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different agronomic land use beyond routine sojspto-chemical properties, let alone the effects
on soil organic matter and critical soil organicti®a (SOMc), a basic index of assessing soil
degradation. A study was conducted from 2013to 201 4Alfisols of the humid forest zone of

Nigeria to assess soil characteristics under tfilereint agronomic land use, namely; cocoa
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Soil degradation fallow > cassava farming. The S@@®alues revealed unstable soil structure in codeatgtion,
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Soil variation and is highly susceptible to erosion (SO€< 5 %).
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1. Introduction 2011). Like in other countries of the world, Nigeri
) . L possesses the similar condition. In the humid fores
Alfisols in the forest zone of Nigeria occur on,qne o Nigeria, mono-cropping system by small
basalt and crystalline rocks and Ultisols are @&tV ¢.a1e farmers is spreading rapidly at the cost of

from granite, geneses and sands (Jungerius, 1979}y ra| vegetation, thus disturbing natural ecesyst
These soils are referred to as low activity clag@) ¢ the region.

soils (Juo, 1981). Low activity clay soils posse . .
effective cation exchange capacity (ECEC) of less Adequate presence of SOM is required for the

than 14 ¢ mol kgin the diagnostic horizon where theagg:ggaggg SL:%CF;?”'CI?(? Eé?tqe'smpr%\éirgzm of St?)
influence of organic matter is least. Based on t pysico- ! properties. ng

mineralogical and surface characteristics, Alfisule er?;?rlg;g igogg)énamplg Z?npsrzlye?;sﬁ)aMirlr? rt(r)]\?ezozlts
referred to as Kaolinitic LAC soils. Under natural 9 9 ' P

vegetation, the soil possesses favourable properti(g]em'.Cal buffering capacity and water_ holding
This is mainly due to adequate supplies of Soﬁapamty and reduces chances of floods in case of

: : : excessive rainfall. Soil acidity and alkalinity aldall
organic matter (SOM) from falling litters and decay ogressively, reducing or )(/eliminating thyeatoxicity

tree branches and the burrowing in and out of scﬁ( thas b - blem in tropical sail
organims and decay dead roos that open p he 4 122 T 2, T P 1 1opes S,
for improved porosity and infiltration of water. iBe otect ’plants against pest and diseases. With the
natural ecos_ys_tems have been_replaced b_y_cro émoval of forest vegetation and conversion to
pastures, buildings or roads, while t.ht_a.remamgng smallholder fields and other land use, the once
often highly affected by human activities (Duiker, '

1



Oku et al., 2015. 2:5 (1 SSN: 2313-8629)

favourable soil physical, chemical and biologicahumus. The amount of humus in the soil cannot be
properties are easily lost because of the expasuremeasured directly but is estimated by measuring the
high temperature, high intensity tropical storndansoil organic carbon (SOC) percentage and
unwise farming technigues. multiplying this by a conversion factor of 1.72
Rapidly increasing population has forcedNelson and Sommers, 1982). Relatively few studies
agriculturists to explore ways to increase food#lave ascertained carbon under different agronomic

production either by elevating crop yield per wmi¢a Use types, particularly using IPCC standards df soi
or expanding the area under cultivation. Accordimg depth of 0 -30 cm and also, examined the effects of
Duiker (2011), there is still land available to¢gkto land use types on soil properties beyond partize s
production, but this land will be of progressivelydistribution, bulk density and routine soil chenhica
poorer quality for crop production. Eswetnal., Properties. Organic carbon could be described as
(1999) considering global land availability for mai “engine of the soil” and critical SOM content is an
fed crop production, reported that only 13 % of thémportant index of assessing soil degradation that
land was prime or good, while majority of the riést ~ rarely used. Identifying soil properties under larse
in the marginal to very marginal (42 %) andypes could be a veritable monitoring tool to guide
unsuitable (45 %) for crop production. The researchdecision on early intervention measures againgt soi
noted that the most prime and good land has alread§gradation associated with land use types. The
been in use and are sensitive to degradation afljective of this study was to evaluate how differe
nutrient depletion. Special practices are requied agronomic land-use types impact on soil carbon.
ke margnal lands sutahe for b CbALOny Maaialand Methods

i . The study was conducted in Cross River State,
our compromising crop Vyield (Duke, 2011)'Ni

