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Abstract
This study examined the potential impacts of additional land-use burdens of farming and residency in the Iyiocha stream forest reserve in 
Delta State.  Profile pits measuring 100cm x 100cm x 100cm were prepared in each land use type - the farmland, forest plantation and 
residential areas within the reserve. Soil samples were collected from depths of 0-30cm, 30-59cm, 59-79cm and 79-100cm and taken to the 
laboratory for analyses. In addition to the physical and chemical analyses, the carbon sequestration potential of the soils was also 
determined. The results were subjected to Analysis of Variance and significant means were separated using the Duncan multiple range test at 
5% level of significance. The results showed that organic carbon trend was the same at 0-30cm, 30-59cm and 79-100cm (farmland > forest-
plantation > residential area) but differed at 59-79cm (forest-plantation > farmland > residential area). Also, carbon sequestration varied 
both within land-use and within profile depths as the sequestration pattern was the same at 0-30cm and 79-100cm (farmland > forest-
plantation > residential area) as well as at 30-59cm and 59-79cm (forest-plantation > farmland > residential area) respectively. The CEC was 
significantly different and decreased with depth for the forest-plantation and residential area but fluctuated for the farmland. Carbon 
sequestration potential was highest in the farmland (759.9g) at 0-30cm but lost with increasing depth to the forest plantation at 30-59cm and 
59-79cm as 701.16g and 462g respectively. The study revealed that the forest-plantation is a better accumulator of soil carbon. This suggests 
the need to restrict the expansion of residential and farmland areas as check to enhancing the carbon sequestration potential of the Iyiocha 
stream forest reserve.
 

Introduction
Forest reserves are essentially managed areas constituted for the 
conservation of genetic and non-genetic forest resources with 
the purpose of harnessing these qualities for the achievement of 
its multifunctional regime. The distribution across the different 
ecological zones can be perceived as strategy to combat specific 
challenges of erosion, groundwater degradation and edaphic 
lines of weakness peculiar to the lowland rainforest and derived 
savannah zones, especially in Littoral States among others.  But 
recently, the increasing perception of forest as potent tool for 
environmental management has been highlighted (Adekunle 
and Akinlemibola, 2008; Read, et. al, 2009) with the current 
menace of climate change due to the presence of carbon dioxide, 
the chief greenhouse, in the atmosphere. Unfortunately, such 
recognition is taking place when most of the forests in the free 
areas have been lost by deforestation while the reserved forests 
are at thresholds of decimation by some inappropriate land-use 
practices that could undermine its carbon sink potential.  Hence, 
carbon de-capitalization has become a global concern due to 
global warming and its resultant effect of climate change. 

The standing forest ecosystem, as a result of its dynamic 
potential to turn inorganic matters to organically harmless and 
beneficial matters, has been identified as a potent platform for 
the sink of carbon in the environment. Carbon stock, cycling and 
chemistry are important aspects of soil carbon that are greatly 
influenced by tree species (Vasterdal and Raulund-Rasmussen, 
1998).  Therefore, soil is a complementary storage basin for 
carbon in most forest sites (Blanco-Canqui and Lal, 2004), 

depending on its texture and cation exchange capacity as 
modified by the quality and quantity of organic matter.  This 
capacity of the forest ecosystem to sink carbon through its 
regeneration activity remains the major source of mitigating 
global warming for a proactive climate change control.

Unfortunately, the forests in Nigeria are under serious and 
intense pressure for the scarce economic potential of the timber 
and non-timber forest resources as well as land for agriculture 
(Butler, 2005; Mojiri, et al, 2011). The standing indigenous 
forests, usually owned by the communities have been destroyed 
following unregulated patterns of harvest and exploitation. More 
so, under the communal forest hold regime, the capacity for 
forest regeneration has little or nothing to desire as veritable 
source for carbon mitigation and management. This same 
opinion holds for the private sector forest investors' scheme that 
till date has remained a mirage in addition to the long gestation 
period, which ordinarily is the ecological benefit with respect to 
carbon sequestration. These failures with respect to community 
and private forest estates in Delta State, has therefore solely 
entrenched the capacity for carbon sequestration to the protected 
forest reserves across the state as the major sources of sink. 

