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Original Research Article
PHYSICAL AND CHEMICAL PROPERTIES OF FOUR CONTRASTING SOILSUNDER DIFFERENT LAND USE
SYSTEM

Abstract

This study was undertaken to evaluate the physigdlchemical properties of four contrasting soildar two land use systems.
The land use types considered were fallow andvaiid. Four soils from Nsukka Hill (Entisol), Ns@kkoultry site (Ultisol),
Eha-Amufu (Inceptisol) and Ikem (Inceptisol) in M&a area of south eastern Nigeria were used fostilndy. Soil samples from
the 0-25cm depth were collected from cultivated adicent fallow lands in the four different locets. The soil samples were
air-dried at room temperature and then sieved tiitr@5.00mm sieve. Two hundred and fifty grams 250 the sieved sample
were further sieved through 2mm sieve and useh@rdetermination of physical and chemical propertiethe soils. The result
of the study showed that soils under continuousvation have low value in all the parameters assgs£ompared to the adjacent
fallow soils. Continuous cultivation decreased tmncentration of organic matter (OM), nitrogen (&h)d phosphorous (P)
content in all the soils studied. The pH of thessaieasured in water and KCI showed low valuesuitivated soils with the
range 4.10-4.50 and 3.50-3.70 respectively as ag#ifiow soils 4.60-4.90 and 3.20-4.50 respecyivEixchangeable bases, cat
ion exchange capacity (CEC) and Base saturation (B$e soils decreased following cultivation epcéor K in Ikem soils,
CEC in Nsukka Ultisol and BS in Ikem Inceptisol.luation increased the exchangeablé*Adnd H in the Nsukka Entisol and
thus increased the acidity. The result of this gtisdevidence that continuous cultivation causgdedmn of soil nutrients and
generally affects the physical-chemical propertiesoils. This can be remedied through appropris@a@agement practices based
on organic residue incorporation, if agriculturabguctivity and environmental harmony are to betaned in these soils for
future generation.

Keywords: Entisol, Ultisol, Inceptisol, physicaldanhemical properties, Fallow, cultivated.
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INTRODUCTION

Pressure mounted on available agricultural land @wuécreased population densities has affecteitwalgrral development
especially in Nigeria and South east in particulEliese available lands are put into continuous gingpleading to severe
depletion in their fertility status. On the othemidl, fallows allow the accumulation of easily dejgiale organic matter (O M) and
some dust to regenerate soil fertility (Gaiser 1998rrmann 1996). Even more harm is being exertedhese lands by the
introduction of mechanized farming system with giént tillage implements, all in a quest to incesagricultural productivity.
All these exert different impacts on soil produitiivAn abundant harvest is always obtained frofiorasted land when newly
cleared, burnt and cultivated in the first few pea@uccessive cropping of the same piece of lameher results in decrease in
yield. When the land is cropped continuously prdidity declines fast (Brabardt al. 1996). Hence Nye and Green land, (1964)
reported that a soil cannot be productive excepa# desirable quality, physical characteristiod @nough nutrients that will
meet the plant needs. Agricultural soil must betkepaggregated and well-aerated conditions so ¢hgp growth will not be
adversely affected (Braunack et al 1979).

Cultural practices such as cutting and burningrapical forests quicken loss of nutrients by leagrend erosion (Ahn,
1970, Nye and Greenland 1964), cause nutrient dgclieteriorate and affect the sustainability & #ygricultural land (Kang,
1990). Also cultural practices have profound effestthe physical properties of soils, such as ll@ksity, porosity and water
retention (Page and Willard 1946). Lal and KimK#997) reported that continuous cropping and calibn of many of the
world’s soils which had previously been under fo@sgrass land, are the major cause of substatgidine in soil organic matter
and soil structure. Soil organic matter contergdasidered important indicator of soil productivityagricultural soils. It binds
mineral particles into stable aggregates (Tisdadl @ades, 1982). Soil structural stability and saganic carbon content usually
decrease with cultivation (Eynaetial., 2004). Cultivation reduces soil carbon contemt ahanges the distribution and stability
of soil aggregates (Skt al. 2000a). Shepheret al. (2001) and Hayness al. (1997) reported significant correlation of aggrey
stability with soil organic carbon due to the bimgliaction of humus substances and other microligkbducts. Though in some
cases soil organic carbon may be only moderatetpiéd, 1993) or weakly (Holeplass et al, 2004) elated with aggregate
stability. Therefore, the decline of food produntio Nigeria may be attributed to the farmer’s iifigbto identify and replenish
nutrients lost in the soil following different lanbe systems with a view of managing the soils ralicg to their capabilities and
limits. Thus this study was conceptualized to eatduthe physical and chemical properties of foumtrasting soils under
different land use systems.