. . . . eria (Figure 1). The experimental location has a
Sustainable farming techniques are the right Cho'??o?oical (cliﬁ”late v)vith a rairr)1y season starting from

for this PUrpOSE, however, these are not WidelX\pril to September, 2013 while the dry season
practiced in Nl.gena. i extended from late October till March, 2014.. The
The capacity of the soil to support plant growthainfa|l pattern is bi- modal with peaks in Junedan
(good yield and quality) is determined by the pbgbi geptember. The mean annual rainfall of the area
chemical and biological properties of the soil. tlan ranged from 2,250 to 2,500 mm. The mean annual
degradation is manifesting in the form of depletion temperature is 2 (CRADP, 1992). The soil type
decline in physical, chemical and biologicalg affisol. The study location is predominantly
properties of the soil. All soil properties arejanted with Cocoa with patches of cassava farms,
continuously influenced by land use at various l&vesg|ow lands, grasslands and mixed cropping. These
of management, such as cropping system and thgs types of land use practices were used to

farming system (Dumansitial., 1998; Braimoletal., j,estigate their impact on soil hydro, physicatan
2005). In addition, soil structure, amount of SOMchemical properties.

water and nutrient holding capacity are all affddbg . .
land use (Kosmaat al., 200; Lal, 1995; Shuklet al., 2.1’|:;eld ?]rr;ph(rj\g disturbed |

2003) and are of prime importance for crop each land use undisturbed core samples were

production. For instance, SOM loss differs fromdancouec’[eOI at_e} depth of 0_3.0 cm from randomly
use type to another. Loss of SOM will therefor elected positions using a cylindrical core of 30 ¢

reduce soil fertility, degrade soil structure analtay ength. The samples were bulked to get composite

holding capacity and ultimately lead to IandSamIOIes for each land use.
degradation (Lawadt al., 2009). 2.2 Chemical properties deter mination

Present knowledge shows that land use is one of SOl PH was determined (1:2.5 soil, water
the drivers of the global carbon dynamics. In agtu SUSPension) using the pH meter (IITA, 1982).

by Zhao et al., (2013), forest giving way to urbafPrganic carbon was determined by the wet oxidation

settlements was a major factor responsible for mbdifethod (Nelson and Sommers, 1982). Total nitrogen
as determined using the Micro-Kjeldahl method

36 % reduction in carbon sequestration in Floridd, !
Lawal et al., (2009) reported that good and Bremner and Mulvaney, 1982) while Bray P-I

appropriate land use practice has the ability t ethod was used to calculate available phosphorous

substantially increase potential carbon sink irssoi (Olsén and Sommers, 1982), since the soils are not

The stability of an agricultural soil is tied to Bpr ~ calcareous. Exchangeable bases (Ca, Mg, Na, and K)
were extracted with 1 N NJ@Ac buffered at pH 7.0
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(Thomas, 1982). Exchangeable acidity wasalculated as stipulated by Kemper and Rosenau
determined by titration with 0.05 N NaOH while(1986).

effective cation exchange capacity CEC was taken as

the summation of exchangeable bases and tofAWSA = wtof soil retained on sieve - wt ohda 100
exchangeable acidity (IITA, 1982). Totalsamplewt  -wtofsand 1

2.3 Physical properties determination Preliminary test was first conducted using 10, 20
Core samples were collected for dry bulk densityand 30 cycles of lowering and rising in a 50 cmpdee

porosity and macro aggregate stability analysiwater pool. The breakdown of aggregates after @0, 2

{Water Stable Aggregate (WSA)}. Particle sizeand 30 cycles of lowering and rising in a pool of

analysis was done using the hydrometer method (Geetter for each soil was determined.

and Bauder, 1986). Bulk density was determined BY4 carbon accumulation

the core method (Burket al. 1986). Porosity was carhon  accumulation was calculated — using

calculated as the function of total volume noScpiesinger (1986) formula

occupied by soil solid, assuming a particle densfty

2.65 Mg m?® (Danielson and Sutherland, 1986). Watebrganic carbon accumulation (kg Ha= carbon x

stable aggregate at 0-30 cm soil depth was|k density x soil depth x 104
determined with air-dried samples. The aggregates

were wet sieved using Yoder (1936) modifiedVhere carbon in the soil is in g kgbulk density in
technique (Whitbreaet al. 1996; Oku, 2004) using a Mg m*, and depth of soil is 0.30 m.
set of graduated nest of sieves with pores of hit§ 5 5 patg analysis

