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Abstract

World's soils are under increasing pressure to nieetdemands for food, water and
energy, leading to loss and degradation of landuases. This study therefore aims to
access the carbon sequestration capacity of trddaest soils in order to convince all
stakeholders (i.e. land-owners, policy makers atieeis) the importance of sustainable
management of soils and forest resources. To aelttes, soil samples (0-15cm) were
randomly collected from stands of tree species f@mygambari Forest Reserve, Ibadan
South-Western, Nigeria. These samples were anatgsdulilk density, pH, soil organic
carbon (SOC), soil organic matter (SOM) and totatagen (TN) contents. The mean
valuesfor the pH, bulk density (gRMSOM (%), SOC (tha C) and TN (%) were 6.44 +
0.75,1.51£0.20,3.12+£1.31, 34.92 +8.75 and ®+0.08 respectively. Bulk density
(g/c?) was shown to be strongly related to SOC (tharG0.873). The amount of
organic carbon stored in the soilis govermned byCS¥0ncentration (%) and bulk density,
therefore management practices that will improvébdensity and SOC concentrations
areimportant. It was observed in this study tiloaest soils are important sink of carbon,
thus if current trends of rapid and unprecedentedrge in land use to meet demands for
food, water and energy continue, there will beidalpss of soil organic carbon to the
atmosphere in years to come. This will not onlycexlate climate change, but also
increase the extent of soil degradation as weldasinish a wide range of important
ecosystem services. Strategies that therefore eag®ucarbon sequestration in soils,
which include protection of existing forests to gg®e current soil carbon stocks, re-
afforestation of degraded lands and the use of amikndments should be adopted to
ensure sustainable managementof land resources.

Key words: soils, organic carbon, sequestration, forest.

Introduction

Forest ecosystems store carbon in different conmniciuding the biomass and soail.
Under the Kyoto Protocol, carbon sequestrationorest sois can be used to mitigate
greenhouse gas emissions hence climate changeest$@cosystems store carbon (C) in
different components including the vegetaton awds.s The total forest cover 5 30

percent of the worlds land cover hence forestyspla significant role in the global C

cycke (Lal, 2005). Globally, forest vegetation aswls contan 359 and 787 pentagrams of
C, respectively for a total of 1146 Pg C (Dixenal, 1994). There are three man forest
biomes which are boreal, temperate and tropcasfer Tropical forests have been found
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to store in sois C that range from 50% to 75%hef total forest C (Fonsee al, 2011).
Plants transform atmospherc carbon dioxide {C®@to sugars, plant fbre and other
materials in the process of photosynthesis and wvitese plants die, GQOs released to the
atmosphere. The soil C poo s determined by thépdt by literfall and rhizodeposition
and the release of C during decomposition (Jandl, 2007).

Soil organic matter (SOM) & formed by the bioagic chemical and physical

decompositon of organc materiak such as letdr,litcrop residues, animal wastes, roots
and soil biota. Sol organic carbon (SOC) is thennfiarm of C in the sol and also the

man consttuent of SOM (UNEP, 2012). SOC stockniportant as it holds water and

nutrients, decreases risks of erosion and degadatproves soil structure as well as
providng energy to soil microorganisms (Lal, 200#he lbss of soill C can lead to higher
concentrations of atmospheric €CQthrough increased sol C oxidation, loss of soll
functioning and biodiversity. When sol C is lofiiere is reduced cohesion between solil
particles, which leads to increased susceptiitysoil to water or wind erosion hence
increases loss of buk sol and alters water aclim tumn, this can lead to increased
overland flow, which exacerbates flooding and redugroundwater recharge during rain
events. Reduced groundwater recharge leads to vemtage and drought conditions
(UNEP, 2012). Also, soill nutrients are lost wheih Goare lost.