Delta State has 11 forest reserves that cover a total area of 88,109 
ha of which less than 34.3% are forest compared to the 350,505 
ha of free forest areas, outside the forest reserves (FOMECU, 
1999). Seven of these forest reserves are located in the lowland 
rainforest ecological zone of the State, covering approximately 
7,879 ha and the Iyiocha Stream forest reserve contributing 
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32.8%. Within these forest reserves, are plantations of fast-
growing Tectona grandis (Teak) and Gmelina arborea 
(Gmelina) of approximately 4,015 ha that was established at 
various times for timber and poles as well as watershed 
protection and erosion control to provide edaphic insurance as a 
littoral state.  However, these forest reserves are currently under 
decimation due to pressure from agriculture, especially from 
donor communities, and other land uses owning to population 
pressure. Its proximity to the fast growing city of Asaba is 
impacting negatively on the sustainability, as residency within 
the reserve is still being sought by the urban poor for integration 
into the taungya farming practice. 

Consequently, deforestation has crept into these reserved forest 
areas. It is against this backdrop that this study was designed to 
ascertain the capability of the Iyiocha Stream Government 
Forest reserve to sequester carbon. The general objective of this 
study is to ascertain the effect of forest loss due to deforestation 
on soil carbon storage in the lyiocha Stream Government Forest 
Reserve. The specific objectives are to examine the soil 
physico-chemical properties of lyiocha Stream Government 
Forest reserve, evaluate the amount of carbon sequestrated in 
the various land use types and the impacts of multiple land use 
on the Forest Reserve for better forest resources management 
purpose.                            

 Materials and Methods
Study Area
Iyiocha Stream Government Forest reserve is located in 
Oshimili South Local Government Area, Asaba, Delta State. It 

o o olies between longitude 5 00' and 6 45'E and latitude 5 00 and 
o6 30'N. It is centrally situated in the midst of the three donor 

communities of Ugbolu, Akwukwu-Igbo and Illah. The 
topography is undulating from the Ugbolu community axis to 
the Akwukwu-Igbo community axis but flattened up at the Illah 
community axis. The soil is generally well drained with the top 

layer rich in litter and humus while below is gravelly lose sandy 
soil. There are three streams running in the reserve which make it 
to be very wet. Areas around the streams are mostly water logged. 
The annual precipitation is above 200mm, relative humidity 
averages between 78% and 80% in the dry and wet seasons 
respectively (National Meteorological station, 2016). 

The Reserve is mainly a broken high forest. The species at the 
upper storey  include Terminalia superba, Triplochiton 
scleroxylon, Ceiba pentandra, Afromesia while the lower and 
shrub layers storeys were dense with climbers, kola spps and Vitex 
spps (Delta State Ministry of Environment, 2014). Between 1966 
and 1997, a total of 120 ha were regenerated with Gmelina, 
Terminalia and Teak species (FOMECU, 1999).

The special right to reside and farm in the reserve was granted to 
first inhabitants of Warri Camp in 1968. The general rights 
granted to the donor communities included the right to fish, draw 
water and serve local deities'. The right to collect the following 
minor forest produce for domestic use only was restricted to 
fruits, ropes, snails, Bees wax, leaves and tie-tie (Delta State 
Ministry of Environment, 2014). Presently, there are over 70 
households residing in patches of four camps in the forest reserve.   
 
Collection of Soil Samples
 Soil samples were collected from three land use types namely 
farmland, Teak planation and the residential area. The farmland (a 
total of 200 acres) was dominated by crops, such as cassava, 
maize, plantain and pineapples. The residential Area has 
approximately 70 mud houses. . Profile pits of 100 cm x 100 cm x 
100 cm were constructed on each of the selected farmlands and 12 
soil samples were collected from 0-30 cm, 30-59 cm, 59-79 cm 
and 79-100 cm at three samples per depth range. 
The Global Positioning System (GPS) was used to record the 
position, location and areas of the three study sites at Illah, 
Ugbolu and Akwukwu-Igbo 