2 mm, 1 mm and 0.25 mm. This was done by variability in soil properties was estimated igsin
scooping a 50 g soil sample on the topmost of & N coefficient of variation (CV). Properties with larg

of four sieves, immersing the sieves in water witlry values are more variable than those with smaller
rising and lowering the nest of 4.75 mm, 2mm, 1 mmy  values. Wilding (1985) had described a
and 0.25 mm, through water 20 times. The stablgassification scheme for identifying the extent of
aggregates on each sieve were washed into sepakg{fapility in soil properties based on their CMues
moisture cans. Each content of aggregate oven drigd\which CV values of 0 — 15, 16 — 35 and > 36 %

at 105 °C to a constant weight (72 h). Correctiam f jngicate little (least), moderate and high varidpil
sand was done using sodium hydroxide (NaoH) asi@spectively.

dispersing agent. The percentage WSA was

w%z
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Figure 1. Map showing the study areain Nigeria, West Africa
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3. Results and discussion Soil carbon accumulation and stability

. . Table 3 shows, carbon accumulation under the
31 Ehysgal properties different land use types. The accumulation wasén t
Particle size distribution (PSD) order of cocoa plantation > grassland > mixed

The distribution of soil separates within theyqnning farm > natural forest > cassava farm. The
agronomic land use types studied is shown in Table .4 rative higher accumulation of soil carbon in a

The PSD of the soil under the various agronomid lan,,coq plantation followed by grassland and mixed
use indicated preponderance of sand indicating th@#opping fields is expected. This is because thie so
the soil skeletal structure is coarse with restddilt. under this land use, particularly cocoa has higher
This implies that the soils are easily detachedh8y jocomposed materials of plant, microbial and animal

agents of erosion, but the transportation of thguin (post and Kwon, 2000). Regular monitoring of
particles will be low (Oku and Babalola, 2009). Wit i carbon build-up or depleting, could help inga

these textures, the specific surface areas ofdh@r® yaotaction and arrest of  soil degradation  and

small. This means the soil will possess low catiofgterioration in soil physical health. Soil carbon

exchange capacity with little ability to retain pla ;h5015 positively on the stability of soils. Water

nutrients as cation exchange sites are limited (Ollapie aggregates (Table 1) showed that waterestabl
and Edicha, 2009). This again accounts for the 10Wyareqates under cocoa plantation and grasslare wer
native fertility of the soil.

more stable than for cassava farm land, fallow land
Bulk density and por osity and mixed cropping farm. Soil organic matter (SOM)
Bulk density ranged from 1.34 — 1.48 g&nThe concentration plays a major role in the forming and
bulk density of the soil is directly related to thestabilization of aggregates.
porosity of the soil. The lower the bulk densitiget The critical SOM (SOM) values revealed that
higher the porosity value, and the higher the gatih  cocoa plantation, grassland and mixed cropping farm
the soil for crop production. Increase in porosiys |and possessed unstable structure and stand khef ris
in the following order; cocoa plantation > grasdlan soil degradation (SOM = 5-7 %) while cassava
fallow land > cassava farmland > mixed farming plotfarmland was more critical as the soil suffer from
The porosity values put the soil under cocofss of soil structure and is highly susceptible to
plantation, grassland and mixed cropping into &rosion (S =< 5 %) (Pierie, 1991). The loss in
“satisfactory agricultural soil”. Whereas, the p&itp  structure of the soil under natural fallow land
value of 47 and 49 % obtained for natural fallowda indicated that the soil had not yet recovered ahet
and cassava farmland respectively puts the sailant time of the study (land use factor < 5). A land use
class of “good agricultural soil” (46 — 50 9%)factor of < 5 is associated with serious erosiod an
(Kachinskii, 1970; Oku and Edicha, 2009). Tadeclining soil productivity (Armon, 1984).
increase the porosity of tropical soil, Kachinskii
(1970), recommended intensive tillage of the soil.

Table 1. Soil physical properties asinfluenced by different agronomic land use

Mixed

Cocoa Cassava Grass Fallow cropping Cv
Parameters plantation farmland land land farmland (%)
Coarse sand (g Ky 461 393 521 491 546 12
Very fine sand (g kg 88 56 48 77 63 24
Silt (g kg™) 250 210 250 240 230 7
Clay (g kg") 201 341 181 261 161 31
Texture scl cl sl scl sl
Bulk density (g crif) 1.44 1.34 1.46 1.39 1.48 4
Porosity (%) 45 49 45 47 44 4
Water stable aggregates (%) 31.4 29.3 31.2 29.6 3 30. 3
Critical SOM (%) 7.5 4 7.6 4.6 6.9 27
Saturated Hydraulic conductivity (cmBr  0.70 0.23 0.94 0.42 1.18 55