The concentration and amount of SOC n forest swis dependent on some factors such
as climate, sol and landscape, as well as naamdl anthropogenic factors (Lal, 2005;
Jand et al, 2007). Preciptation and potential evapotraaspim (PET) are important
climatc parameters and the ratio between PET andaé precipitaton referred to as PET
ratio affects the forest C stock such that C saqiesm increases with decreasing PET
ratio (Lal, 2005). Landscape position influences water regime, hence SOC stock. For
instance, soails of high latitude have reltivelghbr concentratons of C ifluenced by
permafrost dynamics and drainage. Fifty nine péroénC n forest sois is located in the
high latitude (Dixon et al, 1994). Natural disambes such as wind, fire, drought, insects
and diseases cause changes in canopy cover, sstunmoand temperature regimes,
thereby affecting soil eroson and SOC stock. Agmbgenic factors that may affect SOC
stocks include forest management actvites andrestation. The terrestrial C pool has
been reduced greaty by anthropogenic actiitieshsas conversion of forests to
agricukural lands and urban areas to meet theasery demands for food, water, energy
and shelter.

Carbon sequestraton refers to any increase inCheontent of sois resuting from a
change in land management and ths can mainy Heevad by increasing net

photosynthesis and slowing down decomposition (Bamvét al, 2011). Recommended
management practces (RMPs) that lead to C segtiastrinclude mulch farming,

conservation tilage, agroforestry and diverse pingp systems, integrated nutrient
management (including use of manure and composis)faest management (Lal, 2004;
Powlsonet al, 2011, UNEP, 2012). Forest management practiees be grouped into 2:

() to mantain and expand existng C pools by mmmihg deforestation and forest
degradaton and (i) to create new C sinks by moipg tree and forest cover. Conversion
of natural to agricutural ecosystems causes 60%letde of SOC pools in sois of

temperate regions and 75% depletion in tropic gbis, 2004).
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Deweloping countries are yet to stop the indsoate claring of forests despite the
negative effects of deforestation. Proper assessroierthe carbon pools and fluxes in

tropical forests is important for understanding tbentribution of these forests to net
carbon emissions and their potental to sequestebow. Contnued work is therefore

requred of researchers and scientists to produesulis that would help convince

stakeholders (i.e. lnd owners, policy makers ateér®) the importance of afforestation
and protection of soil and forest resources. Propaantification of carbon pools in

tropical forests would also enable Africa to pgdite in the Clean Development
Mechanism (CDM), proposed in the Kyoto Protocolthe United Nations Framework

Convention on Clmate Change (UNFCCC). Dewelopimyntries wil be able to trade

Carbon Emission Reduction (CER) credits, to or witiustrial countries hence providing

an incentive for participation in climate changetigaiion. In addtion to the socio-

economic and ecological benefits of above groumdsforesource, the importance of forest
soils n carbon sequestration n tropical regomsinct be over-emphasized. Ths study
therefore aims to determine the abiity of tropifarest soils to sequester carbon in order
to gude polcy makers and other stakeholders ikingathe right decisions concerning

soil and forest resources. To achieve this, theuatnaf SOC was obtained from stands of
different tree species of Onigambari Forest Resdbaglan, South-Western Nigeria.

M ethod

Study site

This study was carried out in Onigambari ForesteRes Ibadan, South-West of Nigeria.
The climate is tropical with wet and dry seasonke Tmean annual precipitation varies
between 1007 and 1703 mm and mean annual tempeiadtween 24 and 32 °C with the
mean annual relative humdity of 80%.

Soil sample collection and laboratory andysis

Soil samples were randomly colected in ftripicafe@m stands of sk different dominant
tree speciesQordia spp Tectonia grandisGmelina arboreaCidrella odurata, Pinus
cambea, Triplochyton sclerocylynm the forest reserve. In each sampled tree s&@nd
hand-pushed auger (100 mm dameter) was used léwtcsbil samples from a depth of O
— 15 cm. Core sampke were also colected usingideyii (44 mm diameter, 154 ém
wvolume) for buk density determination. Buk densivas determined by dviding the
mass of the soil (g) in the corer by the volumehef cyiinder (crf). The sol samples were
air-dried at room temperature and passed through ram sieve. Wet oxidation method
was used to determine the organc carbon (OC) awadens (%). The sol organic
carbon (SOC) content (t Alawas calculated as a product of C concentratiol, (8ak
density and depth. The SOM and total nitrogen (Tddjtents were obtained using the
foomul: OC (%) x 1.724 and OC (%)/ 10 respectivéBol pH in distiled water
suspension wih a ratio 10 g : 10 ml was measush La digtal HI96107 pH-meter
(Hanna Instruments, Italy).