Figure 1: Map of study Area
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Analysis of Soil Samples
The soil samples were taken to the laboratory for 
physicochemical analyses. The properties determined are 
Particle size distribution by Bouyoucos hydrometer method as 
described by Gee and Bauder (1986),  pH with a pH meter in 
1:2.5 soil: water ratio (Mclean, 1982), total nitrogen using 
micro-Kjedahl method (Jackson, 1962), available phosphorus 
by Bray No. 1 method (Bray and Kurtz, 1945), organic carbon by 
dichromate oxidation method (Walkley and Black, 1934), 
exchangeable cations (K,Ca, Mg and Na) were extracted with 
1M NH OAc and the amounts in extracts were then determined 4

using the atomic absorption spectrophotometer (Thomas, 1982). 
The base saturation was determined by calculating the 
exchangeable base forming cation (mol/kg) with cation 
exchange capacity in mol/kg, it is expressed in percentage.
Soil carbon sequestration was computed using the formula 
adopted by Batjes (1996) as follows:

SOC stock = SOC Content of the Soil x BD x Area x Depth
                                              10
 

Table 1: Physical properties of soils under land -use types at 0-30cm depth 
_____________________________________________________________________________________________
________     
Land-use                                         Sand Silt Clay Bulk Density   Porosity       Moisture 
Content 
Types                              (%)  (%)          (%)     (g/cm3)                (%)                      (%) 
Farmland (A)            78.41a  8.45c 13.14c      1.49b              44.46a         23.80a 
Forest Plantation (B)           75.32b 10.31a 14.37b     1.58a                     38.90b         20.18c 

Forest Residential Area (C)            73.50c  8.88b 17.62a     1.48b                     36.92c         22.22b 

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT  
 

Where SOC = Soil organic carbon stock
3               BD = Bulk density (g/cm )

          Area    = Area of profile pit
Data collected were subjected to analysis of variance (ANOVA) 
and significant means were separated using the DMRT at 5% 
probability level.

Results and Discussions 
The result indicated that there were significant differences among 
all the physical properties of the soils from the different land use 
types.  The clay particle was highest in the residential area 
(17.62%) while the forest plantation recorded the highest bulk 

3density (1.58 g/cm ). The porosity (44.46%) and moisture content 
(23.8%) were highest for the farmland. Cation exchange capacity 
for the farmland and forest plantation were 5.78cmol/kg and 
4.05cmol/kg respectively which are below the medium value 
(8.90cmol/kg) as rated by Esu (1991) in comparison with the 
residential area (10.71cmol/kg) at 0-30cm depth. 

However, at 30-59cm profile depth, the CEC for both farmland 
(5.46cmol/kg) and forest plantation (4.26cmol/kg) were below 
the medium value (8.9cmol/kg) while the residential area 
recorded the highest value of 9.35cmol/kg. These values 
decreased as the profile depth increases under each land-use 
type as it declined from 5.72cmol/kg, 4.0cmol/kg and 
7.64cmol/kg at 59-79cm depth to 4.32cmol/kg, 3.73cmol/kg 
and 6.70cmol/kg at 79-100cm depth for the farmland, forest 

Land

Use 

Type 

pH Org. 
carbon 
(%) 

Org. 
matter 
(%) 

Na+ 

(cmol/k

g) 

Mg2+ 

(cmol/kg)
K+ 

(cmol/kg) 
Ca2+ 

(cmol/kg

) 

P  
(ppm) 

Al3+ 

(cmol/kg) 
H+ 

(cmol/kg)
N  

(%) 

TEB ECEC 
(cmol/ 
kg) 

Seq. 

Carbon 

(g) 

Table 2: Chemical Properties of Soils Under Land  Use Types at 0-30cm Depth 

A 5.8
0b

1.70  2.92  0.16
b

1.09
b

0.83
b

2.10
b

28.71  0.95
b

0.65
b

0.92  4.18
b

5.78  759.90  

B 5.7
9b

1.55b 2.67b 0.17
b

0.88
c

0.52
c

1.87
c

24.51c 0.65c 0.41c 0.54
b

3.44
c

4.50c 734.70b 

C 6.1
0a 

1.30c 2.24c 0.32
a 

1.89
a 

0.98
a 

2.78
a 

34.20a 1.82a 2.92a 0.45
b 

5.97
a 

10.71a 577.20c 

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT  

plantation and residential area respectively.  The total 
exchangeable base and cation exchange capacity  showed the 
same trend at the four different profile depths – 0-30cm 
(residential>farmland>forest-plantation), 30-59cm (residential 
a r e a  >  f a r m l a n d  > f o r e s t - p l a n t a t i o n ) ,  5 9 - 7 9 c m  
(farmland>residential area>forest-plantation) and 79-100cm 
(residential area>farmland>forest-plantation). 
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Table 3: Physical Properties of Soils Under Land-use Types at 30-59cm Depth 
_____________________________________________________________________________________________

