon sequestration, management practices that enhance depositions or reten-
tion of organic residues should be encouraged, while discouraging those that

enhance soil nutrient loss.
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