Materials and M ethods
Study area and sample collection

Soil samples from the 0-25cm depth were collectethfcultivated and adjacent fallow lands in foufetient locations in Nsukka
area of south eastern Nigeria. Care was taken tomize disturbance during sampling and transpamatiThe area has a
rainforest savannah type of vegetation with a maanual temperature of %4 The area lies within latitude H&1'N and
longitude 07 25'E of Nigeria. Eha-Amufu and Ikem locations from walnisoil samples were collected are hydromorphie typ
The soil cracks when dry and becomes sticky whem pvesenting problems to tillage operations. Toitsssampled for the study
are classified according to soil taxonomy as afisblit belonging to the sub-group, typic kandius{®kpologu series), Entisol
belonging to lithic ustorthent (Uvuru series), vehthe other two soils belong to vertic inceptis®E6, 1992). These soils have
been under cultivation for relatively eight (8) y®awhile fallow soils varied from 3 — 4 years. Togltural practices is by
slashing and burning and fertilizer applicatiomisasional and mainly NPK.
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Tablel Location, Classification and Land use type
L ocation Classification Treatment symbol Land usetype
Nsukka Hill Lithic Ustorthent EN$K) Fallow
Site (Uvuru series) ENsk (C) Cultivated
Nsukka Typic Kandiustult UNsk (F) Fallow
Poultry Site (Nkpologu series) UNSRK Cultivated
Eha-Amufu Inceptisol IEh (F) Fallow
Site (with vertic properties) IBD)( Cultivated
Ikem Site Inceptisol lik (F) Fallow
(with vertic properties) lik (C) Cultivated

The soil samples were air-dried at room temperatnig then sieved through a 5.00mm Sieve. Clods wearefully crushed by
hand along lines of natural cleavages to passitwe.sTwo hundred and fifty grams (250g) of thevei® sample was further
sieved through 2mm sieve and continued until enapgintity was collected for further analysis.

Laboratory method

The Bouyocous hydrometer method described by Da8gg), were used to determine the particle sizeiligion of the soils.
Walkley and Black’'s method (1935) as modified byigtin(1965) was used to determine organic carb@haaganic matter was
determined from Walkley and Black’s method by npliiting the determined percentage organic carbothéyonventional Van
Bemmeler factor of 1.724. The Kjedahl method (Bremri965) using Cug01NgSQ, catalyst mixture was used to determine
total Nitrogen. Available phosphorus was determibgdBray and Kurtz (1945), Bray Il method. The #adlie phosphorus was
read off from standard curve after obtaining théioa density from a photo-electric colorimeter.eTpH of the soils was
determined in solution using a soil: liquid ratibl02.5 and read off using a Beckman Zeromatic ptlem(Peech, 1965). Mclean
(1965) method was used to determine the Exchangealidity. Cat ion Exchange Capacity (CEC) wasrdateed based on the
principle described by Chapman (1965). The complexnetric titration method was used to determineaé Mg while Na and
K were determined from 1N ammonium acetate (NH4 QASing flame photometer (Chapman, 1965). WhileeBsegturation of
the sampled soils was calculated using the formula

TEB X 100
BS% = ——

CEC

Data analysis

Data generated from the study were subjected tarhbéysis of variance procedure according to $tadl|Torrie (1980) and least
significance difference (LSD) at 0.05 was usedampare treatment means.

Results and Discussion

The result of particle size analysis indicated atéohs in the parent materials of these soils. UNsk had more sand than the
other soils (Table 2a), probably because it mayehaeen formed from granite parent material. Cuiiivehad effect on the

texture of the ENsk, IEh and lik, but had no effentthe texture of UNsk. The other three soils (ENEh, lik), whose parent

material are of finer grains had clayey texturescéding to Fisher and Binkley (2000) soil textisethe most fundamental

quantitative soil physical property that controltera nutrient and oxygen exchange, retention ardkap It is a master soil

property that influences most other properties ogesses.
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Table2a Particlesizedistribution of the 0-25cm depth of the soils

Property ENsk (F)  ENsk(C) UNsk (F) UNsk (C) IEh (F) IEh(C) lik(F) I'ik(C)
Sand % 45 40 55 60 15 15 20 25
Silt % 15 15 20 15 50 40 50 45
Clay% 40 45 25 25 35 45 30 30
Textural SC C SCL CIS SiCL SiC SiCL CL
Class

C = Clay, SC = Sandy Clay, SCL = Sandy Clay Loaim=CClay Loam, SiCL = Silt Clay Loam, SiC = Silt&l F = Fallow, C =
Cultivated, ENsk = Entisol at Nsukka, UNsk = Ultiad Nsukka, IEh = Inceptisol at Eha-Amufu, lik sckptisol at Ikem