scl = sandy clay loam, cl = clay loam, sl = sarmnh, CV= coefficient of variability
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The soil here, if allow to recover its fertility characteristics of the studied location and high
through natural fallow will take longer time (yepte removal of biomass and plant materials from thé soi
recover. This is so as the soil has lost its stinegt The soil organic carbon (SOC) and SOM content
and the natural recovery process here is oftdallowed the same trend as that of the pH. In solil
interrupted by annual indiscriminate bush burnindertility rating SOC and SOM were rated as moderate
The recovery process could be fast-tracked with thender cocoa plantation, grassland and mixed crgppin
deliberate introduction of soil fertility enhancitrges farm land whereas this was rated as low under
as multi-purpose tree (MPT) species and also withaassava farm land and fallow land. The low SOC
ban placed on indiscriminate bush burning by theontent among the land use had earlier been erplain
community council of Chiefs. Available phosphorus levels among the land uses
3.2 Physico-hydrological properties were rated as very low for the studied land uses

Some physico-hydrological properties are present&¥cept under mixed cropping farm land that wasdrate
in Table 1 above. The saturated hydraulié‘s_low- However, these very low and low fertility
conductivity of the soils under the various agrofom "atings of available phosphorus are expected as the
land uses were in the slow class (< 0.8 cm hr-$pil is acidic (low pH values) hence the reduction
except for the soil under mixed cropping that fe|ph_osphorus availability. The sodlum_co_ntent of the
under the slow conductivity class (0.8 - 8 2 ciyhr Soil was rated as low (0.1-0.3 ¢ mol')gn all the
This implies the soils are prone to erosion unddgnd uses. Potassium level was rated as very low (<

heavy downpour. This is collaborated with the caiti 0-2 ¢ mol kg) in all the studied land uses. Calcium
SOM index ($) was rated as medium (5.5-10 ¢ motkgnder cocoa

3.3 Chemical broperties plantation whereas it was rated as low (2-5 ¢ ngt}) k
' prop |under cassava farm land, grass land, fallow lartd an

Table 2 below, shows the soil Chemicamixed cropping farm land. The moderate level of
environment of the studied location as influencgd b ppIng :

) . calcium in soil sustaining cocoa could be attridutiz
the different agronomic land use. The pH under aoc S .
) X . “the practice in the study location whereby the aoco
plantation, natural fallow land and mixed croppin

farm land are rated as moderately acidic whileptHe %Od Is cut open and the .beans are taken homenipavi
the empty pods on the field as manure to decompose.
under cassava farm land and grassland are rated_as T
- . o e Ca/Mg ratio indicated low Ca (1-4) (Eckert,
strongly acidic. The rating of the soil into 2 das

; Do X 1987). From soil chemistry point, calcium
despite the_ IOW V.a”a.b'“ty (CV) of soil pH amoriget d]eﬁciencies as observed in the studied soil atg on
land use is indicative that the expected rates

acidification vary between land use and such ratg(%und in very acidic soils.

could be increased by the high annual rainfall

Table 2. Soil chemical propertiesasinfluenced by different agronomic land use

Cocoa Cassava Grass Fallow Mixed Cv
Parameters plantation farmland land land Ccropping (%)
pH (2.5:1 water: soil) 5.20 5.10 5.10 5.40 5.20 2
Nitrogen (g kg') 0.15 0.10 0.15 0.11 0.11 19
Organic carbon (g kb 1.95 1.26 1.89 1.34 1.57 19
Organic matter (g K 7.47 4.02 7.58 4.62 6.94 27
Phosphorus (mg kY 3.90 3.30 3.00 3.10 7.10 42
Sodium (c mol kg) 0.12 0.10 0.11 0.10 0.11 8
Potassium (c mol kh 0.17 0.11 0.14 0.13 0.15 16
Calcium (c mol kg) 9.80 2.60 4.00 3.60 3.46 62
Magnesium (c mol k§ 4.00 2.60 1.80 2.00 3.80 36
Exchangeable acidity (c mol &y 0.84 1.20 1.08 0.92 1.36 19
ECEC (c mol kg) 14.90 6,60 7.10 6.80 10.00 40
Base saturation (g Ky 94 82 85 86 86 5
Ca/Mg ratio 2.5 1 2.2 1.8 1.2 37

