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INTRODUCTION

¢ Carbon sequestration and its effect on climate change and
agric Is a major concern globally.

“ IPCC (2016) options for mitigation of atmospheric CO,
concentrations by the agricultural sector:

v Reduction of agriculture-related emissions,
v" Creation and strengthening of C sinks in the soil, and
v" Production of bio-fuels to replace fossil fuels.



OBJECTIVES OF THE STUDY

Specific objectives were to:

» determine the effects of parent materials and
land use on selected soil physico-chemical
properties.

» Determine the effect of parent materials and
land use on soil organic C pool.



MATERIALS AND METHODS

*» The study was conducted
at.

v" FRIN, Isieke

v" NIHORT,Okigwe

v AIRBDA, Agbala

v NDBDA, Kpong and

v' NDBDA, Isiokolo
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area showing sampling locations



CLIMATE Natural Vegetation, Land use and

Cultural practices

»Average annual rainfall Southsouth-  ;.\seqetation is secondary tropical rainforests.

2500mm. >Land utilization types were arable croplands,
Southeast -2350mm. Horticultural croplands and managed forestry

> Average annual maximum tree plantations.

» Cultural practices include: Mixed Cropping,
temperature-32°C. ¥ pping

Manual Weeding, Longer Stand Rotation,

» Aver nnual minimum . . .
cfage ahnta . Mulching, Pruning, Monocropping, Crop

temperature- 21°C and

Rotation.
»annual range- 11°C. > Application of Agrochemicals and Irrigation
»(NIMET,2008, NDBDA 2019, Systems.

AIRBDA 2019).



LABORATORY ANALYSIS

Physical Analysis:
> Particle size distribution was determined by the hydrometer method (Gee and

Bander,

1986).

*»» Bulk density was obtained by the cylindrical core method (Blacke and Hantge,

1986)
Chemica
» Soll pH

1:1 ano

Analysis

was determined In distilled water and potassium chloride solution at ratio
1:2.5 soil/water suspension using pH meter (McLean, 1982).

“+SOC content were quantified by Walkley and Black Method (Nelson and
Sommers, 1982).

“* TN content was determined by the Macrokjeldahl digestion method (Bremmer
and Mulvaney, 1982).

“*CEC was determined by the NH,OAC (Ammonion acetate) pH 7 method
(Thomas, 1982).



SOC POOL

SOC pool was calculated using the equation of Lal et al. (1998):

MgChat = (% C x Pb x d x 10-*m?ha-t)

100
Where:
MgChal = Megagram carbon per hectare (1 Mg = 1059
% C = Percentage of C given by laboratory results
Pb = Soll bulk density (Meggram per cubic meter)

d = Depth In meters)



STATISTICAL AND SPATIAL ANALYSES
» Descriptive statistics

» EXxperimental design was 2x5x3 factorial In
RCBD.

» The factors were parent materials, land use and
depths.

» Separation of treatment means for statistical



RESULTS AND DISCUSSION



PHYSICO-CHEMICAL CHARACTERIZATION

“+ Sand particles are dominant size fraction in both LUTs, 49-85%,
followed by clay with 9-40%.

¢ Textural class ranged from loamy sand to sandy loam at the surface
and sandy clay loam to sandy clay at the subsurface horizons.

*» The solls were extremely acid to strongly acid (pH 4.4-5.5) In solls
under MTC, but very strongly acid to moderately acid (pH 4.5-5.6)
In solls under CCC. This supports the findings of Osodeke (2017)
and Sullerman et al. (2019).

¢ Available phosphorus across the major LUTs ranged from moderate
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“Table 1:

Mean values of physico-chemical properties of soil under managed tree croplands (MTC)