The organic matter (OM) concentration of the fallsgils was generally higher (2.06%-8.25%) than e¢hafsthe cultivated soils;
1.93%-3.99% (Table 2b).This is a clear indicatioat tcultivation caused a decline in the OM conegitns of these soils. Elliot,
(1986), made similar observation on grassland sbithke USA. While Yousefifard, (2007) and Fallatieeand Hajabbasi, (2011)
reported negative effect of organic matter follogviand use changes especially cultivation of naliwvel. The reduction in the
OM concentration due to cultivation may be attrdzlito the mineralization of soil OM binding micrggregates into macro-
aggregates (Elliot, 1986 and Gupta and Germida8)19hough Sixet al (2000) observed that if oxides, rather than saltae
dominant agents in aggregate stabilization in wezath soil, the relation between OM and macro-aggesgmight not be as
strong as the soils with dominant clays. Soil orgamatter is the primary source of energy and eatrfor many soil organisms,
water holding capacity, cat ion exchange capaaity e formation of stable aggregates (Creswell laefdoy 2001). Tillage
practices disrupt soil aggregates, exposing morel@iding to microbial attack and subsequently redutheir concentration in
soils (Beareet al., 1994). Young and Young (2001) noted that comtirsucultivation exposes OM to a greater rate oagend
oxidation. The reduction of OM concentration duectdtivation can be negated through the absorppfo®M to clay minerals
which protect it from microbial attack (Oades 19Bdddet al., 1985) or by reduced tillage practices which cesutt in greater
aggregation and higher standing stocks of soil @\rén, 1980, Carter, 1992). Beagteal., (1994) observed that the formation
and stabilization of macro-aggregates represenmguortant mechanism for the protection and maimeraof soil OM that
maybe lost under cultivation. The pH values of ¢hitivated soils were slightly lower than thosetleé fallow soils both in water
and in KCI (Table 2b). The low pH values in thetimated soils may be due to a reduction in OM contehich serve as a
buffering agent which probable might have resufi@in the oxidation of nitrogen and sulphur. Igu20@0) reported similar
results when he found a rate of decline in pH @4@.06 in cultivated soils compared to the uneatéd soils. Soil pH is
important in determining the availability of mankements, because of its relationship to solub#éihd rates of decomposition
(Schoenholtzt al. 2000).

Table 2b Organic matter, total nitrogen, available phosphorous and pH of the 0-25cm depth of the soils

Property OM% N% Avail.P Mgkg™ pH H,0 (1:2.5) pHKCL (1.2.5)
ENSK (F) 2.06 0.3 4.30 4.60 3.20
ENSK (C) 1.0 0.12 3.80 4.30 3.50
UNSK (F) 1.03 0.10 3.80 4.90 4.50
UNSK (C) 0.97 0.09 3.80 4.10 3.70
IER (F) 2.08 0.15 3.80 4.70 4.10
IEh (C) 1.92 0.12 2.70 4.50 3.30
liK (F) 2.05 0.19 3.20 4.90 3.80
liK (C) 1.87 0.17 3.20 4.40 3.50
LSD 0.26 0.09 0.55 0.40 0.63
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LSD= Least significance difference, F = Fallow, QCaltivated, ENsk = Entisol at Nsukka, UNsk = Uitiat Nsukka, IEh =
Inceptisol at Eha-Amufu, lik = Inceptisol at Ikem

The total nitrogen content of the cultivated seikre generally lower than those of the fallow sfilable 2b), which implies that
cultivation reduced the total nitrogen content. iKhret al (2008), Khormaliet al (2005) and Lemenin (2004) made similar
observation when they reported significant redurciio N content of cultivated soils compared withiefgt soils. Cultivation
substantially decreases N mineralization (Majaligtaal 2010). Suet al (2004) observed that even short cultivation had a
significant effect on soil N, C and biological pespes with lower basal soil respiration and enzyawtvities than the native
grassland soils. Faniran and Areola (1978) repdhatithe total nitrogen content of tropical s@dsisually low because of high
leaching rates occurring in these soils. The resufitavailable P are shown in Table 2b. The avkl&concentrations of the
ENsk and IEh were higher than those of the othids bat there was no increase in the available itentration of the cultivated
UNsk and lik compared to the fallow soils. Noneétss| cultivation had effect on the available P eonof the soils especially
ENsk and IEh soil locations.