Land-use                                Sand           Silt        Clay   Bulk Density Porosity          Moisture 
Content 
Types                     (%)            (%)         (%)       (g/cm3)     (%)                 
(%)  
Farmland (A)                 82.31b          7.61c      10.8a    1.54b  42.79a  22.42b 
Forest Plantation (B) 73.81c     16.37a     9.82b    1.57a  40.51b  20.22c 
Forest Residential Area © 88.49a           8.77b      2.74c              1.45b  38.20c  23.18a 

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT  

 
Table 4: Chemical properties of soils under land-use types at 30-59cm depth 

Within the individual soil profile, carbon sequestration was 
highest at the 0-30cm depth and in the farmland (759.95g) in 
comparison to the plantation and residential area which were 
734.70g and 577.2g respectively. At soil profile depths of 30-
59cm and 59-79cm, the pattern of carbon sequestration among 
the three land uses was the same although the forest plantation 
sequestered more carbon than the farmland, with the least 
recorded in the residential area. These may be due to the 
capacity of the forest tree crop to process nutrients and 

Table 5: Physical properties of soils under land-use types at 59-79cm depth
_____________________________________________________________________________________________
Land-use                                     Sand       Silt            Clay     Bulk Density          Porosity  Moisture Content

3Types                      (%)       (%)            (%)        (g/cm )    (%)                  (%)_____________
b b b a a aFarmland (A)  87.81        5.42         6.77         1.48   45.40                28.72
c a c a  b               cForest Plantation (B)  87.52        6.70         5.78         1.54 41.08 22.34
a c a b  c                       bForest Residential Area (C) 89.50        2.87         7.63         1.40 40.10 23.52

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT

Table 6: Chemical properties of soils under land-use types at 59-79cm depth  

Land

Use 

Type

pH  Org. 

carbon 

(%)  

Org. 

matter 

(%)  

Na+  

(cmol/kg)

Mg2+  

(cmol/kg)

K+  

(cmol/kg)

Ca2+  

(cmol/kg)

P 

(ppm)  

Al3+  

(cmol/kg)

H+  

(cmol/kg)

N  

(%)  

TEB  

(Cmol/kg)

ECEC  

 

Seq.  

Carbon(g) 

A
 

5.40b

 
1.48 2.55a 0.13b

 
0.71b

 
1.86a

 
3.02a

 
21.78c

 
0.52c

 
1.72a

 
0.74b

 
7.96a

 
5.72b

 
438.08b

B
 

5.20c

 
1.50 2.58a 0.18a

 
0.68b

 
0.48c

 
1.71c

 
22.74b

 
0.59b

 
0.38c

 
0.50c

 
3.03c

 
4.00c

 
462.00a

C
 

6.00a

 
1.05 1.81b 0.22a

 
1.60a

 
0.82b

 
1.82b

 
30.20a

 
1.56a

 
1.62b

 
0.82a

 
4.46b

 
7.64a

 
294.00c

 
Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT  

photosynthates of carbon both from churned and ingested 
materials rich in carbon more than the short-cycled and shallow 
rooted farmland crops, where such are only actively transformed 
in the rhizosphere region due to the high microbial density. This 
finding agrees with Cannell (1996) that fast growing tree species 
accumulate live carbon more rapidly than slow-growing 
indigenous species, it allows for more rapid carbon sequestration 
into biomass.
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A 5.59
b