CV= coefficient of variability
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Magnesium level was rated high (3-8 ¢ mof'kg Properties could be applied to all the studied
for cocoa plantation and mixed cropping farm lancgronomic  land  use. Variation in carbon
whereas the levels were moderate (1-3 ¢ mol kg_g:cumulatmn was at Fhe_poundary of transiting frqm
under cassava farm land, grassland and fallow larl§@st to moderate variability. The moderate and hig
The high and moderate level of magnesium combine@riability in most soil properties is indicativieat, no
with sodium is implicated in dispersion of the smild  ©ne soil management strategy will fit all the lars®
this is collaborated in the structural loss and/Pes:
proneness of the soils to degradation. The effectiv ) ) )
cation exchange capacity (ECEC) level under cocdegble 3. Carbon accumulation in the soil as
plantation and mixed cropping farm land wadnfluenced by different agronomic land use types.

moderate (8—15 ¢ mol Ky whereas it was low (< 8 ¢ Soil Carbon accumulation

mol kg?) for soils under cassava farm land, grassland@d Use types (t ha')
and fallow land (Udo and Ogunwale, 1986; HollandCocoa plantation 6.12
et al., 1989). The base saturation (BS) percent of theassava farmland 4.42
soil under the various land use were very highQ¥8 - ,<siand 6.07
indicating how closely nutrient status approachesN 4.62
potential fertility. Theoretically, this level of ® Naturalfallow '
indicates that the soil sustaining the various'vl'xeoI cropping 5.84
agronomic land use is weakly leached but on théarmland

contrary the pH is low (acidic and moderately agidi _CV % I 15
Soil variability among agronomic land use Cv= coefficient ofvariability

The influence of agronomic land use types on sofilS management strategies _
properties are shown in Table 1 and 2. The coarse '"€ management strategies prescribed here are
sand and silt fraction, bulk density, porosity andased on the soil physico-chemical properties
WSA were least variable (CV < 15 %. Whereas Vergbtalned. Recommended tillage practice for tropical
fine sand (vfs) and clay fractions, and critical 8O soil would accelerate erosion if employed for the
were moderately variable (CV = 16 — 35 %). Onh;tudied soil. Porosity of the soil could still be
SHC in this study was highly variable ( CV > 35 %jmproved with mulching. Mulching will create
(Oguike and Mbagwu, 2009; Igek al., 1999).. favourable micro environment for soil ecological
Variability in soil pH, sodium and base saturatioifngin€ers to inhabit the soil thereby improving its
were low (Ogunkunle, 1993; Mulla and McBratneyPOfOS'tY- Variability occurred in soil properties
2001: Okuet al., 2009). The low variability among @mong the different land use indicating that défer

the various land use is indicative that land usesdoSOil management strategies should not be adopted, b
not affect these soil properties. the soils were generally deficient in the majornpla

nutrients.

For sustainable continuous cultivation and
m . ,
@ustenance of soil health, conscious effort must be
Made to increase organic matter (OM) in the soll

The coefficient of variability (CV) of nitrogen,
soil organic carbon, soil organic matter, potassiu
and exchangeable acidity were between 16 — 35
\ézérllzag 'Ig)r/] d Iga/ma%gﬁzm’re ﬁ?(;]sg(ng\o/rgsés g/a)lc'l%_nr:lmder the various land use to raise their ratingjdo.

o 9 g o) his is required, given the high temperature and
result indicates that agronomic land use types. d .
. . . . rainfall pattern of the study location. The bersefif
imposed influence on soil properties as vfs, cla

. " . .OM to the soil are multiple and tremendous; hawdng
g%célﬁgs’;gt't(;?’l Ss]l\élépshgrcfj’sf\l ggq[gggu%?’rbig’ll(jﬂgreat p_ositive influe_nce on the physical and chamic
magnesium, exchangeable acidity and Ca/Mg ratig_ropertles of the soils.

Contrary to reports by Dumanskial., 1998; Tan et 'his will promote the stability of the soil
al., 2003; Braimo al., 2000 that, all soil properties 2ggregates, thereby improving the structure ostie
are continuously influenced by land use at varioud!SO, Soil consistence (workability) and soil
levels of management and cropping system, coargécrobiological properties are improved by SOM
sand and silt fractions, bulk density and porosity] (Kparmwang, 2008). Chemically, OM supplies
pH, sodium, and base saturation were not affecyed Butrients like N, P and S as well as micronutrient
land use. This means the same soil managemé&igments such as B, Cu, Mo, Zn, Mn, Cl. The OM
strategy aims at upgrading these physical chemic@S0 serves as a binding agent of soil particlés in
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