The values of the exchangeable bases’ (N4 Cé&*, Mg®") obtained for the soils are given in Table 3. Aga of 0.08-0.14
Cmolkg® for the fallow soils and 0.07 - 0.13 Cmotkipr the cultivated soils was obtained for N&he range for Kwas 0.08 -
0.13 Cmolkg' for the fallow soils and 0.06 to 0.12 Cmotképr the cultivated soils. The values for‘Caaried between 0.70 to
1.30 Cmolkg for the fallow soils and 0.40 to 0.80 Cmotképr the cultivated soils where as the range for Wi 0.60 to 0.90
Cmolkg® and 0.10 to 0.60 Cmolkg-1 for the fallow and aalted soils, respectively. The amount and distidiputof
exchangeable cat ions are influenced by kinds atdre of soil parent materials. The data obtairremived that the exchange
complexes were occupied mainly by Ca and Mg. Adgti206) made similar observations for some Nigesails. The
exchangeable bases values of the fallow soils Wigiteer than those of the cultivated soils, whiclpliyrthat cultivation reduced
the concentration of the exchangeable bases of #wts. However, this is contrary to the resultMa obtained from IEh where
the cultivated soil value was slightly higher ththat of the fallow soil. The value of K obtainedn lik showed that cultivation
had no effect on this exchangeable base concemtratemenin, (2004) and Hajabbagial, (2007) reported that intensive
cultivation diminishes available Potassium contehtsoils. While Khormaliet al. (2009) observed that lack of permanent
vegetative cover and water erosion may be the npassible reasons for loss of available potassiuthe deforestation.

Table 3 Chemical Properties (cmolkg'l) of the fallow and cultivated soils

Property Na K Ka Mg CEC Exch.acidity BS%
AL +H"

ENSK (F) 0.14 0.13 1.30 0.90 10.0 1.8 23.0
ENSK (C) 0.12 0.09 0.60 0.40 3.5 2.0 21.0
UNSK (F) 0.08 0.08 0.70 0.60 2.5 2.4 50.0
UNSK (C) 0.07 0.06 0.40 0.50 2.5 2.2 49.0
IEh (F) 0.12 0.13 0.90 0.80 5.0 2.0 55.0
IEh (C) 0.13 0.08 0.40 0.10 3.0 2.0 27.0
liK (F) 0.13 0.12 0.90 0.80 4.0 24 46.0
liK (C) 0.12 0.12 0.80 0.60 4.0 24 46.0
LSD 0.04 004 0.9 0.19 1.26 NS 5.8

BS= Base Saturation, LSD = Least significance déffice, NS = Non- significance, F = Fallow, C = (alted, ENsk = Entisol at
Nsukka, UNsk = Ultisol at Nsukka, IEh = InceptisplEha-Amufu, lik = Inceptisol at lkem

In two soils (ENsk and IEh), the cat ion exchangpacity (CEC) of the fallow soils were higher thhase of the cultivated soils.
In two other soils (lik and UNsKk), cultivation had effect on their CEC (Table 3). The CEC valuesyeal from 2.5-10 Cmolkl
for the fallow soils and 2.5-4.0 Cmolkdor the cultivated soils. The lowest values of @EC occurred in the UNsk. This low
CEC value could be due to low clay and organic enatbncentration in this soil (Table 2b) or prolyathle kind of clay mineral
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and sesquioxide present. Enweebal., (1990) reported that greater amount of kaoliaitd sesquioxide leads to the lower CEC
in soils. Khormali et al. (2009) observed that decrease in CEC reflectdetkigiral and organic matter changes in deforestati
The decrease in soil cat ion exchange capacitgWiatig cultivation is in line with Igue (2000), Lemie, (2004) and Y ousefifard
etal., (2007).

The base saturation (BS) values of the fallow swiése higher than those of the cultivated soilshvilte exception of the
cultivated lik which had the same value as theofalkoil (Table 3). The values for the fallow sal® 23.0% 50.0% and 46.0%
for ENsk, UNsk, IEh, and lik soils, respectively against cultivated soil values of 21%, 49.0%, 2v.8nd 46.0% for the
respective soils. The magnitude of the differefti@a may be due to the CEC contents as well asdh®osition of the clay
mineral and organic matter content of the individigils. This is because the presence or absenakkalfs and alkaline earths,
especially potassium and magnesium and the amétime they remain in the environment of alterataoe important factors in
determining which clay minerals will be producedtie soils (Keller, 1956). Kaolinite seems to depelvhere leaching is intense
and where strong oxidation of inorganic and orgamiatter prevails, while partial or incomplete leachtends to yield
montmorillonite, it requires an environment in whiklg, Fe and Ca are present (Holeman, 1970). Guitim had no effect on the
exchangeable ATand H of the IEh and lik (Table 3). In the ENsk, cultiim increased the Aland H content of the soil and
consequently increased the acidity. The limiteceaffof cultivation on A" and H may be due to increased organic matter
content in these soils which buffer any seriousgea in acidity.

Conclusion

The result of this study is evident that cultivatidiminishes soil nutrients, available P, exchabfgedases and CEC, organic
matter and organic carbon as well as total N angsedluctuation in soil pH. Therefore to ensureimptm production in the
studied soils, management practices based on atehainimal residues, compost manure in corporapi@amting of cover crops
and crop rotation will build up soil organic mattseoil nutrients and reduce to the barest minimamrenmental degradation.
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