These analyses were carried out at the sois tapgraf Forestry Research Institute of
Nigeria, Ibadan.

Statisticd analysis

The mean, standard deviation and error of all tenples were cakulated. All data were
tested for normality using the Anderson Darlingt.teStatistical Package for the Social
Sciences (SPSS) version 15 was used for the istdtshalyses. The experiment was kid
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in complkete randomized design. Analysis of Vara(@®&OVA) was used to determine if
there were significant differences among samples.The strength of the relationships
between the measured soils parameters were tesitw Riearson's correlation coefficient.
Regression analyses were used to calculate the ematbal relationships of the
significant correlations.

Results

Statistcs of the environmental parameters measiioed the sampled soils of the forest is
shown in table 1. The bulk density (g ®mpH, OC concentration (%), SOM (%), TN (%)
and SOC (t C h§ ranged from 1.07 — 1.82, 5.10 — 7.63, 0.71 —, 3.8 — 5.31, 0.07 —
0.31 and 17.17 — 49.69 respectively.

Table 1. Statisticd summary of environmentd parameters measured in the sampled
forest soils

N de StDev CoefVar Minimum Maximum

Bulk Densty gcnd) 90 151 0.20 1325 710 18

pH 90 6.44 0.70 1091 5.10 7.63
OC conc (%) 90 182 580. 3216 0.71 3.08
SOM (%) 90 312 .01 32.30 1.23 531
TN (%) 90 0.18 0.06 32.05 0.07 0.31
SOC (t C hd) 90 3492 8.75 450 17.17 49.69

As indicated in table 2, there are significantedi#inces at significant kevels of 0.05 n the
envronmental parameters measured across the. forest

Table 2: ANOVA of Bulk density (g cm™), pH, OC conc (%) SOM (%), TN (%)

df SS MS F-cal

Bulk Densty (g cn®)  Samplk 2¢ 3.496( 0.121 6050.00
Error 60 0.0012 0.00002

pH Sample 29 42.991 1.482 13.423*
Error 60 6.627 0.110

OC conc (%) Sample 29 20.643 1.022 2.841*
Error 60 21.587 0.360

SOM (%) Samplk 2¢ 83.58¢ 3.05¢ 2.853
Error 60 64.244 1071

TN (%) Sample 29 0.2% 0.010 2.820*
Error 60 0.216 0.004

*significant at 5% probability kvel

Pearson’'s correlaton coefficients were used teerdate the association between the
parameters measured. Results showed that there aweasrong positve relationship
between the buk densty and SOC contents (r =30.88uk density had no significant
relationship with the pH, OC, SOM and TN conceiaingat (Tabke 3). pH showed positive
relationships with C concentration (r = 0.269), SQighcentration (r = 0.266) and TN
concentration (r = 0.271). These relatonships weak but significant. No signficant
relationship was found between the pH and SOC sigpimat the pH of the soil dd not

46



Environtropica - An International Journal of the Tropical Environrtien

affect the SOC storage of the forest sois. A ngirgostive reltionship was found
between the SOM and TN (r = 0.999). A non-significaveak but postive relationship
was found between SOC, SOM and TN (Table 3). SO rua significant relationship
with OC, SOM and TN concentrations (Table 3).