% % cmolkg”
Depth Textural BD pH SsO0C TN K CEC P SOC
Parent material Land use {cm) Sand Silt Clay  Class (glem?)  (H.0) (mgke1) Pool
CPS-FRIN-ISIEKE  PPFPCP 019 75 @ 16 SL 1.48 5.50 343 051 004 1801 1523 133.40
20-39 71 11 18 sl 1.58 4.99 328 038 002 15811 1975 107.60
40-100 69 3 28 SCL 1.78 4.60 328 038 002 1511 1380 33.80
SHL-NIHOET-
OEIGWE LMTC-IWP  0-19 [ 14 11 SL 1.62 5.0 211 010 005 2500 1833 104.10
20-39 65 77 13 sl 1.81 55 310 020 008 2200 1833 10410
40-100 49 11 40 S 1.84 55 306 031 020 2200 1928 32680
ICS-ATRBDA-
AGBALA MIC-OFF  0-19 [ 2 13 LS 1.50 49 3.80 007 062 2628 28.07 104.10
20-39 73 10 17 sl 1.63 4.9 340 008 008 2312 1910 11180
40-100 71 4 25 SCL 1.68 48 320 008 008 2400 17.03 31320
CPS-NDEDA- 260 013 006 2017 1937 71250
EPONG MTC-PP: 0-19 1 10 13 SL 1.33 4702
20-39 77 & 17 sl 1.33 4.40 280 013 007 1706 1507 7380
40-100 79 & 15 sl 1.50 4.70 1.80 009 007 1589 1727 72.20
ATN-NDEDA-
ISIOKOLO MTC-PP 0-19 83 6 o LS 1.41 478 35 011 019 1856 20,00 85.60
20-39 75 10 15 sl 1.85 4.79 284 013 019 1420 17.00 06.00
40-100 75 4 1 SCL 215 4.872 157 010 €12 1520 1510 217.90
Keys:
BD = Bulk density
CEC = Cation Exchange Capacity
T = Total Nitrogen
sSOC = o1l Organic Carbon
P = Phozphoms
K = Potassium
LUT = Land Utilization type



Table 2:

Mean Values of physico-chemical properties of soils under continuously cultivated croplands (CCC)

B %o cmolkg™

Depth Textaral BD pH SOC TN K CEC P S0C

Parent material Land use (cm) Sand Silt  Clay  Class (g/em’)  (H.0) (mgke-1l) Pool

CPS-FRIN-ISIEKE CCC-CMTy 0-19 79 11 10 5L 1.56 5.6 131 02> 004 1112 1833 33.80
-39 75 7 18 <L 1.38 52 134 011 008 1081 20.00 31.70
A0-100 &5 3 10 SCL 1.68 4.0 080 034 001 1215 26467 58.20

SHI -NIHORT-

OEIGWE CCC-ChML  0-19 77 12 11 sL 1.70 47 087 013 005 1300 26463 27.80
20-39 63 7 18 =8 1 8RB 40 057 040 005 1600 18354 23.80
40-100 &0 13 7 S 205 51 103 013 004 1200 1638 G870

IC5-AIRBDA-

AGBALA CCC-CMO  0-19 a0 3 15 SL 1.68 4.5 180 004 008 1860 2383 37.20
20-39 70 5 21 SCL 1.52 48 091 013 007 1640 2132 26.60
A0-100 71 Q 21 QCL 193 47 080 014 006 1368 1527 87.50

CPS-NDEDA-

EPONG CCC-CMY  0-19 81 3 11 LS 1.56 466 095 018 010 1512 1037 21.40
20-39 77 & 17 =8 1.66 487 039 009 011 1318 1327 17.80
A0-100 78 7 15 =8 1.90 453 057 010 009 1302 903 61.80

ATV NDBDA-

ISIOKQOLO CCC-MMT,  0-19 a0 11 g LS 1.70 478 356 011 019 1800 2200 56.40
20-39 a0 g 11 &L 1.72 405 284 013 019 1483 1500 62.60
0100 75 g 17 =8 215 487 157 010 012 1315 16.00 197 80

Keva:

LD = Lzand Usze Durahiom

BD = Bulk density

CEC = Cation Exchange Capacity

T = Total MNitrogen

SO0C = So1l Orgamie Carbon

13 = Phosphoms=

K = Potassnim
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SOIL ORGANIC CARBON POOL
“*MTC had higher (p<0.05) SOC pool than CCC solls.

“*The SOC pool iIn MTC Soil was within the ideal range
for mitigating climate change and environmental
quality control.

“*FAO (2017), Lal (2014), Post and Kwom (2002)
postulated > 120mgcha?! as the threshold level for
surface soil (0-100cm).



Table 4: Mean values of Soil Organic Carbon (MgCha™) pool under different parent
materials of managed tree crop lands of the study areas
Depith (cm)

Parent material Land uze 0-1% 21-39 40-100 Mean Total
CP5-FREIN-Izieke  PPF-PCP 13340 107760 334 80 37380
SHI -WNIHORT- MTC-I'WP 85.00 10410 32680 31390
Okagwre
IC53-AIEBDA- MTC-OFPP 10210 111.80 31380 3277
Aghbala
CP5-NDEDA MTC-PPic 123 7380 17220 31850
Kpong
ALV-NDEDA MTC-PPr 0560 06.00 21790 409 50
Isickolo
Mean Total 652.60 63330 166460 2930.30




Table 5: Mean values of Soil Organic Carbon (MgChal) pool under different parent
materials of continuously cultivated croplands of the stud area