1.56a 2.68a 0.15
b

1.05b 0.76b 2.04b 26.82
b

0.88
b

0.58
b

0.85
b

4.00
b

5.46b 696.70
b

B 5.37c 1.54a 2.65a 0.14
b

0.79
c 0.50c 1.81c 23.80c 0.62c 0.40c 0.52c 3.24c 4.26c 701.16

a

C 6.05a 1.25b 2.15b 0.30
a

1.74a 0.90a 2.56a 33.10a 1.77a 2.08a 0.92a 5.50a 9.35a 525.63c

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT  
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However at 79-100cm depth, there was a reversal in trend that is 
similar to the carbon sequestration at 0-30cm depth as the 
significant difference was in the order farmland (453.60g) > 
forest plantation (450.50g) > residential area (294.8g). This 
could be as a result of the mineralization rate of nutrients which 
is usually faster with the non-woody tissues of the arable crops 
(4.32cmol/kg) compared with the forest tree crop (3.73cmol/kg) 

due to the high lignin contents of the woody forest tree species. 
Although the residential area recorded highest CEC, this could be 
attributed to the original parent soil-forming rock materials which 
largely remain reactive as reflected by the commensurate highest 
total exchangeable base as a result of its high percolation rate, 
being the least vegetative-protected land-use practice compared 
with the farmland and forest plantation.

Table 7: Physical properties of soils under land-use types at 79-100 cm depth 
_____________________________________________________________________________________________ 

Land-use
                                 

Sand
       

Silt        Clay
  

Bulk Density    
 

Porosity
 

Moisture Content
 

Types 
                    

(%)
       

(%)         
 

(%)
     

(g/cm3)
                  

(%)
         

(%)
 

Farmland (A)
  

89.20b

     

5.38a         

     

5.42b

       

1.44b

  

46.53a

        

29.85a

 

Forest Plantation (B)

 

89.31b

     

5.12c

         

5.57a

       

1.50a

                           

42.31b

        

24.15c

 

Forest Residential Area © 

 

91.47a   

         

5.26b

        

3.27c

       

1.39b

                           

41.51c

        

25.82b

 

Means in the same column with same superscript(s) are not significantly different (P > 0.05) using DMRT

 

 

Table 8: Chemical properties of soils under land- use types at 79- 100cm depth 

Therefore, the result along the profile depth shows that carbon 
seems to be sequestered faster by the non-woody crops of the 
farmland. But capacity to maintain such potential becomes lost 
as depth increases to the woody forest plantation which seems 
to have better retentive and steadily available capacity to 
sequester carbon over time. This trend could be as a result of the 
nutrient contents that may have assisted in the transformation 
by decomposition of materials already enriched with carbon 
especially the forest floor which are rich in foliate materials. 
Furthermore, loss in sequestration capacity by the farmland 
may not be unrelated with the duration in photosynthetic 
activity of such non-woody crops overtime that are usually 
aborted much earlier than that of forest plantation at harvest as 
annuals. Hence, could have accounted for the high and steady 
assimilation of carbon at 30-59cm and 59-70cm profile depths 
in the forest plantation overtime. 

Conclusions and Recommendations
 The residential areas could not compete favourably both within 
and along the profile depths as a sink for carbon with the forest 
area as it recorded the least value among the three land uses in 
the study area. This therefore underscores its inclusion as a 
potentially detrimental land use practice in the same forest 
reserve in particular and perhaps other forest reserves in 
general. The result implies that further allocation of residential 
permits by the regulating agency should be discontinued if the 
carbon sink management objective in the reservation of forest is 

to be achieved. Furthermore, the area allotted for the taungya farm 
practice should be reduced and regenerated with fast growing tree 
species of Teak and Gmelina to further increase the carbon 
sequestration potential of the forest reserve, as it does not seem to 
be a sustainable channel of carbon sequestration compared to the 
primary forest tree crops. 

There is the need to contain the growing human population influx 
into the forest reserve. If not checked, there could be population 
outburst that would undermine the activities of forest reservation 
and protection. The Delta State Government need to increase the 
regeneration activity as the present state of the forest reserve may 
not be able to discourage agitations by the donor communities 
against encroachment and de-reservation. The State Government 
should equally seek collaboration with International Community 
to partner and venture into the current global Carbon Credit 
Market Scheme. This will go a long way in facilitating fund for the 
management of the forest reserve not just for the carbon but also to 
providing essential tangible goods in addition to the service of 
carbon sequestration.
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