Table 3: Correlation marix anong assessed environmenta parameters

Bulk pH OC conc  SOM TN (%9 SOC
Densgty (%) (%) (tCha?l
(g om?®)
Bulk Density 1 0.007 -0.122 0.128 -0.123 0.873*
(g om)
pH 1 0.269* 0.266* 0.271* 0.092
OC conc (%) 1 0.999* 1 0.167
SOM (%) 1 0.999* 0.161
TN (%) 1 0.166
SOC (t C hal) 1

*correlation is significant at 0.05 level

Linear regression model was used to determine fteet®e of bulk densty, depth and OC
concentration on SOC stock. The regression casfficof determination (# is 0.839.
This mples that 83.9% of the variaton in thel swganic carbon stock is explained by
the bulk density and organic carbon concentratiod depth of the soil samples.

Discussion

The variabiity in the measured environmental patems may be attrbuted to some
inherent soll spatial variabiity. The spatal aion in the environmental parameters can
be influenced by the sol conditons, topographietetogeneity, tree species composition
and structure, stand age and management of fof@ssowskaet al, 2010; Uriet al,
2012; Yuanet al, 2013). Though studies have shown that the stapdhas implications
on SOC stock (Ostrowsket al, 2010; Fonsecat al, 2011); Uriet al (2012) found no
statistical difference in sol C storage of starmds different ages. Yuaret al (2013)
showed that SOC content decreased where trees igiaet helative basal area. SOC
accumulation is also higher with low tree densiyv elevation and slope, probably
because these factors favour SOM decompositioterflall and its spatial distribution is
another key factor that influences small scaleiedpgariation in SOC. The accumulation
and decompositon of litter is dependent on treecigg compostion, litter qualty, light
and temperature condtions, therefore canopy cdibposand structure nfuences C
accumulation on the forest floor (Yawt al, 2013). This explains the differences n the
SOC contents in our resut. The previous land tie humber of years under the previous
land use and management can also infuence the S@k (Fonesecat al, 2011). Since
the history of this study site is not known, it diffcult to assume that the variations
observed are as a result of these factors.

Bulk density is closely related to SOM, as SOM emti@tion increases, buk density
reduces (Perie and Ouimet, 2008). In this studyik loensity shows weak negatve
relationships with OC, SOM and TN concentratot®ugh these relationships are not
statsticaly signficant The strong correlatiooufid between SOC contents and bulk
density shows that considering the depth of horiB®nimportant in calculating SOC
stocks. Atcho (2013) observed that organic C g@racreases as soi depth increases,

47



Carbon Sequestration Potential of Tropical ForesisS Jackson et. al.

hence more organic C accumulation in deeper sofilgx This is ako smiar to the

fndings of Ostrowska (2010). Unike Yuat al (2013) that found pH as one of the main
determinants of SOC patterns, there was no sanificelationship between SOC and pH
in this study. Results also show that measureménbutx density is suitable for the

estimation of C sequestration potential of tropfmksts soils. Comparisons of the SOC
stocks of the study with resuits from other studieannot be properly done as
measurements have been taken from different degtbs resuks represented in various
forms (e.g. t C h§ kg C m? and Mg C h& y1). The highest C concentration recorded
was 3.08%. This is simiar to the findings of Ané&w2010) that found 3.07% in natural
undisturbed forest. Agricultural sois have beeporied to store lower concentrations of
carbon and nitrogen (Anikwe, 2010; Uet al, 2012). The high concentratons of C in
forest soils show the C sequestration potentialtropical forest sois thereby reducing
greenhouse gas emissions to the atmosphere, hénage cchange.

Conclusion

This study has shown that forests soils are importaservoirs of carbon. The strong
relationship between SOC and buk densty as foindhis study shows that sol C

accumulation is important to reduce the risks df degradation caused from soil loss to
erosion and nutrient deplketion. Stakeholders shoidetefore focus on sustainable land
management activites that would promote soil Cuestmation. Proper estimation of SOC
stock in tropical forests has important implcatiom sustainable sol management and
future cimate change scenarios. Further studiet froperly consider the factors that are
responsible for spatial variations in sites areuired for accurate estimaton of SOC
stock.
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