Depth (cm)
Parent material Land use 0-19 21-39 40-100 Mean Total
CP5S-FRIN-Isicke CCC-CMTr 3380 31.70 5R.20 123.70
SHL-NIHOR.T- CCC-CMM 27.80 23.60 QR.70 150.10
Okigwe
ICS-ATEEDA- CCC-CMO 37.20 26.60 87.50 151.30
Agbala
CP5-NDEDA CCC-CMY 21.40 1780 61.80 101.00
Kpong
ALV-NDEDA CCC-CMT, 56.40 62 .60 197 80 31680
Isiokolo

Mean Total 176.60 16230 504.00 84290




SOIL ORGANIC CARBON POOL CONT’D

» Significant (p<0.05) Influence of depth on SOC pool were
observed In both land uses.

¢ The highest (212.70 mgChat) was observed at 40-100cm
soll depth in SHL-NIHORT —Okigwe, whereas the lowest
(45-80 mgCha) was observed at 20-39cm soil depth in
CPS-NDBDA-Kpong.

“* There was greater soil carbon accumulation in forest soils
when compared with other solls.



SOIL ORGANIC CARBON POOL CONT’D

¢ Land use, depth and parent material; each significantly
(p<0.05) influence SOC pool.

*» There were Interactions (p<0.05) between land use and
depth, land use and parent material on SOC pool.

» Also, significant (p<0.05) interactions of land use,
depth and parent material on SOC pool was observed.

o Thic 1 in hhne with the findinaec nf 7hie at Al (2000)



Table 5: Effect of land use, depth and parent materials on SOC pool (MgCha-1) under MTC and CCC across
the study locations

Land use

Parent Materia Depth (Cm) MTC CCC Mean Sub mean
CPS-FRIN-Isieke 0-10 102.60 33.86 68.20

20-39 107.60 31.70 69.60

40-100 334.80 58.20 196.50
Sub Mean 181.70 41.20 111.50
SHL-NIHORT-Okigwe 0-10 88.00 27.80 57.90

20-39 104.10 23.60 63.90

40-100 326.80 98.70 212.70
Sub Mean 172.90 50.00 111.50
ICS-AIRBDA-Aghala 0-10 102.10 37.20 69.70

20-39 111.80 26.60 69.20

40-100 313.80 87.50 200.70
Sub Mean 175.90 50.40 113.20
CPS-NDBDA-Kpong 0-10 72.50 21.40 46.90

20-39 73.20 17.80 45.80

40-100 172.20 61.80 117.00
Sub Mean 106.20 33.70 69.90
ALV-NDBDA-Isiokolo 0-10 95.60 56.40 76.00

20-39 96.00 62.60 79.30

40-100 217.90 197.80 207.80
Sub Mean 136.50 105.60 121.00
Total 154.60 56.20
LSD (0.05) for Land use 7.40"
LSD (0.05) for Depth 6.93"
LSD (0.05) for Parent Material 11.117
LSD (0.05) for Land use x Depth 11.14™
LSD (0.05) for land use x Parent Material 15.28™
LSD (0.05) for Depth x Parent Material 15.917

LSD (0.05) for land use x Depth x Parent Material 25.23"




CONCLUSION

»Soll organic carbon sequestration iIs a function of parent material, land use,
depth, and soil aggregate sizes.

» Solls under long term managed tree/plantation crops LUTs enhanced carbon
sequestration relative to soils under continuously cultivated arable crop.

» Amongst the Managed tree crops LUT C sequestration followed this trend: Pine
forest> oilpalm plantation> Irvingia wombulu> plantain plantation.

» Coastal plain sands of FRIN-Isieke had highest amount of SOC pool (575.80
mgChat) while the alluvial soils of NDBDA —lIsiokolo gave the lowest (409.50
mgha 1).

»Pine forest, Oil palm, Irvingia, Plantain plantations and Citrus orchard soils
seguestered more carbon across the soil depths and therefore hold a considerable



RECOMMENDATIONS

»The soll conservation practices assocliated with continuously cultivated
croplands under the different parent materials in the studied area should be re-
evaluated because they are inadequate to maintain the qualities of the soils on
sustainable basis with special emphasis on organic mater content, aggregation
and aggregate stability.

» Pine forest offered greatest potentials in carbon sequestration and mitigation of
climate change. Therefore, pine plantation should be encouraged in the study
area.

»Among all the tree croplands studied, soils under oil palm developed highest
structural stability with very high SOC pool at 0-100cm depth.

» Therefore, oil palm plantation should be established for the conservation of soil
threatened by physical degradation in southern Nigeria.
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